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「行間を埋める」ために

この別冊PDFファイルは『手を動かしてまなぶ　基礎数学』（裳華房，2024年刊）の
本文中の のマークについて，その行間を埋めるための具体的なやり方を一例としてま
とめたものです．
この別冊 PDFファイルを印刷して利用するときは，「小冊子」モードで印刷して二つ
折にすると，A5判サイズで本の巻末に挟み込んで利用することができます．
この別冊内の見出しの「p.〇 下から〇行目」という表記では，該当書籍の対応するペー
ジ内の脚注は行数にカウントしていません．
数学書は証明や計算の細部が省略されていることが多いため，精読する際はペンと紙を
用意して，自分で詳細を計算することが極めて重要です．論理の行間を埋めていくこと
で数学の基礎体力がついてきます．
証明や計算の論理を追うときは 1行 1行疑ってかかるくらいの態度で望みましょう．
論理の行間を埋めた後は，その数学的内容を改めて見直してみましょう．定義や定理の
主張はなにか，仮定はなぜ必要なのか，証明した定理の具体例を上げることができるかな
ど，時間をかけてじっくりと味わうことが大切です．そうしないと木を見て森を見ずと
いう状態に陥ったまま先へ進むことになりがちです．間違ってもよいので，慌てずに．
分からなかったことでも何日か間をおくと分かることがあります．ですから，すぐに分
からなくてもそのうち分かるだろうと楽観的に考えてください．

(2024年 9月 28日版)

§ 1の のマーク
例題 1.2の解の脚注 8 集合Aの要素に {1}が含まれているから．
注意：「集合Aの要素に 1が含まれているから」ではない．

§ 2の のマーク
例 2.5（2つ）

暫定版　　　「正式版」は編集後に公開します



2 「行間を埋める」ために

例題 2.2の解の脚注 11 ヒントの通り，p1 を「x > 0がなりたつ」，p2 を「y > 0がな
りたつ」とすると，これらの否定「x ≤ 0がなりたつ」と「y ≤ 0がなりたつ」の論理式はそ
れぞれ，(¬p1)と (¬p2)である．
したがって，「x ≤ 0と y ≤ 0の少なくとも一方がなりたつ」の論理式は，(¬p1) ∨ (¬p2)

であり，「x > 0と y > 0の両方がなりたたない」の論理式は (¬p1) ∧ (¬p2)であるから，
この 2つの真理値表を比べればよい．
比べると，真理値の並びが一致しないことがわかる．

定理 2.1の直後 p→ qは (¬p) ∨ q，(¬q)→ (¬p)は (¬(¬q)) ∨ (¬p)のことであるこ
とに注意して，真理値表を書く．

定理 2.1の下の脚注 13 命題 p → qは真であるが，その逆も裏も偽であるような命題 p, qの例
pを「x > 0と y > 0の両方がなりたつ」，qを「x+ y > 0がなりたつ」とする（例題 2.2

の命題）と，p→ qは「x > 0と y > 0の両方がなりたつならば，x+ y > 0がなりたつ」で
あり，これは真である．この逆は「x + y > 0がなりたつならば，x > 0と y > 0の両方が
なりたつ」であるが，これは偽である．例えば，x = 3, y = −1のとき，x + y > 0はなり



「行間を埋める」ために 3

たつが，y < 0なので，「x > 0と y > 0の両方がなりたつ」はなりたたない．ちなみに，裏
は「x ≤ 0と y ≤ 0の少なくとも一方がなりたつならば，x + y ≤ 0がなりたつ」であるが，
これも偽であることがわかる．
命題 p → qも真，その逆や裏も真という命題 p, qの例
pを「問 1.1の解答にミスはない」，q を「問 1.1に正解する」とする．このとき，p → q

は「問 1.1の解答にミスがないならば，問 1.1に正解する」であり，これは真である．この逆
は「問 1.1に正解するならば，問 1.1の解答にミスはない」であり，真である．ちなみに，裏
は「問 1.1の解答にミスがあるならば，問 1.1に正解しない」であり，これも真であることが
わかる．
注意：ある命題の逆と裏は対偶の関係にあるので，逆と裏の真偽は一致する．

§ 3の のマーク
注意 3.5の脚注 8

(Ax + C)(Bx + D) = ABx
2
+ (AD + BC)x + CD

= ax
2
+ bx + c

より，AB = a,AD + BC = b, CD = c．

定理 3.1の省略した証明

証明 (1) (a+ b)(a− b) = a · a+ a · (−b) + b · a+ b · (−b) = a
2 − ab+ ab− b

2
=

a
2 − b

2
.

(2) (a + b)
2
= (a + b)(a + b) = a · a + a · b + b · a + b · b = a

2
+ 2ab + b

2
.

(3) (a + b)
3
= (a + b)(a + b)

2
= (a + b)(a

2
+ 2ab + b

2
) = (a + b)(a

2
+ (2ab +

b
2
))= a · a2

+ a · (2ab+ b
2
)+ b · a2

+ b · (2ab+ b
2
)= a

3
+(a · 2ab+ a · b2)+ a

2
b+

(b · 2ab + b · b2) = a
3
+ 2a

2
b + ab

2
+ a

2
b + 2ab

2
+ b

3
= a

3
+ 3a

2
b + 3ab

2
+ b

3
.

(4) (a+ b)(a
2 − ab+ b

2
) = (a+ b)(a

2
+ (−ab+ b

2
)) = a · a2

+ a · (−ab+ b
2
) +

b · a2
+ b · (−ab + b

2
) = a

3
+ (a · (−ab) + a · b2) + a

2
b + (b · (−ab) + b · b2) =

a
3 − a

2
b + ab

2
+ a

2
b − ab

2
+ b

3
= a

3
+ b

3
. ◇

定理 3.5の証明の脚注 16

(1 − a)(1 + a + a
2
+ a

3
+ · · · + a

n−1
) = (1 + a + a

2
+ a

3
+ · · · + a

n−1
)

−(a + a
2
+ a

3
+ a

4
+ · · · + a

n
)
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= 1 − a
n

が成り立つ．今，a ̸= 1だから，この両辺を 1 − a( ̸= 0)で割ると，
1 + a + a

2
+ a

3
+ · · · + a

n−1
=

1 − an

1 − a

がいえる．

定理 3.5の証明 定理 3.1 (3) より，(k + 1)
3 − k

3
= (k

3
+ 3k

2
+ 3k + 1) − k

3
=

3k
2
+ 3k + 1．

例題 3.3の解 定理 3.1 (3)より，(k + 1)
4
= (k + 1)(k + 1)

3
= (k + 1)(k

3
+ 3k

2
+

3k + 1) = (k + 1)(k
3
+ (3k

2
+ 3k + 1)) = k · k3

+ k · (3k2
+ 3k + 1) + 1 · k3

+ 1 ·

(3k
2
+ 3k + 1) = k

4
+ k(3k

2
+ (3k + 1)) + k

3
+ 3k

2
+ 3k + 1= k

4
+ (k · 3k2

+ k ·

(3k + 1)) + k
3
+ 3k

2
+ 3k + 1= k

4
+ 3k

3
+ (k · 3k + k · 1) + k

3
+ 3k

2
+ 3k + 1=

k
4
+ 4k

3
+ 3k

2
+ k + 3k

2
+ 3k + 1 = k

4
+ 4k

3
+ 6k

2
+ 4k + 1 だから，(k + 1)

4 −

k
4
= 4k

3
+ 6k

2
+ 4k + 1がいえる．

注意 3.9 差：(a+ ib)− (c+ id) = (a+ ib) + ((−c) + i(−d)) = (a+ (−c)) + i(b+

(−d)) = (a − c) + i(b − d).

商：a + ib

c + id
=

(a + ib)(c − id)

(c + id)(c − id)
=

(a + ib)(c + i(−d))

(c + id)(c + i(−d))
=

(ac − b(−d)) + i(a(−d) + bc)

(c2 − d(−d)) + i(c(−d) + dc)
=

(ac + bd) + i(bc − ad)

c2 + d2
=

ac + bd

c2 + d2
+ i

bc − ad

c2 + d2
.

§ 4の のマーク
Sec.4.1の脚注 1 {a, b, c, d, e, f, g, h, i, j}から 4個の要素を取り出す．
選ぶ順序を考慮する場合：
(a, b, c, d), (a, b, c, e), (a, b, c, f), (a, b, c, g), (a, b, c, h), (a, b, c, i), (a, b, c, j),

(a, b, d, c), (a, b, d, e), (a, b, d, f), (a, b, d, g), (a, b, d, h), (a, b, d, i), (a, b, d, j),

(a, b, e, c), (a, b, e, d), (a, b, e, f), (a, b, e, g), (a, b, e, h), (a, b, e, i), (a, b, e, j),

(a, b, f, c), (a, b, f, d), (a, b, f, e), (a, b, f, g), (a, b, f, h), (a, b, f, i), (a, b, f, j),

(a, b, g, c), (a, b, g, d), (a, b, g, e), (a, b, g, f), (a, b, g, h), (a, b, g, i), (a, b, g, j),

(a, b, h, c), (a, b, h, d), (a, b, h, e), (a, b, h, f), (a, b, h, g), (a, b, h, i), (a, b, h, j),

(a, b, i, c), (a, b, i, d), (a, b, i, e), (a, b, i, f), (a, b, i, g), (a, b, i, h), (a, b, i, j),

(a, b, j, c), (a, b, j, d), (a, b, j, e), (a, b, j, f), (a, b, j, g), (a, b, j, h), (a, b, j, i),

(a, c, b, d), (a, c, b, e), (a, c, b, f), (a, c, b, g), (a, c, b, h), (a, c, b, i), (a, c, b, j),
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(a, c, d, b), (a, c, d, e), (a, c, d, f), (a, c, d, g), (a, c, d, h), (a, c, d, i), (a, c, d, j),

(a, c, e, b), (a, c, e, d), (a, c, e, f), (a, c, e, g), (a, c, e, h), (a, c, e, i), (a, c, e, j),

(a, c, f, b), (a, c, f, d), (a, c, f, e), (a, c, f, g), (a, c, f, h), (a, c, f, i), (a, c, f, j),

(a, c, g, b), (a, c, g, d), (a, c, g, e), (a, c, g, f), (a, c, g, h), (a, c, g, i), (a, c, g, j),

(a, c, h, b), (a, c, h, d), (a, c, h, e), (a, c, h, f), (a, c, h, g), (a, c, h, i), (a, c, h, j),

(a, c, i, b), (a, c, i, d), (a, c, i, e), (a, c, i, f), (a, c, i, g), (a, c, i, h), (a, c, i, j),

(a, c, j, b), (a, c, j, d), (a, c, j, e), (a, c, j, f), (a, c, j, g), (a, c, j, h), (a, c, j, i),

(a, d, b, c), (a, d, b, e), (a, d, b, f), (a, d, b, g), (a, d, b, h), (a, d, b, i), (a, d, b, j),

(a, d, c, b), (a, d, c, e), (a, d, c, f), (a, d, c, g), (a, d, c, h), (a, d, c, i), (a, d, c, j),

(a, d, e, b), (a, d, e, c), (a, d, e, f), (a, d, e, g), (a, d, e, h), (a, d, e, i), (a, d, e, j),

(a, d, f, b), (a, d, f, c), (a, d, f, e), (a, d, f, g), (a, d, f, h), (a, d, f, i), (a, d, f, j),

(a, d, g, b), (a, d, g, c), (a, d, g, e), (a, d, g, f), (a, d, g, h), (a, d, g, i), (a, d, g, j),

(a, d, h, b), (a, d, h, c), (a, d, h, e), (a, d, h, f), (a, d, h, g), (a, d, h, i), (a, d, h, j),

(a, d, i, b), (a, d, i, c), (a, d, i, e), (a, d, i, f), (a, d, i, g), (a, d, i, h), (a, d, i, j),

(a, d, j, b), (a, d, j, c), (a, d, j, e), (a, d, j, f), (a, d, j, g), (a, d, j, h), (a, d, j, i),

(a, e, b, c), (a, e, b, d), (a, e, b, f), (a, e, b, g), (a, e, b, h), (a, e, b, i), (a, e, b, j),

(a, e, c, b), (a, e, c, d), (a, e, c, f), (a, e, c, g), (a, e, c, h), (a, e, c, i), (a, e, c, j),

(a, e, d, b), (a, e, d, c), (a, e, d, f), (a, e, d, g), (a, e, d, h), (a, e, d, i), (a, e, d, j),

(a, e, f, b), (a, e, f, c), (a, e, f, d), (a, e, f, g), (a, e, f, h), (a, e, f, i), (a, e, f, j),

(a, e, g, b), (a, e, g, c), (a, e, g, d), (a, e, g, f), (a, e, g, h), (a, e, g, i), (a, e, g, j),

(a, e, h, b), (a, e, h, c), (a, e, h, d), (a, e, h, f), (a, e, h, g), (a, e, h, i), (a, e, h, j),

(a, e, i, b), (a, e, i, c), (a, e, i, d), (a, e, i, f), (a, e, i, g), (a, e, i, h), (a, e, i, j),

(a, e, j, b), (a, e, j, c), (a, e, j, d), (a, e, j, f), (a, e, j, g), (a, e, j, h), (a, e, j, i),

(a, f, b, c), (a, f, b, d), (a, f, b, e), (a, f, b, g), (a, f, b, h), (a, f, b, i), (a, f, b, j),

(a, f, c, b), (a, f, c, d), (a, f, c, e), (a, f, c, g), (a, f, c, h), (a, f, c, i), (a, f, c, j),

(a, f, d, b), (a, f, d, c), (a, f, d, e), (a, f, d, g), (a, f, d, h), (a, f, d, i), (a, f, d, j),

(a, f, e, b), (a, f, e, c), (a, f, e, d), (a, f, e, g), (a, f, e, h), (a, f, e, i), (a, f, e, j),

(a, f, g, b), (a, f, g, c), (a, f, g, d), (a, f, g, e), (a, f, g, h), (a, f, g, i), (a, f, g, j),

(a, f, h, b), (a, f, h, c), (a, f, h, d), (a, f, h, e), (a, f, h, g), (a, f, h, i), (a, f, h, j),

(a, f, i, b), (a, f, i, c), (a, f, i, d), (a, f, i, e), (a, f, i, g), (a, f, i, h), (a, f, i, j),

(a, f, j, b), (a, f, j, c), (a, f, j, d), (a, f, j, e), (a, f, j, g), (a, f, j, h), (a, f, j, i),

(a, g, b, c), (a, g, b, d), (a, g, b, e), (a, g, b, f), (a, g, b, h), (a, g, b, i), (a, g, b, j),

(a, g, c, b), (a, g, c, d), (a, g, c, e), (a, g, c, f), (a, g, c, h), (a, g, c, i), (a, g, c, j),
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(a, g, d, b), (a, g, d, c), (a, g, d, e), (a, g, d, f), (a, g, d, h), (a, g, d, i), (a, g, d, j),

(a, g, e, b), (a, g, e, c), (a, g, e, d), (a, g, e, f), (a, g, e, h), (a, g, e, i), (a, g, e, j),

(a, g, f, b), (a, g, f, c), (a, g, f, d), (a, g, f, e), (a, g, f, h), (a, g, f, i), (a, g, f, j),

(a, g, h, b), (a, g, h, c), (a, g, h, d), (a, g, h, e), (a, g, h, f), (a, g, h, i), (a, g, h, j),

(a, g, i, b), (a, g, i, c), (a, g, i, d), (a, g, i, e), (a, g, i, f), (a, g, i, h), (a, g, i, j),

(a, g, j, b), (a, g, j, c), (a, g, j, d), (a, g, j, e), (a, g, j, f), (a, g, j, h), (a, g, j, i),

(a, h, b, c), (a, h, b, d), (a, h, b, e), (a, h, b, f), (a, h, b, g), (a, h, b, i), (a, h, b, j),

(a, h, c, b), (a, h, c, d), (a, h, c, e), (a, h, c, f), (a, h, c, g), (a, h, c, i), (a, h, c, j),

(a, h, d, b), (a, h, d, c), (a, h, d, e), (a, h, d, f), (a, h, d, g), (a, h, d, i), (a, h, d, j),

(a, h, e, b), (a, h, e, c), (a, h, e, d), (a, h, e, f), (a, h, e, g), (a, h, e, i), (a, h, e, j),

(a, h, f, b), (a, h, f, c), (a, h, f, d), (a, h, f, e), (a, h, f, g), (a, h, f, i), (a, h, f, j),

(a, h, g, b), (a, h, g, c), (a, h, g, d), (a, h, g, e), (a, h, g, f), (a, h, g, i), (a, h, g, j),

(a, h, i, b), (a, h, i, c), (a, h, i, d), (a, h, i, e), (a, h, i, f), (a, h, i, g), (a, h, i, j),

(a, h, j, b), (a, h, j, c), (a, h, j, d), (a, h, j, e), (a, h, j, f), (a, h, j, g), (a, h, j, i),

(a, i, b, c), (a, i, b, d), (a, i, b, e), (a, i, b, f), (a, i, b, g), (a, i, b, h), (a, i, b, j),

(a, i, c, b), (a, i, c, d), (a, i, c, e), (a, i, c, f), (a, i, c, g), (a, i, c, h), (a, i, c, j),

(a, i, d, b), (a, i, d, c), (a, i, d, e), (a, i, d, f), (a, i, d, g), (a, i, d, h), (a, i, d, j),

(a, i, e, b), (a, i, e, c), (a, i, e, d), (a, i, e, f), (a, i, e, g), (a, i, e, h), (a, i, e, j),

(a, i, f, b), (a, i, f, c), (a, i, f, d), (a, i, f, e), (a, i, f, g), (a, i, f, h), (a, i, f, j),

(a, i, g, b), (a, i, g, c), (a, i, g, d), (a, i, g, e), (a, i, g, f), (a, i, g, h), (a, i, g, j),

(a, i, h, b), (a, i, h, c), (a, i, h, d), (a, i, h, e), (a, i, h, f), (a, i, h, g), (a, i, h, j),

(a, i, j, b), (a, i, j, c), (a, i, j, d), (a, i, j, e), (a, i, j, f), (a, i, j, g), (a, i, j, h),

(a, j, b, c), (a, j, b, d), (a, j, b, e), (a, j, b, f), (a, j, b, g), (a, j, b, h), (a, j, b, i),

(a, j, c, b), (a, j, c, d), (a, j, c, e), (a, j, c, f), (a, j, c, g), (a, j, c, h), (a, j, c, i),

(a, j, d, b), (a, j, d, c), (a, j, d, e), (a, j, d, f), (a, j, d, g), (a, j, d, h), (a, j, d, i),

(a, j, e, b), (a, j, e, c), (a, j, e, d), (a, j, e, f), (a, j, e, g), (a, j, e, h), (a, j, e, i),

(a, j, f, b), (a, j, f, c), (a, j, f, d), (a, j, f, e), (a, j, f, g), (a, j, f, h), (a, j, f, i),

(a, j, g, b), (a, j, g, c), (a, j, g, d), (a, j, g, e), (a, j, g, f), (a, j, g, h), (a, j, g, i),

(a, j, h, b), (a, j, h, c), (a, j, h, d), (a, j, h, e), (a, j, h, f), (a, j, h, g), (a, j, h, i),

(a, j, i, b), (a, j, i, c), (a, j, i, d), (a, j, i, e), (a, j, i, f), (a, j, i, g), (a, j, i, h),

(b, a, c, d), (b, a, c, e), (b, a, c, f), (b, a, c, g), (b, a, c, h), (b, a, c, i), (b, a, c, j),

(b, a, d, c), (b, a, d, e), (b, a, d, f), (b, a, d, g), (b, a, d, h), (b, a, d, i), (b, a, d, j),

(b, a, e, c), (b, a, e, d), (b, a, e, f), (b, a, e, g), (b, a, e, h), (b, a, e, i), (b, a, e, j),
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(b, a, f, c), (b, a, f, d), (b, a, f, e), (b, a, f, g), (b, a, f, h), (b, a, f, i), (b, a, f, j),

(b, a, g, c), (b, a, g, d), (b, a, g, e), (b, a, g, f), (b, a, g, h), (b, a, g, i), (b, a, g, j),

(b, a, h, c), (b, a, h, d), (b, a, h, e), (b, a, h, f), (b, a, h, g), (b, a, h, i), (b, a, h, j),

(b, a, i, c), (b, a, i, d), (b, a, i, e), (b, a, i, f), (b, a, i, g), (b, a, i, h), (b, a, i, j),

(b, a, j, c), (b, a, j, d), (b, a, j, e), (b, a, j, f), (b, a, j, g), (b, a, j, h), (b, a, j, i),

(b, c, a, d), (b, c, a, e), (b, c, a, f), (b, c, a, g), (b, c, a, h), (b, c, a, i), (b, c, a, j),

(b, c, d, a), (b, c, d, e), (b, c, d, f), (b, c, d, g), (b, c, d, h), (b, c, d, i), (b, c, d, j),

(b, c, e, a), (b, c, e, d), (b, c, e, f), (b, c, e, g), (b, c, e, h), (b, c, e, i), (b, c, e, j),

(b, c, f, a), (b, c, f, d), (b, c, f, e), (b, c, f, g), (b, c, f, h), (b, c, f, i), (b, c, f, j),

(b, c, g, a), (b, c, g, d), (b, c, g, e), (b, c, g, f), (b, c, g, h), (b, c, g, i), (b, c, g, j),

(b, c, h, a), (b, c, h, d), (b, c, h, e), (b, c, h, f), (b, c, h, g), (b, c, h, i), (b, c, h, j),

(b, c, i, a), (b, c, i, d), (b, c, i, e), (b, c, i, f), (b, c, i, g), (b, c, i, h), (b, c, i, j),

(b, c, j, a), (b, c, j, d), (b, c, j, e), (b, c, j, f), (b, c, j, g), (b, c, j, h), (b, c, j, i),

(b, d, a, c), (b, d, a, e), (b, d, a, f), (b, d, a, g), (b, d, a, h), (b, d, a, i), (b, d, a, j),

(b, d, c, a), (b, d, c, e), (b, d, c, f), (b, d, c, g), (b, d, c, h), (b, d, c, i), (b, d, c, j),

(b, d, e, a), (b, d, e, c), (b, d, e, f), (b, d, e, g), (b, d, e, h), (b, d, e, i), (b, d, e, j),

(b, d, f, a), (b, d, f, c), (b, d, f, e), (b, d, f, g), (b, d, f, h), (b, d, f, i), (b, d, f, j),

(b, d, g, a), (b, d, g, c), (b, d, g, e), (b, d, g, f), (b, d, g, h), (b, d, g, i), (b, d, g, j),

(b, d, h, a), (b, d, h, c), (b, d, h, e), (b, d, h, f), (b, d, h, g), (b, d, h, i), (b, d, h, j),

(b, d, i, a), (b, d, i, c), (b, d, i, e), (b, d, i, f), (b, d, i, g), (b, d, i, h), (b, d, i, j),

(b, d, j, a), (b, d, j, c), (b, d, j, e), (b, d, j, f), (b, d, j, g), (b, d, j, h), (b, d, j, i),

(b, e, a, c), (b, e, a, d), (b, e, a, f), (b, e, a, g), (b, e, a, h), (b, e, a, i), (b, e, a, j),

(b, e, c, a), (b, e, c, d), (b, e, c, f), (b, e, c, g), (b, e, c, h), (b, e, c, i), (b, e, c, j),

(b, e, d, a), (b, e, d, c), (b, e, d, f), (b, e, d, g), (b, e, d, h), (b, e, d, i), (b, e, d, j),

(b, e, f, a), (b, e, f, c), (b, e, f, d), (b, e, f, g), (b, e, f, h), (b, e, f, i), (b, e, f, j),

(b, e, g, a), (b, e, g, c), (b, e, g, d), (b, e, g, f), (b, e, g, h), (b, e, g, i), (b, e, g, j),

(b, e, h, a), (b, e, h, c), (b, e, h, d), (b, e, h, f), (b, e, h, g), (b, e, h, i), (b, e, h, j),

(b, e, i, a), (b, e, i, c), (b, e, i, d), (b, e, i, f), (b, e, i, g), (b, e, i, h), (b, e, i, j),

(b, e, j, a), (b, e, j, c), (b, e, j, d), (b, e, j, f), (b, e, j, g), (b, e, j, h), (b, e, j, i),

(b, f, a, c), (b, f, a, d), (b, f, a, e), (b, f, a, g), (b, f, a, h), (b, f, a, i), (b, f, a, j),

(b, f, c, a), (b, f, c, d), (b, f, c, e), (b, f, c, g), (b, f, c, h), (b, f, c, i), (b, f, c, j),

(b, f, d, a), (b, f, d, c), (b, f, d, e), (b, f, d, g), (b, f, d, h), (b, f, d, i), (b, f, d, j),

(b, f, e, a), (b, f, e, c), (b, f, e, d), (b, f, e, g), (b, f, e, h), (b, f, e, i), (b, f, e, j),
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(b, f, g, a), (b, f, g, c), (b, f, g, d), (b, f, g, e), (b, f, g, h), (b, f, g, i), (b, f, g, j),

(b, f, h, a), (b, f, h, c), (b, f, h, d), (b, f, h, e), (b, f, h, g), (b, f, h, i), (b, f, h, j),

(b, f, i, a), (b, f, i, c), (b, f, i, d), (b, f, i, e), (b, f, i, g), (b, f, i, h), (b, f, i, j),

(b, f, j, a), (b, f, j, c), (b, f, j, d), (b, f, j, e), (b, f, j, g), (b, f, j, h), (b, f, j, i),

(b, g, a, c), (b, g, a, d), (b, g, a, e), (b, g, a, f), (b, g, a, h), (b, g, a, i), (b, g, a, j),

(b, g, c, a), (b, g, c, d), (b, g, c, e), (b, g, c, f), (b, g, c, h), (b, g, c, i), (b, g, c, j),

(b, g, d, a), (b, g, d, c), (b, g, d, e), (b, g, d, f), (b, g, d, h), (b, g, d, i), (b, g, d, j),

(b, g, e, a), (b, g, e, c), (b, g, e, d), (b, g, e, f), (b, g, e, h), (b, g, e, i), (b, g, e, j),

(b, g, f, a), (b, g, f, c), (b, g, f, d), (b, g, f, e), (b, g, f, h), (b, g, f, i), (b, g, f, j),

(b, g, h, a), (b, g, h, c), (b, g, h, d), (b, g, h, e), (b, g, h, f), (b, g, h, i), (b, g, h, j),

(b, g, i, a), (b, g, i, c), (b, g, i, d), (b, g, i, e), (b, g, i, f), (b, g, i, h), (b, g, i, j),

(b, g, j, a), (b, g, j, c), (b, g, j, d), (b, g, j, e), (b, g, j, f), (b, g, j, h), (b, g, j, i),

(b, h, a, c), (b, h, a, d), (b, h, a, e), (b, h, a, f), (b, h, a, g), (b, h, a, i), (b, h, a, j),

(b, h, c, a), (b, h, c, d), (b, h, c, e), (b, h, c, f), (b, h, c, g), (b, h, c, i), (b, h, c, j),

(b, h, d, a), (b, h, d, c), (b, h, d, e), (b, h, d, f), (b, h, d, g), (b, h, d, i), (b, h, d, j),

(b, h, e, a), (b, h, e, c), (b, h, e, d), (b, h, e, f), (b, h, e, g), (b, h, e, i), (b, h, e, j),

(b, h, f, a), (b, h, f, c), (b, h, f, d), (b, h, f, e), (b, h, f, g), (b, h, f, i), (b, h, f, j),

(b, h, g, a), (b, h, g, c), (b, h, g, d), (b, h, g, e), (b, h, g, f), (b, h, g, i), (b, h, g, j),

(b, h, i, a), (b, h, i, c), (b, h, i, d), (b, h, i, e), (b, h, i, f), (b, h, i, g), (b, h, i, j),

(b, h, j, a), (b, h, j, c), (b, h, j, d), (b, h, j, e), (b, h, j, f), (b, h, j, g), (b, h, j, i),

(b, i, a, c), (b, i, a, d), (b, i, a, e), (b, i, a, f), (b, i, a, g), (b, i, a, h), (b, i, a, j),

(b, i, c, a), (b, i, c, d), (b, i, c, e), (b, i, c, f), (b, i, c, g), (b, i, c, h), (b, i, c, j),

(b, i, d, a), (b, i, d, c), (b, i, d, e), (b, i, d, f), (b, i, d, g), (b, i, d, h), (b, i, d, j),

(b, i, e, a), (b, i, e, c), (b, i, e, d), (b, i, e, f), (b, i, e, g), (b, i, e, h), (b, i, e, j),

(b, i, f, a), (b, i, f, c), (b, i, f, d), (b, i, f, e), (b, i, f, g), (b, i, f, h), (b, i, f, j),

(b, i, g, a), (b, i, g, c), (b, i, g, d), (b, i, g, e), (b, i, g, f), (b, i, g, h), (b, i, g, j),

(b, i, h, a), (b, i, h, c), (b, i, h, d), (b, i, h, e), (b, i, h, f), (b, i, h, g), (b, i, h, j),

(b, i, j, a), (b, i, j, c), (b, i, j, d), (b, i, j, e), (b, i, j, f), (b, i, j, g), (b, i, j, h),

(b, j, a, c), (b, j, a, d), (b, j, a, e), (b, j, a, f), (b, j, a, g), (b, j, a, h), (b, j, a, i),

(b, j, c, a), (b, j, c, d), (b, j, c, e), (b, j, c, f), (b, j, c, g), (b, j, c, h), (b, j, c, i),

(b, j, d, a), (b, j, d, c), (b, j, d, e), (b, j, d, f), (b, j, d, g), (b, j, d, h), (b, j, d, i),

(b, j, e, a), (b, j, e, c), (b, j, e, d), (b, j, e, f), (b, j, e, g), (b, j, e, h), (b, j, e, i),

(b, j, f, a), (b, j, f, c), (b, j, f, d), (b, j, f, e), (b, j, f, g), (b, j, f, h), (b, j, f, i),
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(b, j, g, a), (b, j, g, c), (b, j, g, d), (b, j, g, e), (b, j, g, f), (b, j, g, h), (b, j, g, i),

(b, j, h, a), (b, j, h, c), (b, j, h, d), (b, j, h, e), (b, j, h, f), (b, j, h, g), (b, j, h, i),

(b, j, i, a), (b, j, i, c), (b, j, i, d), (b, j, i, e), (b, j, i, f), (b, j, i, g), (b, j, i, h),

(c, a, b, d), (c, a, b, e), (c, a, b, f), (c, a, b, g), (c, a, b, h), (c, a, b, i), (c, a, b, j),

(c, a, d, b), (c, a, d, e), (c, a, d, f), (c, a, d, g), (c, a, d, h), (c, a, d, i), (c, a, d, j),

(c, a, e, b), (c, a, e, d), (c, a, e, f), (c, a, e, g), (c, a, e, h), (c, a, e, i), (c, a, e, j),

(c, a, f, b), (c, a, f, d), (c, a, f, e), (c, a, f, g), (c, a, f, h), (c, a, f, i), (c, a, f, j),

(c, a, g, b), (c, a, g, d), (c, a, g, e), (c, a, g, f), (c, a, g, h), (c, a, g, i), (c, a, g, j),

(c, a, h, b), (c, a, h, d), (c, a, h, e), (c, a, h, f), (c, a, h, g), (c, a, h, i), (c, a, h, j),

(c, a, i, b), (c, a, i, d), (c, a, i, e), (c, a, i, f), (c, a, i, g), (c, a, i, h), (c, a, i, j),

(c, a, j, b), (c, a, j, d), (c, a, j, e), (c, a, j, f), (c, a, j, g), (c, a, j, h), (c, a, j, i),

(c, b, a, d), (c, b, a, e), (c, b, a, f), (c, b, a, g), (c, b, a, h), (c, b, a, i), (c, b, a, j),

(c, b, d, a), (c, b, d, e), (c, b, d, f), (c, b, d, g), (c, b, d, h), (c, b, d, i), (c, b, d, j),

(c, b, e, a), (c, b, e, d), (c, b, e, f), (c, b, e, g), (c, b, e, h), (c, b, e, i), (c, b, e, j),

(c, b, f, a), (c, b, f, d), (c, b, f, e), (c, b, f, g), (c, b, f, h), (c, b, f, i), (c, b, f, j),

(c, b, g, a), (c, b, g, d), (c, b, g, e), (c, b, g, f), (c, b, g, h), (c, b, g, i), (c, b, g, j),

(c, b, h, a), (c, b, h, d), (c, b, h, e), (c, b, h, f), (c, b, h, g), (c, b, h, i), (c, b, h, j),

(c, b, i, a), (c, b, i, d), (c, b, i, e), (c, b, i, f), (c, b, i, g), (c, b, i, h), (c, b, i, j),

(c, b, j, a), (c, b, j, d), (c, b, j, e), (c, b, j, f), (c, b, j, g), (c, b, j, h), (c, b, j, i),

(c, d, a, b), (c, d, a, e), (c, d, a, f), (c, d, a, g), (c, d, a, h), (c, d, a, i), (c, d, a, j),

(c, d, b, a), (c, d, b, e), (c, d, b, f), (c, d, b, g), (c, d, b, h), (c, d, b, i), (c, d, b, j),

(c, d, e, a), (c, d, e, b), (c, d, e, f), (c, d, e, g), (c, d, e, h), (c, d, e, i), (c, d, e, j),

(c, d, f, a), (c, d, f, b), (c, d, f, e), (c, d, f, g), (c, d, f, h), (c, d, f, i), (c, d, f, j),

(c, d, g, a), (c, d, g, b), (c, d, g, e), (c, d, g, f), (c, d, g, h), (c, d, g, i), (c, d, g, j),

(c, d, h, a), (c, d, h, b), (c, d, h, e), (c, d, h, f), (c, d, h, g), (c, d, h, i), (c, d, h, j),

(c, d, i, a), (c, d, i, b), (c, d, i, e), (c, d, i, f), (c, d, i, g), (c, d, i, h), (c, d, i, j),

(c, d, j, a), (c, d, j, b), (c, d, j, e), (c, d, j, f), (c, d, j, g), (c, d, j, h), (c, d, j, i),

(c, e, a, b), (c, e, a, d), (c, e, a, f), (c, e, a, g), (c, e, a, h), (c, e, a, i), (c, e, a, j),

(c, e, b, a), (c, e, b, d), (c, e, b, f), (c, e, b, g), (c, e, b, h), (c, e, b, i), (c, e, b, j),

(c, e, d, a), (c, e, d, b), (c, e, d, f), (c, e, d, g), (c, e, d, h), (c, e, d, i), (c, e, d, j),

(c, e, f, a), (c, e, f, b), (c, e, f, d), (c, e, f, g), (c, e, f, h), (c, e, f, i), (c, e, f, j),

(c, e, g, a), (c, e, g, b), (c, e, g, d), (c, e, g, f), (c, e, g, h), (c, e, g, i), (c, e, g, j),

(c, e, h, a), (c, e, h, b), (c, e, h, d), (c, e, h, f), (c, e, h, g), (c, e, h, i), (c, e, h, j),
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(c, e, i, a), (c, e, i, b), (c, e, i, d), (c, e, i, f), (c, e, i, g), (c, e, i, h), (c, e, i, j),

(c, e, j, a), (c, e, j, b), (c, e, j, d), (c, e, j, f), (c, e, j, g), (c, e, j, h), (c, e, j, i),

(c, f, a, b), (c, f, a, d), (c, f, a, e), (c, f, a, g), (c, f, a, h), (c, f, a, i), (c, f, a, j),

(c, f, b, a), (c, f, b, d), (c, f, b, e), (c, f, b, g), (c, f, b, h), (c, f, b, i), (c, f, b, j),

(c, f, d, a), (c, f, d, b), (c, f, d, e), (c, f, d, g), (c, f, d, h), (c, f, d, i), (c, f, d, j),

(c, f, e, a), (c, f, e, b), (c, f, e, d), (c, f, e, g), (c, f, e, h), (c, f, e, i), (c, f, e, j),

(c, f, g, a), (c, f, g, b), (c, f, g, d), (c, f, g, e), (c, f, g, h), (c, f, g, i), (c, f, g, j),

(c, f, h, a), (c, f, h, b), (c, f, h, d), (c, f, h, e), (c, f, h, g), (c, f, h, i), (c, f, h, j),

(c, f, i, a), (c, f, i, b), (c, f, i, d), (c, f, i, e), (c, f, i, g), (c, f, i, h), (c, f, i, j),

(c, f, j, a), (c, f, j, b), (c, f, j, d), (c, f, j, e), (c, f, j, g), (c, f, j, h), (c, f, j, i),

(c, g, a, b), (c, g, a, d), (c, g, a, e), (c, g, a, f), (c, g, a, h), (c, g, a, i), (c, g, a, j),

(c, g, b, a), (c, g, b, d), (c, g, b, e), (c, g, b, f), (c, g, b, h), (c, g, b, i), (c, g, b, j),

(c, g, d, a), (c, g, d, b), (c, g, d, e), (c, g, d, f), (c, g, d, h), (c, g, d, i), (c, g, d, j),

(c, g, e, a), (c, g, e, b), (c, g, e, d), (c, g, e, f), (c, g, e, h), (c, g, e, i), (c, g, e, j),

(c, g, f, a), (c, g, f, b), (c, g, f, d), (c, g, f, e), (c, g, f, h), (c, g, f, i), (c, g, f, j),

(c, g, h, a), (c, g, h, b), (c, g, h, d), (c, g, h, e), (c, g, h, f), (c, g, h, i), (c, g, h, j),

(c, g, i, a), (c, g, i, b), (c, g, i, d), (c, g, i, e), (c, g, i, f), (c, g, i, h), (c, g, i, j),

(c, g, j, a), (c, g, j, b), (c, g, j, d), (c, g, j, e), (c, g, j, f), (c, g, j, h), (c, g, j, i),

(c, h, a, b), (c, h, a, d), (c, h, a, e), (c, h, a, f), (c, h, a, g), (c, h, a, i), (c, h, a, j),

(c, h, b, a), (c, h, b, d), (c, h, b, e), (c, h, b, f), (c, h, b, g), (c, h, b, i), (c, h, b, j),

(c, h, d, a), (c, h, d, b), (c, h, d, e), (c, h, d, f), (c, h, d, g), (c, h, d, i), (c, h, d, j),

(c, h, e, a), (c, h, e, b), (c, h, e, d), (c, h, e, f), (c, h, e, g), (c, h, e, i), (c, h, e, j),

(c, h, f, a), (c, h, f, b), (c, h, f, d), (c, h, f, e), (c, h, f, g), (c, h, f, i), (c, h, f, j),

(c, h, g, a), (c, h, g, b), (c, h, g, d), (c, h, g, e), (c, h, g, f), (c, h, g, i), (c, h, g, j),

(c, h, i, a), (c, h, i, b), (c, h, i, d), (c, h, i, e), (c, h, i, f), (c, h, i, g), (c, h, i, j),

(c, h, j, a), (c, h, j, b), (c, h, j, d), (c, h, j, e), (c, h, j, f), (c, h, j, g), (c, h, j, i),

(c, i, a, b), (c, i, a, d), (c, i, a, e), (c, i, a, f), (c, i, a, g), (c, i, a, h), (c, i, a, j),

(c, i, b, a), (c, i, b, d), (c, i, b, e), (c, i, b, f), (c, i, b, g), (c, i, b, h), (c, i, b, j),

(c, i, d, a), (c, i, d, b), (c, i, d, e), (c, i, d, f), (c, i, d, g), (c, i, d, h), (c, i, d, j),

(c, i, e, a), (c, i, e, b), (c, i, e, d), (c, i, e, f), (c, i, e, g), (c, i, e, h), (c, i, e, j),

(c, i, f, a), (c, i, f, b), (c, i, f, d), (c, i, f, e), (c, i, f, g), (c, i, f, h), (c, i, f, j),

(c, i, g, a), (c, i, g, b), (c, i, g, d), (c, i, g, e), (c, i, g, f), (c, i, g, h), (c, i, g, j),

(c, i, h, a), (c, i, h, b), (c, i, h, d), (c, i, h, e), (c, i, h, f), (c, i, h, g), (c, i, h, j),
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(c, i, j, a), (c, i, j, b), (c, i, j, d), (c, i, j, e), (c, i, j, f), (c, i, j, g), (c, i, j, h),

(c, j, a, b), (c, j, a, d), (c, j, a, e), (c, j, a, f), (c, j, a, g), (c, j, a, h), (c, j, a, i),

(c, j, b, a), (c, j, b, d), (c, j, b, e), (c, j, b, f), (c, j, b, g), (c, j, b, h), (c, j, b, i),

(c, j, d, a), (c, j, d, b), (c, j, d, e), (c, j, d, f), (c, j, d, g), (c, j, d, h), (c, j, d, i),

(c, j, e, a), (c, j, e, b), (c, j, e, d), (c, j, e, f), (c, j, e, g), (c, j, e, h), (c, j, e, i),

(c, j, f, a), (c, j, f, b), (c, j, f, d), (c, j, f, e), (c, j, f, g), (c, j, f, h), (c, j, f, i),

(c, j, g, a), (c, j, g, b), (c, j, g, d), (c, j, g, e), (c, j, g, f), (c, j, g, h), (c, j, g, i),

(c, j, h, a), (c, j, h, b), (c, j, h, d), (c, j, h, e), (c, j, h, f), (c, j, h, g), (c, j, h, i),

(c, j, i, a), (c, j, i, b), (c, j, i, d), (c, j, i, e), (c, j, i, f), (c, j, i, g), (c, j, i, h),

(d, a, b, c), (d, a, b, e), (d, a, b, f), (d, a, b, g), (d, a, b, h), (d, a, b, i), (d, a, b, j),

(d, a, c, b), (d, a, c, e), (d, a, c, f), (d, a, c, g), (d, a, c, h), (d, a, c, i), (d, a, c, j),

(d, a, e, b), (d, a, e, c), (d, a, e, f), (d, a, e, g), (d, a, e, h), (d, a, e, i), (d, a, e, j),

(d, a, f, b), (d, a, f, c), (d, a, f, e), (d, a, f, g), (d, a, f, h), (d, a, f, i), (d, a, f, j),

(d, a, g, b), (d, a, g, c), (d, a, g, e), (d, a, g, f), (d, a, g, h), (d, a, g, i), (d, a, g, j),

(d, a, h, b), (d, a, h, c), (d, a, h, e), (d, a, h, f), (d, a, h, g), (d, a, h, i), (d, a, h, j),

(d, a, i, b), (d, a, i, c), (d, a, i, e), (d, a, i, f), (d, a, i, g), (d, a, i, h), (d, a, i, j),

(d, a, j, b), (d, a, j, c), (d, a, j, e), (d, a, j, f), (d, a, j, g), (d, a, j, h), (d, a, j, i),

(d, b, a, c), (d, b, a, e), (d, b, a, f), (d, b, a, g), (d, b, a, h), (d, b, a, i), (d, b, a, j),

(d, b, c, a), (d, b, c, e), (d, b, c, f), (d, b, c, g), (d, b, c, h), (d, b, c, i), (d, b, c, j),

(d, b, e, a), (d, b, e, c), (d, b, e, f), (d, b, e, g), (d, b, e, h), (d, b, e, i), (d, b, e, j),

(d, b, f, a), (d, b, f, c), (d, b, f, e), (d, b, f, g), (d, b, f, h), (d, b, f, i), (d, b, f, j),

(d, b, g, a), (d, b, g, c), (d, b, g, e), (d, b, g, f), (d, b, g, h), (d, b, g, i), (d, b, g, j),

(d, b, h, a), (d, b, h, c), (d, b, h, e), (d, b, h, f), (d, b, h, g), (d, b, h, i), (d, b, h, j),

(d, b, i, a), (d, b, i, c), (d, b, i, e), (d, b, i, f), (d, b, i, g), (d, b, i, h), (d, b, i, j),

(d, b, j, a), (d, b, j, c), (d, b, j, e), (d, b, j, f), (d, b, j, g), (d, b, j, h), (d, b, j, i),

(d, c, a, b), (d, c, a, e), (d, c, a, f), (d, c, a, g), (d, c, a, h), (d, c, a, i), (d, c, a, j),

(d, c, b, a), (d, c, b, e), (d, c, b, f), (d, c, b, g), (d, c, b, h), (d, c, b, i), (d, c, b, j),

(d, c, e, a), (d, c, e, b), (d, c, e, f), (d, c, e, g), (d, c, e, h), (d, c, e, i), (d, c, e, j),

(d, c, f, a), (d, c, f, b), (d, c, f, e), (d, c, f, g), (d, c, f, h), (d, c, f, i), (d, c, f, j),

(d, c, g, a), (d, c, g, b), (d, c, g, e), (d, c, g, f), (d, c, g, h), (d, c, g, i), (d, c, g, j),

(d, c, h, a), (d, c, h, b), (d, c, h, e), (d, c, h, f), (d, c, h, g), (d, c, h, i), (d, c, h, j),

(d, c, i, a), (d, c, i, b), (d, c, i, e), (d, c, i, f), (d, c, i, g), (d, c, i, h), (d, c, i, j),

(d, c, j, a), (d, c, j, b), (d, c, j, e), (d, c, j, f), (d, c, j, g), (d, c, j, h), (d, c, j, i),
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(d, e, a, b), (d, e, a, c), (d, e, a, f), (d, e, a, g), (d, e, a, h), (d, e, a, i), (d, e, a, j),

(d, e, b, a), (d, e, b, c), (d, e, b, f), (d, e, b, g), (d, e, b, h), (d, e, b, i), (d, e, b, j),

(d, e, c, a), (d, e, c, b), (d, e, c, f), (d, e, c, g), (d, e, c, h), (d, e, c, i), (d, e, c, j),

(d, e, f, a), (d, e, f, b), (d, e, f, c), (d, e, f, g), (d, e, f, h), (d, e, f, i), (d, e, f, j),

(d, e, g, a), (d, e, g, b), (d, e, g, c), (d, e, g, f), (d, e, g, h), (d, e, g, i), (d, e, g, j),

(d, e, h, a), (d, e, h, b), (d, e, h, c), (d, e, h, f), (d, e, h, g), (d, e, h, i), (d, e, h, j),

(d, e, i, a), (d, e, i, b), (d, e, i, c), (d, e, i, f), (d, e, i, g), (d, e, i, h), (d, e, i, j),

(d, e, j, a), (d, e, j, b), (d, e, j, c), (d, e, j, f), (d, e, j, g), (d, e, j, h), (d, e, j, i),

(d, f, a, b), (d, f, a, c), (d, f, a, e), (d, f, a, g), (d, f, a, h), (d, f, a, i), (d, f, a, j),

(d, f, b, a), (d, f, b, c), (d, f, b, e), (d, f, b, g), (d, f, b, h), (d, f, b, i), (d, f, b, j),

(d, f, c, a), (d, f, c, b), (d, f, c, e), (d, f, c, g), (d, f, c, h), (d, f, c, i), (d, f, c, j),

(d, f, e, a), (d, f, e, b), (d, f, e, c), (d, f, e, g), (d, f, e, h), (d, f, e, i), (d, f, e, j),

(d, f, g, a), (d, f, g, b), (d, f, g, c), (d, f, g, e), (d, f, g, h), (d, f, g, i), (d, f, g, j),

(d, f, h, a), (d, f, h, b), (d, f, h, c), (d, f, h, e), (d, f, h, g), (d, f, h, i), (d, f, h, j),

(d, f, i, a), (d, f, i, b), (d, f, i, c), (d, f, i, e), (d, f, i, g), (d, f, i, h), (d, f, i, j),

(d, f, j, a), (d, f, j, b), (d, f, j, c), (d, f, j, e), (d, f, j, g), (d, f, j, h), (d, f, j, i),

(d, g, a, b), (d, g, a, c), (d, g, a, e), (d, g, a, f), (d, g, a, h), (d, g, a, i), (d, g, a, j),

(d, g, b, a), (d, g, b, c), (d, g, b, e), (d, g, b, f), (d, g, b, h), (d, g, b, i), (d, g, b, j),

(d, g, c, a), (d, g, c, b), (d, g, c, e), (d, g, c, f), (d, g, c, h), (d, g, c, i), (d, g, c, j),

(d, g, e, a), (d, g, e, b), (d, g, e, c), (d, g, e, f), (d, g, e, h), (d, g, e, i), (d, g, e, j),

(d, g, f, a), (d, g, f, b), (d, g, f, c), (d, g, f, e), (d, g, f, h), (d, g, f, i), (d, g, f, j),

(d, g, h, a), (d, g, h, b), (d, g, h, c), (d, g, h, e), (d, g, h, f), (d, g, h, i), (d, g, h, j),

(d, g, i, a), (d, g, i, b), (d, g, i, c), (d, g, i, e), (d, g, i, f), (d, g, i, h), (d, g, i, j),

(d, g, j, a), (d, g, j, b), (d, g, j, c), (d, g, j, e), (d, g, j, f), (d, g, j, h), (d, g, j, i),

(d, h, a, b), (d, h, a, c), (d, h, a, e), (d, h, a, f), (d, h, a, g), (d, h, a, i), (d, h, a, j),

(d, h, b, a), (d, h, b, c), (d, h, b, e), (d, h, b, f), (d, h, b, g), (d, h, b, i), (d, h, b, j),

(d, h, c, a), (d, h, c, b), (d, h, c, e), (d, h, c, f), (d, h, c, g), (d, h, c, i), (d, h, c, j),

(d, h, e, a), (d, h, e, b), (d, h, e, c), (d, h, e, f), (d, h, e, g), (d, h, e, i), (d, h, e, j),

(d, h, f, a), (d, h, f, b), (d, h, f, c), (d, h, f, e), (d, h, f, g), (d, h, f, i), (d, h, f, j),

(d, h, g, a), (d, h, g, b), (d, h, g, c), (d, h, g, e), (d, h, g, f), (d, h, g, i), (d, h, g, j),

(d, h, i, a), (d, h, i, b), (d, h, i, c), (d, h, i, e), (d, h, i, f), (d, h, i, g), (d, h, i, j),

(d, h, j, a), (d, h, j, b), (d, h, j, c), (d, h, j, e), (d, h, j, f), (d, h, j, g), (d, h, j, i),

(d, i, a, b), (d, i, a, c), (d, i, a, e), (d, i, a, f), (d, i, a, g), (d, i, a, h), (d, i, a, j),
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(d, i, b, a), (d, i, b, c), (d, i, b, e), (d, i, b, f), (d, i, b, g), (d, i, b, h), (d, i, b, j),

(d, i, c, a), (d, i, c, b), (d, i, c, e), (d, i, c, f), (d, i, c, g), (d, i, c, h), (d, i, c, j),

(d, i, e, a), (d, i, e, b), (d, i, e, c), (d, i, e, f), (d, i, e, g), (d, i, e, h), (d, i, e, j),

(d, i, f, a), (d, i, f, b), (d, i, f, c), (d, i, f, e), (d, i, f, g), (d, i, f, h), (d, i, f, j),

(d, i, g, a), (d, i, g, b), (d, i, g, c), (d, i, g, e), (d, i, g, f), (d, i, g, h), (d, i, g, j),

(d, i, h, a), (d, i, h, b), (d, i, h, c), (d, i, h, e), (d, i, h, f), (d, i, h, g), (d, i, h, j),

(d, i, j, a), (d, i, j, b), (d, i, j, c), (d, i, j, e), (d, i, j, f), (d, i, j, g), (d, i, j, h),

(d, j, a, b), (d, j, a, c), (d, j, a, e), (d, j, a, f), (d, j, a, g), (d, j, a, h), (d, j, a, i),

(d, j, b, a), (d, j, b, c), (d, j, b, e), (d, j, b, f), (d, j, b, g), (d, j, b, h), (d, j, b, i),

(d, j, c, a), (d, j, c, b), (d, j, c, e), (d, j, c, f), (d, j, c, g), (d, j, c, h), (d, j, c, i),

(d, j, e, a), (d, j, e, b), (d, j, e, c), (d, j, e, f), (d, j, e, g), (d, j, e, h), (d, j, e, i),

(d, j, f, a), (d, j, f, b), (d, j, f, c), (d, j, f, e), (d, j, f, g), (d, j, f, h), (d, j, f, i),

(d, j, g, a), (d, j, g, b), (d, j, g, c), (d, j, g, e), (d, j, g, f), (d, j, g, h), (d, j, g, i),

(d, j, h, a), (d, j, h, b), (d, j, h, c), (d, j, h, e), (d, j, h, f), (d, j, h, g), (d, j, h, i),

(d, j, i, a), (d, j, i, b), (d, j, i, c), (d, j, i, e), (d, j, i, f), (d, j, i, g), (d, j, i, h),

(e, a, b, c), (e, a, b, d), (e, a, b, f), (e, a, b, g), (e, a, b, h), (e, a, b, i), (e, a, b, j),

(e, a, c, b), (e, a, c, d), (e, a, c, f), (e, a, c, g), (e, a, c, h), (e, a, c, i), (e, a, c, j),

(e, a, d, b), (e, a, d, c), (e, a, d, f), (e, a, d, g), (e, a, d, h), (e, a, d, i), (e, a, d, j),

(e, a, f, b), (e, a, f, c), (e, a, f, d), (e, a, f, g), (e, a, f, h), (e, a, f, i), (e, a, f, j),

(e, a, g, b), (e, a, g, c), (e, a, g, d), (e, a, g, f), (e, a, g, h), (e, a, g, i), (e, a, g, j),

(e, a, h, b), (e, a, h, c), (e, a, h, d), (e, a, h, f), (e, a, h, g), (e, a, h, i), (e, a, h, j),

(e, a, i, b), (e, a, i, c), (e, a, i, d), (e, a, i, f), (e, a, i, g), (e, a, i, h), (e, a, i, j),

(e, a, j, b), (e, a, j, c), (e, a, j, d), (e, a, j, f), (e, a, j, g), (e, a, j, h), (e, a, j, i),

(e, b, a, c), (e, b, a, d), (e, b, a, f), (e, b, a, g), (e, b, a, h), (e, b, a, i), (e, b, a, j),

(e, b, c, a), (e, b, c, d), (e, b, c, f), (e, b, c, g), (e, b, c, h), (e, b, c, i), (e, b, c, j),

(e, b, d, a), (e, b, d, c), (e, b, d, f), (e, b, d, g), (e, b, d, h), (e, b, d, i), (e, b, d, j),

(e, b, f, a), (e, b, f, c), (e, b, f, d), (e, b, f, g), (e, b, f, h), (e, b, f, i), (e, b, f, j),

(e, b, g, a), (e, b, g, c), (e, b, g, d), (e, b, g, f), (e, b, g, h), (e, b, g, i), (e, b, g, j),

(e, b, h, a), (e, b, h, c), (e, b, h, d), (e, b, h, f), (e, b, h, g), (e, b, h, i), (e, b, h, j),

(e, b, i, a), (e, b, i, c), (e, b, i, d), (e, b, i, f), (e, b, i, g), (e, b, i, h), (e, b, i, j),

(e, b, j, a), (e, b, j, c), (e, b, j, d), (e, b, j, f), (e, b, j, g), (e, b, j, h), (e, b, j, i),

(e, c, a, b), (e, c, a, d), (e, c, a, f), (e, c, a, g), (e, c, a, h), (e, c, a, i), (e, c, a, j),

(e, c, b, a), (e, c, b, d), (e, c, b, f), (e, c, b, g), (e, c, b, h), (e, c, b, i), (e, c, b, j),
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(e, c, d, a), (e, c, d, b), (e, c, d, f), (e, c, d, g), (e, c, d, h), (e, c, d, i), (e, c, d, j),

(e, c, f, a), (e, c, f, b), (e, c, f, d), (e, c, f, g), (e, c, f, h), (e, c, f, i), (e, c, f, j),

(e, c, g, a), (e, c, g, b), (e, c, g, d), (e, c, g, f), (e, c, g, h), (e, c, g, i), (e, c, g, j),

(e, c, h, a), (e, c, h, b), (e, c, h, d), (e, c, h, f), (e, c, h, g), (e, c, h, i), (e, c, h, j),

(e, c, i, a), (e, c, i, b), (e, c, i, d), (e, c, i, f), (e, c, i, g), (e, c, i, h), (e, c, i, j),

(e, c, j, a), (e, c, j, b), (e, c, j, d), (e, c, j, f), (e, c, j, g), (e, c, j, h), (e, c, j, i),

(e, d, a, b), (e, d, a, c), (e, d, a, f), (e, d, a, g), (e, d, a, h), (e, d, a, i), (e, d, a, j),

(e, d, b, a), (e, d, b, c), (e, d, b, f), (e, d, b, g), (e, d, b, h), (e, d, b, i), (e, d, b, j),

(e, d, c, a), (e, d, c, b), (e, d, c, f), (e, d, c, g), (e, d, c, h), (e, d, c, i), (e, d, c, j),

(e, d, f, a), (e, d, f, b), (e, d, f, c), (e, d, f, g), (e, d, f, h), (e, d, f, i), (e, d, f, j),

(e, d, g, a), (e, d, g, b), (e, d, g, c), (e, d, g, f), (e, d, g, h), (e, d, g, i), (e, d, g, j),

(e, d, h, a), (e, d, h, b), (e, d, h, c), (e, d, h, f), (e, d, h, g), (e, d, h, i), (e, d, h, j),

(e, d, i, a), (e, d, i, b), (e, d, i, c), (e, d, i, f), (e, d, i, g), (e, d, i, h), (e, d, i, j),

(e, d, j, a), (e, d, j, b), (e, d, j, c), (e, d, j, f), (e, d, j, g), (e, d, j, h), (e, d, j, i),

(e, f, a, b), (e, f, a, c), (e, f, a, d), (e, f, a, g), (e, f, a, h), (e, f, a, i), (e, f, a, j),

(e, f, b, a), (e, f, b, c), (e, f, b, d), (e, f, b, g), (e, f, b, h), (e, f, b, i), (e, f, b, j),

(e, f, c, a), (e, f, c, b), (e, f, c, d), (e, f, c, g), (e, f, c, h), (e, f, c, i), (e, f, c, j),

(e, f, d, a), (e, f, d, b), (e, f, d, c), (e, f, d, g), (e, f, d, h), (e, f, d, i), (e, f, d, j),

(e, f, g, a), (e, f, g, b), (e, f, g, c), (e, f, g, d), (e, f, g, h), (e, f, g, i), (e, f, g, j),

(e, f, h, a), (e, f, h, b), (e, f, h, c), (e, f, h, d), (e, f, h, g), (e, f, h, i), (e, f, h, j),

(e, f, i, a), (e, f, i, b), (e, f, i, c), (e, f, i, d), (e, f, i, g), (e, f, i, h), (e, f, i, j),

(e, f, j, a), (e, f, j, b), (e, f, j, c), (e, f, j, d), (e, f, j, g), (e, f, j, h), (e, f, j, i),

(e, g, a, b), (e, g, a, c), (e, g, a, d), (e, g, a, f), (e, g, a, h), (e, g, a, i), (e, g, a, j),

(e, g, b, a), (e, g, b, c), (e, g, b, d), (e, g, b, f), (e, g, b, h), (e, g, b, i), (e, g, b, j),

(e, g, c, a), (e, g, c, b), (e, g, c, d), (e, g, c, f), (e, g, c, h), (e, g, c, i), (e, g, c, j),

(e, g, d, a), (e, g, d, b), (e, g, d, c), (e, g, d, f), (e, g, d, h), (e, g, d, i), (e, g, d, j),

(e, g, f, a), (e, g, f, b), (e, g, f, c), (e, g, f, d), (e, g, f, h), (e, g, f, i), (e, g, f, j),

(e, g, h, a), (e, g, h, b), (e, g, h, c), (e, g, h, d), (e, g, h, f), (e, g, h, i), (e, g, h, j),

(e, g, i, a), (e, g, i, b), (e, g, i, c), (e, g, i, d), (e, g, i, f), (e, g, i, h), (e, g, i, j),

(e, g, j, a), (e, g, j, b), (e, g, j, c), (e, g, j, d), (e, g, j, f), (e, g, j, h), (e, g, j, i),

(e, h, a, b), (e, h, a, c), (e, h, a, d), (e, h, a, f), (e, h, a, g), (e, h, a, i), (e, h, a, j),

(e, h, b, a), (e, h, b, c), (e, h, b, d), (e, h, b, f), (e, h, b, g), (e, h, b, i), (e, h, b, j),

(e, h, c, a), (e, h, c, b), (e, h, c, d), (e, h, c, f), (e, h, c, g), (e, h, c, i), (e, h, c, j),
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(e, h, d, a), (e, h, d, b), (e, h, d, c), (e, h, d, f), (e, h, d, g), (e, h, d, i), (e, h, d, j),

(e, h, f, a), (e, h, f, b), (e, h, f, c), (e, h, f, d), (e, h, f, g), (e, h, f, i), (e, h, f, j),

(e, h, g, a), (e, h, g, b), (e, h, g, c), (e, h, g, d), (e, h, g, f), (e, h, g, i), (e, h, g, j),

(e, h, i, a), (e, h, i, b), (e, h, i, c), (e, h, i, d), (e, h, i, f), (e, h, i, g), (e, h, i, j),

(e, h, j, a), (e, h, j, b), (e, h, j, c), (e, h, j, d), (e, h, j, f), (e, h, j, g), (e, h, j, i),

(e, i, a, b), (e, i, a, c), (e, i, a, d), (e, i, a, f), (e, i, a, g), (e, i, a, h), (e, i, a, j),

(e, i, b, a), (e, i, b, c), (e, i, b, d), (e, i, b, f), (e, i, b, g), (e, i, b, h), (e, i, b, j),

(e, i, c, a), (e, i, c, b), (e, i, c, d), (e, i, c, f), (e, i, c, g), (e, i, c, h), (e, i, c, j),

(e, i, d, a), (e, i, d, b), (e, i, d, c), (e, i, d, f), (e, i, d, g), (e, i, d, h), (e, i, d, j),

(e, i, f, a), (e, i, f, b), (e, i, f, c), (e, i, f, d), (e, i, f, g), (e, i, f, h), (e, i, f, j),

(e, i, g, a), (e, i, g, b), (e, i, g, c), (e, i, g, d), (e, i, g, f), (e, i, g, h), (e, i, g, j),

(e, i, h, a), (e, i, h, b), (e, i, h, c), (e, i, h, d), (e, i, h, f), (e, i, h, g), (e, i, h, j),

(e, i, j, a), (e, i, j, b), (e, i, j, c), (e, i, j, d), (e, i, j, f), (e, i, j, g), (e, i, j, h),

(e, j, a, b), (e, j, a, c), (e, j, a, d), (e, j, a, f), (e, j, a, g), (e, j, a, h), (e, j, a, i),

(e, j, b, a), (e, j, b, c), (e, j, b, d), (e, j, b, f), (e, j, b, g), (e, j, b, h), (e, j, b, i),

(e, j, c, a), (e, j, c, b), (e, j, c, d), (e, j, c, f), (e, j, c, g), (e, j, c, h), (e, j, c, i),

(e, j, d, a), (e, j, d, b), (e, j, d, c), (e, j, d, f), (e, j, d, g), (e, j, d, h), (e, j, d, i),

(e, j, f, a), (e, j, f, b), (e, j, f, c), (e, j, f, d), (e, j, f, g), (e, j, f, h), (e, j, f, i),

(e, j, g, a), (e, j, g, b), (e, j, g, c), (e, j, g, d), (e, j, g, f), (e, j, g, h), (e, j, g, i),

(e, j, h, a), (e, j, h, b), (e, j, h, c), (e, j, h, d), (e, j, h, f), (e, j, h, g), (e, j, h, i),

(e, j, i, a), (e, j, i, b), (e, j, i, c), (e, j, i, d), (e, j, i, f), (e, j, i, g), (e, j, i, h),

(f, a, b, c), (f, a, b, d), (f, a, b, e), (f, a, b, g), (f, a, b, h), (f, a, b, i), (f, a, b, j),

(f, a, c, b), (f, a, c, d), (f, a, c, e), (f, a, c, g), (f, a, c, h), (f, a, c, i), (f, a, c, j),

(f, a, d, b), (f, a, d, c), (f, a, d, e), (f, a, d, g), (f, a, d, h), (f, a, d, i), (f, a, d, j),

(f, a, e, b), (f, a, e, c), (f, a, e, d), (f, a, e, g), (f, a, e, h), (f, a, e, i), (f, a, e, j),

(f, a, g, b), (f, a, g, c), (f, a, g, d), (f, a, g, e), (f, a, g, h), (f, a, g, i), (f, a, g, j),

(f, a, h, b), (f, a, h, c), (f, a, h, d), (f, a, h, e), (f, a, h, g), (f, a, h, i), (f, a, h, j),

(f, a, i, b), (f, a, i, c), (f, a, i, d), (f, a, i, e), (f, a, i, g), (f, a, i, h), (f, a, i, j),

(f, a, j, b), (f, a, j, c), (f, a, j, d), (f, a, j, e), (f, a, j, g), (f, a, j, h), (f, a, j, i),

(f, b, a, c), (f, b, a, d), (f, b, a, e), (f, b, a, g), (f, b, a, h), (f, b, a, i), (f, b, a, j),

(f, b, c, a), (f, b, c, d), (f, b, c, e), (f, b, c, g), (f, b, c, h), (f, b, c, i), (f, b, c, j),

(f, b, d, a), (f, b, d, c), (f, b, d, e), (f, b, d, g), (f, b, d, h), (f, b, d, i), (f, b, d, j),

(f, b, e, a), (f, b, e, c), (f, b, e, d), (f, b, e, g), (f, b, e, h), (f, b, e, i), (f, b, e, j),
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(f, b, g, a), (f, b, g, c), (f, b, g, d), (f, b, g, e), (f, b, g, h), (f, b, g, i), (f, b, g, j),

(f, b, h, a), (f, b, h, c), (f, b, h, d), (f, b, h, e), (f, b, h, g), (f, b, h, i), (f, b, h, j),

(f, b, i, a), (f, b, i, c), (f, b, i, d), (f, b, i, e), (f, b, i, g), (f, b, i, h), (f, b, i, j),

(f, b, j, a), (f, b, j, c), (f, b, j, d), (f, b, j, e), (f, b, j, g), (f, b, j, h), (f, b, j, i),

(f, c, a, b), (f, c, a, d), (f, c, a, e), (f, c, a, g), (f, c, a, h), (f, c, a, i), (f, c, a, j),

(f, c, b, a), (f, c, b, d), (f, c, b, e), (f, c, b, g), (f, c, b, h), (f, c, b, i), (f, c, b, j),

(f, c, d, a), (f, c, d, b), (f, c, d, e), (f, c, d, g), (f, c, d, h), (f, c, d, i), (f, c, d, j),

(f, c, e, a), (f, c, e, b), (f, c, e, d), (f, c, e, g), (f, c, e, h), (f, c, e, i), (f, c, e, j),

(f, c, g, a), (f, c, g, b), (f, c, g, d), (f, c, g, e), (f, c, g, h), (f, c, g, i), (f, c, g, j),

(f, c, h, a), (f, c, h, b), (f, c, h, d), (f, c, h, e), (f, c, h, g), (f, c, h, i), (f, c, h, j),

(f, c, i, a), (f, c, i, b), (f, c, i, d), (f, c, i, e), (f, c, i, g), (f, c, i, h), (f, c, i, j),

(f, c, j, a), (f, c, j, b), (f, c, j, d), (f, c, j, e), (f, c, j, g), (f, c, j, h), (f, c, j, i),

(f, d, a, b), (f, d, a, c), (f, d, a, e), (f, d, a, g), (f, d, a, h), (f, d, a, i), (f, d, a, j),

(f, d, b, a), (f, d, b, c), (f, d, b, e), (f, d, b, g), (f, d, b, h), (f, d, b, i), (f, d, b, j),

(f, d, c, a), (f, d, c, b), (f, d, c, e), (f, d, c, g), (f, d, c, h), (f, d, c, i), (f, d, c, j),

(f, d, e, a), (f, d, e, b), (f, d, e, c), (f, d, e, g), (f, d, e, h), (f, d, e, i), (f, d, e, j),

(f, d, g, a), (f, d, g, b), (f, d, g, c), (f, d, g, e), (f, d, g, h), (f, d, g, i), (f, d, g, j),

(f, d, h, a), (f, d, h, b), (f, d, h, c), (f, d, h, e), (f, d, h, g), (f, d, h, i), (f, d, h, j),

(f, d, i, a), (f, d, i, b), (f, d, i, c), (f, d, i, e), (f, d, i, g), (f, d, i, h), (f, d, i, j),

(f, d, j, a), (f, d, j, b), (f, d, j, c), (f, d, j, e), (f, d, j, g), (f, d, j, h), (f, d, j, i),

(f, e, a, b), (f, e, a, c), (f, e, a, d), (f, e, a, g), (f, e, a, h), (f, e, a, i), (f, e, a, j),

(f, e, b, a), (f, e, b, c), (f, e, b, d), (f, e, b, g), (f, e, b, h), (f, e, b, i), (f, e, b, j),

(f, e, c, a), (f, e, c, b), (f, e, c, d), (f, e, c, g), (f, e, c, h), (f, e, c, i), (f, e, c, j),

(f, e, d, a), (f, e, d, b), (f, e, d, c), (f, e, d, g), (f, e, d, h), (f, e, d, i), (f, e, d, j),

(f, e, g, a), (f, e, g, b), (f, e, g, c), (f, e, g, d), (f, e, g, h), (f, e, g, i), (f, e, g, j),

(f, e, h, a), (f, e, h, b), (f, e, h, c), (f, e, h, d), (f, e, h, g), (f, e, h, i), (f, e, h, j),

(f, e, i, a), (f, e, i, b), (f, e, i, c), (f, e, i, d), (f, e, i, g), (f, e, i, h), (f, e, i, j),

(f, e, j, a), (f, e, j, b), (f, e, j, c), (f, e, j, d), (f, e, j, g), (f, e, j, h), (f, e, j, i),

(f, g, a, b), (f, g, a, c), (f, g, a, d), (f, g, a, e), (f, g, a, h), (f, g, a, i), (f, g, a, j),

(f, g, b, a), (f, g, b, c), (f, g, b, d), (f, g, b, e), (f, g, b, h), (f, g, b, i), (f, g, b, j),

(f, g, c, a), (f, g, c, b), (f, g, c, d), (f, g, c, e), (f, g, c, h), (f, g, c, i), (f, g, c, j),

(f, g, d, a), (f, g, d, b), (f, g, d, c), (f, g, d, e), (f, g, d, h), (f, g, d, i), (f, g, d, j),

(f, g, e, a), (f, g, e, b), (f, g, e, c), (f, g, e, d), (f, g, e, h), (f, g, e, i), (f, g, e, j),
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(f, g, h, a), (f, g, h, b), (f, g, h, c), (f, g, h, d), (f, g, h, e), (f, g, h, i), (f, g, h, j),

(f, g, i, a), (f, g, i, b), (f, g, i, c), (f, g, i, d), (f, g, i, e), (f, g, i, h), (f, g, i, j),

(f, g, j, a), (f, g, j, b), (f, g, j, c), (f, g, j, d), (f, g, j, e), (f, g, j, h), (f, g, j, i),

(f, h, a, b), (f, h, a, c), (f, h, a, d), (f, h, a, e), (f, h, a, g), (f, h, a, i), (f, h, a, j),

(f, h, b, a), (f, h, b, c), (f, h, b, d), (f, h, b, e), (f, h, b, g), (f, h, b, i), (f, h, b, j),

(f, h, c, a), (f, h, c, b), (f, h, c, d), (f, h, c, e), (f, h, c, g), (f, h, c, i), (f, h, c, j),

(f, h, d, a), (f, h, d, b), (f, h, d, c), (f, h, d, e), (f, h, d, g), (f, h, d, i), (f, h, d, j),

(f, h, e, a), (f, h, e, b), (f, h, e, c), (f, h, e, d), (f, h, e, g), (f, h, e, i), (f, h, e, j),

(f, h, g, a), (f, h, g, b), (f, h, g, c), (f, h, g, d), (f, h, g, e), (f, h, g, i), (f, h, g, j),

(f, h, i, a), (f, h, i, b), (f, h, i, c), (f, h, i, d), (f, h, i, e), (f, h, i, g), (f, h, i, j),

(f, h, j, a), (f, h, j, b), (f, h, j, c), (f, h, j, d), (f, h, j, e), (f, h, j, g), (f, h, j, i),

(f, i, a, b), (f, i, a, c), (f, i, a, d), (f, i, a, e), (f, i, a, g), (f, i, a, h), (f, i, a, j),

(f, i, b, a), (f, i, b, c), (f, i, b, d), (f, i, b, e), (f, i, b, g), (f, i, b, h), (f, i, b, j),

(f, i, c, a), (f, i, c, b), (f, i, c, d), (f, i, c, e), (f, i, c, g), (f, i, c, h), (f, i, c, j),

(f, i, d, a), (f, i, d, b), (f, i, d, c), (f, i, d, e), (f, i, d, g), (f, i, d, h), (f, i, d, j),

(f, i, e, a), (f, i, e, b), (f, i, e, c), (f, i, e, d), (f, i, e, g), (f, i, e, h), (f, i, e, j),

(f, i, g, a), (f, i, g, b), (f, i, g, c), (f, i, g, d), (f, i, g, e), (f, i, g, h), (f, i, g, j),

(f, i, h, a), (f, i, h, b), (f, i, h, c), (f, i, h, d), (f, i, h, e), (f, i, h, g), (f, i, h, j),

(f, i, j, a), (f, i, j, b), (f, i, j, c), (f, i, j, d), (f, i, j, e), (f, i, j, g), (f, i, j, h),

(f, j, a, b), (f, j, a, c), (f, j, a, d), (f, j, a, e), (f, j, a, g), (f, j, a, h), (f, j, a, i),

(f, j, b, a), (f, j, b, c), (f, j, b, d), (f, j, b, e), (f, j, b, g), (f, j, b, h), (f, j, b, i),

(f, j, c, a), (f, j, c, b), (f, j, c, d), (f, j, c, e), (f, j, c, g), (f, j, c, h), (f, j, c, i),

(f, j, d, a), (f, j, d, b), (f, j, d, c), (f, j, d, e), (f, j, d, g), (f, j, d, h), (f, j, d, i),

(f, j, e, a), (f, j, e, b), (f, j, e, c), (f, j, e, d), (f, j, e, g), (f, j, e, h), (f, j, e, i),

(f, j, g, a), (f, j, g, b), (f, j, g, c), (f, j, g, d), (f, j, g, e), (f, j, g, h), (f, j, g, i),

(f, j, h, a), (f, j, h, b), (f, j, h, c), (f, j, h, d), (f, j, h, e), (f, j, h, g), (f, j, h, i),

(f, j, i, a), (f, j, i, b), (f, j, i, c), (f, j, i, d), (f, j, i, e), (f, j, i, g), (f, j, i, h),

(g, a, b, c), (g, a, b, d), (g, a, b, e), (g, a, b, f), (g, a, b, h), (g, a, b, i), (g, a, b, j),

(g, a, c, b), (g, a, c, d), (g, a, c, e), (g, a, c, f), (g, a, c, h), (g, a, c, i), (g, a, c, j),

(g, a, d, b), (g, a, d, c), (g, a, d, e), (g, a, d, f), (g, a, d, h), (g, a, d, i), (g, a, d, j),

(g, a, e, b), (g, a, e, c), (g, a, e, d), (g, a, e, f), (g, a, e, h), (g, a, e, i), (g, a, e, j),

(g, a, f, b), (g, a, f, c), (g, a, f, d), (g, a, f, e), (g, a, f, h), (g, a, f, i), (g, a, f, j),

(g, a, h, b), (g, a, h, c), (g, a, h, d), (g, a, h, e), (g, a, h, f), (g, a, h, i), (g, a, h, j),
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(g, a, i, b), (g, a, i, c), (g, a, i, d), (g, a, i, e), (g, a, i, f), (g, a, i, h), (g, a, i, j),

(g, a, j, b), (g, a, j, c), (g, a, j, d), (g, a, j, e), (g, a, j, f), (g, a, j, h), (g, a, j, i),

(g, b, a, c), (g, b, a, d), (g, b, a, e), (g, b, a, f), (g, b, a, h), (g, b, a, i), (g, b, a, j),

(g, b, c, a), (g, b, c, d), (g, b, c, e), (g, b, c, f), (g, b, c, h), (g, b, c, i), (g, b, c, j),

(g, b, d, a), (g, b, d, c), (g, b, d, e), (g, b, d, f), (g, b, d, h), (g, b, d, i), (g, b, d, j),

(g, b, e, a), (g, b, e, c), (g, b, e, d), (g, b, e, f), (g, b, e, h), (g, b, e, i), (g, b, e, j),

(g, b, f, a), (g, b, f, c), (g, b, f, d), (g, b, f, e), (g, b, f, h), (g, b, f, i), (g, b, f, j),

(g, b, h, a), (g, b, h, c), (g, b, h, d), (g, b, h, e), (g, b, h, f), (g, b, h, i), (g, b, h, j),

(g, b, i, a), (g, b, i, c), (g, b, i, d), (g, b, i, e), (g, b, i, f), (g, b, i, h), (g, b, i, j),

(g, b, j, a), (g, b, j, c), (g, b, j, d), (g, b, j, e), (g, b, j, f), (g, b, j, h), (g, b, j, i),

(g, c, a, b), (g, c, a, d), (g, c, a, e), (g, c, a, f), (g, c, a, h), (g, c, a, i), (g, c, a, j),

(g, c, b, a), (g, c, b, d), (g, c, b, e), (g, c, b, f), (g, c, b, h), (g, c, b, i), (g, c, b, j),

(g, c, d, a), (g, c, d, b), (g, c, d, e), (g, c, d, f), (g, c, d, h), (g, c, d, i), (g, c, d, j),

(g, c, e, a), (g, c, e, b), (g, c, e, d), (g, c, e, f), (g, c, e, h), (g, c, e, i), (g, c, e, j),

(g, c, f, a), (g, c, f, b), (g, c, f, d), (g, c, f, e), (g, c, f, h), (g, c, f, i), (g, c, f, j),

(g, c, h, a), (g, c, h, b), (g, c, h, d), (g, c, h, e), (g, c, h, f), (g, c, h, i), (g, c, h, j),

(g, c, i, a), (g, c, i, b), (g, c, i, d), (g, c, i, e), (g, c, i, f), (g, c, i, h), (g, c, i, j),

(g, c, j, a), (g, c, j, b), (g, c, j, d), (g, c, j, e), (g, c, j, f), (g, c, j, h), (g, c, j, i),

(g, d, a, b), (g, d, a, c), (g, d, a, e), (g, d, a, f), (g, d, a, h), (g, d, a, i), (g, d, a, j),

(g, d, b, a), (g, d, b, c), (g, d, b, e), (g, d, b, f), (g, d, b, h), (g, d, b, i), (g, d, b, j),

(g, d, c, a), (g, d, c, b), (g, d, c, e), (g, d, c, f), (g, d, c, h), (g, d, c, i), (g, d, c, j),

(g, d, e, a), (g, d, e, b), (g, d, e, c), (g, d, e, f), (g, d, e, h), (g, d, e, i), (g, d, e, j),

(g, d, f, a), (g, d, f, b), (g, d, f, c), (g, d, f, e), (g, d, f, h), (g, d, f, i), (g, d, f, j),

(g, d, h, a), (g, d, h, b), (g, d, h, c), (g, d, h, e), (g, d, h, f), (g, d, h, i), (g, d, h, j),

(g, d, i, a), (g, d, i, b), (g, d, i, c), (g, d, i, e), (g, d, i, f), (g, d, i, h), (g, d, i, j),

(g, d, j, a), (g, d, j, b), (g, d, j, c), (g, d, j, e), (g, d, j, f), (g, d, j, h), (g, d, j, i),

(g, e, a, b), (g, e, a, c), (g, e, a, d), (g, e, a, f), (g, e, a, h), (g, e, a, i), (g, e, a, j),

(g, e, b, a), (g, e, b, c), (g, e, b, d), (g, e, b, f), (g, e, b, h), (g, e, b, i), (g, e, b, j),

(g, e, c, a), (g, e, c, b), (g, e, c, d), (g, e, c, f), (g, e, c, h), (g, e, c, i), (g, e, c, j),

(g, e, d, a), (g, e, d, b), (g, e, d, c), (g, e, d, f), (g, e, d, h), (g, e, d, i), (g, e, d, j),

(g, e, f, a), (g, e, f, b), (g, e, f, c), (g, e, f, d), (g, e, f, h), (g, e, f, i), (g, e, f, j),

(g, e, h, a), (g, e, h, b), (g, e, h, c), (g, e, h, d), (g, e, h, f), (g, e, h, i), (g, e, h, j),

(g, e, i, a), (g, e, i, b), (g, e, i, c), (g, e, i, d), (g, e, i, f), (g, e, i, h), (g, e, i, j),
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(g, e, j, a), (g, e, j, b), (g, e, j, c), (g, e, j, d), (g, e, j, f), (g, e, j, h), (g, e, j, i),

(g, f, a, b), (g, f, a, c), (g, f, a, d), (g, f, a, e), (g, f, a, h), (g, f, a, i), (g, f, a, j),

(g, f, b, a), (g, f, b, c), (g, f, b, d), (g, f, b, e), (g, f, b, h), (g, f, b, i), (g, f, b, j),

(g, f, c, a), (g, f, c, b), (g, f, c, d), (g, f, c, e), (g, f, c, h), (g, f, c, i), (g, f, c, j),

(g, f, d, a), (g, f, d, b), (g, f, d, c), (g, f, d, e), (g, f, d, h), (g, f, d, i), (g, f, d, j),

(g, f, e, a), (g, f, e, b), (g, f, e, c), (g, f, e, d), (g, f, e, h), (g, f, e, i), (g, f, e, j),

(g, f, h, a), (g, f, h, b), (g, f, h, c), (g, f, h, d), (g, f, h, e), (g, f, h, i), (g, f, h, j),

(g, f, i, a), (g, f, i, b), (g, f, i, c), (g, f, i, d), (g, f, i, e), (g, f, i, h), (g, f, i, j),

(g, f, j, a), (g, f, j, b), (g, f, j, c), (g, f, j, d), (g, f, j, e), (g, f, j, h), (g, f, j, i),

(g, h, a, b), (g, h, a, c), (g, h, a, d), (g, h, a, e), (g, h, a, f), (g, h, a, i), (g, h, a, j),

(g, h, b, a), (g, h, b, c), (g, h, b, d), (g, h, b, e), (g, h, b, f), (g, h, b, i), (g, h, b, j),

(g, h, c, a), (g, h, c, b), (g, h, c, d), (g, h, c, e), (g, h, c, f), (g, h, c, i), (g, h, c, j),

(g, h, d, a), (g, h, d, b), (g, h, d, c), (g, h, d, e), (g, h, d, f), (g, h, d, i), (g, h, d, j),

(g, h, e, a), (g, h, e, b), (g, h, e, c), (g, h, e, d), (g, h, e, f), (g, h, e, i), (g, h, e, j),

(g, h, f, a), (g, h, f, b), (g, h, f, c), (g, h, f, d), (g, h, f, e), (g, h, f, i), (g, h, f, j),

(g, h, i, a), (g, h, i, b), (g, h, i, c), (g, h, i, d), (g, h, i, e), (g, h, i, f), (g, h, i, j),

(g, h, j, a), (g, h, j, b), (g, h, j, c), (g, h, j, d), (g, h, j, e), (g, h, j, f), (g, h, j, i),

(g, i, a, b), (g, i, a, c), (g, i, a, d), (g, i, a, e), (g, i, a, f), (g, i, a, h), (g, i, a, j),

(g, i, b, a), (g, i, b, c), (g, i, b, d), (g, i, b, e), (g, i, b, f), (g, i, b, h), (g, i, b, j),

(g, i, c, a), (g, i, c, b), (g, i, c, d), (g, i, c, e), (g, i, c, f), (g, i, c, h), (g, i, c, j),

(g, i, d, a), (g, i, d, b), (g, i, d, c), (g, i, d, e), (g, i, d, f), (g, i, d, h), (g, i, d, j),

(g, i, e, a), (g, i, e, b), (g, i, e, c), (g, i, e, d), (g, i, e, f), (g, i, e, h), (g, i, e, j),

(g, i, f, a), (g, i, f, b), (g, i, f, c), (g, i, f, d), (g, i, f, e), (g, i, f, h), (g, i, f, j),

(g, i, h, a), (g, i, h, b), (g, i, h, c), (g, i, h, d), (g, i, h, e), (g, i, h, f), (g, i, h, j),

(g, i, j, a), (g, i, j, b), (g, i, j, c), (g, i, j, d), (g, i, j, e), (g, i, j, f), (g, i, j, h),

(g, j, a, b), (g, j, a, c), (g, j, a, d), (g, j, a, e), (g, j, a, f), (g, j, a, h), (g, j, a, i),

(g, j, b, a), (g, j, b, c), (g, j, b, d), (g, j, b, e), (g, j, b, f), (g, j, b, h), (g, j, b, i),

(g, j, c, a), (g, j, c, b), (g, j, c, d), (g, j, c, e), (g, j, c, f), (g, j, c, h), (g, j, c, i),

(g, j, d, a), (g, j, d, b), (g, j, d, c), (g, j, d, e), (g, j, d, f), (g, j, d, h), (g, j, d, i),

(g, j, e, a), (g, j, e, b), (g, j, e, c), (g, j, e, d), (g, j, e, f), (g, j, e, h), (g, j, e, i),

(g, j, f, a), (g, j, f, b), (g, j, f, c), (g, j, f, d), (g, j, f, e), (g, j, f, h), (g, j, f, i),

(g, j, h, a), (g, j, h, b), (g, j, h, c), (g, j, h, d), (g, j, h, e), (g, j, h, f), (g, j, h, i),

(g, j, i, a), (g, j, i, b), (g, j, i, c), (g, j, i, d), (g, j, i, e), (g, j, i, f), (g, j, i, h),
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(h, a, b, c), (h, a, b, d), (h, a, b, e), (h, a, b, f), (h, a, b, g), (h, a, b, i), (h, a, b, j),

(h, a, c, b), (h, a, c, d), (h, a, c, e), (h, a, c, f), (h, a, c, g), (h, a, c, i), (h, a, c, j),

(h, a, d, b), (h, a, d, c), (h, a, d, e), (h, a, d, f), (h, a, d, g), (h, a, d, i), (h, a, d, j),

(h, a, e, b), (h, a, e, c), (h, a, e, d), (h, a, e, f), (h, a, e, g), (h, a, e, i), (h, a, e, j),

(h, a, f, b), (h, a, f, c), (h, a, f, d), (h, a, f, e), (h, a, f, g), (h, a, f, i), (h, a, f, j),

(h, a, g, b), (h, a, g, c), (h, a, g, d), (h, a, g, e), (h, a, g, f), (h, a, g, i), (h, a, g, j),

(h, a, i, b), (h, a, i, c), (h, a, i, d), (h, a, i, e), (h, a, i, f), (h, a, i, g), (h, a, i, j),

(h, a, j, b), (h, a, j, c), (h, a, j, d), (h, a, j, e), (h, a, j, f), (h, a, j, g), (h, a, j, i),

(h, b, a, c), (h, b, a, d), (h, b, a, e), (h, b, a, f), (h, b, a, g), (h, b, a, i), (h, b, a, j),

(h, b, c, a), (h, b, c, d), (h, b, c, e), (h, b, c, f), (h, b, c, g), (h, b, c, i), (h, b, c, j),

(h, b, d, a), (h, b, d, c), (h, b, d, e), (h, b, d, f), (h, b, d, g), (h, b, d, i), (h, b, d, j),

(h, b, e, a), (h, b, e, c), (h, b, e, d), (h, b, e, f), (h, b, e, g), (h, b, e, i), (h, b, e, j),

(h, b, f, a), (h, b, f, c), (h, b, f, d), (h, b, f, e), (h, b, f, g), (h, b, f, i), (h, b, f, j),

(h, b, g, a), (h, b, g, c), (h, b, g, d), (h, b, g, e), (h, b, g, f), (h, b, g, i), (h, b, g, j),

(h, b, i, a), (h, b, i, c), (h, b, i, d), (h, b, i, e), (h, b, i, f), (h, b, i, g), (h, b, i, j),

(h, b, j, a), (h, b, j, c), (h, b, j, d), (h, b, j, e), (h, b, j, f), (h, b, j, g), (h, b, j, i),

(h, c, a, b), (h, c, a, d), (h, c, a, e), (h, c, a, f), (h, c, a, g), (h, c, a, i), (h, c, a, j),

(h, c, b, a), (h, c, b, d), (h, c, b, e), (h, c, b, f), (h, c, b, g), (h, c, b, i), (h, c, b, j),

(h, c, d, a), (h, c, d, b), (h, c, d, e), (h, c, d, f), (h, c, d, g), (h, c, d, i), (h, c, d, j),

(h, c, e, a), (h, c, e, b), (h, c, e, d), (h, c, e, f), (h, c, e, g), (h, c, e, i), (h, c, e, j),

(h, c, f, a), (h, c, f, b), (h, c, f, d), (h, c, f, e), (h, c, f, g), (h, c, f, i), (h, c, f, j),

(h, c, g, a), (h, c, g, b), (h, c, g, d), (h, c, g, e), (h, c, g, f), (h, c, g, i), (h, c, g, j),

(h, c, i, a), (h, c, i, b), (h, c, i, d), (h, c, i, e), (h, c, i, f), (h, c, i, g), (h, c, i, j),

(h, c, j, a), (h, c, j, b), (h, c, j, d), (h, c, j, e), (h, c, j, f), (h, c, j, g), (h, c, j, i),

(h, d, a, b), (h, d, a, c), (h, d, a, e), (h, d, a, f), (h, d, a, g), (h, d, a, i), (h, d, a, j),

(h, d, b, a), (h, d, b, c), (h, d, b, e), (h, d, b, f), (h, d, b, g), (h, d, b, i), (h, d, b, j),

(h, d, c, a), (h, d, c, b), (h, d, c, e), (h, d, c, f), (h, d, c, g), (h, d, c, i), (h, d, c, j),

(h, d, e, a), (h, d, e, b), (h, d, e, c), (h, d, e, f), (h, d, e, g), (h, d, e, i), (h, d, e, j),

(h, d, f, a), (h, d, f, b), (h, d, f, c), (h, d, f, e), (h, d, f, g), (h, d, f, i), (h, d, f, j),

(h, d, g, a), (h, d, g, b), (h, d, g, c), (h, d, g, e), (h, d, g, f), (h, d, g, i), (h, d, g, j),

(h, d, i, a), (h, d, i, b), (h, d, i, c), (h, d, i, e), (h, d, i, f), (h, d, i, g), (h, d, i, j),

(h, d, j, a), (h, d, j, b), (h, d, j, c), (h, d, j, e), (h, d, j, f), (h, d, j, g), (h, d, j, i),

(h, e, a, b), (h, e, a, c), (h, e, a, d), (h, e, a, f), (h, e, a, g), (h, e, a, i), (h, e, a, j),
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(h, e, b, a), (h, e, b, c), (h, e, b, d), (h, e, b, f), (h, e, b, g), (h, e, b, i), (h, e, b, j),

(h, e, c, a), (h, e, c, b), (h, e, c, d), (h, e, c, f), (h, e, c, g), (h, e, c, i), (h, e, c, j),

(h, e, d, a), (h, e, d, b), (h, e, d, c), (h, e, d, f), (h, e, d, g), (h, e, d, i), (h, e, d, j),

(h, e, f, a), (h, e, f, b), (h, e, f, c), (h, e, f, d), (h, e, f, g), (h, e, f, i), (h, e, f, j),

(h, e, g, a), (h, e, g, b), (h, e, g, c), (h, e, g, d), (h, e, g, f), (h, e, g, i), (h, e, g, j),

(h, e, i, a), (h, e, i, b), (h, e, i, c), (h, e, i, d), (h, e, i, f), (h, e, i, g), (h, e, i, j),

(h, e, j, a), (h, e, j, b), (h, e, j, c), (h, e, j, d), (h, e, j, f), (h, e, j, g), (h, e, j, i),

(h, f, a, b), (h, f, a, c), (h, f, a, d), (h, f, a, e), (h, f, a, g), (h, f, a, i), (h, f, a, j),

(h, f, b, a), (h, f, b, c), (h, f, b, d), (h, f, b, e), (h, f, b, g), (h, f, b, i), (h, f, b, j),

(h, f, c, a), (h, f, c, b), (h, f, c, d), (h, f, c, e), (h, f, c, g), (h, f, c, i), (h, f, c, j),

(h, f, d, a), (h, f, d, b), (h, f, d, c), (h, f, d, e), (h, f, d, g), (h, f, d, i), (h, f, d, j),

(h, f, e, a), (h, f, e, b), (h, f, e, c), (h, f, e, d), (h, f, e, g), (h, f, e, i), (h, f, e, j),

(h, f, g, a), (h, f, g, b), (h, f, g, c), (h, f, g, d), (h, f, g, e), (h, f, g, i), (h, f, g, j),

(h, f, i, a), (h, f, i, b), (h, f, i, c), (h, f, i, d), (h, f, i, e), (h, f, i, g), (h, f, i, j),

(h, f, j, a), (h, f, j, b), (h, f, j, c), (h, f, j, d), (h, f, j, e), (h, f, j, g), (h, f, j, i),

(h, g, a, b), (h, g, a, c), (h, g, a, d), (h, g, a, e), (h, g, a, f), (h, g, a, i), (h, g, a, j),

(h, g, b, a), (h, g, b, c), (h, g, b, d), (h, g, b, e), (h, g, b, f), (h, g, b, i), (h, g, b, j),

(h, g, c, a), (h, g, c, b), (h, g, c, d), (h, g, c, e), (h, g, c, f), (h, g, c, i), (h, g, c, j),

(h, g, d, a), (h, g, d, b), (h, g, d, c), (h, g, d, e), (h, g, d, f), (h, g, d, i), (h, g, d, j),

(h, g, e, a), (h, g, e, b), (h, g, e, c), (h, g, e, d), (h, g, e, f), (h, g, e, i), (h, g, e, j),

(h, g, f, a), (h, g, f, b), (h, g, f, c), (h, g, f, d), (h, g, f, e), (h, g, f, i), (h, g, f, j),

(h, g, i, a), (h, g, i, b), (h, g, i, c), (h, g, i, d), (h, g, i, e), (h, g, i, f), (h, g, i, j),

(h, g, j, a), (h, g, j, b), (h, g, j, c), (h, g, j, d), (h, g, j, e), (h, g, j, f), (h, g, j, i),

(h, i, a, b), (h, i, a, c), (h, i, a, d), (h, i, a, e), (h, i, a, f), (h, i, a, g), (h, i, a, j),

(h, i, b, a), (h, i, b, c), (h, i, b, d), (h, i, b, e), (h, i, b, f), (h, i, b, g), (h, i, b, j),

(h, i, c, a), (h, i, c, b), (h, i, c, d), (h, i, c, e), (h, i, c, f), (h, i, c, g), (h, i, c, j),

(h, i, d, a), (h, i, d, b), (h, i, d, c), (h, i, d, e), (h, i, d, f), (h, i, d, g), (h, i, d, j),

(h, i, e, a), (h, i, e, b), (h, i, e, c), (h, i, e, d), (h, i, e, f), (h, i, e, g), (h, i, e, j),

(h, i, f, a), (h, i, f, b), (h, i, f, c), (h, i, f, d), (h, i, f, e), (h, i, f, g), (h, i, f, j),

(h, i, g, a), (h, i, g, b), (h, i, g, c), (h, i, g, d), (h, i, g, e), (h, i, g, f), (h, i, g, j),

(h, i, j, a), (h, i, j, b), (h, i, j, c), (h, i, j, d), (h, i, j, e), (h, i, j, f), (h, i, j, g),

(h, j, a, b), (h, j, a, c), (h, j, a, d), (h, j, a, e), (h, j, a, f), (h, j, a, g), (h, j, a, i),

(h, j, b, a), (h, j, b, c), (h, j, b, d), (h, j, b, e), (h, j, b, f), (h, j, b, g), (h, j, b, i),
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(h, j, c, a), (h, j, c, b), (h, j, c, d), (h, j, c, e), (h, j, c, f), (h, j, c, g), (h, j, c, i),

(h, j, d, a), (h, j, d, b), (h, j, d, c), (h, j, d, e), (h, j, d, f), (h, j, d, g), (h, j, d, i),

(h, j, e, a), (h, j, e, b), (h, j, e, c), (h, j, e, d), (h, j, e, f), (h, j, e, g), (h, j, e, i),

(h, j, f, a), (h, j, f, b), (h, j, f, c), (h, j, f, d), (h, j, f, e), (h, j, f, g), (h, j, f, i),

(h, j, g, a), (h, j, g, b), (h, j, g, c), (h, j, g, d), (h, j, g, e), (h, j, g, f), (h, j, g, i),

(h, j, i, a), (h, j, i, b), (h, j, i, c), (h, j, i, d), (h, j, i, e), (h, j, i, f), (h, j, i, g),

(i, a, b, c), (i, a, b, d), (i, a, b, e), (i, a, b, f), (i, a, b, g), (i, a, b, h), (i, a, b, j),

(i, a, c, b), (i, a, c, d), (i, a, c, e), (i, a, c, f), (i, a, c, g), (i, a, c, h), (i, a, c, j),

(i, a, d, b), (i, a, d, c), (i, a, d, e), (i, a, d, f), (i, a, d, g), (i, a, d, h), (i, a, d, j),

(i, a, e, b), (i, a, e, c), (i, a, e, d), (i, a, e, f), (i, a, e, g), (i, a, e, h), (i, a, e, j),

(i, a, f, b), (i, a, f, c), (i, a, f, d), (i, a, f, e), (i, a, f, g), (i, a, f, h), (i, a, f, j),

(i, a, g, b), (i, a, g, c), (i, a, g, d), (i, a, g, e), (i, a, g, f), (i, a, g, h), (i, a, g, j),

(i, a, h, b), (i, a, h, c), (i, a, h, d), (i, a, h, e), (i, a, h, f), (i, a, h, g), (i, a, h, j),

(i, a, j, b), (i, a, j, c), (i, a, j, d), (i, a, j, e), (i, a, j, f), (i, a, j, g), (i, a, j, h),

(i, b, a, c), (i, b, a, d), (i, b, a, e), (i, b, a, f), (i, b, a, g), (i, b, a, h), (i, b, a, j),

(i, b, c, a), (i, b, c, d), (i, b, c, e), (i, b, c, f), (i, b, c, g), (i, b, c, h), (i, b, c, j),

(i, b, d, a), (i, b, d, c), (i, b, d, e), (i, b, d, f), (i, b, d, g), (i, b, d, h), (i, b, d, j),

(i, b, e, a), (i, b, e, c), (i, b, e, d), (i, b, e, f), (i, b, e, g), (i, b, e, h), (i, b, e, j),

(i, b, f, a), (i, b, f, c), (i, b, f, d), (i, b, f, e), (i, b, f, g), (i, b, f, h), (i, b, f, j),

(i, b, g, a), (i, b, g, c), (i, b, g, d), (i, b, g, e), (i, b, g, f), (i, b, g, h), (i, b, g, j),

(i, b, h, a), (i, b, h, c), (i, b, h, d), (i, b, h, e), (i, b, h, f), (i, b, h, g), (i, b, h, j),

(i, b, j, a), (i, b, j, c), (i, b, j, d), (i, b, j, e), (i, b, j, f), (i, b, j, g), (i, b, j, h),

(i, c, a, b), (i, c, a, d), (i, c, a, e), (i, c, a, f), (i, c, a, g), (i, c, a, h), (i, c, a, j),

(i, c, b, a), (i, c, b, d), (i, c, b, e), (i, c, b, f), (i, c, b, g), (i, c, b, h), (i, c, b, j),

(i, c, d, a), (i, c, d, b), (i, c, d, e), (i, c, d, f), (i, c, d, g), (i, c, d, h), (i, c, d, j),

(i, c, e, a), (i, c, e, b), (i, c, e, d), (i, c, e, f), (i, c, e, g), (i, c, e, h), (i, c, e, j),

(i, c, f, a), (i, c, f, b), (i, c, f, d), (i, c, f, e), (i, c, f, g), (i, c, f, h), (i, c, f, j),

(i, c, g, a), (i, c, g, b), (i, c, g, d), (i, c, g, e), (i, c, g, f), (i, c, g, h), (i, c, g, j),

(i, c, h, a), (i, c, h, b), (i, c, h, d), (i, c, h, e), (i, c, h, f), (i, c, h, g), (i, c, h, j),

(i, c, j, a), (i, c, j, b), (i, c, j, d), (i, c, j, e), (i, c, j, f), (i, c, j, g), (i, c, j, h),

(i, d, a, b), (i, d, a, c), (i, d, a, e), (i, d, a, f), (i, d, a, g), (i, d, a, h), (i, d, a, j),

(i, d, b, a), (i, d, b, c), (i, d, b, e), (i, d, b, f), (i, d, b, g), (i, d, b, h), (i, d, b, j),

(i, d, c, a), (i, d, c, b), (i, d, c, e), (i, d, c, f), (i, d, c, g), (i, d, c, h), (i, d, c, j),
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(i, d, e, a), (i, d, e, b), (i, d, e, c), (i, d, e, f), (i, d, e, g), (i, d, e, h), (i, d, e, j),

(i, d, f, a), (i, d, f, b), (i, d, f, c), (i, d, f, e), (i, d, f, g), (i, d, f, h), (i, d, f, j),

(i, d, g, a), (i, d, g, b), (i, d, g, c), (i, d, g, e), (i, d, g, f), (i, d, g, h), (i, d, g, j),

(i, d, h, a), (i, d, h, b), (i, d, h, c), (i, d, h, e), (i, d, h, f), (i, d, h, g), (i, d, h, j),

(i, d, j, a), (i, d, j, b), (i, d, j, c), (i, d, j, e), (i, d, j, f), (i, d, j, g), (i, d, j, h),

(i, e, a, b), (i, e, a, c), (i, e, a, d), (i, e, a, f), (i, e, a, g), (i, e, a, h), (i, e, a, j),

(i, e, b, a), (i, e, b, c), (i, e, b, d), (i, e, b, f), (i, e, b, g), (i, e, b, h), (i, e, b, j),

(i, e, c, a), (i, e, c, b), (i, e, c, d), (i, e, c, f), (i, e, c, g), (i, e, c, h), (i, e, c, j),

(i, e, d, a), (i, e, d, b), (i, e, d, c), (i, e, d, f), (i, e, d, g), (i, e, d, h), (i, e, d, j),

(i, e, f, a), (i, e, f, b), (i, e, f, c), (i, e, f, d), (i, e, f, g), (i, e, f, h), (i, e, f, j),

(i, e, g, a), (i, e, g, b), (i, e, g, c), (i, e, g, d), (i, e, g, f), (i, e, g, h), (i, e, g, j),

(i, e, h, a), (i, e, h, b), (i, e, h, c), (i, e, h, d), (i, e, h, f), (i, e, h, g), (i, e, h, j),

(i, e, j, a), (i, e, j, b), (i, e, j, c), (i, e, j, d), (i, e, j, f), (i, e, j, g), (i, e, j, h),

(i, f, a, b), (i, f, a, c), (i, f, a, d), (i, f, a, e), (i, f, a, g), (i, f, a, h), (i, f, a, j),

(i, f, b, a), (i, f, b, c), (i, f, b, d), (i, f, b, e), (i, f, b, g), (i, f, b, h), (i, f, b, j),

(i, f, c, a), (i, f, c, b), (i, f, c, d), (i, f, c, e), (i, f, c, g), (i, f, c, h), (i, f, c, j),

(i, f, d, a), (i, f, d, b), (i, f, d, c), (i, f, d, e), (i, f, d, g), (i, f, d, h), (i, f, d, j),

(i, f, e, a), (i, f, e, b), (i, f, e, c), (i, f, e, d), (i, f, e, g), (i, f, e, h), (i, f, e, j),

(i, f, g, a), (i, f, g, b), (i, f, g, c), (i, f, g, d), (i, f, g, e), (i, f, g, h), (i, f, g, j),

(i, f, h, a), (i, f, h, b), (i, f, h, c), (i, f, h, d), (i, f, h, e), (i, f, h, g), (i, f, h, j),

(i, f, j, a), (i, f, j, b), (i, f, j, c), (i, f, j, d), (i, f, j, e), (i, f, j, g), (i, f, j, h),

(i, g, a, b), (i, g, a, c), (i, g, a, d), (i, g, a, e), (i, g, a, f), (i, g, a, h), (i, g, a, j),

(i, g, b, a), (i, g, b, c), (i, g, b, d), (i, g, b, e), (i, g, b, f), (i, g, b, h), (i, g, b, j),

(i, g, c, a), (i, g, c, b), (i, g, c, d), (i, g, c, e), (i, g, c, f), (i, g, c, h), (i, g, c, j),

(i, g, d, a), (i, g, d, b), (i, g, d, c), (i, g, d, e), (i, g, d, f), (i, g, d, h), (i, g, d, j),

(i, g, e, a), (i, g, e, b), (i, g, e, c), (i, g, e, d), (i, g, e, f), (i, g, e, h), (i, g, e, j),

(i, g, f, a), (i, g, f, b), (i, g, f, c), (i, g, f, d), (i, g, f, e), (i, g, f, h), (i, g, f, j),

(i, g, h, a), (i, g, h, b), (i, g, h, c), (i, g, h, d), (i, g, h, e), (i, g, h, f), (i, g, h, j),

(i, g, j, a), (i, g, j, b), (i, g, j, c), (i, g, j, d), (i, g, j, e), (i, g, j, f), (i, g, j, h),

(i, h, a, b), (i, h, a, c), (i, h, a, d), (i, h, a, e), (i, h, a, f), (i, h, a, g), (i, h, a, j),

(i, h, b, a), (i, h, b, c), (i, h, b, d), (i, h, b, e), (i, h, b, f), (i, h, b, g), (i, h, b, j),

(i, h, c, a), (i, h, c, b), (i, h, c, d), (i, h, c, e), (i, h, c, f), (i, h, c, g), (i, h, c, j),

(i, h, d, a), (i, h, d, b), (i, h, d, c), (i, h, d, e), (i, h, d, f), (i, h, d, g), (i, h, d, j),
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(i, h, e, a), (i, h, e, b), (i, h, e, c), (i, h, e, d), (i, h, e, f), (i, h, e, g), (i, h, e, j),

(i, h, f, a), (i, h, f, b), (i, h, f, c), (i, h, f, d), (i, h, f, e), (i, h, f, g), (i, h, f, j),

(i, h, g, a), (i, h, g, b), (i, h, g, c), (i, h, g, d), (i, h, g, e), (i, h, g, f), (i, h, g, j),

(i, h, j, a), (i, h, j, b), (i, h, j, c), (i, h, j, d), (i, h, j, e), (i, h, j, f), (i, h, j, g),

(i, j, a, b), (i, j, a, c), (i, j, a, d), (i, j, a, e), (i, j, a, f), (i, j, a, g), (i, j, a, h),

(i, j, b, a), (i, j, b, c), (i, j, b, d), (i, j, b, e), (i, j, b, f), (i, j, b, g), (i, j, b, h),

(i, j, c, a), (i, j, c, b), (i, j, c, d), (i, j, c, e), (i, j, c, f), (i, j, c, g), (i, j, c, h),

(i, j, d, a), (i, j, d, b), (i, j, d, c), (i, j, d, e), (i, j, d, f), (i, j, d, g), (i, j, d, h),

(i, j, e, a), (i, j, e, b), (i, j, e, c), (i, j, e, d), (i, j, e, f), (i, j, e, g), (i, j, e, h),

(i, j, f, a), (i, j, f, b), (i, j, f, c), (i, j, f, d), (i, j, f, e), (i, j, f, g), (i, j, f, h),

(i, j, g, a), (i, j, g, b), (i, j, g, c), (i, j, g, d), (i, j, g, e), (i, j, g, f), (i, j, g, h),

(i, j, h, a), (i, j, h, b), (i, j, h, c), (i, j, h, d), (i, j, h, e), (i, j, h, f), (i, j, h, g),

(j, a, b, c), (j, a, b, d), (j, a, b, e), (j, a, b, f), (j, a, b, g), (j, a, b, h), (j, a, b, i),

(j, a, c, b), (j, a, c, d), (j, a, c, e), (j, a, c, f), (j, a, c, g), (j, a, c, h), (j, a, c, i),

(j, a, d, b), (j, a, d, c), (j, a, d, e), (j, a, d, f), (j, a, d, g), (j, a, d, h), (j, a, d, i),

(j, a, e, b), (j, a, e, c), (j, a, e, d), (j, a, e, f), (j, a, e, g), (j, a, e, h), (j, a, e, i),

(j, a, f, b), (j, a, f, c), (j, a, f, d), (j, a, f, e), (j, a, f, g), (j, a, f, h), (j, a, f, i),

(j, a, g, b), (j, a, g, c), (j, a, g, d), (j, a, g, e), (j, a, g, f), (j, a, g, h), (j, a, g, i),

(j, a, h, b), (j, a, h, c), (j, a, h, d), (j, a, h, e), (j, a, h, f), (j, a, h, g), (j, a, h, i),

(j, a, i, b), (j, a, i, c), (j, a, i, d), (j, a, i, e), (j, a, i, f), (j, a, i, g), (j, a, i, h),

(j, b, a, c), (j, b, a, d), (j, b, a, e), (j, b, a, f), (j, b, a, g), (j, b, a, h), (j, b, a, i),

(j, b, c, a), (j, b, c, d), (j, b, c, e), (j, b, c, f), (j, b, c, g), (j, b, c, h), (j, b, c, i),

(j, b, d, a), (j, b, d, c), (j, b, d, e), (j, b, d, f), (j, b, d, g), (j, b, d, h), (j, b, d, i),

(j, b, e, a), (j, b, e, c), (j, b, e, d), (j, b, e, f), (j, b, e, g), (j, b, e, h), (j, b, e, i),

(j, b, f, a), (j, b, f, c), (j, b, f, d), (j, b, f, e), (j, b, f, g), (j, b, f, h), (j, b, f, i),

(j, b, g, a), (j, b, g, c), (j, b, g, d), (j, b, g, e), (j, b, g, f), (j, b, g, h), (j, b, g, i),

(j, b, h, a), (j, b, h, c), (j, b, h, d), (j, b, h, e), (j, b, h, f), (j, b, h, g), (j, b, h, i),

(j, b, i, a), (j, b, i, c), (j, b, i, d), (j, b, i, e), (j, b, i, f), (j, b, i, g), (j, b, i, h),

(j, c, a, b), (j, c, a, d), (j, c, a, e), (j, c, a, f), (j, c, a, g), (j, c, a, h), (j, c, a, i),

(j, c, b, a), (j, c, b, d), (j, c, b, e), (j, c, b, f), (j, c, b, g), (j, c, b, h), (j, c, b, i),

(j, c, d, a), (j, c, d, b), (j, c, d, e), (j, c, d, f), (j, c, d, g), (j, c, d, h), (j, c, d, i),

(j, c, e, a), (j, c, e, b), (j, c, e, d), (j, c, e, f), (j, c, e, g), (j, c, e, h), (j, c, e, i),

(j, c, f, a), (j, c, f, b), (j, c, f, d), (j, c, f, e), (j, c, f, g), (j, c, f, h), (j, c, f, i),
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(j, c, g, a), (j, c, g, b), (j, c, g, d), (j, c, g, e), (j, c, g, f), (j, c, g, h), (j, c, g, i),

(j, c, h, a), (j, c, h, b), (j, c, h, d), (j, c, h, e), (j, c, h, f), (j, c, h, g), (j, c, h, i),

(j, c, i, a), (j, c, i, b), (j, c, i, d), (j, c, i, e), (j, c, i, f), (j, c, i, g), (j, c, i, h),

(j, d, a, b), (j, d, a, c), (j, d, a, e), (j, d, a, f), (j, d, a, g), (j, d, a, h), (j, d, a, i),

(j, d, b, a), (j, d, b, c), (j, d, b, e), (j, d, b, f), (j, d, b, g), (j, d, b, h), (j, d, b, i),

(j, d, c, a), (j, d, c, b), (j, d, c, e), (j, d, c, f), (j, d, c, g), (j, d, c, h), (j, d, c, i),

(j, d, e, a), (j, d, e, b), (j, d, e, c), (j, d, e, f), (j, d, e, g), (j, d, e, h), (j, d, e, i),

(j, d, f, a), (j, d, f, b), (j, d, f, c), (j, d, f, e), (j, d, f, g), (j, d, f, h), (j, d, f, i),

(j, d, g, a), (j, d, g, b), (j, d, g, c), (j, d, g, e), (j, d, g, f), (j, d, g, h), (j, d, g, i),

(j, d, h, a), (j, d, h, b), (j, d, h, c), (j, d, h, e), (j, d, h, f), (j, d, h, g), (j, d, h, i),

(j, d, i, a), (j, d, i, b), (j, d, i, c), (j, d, i, e), (j, d, i, f), (j, d, i, g), (j, d, i, h),

(j, e, a, b), (j, e, a, c), (j, e, a, d), (j, e, a, f), (j, e, a, g), (j, e, a, h), (j, e, a, i),

(j, e, b, a), (j, e, b, c), (j, e, b, d), (j, e, b, f), (j, e, b, g), (j, e, b, h), (j, e, b, i),

(j, e, c, a), (j, e, c, b), (j, e, c, d), (j, e, c, f), (j, e, c, g), (j, e, c, h), (j, e, c, i),

(j, e, d, a), (j, e, d, b), (j, e, d, c), (j, e, d, f), (j, e, d, g), (j, e, d, h), (j, e, d, i),

(j, e, f, a), (j, e, f, b), (j, e, f, c), (j, e, f, d), (j, e, f, g), (j, e, f, h), (j, e, f, i),

(j, e, g, a), (j, e, g, b), (j, e, g, c), (j, e, g, d), (j, e, g, f), (j, e, g, h), (j, e, g, i),

(j, e, h, a), (j, e, h, b), (j, e, h, c), (j, e, h, d), (j, e, h, f), (j, e, h, g), (j, e, h, i),

(j, e, i, a), (j, e, i, b), (j, e, i, c), (j, e, i, d), (j, e, i, f), (j, e, i, g), (j, e, i, h),

(j, f, a, b), (j, f, a, c), (j, f, a, d), (j, f, a, e), (j, f, a, g), (j, f, a, h), (j, f, a, i),

(j, f, b, a), (j, f, b, c), (j, f, b, d), (j, f, b, e), (j, f, b, g), (j, f, b, h), (j, f, b, i),

(j, f, c, a), (j, f, c, b), (j, f, c, d), (j, f, c, e), (j, f, c, g), (j, f, c, h), (j, f, c, i),

(j, f, d, a), (j, f, d, b), (j, f, d, c), (j, f, d, e), (j, f, d, g), (j, f, d, h), (j, f, d, i),

(j, f, e, a), (j, f, e, b), (j, f, e, c), (j, f, e, d), (j, f, e, g), (j, f, e, h), (j, f, e, i),

(j, f, g, a), (j, f, g, b), (j, f, g, c), (j, f, g, d), (j, f, g, e), (j, f, g, h), (j, f, g, i),

(j, f, h, a), (j, f, h, b), (j, f, h, c), (j, f, h, d), (j, f, h, e), (j, f, h, g), (j, f, h, i),

(j, f, i, a), (j, f, i, b), (j, f, i, c), (j, f, i, d), (j, f, i, e), (j, f, i, g), (j, f, i, h),

(j, g, a, b), (j, g, a, c), (j, g, a, d), (j, g, a, e), (j, g, a, f), (j, g, a, h), (j, g, a, i),

(j, g, b, a), (j, g, b, c), (j, g, b, d), (j, g, b, e), (j, g, b, f), (j, g, b, h), (j, g, b, i),

(j, g, c, a), (j, g, c, b), (j, g, c, d), (j, g, c, e), (j, g, c, f), (j, g, c, h), (j, g, c, i),

(j, g, d, a), (j, g, d, b), (j, g, d, c), (j, g, d, e), (j, g, d, f), (j, g, d, h), (j, g, d, i),

(j, g, e, a), (j, g, e, b), (j, g, e, c), (j, g, e, d), (j, g, e, f), (j, g, e, h), (j, g, e, i),

(j, g, f, a), (j, g, f, b), (j, g, f, c), (j, g, f, d), (j, g, f, e), (j, g, f, h), (j, g, f, i),
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(j, g, h, a), (j, g, h, b), (j, g, h, c), (j, g, h, d), (j, g, h, e), (j, g, h, f), (j, g, h, i),

(j, g, i, a), (j, g, i, b), (j, g, i, c), (j, g, i, d), (j, g, i, e), (j, g, i, f), (j, g, i, h),

(j, h, a, b), (j, h, a, c), (j, h, a, d), (j, h, a, e), (j, h, a, f), (j, h, a, g), (j, h, a, i),

(j, h, b, a), (j, h, b, c), (j, h, b, d), (j, h, b, e), (j, h, b, f), (j, h, b, g), (j, h, b, i),

(j, h, c, a), (j, h, c, b), (j, h, c, d), (j, h, c, e), (j, h, c, f), (j, h, c, g), (j, h, c, i),

(j, h, d, a), (j, h, d, b), (j, h, d, c), (j, h, d, e), (j, h, d, f), (j, h, d, g), (j, h, d, i),

(j, h, e, a), (j, h, e, b), (j, h, e, c), (j, h, e, d), (j, h, e, f), (j, h, e, g), (j, h, e, i),

(j, h, f, a), (j, h, f, b), (j, h, f, c), (j, h, f, d), (j, h, f, e), (j, h, f, g), (j, h, f, i),

(j, h, g, a), (j, h, g, b), (j, h, g, c), (j, h, g, d), (j, h, g, e), (j, h, g, f), (j, h, g, i),

(j, h, i, a), (j, h, i, b), (j, h, i, c), (j, h, i, d), (j, h, i, e), (j, h, i, f), (j, h, i, g),

(j, i, a, b), (j, i, a, c), (j, i, a, d), (j, i, a, e), (j, i, a, f), (j, i, a, g), (j, i, a, h),

(j, i, b, a), (j, i, b, c), (j, i, b, d), (j, i, b, e), (j, i, b, f), (j, i, b, g), (j, i, b, h),

(j, i, c, a), (j, i, c, b), (j, i, c, d), (j, i, c, e), (j, i, c, f), (j, i, c, g), (j, i, c, h),

(j, i, d, a), (j, i, d, b), (j, i, d, c), (j, i, d, e), (j, i, d, f), (j, i, d, g), (j, i, d, h),

(j, i, e, a), (j, i, e, b), (j, i, e, c), (j, i, e, d), (j, i, e, f), (j, i, e, g), (j, i, e, h),

(j, i, f, a), (j, i, f, b), (j, i, f, c), (j, i, f, d), (j, i, f, e), (j, i, f, g), (j, i, f, h),

(j, i, g, a), (j, i, g, b), (j, i, g, c), (j, i, g, d), (j, i, g, e), (j, i, g, f), (j, i, g, h),

(j, i, h, a), (j, i, h, b), (j, i, h, c), (j, i, h, d), (j, i, h, e), (j, i, h, f), (j, i, h, g)

選ぶ順序を考慮しない場合：
(a, b, c, d), (a, b, c, e), (a, b, c, f), (a, b, c, g), (a, b, c, h), (a, b, c, i), (a, b, c, j),

(a, b, d, e), (a, b, d, f), (a, b, d, g), (a, b, d, h), (a, b, d, i), (a, b, d, j),

(a, b, e, f), (a, b, e, g), (a, b, e, h), (a, b, e, i), (a, b, e, j),

(a, b, f, g), (a, b, f, h), (a, b, f, i), (a, b, f, j),

(a, b, g, h), (a, b, g, i), (a, b, g, j),

(a, b, h, i), (a, b, h, j),

(a, b, i, j),

(a, c, d, e), (a, c, d, f), (a, c, d, g), (a, c, d, h), (a, c, d, i), (a, c, d, j),

(a, c, e, f), (a, c, e, g), (a, c, e, h), (a, c, e, i), (a, c, e, j),

(a, c, f, g), (a, c, f, h), (a, c, f, i), (a, c, f, j),

(a, c, g, h), (a, c, g, i), (a, c, g, j),

(a, c, h, i), (a, c, h, j),

(a, c, i, j),
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(a, d, e, f), (a, d, e, g), (a, d, e, h), (a, d, e, i), (a, d, e, j),

(a, d, f, g), (a, d, f, h), (a, d, f, i), (a, d, f, j),

(a, d, g, h), (a, d, g, i), (a, d, g, j),

(a, d, h, i), (a, d, h, j),

(a, d, i, j),

(a, e, f, g), (a, e, f, h), (a, e, f, i), (a, e, f, j),

(a, e, g, h), (a, e, g, i), (a, e, g, j),

(a, e, h, i), (a, e, h, j),

(a, e, i, j),

(a, f, g, h), (a, f, g, i), (a, f, g, j),

(a, f, h, i), (a, f, h, j),

(a, f, i, j),

(a, g, h, i), (a, g, h, j),

(a, g, i, j),

(a, h, i, j),

(b, c, d, e), (b, c, d, f), (b, c, d, g), (b, c, d, h), (b, c, d, i), (b, c, d, j),

(b, c, e, f), (b, c, e, g), (b, c, e, h), (b, c, e, i), (b, c, e, j),

(b, c, f, g), (b, c, f, h), (b, c, f, i), (b, c, f, j),

(b, c, g, h), (b, c, g, i), (b, c, g, j),

(b, c, h, i), (b, c, h, j),

(b, c, i, j),

(b, d, e, f), (b, d, e, g), (b, d, e, h), (b, d, e, i), (b, d, e, j),

(b, d, f, g), (b, d, f, h), (b, d, f, i), (b, d, f, j),

(b, d, g, h), (b, d, g, i), (b, d, g, j),

(b, d, h, i), (b, d, h, j),

(b, d, i, j),

(b, e, f, g), (b, e, f, h), (b, e, f, i), (b, e, f, j),

(b, e, g, h), (b, e, g, i), (b, e, g, j),

(b, e, h, i), (b, e, h, j),

(b, e, i, j),

(b, f, g, h), (b, f, g, i), (b, f, g, j),

(b, f, h, i), (b, f, h, j),

(b, f, i, j),
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(b, g, h, i), (b, g, h, j),

(b, g, i, j),

(b, h, i, j),

(c, d, e, f), (c, d, e, g), (c, d, e, h), (c, d, e, i), (c, d, e, j),

(c, d, f, g), (c, d, f, h), (c, d, f, i), (c, d, f, j),

(c, d, g, h), (c, d, g, i), (c, d, g, j),

(c, d, h, i), (c, d, h, j),

(c, d, i, j),

(c, e, f, g), (c, e, f, h), (c, e, f, i), (c, e, f, j),

(c, e, g, h), (c, e, g, i), (c, e, g, j),

(c, e, h, i), (c, e, h, j),

(c, e, i, j),

(c, f, g, h), (c, f, g, i), (c, f, g, j),

(c, f, h, i), (c, f, h, j),

(c, f, i, j),

(c, g, h, i), (c, g, h, j),

(c, g, i, j),

(c, h, i, j),

(d, e, f, g), (d, e, f, h), (d, e, f, i), (d, e, f, j),

(d, e, g, h), (d, e, g, i), (d, e, g, j),

(d, e, h, i), (d, e, h, j),

(d, e, i, j),

(d, f, g, h), (d, f, g, i), (d, f, g, j),

(d, f, h, i), (d, f, h, j),

(d, f, i, j),

(d, g, h, i), (d, g, h, j),

(d, g, i, j),

(d, h, i, j),

(e, f, g, h), (e, f, g, i), (e, f, g, j),

(e, f, h, i), (e, f, h, j),

(e, f, i, j),

(e, g, h, i), (e, g, h, j),

(e, g, i, j),
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(e, h, i, j),

(f, g, h, i), (f, g, h, j),

(f, g, i, j),

(f, h, i, j),

(g, h, i, j)

定理 4.4の省略した証明

証明 n ≥ 2で示せばよい．
n = 2のときは定理 3.1 (2)よりなりたつ．
n = kのときに定理がなりたつと仮定すると，n = k + 1のとき，

(a1 + a2 + a3 + · · · + ak + ak+1)
2

= ((a1 + a2 + a3 + · · · + ak) + ak+1)
2

= (a1 + a2 + a3 + · · · + ak)
2
+ 2(a1 + a2 + a3 + · · · + ak)ak+1 + a

2
k+1

= (a
2
1 + a

2
2 + a

2
3 + · · · + a

2
k

+2a1a2 + 2a1a3 + · · · + 2a1ak

+2a2a3 + 2a2a4 + · · · + 2a2ak

+2a3a4 + 2a3a5 + · · · + 2a3ak

+ · · · + 2ak−1ak)

+(2a1ak+1 + 2a2ak+1 + 2a3ak+1 + · · · + 2akak+1) + a
2
k+1

= a
2
1 + a

2
2 + a

2
3 + · · · + a

2
k + a

2
k+1

+2a1a2 + 2a1a3 + · · · + 2a1ak + 2a1ak+1

+2a2a3 + 2a2a4 + · · · + 2a2ak + 2a2ak+1

+2a3a4 + 2a3a5 + · · · + 2a3ak + 2a3ak+1

+ · · · + 2ak−1ak + 2ak−1ak+1 + 2akak+1

となる．
したがって，数学的帰納法より，任意の自然数 nについて定理がなりたつ． ◇

§ 6の のマーク
例題 6.1の下の脚注 5 例えば，最高次の係数が分母にくる，プラスとマイナスの符号が
交互に現れる，2番目の高次の係数のときが解の和で 0次の係数のときが解の積になってい
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る，など．

定義 6.10の下 グラフを描くとわかる．

証明したい場合は，例えば次のようにすればよい．ただし，f(x) = a
xとして，f が連続で

あることと，指数法則（定理 6.5），中間値の定理（[藤岡 2] p.30参照）がなりたつことは認
める．また，0 < a < 1のときも同様の方法で示せるので，a > 1のときを示すことにする．

証明 まず，任意の実数 α, βが α < βをみたすとする．（α > βのときは，αと βを入
れ替えればよい）
このとき，β − α > 0だから，a > 1のとき，a

β−α
> 1である．

よって，指数法則より，a
β−α

=
aβ

aα
> 1だから，a

β
> a

α がいえる．

したがって，a
α ̸= a

β がなりたつから，f は単射である．
また，f が連続であることから，a > 1のとき f は狭義単調増加関数であることもいえる．
次に，任意の正の実数 β をとる．
f は狭義単調増加関数だから，x1 < x2 をみたす実数 x1, x2 で，a

x1 < β < a
x2 をみた

すものが存在する．
よって，中間値の定理より，β = a

α となり，x1 < α < x2 をみたす実数 αが存在する．
したがって，f は全射である．
以上より，f は全単射である． ◇

注意 6.6の下 グラフを描くとわかる．
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あるいは，指数関数が全単射で，対数関数は指数関数の逆関数であることからもわかる．

注意 6.7の脚注 18 a
loga b

= bの左辺で，底を aとする対数をとったもの loga a
loga b

を考える．これは，loga a
loga b

= loga b loga a = loga b × 1 = loga bとできる．loga b

は，a
loga b

= bの右辺で底を aとする対数をとったものであるから，a
loga b

= bがなりた
つことがわかる．

§ 7の のマーク
例題 7.4の解の下の脚注 22 定理 7.9の証明

証明 コサインの加法定理（定理 7.7）で，αを π

2
− αとおくと，

cos

((
π

2
− α

)
− β

)
= cos

(
π

2
− α

)
cos β + sin

(
π

2
− α

)
sin β

= sinα cos β + cosα sin β

となる．一方，
cos

((
π

2
− α

)
− β

)
= cos

(
π

2
− (α + β)

)
= cos

π

2
cos(α + β) + sin

π

2
sin(α + β)

= sin(α + β)

もいえる．したがって，
sin(α + β) = sinα cos β + cosα sin β

が成り立つことがいえた． ◇

定理 7.10の証明

証明 定理 7.8 (5)で，θを−θとおくと，
sin(−θ) = sin(π − (−θ))



32 「行間を埋める」ために

= sin(π + θ)

= sinπ cos θ + cosπ sin θ（ 定理 7.9）
= − sin θ

◇

定理 7.11の証明

証明
cos(α + β) = cos(α − (−β))

= cosα cos(−β) + sinα sin(−β)

= cosα cos β − sinα sin β.

◇

定理 7.12の証明

証明
sin(α − β) = sin(α + (−β))

= sinα cos(−β) + cosα sin(−β)

= sinα cos β − cosα sin β.

◇

定理 7.13の証明

証明 複号同順として，(1)と (2)をまとめて示す．

tan(α ± β) =
sin(α ± β)

cos(α ± β)

=
sinα cos β ± cosα sin β

cosα cos β ∓ sinα sin β

=

sinα
cosα ± sin β

cos β

1 ∓ sinα sin β
cosα cos β

=
tanα ± tan β

1 ∓ tanα tan β
.

◇

定理 7.14の証明

証明 タンジェントの加法定理（定理 7.13）の (2)で β = θとする．このとき，α = 0
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とすると，(1)が成り立ち，α = πとすると，(3)が成り立つ．
(2)は，

tan

(
π

2
− θ

)
=

sin
(
π
2 − θ

)
cos

(
π
2 − θ

)
=

cos θ

sin θ

=
1

sin θ
cos θ

=
1

tan θ

より，いえる． ◇

定理 7.16の証明 (2) cos
2
θ − sin

2
θ = (1 − sin

2
θ) − sin

2
θ = 1 − 2 sin

2
θ.

(3) cos
2
θ − sin

2
θ = cos

2
θ − (1 − cos

2
θ) = 2 cos

2
θ − 1.

定理 7.17の証明 (3) tan
θ

2
=

sin θ
2

cos θ
2

より，tan
2 θ

2
=

sin2 θ
2

cos2 θ
2

だから，(1), (2)を代

入して整理すれば， sin2 θ
2

cos2 θ
2

=
1 − cos θ

1 + cos θ
．

定理 7.19の証明 定理 7.18の (1)～(4)で，αを α + β

2
，βを α − β

2
とおくと，α+ β

は α，α − β は β とおかれるから，定理 7.19の (1)～(4)がそれぞれ得られる．

問 7.7の脚注 25

証明 図 7.24のように点P,Qをとると，−→OP= (cos β, sin β),
−→
OQ= (cosα, sinα) で

ある．また，|
−→
OP| = |

−→
OQ| = 1である．

よって，定義 12.2より，−→
OQ ·

−→
OP = |

−→
OQ||

−→
OP| cos(α − β) = cos(α − β)がいえる．

一方，定理 12.1より，−→
OQ ·

−→
OP = cosα cos β + sinα sin β がいえる．

これらより，cos(α − β) = cosα cos β + sinα sin β がなりたつ． ◇

§ 8の のマーク
例 8.5の脚注 3 (x− 2)

3
=

(
x

(
1 −

1

x

))3

= x
3
(
1 −

1

x

)3

に注意すると，lim
x→∞

((x−

2)
3 − x

2
) = lim

x→∞
x
3
((

1 −
1

x

)3

−
1

x

)
= ∞．
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§ 9の のマーク
よりみち 9.1（定理 9.5の下と 9.5節の直後の脚注 14と定理 9.9の直前を含む） 定理9.1

の証明

証明 (1)と (2)は (3)の特別な場合なので，(3)を示せば (1)と (2)も示したことにな
るため，(3)を示す．
まず，任意の実数 cで微分可能であることを示す．

lim
x→c

f(x) − f(c)

x − c
= lim

x→c

(axn + bxm) − (acn + bcm)

x − c

= lim
x→c

a(xn − cn) + b(xm − cm)

x − c
.

ここで，
x
n − c

n
= x

n
(
1 −

(
c

x

)n)
= x

n
(
1 −

c

x

)(
1 +

c

x
+

(
c

x

)2

+

(
c

x

)3

+ · · · +
(
c

x

)n−1)
( (5.22))

= (x − c)(x
n−1

+ cx
n−2

+ c
2
x
n−3

+ c
3
x
n−4

+ · · · + c
n−1

)( x
n を括弧内に分配)

だから，
lim
x→c

a(xn − cn) + b(xm − cm)

x − c

= lim
x→c

[a(x
n−1

+ cx
n−2

+ c
2
x
n−3

+ c
3
x
n−4

+ · · · + c
n−1

)

+b(x
m−1

+ cx
m−2

+ c
2
x
m−3

+ c
3
x
m−4

+ · · · + c
m−1

)]

= anc
n−1

+ bmc
m−1

.

したがって，f(x) = ax
n
+ bx

m は任意の実数 cで微分可能である．
次に，導関数の定義（定義 9.1 (2)）より，

f
′
(x) = lim

h→0

f(x + h) − f(x)

(x + h) − x

= lim
h→0

(a(x + h)n + b(x + h)m) − (axn + bxm)

h

= lim
h→0

a[(x + h)n − xn] + b[(x + h)m − xm]

h
.

ここで，
(x + h)

n − x
n
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= (x
n
+ nC1x

n−1
h + nC2x

n−2
h
2
+ nC3x

n−3
h
3
+ · · · + nCn−1xh

n−1
+ h

n
) − x

n
( 定理 4.3)

= h(nC1x
n−1

+ nC2x
n−2

h + nC3x
n−3

h
2
+ · · · + nCn−1xh

n−2
+ h

n−1
)

だから，
lim
h→0

a[(x + h)n − xn] + b[(x + h)m − xm]

h

= lim
h→0

[a(nC1x
n−1

+ nC2x
n−2

h + nC3x
n−3

h
2
+ · · · + nCn−1xh

n−2
+ h

n−1
)( 定理 4.3)

+b(mC1x
m−1

+ mC2x
m−2

h + mC3x
m−3

h
2
+ · · · + mCm−1xh

m−2
+ h

m−1
)]

= a nC1x
n−1

+ b mC1x
m−1

= anx
n−1

+ bmx
m−1

.( nC1 = n,mC1 = m)

◇

定理 9.2の証明

証明 まず，任意の実数 cで微分可能であることを示す．
f(c) = aだから，

lim
x→c

f(x) − f(c)

x − c
= lim

x→c

a − a

x − c

= lim
x→c

0

= 0

より，f(x) = aは微分可能．
次に，導関数の定義（定義 9.1 (2)）より，

f
′
(x) = lim

h→0

f(x + h) − f(x)

(x + h) − x

= lim
h→0

a − a

h

= lim
h→0

0

= 0.

◇

定理 9.4の証明

証明 f(x)と g(x)がともに微分可能な範囲を考える．
まず，h(x)の微分可能性を示す．
f(x), g(x)がともに微分可能な範囲内の任意の実数 cに対し，

lim
x→c

h(x) − h(c)

x − c
= lim

x→c

f(x)g(x) − f(c)g(c)

x − c
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= lim
x→c

f(x)g(x)−f(c)g(x) + f(c)g(x) − f(c)g(c)

x − c

= lim
x→c

(
f(x)g(x) − f(c)g(x)

x − c
+

f(c)g(x) − f(c)g(c)

x − c

)
= lim

x→c

(
f(x) − f(c)

x − c
g(x) + f(c)

g(x) − g(c)

x − c

)
= g(c) lim

x→c

f(x) − f(c)

x − c
+ f(c) lim

x→c

g(x) − g(c)

x − c

とできる．ここで，f(x) と g(x) はともに x = c で微分可能だから， lim
x→c

f(x) − f(c)

x − c

と lim
x→c

g(x) − g(c)

x − c
はともに存在する．また，f(c) と g(c) も存在する．しがたって，

lim
x→c

h(x) − h(c)

x − c
が存在することがいえるので，h(x)は x = cで微分可能である．

次に，導関数 h
′
(x)を計算する．導関数の定義（定義 9.1 (2)）より 1)，

h
′
(x) = lim

k→0

h(x + k) − h(x)

(x + k) − x

= lim
k→0

f(x + k)g(x + k) − f(x)g(x)

k

= lim
k→0

f(x + k)g(x + k)−f(x)g(x + k) + f(x)g(x + k) − f(x)g(x)

k

= lim
k→0

(
f(x + k)g(x + k) − f(x)g(x + k)

k
+

f(x)g(x + k) − f(x)g(x)

k

)
= lim

k→0

(
f(x + k) − f(x)

k
g(x + k) + f(x)

g(x + k) − g(x)

k

)
= f

′
(x)g(x) + f(x)g

′
(x).

◇

定理 9.5の証明

証明 g(x) = (f(x))
n とおく．n = 1のときは g(x) = f(x)だから，(9.11)の成立は

明らかなので，n ≥ 2で示す．
n=2のとき，g(x)= f(x) · f(x)だから，定理9.4より，g′

(x)= f
′
(x)f(x)+ f(x)f

′
(x)=

2f(x)f
′
(x)．よって，(9.11)はなりたつ．

n = k（ただし，kは 2以上の自然数）のとき，(9.11)がなりたつと仮定する．
n= k + 1のとき，g(x) = (f(x))

k+1
= f(x) · (f(x))kだから，定理 9.4と帰納法の仮定

1)
hの記号が

ちょうふく
重 複してしまうため，混乱を避けるために，極限をとる hを kと書く．
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より，g
′
(x) = f

′
(x)(f(x))

k
+ f(x) · k(f(x))k−1

f
′
(x) = (k + 1)(f(x))

k
f
′
(x)．よっ

て，(9.11)はなりたつ．
以上より，すべての自然数 nで (9.11)はなりたつ． ◇

定理 9.6の証明

証明 まず，f(g(t))が tで微分可能であることを示す．
任意の実数 cに対し，

lim
t→c

f(g(t)) − f(g(c))

t − c
= lim

t→c

f(g(t)) − f(g(c))

g(t) − g(c)
·
g(t) − g(c)

t − c

とできる．ここで，g(c)は t = cによって決まる定数なので，c̃ = g(c)とおけば，t → cの
とき，x → c̃である．よって，

lim
t→c

f(g(t)) − f(g(c))

g(t) − g(c)
·
g(t) − g(c)

t − c
= lim

x→c̃

f(x) − f(c̃)

x − c̃
· lim
t→c

g(t) − x(c)

t − c

となるが，f(x)と x(t)は微分可能だから，lim
x→c̃

f(x) − f(c̃)

x − c̃
と lim

t→c

g(t) − g(c)

t − c
は存在す

る．したがって，lim
t→c

f(g(t)) − f(g(c))

t − c
は存在するので，f(g(t))は tで微分可能である．

次に，導関数を計算する．k = g(t + h) − g(t)とおくと，導関数の定義（定義 9.1 (2)）
より，

df

dt
(g(t)) = lim

h→0

f(g(t + h)) − f(g(t))

(t + h) − t

= lim
h→0

f(g(t) + k) − f(g(t))

h

= lim
h→0

f(g(t) + k) − f(g(t))

k
·
k

h

とできる．ここで，h → 0のとき，k → 0だから，
lim
h→0

f(g(t) + k) − f(g(t))

k
= lim

k→0

f(g(t) + k) − f(g(t))

k

=
df

dx
(g(t))

=
df

dx
(x)

である．また，
lim
h→0

k

h
= lim

h→0

g(t + h) − g(t)

h

=
dg

dt
(t)

=
dx

dt
(t)
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である．よって，
df

dt
(g(t)) =

df

dx
(x) ·

dx

dt
(t)

とできる． ◇

定理 9.7の証明

証明 証明の流れは同じなので，sin xについてのみ示す．
和積の公式（定理 7.19）より，任意の実数 cに対し，

lim
x→c

sin x − sin c

x − c
= lim

x→c

1

x − c
· 2 sin

x − c

2
cos

x + c

2

= lim
x→c

sin x−c
2

x−c
2

· cos
x + c

2

とできる．y =
x − c

2
とおくと，x → cのとき，y → 0だから，

lim
x→c

sin x−c
2

x−c
2

· cos
x + c

2
= lim

y→0

sin y

y
cos(y + c).

定理 8.3より， lim
y→0

sin y

y
= 1だから，

lim
y→0

sin y

y
cos(y + c) = cos c.

よって，sin xは微分可能である．
次に，導関数を計算する．加法定理（定理 7.15）より，
lim
h→0

sin(x + h) − sin x

(x + h) − x
= lim

h→0

sin x cosh + cos x sinh − sin x

h

= lim
h→0

(
sin x(cosh − 1)

h
+

cos x sinh

h

)
= sin x lim

h→0

(cosh − 1)(cosh + 1)

h(cosh + 1)
+ cos x lim

h→0

sinh

h

= sin x lim
h→0

cos2 h − 1

h(cosh + 1)
+ cos x

= − sin x lim
h→0

sin2 h

h(cosh + 1)
+ cos x

= − sin x lim
h→0

(
sinh

h

)2

·
h

cosh + 1
+ cos x

= cos x.

◇

定理 9.8の証明
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証明 tan xは x=
π

2
+ nπ（ただし，nは整数）以外で定義可能である．また，tan x=

sin x

cos x
であるが，定理 9.7より，sin xと cos xは微分可能だから，定理??より，tan xは

x =
π

2
+ nπ以外で微分可能である．

導関数については本文で記したので省略． ◇

定理 9.9の証明

証明 まず，微分可能性を示す．
任意の実数 cに対し，

lim
x→c

ex − ec

x − c
= lim

x→c

ec(ex−c − 1)

x − c

となるが，y = x − cとおくと，

lim
x→c

ec(ex−c − 1)

x − c
= lim

y→0

ec(ey − 1)

y

とできる．ここで，定理 8.2より， lim
y→0

ey − 1

y
= 1だから，

lim
y→0

ec(ey − 1)

y
= e

c
.

よって，e
x は微分可能である．

次に，導関数を計算する．

lim
h→0

ex+h − ex

(x + h) − x
= lim

h→0

exeh − ex

h

= lim
h→0

ex(eh − 1)

h

となるが，定理 8.2より， lim
h→0

eh − 1

h
= 1だから，

lim
h→0

ex(eh − 1)

h
= e

x
.

◇

定理 9.10の証明

証明 log e
log ax

= log a
x だから，e

log ax

= a
x である．したがって，

a
x
= e

x log a

がいえる．e
x は微分可能で，x log aも微分可能だから，定理 9.6より，e

x log aは微分可能
である．
また，導関数は，
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(a
x
)
′
= (e

x log a
)
′

= e
x log a

(x log a)
′

= e
x log a

log a

= a
x
log a

と計算できる 2)． ◇

定理 9.11の証明

証明 任意の正の実数 cに対し， lim
x→c

log x − log c

x − c
を考える．y = x − cとおくと，

lim
x→c

log x − log c

x − c
= lim

y→0

log(y + c) − log c

(y + c) − c

= lim
y→0

1

y
log

y + c

c

= lim
y→0

1

c
·
c

y
log

(
1 +

y

c

)
とできる．ここで，m =

y

c
とおくと，

lim
y→0

1

c
·
c

y
log

(
1 +

y

c

)
= lim

m→0

1

c
·
1

m
log(1 + m)

= lim
m→0

1

c
log(1 + m)

1
m

=
1

c
log

(
lim

m→0
(1 + m)

1
m

)
となるが，(8.8)より，e = lim

m→0
(1 + m)

1
m だから，

1

c
log

(
lim

m→0
(1 + m)

1
m

)
=

1

c
log e

=
1

c

がいえる．したがって，log xは x > 0で微分可能である．
また，微分可能性の証明で，c を x，y を h と置き直して同様の議論を行えば，導関数

(log x)
′
=

1

x
も得られる． ◇

定理 9.12の証明

証明 底の変換公式（定理 6.7 (4)）より，loga x=
log x

log a
である． 1

log a
は定数なので，

2)
log aは定数である．
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(loga x)
′
=

(
log x

log a

)′

=
1

log a
(log x)

′

=
1

x log a

◇

定理 9.13の証明

証明 まず，微分可能性を示す．

y = f(x)は微分可能で，dy

dx
̸= 0をみたすから， lim

x→c

f(x) − f(c)

x − c
は存在して，その値

は 0ではない．f(c) = aとすると，c = f
−1

(a)で，x → cのとき y → aとなるから，
lim
x→c

f(x) − f(c)

x − c
= lim

y→a

y − a

f−1(y) − f−1(a)

= lim
x→c

1
f−1(y)−f−1(a)

y−a

となる．よって，

lim
x→c

f−1(y) − f−1(a)

y − a
= lim

x→c

1
f(x)−f(c)

x−c

がいえる． lim
x→c

f(x) − f(c)

x − c
は存在して，かつ，0ではないから， lim

x→c

f−1(y) − f−1(a)

y − a

も存在する．
したがって，f

−1
(y)は dy

dx
̸= 0をみたす yがとる範囲で微分可能である．

次に，導関数を計算する．
y = f(x)は微分可能だから，f(x + h) = y + kとすると，

df

dx
(x) = lim

h→0

f(x + h) − f(x)

(x + h) − x

= lim
k→0

(y + k) − y

f−1(y + k) − f−1(y)

= lim
k→0

1
f−1(y+k)−f−1(y)

(y+k)−y

=
1

d
dy (f

−1(y))

となる．いま， df

dx
(x) ̸= 0をみたし，また，y = f(x), x = f

−1
(y)だから，
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dx

dy
=

1
dy
dx

.

◇

注意 9.4の脚注 10

証明 定理9.4でg(x)= aとすると，g′
(x)= 0だから，h′

(x)= f
′
(x)× a+ f(x)× 0=

af
′
(x)． ◇

注意 9.7の 1つ目

証明 自然数 nに対し，f(x) = x
1
n のとき，f

′
(x) =

1

n
x

1
n
−1 となることが示せれば

よい．
y = f(x)とおくと，x = y

n だから，dx

dy
= ny

n−1 である．

定理 9.13より，dx

dy
=

1
dy
dx

だから， 1
dy
dx

= ny
n−1．

よって，dy

dx
=

1

nyn−1
=

1

n
y
1−n．

ここで，y1−n
=

(
x

1
n

)1−n
= x

1−n
n = x

1
n
−1だから，f ′

(x) =
dy

dx
=

1

n
x

1
n
−1がいえる．

◇

注意 9.7の 2つ目

証明 整数mと自然数 nに対し，f(x) = x
m
n のとき，f

′
(x) =

m

n
x

m
n

−1 となること
が示せればよい．
まず，mが正の整数のときを示す．
f(x) = x

m
n =

(
x

1
n

)m だから，定理 9.5より，

f
′
(x) = m

(
x

1
n

)m−1
·
(
x

1
n

)′

= m
(
x

1
n

)m−1
·
1

n
x

1
n
−1

=
m

n
x

m−1
n · x

1
n
−1

=
m

n
x

m
n

−1

とできる．
mが 0のときは f(x)は定数なので，あとはmが負の整数のときに示せればよいが，mが
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負の整数のときは−mが正の整数であることと，x
m
n =

1(
x

1
n

)−m
に注意して，定理 9.5の

代わりに定理 22.2を用いれば，mが正の整数のときと同様の議論で f
′
(x) =

m

n
x

m
n

−1 と
なることが示せる． ◇

注意 9.16の下の脚注 35 例えば，y = x
3 は極値はもたないが，変曲点はもつ．（変曲点

は (0, 0)である）

§ 11の のマーク
定理 11.15の直前の脚注 8 (11.37)から (11.45)の右辺を微分すると，それぞれ左辺の

被積分関数になる．（式中の
∫
と dxをとるだけで同じ式を書くことになるので，省略する）

注意 11.5 f(x) = xのとき，f
′
(x) = 1であるから，(11.37)から (11.45)の f(x)と

f
′
(x)にこれらを代入するだけである．

注意 11.9 ∫
x
3
√

x2 + 1 dx = x
2 ·

1

3
(x

2
+ 1)

3
2 −

∫
2x ·

1

3
(x

2
+ 1)

3
2 dx

=
1

3
x
2
(x

2
+ 1)

3
2 −

2

3
·
1

5
(x

2
+ 1)

5
2 + C

=
1

3
x
2
(x

2
+ 1)

3
2 −

2

15
(x

2
+ 1)

5
2 + C

（ただし，C は積分定数）．
一見，解が異なるようだが，整理すれば一致することがわかる．

1

3
x
2
(x

2
+ 1)

3
2 −

2

15
(x

2
+ 1)

5
2

=
1

3
(x

2
+ 1)(x

2
+ 1)

3
2 −

1

3
(x

2
+ 1)

3
2 −

2

15
(x

2
+ 1)

5
2

=
1

5
(x

2
+ 1)

5
2 −

1

3
(x

2
+ 1)

3
2 .

§ 12の のマーク
定理 12.1の上
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定理 12.1の証明

(c − a)
2
+ (d − b)

2
= (a

2
+ b

2
) + (c

2
+ d

2
) − 2

−→
AB ·

−→
AC

より，
c
2 − 2ac + a

2
+ d

2 − 2bd + b
2
= a

2
+ b

2
+ c

2
+ d

2 − 2
−→
AB ·

−→
AC

だから，
2
−→
AB ·

−→
AC = 2ac + 2bd.

よって，
−→
AB ·

−→
AC = ac + bd.

§ 13の のマーク

例 13.6の 2つ AB =

2 1

1 14

 , BA =


5 −1 6

−1 2 −3

6 −3 9


例 13.6の脚注 5 問 13.1の (4)と (5)，(6)と (7)，(8)と (9)の答えを見比べてみよう．
また，問 13.3の (1)と (2)，(3)と (4)，(5)と (6)の答えも見比べてみよう．

§ 15の のマーク

例 15.1 AB =


1 0 0

0 1 0

0 0 1

 , BA =


1 0 0

0 1 0

0 0 1

となるから，AB = BA = Eがなり

たつことが確認できる．

§ 16の のマーク
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注意 16.7

（同じ値のデータは上にプロットした）

§ 18の のマーク
定理 18.4の下

証明 条件付き確率の定義式 (18.7)より，

P (Ai|B) =
P (Ai ∩ B)

P (B)

である．また，A1, A2, · · ·Anが互いに排反であることに注意すると，加法定理（定理 18.1）
と乗法定理（定理 18.2）より，

P (B) = P (A1 ∩ B) + P (A2 ∩ B) + · · · + P (An ∩ B)

= P (A1)P (B|A1) + P (A2)P (B|A2) + · · · + P (An)P (B|An)

とできる．よって，
P (Ai|B) =

P (Ai ∩ B)

P (B)

=
P (Ai ∩ B)

P (A1)P (B|A1) + P (A2)P (B|A2) + · · · + P (An)P (B|An)

がいえる． ◇

§ 19の のマーク
定理 19.2の下 各記号は定義 19.1と定義 19.2のものを使用する．

証明 確率変数X が離散的なときを先に示す．
n∑

i=1

pi = 1に注意する．

(1) 期待値の定義（定義 19.1 (1)）より，
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E[aX + b] =

n∑
i=1

(axi + b)pi

= a
n∑

i=1

xipi + b
n∑

i=1

pi

= aE[X] + b.

(2) 期待値の定義（定義 19.1 (1)）より，

E[X + Y ] =
n∑

i=1

(xi + yi)pi

=
n∑

i=1

xipi +
n∑

i=1

y1pi

= E[X] + E[Y ].

(3) 分散の定義（定義 19.2 (1)）より，

V (aX + b) =
n∑

i=1

[(axi + b) − E[aX + b]]
2
pi

=

n∑
i=1

[axi + b − (aE[X] + b)]
2
pi

=
n∑

i=1

(axi − aE[X])
2
pi

= a
2

n∑
i=1

(xi − E[X])
2
pi

= a
2
V (X).

次に，確率変数X が離散的なときを示す．
∫ ∞

−∞
f(x)dx = 1に注意する．

(1) 期待値の定義（定義 19.1 (2)）より，
E[aX + b] =

∫ ∞

−∞
(ax + b)f(x)dx

= a

∫ ∞

−∞
xf(x)dx + b

∫ ∞

−∞
f(x)dx

= aE[X] + b.

(2) 期待値の定義（定義 19.1 (2)）より，
E[X + Y ] =

∫ ∞

−∞
(x + y)f(x)dx

=

∫ ∞

−∞
xf(x)dx +

∫ ∞

−∞
yf(x)dx
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= E[X] + E[Y ].

(3) 分散の定義（定義 19.2 (2)）より，
V (aX + b) =

∫ ∞

−∞
[(ax + b) − E[aX + b]]

2
f(x)dx

=

∫ ∞

−∞
[ax + b − (aE[X] + b)]

2
f(x)dx

=

∫ ∞

−∞
(ax − aE[X])

2
f(x)dx

= a
2
∫ ∞

−∞
(x − E[X])

2
f(x)dx

= a
2
V (X).

◇

（お疲れさまでした）【終】


