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Exercise 1 [k-�2;Ãº ���íß�ZO�]

{9�ìøÍ&h�Ü¼�Ð k���Ãº(k > 1)��H ��6£§õ� °ú s� ³ð�&³ô�Ç��.

d0 · · · dn

#�l�"f

∀di ∈ {0, · · · , k − 1}.

Õªo��¦ “d0 · · · dn”�Ér ß¼l���

d0 × k0 + · · · + dn × kn

��� &ñ
Ãº\�¦ ³ð�&³ô�Ç��.

s��¦̀�	כ ¶ú���� SX��©�K�"f “k�2;Ãº”\�¦ ��6£§õ� °ú s� &ñ
_�K��Ð��. ³ð�&³�Ér

d0 · · · dn

#�l�"f

∀di ∈ {1 − k, · · · , 0} ∪ {0, · · · , k − 1}.

Õªo��¦ “d0 · · · dn”�Ér ß¼l���

d0 × k0 + · · · + dn × kn

��� &ñ
Ãº\�¦ ³ð�&³ô�Ç��.

\V\�¦ [þt#Q, 2�2;Ãº_� �â
Äº\�¦ Òqty�����. Z�s�Û¼�� {−1, 0, 1}s� ÷&��x��. 0s�

0�̀¦, +�� 1�̀¦ -�� −1�̀¦ ³ð�&³ô�Ç���¦ ����, + ��H 1�̀¦, +0+��H 5\�¦, +-��H −1�̀¦,

+-0-��H −9��� &ñ
Ãº\�¦ ³ð�&³ô�Ç��.
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s��Qô�Ç 2�2;Ãº N_� |9�½+Ë�̀¦ )±ú�&h�Ü¼�Ð &ñ
_����� ��6£§õ� °ú ��:

N ::= 0

| +

| -

| 0N

| +N

| -N

Õªo��¦, Scheme\�"f��H 2�2;Ãº N�̀¦ ��6£§õ� °ú �Ér ~½ÓZO� N\� _�K� Scheme_� o�Û¼

àÔ�Ð ³ð�&³½+É Ãº e����:

0 = (cons ’z nil)

+ = (cons ’p nil)

- = (cons ’n nil)

0N = (cons ’z N)

+N = (cons ’p N)

-N = (cons ’n N)

7£¤, 0+-��H Scheme\�"f

(cons ’z (cons ’p (cons ’n nil)))

�Ð ³ð�&³�)a��, �=������

0+- = (cons ’z +-)

= (cons ’z (cons ’p -))

= (cons ’z (cons ’p (cons ’n nil))).

�� s�]j, 0Aü< °ú s� ³ð�&³÷&��H 2�2;Ãº\�¦ ~ÃÎ��"f Õª��_	כ °ú̀�כ¦ >�íß����H �<ÊÃº

crazy2val�̀¦ &ñ
_����

crazy2val : 2�2;Ãº→&ñ
Ãº.
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Exercise 2 ¿º 2�2;Ãº\�¦~ÃÎ��"f 2�2;Ãº_�½+Ë\�K�{©����H 2�2;Ãº\�¦?/#QZ�~��H�<ÊÃº

crazy2add\�¦ &ñ
_����

crazy2add : 2�2;Ãº× 2�2;Ãº→ 2�2;Ãº.

0A_� crazy2add��H ��6£§_� $í
|9�s� ëß�7á¤÷&�� ô�Ç��:
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• {©����y�, e��_�_� 2�2;Ãº z õ� z′\� @/K�"f

(crazy2val (crazy2add z z′)) = (crazy2val z) + (crazy2val z′).

• crazy2add�Ér F�)&h�Ü¼�Ð &ñ
_�÷&�� ô�Ç��.
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Exercise 3 ¿º 2�2;Ãº\�¦~ÃÎ��"f 2�2;Ãº_�Y�L\�K�{©����H 2�2;Ãº\�¦?/#QZ�~��H�<ÊÃº

crazy2mul\�¦ &ñ
_����

crazy2mul : 2�2;Ãº× 2�2;Ãº→ 2�2;Ãº.

0A_� crazy2mul�Ér ��6£§_� $í
|9�s� ëß�7á¤÷&�� ô�Ç��:

• {©����y�, e��_�_� 2�2;Ãº z õ� z′\� @/K�"f

(crazy2val (crazy2mul z z′)) = (crazy2val z)× (crazy2val z′).

• crazy2mul�Ér F�)&h�Ü¼�Ð &ñ
_�÷&�� ô�Ç��.
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Exercise 4 “��Áº½̈�̧ X<s���”

���íß��<Æ(computer science)�Ér ��Áº\�¦ ��|½Óô�Ç��. U�·�¦ ����Ér Õü}s���, ��2£§×¼o�

��Áº��, Mµg$í
�>� .á<�Ér ��t�[þt�̀¦ Äºo���H Zþt ��ÀÒ>� �)a��.

��Áº½̈�̧(<�Ê�Ér ��t�½̈�̧, tree)��H ��6£§õ� °ú s� &ñ
_��)a��:

• l��:r ��Áº½̈�̧: {9�Dh �����H ��Áº½̈�̧s���.

• ��Áº½̈�̧[þt�̀¦¾¡§�¦e����H��Áº½̈�̧: ���_�=�Gt�\�"fô�Ç>hs��©�_���Áº½̈

�̧[þts� ������ ��t��Ð .á<#Q��çß� ½̈�̧��H ��r� ��Áº½̈�̧s���.

0A_�¿º��t� �̧|	�s���Áº½̈�̧\�¦ëß�×¼��H¿º��t�~½ÓZO��̀¦���&ñ
ô�Ç��: l��:r&h������

Áº\�¦ ëß�×¼��H ~½ÓZO�(base case)õ� ëß���H ��Áº[þt�̀¦ ��t��¦ Dh�Ðî�r ��Áº\�¦ ëß�×¼��H ~½Ó

ZO�(inductive case).

��Áº½̈�̧\�¦ ëß�×¼��H ��6£§_� ¿º �<ÊÃº\�¦ &ñ
_����:

leaf : α → tree

node : tree list → tree

leaf��H e��_�_� ��{9�(“α”�Ð ³ð�&³�l��Ð ���)_� °ú̀�כ¦ ��t���H {9�Dh ��Áº\�¦

ëß���H��. 7£¤, (leaf 1)���� &ñ
Ãº 1�̀¦ ��t���H {9�Dh ��Áº��, (leaf ’a)���� d���̂¦
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a\�¦ ��t���H {9�Dh��Áº��, (leaf ’(1 2))���� o�Û¼àÔ (1 2)\�¦ ��t���H {9�Dh��Áº

�� ÷&��x��. node��H ��Áº[þt_� o�Û¼àÔ\�¦ ~ÃÎ��"f Õª[þt�̀¦ 	�YV�Ð B�²ú��¦ e����H Dh

�Ðî�r ��Áº\�¦ ëß���H��. node�� ��� o�Û¼àÔ\�¦ ~ÃÎÜ¼��� ��� ��Áº\�¦ ëß���H��.

��Áº\�¦ ��6 x���H ��6£§ [j��t� �<ÊÃº[þt�̧ &ñ
_����:

is-empty-tree? : tree → bool

is-leaf? : tree → bool

leaf-val : tree → α

nth-child : tree × nat → tree

is-empty-tree?��H ÅÒ#Q��� ��Áº�� ��� ��Áº���t�\�¦ óøÍZ>�ô�Ç��. is-leaf?��H ÅÒ#Q

�����Áº��{9�Dh��Áº���t������t�\�¦óøÍZ>�ô�Ç��. leaf-val�Ér{9�Dh����t��¦e����H

X<s���\�¦ ���·p��. nth-child��H ��Áºü< �����Ãº n ≥ 0�̀¦ ~ÃÎ��"f Õª ��Áº_� n���

P: ��t�_� ��Áº(n-th subtree)\�¦ ?/ Z�~��H��. 2

Exercise 5 “�̧yn= Áº>� F�l�”

��;�©�\� B�²ú��9 ç�H+þA�̀¦ ú̧��Ér G� �Ér�Éry� ��¥[þto��¦ e����H �̧yn=�̀¦ *��̀¦�9�Ð��.

{9�ìøÍ&h���� ¿º°ú�A� �̧yn=�Ér ��6£§õ� °ú s� &ñ
_��)a��:

• �̧+þA �����H �̧yn=½̈�̧s���.

• �̧yn=[þt�̀¦ ¾¡§�¦e����H �̧yn=: ���_� ç�H+þA&h�\�"f ¢,aAá¤/�̧�ÉrAá¤_� �̧yn=½̈�̧[þt

s� .á<#Q��çß� ½̈�̧��H ��r� �̧yn=½̈�̧s���.

�̧yn=½̈�̧\�¦ ëß�×¼��H ��6£§ [j ��t� �<ÊÃº\�¦ &ñ
_����, éß�, ìøÍ×¼r� Exercise 4\�"f

&ñ
_�ô�Ç �<ÊÃºëß��̀¦ ��6 xô�Ç��:

model : nat → mobile

make-branch : nat × mobile → branch

make-mobile : branch × branch → mobile

model�Ér{9�§4�ô�Ç�����Ãº°úכëß��pu_�Áº>�\�¦°ú���H �̧+þA �̧yn=�̀¦ëß���H��. make-branch��H

Õª U�́s�ü< =åQ\� B�²ú��2; �̧yn=�̀¦ ~ÃÎ�� ���_� ��t�\�¦ s�ê�r��. make-mobile�Ér ¢,a

Aá¤/�̧�ÉrAá¤_� ��t�\�¦ ~ÃÎ�� ���_� �̧yn=�̀¦ s�ê�r��.

�̧yn=�̀¦ ��6 x���H ��6£§ ¿º ��t� �<ÊÃº[þt�̧ &ñ
_����:

is-balanced? : mobile → bool

weight : mobile → nat

is-balanced?��H ÅÒ#Q��� �̧yn=s� ’ç�H+þAú̧�)�e����Ht�’\�¦ óøÍZ>�ô�Ç��. ���_� �̧yn=�Ér

�ª�Aá¤ ��t�_� �Ðß¼(U�́s�×Áº>�)�� °ú �̀¦ M: ç�H+þAs� ú̧�y� 9, ¿º ��t�_� Áº>�_� ½+Ë
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s�Õª �̧yn=_�Áº>����)a��. ô�Ç �̧yn= ½̈�̧ ?/_� �̧��H�0A �̧yn= ½̈�̧��ç�H+þA�©�I�

\� e���̀¦ M:, Õª �̧yn=�Ér ’ç�H+þAú̧�)�e����’�¦ ô�Ç��. weight��H Õª �̧yn=½̈�̧_� 8úx Áº

>�\�¦ ?/Z�~��H��. 2

Exercise 6 “�7Ho��r�Ð��H ��Áº½̈�̧”

ÂÒÖ�¦�r�Ð(Boolean circuit)����H�(��Ér��6£§õ�°ú s	כ±ú�&h�Ü¼�Ð&ñ
_��)a��. �̧

��H ÂÒÖ�¦ �r�Ð��H ��� s��©�_� {9�§4�õ� ���_� Ø�¦§4��̀¦ ��t��¦ e����.

• l��:r: 0�̀¦ ����� ���l�×�¦�Ér ÂÒÖ�¦ �r�Ðs���.

• l��:r: 1�̀¦ ����� ���l�×�¦�Ér ÂÒÖ�¦ �r�Ðs���.

• )±ú�: ÂÒÖ�¦ �r�Ð ���\�¦ ��t��¦ ¢̧���Ér �r�Ð\�¦ ëß�×¼��H ~½ÓZO� nots� e����.

• )±ú�: ÂÒÖ�¦ �r�Ð ¿º>h\�¦ ��t��¦ ¢̧���Ér �r�Ð\�¦ ëß�×¼��H ~½ÓZO� and�� e����.

• )±ú�: ÂÒÖ�¦ �r�Ð ¿º>h\�¦ ��t��¦ ¢̧���Ér �r�Ð\�¦ ëß�×¼��H ~½ÓZO� or�� e����.

ÂÒÖ�¦ �r�Ð\�¦ ëß�×¼��H 0A_� ��$Á	��t� ~½ÓZO�[þt�̀¦ &ñ
_����:

zero : circuit

one : circuit

not : circuit → circuit

and : circuit × circuit → circuit

or : circuit × circuit → circuit

0A_� �<ÊÃº[þt�̀¦ &ñ
_�½+É M:��H ìøÍ×¼r� Exercise 4\�"f &ñ
_�ô�Ç �<ÊÃºëß��̀¦ ��6 xô�Ç��.

7£¤, ��_���¹כ“â
>�”(abstraction barrier)\�¦L:t�·ú§�̧2�¤ô�Ç��. Õªo��¦,ÂÒÖ�¦�r�Ð

�� #Qb�G>� �= ��Áº½̈�̧�� ÷&��Ht�\�¦ 6£§p����.

Õªo��¦ ÂÒÖ�¦ �r�Ð\�¦ ��6 x���H ��A�_� #�$Á	��t� �<ÊÃº[þt�̧ &ñ
_����:

is-zero? : circuit → bool

is-one? : circuit → bool

is-not? : circuit → bool

is-and? : circuit → bool

is-or? : circuit → bool

sub-circuit : circuit × nat → circuit

sub-circuit�Ér �r�Ðü< �����Ãº n ≥ 0�̀¦ ~ÃÎ��"f Õª �r�Ð_� n���P: ��t�_� �r

�Ð(n-th sub-circuit)\�¦ ?/ Z�~��H��. 2
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Exercise 7 “�7Ho� �r�Ð_� >�íß�”

Exercise6_��<ÊÃº[þt�Ðëß�[þt#Q���ÂÒÖ�¦�r�Ð_�þj7áxØ�¦§4�°úכ(�r�Ð_�_�p�)\�¦>�

íß����H �<ÊÃº

output : circuit → {0, 1}

\�¦ &ñ
_����.

ÂÒÖ�¦�r�Ð_�þj7áxØ�¦§4�°úכ�ÉrÕª�r�Ð��#Qb�G>�ëß�[þt#Q&����\�������6£§õ�°ú 

s� F�)&h�Ü¼�Ð &ñ
_��)a��. zero_� Ø�¦§4�°úכ�Ér 0. one_� Ø�¦§4�°úכ�Ér 1. (not B)�Ér

�r�Ð B_� Ø�¦§4�°úכs� 0s���� 1, 1s���� 0. (and B1 B2)�Ér �r�Ð B1õ� B2 Ñüt_� Ø�¦

§4�°úכs� �̧¿º 1{9� M:ëß� 1, ��m���� 0. (or B1 B2)�Ér �r�Ð B1õ� B2 Ñüt_� Ø�¦§4�°úכ

s� �̧¿º 0{9� M:ëß� 0, ��m���� 1. 2
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