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1 �¦�è�¦�è�Ó�é�¬�å�Û�ï�¬�t� �¢�•�£�›�^�”

	Ø�C�»�¶�]�� 1 �s
\ �É���ó�í (aka. codeworm)

�¡	��w�…�^�œ�x�a�Š�‡�`�o�{�\�w�G�Ä�p�x�Ó�é�¬�å�Û�ï�¬�t� �t�m�M�o	í�‘�˜�T�’�s

�M�s�“�t�×�^�w�t� �›�^�l�o�ˆ�h�é�›�`�‡�b�{

1.1 �x�a�Š�t

�Ó�é�¬�å�Ü�›�¦�Á�p�V�”�‘�O�t�b�”�t�x

�Ó�é�¬�å�Ü�›�¦�Á�b�”�w�t�¦�Á�;
ƒ���›�^�”�i�Z�p�x
Æ	G
ü�s�\�q�U�K�“�‡�b�{�«�Q

�y�ž�Ó�æ�­�”�³�ã�ï�w�¤�p�]�X	–�^�s�ž�Ó�æ�­�”�³�ã�ï�w�‘�O�s�‹�w 1�›�ˆ�T�`�h�M�q

�`�‡�b�{�f�•�›�î�q�b�”�h�Š�t�Ó�½�ž�Ó�æ�w�Õ�”�µ�q�s�”�¨	Å�$�s�‹�w�›�K�’�T�a�Š�;

�™�`�z�f�w�ˆ�^�›���[�b�”�h�Š�t
ƒ���ò�è�›�M�X�m�T�^�l�o�f�w
ƒ���Ñ�•� �ç�›�¡�ˆ��

�‰�‘�O�t�b�”�q�r�O�s�”�p�`�•�O�T�{	–�F�Û�s�‹�w�s�’�f�•�p�‹	G
ü�T�‹�`�•�‡�d�œ

�U�z�Ó�½�ž�Ó�æ�t�0�b�”�â�”�²�”�w�Ö�—	��ˆ�s�r�U
ÿ�Q�”�q�f�•�g�•�w�Ä	Å�]�q�t
ƒ��

�ò�è�›�^�’�s�M�q�M�Z�s�M�w�p�F�Û�U	Í�U�”�t�m�•�r�œ�r�œ
ó�v�t�s�l�o�`�‡�M�‡�b�{

�f�w	Í�f�•�’
ƒ���ò�è�x�i�w�ž�Ó�æ�­�”�³�ã�ï�w�‰
C	��U�ß�Q�s�Z�•�y�s�’�s�M�w�p�×

���S�U�K�‡�“�ô�X�s�’�s�M�‘�O�t�‹�¥�˜�•�‡�b�{�f�œ�s�q�V�ž�Ó�æ�­�”�³�ã�ï	Í�p�Ó�é

�¬�å�Ü�›�î�æ�b�”�‘�O�s�\�q�›�b�•�y�o	m�=�p�V�”�w�p�x�s�M�T�q�¥�O�\�q�U�K�“�‡

�b�{�Ó�é�¬�å�Û�ï�¬�s�’�Å�h�‘�O�s	r�g�›�{�q�‡�q�Š�t�p�V�h�“�ˆ�^�w	Ô�ù
ü�Z�›���o

�t
¯�q�p�V�h�“�b�”�T�’�p�b�{�p�‹�f�œ�s�\�q�U�p�V�”�w�p�`�•�O�T�•

�e�L�p�V�”�Ó�é�¬�å�Û�ï�¬�t� 

�f�w�M�O�w�°�m�q�`�o
Ê�ˆ���ˆ�t� �›�;�M�”�q�M�O�M�O�U�K�“�‡�b�{
Ê�ˆ���ˆ�t� �q

�x�ž�Ó�æ�­�”�³�ã�ï�w�¤�t	r�g�%�›�0�›�t�e�L�p�V�”
z�±�$�o	m�s�Ó�é�¬�å�Û�ï�¬�t� 

�w�\�q�p�z�\�•�›�;�M�”�\�q�p�ž�Ó�æ�­�”�³�ã�ï�›�Ó�é�¬�å�Û�ï�¬�q�M�O�M�O�p
â�^

�b�”�\�q�U�p�V�‡�b 2�{
Ê�ˆ���ˆ�t� �t�x Lua �• Javascript�z Squirrel �s�r�U�K�“�‡�b�{

���s�x�f�œ�s�‹�w�›�î�M�t�^�l�o�ˆ�‘�O�q�¥�M�‡�b�{

1�M�˜�•�”�ž�Å�¦�ï�w�‘�O�s�‹�w�›
Ý
þ�^�•�h�M
2�î�x
Ê�ˆ���ˆ�t� �w	r�g�%�x�±�ï�Å�Ø�¿�«�µ�q�`�o�–�˜�•�o�M�”�\�q�‹�K�”�{�«�Q�y Python �p	{�T
�•�h�ž�Ó�æ�­�”�³�ã�ï�x�Þ�´�á�”�ç�›�ˆ�$�t�å�C�b�”�\�q�p�;�ó�›
ÿ�•�d�f�O�i�U�f�•�p�x�?�p�‹�ž�Å
�¦�ï���p�p�V�o�`�‡�O�h�Š�N�ù�U�q�M�{
Ê�ˆ���ˆ�t� 	r�g�%	Í�p�ž�Å�¦�ï�›�î�æ�b�•�y�ž�Ó�æ�­�”�³�ã
�ï�U���™�b�”�;�ó�`�T�–�O�\�q�U�p�V�s�X�s�“�ð�J�U�r�>�b�”



2 1 �¦�è�¦�è�Ó�é�¬�å�Û�ï�¬�t� �¢�•�£�›�^�” — �É���ó�í (aka. codeworm)

1.2 �q�t�T�X�^�l�o�ˆ�”

�f�œ�s�˜�Z�p�F�s�ˆ�t
æ�º�p�æ�˜�•�h�Ë�¿�§�¹�ï�´ α �w�Ì���›�–�l�o Python 3�p�¦

�è�¦�è�t� �w	r�g�%�›�î
÷�`�o�ˆ�‡�`�h�{�t� �x Iceberg �q�M�O�Ê
²�t�`�‡�`�h�{�\�w

�G�Ä�p�‹�Ž�<�f�w�‘�O�t�z�|�‡�b�{

���o�s�“�7

Iceberg �x �Ë�©+�¾
:�» �w���w	B�‡�“�p	{�T�•�z���q���x�~�æ���È�w 0x0A(New Line)

�p�à
~�’�•�‡�b 4�{�<�t���w�Ï���›�Ô�`�‡�b�¢�¯�”�Å 1.1�£�{ operation �U�Ë�©�p <arg-

n>�U�¾
:�p�b�{�Ë�©�q�¾
:�»�x
R�¯�µ�Ö�”�µ�p�à
~�’�•�o�M�‡�b�{�Ë�©�t�‘�l�o�x�¾


:�»�U�s�M	Ô�ù�‹�K�“�‡�b�{

operation <arg-1>,<arg-2>,...,<arg-n>

�¹�”�µ�¯�”�Å 1.1: �Ë�©���w�T�h�j

�‡�h�Ó�é�¬�å�Ü	Í�w�•�”�›�¦�Ô�b�”�h�Š�w�®�å�Õ�ç� �̄‹�K�“�‡�b�{
R�¯�ó
:�È�w
²�t

@�›�m�Z�”�q�å�Õ�ç�t�s�“�‡�b�{�\�•�›���q�`�o	{�M�o�S�X�q
ü�0�Ë�©�¢�™	\�£�p�f�\

�t�´�ß�ï�Ó�b�”�\�q�U�p�V�‡�b�{ BASIC �•�ž�·�ï�Ò�å�t�K�”�‰�Ê�w�‹�w�q�‰�a�‘�O�s

�ò�a�p�b�{���x INT�¢
T
:���£�z FLOAT�¢
Ô�ˆ	–
:�:
:���£�z BOOL�¢
��P�‹���£�z

STR�¢���È�»�� )�z LABEL�¢�å�Õ�ç���£�w 5 �m�U�K�“�‡�b 5�{�°
æ�w���t�x�æ�Â�å�ç

�U���O�`�‡�b�¢
¯ 1.1�£�{

�� �æ�Â�å�ç�w�T�h�j

INT 	–
:�:�w�s�M
:�È 0 42 -128

FLOAT 	–
:�:�w�K�”
:�È 3.14 .525 25.

BOOL true �T false

STR ”�• ’ �p�“�‡�•�h���È�» ”It’s sunny” ’It was ”unknown” for a while’


¯ 1.1: �æ�Â�å�ç

�!
:�x�s�Z�•�y�^�’�•�‡�b�¢�E�Ö�U�I�\�”�q�V�t�^�”�T�r�O�T
Q�…�^�•�”�£�{�!
:�x

�‹�U�E�Ö�^�•�h�Ì�:�p���U�{���^�•�”�w�p�™�p���w���w�‹�›�Ö�•�”�\�q�x�p�V�‡�d�œ�{

�!
:�›�^�”�°�m�w�M�O�x
Ê�ˆ���ˆ�w�E�Ö�Ë�© let�¢�¯�”�Å 1.2�£�›�–�O�\�q�p�b�{

let �»�!
:�Ê�¼�|�»�E�Ö�b�”�‹�w�¼

�¹�”�µ�¯�”�Å 1.2: let �Ë�©

�!
:�‹�‡�h�¾
:�t�s�”�\�q�U�p�V�‡�b�{�!
:�w�‹�x�Ë�©�î�æ�Ì�w�!
:�w�‹�›�–�M�€	°�I

�`�x�`�‡�d�œ�{�«�Q�y�K�”�!
:�t���w�!
:�›�E�Ö�`�h�K�q�i�w�!
:�›�!�Ë�`�o�‹�E�Ö
Œ

�w�!
:�x�è�¹�›	!�Z�‡�d�œ�{

Iceberg �p�x���w�‰�ç�$�s�!�õ�U�æ�˜�•�‡�d�œ�{�h�q�Q�y INT ���q FLOAT ���›�


�`�‰�b�”�\�q�x�p�V�‡�d�œ�{�\�•�x�§�¢�ï�»�q�`�o�–�l�o�M�h INT ���w�!
:�w�‹�U�Á

3�½�p�x
��»�Œ�ó�p�×�¿�Ä�s�t� �q�^�•�o�M�”�U�‹�j�–�œ
Z�;�w�t� �p�K�”�{�µ�«�æ�Ó�Ä�t� �w�°�m�q
�^�•�”�\�q�U�K�”
4�m�‡�“�°�æ�t�°��	{�X�q�M�O�\�q
5	r�g�%�w�¹�”�µ�¯�”�Å�t�x T UNDET �• T ANY �s�r�w���w�‘�O�s�G	\�U�K�”�U���w	t���p�x�s�M�{
�;�M�x�™	\�b�”�{
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�™�Ý�w�O�j�t FLOAT �t�!�õ�^�•�o�M�o�-�‰�™�t�p�V�h�¡�)�U�è�¹�`�o�`�‡�O�w�›�w

�Y�h�Š�p�b�{�r�\�p
~�“�ú�o�•���Š�›�b�•�y�M�M�T�™�Ý�`�o	{�X�\�q�t�s�“�‡�b�¢�Ž�<

�(�Š�z�î�x�t� �›�×�^�`�o�ˆ�‘�O�q�¥�l�h�Þ�½�Õ�”�³�ã�ï�w�°�m�q�`�o�×
²�w�®�”�Ü�‰


C�§�	�¹�Ñ�Ä�›�^�“�h�T�l�h�q�M�O�\�q�U�K�“�‡�b�{�®�”�Ü�p�x�«�Q�y
T
:�‹�w�ó�—�‹

�› 1.2 
��b�”�s�r�w	r�g�U�K�“�z�\�œ�s�q�V�t�-�‰�¡�)�p�»�s�Ì�¬�U�I�\�l�o�„�`�X�s

�T�l�h�w�p�b�£�{ Iceberg �p�x���w�!�õ�w�h�Š�t�©�ß�µ�Ä�Ë�©�U�K�“�‡�b�{�\�•�x�„�…

let �Ë�©�p�b�U�Ë�©�t�0� �b�”���t�E�Ö�b�”�‹�w�U�!�õ�^�•�”�q�M�O�:�p�Ÿ�s�“�‡�b�{


M�š	r�g�x 2 �m�w
ü�0�Ë�©�p�æ�M�‡�b�{ goto �x�f�w�°�m�p�Á	Ú�E�t�¦���`�h�å�Õ�ç

�‡�p�´�ß�ï�Ó�`�‡�b�{�‹�O�°�m�x when �p�)�Q�’�•�h�¾
:�U true �s�’ goto �`�‡�b�{

�f�w���w
Ê�ˆ���ˆ�Ë�©�‹���Š�o
¯�t�‡�q�Š�”�q�Í�w�‘�O�t�s�“�‡�b�¢
¯ 1.2�£�{


¯ 1.2: �Ë�©
¯

�Ë�© �� /	r�g

nop nop

�?�‹�`�‡�d�œ

let let <�!
:�Ê ><�E�Ö�b�”�‹�w >

�!
:�t�‹�›�E�Ö�`�‡�b

add add <�¦�Ö�å�ï�Å A><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

�¦�Ö�å�ï�Å A �q B �›�
�`�o�E�Ö
Œ�t�A�L�›�¨�ò�`�‡�b

sub sub <�¦�Ö�å�ï�Å A><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

�¦�Ö�å�ï�Å A �T�’ B �›�¾�M�o�E�Ö
Œ�t�A�L�›�¨�ò�`�‡�b

mul mul <�¦�Ö�å�ï�Å A><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

�¦�Ö�å�ï�Å A �q B �›�T�Z�o�E�Ö
Œ�t�A�L�›�¨�ò�`�‡�b

div div <�¦�Ö�å�ï�Å A><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

�¦�Ö�å�ï�Å A �› B �p�˜�l�o�E�Ö
Œ�t�A�L�›�¨�ò�`�‡�b

�¢�A�L�x	–
:�:�Ž�<
~�“�ú�o�z INT �‰�œ�s�’	Ž�£

div r div r <�¦�Ö�å�ï�Å A><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

div �Ë�©�w�A�L�U	×�t FLOAT ���s�Ì�”�´�ã�ï

mod mod <�¦�Ö�å�ï�Å A><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

�¦�Ö�å�ï�Å A �› B �p�Â�l�h�q�V�w�(�“�›�E�Ö
Œ�t�¨�ò�`�‡�b

pow pow <�¦�Ö�å�ï�Å A><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

�¦�Ö�å�ï�Å A �› B �p�‚�V	Ð�`�E�Ö
Œ�t�A�L�›�¨�ò�`�‡�b

and and <�¦�Ö�å�ï�Å A><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

�¦�Ö�å�ï�Å A �q B �w�æ�g
u�›�E�Ö
Œ�t�¨�ò�`�‡�b

or or <�¦�Ö�å�ï�Å A><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

�¦�Ö�å�ï�Å A �q B �w�æ�g�è�›�E�Ö
Œ�t�¨�ò�`�‡�b

xor xor <�¦�Ö�å�ï�Å A><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

�¦�Ö�å�ï�Å A �q B �w
	���$�æ�g�è�›�E�Ö
Œ�t�¨�ò�`�‡�b

not not <�¦�Ö�å�ï�Å ><�E�Ö
Œ>

�¦�Ö�å�ï�Å�w
q���›�›�E�Ö
Œ�t�¨�ò�`�‡�b

cmp cmp <�¦�Ö�å�ï�Å A><
z�±���‰�  ><�¦�Ö�å�ï�Å B><�E�Ö
Œ>

�¦�Ö�å�ï�Å A �q B �q�›
z�±�`�o�A�L�U
z�±���‰� �q�°�•�`�h�T�r�O�T�›

BOOL ���w�‹�p�E�Ö
Œ�t�¨�ò�`�‡�b

int int <�!
:�Ê ><�!�õ�b�”�‹�w >
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�Ë�© �� /	r�g

�‹�› INT ���t�!�õ�`�o�!
:�t�E�Ö�`�‡�b

float float <�!
:�Ê ><�!�õ�b�”�‹�w >

�‹�› FLOAT ���t�!�õ�`�o�!
:�t�E�Ö�`�‡�b

bool bool <�!
:�Ê ><�!�õ�b�”�‹�w >

�‹�› BOOL ���t�!�õ�`�o�!
:�t�E�Ö�`�‡�b

str str <�!
:�Ê ><�!�õ�b�”�‹�w >

�‹�› STR ���t�!�õ�`�o�!
:�t�E�Ö�`�‡�b

cat cat <���È�» A><���È�» B><�E�Ö
Œ>

2 �m�w���È�»�›�A�ù�`�o�E�Ö
Œ�t�¨�ò�`�‡�b

goto goto <�å�Õ�ç >

�å�Õ�ç�w�•�”�t�´�ß�ï�Ó�`�‡�b

when when <
Q���‹ ><�å�Õ�ç >


Q���‹�U true �s�’�å�Õ�ç�w�•�”�t�´�ß�ï�Ó�`�‡�b

dump dump

�Ë�©�î�æ�Ì�:�p�J�å�^�•�o�M�”�!
:�q�å�Õ�ç�w�æ�µ�Ä�›
¯�Ô�`�‡�b�¢�Ã�Ì�¿�¬
•�;�£
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Iceberg �p�x�µ�«�æ�Ó�Ä�w���È�»�›�?�S�‹�Í�”�µ�b�”	����›	²�X�h�Š�z�î�M�t�µ�«�æ

�Ó�Ä�›�î�æ�b�”
²�t�º
æ�;�w
¯�q�¢�¤��
¯�q�£�t�!�õ�`�o�M�‡�b�{�Š�R�s�’�\�w	r�g�w

�q�V�t�!
:�w���›�¬���b�•�y�‘�M�w�p�b�U�q�O�w�î
÷�p�x�!
:�w���w	r�g�›�î�æ�Ì�t

�æ�l�o�M�‡�b�{�m�‡�“�¤��
¯�q
\
R�Ì�t�x�!
:�t T UNDET �q�M�O�‹�›�¹�q�`�o�Â�“

�p�o�o�S�M�o�z�î�æ�Ì�t�f�w�¹�U�K�”�¾
:�›�!
:�q�`�o�{�M�î�M�w�‹�q���›�{�Š�”�‘�O

�t�`�o�M�‡�b�{

T UNDET �U�?�T�›
†�Ì�`�‡�`�h�U�‹�O�°�m T ANY �q�M�O�‹�w�‹�K�“�‡�b�{�\

�•�‹ Iceberg 	r�g�%�w�º
æ�p�–�O�‹�w�p�®�K�”���p�s�M�¯�\�q�›
¯�q�b�”�h�Š�w�‹�w�p

�b�{	r�g�%�t get argument() �q�M�O�¾
:�w���›�½�£�¿�«�`�o�f�w�‹�›	��˜�b�”��
:

�U�K�”�w�p�b�U�z�\�\�p�«�Q�y STR ���›�¾
:�w���q�`�o�Ð�­�`�h�M�q�V�t�z�¾
:�w��

�q�`�o T ANY xor T STR6�›�¦���b�”�\�q�p STR ���Ž�Ž�w�¾
:�i�Z�è�b�\�q�U�p

�V�‡�b�{

�Ž	Í�U�“�7�w�G�.�w
†�Ì�p�b�{�\�\�p�¹�”�µ�¯�”�Å�w�r
†�‹�Ö�•�‘�O�q�¥�l�h�w�p�b

�U���t�ù�M�‡�d�œ�p�`�h�z�b�ˆ�‡�d�œ�{�¹�”�µ�¯�”�Å�x GitHub 	Í�p�¬�‰ 7�`�‡�b�{�?

�T
��2�U�K�•�y�Ë	ý�b�”�T�‹�p�b 8�{�s�S�z Iceberg �w	r�g�%�x�Í�¿�­�”�´�q�`�o�–�O�\

�q�U�p�V�z	Í�•�w�Ó�é�¬�å�Ü�T�’	r�g�%�›�ˆ�T�`�h�“�;�ó�›�å�C�`�h�“�p�V�”�‘�O�t

�s�l�o�M�‡�b�{�«�Q�y�Ë�©�›�å�C�b�”�\�q�U�p�V�‡�b�¢�™	\�£�{

1.3 �–�l�o�ˆ�”

Iceberg �›�–�l�o FuzzBuzz �ð�J�›�r�M�o� �̂‡� �̀h�{�Ž�<�U�f�w�¹�”�µ� �̄”�Å�p�b�¢� �̄”

�Å 1.3�£�{

let cnt_now, 1
let cnt_fizz, 0
let cnt_buzz, 0
@loop

cmp cnt_fizz, "<", 2, b_not_fizz
cmp cnt_buzz, "<", 4, b_not_buzz
let s_mes, ""
when b_not_fizz, @not_fizz

cat s_mes, "Fizz␣", s_mes
let cnt_fizz, -1

@not_fizz
add cnt_fizz, 1, cnt_fizz
when b_not_buzz, @not_buzz

cat s_mes, "Buzz", s_mes
let cnt_buzz, -1

@not_buzz
add cnt_buzz, 1, cnt_buzz
bool b_show_mes, s_mes
when b_show_mes, @show_mes

str s_mes, cnt_now
@show_mes
print s_mes

6���x�Ï�¿�Ä�Ñ�å�¬�t�s�l�o�M�”
7https://github.com/H-Teramura/iceberg
8T UNDET �s�œ�o Python 
[�w�î
÷�t�s�M�a�Œ�s�M�T�‚�q�t�˜�•�f�O�p�b�U�f�O�s�œ�p�b�z T UNDET
�x Go 
[�›	{�M�h�q�V�t�å�C�`�h�‹�w�p�b�{�`�T�`�°� �\�w�:�p�x 2 �m�w	r�g�%���t�“�õ
Q�U�’�”�‘�O
�t�`�o�K�”�w�p�•�`�o�X�i�^�M
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add cnt_now, 1, cnt_now
cmp cnt_now, "<=", 10000, b_continue
when b_continue, @loop

�¹�”�µ�¯�”�Å 1.3: Iceberg �w�¯�”�Å

�A�L�x�Õ�M�w�p	²�t�œ

print �Ë�©�l�o�?�•�v�œ�‚�q�¥�l�h�p�`�•�O�{�î�x�\�•�x	Í�•�w�Ó�é�¬�å�Ü�T�’�å�C

�`�h�Ë�©�p�b 9�{�\�•�t�‘�l�o Iceberg �Ó�é�¬�å�Ü�T�’�i�w�ž�Ó�æ�­�”�³�ã�ï�w�;�ó�›

�z�|	Z�b�\�q�U�p�V�”�w�p�b�{�å�C�w�“�M�x�Í�w�Õ�ï�½�Ú�”�«�;�¯�”�Å�¢	Í�•�Ó�é�¬�å

�Ü�q�`�o�;�ó�b�”�£�›�€	°�`�o�X�i�^�M�{

�\�•�› 100 �T�’ 10000 �s�‡�p	ó�y�`�o�î�æ�`�o�ˆ�”�q�²�w���¥ 10�p�x�i�M�h�M 0.441


µ�T�T�“�‡�`�h�{�Õ�ï�½�Ú�”�«�t�;�M�h�¯�”�Å�‹�L�d�o�S�V�‡�b�¢�¯�”�Å 1.4�£�{

import iceberg
import time

class testVM(iceberg.IcebergVM):
def inst_print(self, args):

operand = self.get_argument(args[0], iceberg.T_STR)
print(operand)

def add_other_symbols(self):
self.const_opcode[’print’] = iceberg.InstructionDesc(self.inst_print, 1)

vm = testVM()

with open(’main.ib’) as f:
src = f.read()

print("Compiling...")

c_time_s = time.time()
bytecode = vm.gen_bytecode(src)
c_time_d = time.time() - c_time_s

print("Running␣FizzBuzz...")

e_time_s = time.time()
vm.run(bytecode)
e_time_d = time.time() - e_time_s

print("Result:")
print("Compilation␣time", c_time_d, "sec.")
print("Execution␣time", e_time_d, "sec.")

�¹�”�µ�¯�”�Å 1.4: �Õ�ï�½�Ú�”�«

1.4 �‹�l�q
ã�M�î
÷

Python �x�¹�”�µ�¯�”�Å�› CPU �p�î�æ�p�V�”�;�•� �t�x�!�õ�`�‡�d�œ�U�z C �t� �s�r

�w CPU �;�w�;�•� �›�^�”�\�q�U�p�V�”�t� �p�î�æ�Ñ�•� �ç�›�^�”�q�î�æ���S�U�‘�X�s
9���t�‹	r�g�%�º�w�!
:�›	Í�•�Ó�é�¬�å�Ü�T�’�¬�Ý�b�”�\�q�‹�p�V�”
10Intel Core i7-7500U,8GB RAM, � �ï�»�”�Ñ�£�”�µ
Æ�Ì SSD�¢�M�l�z�M�p�x�s�M�£ ,Linux OS 64bit
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�”�\�q�U�K�“�‡�b�{�f�œ�s�˜�Z�p Iceberg �› Go �t�  11�›�;�M�o�î
÷�`�o�ˆ�‡�`�h�{	r

�g�%�w�¹�”�µ�¯�”�Å�x
Œ���w GitHub �æ�Ù�´�Ä�æ�t�K�“�‡�b�{


Œ���q�‰�7�w���¥�p 10000 �s FuzzBuzz �›�î�æ�`�o�ˆ�h�q�\�–�î�æ�Ì���U�i�M�h�M

0.206 
µ�t�s�“�î�æ���S�x 2.14 
��t�s�“�‡�`�h�{	r�g�%�w�¯�”�Å�›�‹�l�q�‘�X�b�•�y�^

�’�t�ô���t�p�V�”�‘�O�s�>�‹�`�‡�b�U 12�{�Õ�ï�½�Ú�”�«�;�w�¯�”�Å�x�\�j�’�p�b�¢�¯�”

�Å 1.5�£�{

package main

import(
"fmt"
"io/ioutil"
"./iceberg"
"time"

)

type testVM struct{
iceberg.IcebergVM

}

func (vm *testVM) inst_print(args []iceberg.Entity) {
operand, _ := vm.Get_argument(args[0], iceberg.T_STR)
fmt.Println(operand.(string))

}

func (vm *testVM) start() {
vm.Init()
vm.Inst_table["print"] = iceberg.InstructionDesc{ vm.inst_print, 1, }

}

func main() {
byte_temp, err := ioutil.ReadFile("main.ib")
if err != nil {

fmt.Println("Load␣Failed")
return

}
vm := testVM{iceberg.IcebergVM{}}
vm.start()
script := string(byte_temp)

t0 := time.Now()

bytecode := vm.Gen_bytecode(script)

vm.Run(bytecode)

t1 := time.Now()
fmt.Printf("Execution␣time(indluding␣compilation):␣%v␣ms\n",

int64(t1.Sub(t0) / time.Millisecond))
}

�¹�”�µ�¯�”�Å 1.5: �‹�l�q�Õ�ï�½�Ú�”�«

�î�x�\�w�î
÷�t�x�‡�c�M�q�\�–�U�K�“�‡�b�{ mod �Ë�©�› FLOAT ���›�¾
:�t�q�l�o

11�\�w�t� �›�½�ã� �µ�`�h�g���x�®�–�l�o�ˆ�h�T�l�h�¯
12�Ì�ï�Ì�ï�Ë�¿�³�á�Â�”�Ò�ç�›�–�˜�s�M�‘�O�t�`�h�M
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�î�æ�`�h�q�V�t 2 �m�w�î
÷�w���p�A�L�t�)�U	Z�o�`�‡�O�w�p�b�{�î�x Python �p�x	Ò�(

���‰�U
T
:�p�‹
Ô�ˆ	–
:�:
:�p�‹���[�^�•�”�w�t�0�` Go �w	Ò�(���‰�U�¦�Ö�å�ï�Å�U
T


:���p�K�”�q�V�w�ˆ���[�^�•�o�M�”�w�p Go �p Iceberg �›�î
÷�b�”�q�V�t
Ô�ˆ	–
:�:
:

�p�w	Ò�(���‰�›�b�”	r�g�›�^�l�o�•�”
ž�A�U�K�“�‡�b�{�`�T�`�f�w	r�g�›�‡�i�î
÷�`�o

�M�s�M�w�p�ˆ�^�U�Ÿ�s�l�o�`�‡�O�˜�Z�p�b�{�q�M�O�˜�Z�p���w	t Iceberg �p
Ô�ˆ	–
:�:


:�‰�œ�w	Ò�(�-�‰�›�`�h�q�V�w�ˆ�^�x�°���[�p�b�{

1.5 �S�˜�“�t

�7	s�x���o�s�“
Ê�ˆ�t�`�h�m�‹�“�p�`�h�U�I�T�M�q�\�–�›�ß�Q�”�q�™�Ž�q
ó�v�t�s�“

�î
÷�t�Ì���‹�T�T�“�‡�`�h�{�p�‹�z�q�“�K�Q�c�ˆ�^�b�”�‹�w�›�^�”�\�q�U�p�V�h�w�p�‡

�K�‘�T�l�h�\�q�t�`�o�S�\�O�q�¥�M�‡�b�{ Iceberg �x�‡�i�“
Ê�ˆ�•�î
÷�t�h�X�^�œ�w�ð

�J�U�K�”�w�p 13�‹�l�q�)�§�`�o�q�“�K�Q�c�–�Q�”�q�\�–�‡�p�è�Õ�ç�ž�¿�Ó�p�V�h�’�‘�M

�s�q�¥�l�o�M�‡�b�{

�×
ü�p�^�l�h�t� �U�×�^�w	r�g�%�p�ˆ�^�b�”�w�x�\�w	Í�s�X�¸�`�M�\�q�p�b�{���‡�p

�³�¯�`�o�M�h
��‹�°�m�^�l�o�ˆ�o�x�M�T�U�p�`�•�O�T�{�p�x�z�‡�h�{

13�h�q�Q�y main.ib �›�_�”�q
ü�0�›�^�“�h�M�q�V�t�´�ß�ï�Ó
Œ�U�® xxx �p�s�M�q�V�¯�t�s�”���²�U�§�M
�w�p
����t���`�M�q�x�t�Q�s�M�`�z�¨�Õ�”�´�¯�è�«�»�‹�‡�i�î
÷�`�o�M�s�M
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[1] Python 3.6.x Documentation https://docs.python.org/3/

[2] The Tour of Go https://tour.golang.org/
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2 �q�.���è���‚

	Ø�C�»�¶�]�� �
�s
\ 
’�a���1

2.1 �x�a�Š�t

���s�z�¯�Ú�ï�Å�å� �ï�p	O�—
Ç�V�q�.���è���‚�U�p�V�”�‹�w�›�^
R�`�‡�`�h�{�¯�ï

�Ð�á�”�»�w AI �‹�e�L�`�o�M�‡�b�{�‰
C�t�–�;�`�h�t� �x C++�p�b�{


$ 2.1: �q�.�›�è���‚�w� �Ý�”�´

2.2 �ç�”�ç

�®�”�Ü�w�M
��x
Ó�è�w���è���‚�q�i�M�h�M�‰�a�p�z��
��¦�“�t�è�›�”�M�o�M�V�z
Œ�t

�×
ü�w�è�›���m���‚�h�’	‰�j�t�s�“�‡�b�{�`�T�`�z�\�w�®�”�Ü�w�›�Ã�$�s�q�\�–�x���·

���·���w�q�.�í��	Í�t�K�”�Ñ�Ÿ�”�ç�Å�p�b�{	N�#�ü�Š�0�¯
¢�-�����å� �ï�w�r�\�t���m

���Q�o�‹�‘�X�z�\�•�U�\�w�®�”�Ü�w�I�£�¯�t�s�“�‡�b�{�‡�h�z	O�—
Ç�V�q�M�O�\�q�p�í

�¤�t
Ô�T�d�o�è�›�”�X�\�q�x�p�V�‡�d�œ�{�Í�µ�x�p�V�c�z�Ð�a	��‹�K�“�‡�d�œ�{

2.3 �®�”�Ü�w�v�•

�®�”�Ü�x�Ž�<�w�v�•�p
��ˆ�‡�b�{

1) �»�”�ï�›
��Š�”�{

2) �è�›�”�X�{
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3) 	‰

�¾�V
ü�Z�w
Q���{�>�£�‡�i�s�’ 1) �•�í�”�{

4) 	4�ƒ�{

�Ž�<�x�z	Í�w�ç�”�Ó�›�î
÷�`�h main ��
:�p�b�{�«�å�µ�•��
:�w�r
†�x�Í�w	·�p�`

�‡�b�{

int main(){
//process before game start
srand((unsigned int)time(NULL));
std::cout << "game␣start" << std::endl;
Player player;
player.set_player();
Field field;
std::cout << "input␣:␣column␣row␣(both␣1~4)" << std::endl;
while(1) {

//process at turn start
field.show_field();
forward_turn(player, field);
std::cout << "turn␣" << field.get_turn() << std::endl;
std::cout << "+++␣" + player.get_name() + "’s␣turn␣+++"

<< std::endl;
//put piece
while(!field.put_on_field(input(player, field)))

std::cout << "***␣you␣can’t␣put␣there.␣***" << std::endl;
//check if win
if(field.check_game()) {

field.show_field();
std::cout << "+++␣" << player.get_name() << "␣win␣+++"

<< std::endl;
break;

}
//check if draw
if(field.get_turn() == CellNumber) {

field.show_field();
std::cout << "+++␣draw␣+++" << std::endl;
break;

}
}
return 0;

}

�¹�”�µ�¯�”�Å 2.1: main

2.4 �¯�”�Å�r
†

�®�”�Ü�t�–�O��
:�p�b�{

static const int EdgeLength = 4; // �
�%�w�Õ�^�z���è���‚�w��
static const int Square_of_EdgeLength = 16; //EdgeLength^2
static const int CellNumber = 64; // �®�”�Ü
k�Ø�����Ú�µ
static const int LineNumber = 76; // �å� �ï�����Š

�¹�”�µ�¯�”�Å 2.2: constant value
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2.4.1 �«�å�µ

�\�w�Ó�é�¬�å�Ü�p�x�z Player �«�å�µ�q Field �«�å�µ�›�^�“�‡�`�h�{

Player �«�å�µ

��
��w�Ó�è� �à�”�w	�� �̈¢
� or �¯�ï�Ð�á�”�»�£�q�Ê
²�›�Ë�j�z�»�”�ï�‰�•�Ì�•	‰



�>�£�Ì�w
•�t�•�è�›�”�V�M�›�>�Š�”�w�t�–�M�‡�b�{�Ó�è� �à�”�w	��¨�x�»�•��

�p���g�`�o�M�‡�b�{

�Ž�< Player �«�å�µ�w
•�t�{

enum PlayerID {
NULLID,
HUMAN,
COMPUTER1,
COMPUTER2,

};

class Player {
PlayerID id1;
std::string name1;
PlayerID id2;
std::string name2;
bool turn_flag; //true...first false...second

public:
Player();
void set_player();
PlayerID get_PlayerID() const;
std::string get_name() const;
void reverse_flag();

};

�¹�”�µ�¯�”�Å 2.3: class Player

Field �«�å�µ

�»�”�ï
:�z
k�Ø�w	Ý�6�s�r�z�®�”�Ü
��æ�t�=�T�d�s�M�!
:�›�Ë�j�z�®�”�Ü�w	��A

�s
æ
ü�›�r�p�`�‡�b�{ field �x�¤�Ú�µ�w	Ø�C�›�Ë�j�z
k�Ø�w
¯�Ô�t�–�M�‡�b�{ level

�x	N�²�V�w�
���Š�w�å� �ï�t�M�X�m�è�U
u�‡�•�h�T�›�Ë�j�z field �•�w�ž�«�·�µ�t

�ç�”�Ó�›�–�˜�s�M�‘�O�t�`�‡�b�{ linearr �x�����Š�w�å� �ï�w	Ø�C�›�Ë�j�z	‰

�w


Q���z
k�Ø�w
°�A�t�–�M�‡�b�{

�Ž�< Field �«�å�µ�w
•�t�{

class Field {
struct Line {

int first_point, second_point;
};

int turn;
std::array<int, CellNumber> field;
std::array<int, Square_of_EdgeLength> level;

public:
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std::array<Line, LineNumber> linearr;
Field();
void show_field() const;
bool put_on_field(const int&);
int get_turn() const;
void addturn();
void update_line(const int&);
int evaluate() const;
bool check_game();

};

�¹�”�µ�¯�”�Å 2.4: class Field

�Ž�<�Ý�ï�Ì��
:�w�î
÷�{

Player::Player()
: id1(NULLID), name1("player1"),
id2(NULLID), name2("player2"), turn_flag(0){

}

// �Ó�è� �à�”�w	Ø�C�›�·�¿�Ä
void Player::set_player(){

std::cout << "1...human␣␣␣2...computer␣Lv.1␣␣␣3...computer␣Lv.2"
<< std::endl;

int tmp;
std::cout << "player1␣:␣";
while(!(std::cin >> tmp) || (tmp < 1 || 3 < tmp)) {

std::cin.clear();
std::cin.ignore(1000, ’\n’);
std::cout << "***␣imput␣error␣***" << std::endl << "player1␣:␣";

}
switch(tmp) {
case 1: id1 = HUMAN; name1 = "player"; break;
case 2: id1 = COMPUTER1; name1 = "computer␣Lv.1"; break;
case 3: id1 = COMPUTER2; name1 = "computer␣Lv.2"; break;
}

std::cout << "player2␣:␣";
while(!(std::cin >> tmp) || (tmp < 1 || 3 < tmp)) {

std::cin.clear();
std::cin.ignore(1000, ’\n’);
std::cout << "***␣imput␣error␣***" << std::endl << "player2␣:␣";

}
switch(tmp) {
case 1: id2 = HUMAN; name2 = "player"; break;
case 2: id2 = COMPUTER1; name2 = "computer␣Lv.1"; break;
case 3: id2 = COMPUTER2; name2 = "computer␣Lv.2"; break;
}

if(id1 == id2) {
name1 += ’A’;
name2 += ’B’;

}
}

// �f�w�»�”�ï�w�Ó�è�”�à�”�w	��¨�~�Ê
²�›	��˜
PlayerID Player::get_PlayerID() const {
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if(turn_flag)
return id1;

else
return id2;

return NULLID;
}
std::string Player::get_name() const {

if(turn_flag)
return name1;

else
return name2;

return "";
}

// �»�”�ï�w�&�a
void Player::reverse_flag(){

turn_flag = !turn_flag;
}

Field::Field() : turn(0), field{}, level{}, linearr{}{
}

// 
k�Ø�›
¯�Ô
void Field::show_field() const {

std::cout << std::endl;
for(int z = EdgeLength - 1; z >= 0; --z) {

std::cout << "␣␣␣␣␣1234" << std::endl;
for(int y = 0; y < EdgeLength; ++y) {

int i = EdgeLength - y - 1;
while(i--)

std::cout << ’␣’;
std::cout << y + 1 << ’/’;
for(int x = 0; x < EdgeLength; ++x) {

switch (field[x + y*EdgeLength
+ z*Square_of_EdgeLength]) {

case 0: std::cout << ’*’; break;
case 1: std::cout << ’O’; break;
case -1: std::cout << ’X’; break;
}

}
std::cout << ’/’ << std::endl;

}
std::cout << std::endl;

}
}

// �Ö�—�t� �a�o�Ý�ï�Ì�›�Ë	ý
bool Field::put_on_field(const int& place){

if(level[place] != EdgeLength) {
int position = place + level[place]*Square_of_EdgeLength;
field[position] = turn % 2 ? 1 : -1;
++level[place];
update_line(position);
return 1;

}
return 0;

}
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int Field::get_turn() const {
return turn;

}

void Field::addturn(){
++turn;

}

// �å� �ï�w�Ë	ý�{�—�À�{
void Field::update_line(const int& position){

std::function<void(const int&)> f;
if(turn % 2)

f = [&](const int& i){
++linearr[i].first_point;

};
else

f = [&](const int& i){
++linearr[i].second_point;

};
switch(position) {
case 0: f(0); f(16); f(32); f(48); f(56); f(64); f(72); break;
case 1: f(0); f(17); f(33); f(65); break;
case 2: f(0); f(18); f(34); f(66); break;
case 3: f(0); f(19); f(35); f(52); f(60); f(67); f(74); break;
case 4: f(1); f(16); f(36); f(57); break;
case 5: f(1); f(17); f(37); f(48); break;
case 6: f(1); f(18); f(38); f(52); break;
case 7: f(1); f(19); f(39); f(61); break;
case 8: f(2); f(16); f(40); f(58); break;
case 9: f(2); f(17); f(41); f(52); break;
case 10: f(2); f(18); f(42); f(48); break;
case 11: f(2); f(19); f(43); f(62); break;
case 12: f(3); f(16); f(44); f(52); f(59); f(68); f(73); break;
case 13: f(3); f(17); f(45); f(69); break;
case 14: f(3); f(18); f(46); f(70); break;
case 15: f(3); f(19); f(47); f(48); f(63); f(71); f(75); break;
case 16: f(4); f(20); f(32); f(49); break;
case 17: f(4); f(21); f(33); f(56); break;
case 18: f(4); f(22); f(34); f(60); break;
case 19: f(4); f(23); f(35); f(53); break;
case 20: f(5); f(20); f(36); f(64); break;
case 21: f(5); f(21); f(37); f(49); f(57); f(65); f(72); break;
case 22: f(5); f(22); f(38); f(53); f(61); f(66); f(74); break;
case 23: f(5); f(23); f(39); f(67); break;
case 24: f(6); f(20); f(40); f(68); break;
case 25: f(6); f(21); f(41); f(53); f(58); f(69); f(73); break;
case 26: f(6); f(22); f(42); f(49); f(62); f(70); f(75); break;
case 27: f(6); f(23); f(43); f(71); break;
case 28: f(7); f(20); f(44); f(53); break;
case 29: f(7); f(21); f(45); f(59); break;
case 30: f(7); f(22); f(46); f(63); break;
case 31: f(7); f(23); f(47); f(49); break;
case 32: f(8); f(24); f(32); f(50); break;
case 33: f(8); f(25); f(33); f(60); break;
case 34: f(8); f(26); f(34); f(56); break;
case 35: f(8); f(27); f(35); f(54); break;
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case 36: f(9); f(24); f(36); f(68); break;
case 37: f(9); f(25); f(37); f(50); f(61); f(69); f(75); break;
case 38: f(9); f(26); f(38); f(54); f(57); f(70); f(73); break;
case 39: f(9); f(27); f(39); f(71); break;
case 40: f(10); f(24); f(40); f(64); break;
case 41: f(10); f(25); f(41); f(54); f(62); f(65); f(74); break;
case 42: f(10); f(26); f(42); f(50); f(58); f(66); f(72); break;
case 43: f(10); f(27); f(43); f(67); break;
case 44: f(11); f(24); f(44); f(54); break;
case 45: f(11); f(25); f(45); f(63); break;
case 46: f(11); f(26); f(46); f(59); break;
case 47: f(11); f(27); f(47); f(50); break;
case 48: f(12); f(28); f(32); f(51); f(60); f(68); f(75); break;
case 49: f(12); f(29); f(33); f(69); break;
case 50: f(12); f(30); f(34); f(70); break;
case 51: f(12); f(31); f(35); f(55); f(56); f(71); f(73); break;
case 52: f(13); f(28); f(36); f(61); break;
case 53: f(13); f(29); f(37); f(51); break;
case 54: f(13); f(30); f(38); f(55); break;
case 55: f(13); f(31); f(39); f(57); break;
case 56: f(14); f(28); f(40); f(62); break;
case 57: f(14); f(29); f(41); f(55); break;
case 58: f(14); f(30); f(42); f(51); break;
case 59: f(14); f(31); f(43); f(58); break;
case 60: f(15); f(28); f(44); f(55); f(63); f(64); f(74); break;
case 61: f(15); f(29); f(45); f(65); break;
case 62: f(15); f(30); f(46); f(66); break;
case 63: f(15); f(31); f(47); f(51); f(59); f(67); f(72); break;
}

}

// 
k�Ø�w
°�A
int Field::evaluate() const {

const std::array<int, 10> weight{0,5,100,200,10000,-10,
-100,-1000000,-100000000,1};

int value = 0;
for(int i = 0; i < LineNumber; ++i) {

int first = linearr[i].first_point;
int second = linearr[i].second_point;
if(first && second)

value += weight[0];
else if(first)

value += weight[first];
else if(second)

value += weight[second + 4];
else

value += weight[9];
}
return value;

}

// 	‰�b
Q��
bool Field::check_game(){

if(turn % 2) {
for(int i = 0; i < LineNumber; ++i)

if(linearr[i].first_point == EdgeLength)
return 1;
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}
else{

for(int i = 0; i < LineNumber; ++i)
if(linearr[i].second_point == EdgeLength)

return 1;
}
return 0;

}

�¹�”�µ�¯�”�Å 2.5: class

2.4.2 ��
:

�Ö�—�%�w�x
‡�Ý�ï�Ì��
:�t�o�î
÷�`�o�M�‡�b�{

// �«�å�µ�º�w�»�”�ï�›
��Š�”
void forward_turn(Player& player, Field& field){

player.reverse_flag();
field.addturn();

}

// �Ó�è� �à�”�w	��¨�t� �a�h�Ö�—�M�O�›�&�;
int input(const Player& player, Field& field){

int value = 0;
switch(player.get_PlayerID()) {
case HUMAN:

value = human_input();
break;

case COMPUTER1:
value = computer_input(5, field);
break;

case COMPUTER2:
value = computer_input(7, field);
break;

default: break;
}
return value;// value = 0...15

}

�¹�”�µ�¯�”�Å 2.6: function1

�\�w�®�”�Ü�p�x�z�è�›�”�Z�”	Ô	t�x	×�t�
���T	t�Ž�<�`�T�s�M�w�p�z�è�›�”�X	Ô	t�›

�¦���b�”�w�t
ž�A�s�Ö�—�x	N�#�w�Ú�µ�è
j�ø�i�Z�p�z�ô�^�x
ž�A�s�M�‘�O�t�`�o�M�‡

�b�{�î�x�z Field �«�å�µ�w level �x�\�•�›�î�q�b�”�h�Š�t�K�l�h�“�`�‡�b�{

// 
����w�Ö�—�x�¤�å�”�U	Z�s�M�‘�O�t	r�g
int human_input(){

int x,y;
while(!(std::cin >> x >> y) || (x < 1 || 4 < x || y < 1 || 4 < y)) {

std::cin.clear();
std::cin.ignore(1000, ’\n’);
std::cout << "***␣input␣error␣***" << std::endl;

}
--x;
--y;
return x + y*EdgeLength;



18 2 �q�.���è���‚ — 
’�a���1

}

�¹�”�µ�¯�”�Å 2.7: function2

�¯�ï�Ð�á�”�»�w	��x�z [1] [2] �›�€�ß�t�Û�Ç�Ú�¿�«�µ�O�%�»�w�É�¨�ž�ç�Ñ�•�O�p
Œ�¡�ˆ

�s�g�`�o�M�‡�b�{
°�A��
:�x���m�è�›���Q�’�•�”�����å� �ï�w	Ý�6�t� �a�o�:
:�›�m�Z

�”�q�M�l�h�o	m�s�‹�w�p�b�U�z�f�\�f�\�§�M�p�b�{

int computer_input(const int depth, const Field& field){
int max = INT_MIN;
std::array<int, Square_of_EdgeLength> arr{

INT_MIN, INT_MIN, INT_MIN, INT_MIN,
INT_MIN, INT_MIN, INT_MIN, INT_MIN,
INT_MIN, INT_MIN, INT_MIN, INT_MIN,
INT_MIN, INT_MIN, INT_MIN, INT_MIN

};
std::vector<int> candidate;
for(int p = 0; p < Square_of_EdgeLength; ++p) {

Field nextfield = field;
if(!nextfield.put_on_field(p))

continue;
if(nextfield.check_game())

arr[p] = INT_MAX;
else

arr[p] = -nega_alpha(nextfield, depth-1, INT_MIN, INT_MAX);
max = (max < arr[p]) ? arr[p] : max;

}
for(int p = 0; p < Square_of_EdgeLength; ++p)

if(arr[p] == max)
candidate.push_back(p);

int i = rand() % (int)candidate.size();
std::cout << candidate[i] % EdgeLength + 1 << ’␣’

<< candidate[i] / EdgeLength + 1 << std::endl;
return candidate[i];

}

int nega_alpha(const Field& field,const int depth, int alpha,const int beta){
if(field.get_turn() == CellNumber || !depth)

return field.evaluate();
for(int p = 0; p < Square_of_EdgeLength; ++p) {

Field nextfield = field;
nextfield.addturn();
if(!nextfield.put_on_field(p))

continue;
if(nextfield.check_game())

return INT_MAX;
int score = -nega_alpha(nextfield, depth-1, -beta, -alpha);
if(alpha < score)

alpha = score;
if(alpha >= beta)

return alpha;
}
return alpha;

}

�¹�”�µ�¯�”�Å 2.8: function3

�î
÷�x�Ž	Í�{�Ž�<�z�î�æ�A�L�{
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game start
1...human 2...computer Lv.1 3...computer Lv.2
player1 : 1
player2 : 2
input : column row (both 1~4)

1234
1/****/

2/****/
3/****/

4/****/

1234
1/****/

2/****/
3/****/

4/****/

1234
1/****/

2/****/
3/****/

4/****/

1234
1/****/

2/****/
3/****/

4/****/

turn 1
+++ player’s␣turn␣+++
1␣1

␣␣␣␣␣1234
␣␣␣1/****/
␣␣2/****/
␣3/****/
4/****/

␣␣␣␣␣1234
␣␣␣1/****/
␣␣2/****/
␣3/****/
4/****/

␣␣␣␣␣1234
␣␣␣1/****/
␣␣2/****/
␣3/****/
4/****/

␣␣␣␣␣1234
␣␣␣1/O***/
␣␣2/****/
␣3/****/
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4/****/

turn␣2
+++␣computer␣Lv.1’s turn +++
2 3

1234
1/****/

2/****/
3/****/

4/****/

1234
1/****/

2/****/
3/****/

4/****/

1234
1/****/

2/****/
3/****/

4/****/

1234
1/O***/

2/****/
3/*X**/

4/****/

turn 3
+++ player’s␣turn␣+++
4␣1

�¢�¤�t�£

turn␣35
+++␣player’s turn +++
4 4

1234
1/****/

2/****/
3/****/

4/****/

1234
1/****/

2/*XXO/
3/*OOO/

4/*OOO/

1234
1/*XO*/

2/*OXX/
3/*XXO/
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4/*XXO/

1234
1/OXOO/

2/*OXO/
3/OXXX/

4/XXXO/

turn 36
+++ computer Lv.1's turn +++
3 2

1234
1/****/

2/**X*/
3/****/

4/****/

1234
1/****/

2/*XXO/
3/*OOO/

4/*OOO/

1234
1/*XO*/

2/*OXX/
3/*XXO/

4/*XXO/

1234
1/OXOO/

2/*OXO/
3/OXXX/

4/XXXO/

+++ computer Lv.1 win +++

�¹�”�µ�¯�”�Å 2.9: result

2.4.3 �~
³�:�¢�Š�£

� �¯�Ú�ï�Å�å� �ï�i�q
k�Ø�w	Ý�6�U
ü�T�“�t�X�M�{�¢�f�w�d�M�p�‘�X
Û�Z�”�{�£�f�w

�h�Š�t�z�ž�Ó�æ�q�`�o�ˆ�X�‘�O�t�b�”�{

� �
	��¢�K�”�M�x��	��£�í�b�;�ó�›�m�Z�”�{

� AI �w�§�^�›	Í�[�”�{�‘�“�‘�M
°�A��
:�z�‡�h�x���w�M�O�¢�;�•�¶	6�q�T�£�›�q�”�{

2.5 �S�˜�“�t

�‡�i�‡�i�~
³�b�‚�V�q�\�–�x���M�p�b�U�z�«�å�µ�q�T�å�Ü�¼�Ü�q�T�Ö�•�o�×
ü�s�“

�t�°� �¬�
�`�h�‹�w�U	{�Z�h�q�¥�M�‡�b�{�7�™�‡�p�S�¡�ˆ�M�h�i�V�K�“�U�q�O�]�_�M�‡
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�`�h�{

�€�ß���Y

[1] �É�¨���O�›�5	Í�w�t�Ž�”�–�œ [ http://spheresofa.net/blog/?tag=%E3%83%8D%
E3%82%AC%CE%B1%E6%B3%95]

[2] �ž�ç�Ñ�•�~�Õ�”�»�O�µ wikipedia [ https://ja.wikipedia.org/wiki/%E3%82%A2%
E3%83%AB%E3%83%95%E3%82%A1%E3%83%BB%E3%83%99%E3%83%BC%E3%82%BF%E6%
B3%95]
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3 �b�]�M Prolog �m�X�l�o�¶�…�O ?!

	Ø�C�»�¶�]�� 3 �s
\ 	¦�ì�G�K

3.1 �Ó�é�é�”�¬

Prolog �q�M�O�Ó�é�¬�å�Û�ï�¬�t� �U�K�“�‡�b�{ C �t� �• BASIC �U	����V���t� �z Java

�• Smalltalk �U�¦�Ò�´�£�«�Ä�¦�²�t� �z OCaml �• Haskell �U��
:���t� �q�z�y�•�”�w�t

�0�`�o�z Prolog �x�æ�g���t� �q�z�y�•�o�M�‡�b�{ Prolog �x�z�Ë�J�w	Â�Ì�›
�� �q�b�”

�î�æ�w�“
Ê�ˆ�•�Ì�¿�«�Ä�å�¿�«�z�æ�g�!
:�z�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�s�r�Ø
(�M�›�Ã�›���X


‹�Q�o�M�‡�b�{

�\�w�G�Ä�p�x�z�f�œ�s Prolog �w	r�g�%�›�m�X�l�h�é�›�`�‡�b�{�½�t�²�•�”�¯�ï�Í� �å

�•� �ï�»�Ó�æ�»�w�Š�x�z�î
÷�^�•�”�t� �U	����V���•��
:���t� �p�K�”�‹�w�U�„�q�œ�r

�p�z�æ�g���t� �›�{�l�o�M�”�‹�w�x�K�‡�“�_�‡�d�œ�{�p�b�U�z�›�t WAM(�™	\ ) �x
‡	×

�t�‘�X�ß�Q�’�•�o�M�o�z�þ�t�q�m�q�h�s�M�q�T�����s�X�Ø
(�M�é�J�p�K�”�q�¥�M�‡�b�{

3.2 Prolog �w�î�æ���6

Prolog 	r�g�%�w�î�q�M�O�q�`�o�z�‡�c� �ï�»�Ó�æ�»�U�•�[�’�•�‡�b�{�Ž
²�²�‹ Prolog

� �ï�»�Ó�æ�»�›�î
÷�`�‡�`�h 1�{�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�•�!
:�w���g�p�›�t�ä�Ñ�`�h�‘�O

�t�¥�M�‡�b (�‹�l�q�‘�M�•�“�M�U�K�l�h�w�T�‹�`�•�‡�d�œ�U ...)�{�f�w���t�x�z�¤���t� 

�t�!�õ�`�o�>
Ý�Ú�³�ï�p�î�æ�`�h�“�z C �t� �w�¹�”�µ�¯�”�Å�•�!�õ�`�o�T�’�;�•� �t�¯

�ï�Í� �ç�`�h�“�q�M�l�h�M�O�U�•�[�’�•�‡�b�{

�7�‘�s�M�O�U�K�“�‡�b�U�z���X�w Prolog 	r�g�%�x Warren’s abstract machine(WAM)

�›�Õ�”�µ�t�`�o�M�‡�b�{ WAM �x David H. D. Warren �t�‘�l�o�ß�Š�^�•�h�z Prolog �w

�î�æ�w�h�Š�t�ß�Q�’�•�h�¨	Å�;�•�p�z Prolog �w
ó�v�s�“
Ê�ˆ�›�O�‡�X�î�q�`�o�M�‡�b�{

�\�w�G�Ä�p�x�f�œ�s WAM �w�r
†�›	��t�æ�M�h�M�q�¥�M�‡�b�{

3.3 WAM

3.3.1 WAM�l�o�? ?

WAM �U Prolog �w�î�æ�w�h�Š�w�¨	Å�;�•�p�K�”�q 3.2 
…�p�t�M�‡�`�h�{�®�\�œ�s�ò�a

�w�Ë�©�·�¿�Ä�q�è�´�µ�»�z�Ý�Þ�æ�U�K�•�y Prolog �w
ó�v�s�î�æ�Ý�§�Ç�¶�Ü�›�®�p�‘�X

�î�q�p�V�”�œ�a�Œ�s�M�w� �̄q Warren �^�œ�U�ß�Q�h�‹�w�U Warren’s Abstract Machine�z

WAM �p�b�{ Prolog �Ó�é�¬�å�Ü�x	\� �~�í�ð�o�•�p WAM �Ë�©�t�¯�ï�Í� �ç�^�•�z�>
Ý

�Ú�³�ï�p�î�æ�^�•�‡�b�{�‡�h�z Prolog �w	r�g�t�›�=�`�h�Ë�”�Å�¢�£�ž (Prolog �Ú�³�ï )

1https://github.com/matsud224/petit-prolog
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�p WAM �w�è�¹�›	!�Z�o�M�”�‹�w�‹�K�“�‡�b�{

WAM �w�Ý�Þ�æ�è� �ž�¢�Ä�q�è�´�µ�»�›
$ 3.1 �t�Ô�`�‡�b�{�Ó�é�¬�å�Ü�§�¢�ï�»�•�µ

�»�¿�«�z�Î�”�Ó�•�x�Ö�t�`�h�\�q�U�K�”�T�‹�Œ�•�‡�d�œ�U�z�Ä�è� �ç�•�Ì�¿�«�Ä�å�¿�«

�è�´�µ�»�s�r�	�V�ó�•�s�M�Ê
²�U�M�X�m�T	Z�o�V�‡�b�{	ƒ�‘�t�\�•�’�w
†�Ì�›�`�o�M�X

�w�p�z�Ì�‘�\�w
$�›�_�&�`�o�ˆ�o�X�i�^�M�{


$ 3.1: WAM �w�Ý�Þ�æ�è� �ž�¢�Ä�q�è�´�µ�»

3.3.2 �è�´�µ�»�q�Ý�Þ�æ

�‡�c�z�Ý�Þ�æ�q�è�´�µ�»�w�–�M�M�t�m�M�o�M�X�m�T�>�Š�o�S�V�‡�b�{�Ý�Þ�æ�t�x�ž�Å

�è�µ�U	ü�’�•�o�M�o�z�Ý�Þ�æ 1 �o�•�t�x�»�¬�q�‹�w
Ê�U�¨�ò�p�V�”�‹�w�q�`�‡�b�{�»�¬

�x�z
¯ 3.1 �t�•�[�h�‹�w�›�›�–�;�`�‡�b�{�‡�h�z�¾
:�è�´�µ�»�t�‹�Ý�Þ�æ�q�‰�7�t�»�¬
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�q�‹�w
Ê�U�¨�ò�p�V�”�q�`�‡�b�{�f�w���w�è�´�µ�»�t�x�ž�Å�è�µ�›�¨�ò�p�V�‡�b�{

�»�¬ �‹ �™�¯

REF(reference) �ž�Å�è�µ �Ý�Þ�æ�•�w�€	°

CON(constant) �ž�Ä�Ü or 
:�‹ ��
:

STR(structure) �Ï���.�w
Œ�„�ž�Å�è�µ �Ï���.�•�w�€	°

SST(structure start) �Ï���.�Ê /�¾
:�w
: �Ï���.�w�‰�•


¯ 3.1: �»�¬�q�f�w�™�¯

�«�Q�y�z�Ï���. a(1,X) �x
¯ 3.2 �w�‘�O�t�Ý�Þ�æ	Í�t�”�T�•�‡�b�{�\�\�p�z X �x�°��


1�!
:�p�K�”�q�`�‡�b�{�°��
1�!
:�x�×
ü�×
��›�€	°�b�”�\�q�p
¯�q�^�•�‡�b�{

�ž�Å�è�µ �»�¬ �‹

100 SST a/2

101 CON 1

102 REF 102


¯ 3.2: �Ï���. a(1,X) �w�Ý�Þ�æ	Í�p�w
¯�q

Prolog �x�°��
1�!
:�‰�œ�w�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�U�D�ó�p�z�r�j�’�T�°�M�t�‹�O�°�M�w

�!
:�•�w�€	°�U�E�Ö�^�•�‡�b�{�b�”�q�z�!
:�‰�œ�w�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�t�‘�“�?	O�t�‹

�€	°�U�È�/�b�”�\�q�U�ß�Q�’�•�‡�b�{��
:�‹�`�X�x�Ï���.�~�æ�µ�Ä�•�w�€	°�z�‹�`�X�x

�°��
1�!
:�t�x�a�b�”�‡�p�€	°�›�g�”
â�^�›�Ã�æ�Ñ�•�è�ï�µ�q�M�M�‡�b�{ WAM �p�x�z

�!
:�t�0�`�o�‡�c�Ã�æ�Ñ�•�è�ï�µ
â�^�›�æ�M�z�f�w�¤
��›
Q�…�`�‡�b�{

3.3.3 �â�Ç�Ñ�Ÿ�­�”�³�ã�ï

�‡�c�x�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�T�’�•�Š�‡�`�•�O�{

p(X, bar, a(bar,X)).

�q�M�O�Ä�î p �U�K�”�q�V�z

?- p(foo, X, a(X,foo)).

�q�í�ð�`�o�ˆ�‡�b�{�\�•�x X=bar �q�s�“�‡�b�{

�Ä�î p �q�í�ð�x�f�•�g�•
$ 3.2 �q
$ 3.3 �w�‘�O�s WAM �Ë�©�t�¯�ï�Í� �ç�^�•�‡�b�{

�s�S�z�(�z�w
:�È�x�æ
j�ø�p�b�{ %�T�’�æ�¤�‡�p�x�¯�Ý�ï�Ä�p�z Prolog �Ó�é�¬�å�Ü�q�w

�S�S�‡�T�s�0� �›�Ô�`�o�M�‡�b�{

�,�Š�$�t�x�z�z�|	Z�`���U put-*�Ë�©�p�¾
:�è�´�µ�»�t�‹�›�·�¿�Ä�`�o�z�z�y�•�h��

�U get-*�Ë�©�p�¾
:�è�´�µ�»�›�U�*�b�”�q�M�O�v�•�p�b�{�¾
:�è�´�µ�»�x A1, A2, ..., An

�q
¯�G�`�z	q
j�t�H 1 �¾
: , �H 2 �¾
: , ..., �H n �¾
:�w	$	!�t�–�;�`�‡�b�{�¾
:�è�´�µ�»

�w�x
:�t�m�M�o�x�\�\�p�x�Á�¹�`�‡�b�{

get-*�• unify-*�Ë�©�x�è�´�µ�»�~�Ý�Þ�æ	Í�w�‹�›�_�o�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�w
R�­ /�æ



�›
Q���`�‡�b�{�\�\�p�è�´�µ�»�~�Ý�Þ�æ	Í�w�‹�‰�œ�w�â�Ç�Ñ�Ÿ�­�”�³�ã�ï
â�^�U�æ�˜

�•�z�‹�w
z�±�•�°��
1�!
:�•�w��
1�U�æ�˜�•�”�w�p�b�{�‡�h�z�Ï���.�x put-struct �Ë�©

�t���X set-*�Ë�©�z get-struct �Ë�©�t���X unify-*�Ë�©�p�{�M�‡�b�{
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1: get-variable A4,A1 % p(X,
2: get-constant bar,A2 % bar,
3: get-structure a/2,A3 % a(
4: unify-constant bar % bar,
5: unify-value A4 % X)
6: proceed % ).


$ 3.2: �Ä�î p �w WAM �Ë�©

1: put-constant foo,A1 % ?- p(foo,
2: put-variable A4,A2 % X,
3: put-structure a/2,A3 % a(
4: set-value A4 % X,
5: set-constant foo % foo)
6: call p/3 % ).


$ 3.3: �í�ð�w WAM �Ë�©

	Í�G�w�«�›�_�o�ˆ�‡�b�{�‡�c�í�ð�w�°�”�ç�� (�z�|	Z�`�� ) �p�z�¾
:�è�´�µ�» A1 �t

1 
j�è�w�¾
:�›�z A2 �t 2 
j�è�w�¾
:�› ... �q�¾
:�›	q
j�t�·�¿�Ä�`�o�M�V�‡�b�{�°
j�s

���o�s�‹�w�q�`�o�z 1 �æ�è�w put-constant foo,A1 �x�è�´�µ�» A1 �t��
: foo �›�·�¿�Ä�`

�‡�b�{

2 �æ�è�w put-variable �p�x�è�´�µ�»�t (�°��
1 ) �!
:�›�·�¿�Ä�`�o�M�‡�b�{�¾
:�è�´�µ

�»�x�°�”�ç�w�z�|	Z�`�U�I�\�”�S�t�–�; (	Í	{�V ) �^�•�‡�b�{�!
:�x�™�t��
1�U�I�V�”

�D�ó
Q�U�K�”�h�Š�z�f�•�p�x���“�‡�b�{�f�w�h�Š�z�!
:�x�è�´�µ�»�t�Ú
€�”�T�•�”�w�p

�x�s�X�Î�”�Ó�–�¬�‡�h�x�µ�»�¿�«�–�¬�t�f�w�–�¬�U�¬�-�^�•�‡�b�{�µ�»�¿�«�–�¬�t�¬�-

�b�”	Ô�ù�x�™�p
†�Ì�b�”�q�`�o�z�\�\�p�x�Î�”�Ó�–�¬�t�¬�-�›�æ�M�‡�b�{�Î�”�Ó�è�´

�µ�» H �x�–�;�A�ˆ�Î�”�Ó�–�¬�w�¤
Œ�›�¦�b�è�´�µ�»�p�b�{ 2 �æ�è�w put-variable A4,A2

�x�z�‡�c H �è�´�µ�»�›� �ï�«�æ�Ý�ï�Ä�`�o�z�Î�”�Ó�–�¬�t�!
: 1 �m
ü�w�–�¬�›�q�“�‡

�b�{�f�`�o�f�•�›�°��
1	Ý�6�t�`�o�z�f�w�Ý�Þ�æ�•�w�€	°�›�¾
:�è�´�µ�» A4 �q A2 �t

�E�Ö�`�‡�b�{�¾
:�x 3 �m�`�T�Á�M�w�t A4 �›�–�l�o�‹�M�M�w ?�z�q�¥�˜�•�h�T�‹�`�•�‡

�d�œ�{�¾
:�w�x
:�›�Ò�Q�h�¾
:�è�´�µ�»�x�×���s�;�M�t�–�Q�‡�b 2�{

3-5 �æ�è�x�Ï���. a(X,foo) �w	r�g�p�b�{�Ï���.�‹�Î�”�Ó�–�¬�t�”�T�•�‡�b�{�‡�c 3 �æ

�è�w put-structure a/2,A3 �p�Î�”�Ó	Í�t�Ï���.�w�‰�•�w�¹ (SST) �›�”�V�‡�b�{ A3 �t�x

�f�w�Ï���.�•�w�€	° (STR) �U�Ö�“�‡�b�{ set-*�Ë�©�x�Ï���.�w�¾
:�›�Î�”�Ó�–�¬�t�”�X

�h�Š�t put-structure �t���M�o�–�;�^�•�‡�b�{�‡�c�!
: X �›�”�X�˜�Z�p�b�U�z X �x�7

	Z�p�z A4 �t�x�b�p�t�!
: X �•�w�€	°�U�Ö�l�o�M�‡�b�{�f�w�h�Š set-variable �p�x�s�X

set-value �›�–�M�‡�b�{�f�`�o��
: foo �›�”�M�o�z call p/3 �p	\�  p/3 �›�z�|	Z�`�‡�b�{

�\�\�‡�p�p�z�{�q�‡�c�z�|	Z�`���w	r�g�x	4�˜�“�p�b�{
$ 3.4 �x 5 �æ�è�î�æ�Ú�™�w�è

�´�µ�»�q�Î�”�Ó�w�7� �p�b�{


$ 3.4: 5 �æ�è�î�æ�Ú�™�w�è�´�µ�»�q�Î�”�Ó�w�7� 

�^�o�z���S�x�z�y�•�h�� (�Ä�î p) �w WAM �Ë�©�›�_�o�M�V�‡�b�{�¾
:�è�´�µ�»�› get-*

2�\�\�p A4 �t�‹�E�Ö�`�o�M�‡�b�U�z�î�x�\�•�x�Á�,�s�w�p�7�&�=�p�~
³�^�•�”�‚�V�:�s�w�p�b ...
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�Ë�©�p	q
j�t�_�o�M�V�‡�b�{ 1 �æ�è�w get-variable A4,A1 �x�o	m�t A1 �w�‹�› A4 �t�E�Ö

�`�o�M�‡�b�{ 2 �æ�è�w get-constant bar,A2 �p�x A2 �b�s�˜�j�H 2 �¾
:�q bar �p�â�Ç�Ñ�Ÿ

�­�”�³�ã�ï�›�æ�M�‡�b�{ A2 �U�°��
1�!
:�p�K�l�h	Ô�ù�x A2 �t bar �›��
1�`�‡�b�{ A2

�U�°��
1�!
:�p�s�X�z��
: bar �p�‹�s�M	Ô�ù�x�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�æ

�s�w�p�z�™	\�b

�”�Ì�¿�«�Ä�å�¿�«�U
C�ˆ�^�•�‡�b�{

�Ï���.�w	Ô�ù�x�z get-structure �w�™�t unify-*�Ë�©�U���X���q �s�“�‡�b�{ 3 �æ�è�w get-

structure a/2,A3 �x A3 �b�s�˜�j�H 3 �¾
:�U�Ï���. a/2 �‹�`�X�x�°��
1�!
:�p�K�”�T�Ð

�‚�‡�b�{

�‹�`�Ï���. a/2 �U�b�p�t�Î�”�Ó�–�¬�t�K�”�s�’ READ �Þ�”�Å�•� �æ�`�‡�b�{�±�Ò�»�”

�Ü�Ù� �ï�» S �U�Ï���.�w�K�”	Ô	t�›�¦�b�‘�O�t�`�o�z�™���w unify-*�Ë�©�p S �›� �ï�«�æ

�Ý�ï�Ä�`�s�U�’�Î�”�Ó�–�¬	Í�w�Ï���.�w�¾
:�t�m�M�o�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�›�æ�M�‡�b�{

�‹�` A3 �U�°��
1�!
:�i�l�h�s�’ WRITE �Þ�”�Å�•� �æ�`�‡�b�{�™���w unify-*�Ë�©

�p�x�Î�”�Ó�–�¬�t�Ï���.�›�Ï�™�`�o�M�V�‡�b�{�\�w�‘�O�t�z get-structure �t�‘�l�o
¬�R

�^�•�h�Þ�”�Å�t�‘�l�o���X unify-*�Ë�©�w�ˆ�^�U�!�˜�”�w�p�b�{�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�x


Ò�M�²�p�K�”�\�q�›�ß�Q�”�q�f�O�s�”�w�‹�ò�˜�U�M�V�‡�b�{

���s�w�í�ð ?- p(foo, X, a(X,foo)). �p�x�Ï���.�›�”�M�o�M�”�w�p�z READ �Þ�”�Å

�q�s�“�‡�b�{ 4 �æ�è�w unify-constant bar �p�x�Î�”�Ó	Í�w�Ï���. a/2 �w�H 1 �¾
: (�ž�Å

�è�µ�x 102) �›�_�‡�b�{�0	Å�U�§�O�i�Z�p get-constant �q�‰�7�w�ˆ�^�p�b�{

5 �æ�è�w unify-value A4 �p�x A4(�!
: X) �q�Î�”�Ó	Í�w�Ï���. a/2 �w�H 2 �¾
: (�ž�Å

�è�µ�x 103) �q�›�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�`�‡�b�{�\�w�‘�O�s�è�´�µ�»�~�Ý�Þ�æ	Í�t�”�T�•

�h�‹�‰�œ�w�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�t�m�M�o�‹�z Prolog �w�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�F���q�‰�7�p

�b�{�«�Q�y�z CON foo �q CON foo �x
R�­�z CON foo �q CON bar �x�æ

�z REF 10(�°

��
1�!
: ) �q CON foo �w	Ô�ù�x 10 
j�•�› foo �t�`�o
R�­�z�w�‘�O�s�ò�a�p�b�{�°��
1

�!
:�‰�œ�w�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�w	Ô�ù�x�°�M�w�ž�Å�è�µ�›���M�•�E�Ö�b�”�\�q�t�s�”�w

�p�b�U�z�€	°�w�M�²�U�ž�Å�è�µ�U�G�V�M�M�T�’	–�^�M�M�q�s�”�‘�O�t�`�‡�b�{�\�•�x�¼

�ï�¬�æ�ï�¬�Ù� �ï�»�q�s�“�O�”�z�Î�”�Ó�T�’�µ�»�¿�«�•�w�€	°�U�p�V�s�M�‘�O�t�b�”�h

�Š�p�b�{

���s�w�í�ð�p�x�z�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�t
R�­�`�‡�b�{�â�Ç�Ñ�Ÿ�­�”�³�ã�ï	4�ƒ�™�w�è

�´�µ�»�q�Î�”�Ó�w�7� �›
$ 3.5 �t�Ô�`�‡�b�{


$ 3.5: �â�Ç�Ñ�Ÿ�­�”�³�ã�ï	4�ƒ�™�w�è�´�µ�»�q�Î�”�Ó�w�7� 

�‹�`�z�í�ð�U ?- p(foo, X, Y). �i�l�h�q�b�”�q�z WRITE �Þ�”�Å�q�s�“�‡�b�{�\�w

�Ì�w unify-*�Ë�©�x set-*�Ë�©�q�‰�a�ˆ�^�q�s�“�z�z�|	Z�`���p�Ï���. a(bar,X) �›�Î�”
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�Ó�t�Ï�™�`�‡�b�{

3.3.4 ���¥

�\�\�p�x�z�F�� (
…�p�Ø�Ã�Ÿ�›�‹�m�‹�w ) �›�{�Q�”�‘�O�t�`�‡�b�{

a(...) :- b(...), c(...).

�\�w�F�� a �› WAM �Ë�©�t�¯�ï�Í� �ç�b�”�q�z

(a �w get/unify �Ë�©�» )
(b �w put/set �Ë�©�» )
call b
(c �w put/set �Ë�©�» )
call c

�\�œ�s�ò�a�t�s�“�‡�b�{�Ø�Ã�Ÿ�w
:�i�Z put/set �q call �›���‚�”�i�Z�p�b�{

�q�\�–�U�\�\�p�z�K�”�ð�J�U
C
\�`�‡�b�{�Í�w�F�� p �›�]�a�X�i�^�M�{

p(X,Y) :- q(Y), r(X),s(Z).

�!
: X �x�¾
:�è�´�µ�» A1 �T�’�€	°�^�•�o�M�”�q�`�‡�b�{�f�w�q�V�z r(X) �w�z�|	Z�`

�w�Ì�t A1 �t X �•�w�€	°�U�K�”�-	Â�x�K�“�‡�d�œ�{ q �w�z�|	Z�`�p�¾
:�è�´�µ�»�U	Í	{

�V�^�•�o�`�‡�O�T�’�p�b�{

�f�\�p���¥�q�M�O�‹�w�›�‹�Ö�`�‡�b�{�\�•�x C �t� �w�µ�»�¿�«�Ñ�è�”�Ü�w�‘�O�s�‹�w

�i�q�¥�l�o�X�i�^�M�{�\�•�‡�p�x�!
:�›�Î�”�Ó�t�¬�-�`�o�¾
:�è�´�µ�»�T�’�€	°�`�o�M

�h�w�p�b�U�z�!
:�w�–�¬�›�µ�»�¿�«	Í�w���¥�º�t�q�”�\�q�p	Í�G�w�ð�J�›�r�>�`�‡�b�{

���¥�º�t�”�T�•�”�!
:�x�z�A�b�”�t C �t� �w�é�”�§�ç�!
:�ˆ�h�M�s�‹�w�p�b�{�\�\�p

�x�\�w�‘�O�s�!
:�›�Ã�q�!
:�q�z�|�‡�b�{�f�•�q�0
z�`�o�z�Î�”�Ó	Í�t	��’�•�”�!
:�›

�°�Ì�!
:�q�z�|�‡�b�{�K�”�!
:�U�Ã�q�!
:�q�`�o���¥�º�t�¬�-�^�•�”�T�z�°�Ì�!
:�q�`

�o�Î�”�Ó�t�¬�-�^�•�”�T�x�¯�ï�Í� �ç�Ì�t�>���^�•�‡�b�{�f�w�,	j�x�z�®�Ø�Ã�Ÿ�p�z
ó


:�w�°�”�ç�t�‡�h�U�l�o	Z�q�b�”�!
:�x�Ã�q�!
:�z�f�•�Ž�Ž�x�°�Ì�!
:�q�b�”�{� �̄p�b�{

	Í�G�w�F�� p �p�x�z X �U�Ã�q�!
:�z Y �q Z �U�°�Ì�!
:�p�b�{ Y �x�Ô�¿�Å�q�Ø�Ã�Ÿ�w�†�M

�t	Z�q�`�o�M�‡�b�U�z�Ô�¿�Å�p�w	Z�q�x�§�¢�ï�Ä�`�‡�d�œ�{

���¥�t�m�M�o	Ä�`�X�_�o�M�V�‡�b�{�‡�c�z�q�O�w���¥�x���¥�è�´�µ�» E �U�¦�`�o�M�‡

�b�{���¥�w
\
R�x allocate �Ë�©�z
��:�x deallocate �Ë�©�›�–�;�`�‡�b�{ allocate �Ë�©�p�x

�µ�»�¿�«�–�¬�t	ý�h�s���¥�›�¬�-�~	s�8�=�`�z E �U�f�•�›�¦�b�‘�O�t�`�‡�b�{ deallocate

�Ë�©�p�x E �U 1 �m
²�w���¥�›�¦�b�‘�O�t�`�‡�b�{ Prolog �w�!
:�w�µ�¯�”�Ó�x
…�º�p�K�”

�h�Š�z
…�U�z�y�•�”�S�t���¥�U�µ�»�¿�«	Í�t�q�’�•�‡�b�{ WAM �¯�”�Å�q�`�o�x�z
…�w

�x�a�Š�t allocate �Ë�©�z	4�˜�“�t deallocate �Ë�©�›�”�M�o�•�“�‡�b�{�f�`�o�z���¥�x
¯

3.3 �w�‘�O�s�Ï���q�s�l�o�M�‡�b�{ E+2+n �p n 
j�è�w�Ã�q�!
:�t�ž�«�·�µ�p�V�‡�b�{�f

�•�g�•�w���¥�x 1 �m
²�w���¥�w�ž�Å�è�µ�›�Ë�l�o�M�”�h�Š�È�A�æ�µ�Ä�t�s�l�o�M�‡�b�{

�‹�O�{�q�m�z�æ�»�”�ï�ž�Å�è�µ�t�m�M�o�4�
�`�o�S�V�‡�b�{ call �Ë�©�p�x�z���w
…�•

� �l�h�K�q�t�í�l�o�X�”�h�Š�t�æ�»�”�ï�ž�Å�è�µ�›�æ�»�”�ï�ž�Å�è�µ�è�´�µ�» CP �t

�·�¿�Ä�`�o�M�‡�b�{�f�`�o�z�Ä�î�w	Ô�ù�x proceed �Ë�©�U CP �› P �t�E�Ö�`�o
î�<�`�‡

�b�{�F���w	Ô�ù�x�z CP �U	{�V�õ�Q�’�•�”�D�ó
Q�U�K�”�h�Š�æ�»�”�ï�ž�Å�è�µ�x���¥�º

�t�@
†�`�o�S�V�‡�b (
¯ 3.3 �€	° )�{�f�`�o�z deallocate �Ë�©�p���¥�T�’�æ�»�”�ï�ž�Å�è

�µ�› P �•�E�Ö�`�o
î�<�`�‡�b�{
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E 1 �m
²�w���¥�w�ž�Å�è�µ

E+1 �æ�»�”�ï�ž�Å�è�µ

E+2 �Ã�q�!
:�w
:

E+3 1 �m�è�w�Ã�q�!
:

E+4 2 �m�è�w�Ã�q�!
:

E+5 3 �m�è�w�Ã�q�!
:

... ...


¯ 3.3: ���¥�w�Ï��

1: allocate 1 %
2: get-variable Y1,A1 % p(X,Y) :-
3: put-value A2,A1 % q(Y)
4: call q/1 % ,
5: put-value Y1,A1 % r(X)
6: call r/1 % ,
7: put-variable A1,A1 % s(Z)
8: call s/1 % .
9: deallocate %


$ 3.6: �F�� p �w WAM �Ë�©


Œ�„�r�w�F�� p �x
$ 3.6 �w�‘�O�s WAM �¯�”�Å�t�¯�ï�Í� �ç�^�•�‡�b�{�‡�c�x 1 �æ�è

�w allocate 1 �p�Ã�q�!
: 1 �x�U�Ö�”���¥�›�¬�-�`�‡�b�{ 2 �æ�è�t�x Y1 �q�M�O
¯�G�U�^

�•�o�M�‡�b�U�z�\�•�x 1 
j�è�w�Ã�q�!
:�›�Ô�`�o�M�‡�b�{ get-variable Y1,A1 �x A1 �T

�’ Y1 �t�E�Ö�›�æ�M�‡�b�{ Yn �•�x E �T�’�w�¦�Ñ�·�¿�Ä�p�ž�«�·�µ�U�s�^�•�‡�b�{ 9 �æ

�è�w deallocate �Ë�©�p�z E �p�ž�«�·�µ�p�V�” 1 �m
²�w���¥�w�ž�Å�è�µ�› E �t�·�¿�Ä�`�‡

�b�{�A�b�”�t�z E �U 1 �m
²�w���¥�›�¦�b�‘�O�t�`�‡�b�{

3.3.5 �Ì�¿�«�Ä�å�¿�«

�K�q�Ì�¿�«�Ä�å�¿�«�U�p�V�•�y�z�‹�O Prolog �p�b�{�\�w
…�p�x�z�Ž�<�w�‘�O�t OR

�����t�K�”
…�›���‚�”�\�q�U�p�V�”�‘�O�t�`�‡�b�{

a(foo).
a(bar).
a(baz).

�Ì�¿�«�Ä�å�¿�«�x�z�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�U�æ

�b�”�s�r�w�A�¼�p�I�\�“�‡�b�{�K�”

�°�”�ç�t�0�`�o�©�4
…�U
ó
:�K�l�o�f�w�O�j�w�°�m�›
¬�y�s�Z�•�y�s�’�s�M�q�V�z�f�w

�Ì�:�›�½�ã� �µ�Ù� �ï�Ä�q�z�|�‡�b�{�Ì�¿�«�Ä�å�¿�«�U�I�V�”�q�z�‹�l�q�‹�7�Ù�t
\
R

�^�•�h�½�ã� �µ�Ù� �ï�Ä�t�í�“�z�Í�©�4�›
¬�R�`�‡�b�{ Prolog �p�x���[	q�p
¬�R�›�æ�M

�‡�b�{�Ì�¿�«�Ä�å�¿�«�Ì�t�½�ã� �µ�Ù� �ï�Ä�t�í�l�o�V�o�Í�w�©�4
…�›
¬�R�p�V�”�‘�O

�t�b�”�h�Š�t�x�z�f�w�Ì�:�p�w�è�´�µ�»�w�‹�•�Í�w�©�4
…�s�r�w	Ø�C�›�-�Ë�`�o�S�T�s

�Z�•�y�s�“�‡�d�œ�{
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try_me_else L1
< a(foo). �w�¯�”�Å >

L1: retry_me_else L2
< a(bar). �w�¯�”�Å >

L2: trust_me
< a(baz). �w�¯�”�Å >


$ 3.7: 	\�  a/0 �w WAM �Ë�©

�‡�c�z�½�ã� �µ�Ù� �ï�Ä�t�í�l�o�\�•�”�‘�O�t�b�”�h�Š�t�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü

�q�M�O�‹�w�›�‹�Ö�`�‡�b�{�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�t�x�z�½�ã� �µ�Ù� �ï�Ä�p�w�è�´

�µ�»�w�‹�•�Í�©�4
…�s�r�w	Ø�C�›�¨�ò�`�‡�b�{�Ì�¿�«�Ä�å�¿�«�Ì�t�x�Ú�Ù�w�½�ã� �µ�Ù

� �ï�Ä�•�í�”�w�p�z�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�x
\
R�b�”�]�q�t
u�ˆ	O�v�o�M�V�‡�b�{

�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�w�Ï���›
¯ 3.4 �t�Ô�`�‡�b�{

B �¾
:�w�x
: n

B+1 �½�ã� �µ�Ù� �ï�Ä�p�w A1 �è�´�µ�»

B+2 �½�ã� �µ�Ù� �ï�Ä�p�w A2 �è�´�µ�»

... ...

B+n �½�ã� �µ�Ù� �ï�Ä�p�w An �è�´�µ�»

B+n+1 �½�ã� �µ�Ù� �ï�Ä�p�w E �è�´�µ�»

B+n+2 �½�ã� �µ�Ù� �ï�Ä�p�w CP �è�´�µ�»

B+n+3 1 �m
²�w�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�w�ž�Å�è�µ

B+n+4 �Í�©�4
…�w�¯�”�Å�w�‰�•�ž�Å�è�µ

B+n+5 �½�ã� �µ�Ù� �ï�Ä�p�w TR �è�´�µ�»

B+n+6 �½�ã� �µ�Ù� �ï�Ä�p�w H �è�´�µ�»


¯ 3.4: �½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�w�Ï��


…�w�x�a�Š�w	\�  a/0 �w WAM �¯�”�Å�x
$ 3.7 �w�‘�O�s�ò�a�t�s�“�‡�b�{�‡�c try-

me-else �Ë�©�p�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�›
\
R�`�‡�b�{���©�4�w
¬�R�U�I�\�l�h	Ô�ù

�x�z L1 �T�’�î�æ�U�æ�˜�•�‡�b�{ L1 �• L2 �x�å�Õ�ç�p�b�{ retry-me-else �Ë�©�x�M�¤�w
…

�p�z trust-me �Ë�©�x�7�™�w
…�p�–�;�`�‡�b�{ retry-me-else �Ë�©�x�½�ã� �µ�Ù� �ï�Ä�Ñ

�è�”�Ü�›�Ë	ý�`�‡�b�{ trust-me �Ë�©�x�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�›
��:�`�‡�b�{

�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�x�°�.�r�\�t�”�T�•�”�w�p� �̀•�O�T�{
$ 3.1 �›�_�o�ˆ�”�q�z

�Ä�è� �ç�–�¬�q�M�O�w�U�(�l�o�M�”�w�p�f�\�T�q�¥�l�o�`�‡�M�‡�b�U�z�î�x�µ�»�¿�«�–

�¬�t�”�T�•�”�w�p�b�{�m�‡�“�z���¥�q�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�U�µ�»�¿�«�–�¬�t���O

�b�”�\�q�t�s�“�‡�b�{�°
j	ý�`�M�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�›�¦�`�o�M�”�w�U�Ì�¿�«�Ä

�å�¿�«�è�´�µ�» B �p�b�{

���¥�q�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�x�f�•�g�•�U�È�A�æ�µ�Ä�›��
R�`�o�M�”�w�p�z�{�q

�m�w�µ�»�¿�«�–�¬�p���O�`�o�M�o�‹� �q�t�g�”�\�q�x�D�ó�p�b�{�`�T�`�z�µ�»�¿�«�T�’

�Ù�¿�Ó�b�”�M�t�ð�J�U�I�\�“�‡�b�{�«�Q�y�z���¥ -�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü -���¥ -�½�ã

� �µ�Ù� �ï�Ä�Ñ�è�”�Ü -���¥�w	q�t���œ�p�M�”�q�V�t���¥�›�Ù�¿�Ó�b�”�q�:���U�p�V�o

�`�‡�M�‡�b�{

�f�•�p�x�s�e���¥�›�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�›�f�•�g�•� �q�`�h�–�¬�t�”�T�s�M�w



3.3. WAM 31

�p�`�•�O�T�{�f�•�t�x�j�Œ�œ�q�g���U�K�“�‡�b�{�²�x�\�•�›�Œ�l�h�Ì�t�z�b�]�M�s�J�q

�¥�M�‡�`�h (	–���ò )�{

�Ž�<�w�Ó�é�¬�å�Ü�q�í�ð�›�–�;�`�o�z���¥�q�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�›� �q�`�h�–

�¬�t
��”�`�h�M�t�I�\�”�ð�J�›�_�o�ˆ�‡�`�•�O�{

a :- b(X),c(X).
b(X) :- b1(X).
c(X) :- c1(X).
b1(1).
b1(2).
c1(2).
c1(3).

?- a.

�‡�c a �U�z�y�•�o a �w���¥�U���¥�µ�»�¿�«�t	Ð�“�‡�b�{ b(X) �U�z�y�•�z b �w���¥�›
\


R�`�‡�b�{ b1 �w�½�ã� �µ�Ù� �ï�Ä�›
\
R�`�h�™�z b1(X) �q b1(1) �w�â�Ç�Ñ�Ÿ�­�”�³�ã�ï

�p X=1 �q�s�“�‡�b�{ b �w���¥�U
��:�^�•�z�Í�x c(X) �U�z�y�•�‡�b�{ c �w���¥�›
\
R�`�z

c1 �w�½�ã� �µ�Ù� �ï�Ä�›
\
R�`�h�™�z c1(X) �q c1(2) �q�w�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�t�æ

�`

�‡�b (X �x 1 �t��
1�^�•�o�M�”�h�Š )�{�\�w�Ì�:�p�x
$ 3.8 �w�‘�O�t�s�l�o�M�‡�b�{�\�\

�p�Ì�¿�«�Ä�å�¿�«�U�I�\�“�z B �è�´�µ�»�U�¦�`�o�M�” c1 �w�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü

�›�_�o�z�è�´�µ�»�w
î�i�q�Í�©�4
…�•�w�´�ß�ï�Ó�›�æ�M�‡�b�{ c1(3) �U
¬�R�^�•�‡�b�U�z

�6�|�æ

�`�z�Ì�¿�«�Ä�å�¿�«�`�‡�b�{ c1 �w�©�4
…�x�‹�O�Á�X�z c1 �w�½�ã� �µ�Ù� �ï�Ä

�Ñ�è�”�Ü�x
��:�^�•�o�S�“ B �x b1 �w�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�›�¦�`�o�M�‡�b�{�f�`

�o b1 �w�½�ã� �µ�Ù� �ï�Ä�w�Í�©�4
… b1(2) �•�´�ß�ï�Ó�`�‡�b�{�q�z�\�\�p�G�!�s�\�q

�t�>�U
Ç�V�‡�b�{ b �w���¥�U�s�X�s�l�o�M�”�w�p�b�‚ b1 �x b �w�Ø�Ã�Ÿ�p�z�y�•�o�M�”�h

�Š�z b �w���¥�U�s�M�q�¼�Ý�p�b�{


$ 3.8: �µ�»�¿�«�›
ü�Z�” (�µ�»�¿�«�x�<�•	ó�|�” )

�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�›�^�l�o�S�V�s�U�’�f�w�Ì�w���¥�x
��:�^�•�o�`�‡�O�\�q

�U�ð�J�p�b�{�\�•�›�r�>�b�”�h�Š�t�x�z�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�U���O�`�o�M�”�v�“

�x�f�w�Ì�:�‡�p�w���¥�›�’�`�o�S�X�\�q�U
ž�A�p�b�{�f�O�p�K�•�y�z���¥�q�½�ã� �µ�Ù

� �ï�Ä�Ñ�è�”�Ü�›���O�^�d�”�q�\�•�U�³�ï�Ó�ç�t�r�>�p�V�‡�b�{

b1 �w�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü
\
R�™�t c �w���¥�›�¬�-�`�‘�O�q�`�h�q�`�‡�b�{ E �U

B �‘�“�‹�< (�ž�Å�è�µ�‹�U�G�V�M ) �w�Ì�t�x�z�\�•�‡�p�r�S�“ E �U�¦�b���¥�w�™�–�t	ý
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$ 3.9: �µ�»�¿�«�›�°	y�t�–�O (�( :c �w���¥�¬�-�™�z�È :b1 �w�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü


��:�™ )

�h�s���¥�›�¬�-�`�‡�b�{���s�x�z b �w���¥�›
��:�`�h�™�s�w�p�z E �x a �›�¦�`�o�M�‡�b�{

B �x b1 �w�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�›�¦�`�o�M�‡�b�{�\�w�‘�O�t B �U E �‘�“�‹�< (�ž

�Å�è�µ�‹�U�G�V�M ) �q�V�x�z	ý�h�s���¥�x B �U�¦�b�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�w�™�–�t

�¬�-�`�‡�b�{�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�x�f�•�‡�p�t
\
R�^�•�h (�<�•�ž�Å�è�µ�w ) ��

�¥�›�-�¢�`�o�M�”�w�p�b�{ c �w���¥�›�¬�-�`�h�™�w�µ�»�¿�«�–�¬�w�7� �U
$ 3.9 �w�(��

�p�b�{

c1 �U�æ

�`�o c �w���¥�w deallocate �U�I�\�”�q�z E �x a �w���¥�›�¦�`�‡�b�{ c �w���¥

�w�¬�-�Ì�t�x E �x a �w���¥�›�¦�`�o�M�h�T�’�p�b�{�6�| b �t�í�l�o�V�o�z�\�w�q�V�½�ã

� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�º�t�-���`�o�M�h E(b �w���¥�›�¦�b ) �U
î�i�^�•�‡�b�{ b1(2) �U


¬�R�^�•�h�’�z b1 �t�x�‹�O�©�4
…�x�s�M�h�Š�z b1 �w�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�x
��:

�^�•�‡�b�{�\�w	Ý�6 (
$ 3.9 �w�È�� ) �p c �w���¥�w allocate �U�æ�˜�•�”�q�z b �w���¥�U�K�l

�h�–�¬�U�6�b�;�^�•�‡�b�{�b�s�˜�j�z���¥�q�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�›���O�^�d�o�x

�M�‡�b�U�z�½�ã� �µ�Ù� �ï�Ä�Ñ�è�”�Ü�U���®�s���x
ž�A�s���¥�U�-�¢�^�•�z
Æ�A�t�s�l

�h�’�j�Œ�œ�q�6�b�;�^�•�”�w�p�b�{

3.3.6 ��
1�w	��“	«�`


²�w
…�p�x�{�q�m�G�Ä�s�\�q�›�h�•�o�M�‡�`�h�{�Ì�¿�«�Ä�å�¿�«�p�½�ã� �µ�Ù� �ï

�Ä�t�í�”�M�z�è�´�µ�»�›�í�b�i�Z�p�x
Æ	G
ü�p�b�{�½�ã� �µ�Ù� �ï�Ä�T�’�Ì�¿�«�Ä�å�¿

�«
C
\�Ì�:�‡�p�w���t�!
:�›��
1�`�h	Ô�ù�t�f�•�›�°��
1	Ý�6�t�í�^�s�Z�•�y�s�“�‡

�d�œ�{

��
1�`�h�!
:�t���b�”	Ø�C�w�G�1�t�Ä�è� �ç�–�¬�U�–�;�^�•�‡�b�{�!
:�›��
1�b�”�S

�t�Ä�è� �ç�–�¬�t�f�w�!
:�w�ž�Å�è�µ�U�¨�ò�^�•�o�M�V�‡�b�{ Prolog �p�x�!
:�x�°�S

��
1�^�•�”�q�6�E�Ö�p�V�s�M�h�Š�z�!
:�w�ž�Å�è�µ�›�®�Q�o�S�X�i�Z�p	G
ü�s�w�p�b�{
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�Ä�è� �ç�è�´�µ�» TR �x�–�;�A�ˆ�Ä�è� �ç�–�¬�w�¤
Œ�w�Í�w�ž�Å�è�µ�›�-�Ë�`�o�M�‡

�b�{�K�”�Ì�:�T�’�K�”�Ì�:�‡�p�w��
1�›	��“	«�`�h�M�Ì�t�x�z�f�•�g�•�w�Ì�:�p�w TR

�è�´�µ�»�w�‹�›�®�Q�o�M�S�Z�y�G	Î
É�p�b�{�f�w 2 �m�wTR �è�´�µ�»�U�-�Ë�b�”�ž�Å�è

�µ�w���t�K�”�ž�Å�è�µ�w�!
:�›�°��
1�t�b�•�y�M�M�i�Z�p�b�{


¶�o�w�!
:��
1�›�G�å�`�o�S�M�o�‹�M�M�w�p�b�U�z�f�•�x�Ì�’�T�t�Á�,�p�b�{�Ì�¿�«
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�½�ã� �µ�Ù� �ï�Ä�w H �è�´�µ�»�w�‹�U
î�i�^�•�‡�b�{�f�w�h�Š�t�z�Î�”�Ó�Ì�¿�«�Ä�å�¿

�«�è�´�µ�» HB �t�x�Ú�Ù�w�½�ã� �µ�Ù� �ï�Ä�p�w H �è�´�µ�»�U�·�¿�Ä�^�•�o�M�‡�b�{�\

�w�‘�O�t�z�Ì�¿�«�Ä�å�¿�«�Ì�t�x�½�ã� �µ�Ù� �ï�Ä�T�’�q�O�‡�p�–�;�^�•�o�V�h�µ�»�¿

�«�–�¬�q�Î�”�Ó�–�¬�x
��:�^�•�‡�b�{�‘�l�o�z�½�ã� �µ�Ù� �ï�Ä�Ž
²�‘�“���O�`�o�M�h

�!
:�•�w��
1�i�Z�›�Ä�è� �ç�–�¬�t�G�å�`�o�S�Z�y	G
ü�p�b�{�é�.�$�t�x�z�µ�»�¿�«�–

�¬�w�!
:�p�K�•�y�f�w�ž�Å�è�µ�U B �°�¬�z�Î�”�Ó�–�¬�w�!
:�p�K�•�y�f�w�ž�Å�è�µ�U

HB �°�¬�p�K�”�q�V�t�G�å�0	Å�q�`�‡�b�{

3.3.7 �f�w���w�é�J

�\�\�‡�p�p�â�Ç�Ñ�Ÿ�­�”�³�ã�ï�•�Ì�¿�«�Ä�å�¿�«�s�r Prolog �w�G�Ä�s
æ
ü�U WAM

�t�S�M�o�r�w�‘�O�t�î�q�^�•�o�M�”�w�T
†�Ì�`�‡�`�h�{

�\�w���t�‹�§�¿�Ä�w�‹�Ö�•�z�¤
Œ�z�|	Z�`�7�&�=�~���¥�Þ�“���ˆ�z� �ï�Ã�©�³�ï�¬�q

�M�l�h�7�&�=	��O�w�é�U�K�“�‡�b�U�z	Ä�`�X�x�€�ß���Y [1][2][4] �›�]�a�X�i�^�M�{�›�t

�€�ß���Y [1] �x WAM �t�m�M�o
‡	×�t�¸�á�t�r
†�`�o�S�“�z�Š�G�Ä�w�^
R�•	r�g�%�w�î


÷�w�M�z�G�M�t�€�ß�t�^�d�o�Ö�V�‡�`�h�{

3.4 	r�g�%�›�^�l�h

WAM �Ì� �Ä�¯�”�Å�•�¯�ï�Í� �ç�` WAM �>
Ý�Ú�³�ï�p�î�æ�b�” Prolog 	r�g�%�›

CommonLisp �p�î
÷�`�‡�`�h�{�s�S�z�¹�”�µ�¯�”�Å�x�¬�‰ 3�`�o�S�“�‡�b�{�\�w	r�g�%

�x�z	Í�G�p
†�Ì�`�h�,�Š�$�s Prolog �w�;�ó�t�C�Q�z�Ž�<�w�‘�O�s�;�ó�›�î
÷�`�o�M�‡�b�{

� �§�¿�Ä

� ���¥�Þ�“���ˆ (� �¤
Œ�z�|	Z�`�7�&�= )

� � �ï�Ã�©�³�ï�¬ (�H�°�¾
:�›�_�o�©�4
…�›�Ü�“���‰ )

3.4.1 �Ï���r
s�+

S �Ü�›	!�Z	��”�‘�O�t�`�o�Ï���r
s�›�±�Ø�”�q�M�O	��‹�K�“�‡�b�U�z�f�\�x�•�l�z�“

Prolog �w���O�p	{�Z�”�‘�O�t�`�h�M�‹�w�p�b�{ Prolog �w���O�x�³�ï�Ó�ç�s�w�p�Ï���r


s�+�x
z�±�$���o�t�^�•�‡�b�{�`�T�`�z is/2 �w�‘�O�s	\� �w�±�Ù�”�Ä�• op/3 
Ê�ˆ���ˆ

	\� �t�‘�”���‰� ���[�›�D�ó�q�b�”�h�Š�z�Ï���r
s�+�›�›�»
É�`�‡�`�h�{�é�.�$�t�x�z

���‰� �Ê�~��
Œ	q�•�~�A�ù�O���w 3 �m
Ê�U�J�å�`�o�K�”���‰� �Â�”�Ò�ç�›�_�o�Ï���r
s

�›�p�V�”�‘�O�t�`�‡�`�h�{ Prolog �x�A�ù�O���w�¦���U	F�î�`�o�M�o�z f �È�A�ù , �(�A�ù ,

3https://github.com/matsud224/wamcompiler
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�A�ù�s�` g �q f �o�ò
²�” , �o�ò�™�” , �Ë�ò g �w
Ê�ˆ�ù�˜�d�p 7 	��¨�T�’
¬�‚�‡�b�{
‡	×

�t	J�È�t���‰� ���[�U�p�V�”�w�p�b�U�z�î
÷�b�”���q�`�o�x
��M�p�b�{���‰� 	q�•�Ï��

�r
s�O�›�¼�`�h�“�‹�`�‡�`�h�U�z�7	4�$�t�6�<�<�ñ�Ï���r
s�O�›�»
É�`�o�\�•�›�î�q�`

�‡�`�h�{

parse ��
:�U�Ï���r
s�›�æ�O��
:�p�b�{

3.4.2 �¯�”�Å
\
R

compile-*��
:�p�¯�ï�Í� �ç�›�æ�M�‡�b�{�f�w�™�z optimize-*��
:�s�r�p WAM �Ë�©

�è�Õ�ç�w�j�•�l�q�`�h�7�&�=�›�æ�M�‡�b�{�«�Q�y�z�æ�µ�Ä 3.1 �›�7�&�=�b�”�q�æ�µ�Ä 3.2

�q�s�“�‡�b�{

get-constant [],A1
get-variable X4,A2
get-variable X4,A3
proceed

�¹�”�µ�¯�”�Å 3.1: �7�&�=
²�w WAM �¯�”�Å

get-constant [],A1
get-value X2,A3
proceed

�¹�”�µ�¯�”�Å 3.2: �7�&�=�™�w WAM �¯�”�Å

3.4.3 WAM �>
Ý�Ú�³�ï

�€�ß���Y [1] �w WAM �Ë�©�w�Y�Å�¯�”�Å�›�€�ß�t�Ë�©�›�î
÷�`�‡�`�h�{

3.4.4 REPL

Prolog �x�0�é�$�t�–�;�b�”�\�q�U�p�V�‡�b�{ REPL �›�I�ˆ�`�í�ð�›�Ö�—�b�”�q�z�r

�U�K�”	Ô�ù�x�r�›
¯�Ô�`�Ö�—�4�j�q�s�“�‡�b�{�Š	r�g�%�p�x�z

� y �p	4�ƒ

� n �p�Í�w�r�›
¯�Ô

� a �p
¶�o�w�r�›
¯�Ô

�q�M�O�ˆ�^�›�æ�M�‡�b�{�r�U�\�•�Ž	Í�s�M	Ô�ù�x ”no.”�q
¯�Ô�^�•�‡�b�{

REPL �x repl ��
:�p�î
÷�`�o�M�‡�b�{ repl ��
:�x�Ö�—�›�¡�ˆ	��“�z�Ï���r
s�›�æ�M

�‡�b�{�Ö�—�^�•�h�‹�w�U�Ä�î�•�F���p�K�•�y�¯�ï�Í� �ç�`�z�Ë�¿�³�á�Â�”�Ò�ç�t�J�å�`

�‡�b�{�í�ð�p�K�•�y�¯�ï�Í� �ç�`�>
Ý�Ú�³�ï�p�î�æ�`�‡�b�{

�>
Ý�Ú�³�ï�p�w�î�æ�¤�t�r�U�_�m�T�l�h�“�æ

�`�h�“�b�”�q�z REPL ���t
M�š�›� �`

�‡�b�{�o	m�t�_�m�T�l�h�r�›�æ�»�”�ï�b�”�i�Z�p�‘�^�f�O�p�b�U�z�\�\�x�j�•�l�q�Ø�W

�p�b�{�r�U�_�m�T�l�h�q�V�t�x�°�t REPL �t
M�š�›� �`�‡�b�U�z�Í�w�r�›�A�{�^�•�h

	Ô�ù�x�6�S�>
Ý�Ú�³�ï�t
M�š�›� �`�z ���V�T�’ �î�æ�›�æ�O
ž�A�U�K�”�w�p�b�{
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���V�T�’�î�æ�›�æ�O�w�t�z�>
Ý�Ú�³�ï�w	Ý�6�›�‡�”�]�q�-���`�h�“�'���I�`�µ�»� �ç

�p	{�M�h�“�q�M�l�h�M�O�U�ß�Q�’�•�‡�b�U�z���s�x CommonLisp �w Condition System

�›�;�M�‡�`�h�{

Condition System �x CommonLisp �t�S�Z�”�«�Ž	r�g�;�Ï�p�z�°
`�$�s�t� �w�f�•�q


z�‚�o
‡	×�t�§�—�p�b�{ Condition System �t�x�z�«�Ž�Ë�ï�Å�å���p�j�¼�›�r�>�`�h�™

�t�«�Ž
C
\�U	t�T�’�î�æ�›�6�‰�^�d�”	Ô�Ø�p�;�M�’�•�” restart �q�M�O�;�ó�U�K�“�‡�b�{

�\�•�›���s�x�b�;�`�‡�`�h�{�s�S�z�Š	r�g�%�p�x�è	×�w�«�Ž	r�g�t�‹ Condition System

�›�;�M�o�M�‡�b�{ Condition System �t�m�M�o�x�€�ß���Y [5] �s�r�›�]�a�X�i�^�M�{

3.4.5 
Ê�ˆ���ˆ	\� 

�î�;
Q�›�ô�Š�”�h�Š�t�x
Ê�ˆ���ˆ	\� �U
ž�A�p�b�{�«�Q�y�z��
Q���w	\� �z
:�‹�-�‰

�;�w	\� �z�Ö	Z�—�›�æ�O	\� �s�r�p�b�{


Ê�ˆ���ˆ	\� �x�K�”���S�w
:�›���[�b�”�\�q�q�s�“�‡�b�{�f�w�h�Š�z�p�V�”�i�Z�µ�Ä

�è�µ�s�X���[�p�V�”�q�O�•�`�M�p�b�{�f�\�p�z
Ê�ˆ���ˆ	\� �›���[�`�•�b�X�b�”�h�Š�w

�Ú�«�é�•��
:�›�M�X�m�T	{�V�‡�`�h�{�«�Q�y�z
T
:�s�’�y
R�­�b�” integer/1 	\� �x�æ

�µ�Ä 3.3 �w�‘�O�t���[�p�V�‡�b�{�\�•�x�7�‹�o	m�s	\� �w�{�q�m�p�K�l�o�z	—�`
ó�v�s


Ê�ˆ���ˆ	\� �›���[�`�‘�O�q�b�”�q�M�z�t�`�œ�r�X�s�”�w�p�z�‡�i�‡�i�~�‘�w�(�•�U�K

�“�‡�b�{�«�Q�y�z findall/3 �x�b�‚�o�w�r�›�æ�µ�Ä�t�‡�q�Š�”	\� �p�z�\�•�x�O�‡�X Lisp

�p	{�Z�s�M�w�p�ˆ�$�t WAM �Ë�©�›
\
R�b�”�q�M�O���M�î
÷�q�s�l�o�M�‡�b�{

(define-prolog-builtin "integer" (x)
(if (and (wamvalue-constant-p x) (integerp (wamvalue-content x)))

(prolog-success)
(prolog-fail)))

�¹�”�µ�¯�”�Å 3.3: integer/1 
Ê�ˆ���ˆ	\� �w���[

�q�O�z�î
÷�`�h
Ê�ˆ���ˆ	\� �›�Ž�<�t�Ô�`�‡�b�{

� ��
Q���% ... atom/1, atomic/1, number/1, integer/1, float/1, compound/1,

var/1, nonvar/1

� 
:�‹�-�‰�% ... is/24, </2, >/2, >=/2, =</2, =:=/2, ==/2

� 	Z�—�%... write/1, nl/0

� �f�w�� ... op/2, consult/1, findall/3, call/1, =../2, fail/0, halt/0

3.4.6 �î�æ�«

�Ž�<�w�î�æ�«�p�x�z�^
R�`�h Prolog 	r�g�%�p append/3 	\� �›���[�`�í�ð�`�o�M�‡

�b�{�f�w�™�z REPL �›
H�Z show-wamcode ��
:�p append/3 	\� �U�r�w�‘�O�s WAM

�¯�”�Å�•�¯�ï�Í� �ç�^�•�h�w�T�›
¯�Ô�^�d�o�M�‡�b�{�s�S�z ”CL-USER>”�x Lisp �w�Ó�é

�ï�Ó�Ä�z ”prolog>”�x Prolog �w�Ó�é�ï�Ó�Ä�p�b�{

CL-USER> (repl)
prolog> append([], Xs, Xs).

4�›�����‰�z	Ò�(�z�‚�V	Ð�z sqrt, sin, cos, tan... �s�r�›�–�Q�”
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prolog> append([X | Ls], Ys, [X | Zs]) :- append(Ls, Ys, Zs).
prolog> ?-append(X, Y, [k,i,t,c,c]).
X = NIL
Y = [k,i,t,c,c]
?a
X = [k]
Y = [i,t,c,c]

X = [k,i]
Y = [t,c,c]

X = [k,i,t]
Y = [c,c]

X = [k,i,t,c]
Y = [c]

X = [k,i,t,c,c]
Y = NIL

no.
prolog> ?-halt.

yes.
NIL
CL-USER> (show-wamcode "append" 3)

switch-on-term G950,G954,G953,FAIL
G954: switch-on-constant {[] => G952}
G950: try-me-else G951
G952: get-constant [],A1

get-value X2,A3
proceed

G951: trust-me
G953: get-list A1

unify-variable X4
unify-variable X1
get-list A3
unify-value X4
unify-variable X3
execute append/3

�¹�”�µ�¯�”�Å 3.4: �î�æ�«

3.5 �¤�Ð�é�”�¬

�®Prolog �U�Ø
(�M�t� �s�’�z Prolog 	r�g�%�^�“�‹�Ø
(�M�w�p�x ?� �̄q�M�O�\�q�p�z�î

�M�t�^�l�o�ˆ�h�w�p�b�U�z�q�o�‹�¸�`�T�l�h�p�b�{ Prolog � �ï�»�Ó�æ�»�›�^�”�w�‹�¸�`

�T�l�h�w�p�b�U�z�¯�ï�Í� �å�i�q
\
R�^�•�h WAM �¯�”�Å�›�Ë�Š�o�¸�`�Š�”�w�p�‘�M

�p�b�{

�€�ß���Y
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4 �o	m�s
:�Ü�w�-�‰

	Ø�C�»�¶�]�� 1 �s
\ �I�« �V
�

4.1 �“�A

�²�x
:�Ü�›�)�Q�o�•�•�y�-�‰�`�o�X�•�”�?�N�w�‘�O�s�‹�w�›�^�l�o�ˆ�‡�`�h�{���s	º

�p�b�”�Ó�é�¬�å�Ü�w�S�S�‡�T�s	r�g�w�v�•�x�z�Ö�—�t�‘�“�)�Q�’�•�h���È�»�U
:�Ü�q�`

�o�{�Q�”�s�’�y�z
:�•���‰� �s�r�w�7	–�o�•�t
ü�Â�`�z�6�<�<�ñ�Ï���r
s�O�›�;�M�z�‘

�“	r�g�U�`�•�b�M�Ï���t�!�õ�`�h	Í�p�z�&
~�s�-�‰�›�`�o�T�’
:�‹�q�`�o
¯�Ô�b�”�z�q

�M�O�ò�a�p�b�{

4.2 �r
†

���s�x Java �›�;�M�o�Ó�é�¬�å�Ü�›�G	\�b�”�\�q�t�`�‡�`�h�{�\�w�Ó�é�¬�å�Ü�w�¤�©

�›�r�l�o�M�”�w�x�6�<�<�ñ�Ï���r
s�O�s�w�p�z�\�•�\�f�›�r
†�b�‚�V�s�w�p�`�•�O�U�z

�\�\�p
†�Ì�`�‡�b�q�²�w�g�r�S�w�ÿ�^�‹
ì�‡�l�o�Õ�X�s�”�w�p�z�µ�¯�›�S�Ë�j�w�M�x�&


~�s���Y�t�p�h�l�o�Ö�Z�•�y�q�¥�M�‡�b�{�‡�h�z�¹�”�µ�¯�”�Å�›
¶�o	º�p�b�”�q�\�•�‹

�Õ�X�s�”�w�p�z�\�\�p�x�¤�«�å�µ�w	º�p�›�`�h�™�t�°
æ�w�«�å�µ�t�m�M�o�‘�“	Ä�I�s
†

�Ì�›�`�o�M�V�‡�b�{


$ 4.1: �«�å�µ�°�a

ParserException

Exception �›�'	•�{�\�w�<�w 2 �«�å�µ�U�\�•�›�'	•�b�”
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ParserExpressionFormatException

�¾
:�w�s�M��
:�U�z�|	Z�^�•�h�“�Å�€�U���a�o�M�s�T�l�h�“�b�”�q�d�[�’�•�”�{

ParserUndefinedSymbolException

���[�^�•�o�M�s�M��
:�z�!
:�z��
:�Ê�U
°�A�Ì�t���O�`�h�“�Á�®�s�G�ø�›�U�Œ�b

�”�q�d�[�’�•�”�{

EnumSymbol

�b�;�D�ó�s��
:�•���‰� �w�Ê
²�q���È�»�U
Ê�p���[�^�•�o�M�”�{���È�»�q Enum-

Symbol ���w�S�“�M�•�w�!�õ�q��
:�T�•���‰� �T�•�q�M�O
Q���U	Z�R�”�{	ý�`�M

��
:�›���[�b�”�q�V�x�z�\�\�t�å�C�`�o�S�X�q�™�‘�(�b�t�–�Q�”�{

IExpression

�«�å�µ�U�*�›�`�h�“�\�•�›�î
÷�`�h�«�å�µ�U�-���b�”	Ø�C�› Object ���q�`�o�&

�b�Ý�¹�¿�Å�s�r�U
•�t�^�•�o�M�”�{�\�w�<�w 4 �«�å�µ�U�\�•�›�î
÷�b�”�{

ExpressionFunction

�â�”�²�U���[�`�h��
:�t�m�M�o�w	Ø�C�›�Ë�m�{

ExpressionNumber

BigDecimal ���›�Ë�m�{	s�8�=�b�”�q�V�t���È�»�›�)�Q�”�q BigDecimal ���t�!�õ

�`�-�Ë�b�”�{ BigDecimal ���q�x JavaAPI �t�‘�“���™�^�•�o�M�”�Ú�™
^�S���‰�U

�D�ó�s���p�b�{

ExpressionSymbol

EnumSymbol ���›�Ë�m�{�&
~�s�x
:�w�¾
:�›�)�Q�”�q�A�L�›�&�b�Ý�¹�¿�Å�›�Ë�m�{

ExpressionVariable

�â�”�²�U���[�`�h�!
:�t�m�M�o�w	Ø�C�›�Ë�m�{

Main

�Ó�é�¬�å�Ü�w�I�ˆ�Ì�t�•�Š�t�z�y�•�”��
:�›�Ë�m�{ Swing �t�‘�” GUI 
\
R�• Event

�w�J�å�s�r�‹�\�\�p�°�Å�`�o�æ�O�{

MathematicalFunctions

BigDecimal ���w���‰�›�æ�O�h�Š�w�°
æ�w
:�¶�$��
:�s�r�U�;�™�^�•�o�M�”�{

Node


:�Ü�›�Ï���r
s�t�‘�l�o�!�õ�`�h�Ï���æ�›
¯�d�”�{
��z� �Ê�”�Å�•�w�€	°�‹�›�Ë

�j�×
��w	Ý�6�›�Ô�b IExpression ���‹�Ë�m�{�‹�q�‹�q�x�Ë
ü�æ�w�ˆ�›
¯�q�`�o�M

�h�U�z�¾
:�U 3 �m�Ž	Í�w��
:�›���[	Z�R�”�‘�O�t� �Ê�”�Å�›�Ú�™�w
:�i�Z�Ë�m�\

�q�U�p�V�”�æ�Ï���›�>�;�b�”�\�q�t�s�l�h�{

Parser


:�Ü�›
¯�b���È�»�›�)�Q�o	s�8�=�b�”�q�‰�Ì�t
:�Ü�w�æ�Ï���t�!�õ�b�”�{
:�Ü�w

�È�ß�r
s /�Ï���r
s�U	Z�R�”�{�)�Q�’�•�h
:�Ü�U�â�”�²�t�‘�”�!
:�•��
:�w���[

�q�ˆ�s�d�”�s�’�y�f�•�‹�&�p�t	r�g�b�”�{�î
÷�p�Ì�z�«�å�µ�w�Ï
R�›
��X�ß�Q�o

�M�s�T�l�h�h�Š�t
:�Ü�w
°�A�‡�p�‹	!�Z�Ë�l�o�M�o�z�¯�”�Å�x�Y�j�Œ�Y�j�Œ�t�œ�{
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4.2.1 Main �«�å�µ

Main ��
:�p�w Parser �«�å�µ�›�b�;�`�o�M�”
æ
ü�›	º�p�`�‡�b�{�\�•�x static �Ñ�Ÿ�”

�ç�Å�q�`�o
•�t�^�•�h input �›	s�8�=�`�z�I�‘�q�`�h
ƒ���›�`�o�M�”�q�\�–�p�b�{ 5 �æ

�è�T�’�z�©�”�Ø�”�Å�T�’�Ö�—
â�^�`�h�M�t�z�|	Z�^�•�”�æ�µ�Æ�”�›�J�å�`�z�Ö�—�©�”

�t� �a�h	r�g�U�æ�˜�•�”�‘�O
ƒ���`�o�M�‡�b�{ Esc �©�”�U�!�^�•�h�q�V�x�Ö�—�î�›�«�æ

�ž�z Enter �©�”�U�!�^�•�h�q�V�x�Ö�—�î�t	{�T�•�o�M�”���È�»�›�¡�ˆ	��“ Parser �«�å�µ

�›�–�l�o�&�p�t	r�g�`�h�™�t�z�&�^�•�h
:�‹�› Main �«�å�µ�º�t�K�” log ��
:�p	Z�—�b

�”�‘�O�t�s�l�o�M�‡�b�{

input = new JTextField();
input.setSelectionColor(Color.CYAN);
input.setBackground(Color.getHSBColor(0.63f, 0.22f, 1.0f));
input.setEditable(true);
input.addKeyListener(new KeyAdapter(){

@Override
public void keyTyped(KeyEvent e) {

char keyCode = e.getKeyChar();
if(keyCode == KeyEvent.VK_ESCAPE){

input.setText("");
}else if(keyCode == KeyEvent.VK_ENTER){

long time = System.currentTimeMillis();
formula = input.getText();
try {

Parser parser = new Parser(formula);
BigDecimal result = parser.eval();
if(result != null){

log(formula, "␣=␣",
result.setScale(Math.min(result.scale(), scale),

RoundingMode.HALF_EVEN).toString());
}
if(checkBoxIsDebugging.isSelected()

|| checkBoxProcessingTime.isSelected()){
log("␣␣␣␣␣ProcessingTime␣",

System.currentTimeMillis() - time, "ms");
}

} catch (ParserException ex) {
log(ex.getClass().getSimpleName(), "\n", ex.getMessage());
ex.printStackTrace();

}}}}); // �x�ˆ	Z�^�s�M�‘�O�t�~�æ�¬�œ�p�”�w�p�_�n�’�X�s�l�o�‡�b

�¹�”�µ�¯�”�Å 4.1: Main.java

4.2.2 Node �«�å�µ

�\�w�«�å�µ���w�¦�Ò�´�£�«�Ä�x
:�Ü�›
ü�Â�`�h
:�•���‰� �s�r�w�7	–�o�•�›
¯�b�w�t

�–�˜�•�‡�b�{�‡�h�z
� Node �q�  Node �•�w�€	°�‹�›�-�Ë�b�”�\�q�p�Ï���æ�U
¯�q�^�•

�‡�b�{

public class Node {
private IExpression expr;
private Node parent;
private List<Node> childs = new ArrayList<Node>();
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public Node(IExpression expr){
this.expr = expr;

}

public Node getRoot(){
return parent == null ? this : parent.getRoot();

}

public void addChilds(List<Node> nodes){
for(Node node : nodes){

addChild(node);
}

}

public void addChild(Node node){
childs.add(node);
node.setParent(this);

}

public IExpression getExpression(){
return this.expr;

}

// �f�w���w�v���s�Ý�¹�¿�Å�x	²�t

}

�¹�”�µ�¯�”�Å 4.2: Node.java

4.2.3 Parser �«�å�µ

�\�•�w�¯�ï�µ�Ä�å�«�»�›�z�|	Z�b�t�x�¾
:�q�`�o�¢
:�Ü�q�`�o�{�Q�”�£���È�»���U


ž�A�p�b�{�¯�ï�µ�Ä�å�«�»�t���È�»�U�)�Q�’�•�”�q�z�ž�ç�Ñ�•�Õ�¿�Ä�›
¶�o	–���È�t��

�Q�z�í
(�G�ø�›
¶�o	«�`�z�&�p�s�M�O�p
:�•���‰� �s�r�w�7	–�o�•�›
¯�b IExpression

���›�Ë�m Node �t�f�•�g�•
ü�Â�`�z�æ�µ�Ä�•	q
j�t�Ö�•�o�M�V�‡�b�{

�\�\�p�w
ü�Â�w�“�M�t�x�Í�w�:�t�«�™�`�o�M�‡�b�{

� ’-’ �U���‰� �p�x�s�X
Û
:�w
¯�q�t�;�M�’�•�”�q�V ’-1’�| ’*’ �•�w�!�õ

� ’(’ �w
²�U
:�T�!
:�s�’�y ’*’ �›���t�4�O

� �f�w��
ž�A�q�^�•�”	Ô	t�p ’*’ �›���t�4�O

	Ð�‰�G�ø�w	²�t�U�D�ó�t�s�”�h�Š f(x) = 10 sinx �q�M�O
:�Ü�‹
•�t�D�ó�s�°�M�p�z�q

	Ý�p�x f(x) = x sinx �s�r�w
z�±�$�à���U�É�`�M
:�Ü�t�x�0� �`�V�•�o�M�‡�d�œ�{

Node ���w�¦�Ò�´�£�«�Ä�t
ü�Â�™�z�6�<�<�ñ�Ï���r
s�O�›�;�M�o�z���‰�w��
Œ�S�s�r

�t�‹�ß�€�`�o
��z�  Node �•�w�€	°�‹�›
ƒ���`�o�M�V�æ�Ï���›
¯�q�`�‡�b�{�Í�w
$�p�K

�”��
:�t�S�Z�”�æ�Ï���•�w�!�õ�«�›�Ô�`�‡�b�{

�\�•�›�-�‰�b�”�t�x�z	Í�w Node �T�’�<�ò�$�t�½�£�¿�«�›�`�o�M�V�‡�b�{�K�” Node

�t�S�M�o�z�f�w�  Node �w�M�c�•�T�U
:�‹�p�s�Z�•�y�z�f�w�  Node �›�K�” Node �q�`

�o�‰�7�t�½�£�¿�«�`�z�í�“�‹�›
:�‹�q�`�o�{�M�‡�b�{�f�w�™ Node �U�Ë�m���‰� �•��
:

�s�r�w�G�ø�t� �a�o�-�‰�`�o�T�’�f�w�-�‰�A�L�›
:�‹�q�`�o	Í�t�I�`�‡�b�{�\�\�p�z�î
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$ 4.2: 
:�Ü�T�’�æ�Ï���w�Ï�™

�M�t�–�;�`�o�M�”��
:�q�x�Ÿ�s�”�‹�w�w�z�\�w�«�t�S�M�o�Ž	Í�w�ˆ�^�›�¬�h�b��
:�w�°

�«�›�Ô�`�‡�b�{

BigDecimal evalNode(Node node){
if(node.isNumber()){

return ((ExpressionNumber)node.getExpression()).getNumber();
}
List<BigDecimal> args = new ArrayList<BigDecimal>();
for(Node child : node.getChilds()){

args.add(evalNode(child));
}
return ((ExpressionSymbol)node.getExpression()).eval(args);

}

�¹�”�µ�¯�”�Å 4.3: �æ�Ï���›	q
j�t���ÿ�=�`�o�M�X��
:

�\�w��
:�U�æ�l�o�M�”�\�q�›
†�Ì�`�‡�b�{�‡�c node �U
:�‹�›�Ô�b�s�’�y�f�w
:�‹�›

�&�`�o	4�˜�“�p�b�{ node �U
:�‹�p�s�Z�•�y�z node �U�Ô�b���‰�G�ø�t� �a�z�  Node �t

�0�`�o�‰�a evalNode ��
:�›�6�<�$�t�&�;�^�d�o�&�l�o�V�h
:�‹�›�;�M�o���‰�z�f�w�A

�L�›�&�`�o��
:�w	r�g�x	4�ƒ�`�‡�b�{

BigDecimal result = evalNode( �°
j	Í�w Node );

�q�b�;�b�”�\�q�p�z�æ�Ï���t�ð�J�U�Á�Z�•�y result �t
:�Ü�w�t�Q�U�E�Ö�^�•�‡�b�{�\�•

�›
Œ���w�æ�Ï���t�&� �^�d�o�ˆ�”�q�Í�w�‘�O�t�s�“�‡�b�{


$ 4.3: �æ�Ï���w���ÿ�=
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4.2.4 MathematicalFunctions �«�å�µ

�\�\�t�x BigDecimal ���w
:�‹���‰�w�h�Š�w��
:�U�;�™�^�•�o�M�‡�b�{�f�•�g�•�w��


:�t�S�M�o�w�î
÷�›	º�p�`�‡�b�{

sinx, cosx �w�-�‰�t�x	*�8
Q�›�b�;�`�o�¾
:�› (0, π/2) �w
c�“�t	)�Š�z Maclaurin �2

�‰�t�‘�”�ƒ
:
¯�Ô�›�b�;�`�o�&�p�s�ò�p�'�j
~�“�Ù�Å�`�o�M�‡�b�{ tanx �‹	*�8
Q�›�b

�;�`�h�K�q�t sinx/ cosx �T�’�Ù�Å�‹�›�‰	Z�`�o�M�‡�b�{

expx �w�-�‰�t�x x = bxc+ (x � b xc) �q
ü�Z�z�;�™�^�•�h e �t bxc 	Ð�q�z x � b xc �t

�0�`�ƒ
:�2�‰�›�;�M�h�Ù�Å�‹�q�›�»�Z�ù�˜�d�”�\�q�p	r�g���S�K�h�“�p�‘�“
^�S�w�ô�M

�Ù�Å�›�D�ó�q�`�o�M�‡�b�{

log x �w�-�‰�t�x log x
2 �w�ƒ
:�2�‰�›�b�;�`�o�M�‡�b�{�h�i�`�G�V�s x �t�0�`�o�x	)��

�U�—�M�w�p�z log 2 �›
Œ�t�-�‰�`�o�S�V�z log x = log (2n � x0) = n log 2 � log x0 (1 <

x0< 2) �q�`�o�ƒ
:�2�‰�›�;�M�h�Ù�Å�› log x0�t�&�;�^�d�o�M�‡�b�{

�\�•�’�x [1] �›�€�ß�t�`�‡�`�h�{�\�\�p�x	²�V�‡�`�h�U�¡�)�w
°�A�‡�p�‹�æ�a�’�•�o

�M�‡�b�{

�o�~�¯��
:�x�z�‡�c arctanx �t�m�M�o Arctan �w�C�O���g�›�b�;�`�o x �›	)���`�•

�b�M
c�“�t	)�Š�z�È
ü
:�2�‰�t�‘�”
¯�Ô�›�b�;�`�o�Ù�Å�‹�›�‰	Z�`�o�M�‡�b�{�f�w�™

arcsin, arccos �x arctan �q�w�����Ü�›�b�;�`�o�{�Š�‡�b�{

�f�w���z�°
`�w�î
:�w�î
:	Ð�x exp �q log �w��
:�t�<�£�z�h�i�`���M���x Newton �O

�t�‘�”
•�;�w��
: sqrt �U�;�™�^�•�o�M�‡�b�{�‡�h�z�G�V�s
:�w�Š	Ð�›�-�‰�b�”�M�x�z [2]

�›�€�ß�t���»�=�^�d�o�M�‡�b�{
‡
T
:�w�Š	Ð�x Lanczos �Ù�Å�›�;�M�h gamma ��
:�w�Ù

�Å�›�b�;�`�o�M�‡�b�{���s�x [3] �t	•�Z�’�•�z gamma ��
:�›�î
÷�b�”�\�q�U�p�V�‡�`�h�{

4.3 �“�7

�Ó�é�¬�å�Ü�›�I�ˆ�b�”�q�<�t�K�”�h�Ø�U
¯�Ô�^�•�‡�b�{	Í���t
,�X
+	í�U�T�l�h�Ñ�Ÿ�”

�ç�Å�U
:�Ü�Ö�—�b�”	Ô	t�p�b�{�\�w�Ñ�Ÿ�”�ç�Å�w�›�Ã�q�`�o�x Esc �©�”�p�G	\�`�h
:�Ü

�›�«�æ�ž�p�V�z Enter �©�”�p
:�Ü�›�-�‰�z�f�w�A�L�U�<�w Output Window �t
¯�Ô�^�•

�‡�b�{�<�w	Z�—�î�x�z�7�G�p	–
:�:�Ž�< 10 �;�‡�p
¯�Ô�`�‡�b�U�z�«�Q�y
T
:�‰�œ�w���‰

�s�r�z�°���Ž	Í�w
^�S�U
ž�A�p�s�M�q�V�x�&
~�s�;
:�‡�p�`�T
¯�Ô�^�•�s�M�‘�O�t�s�l

�o�M�‡�b�{�‡�h�z���È�U�<�‡�p�x�a�b�”�q�×�ˆ�$�t�µ�«�é�”�ç�`�o�X�•�‡�b�{�È���t�K

�”	N�Õ�M�¢�Ÿ�ï�Å�¢�x
ƒ���s�r�›�!�Ë�b�”	Ô	t�q�`�o�;�™�^�•�o�M�‡�b�{�q�O�w�;�ó�q

�`�o�x�z�µ�å� �Å�Ì�”�›�Ð
T�b�”�\�q�t�‘�”�Ñ�¥�ï�Ä�±� �¶�w�!�Ë�•�z
:�Ü�-�‰�w�î�æ

�Ì���w
¯�Ô�z�M�¤�t�æ�˜�•�h	r�g�›	{�V	Z�b�Ã�Ì�¿�¬�Þ�”�Å�•�w
~�“�8�Q�U�K�“�‡�b�{

�Ö�—�D�ó�s
:�Ü�w�›�Ã

�›�����‰ /�§	Ð�w�(�A�ù /�Å�€ /
:�¶�$��
: /��
: e�zpi/
u�G�ø�w	²�t /�!
:�q��
:�w���[


:�Ü�t���‡�•�”�í
(�x�b�‚�o�Á�¹�^�•�z�G���È	–���È�w�à���x�^�•�‡�d�œ�{

�!
:�z��
:�w�Ý��� �q�`�o�b�;�D�ó�s�G�ø�x�ž�ç�Ñ�•�Õ�¿�Ä�q�ž�ï�¼�”�µ�¯�ž�w�ˆ�p

�b�{

�q�O�b�;�D�ó�s��
:�°�a


:�¶�$��
:�w�¡�)�x 1.0e-10 �Ž�<�›�è�¦�`�o�M�‡�b�{

max/min/step/sin/cos/tan/asin/acos/atan/sinh/cosh/tanh/asinh/acosh/atanh/

exp/log/sqrt/sigmoid/erf/erfc/factorial/gamma/loggamma/beta
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$ 4.4: �I�ˆ�Ú�™�w�h�Ø

�æ�g�$�s��
:�x 0 �› false�z�f�•�Ž�Ž�› true �q�`�o�{�M�‡�b�{

if/lt/le/eq/ge/gt/ne/and/or/not

4.4 �b�;�«

�-�‰�D�ó�s
:�Ü�w�«�›�Í�w
$�w�(���t�z�!
:�q��
:�›�b�;�`�h�‹�w�›�È���t�Ô�`�‡�b�{


$ 4.5: 	Z�—�h�Ø 1

�s�S�z�È���w�h�Ø�t�S�M�o�Ö�—�^�•�h���È�»�x�Ž�<�w�è�“�p�b�{

x = 10
2x+5
f(x) = 2x+5
f(10)
(x+1)x
circle_s(r) = pi*r^2
circle_s(5)
circle_s(10)
f(x, y, z, w) = sqrt(x^2+y^2+z^2+w^2)
f(1, 5, 1, 2)
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�¹�”�µ�¯�”�Å 4.4: �Ö�—�º�0 1

���[�w�M�«�™�^�•�”�‚�V�:�q�`�o�z�q�O�º
æ�$�t�x�!
:�•��
:�q
¥�n�Z�^�•�”�w�x�‹

�p�x�s�X�æ�Ï���p�K�”�h�Š�z�Í�w�‘�O�t�Ö�—�b�”�q�z x = 2x = 2 � 2x = 2 � 2 � 2x = � � �
�q�w�‘�O�t�6�<�$�t�z�|	Z�^�•�z	r�g�U	4�˜�’�s�M�w�p�¤�å�”�q�s�“�‡�b�{

x=2x
x

�¹�”�µ�¯�”�Å 4.5: StackOverflowError

�‡�h�z�K�“�ù�˜�d�$�t�å�C�^�•�h if �s�r�w�æ�g�$�s��
:�›�;�M�”�q�Š	Ð��
:�s�r�›

�â�”�²���p���[�U�D�ó�p�b�{�Í�w�Ö�—�t�S�M�o�7	4�æ�w factorial ��
:�x�;�™�^�•�o�M

�”��
:�p�b�{�‡�h if �Ž�Ž�w��
:�p�x�z	r�g�b�”
²�t�¾
:�›
¶�o
°�A�b�”�w�p�b�U�z if ��


:�p�x�f�w�‘�O�t�b�”�q���‘�q
°�A�`���Z�”	Ô�ù�U�K�”�h�Š�z
ž�A�s�¾
:�w�ˆ
°�A�^�•

�”�‘�O�t�s�l�o�M�‡�b�{


$ 4.6: 	Z�—�h�Ø 2

f(x) = if(le(x,0),1,x*f(x-1))
f(10)
f(3)
f(6)
f(1000) // �î�æ�Ì���w
¯�Ô�t�½�£�¿�«�›�Ö�•�h
factorial(1000)

�¹�”�µ�¯�”�Å 4.6: �Ö�—�º�0 2

4.5 �7�™�t

�²�x�\�w�Ó�é�¬�å�Ü�›�F�B�s�K�¤�t
æ�º�p�æ�˜�•�h�Ë�¿�§�¹�ï�t�€�C�`�h�q�V�T�’�^

�“�•�Š�z�?�q�T�p�b�U�\�O�`�o�ˆ�X�‡�p�w�‹�w�t�b�”�\�q�U	Z�R�‡�`�h�{�T�s�“�w�Ì��

�›
…�•�`�‡�`�h�U�z�f�w
ü�i�Z�˜�’�•�h�‹�w�‹���T�l�h�‘�O�t�ò�a�’�•�‡�`�h�{

�`�T�`�‡�i�)�§
Æ�
�s�:�U���X�z�“�7�›
Ç�Z�C�Q�o�M�X�O�j�t�z�ˆ�^	.
Y�t�Ì���U�T

�T�”�‘�O�t�s�l�o�`�‡�M�‡�`�h�¢
¶�.�$�s�¯�”�Å
T�g�›�b�•�y�‘�T�l�h�T�‹�œ�£�{�²�×


��U	{�M�h�x�c�s�w�t�\�œ�s	Ý�6�p�x�z�™�‘�æ�V�g�l�o�`�‡�M�f�O�p�b�T�’�z���™�‘�“

���X�w�Œ�Ý�›�˜�o�z
¯�q�`�h�M�ˆ�^�›
É
ã�X���?�t�¯�”�Ã�Ÿ�ï�¬�p�V�”�‘�O�t�s�“�h�M

�q�¥�M�‡�b�{
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:�Ü�w�-�‰ — �I�« �V
�

�Ž	Í�q�s�“�‡�b�{�7�™�‡�p�¡�œ�p�X�i�^�“�K�“�U�q�O�]�_�M�‡�`�h�{

�€�ß���Y

[1] �°	s�s��
:�w�-�‰�±

https://na-inet.jp/nasoft/chap06.pdf

[2] �° factorial function - parallel processing�±

https://stackoverflow.com/questions/10469552/factorial-function-parallel-

processing

[3] �° Gamma.java�±

http://introcs.cs.princeton.edu/java/91float/Gamma.java.html

(�M�c�•�‹ �7	4�þ�a�Ô�• 2017/09/23)
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5 �Ê�Õ�ç�®�”�Ü�¤�Ã�Ÿ�»�® Tale Master�¯

	Ø�C�»�¶�]�� 1 �s
\ �¤	ÿ�n�G

5.1 �x�a�Š�t

�r�O�‹�{	s�Š�‡�`�o�w�M�x	s�Š�‡�`�o�{	Ø�C�»�¶�]���w�¤	ÿ�p�b�{�¯�ï�Ð�á�”�»
æ�t

	t���`�o�T�’
ã�X�‹ 6 �T�D�U�&�q�O�q�`�o�M�‡�b�{�f�\�f�\
æ�º�w���“�>�t�‹�ó�•�o�V

�o�z�Ó�é�¬�å�Û�ï�¬�t�‹�ó�•�o�X�” ... �T�q�¥�M�V�•�z�‡�i�Š�
�›�Ö�•�o�–�Q�”�Ó�é�¬�å

�Û�ï�¬�t� �x���(�%�¢ Hot Soup Processor�£�i�Z�p�K�”�q�M�O�z�×
ü�w�)�§
Æ�
�›	"�O

���Ô�\�w���p�b�{
²�”�V�x�\�w�Y�’�M�t�`�o�S�M�o�z�Š���t�Ö�“�h�M�q�¥�M�‡�b�{
•�M

��	·�p�b�U�z�7�™�‡�p�¡�œ�p�X�i�^�•�y�¾�M�p�b�{

5.2 �^�l�h�‹�w�w�“�A

�^�o�z���s�²�U�^�l�h�‹�w�x�z���o�t�Ê�Õ�ç�®�”�Ü�›�^�•�”�¤�Ã�Ÿ�»�® Tale Master�¯

�p�b�{�Â�©�µ�Ä�Ñ�•� �ç�t�Ê�Õ�ç�®�”�Ü�w�Ï���›�Ö�—�`�z�\�w�¤�Ã�Ÿ�»�p�‰�X�q�z�Ê�Õ

�ç�®�”�Ü�t�s�”�q�M�O�‹�w�p�b�{�s�w�p
Y�¬�t�t�Q�y�z���s�^�l�h�‹�w�x�t� 	r�g�Ó�é

�¬�å�Ü�w�M�i�Z�s�œ�p�b�Z�r�v�{

�\�w�Ó�é�¬�å�Ü�›�^�”�h�Š�t�–�l�h�t� �x�z�
�°�{�U�–�Q�” HSP �q�M�O�t� �p�b�{

HSP �t�x���È�»
â�^�w�Ë�©�•��
:�U�M�–�M�–�Ö�l�o�M�”�w�p�z�Œ�l�o�M�”�t� �U HSP

�p�‘�T�l�h�p�b�{

�\�w�Ó�é�¬�å�Ü�w
†�Ì�›�`�‡�b�{���s�x�z�®�•�&�|
F
ú� �¯�q�M�O�Ê�Õ�ç�®�”�Ü�›�^

�”�q�`�‡�b�{�‡�c�z�Ý�Þ�¾�›�‰�V�‡�b�{ (�‡�K�z�Â�©�µ�Ä�¤�Ã�Ÿ�»�s�’�s�œ�p�‹�M�M�p

�b�{ ) �Ý�Þ�¾�›�‰�M�h�’�z�f�\�t�¯�Ú�ï�Å�›�U	Ú	{�V�`�‡�b�{�f�`�o�z Tale Master �›

�‰�M�o
ú� �w�Ê
²�›�'�j���‰�q�z�×
ü�p�'�l�h�¯�Ú�ï�Å�U Tale Master �t�¡�ˆ���‡�•�z

�Ê�Õ�ç�®�”�Ü�U�•�‡�“�‡�b�{

�Ž�<�t�¯�Ú�ï�Å�›�'�j���œ�i�Â�©�µ�Ä�Ñ�•� �ç�w�º�0�›�”�M�o�S�V�‡�b�{

EVE start
flag motimono, �s�`
flag kaityou,1
mes �•�&�›�W�`�t�æ�X�g�‚

Eend

EVE select
mes �Ë�j
ú�x�®�Ì flag[motimono] �Ì��̄p�b�{
sel �r�\�t�æ�X�•�|�•�‡�“�w�Ê�|�x�×�w	ÿ�|�•�&	Ó
1:

sgo mati
2:

sgo mori



48 5 �Ê�Õ�ç�®�”�Ü�¤�Ã�Ÿ�»�® Tale Master�¯ — �¤	ÿ�n�G

3:
sgo siro

Send
go select

Eend

EVE mati
mes ��	��x�Ê�t�£�M�h�‚
mes �Ý
��—�®�\�w�Ê�p�x�7�§�w�S�›
��O�\�q�U�p�V�”�g�{�¯
if motimono, �S�Ú

Y/N �7�§�w�S�›
��M�‡�b�T�•
Y:

mes ��	��x�7�§�w�S�›	��t�Ö�•�h�‚
flag motimono, �7�§�w�S

Yend
N:
Nend

Iend
if motimono �|�s�`

mes ��	��x�?�‹�b�”�\�q�U�s�M�‚
Iend
mes �Ê�›�ˆ�l�h�‚

Eend

EVE mori
if kaityou,1

mes ��	��x	ÿ�t�£�M�h�‚
mes �x�×�—�®�q�j�ˆ�•�{�¯
mes ��	��x�x�×�q
“�l�h�‚
mes ��	��x�x�×�t	‰�l�h�‚
mes ��	��x�S�Ú�›	��t�Ö�•�h�‚
flag motimono �|�S�Ú
flag kaityou,0
Eend

Iend
mes ��	��x	ÿ�t�£�M�h�‚
mes ��	��x�?�‹�b�”�\�q�U�s�M�‚
mes 	ÿ�›�ˆ�l�h�‚

Eend

EVE siro
mes ��	��x�•�&	Ó�t�£�M�h�‚
mes �•�&�—�®�\�\�‡�p�‘�X�R�h�s��	��‘�}�}�}�¯
mes ��	��x�•�&�q
“�l�h�‚
mes �•�&�U�È�8�`�o�V�h�‚
if motimono �|�7�§�w�S

mes ��	��x�S�p�
�Å�`�h�‚
mes ��	��x�•�&�›�W�`�h�‚
mes 
H�„�t���è�U�Z�•�h�‚
TALEend

Iend
mes ��	��x�®�œ�p�`�‡�l�h�‚
mes GAMEOVER
TALEend

Eend
TEXTend

	Í�w�‘�O�s���p�¯�Ú�ï�Å�›�'�j���ˆ�‡�b�{�f�•�g�•�w�¯�Ú�ï�Å�w�™�¯�x�™�p	—�`	î�•

�‡�b�{�¯�Ú�ï�Å���w	{�V�M�x�z Basic �%�w�t� �t�Å�o�M�”�T�‹�`�•�‡�d�œ�{�\�•�x�z�²

�U	s�Š�o�¶�œ�i�Ó�é�¬�å�Û�ï�¬�t� �U Basic �%�w�‹�w�i�l�h�w�p�z�f�\�T�’�è�¹�^�•�h

�T�’�T�‹�`�•�‡�d�œ�{�‡�K�z�¯�Ú�ï�Å�w�µ�Ö�ç�x
¶
µ�§�O�‹�w�t�s�l�o�M�‡�b�U ...�{
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5.3 �ˆ�T�`�o�ˆ�h

�f�•�a�Œ�z
Œ�„�r�w�Â�©�µ�Ä�› Tale Master �p�I�ˆ�`�o�ˆ�‡�b�{�b�”�q ...

�\�w�‘�O�t�s�“�‡�b�{�Â�©�µ�Ä�w	Í�t�K�”�¯�Ú�ï�Å�T�’	q
j�t	r�g�›�æ�l�o�M�V�‡

�b�{�ø
��w	Ý�6�x�z�Â�©�µ�Ä�Ñ�•� �ç�w 8 �æ�è�›	r�g�`�o�M�”�q�\�–�p�b�{�\�w�™�Ó�è

� �›���Z�o�M�l�o�‹�z�¤�å�”�s�X	4�ƒ�b�”�\�q�U�p�V�‡�`�h�{�\�w
ú� �x�z�•�&�›�W�b

�h�Š�t�®�7�§�w�S� �̄q�M�O�ž� �Â�Ü�›�Ë�l�o�•�&	Ó�t�æ�X�q�«�æ�ž�b�”�z�q�M�O
ú� �p

�b�{�ž� �Â�Ü�›�Ë�h�c�t�•�&	Ó�t�æ�X�q�®�”�Ü�¦�”�Ì�”�q�s�“�‡�b�{

5.4 �;�ó	º�p

�\�w�¤�Ã�Ÿ�»�p�p�V�”�,�Š�$�s�\�q�›	º�p�`�‡�b�{�‡�c�7	s�x�z�Ê�Õ�ç�®�”�Ü�t�x

�=�T�d�s�M���È
¯�Ô�p�b�{�¯�Ú�ï�Å�x�® mes�¯�p�z�\�w�™�t
¯�Ô�b�”���È�›�M�•�o�–�M

�‡�b�{

�®/� �̄��È�p�~�æ�›�Ö�•�’�•�‡�b�{�‡�h�z�®�Ì� �̄p���È�›�“�O�q�z�f�w���È�U�›	����È



50 5 �Ê�Õ�ç�®�”�Ü�¤�Ã�Ÿ�»�® Tale Master�¯ — �¤	ÿ�n�G

�{�M�t�s�l�o�z flag �¯�Ú�ï�Å�t�‘�l�o�^�’�•�h�Ñ�å�¬�w�¤
��t�”�õ�p�V�”�‘�O�t�s�l�o

�M�‡�b�{�¢�\�\�w	r�g�t�T�s�“	���	��l�h ...�£

�›	����È
Ç�V�Ý�¿�·�”�´�w�«� �

mes �Ë�j
ú�x�®�Ì flag�¦ motimono�§�Ì�¯�p�b�{
� �

�\�•�›�î�æ�b�”�q ...

�\�w�‘�O�t�s�“�‡�b�{�q�O�z�Ñ�å�¬�® motimono�¯�t�E�Ö�^�•�o�M�”�‹�U�®�s�`�¯�s

�w�p�z��	·�¤�w�Ì flag[motimono] �Ì�w
æ
ü�x�®�s�`�¯�t�”�õ�^�•�‡�b�{�¢�¯�Ú�ï�Å�Ê�U

flag �q�M�O�Ê
²�s�w�t�z�¤
��t 0�z 1 �Ž�Ž�w���È�U�Ö�•�’�•�”�w�x�z�‹�q�‹�q 0�z 1 �w�ˆ

�Ö�”�Ñ�å�¬�i�l�h�‹�w�t���È�›�Ö�•�’�•�h�’�(�b�a�Œ�v�•�q�¥�M�q�l�o�`�‡�l�o�î
÷�`

�h�T�’�p�b�{�f�w�Ê�’�p���‹�Ñ�å�¬�q�M�O�Ê
²�U�m�M�o�`�‡�l�o�M�‡�b�{�S�•�`�X�i�^

�M�{�£���w�q�\�–�z�–�Q�”�›	����È�x�Ñ�å�¬�”�õ�i�Z�s�w�p�z�\�•�T�’�‹�l�q�;�ó�›�¦

�Á�`�o�M�V�h�M�p�b�{

�Í�t�® Y/N�¯�¯�Ú�ï�Å�•�z�® sel�¯�¯�Ú�ï�Å�p�Ó�è� �à�”�t�‘�”
ü�0�w
†�Ì�›�`�‡�b�{

�®Y/N� �̄¯�Ú�ï�Å�x�z���t�t�O�®�x�M�z�M�M�Q� �̄w
ü�0�p�b�{�® sel� �̄¯�Ú�ï�Å�x�â�”�²�”

�U�Ø�»�ï�w�Ê
²�›�>�Š�”�\�q�U�p�V�”
ü�0�p�b�{

�(�U�® Y/N� �̄¯�Ú�ï�Å�p�z�È�U�® sel� �̄¯�Ú�ï�Å�w�î�æ�«�p�b�{�î�x�z�r�j�’�‹	r�g�t

	—�`�]�‡�T�`�U�Ö�l�o�M�”�w�p�b�U�z�‡�K�ð�J�s�X�ˆ�M�o�M�”�w�p�M�M�p�`�•�O�{�¢�Ó

�é�¬�å�Ú�”�w�«�¶�£

�7�™�t�z�Ñ�å�¬�w�‹�t�‘�”	Ú�E
ü�0�® if�¯�¯�Ú�ï�Å�›
†�Ì�`�‡�b�{�\�•�x�z�Ñ�å�¬�w

�¤
��U�z�¦���^�•�h���È�»�q�‰�a�T�›
°�A�`�z�‰�a�p�K�•�y�Ž�<�w�¯�Ú�ï�Å�›�î�æ�b�”
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�q�M�O�‹�w�p�b�{

�®if�¯�¯�Ú�ï�Å�w�«� �

if motimono�|�7�§�w�S

mes ��	��x�S�p�
�Å�`�h�‚

mes ��	��x�•�&�›�W�`�h�‚

mes 
H�„�t���è�U�Z�•�h�‚

TALEend

Iend

mes ��	��x�®�œ�p�`�‡�l�h�‚

mes GAMEOVER

TALEend
� �

�\�•�x�z�•�&	Ó�w�¤�w�¯�Ú�ï�Å�w�°
æ�p�b�{�® if�¯�¯�Ú�ï�Å�t�‘�l�o�z�Ñ�å�¬�® moti-

mono�¯�w�¤
��U�®�7�§�w�S�¯�p�K�”�T�r�O�T�›
°�A�`�o�M�‡�b�{�‹�`�z�Ñ�å�¬�® mo-

timono�¯�w�¤
��U�®�7�§�w�S�¯�p�s�T�l�h�q�V�z	r�g�U�® Iend�¯�w�q�\�–�‡�p�Ó�œ�p�z

�®�”�Ü�¦�”�Ì�”�t�s�l�o�`�‡�M�‡�b�{�`�T�`�z motimono �w�¤
��U�®�7�§�w�S�¯�p�K�l

�h	Ô�ù�z�® if�¯�¯�Ú�ï�Å�T�’�® Iend�¯�w���w	r�g�›�æ�l�o�z�®�”�Ü�«�æ�ž�q�s�“�‡�b�{

5.5 Tale Master �¯�Ú�ï�Å	B

�M�‡�‡�p	º�p�`�s�T�l�h�¯�Ú�ï�Å�›���Š�h�z Tale Master �w�¯�Ú�ï�Å
¯�›
¯ 5.1 �t�L

�d�o�S�V�‡�b�{


¯ 5.1: Tale Master �¯�Ú�ï�Å
¯
�¯�Ú�ï�Å 	r�g�º�0

EVE � �Õ�ï�Ä�w�•�‡�“�›
•�t�b�”�{

Eend � �Õ�ï�Ä�w	4�˜�“�›
•�t�b�”�{

mes ���È�w
¯�Ô�›�b�”�{

title �»� �Ä�ç�Ì�”�w���È�›�!�Q�”�{

go �¦���`�h� �Õ�ï�Ä�•�q	r�g�›� �ˆ�b�”�{

sgo �¦���`�h� �Õ�ï�Ä�t�´�ß�ï�Ó�`�o�z� �Õ�ï�Ä�U	4�˜�l�h�’�i�w	Ô	t�t�í�”�{

pic �¦���•�”�t�h
þ�›
¯�Ô�b�”�{

bgm BGM �›�ç�”�Ó�6
\�b�”�{

sound �®�L�;�›�Ð�’�b�{

mstop �;
`�6
\�›�µ�Ä�¿�Ó�b�”�{

Y/N �x�M�z�M�M�Q
ü�0�›
¯�Ô�b�”�{

sel 
¬�R�¶�t�‘�”
ü�0�›�æ�O�{

flag �Ñ�å�¬�w
\
R�T�z�7���Ñ�å�¬�t�‹�›�E�Ö�b�”�{

input �©�”�Ø�”�Å�T�’�Ö�—�`�h���È�›�Ñ�å�¬�t�E�Ö�b�”�{

list �G�”�w�A
É�T�’
¬�R�`�h�‹�w�›�Ñ�å�¬�t�E�Ö�b�”�{

if �Ñ�å�¬�w�‹�t�‘�”
ü�0�›�æ�O�{

TALEend 
ú� �w	4�ƒ�›
•�t�b�”�{

TEXTend �Â�©�µ�Ä�Ñ�•� �ç�w	4�ƒ�›
•�t�b�”�{
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5.6 	4�˜�“�t

�®�f�O�i�z�Ê�Õ�ç�®�”�Ü�¤�Ã�Ÿ�»�›�^�–�O�{�¯

�\�O�¥�M�q�l�o�z�^�“	Í�[�”�w�t
R�D�j�•�M�X�’�M�T�T�“�‡�`�h�{�7�Ù�x�H�t�‰�”�q

�V�x�\�w�¤�Ã�Ÿ�»�›�c�l�q�^
R�`�o�M�‡�`�h�{�s�œ�d�Ì�¬�U���M�‹�w�p�z�°�m�w�¯�Ú�ï

�Å�›�^�”�q�z
ž�c�°�m�x�Ì�¬�U	Z�o�X�”�w�p�¯�”�Ã�Ÿ�ï�¬�‘�“�‹�x�”�T�t�Ã�Ì�¿�¬�w

�„�O�t�Ì���U�T�T�“�‡�`�h�{�‡�i�‡�i�e�L�`�h�M�;�ó�‹���M�w�p�z�\�•�T�’�‹�U�œ�y

�“�h�M�p�b�{�^�o�z�î�x�\�w�Ó�é�¬�å�Ü�z�ì
R�^�d�”�t�x�‹�O�°�m�w�Ó�é�¬�å�Ü�U
ž�A

�s�w�p�b�{�f�w�Ó�é�¬�å�Ü�w�;�ó�x�z�¯�Ú�ï�Å�›
¬�R�b�”�q�z�×�ˆ�$�t�¯�Ú�ï�Å�›�Â�©

�µ�Ä�¤�Ã�Ÿ�»�t	{�V���‰�q�M�O�‹�w�p�b�{�\�w�Ó�é�¬�å�Ü�U�ì
R�b�•�y�z	s�Š�o�® Tale

Master� �̄q�M�O�¤�Ã�Ÿ�»�U�ì
R�b�”�w�p�b�{�\�j�’�w�Ó�é�¬�å�Ü�x�‡�i	��›
Ç�Z�o�M�s

�M�w�p�z�‡�h�Ì���U�K�•�y�^�“�h�M�q�¥�M�‡�b�{�‡�h���t�x�z HSP �Ž�Ž�w�t� �›�–�Q

�”�‘�O�t�s�“�h�M�w�p�z���t� �w�)�§�‹�`�h�M�q�¥�M�‡�b�{�¢�•�“�h�M�\�q
ÿ�Q�a�W�o

�A�Á�•�’�s�M�•�m�£

�\�\�‡�p�¡�œ�p�M�h�i�V�K�“�U�q�O�]�_�M�‡�`�h�{
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�$	B�™�G

�$	B�r�p�w	ÿ�<�p�b�{���s�p 56 �m�è�w Lime �t�s�“�‡�b�{���s Lime �r�p�q�`�o�K�‡
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