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1

�H 1 	·

	í�w	Ø�C

1.1 	í�q�¹�®

�«�x�?�Ó�þ�w�°	��¢�D�¹�«�w�þ�Õ 370 nm �™700 nm*1�£�p�þ�Õ�t�‘�l�o�>�‡�l�h	í�›

�‹�m�¢ A �Ò�w	í�¹� �E�«�w�µ�Ö�«�Ä�ç�£�{�þ�Õ�U�Õ�M�«�x
z�|�y�M�M�x�µ	í�t�_�Q�”�{

�°�M�|�Î�Ä�w�è�w�â�š�t�x�| Red, Green, Blue �f�•�g�•�w	í�›�ò�a�” 3 	��w
�b�M�h�M


3�. �|

�Ì�”�^�i�Z�›�ò�a�”
�T�œ�h�M

�H�. �q�M�O�¹�I�T �U�K�”�{ 3 	��w
3�.�w�¹�I�T�¤�t�x�|�f�•�g�•�w	í

�›�u	)�`�o�—�9�›�¹
��&�t�;�Q�”	í
É
ú�í�|�b�s�˜�j �¹
ú�í �U�K�”�{
$ 1.1 �x�\�•�’�w�¹


ú�í�U�r�w�«�t
S� �b�”�T�›
¯�`�o�M�”�{


$ 1.1 �â�š	Í�w 3 	��w
3�.�w�ò�S�q�«�w�þ�Õ�w�����•
�
¢�x�H�.�w�µ�Ö�«�Ä�ç

�Î�Ä�x�\�w�‘�O�t 3 	��¨�w	í�›���‘�t�ò�a�”�I�T�›�‹�m�\�q�T�’�| 3 	í�U�r�O���e�ù�˜

�d�’�•�o�M�”�T�t�‘�l�o�Ÿ�s�l�h�ò�®�›	!�Z�”�\�q�t�s�”�{�\�•�U 	í�® �p�|�,�Š�q�s�” 3

�m�w	í�› 3 �j	í �q�M�O*2�{

*1 1 nm = 100 �ª
ü�w 1 mm
*2 �Î�Ä�›���‰�¶�Õ�¨�x 3 �j	í�w
H�„�t
\�V�o�M�”�U�|�f�•�Ž�Ž�w�!�Õ�¨�x
3�.�› 2 	��¨�`�T�‹�h�c�|
Á�`



2 �H 1 	· 	í�w	Ø�C

�s�S�|�Î�Ä�U�‰�M�q�\�–�p	í�›�ò�a�t�X�X�s�l�o�|�Ì�‰�w�ò�®�U	��t�s�”�w�x�|
3�.�p

�x�«�›�
�Q�t�X�X�s�“�|	í�w�Ý���x�p�V�s�M�U	��M�«�t�‹
S� �p�V�”�H�.�U	��t�‡�X�‘�O

�t�s�”�h�Š�i�{

	í�®�Ÿ	×�q�â�Ç�Ì�”�±�ç�Ã�²� �ï

	í�®�t���b�”�J�¶�$�s�Œ�Ý�›�Ë�l�o�S�X�\�q�x�|	í�®�Ÿ	×�¢	í�á�£�w
��t�0�b�”
��€

�›�h�•�s�M�h�Š�t�‹
‡	×�t	O�A�i�{�°
j���M�w�x
z�˜
Q�w�Ÿ	×�p R �q G �w�à���U�‰�m�T

�`�M�{


z�˜
Q	í�®�Ÿ	×�w
C
\�p�x�‰	•�t�‘�l�o�Ÿ�s�“�|�f�•�g�• 20 
��t 1 
��| 500 
��t 1 
�

���S�p�K�”�{�b�s�˜�j�|
z�q�˜�›�Œ�®�b�”�¹
ú�í�w�¨�;	Ø�C�x
Q
›	í�.�w X �t	Ð�l�o�M

�”�\�q�|�‡�h�‰
Q�x X 
›	í�.�› 1 �m�`�T�Ë�h�s�M�\�q�T�’�|�f�w X 
›	í�.�t�Ÿ	×�U�K�”

�i�Z�p	í�®�Ÿ	×�U
C
\�b�”�{�°�M�|	•
Q�w	Ô�ù�t�x�|�ÿ 10 
��t 1 
��w�Â�ù�p�"�M�w Y 
›

	í�.�w�ˆ�t	í�®�Ÿ	×�w�¨�;� �›�Ë�l�o�M�”�U�|�Š
��t�x�Ÿ	×�U
C�q�`�s�M�-�¼	��t�s�”�{

�f�`�o 2 �m�w
ì�‰�s Y 
›	í�.�w�†�M�t�Ÿ	×�U�K�”	Ô�ù�t�w�ˆ	í�®�Ÿ	×�U
C
\�b�”�{

�m�‡�“
z�˜
Q�w	í�®�Ÿ	×�x�‰
Q�w	Ô�ù�t�x
z�±�$�K�“�~�•�o�M�o�|�h�M�o�M�w�¶�Í�w�«

�å�µ�t�x�?
��T�M�”�q�ß�Q�o�|�f�w�0� �›�`�s�M�q�M�Z�s�M�{

	í�®�Ÿ	×�t�‘�l�o
\�a�”�Ô	×
\�Æ�p�w�ð�J�›�s
†�b�”�h�Š�t�x�|�‡�W�’�˜�`�M
�	í�›�`

�s�M�‘�O�t�b�”�q�M�O
��€�U
ž�A�p�K�”�{�,�Š�$�t�x�|	í
ì�U�§�l�o�M�o�‹�Ì�S�U�s�`�M

	í�w
Ê�ˆ�ù�˜�d�›
†�Z�”�‚�V�p�|�h�q�Q�y�˜	í�w��
X�t�‰�a�Y�’�M�w�Ì�S�w
z�M�½�ã�”�«

�p�È�›	{�X�w�x�·�‡�`�X�s�M�{�¢�£�Ò�w�Ã�²� �ï�t�S�M�o�‹�|�‰�7�w�‡�W�’�˜�`�M
�	í�x


†�Z�”�{�\�w�‘�O�t�|�¹�®�w	Ë�•�U�K�l�o�‹�»
É�t�‘�l�o�_�•�b�X�Ã�²� �ï�b�”�\�q�› �â

�Ç�Ì�”�±�ç�Ã�²� �ï �q�t�l�o�M�”�{

�M	í�w
H�„�›
\�V�o�M�”�{�°�M�|�×�¨�|�•�¨�s�r�x 4 	��w
3�.�›�‹�m�‹�w�U���X�|
����U�Ý���p�V�s�M	í

�›�_
ü�Z�”�\�q�U�p�V�”�{



1.2 3 �j	í�q	í�w
¯�q 3

R

G B

Y

C

M


$ 1.2 R, G, B �q C. M, Y �w�����•

1.2 3 �j	í�q	í�w
¯�q

3 �j	í�›�r�O�>�Š�”�T�t�x�Ú�™
Q�U�K�”�U�|

�¯�ï�Ð�á�”�»�¬�å�Ñ�Ÿ�¿�«�µ�p�7�‹�‘�X�–�˜

�•�”�w�x�|�¹�I�T�w	��¨�t�K�˜�d�o Red(
z ),

Green(�˜ ), Blue(
h ) �w 3 �m�p�K�“�|�‡�q�Š

�o RGB �q	¶�^�•�”�{�\�•�x �«�w�~�j	í �q�‹

�z�y�•�o�M�”�{

�°�M�|�¹�n�w� �ï�«�s�r�t�;�M�’�•�”�w�x

Cyan(�³ �ž�ï ), Magenta(�Ú�¸�ï �» ), Yel-

low(�+ ) �w 3 �m�w	í (CMY) �p�|�†�w�é�w�~

�j	í�q�z�y�•�”�{�h�i�`�|�î�M�w�¹�n�t�S�M�o

�x�\�•�’�t �� (K) �›�C�Q�o CMYK �w 4 	í

�w� �ï�«�U�‘�X�;�M�’�•�”�{�×�P�s�r�t� �ï�«

�´�£�¿�Ä�Ó�æ�ï�»�U�K�l�h�’�|�‘�X�_�o�ˆ�‘�O�{

1.3 3 �j	í�q	í�w���e�ù�˜�d

R, G, B �x 3 	��¨�w �« �w	í�s�w�p�|�\�•�’�›�o	m�t	O�v�o�M�X�q�«�U
ÿ�Q�”�\�q�t�s

�“�|�‘�“�Ì�”�M	í�U	Z�o�X�”�{ C, M, Y �x�|�f�w�‘�O�t�`�o�˜�’�•�”	í�p�K�”�{�m�‡�“�Í

�w�‘�O�s�����t�s�l�o�M�”�{

Y = R + G

C = G + B

M = B + R

R, G, B �›���e�ù�˜�d�”�q�r�O�s�”�i�–�O�T�•�\�•�x�p
µ
(�t�s�”�{

�°�M�| C, M. Y �x	í
É�¢�†�w�é�£�w 3 �j	í�p�K�”�{�h�q�Q�y Cyan �w�†�w�é�›�C�l�h�´

�t
( (W) �w�«�›�p�o�”�q�|	í
É�t�‘�l�o R �t
ì�p�b�”�þ�Õ�w�«�U�u	)�^�•�o�|�’�“�w�«

�U�è�t�_�Q�”�\�q�t�s�”�{�‰�7�t Magenta �x G �w�«�›�u	)�b�”�†�w�é�w	í�| Yellow �x

B �w�«�›�u	)�b�”�†�w�é�w	í�i�{

�f�•�p�x Cyan �q Magenta �›���e�”�q�r�œ�s	í�t�s�”�i�–�O�T�•�f�w	Ô�ù�| R �q G

�w	í�U�u	)�^�•�o�`�‡�O�w�p�| B �i�Z�U�’�”�{���w	í�w���ù�t�m�M�o�‹�‰�7�t�ß�Q�•�y

�‘�M�{

C, M, Y �w� �ï�«�›
¶
æ���e�”�q�r�O�s�”�i�–�O�•�\�w	Ô�ù�|�b�‚�o�w	í�U�u	)�^�•�”

�\�q�t�s�”�x�c�i�T�’�|�j�g�$�t�x���t�s�”�{�`�T�`�î�M�t�x���M�‰�M	í�t�s�”�\�q�U��

�M�w�p�|���w� �ï�«�›���t�;�™�`�o�S�X�w�p�K�”�{
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(�q��


(�q���‹	O�A�s	í�p�K�”�{
(�x White �T�’ W, ���x Black �T�’ K �q�è	×	²�t�^�•

�” *3�{

W, K �x�r�j�’�‹�Á�<	í�p�|
(�x�b�‚�o�w	í�w�«�w�
�`�ù�˜�d�p�p�V�”�{ (
$ 1.2)�{

W = R + G + B

�°�M�|���x�«�w�s�M	Ý�6�t
ì�p�b�”�{�m�‡�“�¸�é�p
¯�^�•�”	í�q�M�O�\�q�t�s�”�{

K = 0

(0,0,0)
K

(0,0,1)
B

(1,0,0)
R

(0,1,0)
G


$ 1.3 RGB �w	í�í���›
¯�b�q�M�.

1.4 	í�í��

	í�x 3 	��w� �q�s�A
É�¢�j	í�£�w	O�v�ù�˜�d�p


¯�q�p�V�”�w�p�|�^�‡�_�‡�w	í�› 3 �Í�i�í���|�K

�”�M�x�q�M�.�w�¤�w�•�”�t�0� �n�Z�”�\�q�U�p�V

�”�{�M�‡�| R, G, B �w	í�w�§�^�›�f�•�g�• 0 �T�’

1 �w
c�“�p
¯�`�h�q�b�”�q�|�b�‚�o�w	í�x
$ 1.3 �w

�q�M�.�w�r�\�T�t�•�”�n�Z�’�•�”�\�q�t�s�”�{�\

�w�‘�O�t�`�o���[�^�•�”�í���w�\�q�› 	í�í�� �‡�h

�x �§�å�”�µ�Ö�”�µ (Color Space) �q�M�O�{

�ð�J 1–1 1.3 
$�t�G�Ö�^�•�o�M�s�M C, M, Y, W

�w�¤	í�x�|�\�w�q�M�.�w�r�\�t�•�”�n�Z�’�•�”�\

�q�t�s�”�w�i�–�O�T�{

*3 Blue �U�b�p�t�K�”�w�p�|���› B �q�t�G�b�”�˜�Z�t�x�M�T�s�M�{



1.5 HSV/HSB �t�‘�”	í�w
¯�q 5

1.5 HSV/HSB �t�‘�”	í�w
¯�q

RGB �• CMY(K) �q�M�l�h 3 �j	í�Ž�Ž�t�|	í�› 	í
ì (Hue)�| �<�S (Saturation)�| �Ì

�S (Value, Brightness) �p�à���b�”�•�“�T�h�‹�°
`�t�‘�X�æ�˜�•�”�{�\�•�x�f�•�g�•�w

�ó� �w�„���È�›�q�l�o HSV �K�”�M�x HSB �q�z�y�•�”�{�ó� �w�™�¯�T�’�b�”�q HSB �w

�„�O�U�×
µ�t�ˆ�Q�”�w�i�U�| B �x RGB �w B �q	O�s�”�w�p�|�Ž�<�p�x HSV �›	��t�–�O

�\�q�t�b�”�{

HSV �x	í�<�ò�®�t�‹�q�n�M�h
¯�q�O�s�w�p�|�°
`�t�‘�X�;�M�’�•�”�{�‡�h
’	[�w�­�J

	{�t�‹�L�l�o�M�” *4�{
$ 1.4 �w 12 	í�� �x�Å�h	í
ì�›�‹�m	í�›�Y�”�“�q��	Ý�t���‚�h�‹�w

�p�|�.�%�$�t	í�›�g�r�`�h�M�q�V�t�x�\�•�›�®�Q�o�S�X�q�‘�M�{

�s�S�| 12 	í���p�x	í
ì�U��	Ý�t�m�s�U�l�o�M�”�w�t�|�«�w�µ�Ö�«�Ä�ç�p�x�(�z�w�µ�q�È

�z�w
z�x�m�s�U�’�s�M�{�\�•�x�q�o�‹�~�`�W�s�Ä�î�p�K�”�U�|�f�w�\�q�›�r�Ì�`�‘�O�q�b

�”�q�|
����w
��&�t�S�Z�”	í	Ø�C	r�g�w�ð�J�U���˜�l�o�X�”�{�q�o�‹
��M�ð�J�p�K�”�{


$ 1.4 12 	í�� :
�	Í�T�’�Ì�-�s�“�t�K

�T�|�i�M�i�M�|�V�i�M�i�M�|�V�M�–�|�V

�ˆ�r�“�|�ˆ�r�“�|�K�S�ˆ�r�“�|�ˆ�r�“�K

�S�|�K�S�|�K�S�‰�’�^�V�|�‰�’�^�V�|�K

�T�‰�’�^�V

1.5.1 �4	í

12 	í���t�S�M�o�| 180 �S�w
S�0�w�•�”�p

�²�T�M�ù�l�o�M�”	í�w�����›�4	í�q�M�O�¢
S

�0	í�q�M�O
��‹�M�”�£�{�\�•�x	í�U�h�U�M�t

�'�j	«�`�ù�O�����t�s�l�o�M�o�|�4	í����

�t�K�” 2 �m�w	í�›�‡�e�”�q�i�M�h�M�Á�<	í

�t�s�”�{

*4 �\�w�Ó�æ�ï�Ä�w�¶	��x�¤�¶ 1 �å�w�q�V�t
’	[�w�Ì���t�­�˜�l�o�|�Ž�R�c�l�q�f�•�›�®�Q�o�M�”�{�`�T�`��

�x�f�œ�s�‰�m�T�`�M�\�q�x�¤�¶�p�x�­�Q�s�X�s�l�o�`�‡�l�h�’�`�M�{
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1.6 	í�w	Ø�C�›
:�‹�p
¯�b

�¯�ï�Ð�á�”�»�w
H�„�p�x RGB �t�‘�”	í�w
¯�q�U�7�‹
Ó�è�t�;�M�’�•�|�¹�n�t�S�M�o

�x�y CMYK �t�‘�”
¯�q�U	��t�;�M�’�•�”�{�Ž�<�p�x RGB �p
¯�q�b�”	Ô�ù�t�m�M�o	\

�‚�”�{

�Ù�È���s
:�‹�p
¯�b 	í�›
:�‹�p
¯�b�t�x R,G,B �]�q�t 3 �m�w
:�‹�›�K�o�o�|�f�•�’�w


Ê�ˆ�ù�˜�d�›�;�M�•�y�‘�M�{
:�‹�w�Â�“�p�o�M�t�x�Ú�™
Q�U�K�”�U�| �È���s�î
: �›�;�M�”

�q�V�t�x 0�™1 �w
c�“�p
¯�q�`�| 0 �x�f�w	í�w�«�U�Á�M	Ý�6�| 1 �x�7�‹�§�M	Ý�6�q�b�”�{

�Ù�m�„�$ (�Ã�´�»�ç ) �s
:�‹�p
¯�b �`�T�`�|�¯�ï�Ð�á�”�»�w�¤�w	Ø�C�x�Š�R �Ã�´�»�ç �|

�m�‡�“ 2 
��O�• 16 
��O�p
¯�^�•�”�m�„�$�s�‹�w�p�K�”�{�t�?�›�T�Q�•�y�|�«�w�§�^�›

0,1,2,. . . , �w�‘�O�s�q�|�q�|�w�ˆ�Š�p
¯�^�_�”�›�˜�s�M�{�\�w	Ô�ù�|�?�ˆ�Š�t�q�”�T�q�M

�O�w�x�h
þ�w�;�M�•�Ë�”�Å�¢�£�ž�w
Q�ó�t�‘�l�o�>�Š�”�\�q�t�s�”�{�q�O�p�x 0 �™255

�w 256 �ˆ�Š�w�‹�›�q�”�‘�O�t
ƒ���b�”�w�U�°
`�$�p�K�”�{

�\�\�p 256 = 28 �p�K�“�| 16 
��O 2 �;�p 255 �‡�p�w
:�‹�U
¯�^�•�”�\�q�›�¥�M	Z�f�O�{

�\�•�•�w
È�^�p�x
Æ	G
ü�t�¥�Q�”�T�‹�`�•�s�M�U�|�\�•�p�à���p�V�”	í�<�w	��¨�x 2563

�t	Í�”�{
¶
æ�p�?�è�“�t�s�”�T�x�×
ü�p�-�‰�`�o�ˆ�o�„�`�M�{

0(0), 1(1), 2(2), . . . , A(10), B(11), C(12), D(13), E(14), F(15), 10(16), 11(17),

. . . , F9(249), FA(250)FB(251), FC(252), FD(253), FE(254), FF(255)


¯ 1.1 �t�|	� �A�s	í�q�f�w
:�‹
¯�q�›�‡�q�Š�o�S�M�h�{ HTML �t�S�Z�”	í�¦�� �p

#FF0000 �w�‘�O�t 3 �m�w 16 
�
:�›�‡�q�Š�o
¯�b�\�q�x�|�b�p�t�Œ�l�o�M�”�x�c�i�{


¯ 1.1 	��s	í�w
:�‹
¯�q�•

	í�Ê �ó� �Ê �î
:
¯�q 16 
�
:
¯�q

�K�T Red (1, 0, 0) FF,00,00

�ˆ�r�“ Green (0, 1, 0) 00,FF,00

�K�S Blue (0, 0, 1) 00,00,FF

�³�ž�ï Cyan (0, 1, 1) 00,FF,FF

�Ú�¸�ï�» Magenta (1, 0, 1) FF,00,FF

�V�M�– Yellow (1, 1, 0) FF,FF,00

�`�– White (1, 1, 1) FF,FF,FF

�X�– Black (0, 0, 0) 00,00,00



1.7 GIMP �w�§�å�”�Í�è�¿�Ä�w	í
¯�q 7

1.7 GIMP �w�§�å�”�Í�è�¿�Ä�w	í
¯�q

GIMP �x�¬�å�Ñ�Ÿ�«�µ	r�g�w�h�Š�w�Ñ�æ�”�¹�Ñ�Ä�p�| UNIX, Widows, Mac �s�r�w�Ó

�å�¿�Ä�Ñ�¥�”�Ü�p
ø�“�|�ô�M�;�ó�›�‹�l�o�M�”�{�h�M�o�M�w�Ö� �ï�Ä�%�w�ž�Ó�æ�‘�“�‹�p

�V�U�‘�M *5�{

GIMP �x	í�›�{�O�h�Š�w�b�Y�•�h�Í�è�¿�Ä�›�Ë�l�o�M�o�|
$ 1.5 �w�‘�O�t�^�‡�_�‡�w

	í
¯�q�U�‰�Ì�t�Í�è�¿�Ä�t
¯�Ô�^�•�”�{�\�•�›�_�”�q�| RGB �q HSV �w�����U�Ì�Ž�t�˜

�T�”�{�‡�h�|�(	Í�w�»�Ò�›
~�“�8�Q�”�\�q�p�|�¹�n�;�w CMYK �w
¯�q�‹�Œ�”�\�q�U�p

�V�”�{


$ 1.5 GIMP �w�§�å�”�Í�è�¿�Ä :
:�‹�w
c�“�w	��“�M�t�«�™�{	í
ì�x�°�s�“ 360 �S�t

�s�l�o�M�”�{

*5 Adobe �w���Ê�s�¢�T�m�ô�A�s�£�ž�Ó�æ�­�”�³�ã�ï�p Photoshop �q�M�O�w�U�K�”�U�|�„�…�f�•�t
–�"�b

�”
Q�ó�›�Ë�l�o�M�”�{
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�¯�ï�Ð�á�”�»�¬�å�Ñ�Ÿ�¿�«�µ�w�“�A

2.1 �å�µ�»�”�h
þ�t�‘�”�¬�å�Ñ�Ÿ�¿�«�µ

2.1.1 �å�µ�»�”�¹
ø�*
¢

�Â�è�Ï�•�¯�ï�Ð�á�”�»�w�h�Ø�p�x�|�(�T�’�È�•
+���t�K�:�U
ø�l�o�|
¢�U
³�T�•�o�M

�”�{�\�w
¢�w�\�q�› �å�µ�»�” (raster) �K�”�M�x
ø�*
¢�q�M�O�{

	H�R�w�Â�è�Ï�w
ø�*
¢�x	N�t 525 �Š���œ�p 1 �•�w�h
þ�›�m�X�“�|�–
µ 24 �•�C�“�8�Q�’

�•�o�M�”�{�¯�ï�Ð�á�”�»�w�h�Ø�w�å�µ�»�”
³�h�x�|�‹�l�q�ô���T�m�ô
^�S�p�K�”�{

2.1.2 �¯�ï�Ð�á�”�»�h�Ø�x�Ð�«�·�ç�w	B�ù

�¯�ï�Ð�á�”�»�w�Ã�Ÿ�µ�Ó�è� �x�|
$ 2.1 �w�‘�O�t �Ð�«�·�ç (pixel) *1�q�z�y�•�”�:�U	N

�#�t��
:���œ�p�M�o�|�f�•�g�•�w�Ð�«�·�ç�x R, G, B �w�¤	í�p
C�«�b�” 3 �m�w�Ø�T�’�Ï


R�^�•�o�M�”�{


$ 2.1 �Ð�«�·�ç�p�Ï
R�^�•�o�M�”�¯�ï�Ð�á�”�»�h�Ø�w�°
æ (�( ) �q 1 �x�w�Ð�«�·�ç�w�� (�È)

*1 �Ð�«�·�ç�x�‡�h�h
É�q�‹�z�y�•�”�{
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2.1.3 �h�Ø�w�r
þ�S�x�Ð�«�·�ç
:�p�>�‡�”

�°
`�$�s�¯�ï�Ð�á�”�»�w�h�Ø�p�x�#�q	N�w�Ð�«�·�ç
:�x 4 : 3 �p�|	–�^�Š�w�Ê�”�Ä PC

�p�x 1024×768 �U
ª	j�$�{�Ã�µ�«�Ä�¿�Ó�p�x�‹�l�q�ô�r
þ�S�w 1280×1024, 1600×1200

�s�r�U�–�˜�•�o�M�”�{

2.1.4 �å�µ�»�”�h
þ�w	Ø�C�”

�h
þ�›
¯�q�b�”�h�Š�t�x�|�r�•�i�Z�w�Ã�”�»�”�U
ž�A�i�–�O�T�{�{�q�m�w�Ð�«�·�ç�w	í

�w�ñ�^�U 256 �ˆ�Š�q�•�”�‹�w�q�`�‘�O�{�m�‡�“ RGB �w�f�•�g�•�U 0 �T�’ 255 �‡�p�w�ˆ

�Š�p
¯�q�p�V�”�‹�w�q�b�”�{�\�\�p 256 �q�M�O
:�È�x�|�q�O�e�œ 28 �T�’�V�o�M�”�{

28 �q�M�O�w�x 1 B �w	Ø�C�” *2�t
ì�p�b�”�w�p�|�{�q�m�w�Ð�«�·�ç�K�h�“
ž�A�s	Ø�C�”

�x�|�\�w	Ô�ù 3 B �q�M�O�\�q�t�s�”�{�¯�ï�Ð�á�”�»�w�Ý�Þ�æ�› 3 �x
ü�–�O�q�ß�Q�o�‘�M�{

�m�W�t�h
þ�w�±� �¶�›�>�t 1024 × 768 �q�`�‘�O�{�-�‰�`�o�ˆ�”�q 786432 �p�|�\�•�i

�Z�w�Ð�«�·�ç�w
:�U�K�”�˜�Z�i�{�`�h�U�l�o�|�\�w�h
þ 1 �•�t
ž�A�s�w�x�| 786432× 3 =

2359296 B �q�M�O�\�q�t�s�”�{�;
:�U���M�w�p 1024 �p�Â�”�q�| 2304 KB �q�M�O�\�q�t

�s�”�{ 2.3 MB 	��q�M�O�q�\�–�i�{

�\�w�‘�O�t�|�h
þ�Ã�”�»�t�x
2�G�s�Ý�Þ�æ�U�–�˜�•�”�{�¬�å�Ñ�Ÿ�«�µ�w	r�g�U�¯�ï

�Ð�á�”�»�w	r�g�w�¤�p�7�‹	O�M *3�w�x�|�{�O	Ø�C�”�U�V�˜�Š�o���M�T�’�i�{

2.1.5 �Ã�”�»�›�y	V�`�o�Ñ�•� �ç�t�b�”

	Í	\�w�‘�O�t�å�µ�»�”�h
þ�w�Ã�”�»�x�V�˜�Š�o�G�V�M�{�Ã�Ÿ�µ�«�•�f�w���w�G�1�Ý�Ã�Ÿ

�ž�t�Ã�”�»�›�`�‡�l�h�“�|�K�”�M�x�É�¿�Ä�ë�”�«	Í�p�h
þ�Ã�”�»�›�v�b�h�Š�t�x�|�\�•�x


Æ�(�p�K�”�{

�f�\�p�|�°
`�t�h
þ�x�®�y	V�¯�`�o�Ñ�•� �ç�=�^�•�”�{�y	V�w�j�g�›���o�t�M�Q�y�|�‰

�a�Ã�”�»�w���“�&�`�U�K�l�h�’�f�•�›�‡�q�Š�o
¯�q�b�”�‘�O�s�M�O�›�>�;�b�”�q�M�O�\�q

�p�K�”�{�h�q�Q�y�Í�w�‘�O�s�Ã�”�»�U�K�l�h�q�`�‘�O�{

ABC8ABC8ABC8ABC8ABC8ABC8ABC8ABC8ABC8ABC8

�\�\�p�x "ABC8" �q�M�O 4 ���È�w���È�»�U 10 �s���“�&�^�•�o�M�”�{�\�•�›�Í�w�‘�O�t

	{�M�h�q�`�‘�O�{

*2 1 B �x 1 Byte(�Ì� �Ä ) �w	Ž�t�{ 2 
��O 1 �;�w bit(�Ï�¿�Ä ) �x b �p
¯�b�{
*3 �®	O�M�¯�q�M�O
¯�q�x�|�¯�ï�Ð�á�”�»�›�–�O�q�V�t�‘�X�–�˜�•�”�{	r�g�b�”	Ø�C�”�U���X�|�T�m
ž�A�s

	r�g�w
:�‹���M�q�|�¯�ï�Ð�á�”�»�w�ˆ�^�t�x�Ì���U�T�T�”�‘�O�t�s�“�|�m�‡�“�®	O�X�¯�s�”�{�f�•�›�s
†

�b�”�t�x�|�‘�“	—�s�M�-�‰�s
:�p	r�g�U�b�‰�‘�O�s�®�p�w�‘�M�ž�ç�°�æ�¶�Ü�›�>�;�b�”
ž�A�U�K�”�{�°�M

�p�|�¯�ï�Ð�á�”�»�w�Ë�”�Å�¢�£�ž�t�‹�ô
Q�ó�w�‹�w�U�A�{�^�•�”�{�f�œ�s�˜�Z�p�|�¬�å�Ñ�Ÿ�¿�«�µ�›�§�Q

�”�U	[�x�|�Ë�”�Å�¢�£�ž�|�¹�Ñ�Ä�¢�£�ž�M�c�•�‹�x���t
��2�`�o�”�{



2.1 �å�µ�»�”�h
þ�t�‘�”�¬�å�Ñ�Ÿ�¿�«�µ 11

ABC8*0A

�\�\�p *0A �q�M�O�w�x�| 0A �s (10 
��O�p 10 �s ) ���“�&�b�q�M�O�™�¯�p�K�”�q�>�Š�o

�`�‡�Q�y�|	Í�w 40 ���È�w�Ã�”�»�U 7 ���È�t�y�X�s�l�h�\�q�t�s�”�{�\�w�‘�O�t�|�s�œ�’

�T�w�F���›�>�Š�o�Ã�”�»�”�›�n�’�b�w�U�|�y	V�q�M�O
â�^�i�{�‡�h�|�h
þ�x�è�p�_�o�˜�T

�•�y�‘�M�w�p�|�I�T�s�ñ�v�›�s�’�b�\�q�p	Ø�C�›�n�’�b	r�g�‹�æ�˜�•�” *4�{

�q�O�|�°
`�t�;�M�’�•�o�M�”�E
¯�$�s�y	V�h
þ���Ü�q�`�o�x�| PNG, JPEG, GIF �w 3

�m�U�K�”�{
¯ 2.1 �t�\�•�’�w�›�Ã�›�Ô�`�h�{�ø
��t�x JPEG, �f�O�p�s�Z�•�y PNG �q�M

�O�w�U�°
`�$�s�–�M
ü�Z�t�s�l�o�M�”�{ GIF �x�Ž
²�‘�X�–�˜�•�o�M�h�U�|�º�™�$�s�&�¢

�p�–�;�U
M�v�^�•�h�\�q�‹�K�l�o�|�7�Ù�p�x�ž�Ç�Ý�h
þ�›�b�;�b�”�h�Š�t�–�˜�•�”���S�t

�s�l�o�M�”�{


¯ 2.1 3 �m�w�y	V�h
þ���Ü

���Ü �¡�ˆ�M �¦�Á�  �›�Ã

PNG �}�œ�Y .png �D�o�y	V

JPEG �a�P�M�ƒ�Y .jpg, jpeg �ø
��t�&�`�o�M�”�{
‡�D�o�y	V

GIF �a�~ .gif 256 	í�`�T�s�M�{�ž�Ç�Ý�D

*4 �Ã�´�§�Ý�h
þ�p�x JPEG �w�Ñ�¥�”�Ú�¿�Ä�U
ª	j�$�t�–�˜�•�o�M�”�{ JPEG �p�x�M�l�h�œ�s�’�`�o�`�‡�l

�h�ñ�v�›�‹�q�t�í�b�\�q�x�p�V�s�M�{�\�w�‘�O�s�y	V�w�M�Ü�›
‡�D�o�y	V�q�M�O�{
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2.1.6 �å�µ�»�”�h
þ�w�}�V�r�\�–

�å�µ�»�”�h
þ�¢�Ï�¿�Ä�Ú�¿�Ó�h
þ�£�x�|�Ð�«�·�ç�w	B�ù�q�`�o�°�•�w�h
þ�›�^�”�w�p�|

�¦�G�b�”�q�Ð�«�·�ç�U�_�Q�o�V�o�`�‡�O�{
$ 2.2 �t�x�ª�æ�³�ß���È αξ*5�w�å�µ�»�”�h
þ

�›�¦�G�`�h�q�V�w�®�L�›�Ô�`�h�{


$ 2.2 �å�µ�»�”�h
þ�›�¦�G�`�o�M�l�h�q�\�–�{�(�x�ž�ï�½�¤� �æ�ž�³�ï�¬�s�`�|�È�x�K�“�{

�Š�R�|�\�w�‘�O�s���È�w� �²�x�|�º���U���p�Ž���U
(�q�M�O�~�O�t�o	m�t�C�“
ü�Z�’�•

�”�‹�w�w�x�c�i�U�|�h
þ�U�Ð�«�·�ç�p�^�’�•�o�M�”	Ô�ù�t�x�|�(
$�w�‘�O�t �´�ß�ª�” (�W

�_�W�_ ) �U�è�q�l�o���M�¹	Å�›�)�Q�o�`�‡�O�{

�f�\�p�È
$�w�‘�O�t�|�¥�„
Ç�Ù�w�Ð�«�·�ç�w	í�w�ñ�^�›�¤��	í�t�`�o�|�W�_�W�_�›�s�”

�‚�X	«�b�‘�O�t	r�g�b�”�\�q�U���M�{�\�w�‘�O�s	r�g�w�\�q�› �ž�ï�½�¤� �æ�ž�³�ï�¬ �q

�M�O�{

�`�T�`�|�\�w�‘�O�s	r�g�›�ª�`�o�‹�|�å�µ�»�”�h
þ�›�¦�G�b�”�q
$�w�‘�O�t�V�˜�Š�o	C

�X�s�l�o�`�‡�O�q�M�O�|
†�Z�U�h�M�=�:�U�K�”�{

2.2 �Õ�«�»�”�¬�å�Ñ�Ÿ�¿�«�µ

2.2.1 �Õ�«�»�”�Ñ�¥�ï�Ä

�h�q�Q�y α �q�M�O���È�›
 �p
³�X�\�q�›�ß�Q�‘�O�{
³�X
��w�„�t�K�”���È	Ø�C�x�|�\

�w���È�w
¢�U�È	Í�T�’�(�<�•�ü�Š�t
ø�l�h�K�q�p�|�G�V�X�§�”�Ò�›
³�V�|�È�<�w�z�•�²

�T�l�o�M�X�q�M�O�\�q�p�K�”�{�f�w�h�Š�|�G�V�s���È�p�‹	–�^�s���È�p�‹�|�r�•�‹�È�’�T

�s�¥�„
¢�›�‹�m�‘�O�t
³�X�\�q�U�p�V�”�˜�Z�i�{�\�w�‘�O�t�|�Ã�²� �ï�w�h�Š�w	Ø�C�q�`

�o�|
¢�w�²�V�¢
Y�¬�t�x� �²
¢�w�²�V�£�w	Ø�C�›�Ë�h�d�h���È�Ñ�¥�ï�Ä�w�\�q�› �Õ�«�»�”

�Ñ�¥�ï�Ä �|�q�M�O�{�Õ�«�»�”�q�M�O�w�x�|�Õ�«�Ä�ç�q�‰�a�™�¯�i�{


$ 2.3 �t�x�|�Õ�«�»�”�Ñ�¥�ï�Ä�›�–�l�o���X�s�’�s�M���È�w�«�›�Ô�`�h�{ �ž�¢�Ä�å� �ï

�Ñ�¥�ï�Ä �q�z�y�•�”�\�q�‹�K�”�{

*5 ξ �x�®�¬�²� � �̄q�¡�‰�{�å�Â�ï�%���È�w x �t
ì�p�b�”�{�\�\�p�x�Â�U�“�X�v�l�h�Ã�²� �ï�›�‹�m���È�w�«

�q�`�o�–�l�o�M�”�{
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αξ αξ αξ αξ

$ 2.3 �Õ�«�»�”�Ñ�¥�ï�Ä�p�¹�n�^�•�h���È

2.2.2 �Õ�«�»�”�¬�å�Ñ�Ÿ�¿�«�µ

���È�q�‰�a�‘�O�t�|
$���t�m�M�o�‹�|
¢�w�²�V�|� �²�s�r�w	Ø�C�›�æ�g�$�t�Ë�h�d�”

�\�q�p�h
þ�›�^�”�\�q�U�ß�Q�’�•�”�{�\�w�‘�O�s�M�Ü�w�¬�å�Ñ�Ÿ�¿�«�µ�› �Õ�«�»�”�¬�å

�Ñ�Ÿ�¿�«�µ �q�M�O�{
$ 2.4 �x�|�Õ�«�»�”�¬�å�Ñ�Ÿ�¿�«�µ�p
³�T�•�h�h
þ�q�å�µ�»�”�h
þ�›


z�±�`�h�‹�w�p�K�”�{


$ 2.4 �Õ�«�»�”�h
þ�q�å�µ�»�”�h
þ�p
³�T�•�h�*���w
z�±

2.2.3 Postscript

�E
¯�$�s�Õ�«�»�”�¬�å�Ñ�Ÿ�¿�«�µ�q�`�o�x Adobe �þ *6�U�‰
C�`�h Postscript �U�K�”�{

�\�•�x�°	��w�Ó�é�¬�å�Û�ï�¬�t� �p�K�l�o�|
¢�•�Ø�p�Ï
R�^�•�h�h
þ�›�G	\�b�”�\�q

�U�p�V�” *7�{�‡�h�|�[
Ë�s���È�Ñ�¥�ï�Ä�›�b�;�p�V�|�E
¯�$�s �Ö�”�´�G	\�t�  �q�`�o�|

DTP*8�w�ž�Ó�æ�­�”�³�ã�ï�w
H�„�p�¿�X�;�M�’�•�o�M�”�{

Postscript �w�Ó�é�¬�å�Ü�w�«�›�Í�t�Ô�b�{�\�w�‘�O�t�2
ª�w
:�‹�•�Ë�©�¢�¦�Ö�è�”�»�£

�›
Ê�ˆ�ù�˜�d�”�\�q�p�|
$ 2.5 �w�‘�O�s�†�›
³�X�\�q�U�p�V�”�{	Ä�`�X�x 4 
…�›�€	°�w

�\�q�{

*6 �®�K�r�|�L�¯�q�¡�‰�{�?� 	Z
[�U	[�p�x
H�„�w�Ä�¿�Ó�'�À�p�K�”�{�\�O�M�O�\�q�‹	×�Ý�q�`�o�®�Q�o�S�\

�O�{
*7 Postscript �x�|�~�m�O�x�å	ó�w�™�¯�p�|�‘�X PS �q�t�^�•�”�t�?�i�U�|�\�\�p�x post(�™�–) �t (script)

	{�X�q�M�O�™�¯�›�Ë�h�d�o�M�”�{�\�•�x�\�w�™�t�Ô�^�•�h�Ó�é�¬�å�Ü�w�«�›�ˆ�•�y�˜�T�”�‘�O�t�|�‡�c
:

�‹�U�K�l�o�|�f�w�™�t�Ë�©�U�X�”�q�M�O�t� �w�“�7�T�’�R�h�Ë�Ê�i�{
*8 Desk-Top Publishing. �\�w�;� �x�¹�n	Z
[�t�S�Z�”	×�Ý�;� �s�w�p�®�Q�o�S�X�\�q�{
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%!PS-Adobe-3.0 EPSF-3.0

%%BoundingBox: 0 0 200 150

1 0.5 0 setrgbcolor

100 75 moveto 100 75 40 45 180 arc fill

0 0 0.8 setrgbcolor

10 10 moveto

190 10 lineto

190 140 lineto stroke

/Times-Bold findfont 20 scalefont setfont

100 20 moveto

(ABC) show

ABC


$ 2.5 Postscript �p
³�M�h���o�s�†

�\�\�p�x�Ô�^�•�o�M�s�M�U�|�å�µ�»�”�h
þ�›	��“���‰�\�q�‹�p�V�”�{�m�‡�“�|���È�|
$

���|�ø
��s�r�w�h
þ�›�‰�Ì�t
¯�q�p�V�”�{�`�T�‹�Õ�«�»�”�¬�å�Ñ�Ÿ�¿�«�µ�s�w�p�|�µ�­�”

�ç�¢	V	��£�t���˜�’�c�È�’�T�p
’�`�M�h
þ�U�˜�’�•�” *9�\�q�T�’�|�f�w�‡�‡	Z
[�t�–�Q�”


¼�í�›�‹�m�ì
¶�s DTP �;�ó�›�Ë�l�o�M�”�{

Postscript �x 1985 �å�t�J	Ô�`�h�y�/�$�s�t� �p�|�–�M�M�‹
z�±�$���o�i�U�|�f�w�™�J

	Ô�`�h Java �• SVG �q�M�l�h�t� �w�¬�å�Ñ�Ÿ�¿�«�µ�t�G�V�s�è�¹�›�)�Q�o�M�”�{�‡�h�|

Adobe �þ�w DTP �ž�Ó�æ�­�”�³�ã�ï�q�`�o���Ê�s Adobe Illustrator �• Photoshop �t�î


÷�^�•�o�M�”���| GNU �t�‘�”�Ñ�æ�”�¹�Ñ�Ä�q�`�o�‰
C�^�•�h Ghostscript �›�;�M�•�y�|

�i�•�p�‹�×���t Postscript �t� �p	{�T�•�h�Ó�é�¬�å�Ü�›�Õ�«�»�”�h
þ�q�`�o�b�;�b�”�\

�q�U�p�V�” *10�{

2.2.4 PDF, Portable Document Format

PDF �Ñ�•� �ç�x�| WWW 	Í�p��	{�›���™�b�”�h�Š�t�¿�X�;�M�’�•�o�M�”�{ PDF �‹

Adobe �þ�U�‰
C�`�h�Ö�”�´�G	\�w�h�Š�w�Ñ�•� �ç���Ü�¢�Ñ�¥�”�Ú�¿�Ä�£�p�| Postscript

�w�;�ó�›���t�=�`�h�‹�w�t�s�l�o�M�”�{�q�O�w�q�\�–�|�?� 
��.�q�`�o
��t
�
Í�b�”�h�Š

�w�Ñ�¥�”�Ú�¿�Ä�q�`�o�x�| PDF �U�‹�l�q�‹�(�b�i�{�m�‡�“�¯�ï�Ð�á�”�»�w OS �•� �ï

�µ�Ä�”�ç�^�•�o�M�”�ž�Ó�æ�­�”�³�ã�ï�›�>�t�`�s�M�p
��t�I�b�\�q�U�p�V�”�{�\�w�‘�O

�t�|�Ÿ�s�l�h�Ó�å�¿�Ä�Ñ�¥�”�Ü *11�w���p�ž���p�V�”�q�M�O�™�¯�p�|�q�O�w�Ä�î	Í�w
ª	j

*9 �h�i�`�|�p
µ�w�\�q�s�U�’�å�µ�»�”�h
þ�w
æ
ü�x�¦�G�b�•�y
È�X�s�”�{
*10 �\�w�¿�‰�‹�|�‡�h 1 �å
\�w	Ø�C�æ�Â�å�³�”�J�è�w�­�J	{�w�°�V�˜�Š�”	Ø�C�æ�Â�å�³�”�±�‹ Ghostscript

�›�Ñ�ç�t�Æ�;�`�o�^�’�•�o�M�”�{�s�S�| Ghostscript �q�M�O�Ê	¶�t�\�Š�’�•�h�â�”�Þ�ž�‹�‘�X�¯�˜�l�o�„

�`�M
*11 �¯�ï�Ð�á�”�»�t�x OS �f�w���w�§�M�t�‘�l�o�^�‡�_�‡�w�‹�w�U�K�”�{�Ó�å�¿�Ä�Ñ�¥�”�Ü�q�M�O�t�?�x�|

�f�w�‘�O�s�Ÿ�s�l�h�¯�ï�Ð�á�”�»�w�\�q�›�¦�b�{ Windows �x
:�K�”�Ó�å�¿�Ä�Ñ�¥�”�Ü�w�{�q�m�p�K�l

�o�|�f�•�i�Z�p
H�„�U�ˆ�M�o�M�”�q�¥�l�o�x�M�Z�s�M�{
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�Ñ�¥�”�Ú�¿�Ä�q�^�•�o�M�”�˜�Z�i�{
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2.2.5 SVG

SVG �x Scalable Vector Graphics �w�t�p Scalable �x scale �D�ó�|�m�‡�“	ó	V�D�ó�q

�M�O�™�¯�i�{ SVG �x HTML �w�¦�Á�t�K�h�” XML �w�°
æ�t�•�”�n�Z�’�•�|�¯�ï�¹�”�³

�ž�Ü W3C(http://www.w3c.org) �t�‘�l�o�F�¨�U���Š�’�•�o�M�”�{ XML �w�F�¨�t�x��

�t
:�Ü�›�G	\�b�”�h�Š�w MathML �s�r�‹�K�”�w�p�|�\�•�’�U�ì
¶�t�Ò�å�¢�²�t�î
÷�^�•

�•�y�|�¢�£�Ò�w�¯�ï�Â�ï�À�x�q�O�‘�“�‹�¨�ˆ�t
¯�q�ó�—�›�ô�Š�”�\�q�t�s�” *12�{

�<�t���o�s SVG �w�¹�”�µ�q�|�f�•�›�è�ï�¼�æ�ï�¬ *13�`�h�h
þ�›�Ô�`�h�{�µ�»� �ç�³�”

�Ä�U�–�˜�•�”�s�r�| HTML �l�†�M	{�V�M�p�K�”�\�q�U�˜�T�”�{

SVG �x	ƒ�‘�t�–�˜�•�”�‘�O�t�s�l�o�R�o�S�“�|�ó� 
[�w Wikipedia �w�h
þ�t�‹�>�;�^

�•�”�‘�O�t�s�l�o�V�h�w�p�|�Ò�å�¢�²�•�w�î
÷�x�C���^�•�m�m�K�”�{�‡�h���3�t�‹�>�;�^

�•�o�V�o�M�”�w�p�|	ƒ�‘�t
Ó�t�`�o�V�o�M�”�ˆ�Š�q�M�l�o�M�M�i�–�O�{

<?xml version="1.0"?>

<!DOCTYPE svg PUBLIC "-//W3C//DTD SVG 1.0//EN"

"http://www.w3.org/TR/2001/REC-SVG-20010904/DTD/svg10.dtd">

<svg xmlns="http://www.w3.org/2000/svg">

<style type="text/css">

circle:hover {fill-opacity:0.9;}

</style>

<g style="fill-opacity:0.7;">

<circle cx="6.5cm" cy="3.2cm" r="100" style="fill:red; stroke:black" />

<circle cx="4.6cm" cy="6.0cm" r="100" style="fill:blue; stroke:black" />

<circle cx="8.2cm" cy="6.0cm"r="100" style="fill:green; stroke:black" />

</g>

</svg>


$ 2.6 SVG �›�–�l�o
³�M�h
þ :�•�Ì	í�U�–�Q�”�\�q�t�«�™

*12 SVG �x�“�7	{�U�„�…�ì
R�`�h	Ý�6�t�K�”�‹�w�w�|�f�w�“�7�r�S�“�t�^�’�•�h�Ñ�•� �ç�p�î�M�t�h
þ�U
¯

�Ô�^�•�”�‘�O�t�b�”�h�Š�t�x�|�f�w�è�“�t�¯�ï�Ð�á�”�»�U�‡�X�‘�O�t�Ó�é�¬�å�Ü�`�s�Z�•�y�s�’�s�M�{�\

�w�‘�O�t�|�Ó�é�¬�å�Ü�›	{�M�o�|�K�”�;�ó�›�î�q�b�”�\�q�› �î
÷ �b�”�q�M�O�{
*13 rendering �q�M�O�w�x�|�¹�”�µ�›�r	
�`�o
����U�_�•�”	Ý�6�t�b�”�\�q�›�M�O�{
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�å�µ�»�”�h
þ�›�Ó�é�¬�å�Ü�b�”

�\�w
…�p�{�O�°�È�w�h
þ�Ñ�•� �ç�x�| Sourceforge netpbm project �U�‰
C�`�h�¦�”

�Ó�ï�¹�”�µ�Ó�é�¬�å�Ü Netpbm �w�“�7 *1�t�‹�q�n�M�o�M�”�{

�Ž�<�p�x�ž�µ�©�”���Ü�q�z�y�•�”�»� �Ó�w�‹�w�›�‡�c	��“	Í�[�o�|�h
þ�Ñ�•� �ç�q�x�r

�w�‘�O�s�‹�w�s�w�T�›�Ð�‚�o�ˆ�‘�O�{

3.0.6 ��
(�w�h
þ�›�^�”

�¤�Ã�Ÿ�» (Meadow/Emacs) �p feet.pbm �q�M�O�Ñ�•� �ç�›	ý�F�t�‰�V�|�Í�w�º�0�›	{

�V���œ�p�·�”�Ò�`�‘�O�{

P1

# feep.pbm

24 7

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 1 1 1 1 0 0 1 1 1 1 0 0 1 1 1 1 0 0 1 1 1 1 0

0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0

0 1 1 1 0 0 0 1 1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 0

0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0

0 1 0 0 0 0 0 1 1 1 1 0 0 1 1 1 1 0 0 1 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

�\�w�‘�O�s�Â�©�µ�Ä�›�$	B�b�”�q�V�t�x�|
¶
æ�w�æ�›�M�j�M�j	��p�'�l�o�M�h�’�Ì���U

�T�T�”�`�|�‡�j�U�M�‹�I�\�`�•�b�M�{�\�œ�s�~�O�t
:�È�U���œ�i�æ�›�$	B�b�”�q�V�t�x�|

�Í�w�‘�O�t�b�”�q�‘�M�{

*1 http://netpbm.sourceforge.net/doc/ �€	°�{
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þ�›�Ó�é�¬�å�Ü�b�”

1. 24 �x�w 0 �›�µ�Ö�”�µ�›�í�Z�o�'�m

�\�•�x�|�Í�w�‘�O�t�Ö�—�b�”�q���X
Y�¬�t�'�o�”�{

�¢ a�£ 0 0 0 0 �q 4 �x�'�m�{�7�™�t�‹�µ�Ö�”�µ�›�”�X�{

�¢ b�£ C-a �p�æ�w�„�t�í�”

�¢ c�£ C-k �p
~�“	��”

�¢ d�£ C-y �› 6 �s���“�&�b

2. 	Í�p�^�l�h�æ�› 7 �æ�t
ó
a�b�”

�\�•�x�Í�w�‘�O�t�b�”�q���M

�¢ a�£ C-k C-k �p
~�“	��”

�¢ b�£ C-y �› 7 �s���“�&�b

3. INS �©�”�›�!�b (Ovwrt �q�M�O
¯�Ô�U�q�•�” )

4. 	{�V�õ�Q�”�‚�V 0 �w�•�”�t�§�”�¹�ç�›�ˆ�T�`�o 1 �›�»� �Ó�b�”

5. INS �©�”�›�!�b (Ovwrt �w
¯�Ô�U	«�Q�” )

6. �7�™�w�æ�w�æ�¤�t�~�æ�U�Ö�l�o�M�”�T�r�O�T�¬�Ý�b�”

�f�w�™�| GIMP �p�\�w�Ñ�•� �ç�›�‰�M�o�ˆ�”�q�r�O�s�”�i�–�O�T�{


$ 3.1 PBM ���Ü�w�Ï�¿�Ä�Ú�¿�Ó�h
þ

�˜�’�•�”�h
þ�x�q�o�‹	–�^�M�w�p�|�T�s

�“ �¦ �G�` �s �M�q�˜ �T�’ �s �M�U�|
$ 3.1 �w

�‘ �O�s�h
þ�U�p�V�o�M�” �x�c�i �{�\ �• �›

feep.pbm �w�¹�”�µ�q�‘�X�_
z�‚�”�q�|�r

�O�M�O�“
Ê�ˆ�p�\�w�‘�O�s�h
þ�U�p�V�o�M

�”�T�›�g�r�p�V�”�{
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3.0.7 �¬�è� �µ�­�”�ç�•�§�å�”�w�h
þ�›�^�”

�\�œ�r�x 2 �m�w�Ñ�•� �ç feep.pgm, feep.ppm �›	Í�w�A�–�p�^
R�`�o�| GIMP �p
¯�Ô

�^�d�o�ˆ�‘�O�{
$ 3.2,3.3 �w�‘�O�s�h
þ�U�˜�’�•�”�x�c�i�{

P2

# feep.pgm

24 7

15

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 3 3 3 3 0 0 7 7 7 7 0 0 11 11 11 11 0 0 15 15 15 15 0

0 3 0 0 0 0 0 7 0 0 0 0 0 11 0 0 0 0 0 15 0 0 15 0

0 3 3 3 0 0 0 7 7 7 0 0 0 11 11 11 0 0 0 15 15 15 15 0

0 3 0 0 0 0 0 7 0 0 0 0 0 11 0 0 0 0 0 15 0 0 0 0

0 3 0 0 0 0 0 7 7 7 7 0 0 11 11 11 11 0 0 15 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

P3

# feep.ppm

4 4

15

0 0 0 0 0 0 0 0 0 15 0 15

0 0 0 0 15 7 0 0 0 0 0 0

0 0 0 0 0 0 0 15 7 0 0 0

15 0 15 0 0 0 0 0 0 0 0 0


$ 3.2 PGM ���Ü�w�Ï�¿�Ä�Ú�¿�Ó�h
þ

$ 3.3 PPM ���Ü�w�Ï�¿�Ä�Ú�¿�Ó�h
þ
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3.1 �h
þ�Ñ�•� �ç�›�r�d�b�”

�\�\�‡�p�_�o�V�h�h
þ�Ñ�•� �ç�x �Â�©�µ�Ä�Ñ�•� �ç �s�w�p�|�r�O�M�O�“
Ê�ˆ�p�h
þ�U�^

�’�•�o�M�”�w�T�›���o�t�Œ�”�\�q�U�p�V�”�{�7	s�w�Ñ�•� �ç�T�’	q�t�|�f�w�Ñ�¥�”�Ú�¿�Ä

�U�r�O�s�l�o�M�”�T�›�Ð�‚�o�ˆ�‘�O�{

3.1.1 PBM — ��
(�h
þ�›
¯�q�b�”

PBM �x Portable Bit Map �›�™�¯�`�o�M�” *2�{ 18 �Ö�”�´�w feep.pbm �w�7	s�w 3 �æ

�x�|�Í�w�‘�O�t	{�T�•�o�M�”�{���w�Ñ�•� �ç�q�‹�_
z�‚�s�U�’�ß�Q�‘�O�{

P1

# feep.pbm

24 7

P1 �x�|�®�\�w�Ñ�•� �ç�x��
(�w�Ï�¿�Ä�Ú�¿�Ó�Ñ�•� �ç�i�‘�¯�q�M�O�\�q�›
•�t�b�”�h�Š

�t�”�T�•�o�M�”�{�7	s�w�æ�t�›���w�™�¯�›�Ë�h�d�”�\�q�p�|�\�w�Ñ�•� �ç�›�¡�ˆ���œ�i�h


þ	r�g�Ó�é�¬�å�Ü�x�|�o�„�w�Ñ�•� �ç�›�¡�ˆ���œ�i�Ì�:�p�|�\�•�T�’�™�t�æ�O�‚�V	r�g�›

�>�Š�”�\�q�t�s�”�˜�Z�i�{�\�w�‘�O�t
¶�.�t�G�`�o	O�A�s�™�¯�›�Ë�m
:�È�w�\�q�› �Ú�´�¿

�«�Æ�ï�Ì�” �q�z�•�\�q�U�K�”�{

# feep.pbm �x�| # �w�™�t�Ñ�•� �ç�Ê�U�”�T�•�o�M�”�{�Ñ�•� �ç�Ê�x�˜�_�˜�_�Ñ�•� �ç

�w�¤�t�”�T�•�”
ž�A�x�s�M�U�|�\�w�Ñ�•� �ç�w�¹�”�µ�›�_�”
��w�h�Š�t�x�K�l�h�„�O�U�‘

�M�T�‹�`�•�s�M�{�m�‡�“�Ã�”�»�q�`�o�x�›�t�™�¯�›�Ë�h�s�M�{�\�w�‘�O�s
æ
ü�› �¯�Ý�ï

�Ä�q�M�O�{�¯�Ý�ï�Ä�x�s�X�o�‹�T�‡�˜�s�M�{

24 7 �w�™�¯�x�|�f�w�<�t�K�”
:�‹�Ã�”�»�q�p�V	Í�U�l�h�h
þ�w	Ø�C�›�_
z�‚�”�q�|�\

�w�h
þ�w�#�q	N�w�±� �¶�›
¯�`�o�M�”�\�q�U�b�Y�t�˜�T�”�{

�\�w�‘�O�t�|�Ñ�•� �ç�w�7	s�w 3 �æ�x�h
þ�Ã�”�»�w
²�t�K�l�o�|�h
þ�w
¶
`�$�s	Ø�C

�›	!�Z�Ë�l�o�M�”�{�h
þ�Ñ�•� �ç�i�Z�p�x�s�X�|���X�w�Ã�”�»�Ñ�•� �ç�t�x�|	Ø�C�›�‡

�q�Š�h
æ
ü�U�o�„�t�”�T�•�”�\�q�U�p���M�{�\�w�‘�O�s
æ
ü�›�Ã�”�»�Ñ�•� �ç�w �Ô�¿�¼

(header) �q�z�•�{

4 �æ�è�Ž�ñ�w�Ã�”�»�Š�.�w�Ï���›�ˆ�o�ˆ�‘�O�{�\�\�t�x 24 �»�· 7 �æ�¹ 168 �x�w 0 �q 1

�U�µ�Ö�”�µ�›�”�M�o���‚�o�K�”�{�h
þ�q
z�±�b�”�q�| 0 �x
(�| 1 �x���w�Ð�«�·�ç�t�f�•�g

�•�0� �`�o�M�”�\�q�U�˜�T�”�{�s�S�|�\�w�Ñ�•� �ç�p�x�Ã�”�»�w
:�È�›�h
þ�t�ù�˜�d�o�æ

*2 bit map �q�M�O�w�x�|�Š�R 1 bit �p��
(�›
¯�b�‘�O�s�M�Ü�t�m�M�o�Ê�n�Z�’�•�h�‹�w�p�|�\�w PBM �w

�­�”�µ�x�f�w�}�l�h�“�w�«�t�s�l�o�M�”�{�`�T�`�|�f�w�™�Ð�«�·�ç�p�Ï
R�^�•�h�h
þ�|�m�‡�“�å�µ�»�”�h


þ�›�Ï�¿�Ä�Ú�¿�Ó�q�z�•�­�”�µ�‹
ÿ�Q�o�V�o�M�o�|�Š�R�w�™�¯�U�•�•�K�M�‡�M�t�s�l�o�M�”�{
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þ�Ñ�•� �ç�›�r�d�b�” 21

�›
ü�Z�o���‚�o�M�”�U�| 168 �x�w�Ã�”�»�U�”�T�•�o�M�^�Q�b�•�y�|�M�¤�w�~�æ�x�K�l�o�‹

�s�X�o�‹�Ï�˜�s�M�{


$ 3.4 �Ï�¿�Ä�Ú�¿�Ó�p�^�l

�h�®�O�¯

�Ù���È�›�^�l�o�ˆ�‘�O PBM ���Ü�w�Ñ�•� �ç�w�Ï��

�U
ü�T�l�h�q�\�–�p�|�\�•�›�–�l�o���È�›�^
R�`�o�ˆ

�‘�O�{�#	N 16 x 20 �w PBM �Ñ�•� �ç�p�&�p�s�Ô�Š� 

�w���È�›�^
R�`�o�ˆ�s�^�M�{
$ 3.4 �x�\�w�‘�O�t�`�o

�^�l�h�{�’�U�s�w�Ñ�¥�ï�Ä�p�K�”�{�Ï�¿�Ä�Ú�¿�Ó���Ü

�w�Ñ�¥�ï�Ä�x�^�‡�_�‡�s�q�\�–�p�;�M�’�•�o�M�”�U�|

�f�•�’�x�\�w�‘�O�t�`�o�{�q�m�{�q�m
����w	��p�^�’�•�h�‹�w�s�w�i�{

PBM ���Ü�w�h
þ�w	Ô�ù�|��
( 2 	í�`�T�s�M�w�p�|�;�M�x�T�s�“�v�’�•�”�{�h�i�`�–�˜

�•�”	Ø�C�”�x	—�s�X�|�Ô�¿�¼�›	†�M�h
æ
ü�x�Ã�”�»
:�› N �q�`�h�q�V�| N bit �i�Z�p�b

�‰�\�q�T�’�|�\�\�p�h�Š�`�h�‘�O�t�|���È�›
¯�q�b�”�t�x�·�&�p�K�”�{
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3.1.2 PGM — �¬�è� �µ�­�”�ç�p
³�X

PGM �x�| Portable Gray Map �w	²�t�{ PBM �w	Ô�ù�|�h
þ�t�–�Q�”�w�x���q
(�w 2 	í

�i�Z�i�l�h�U�|�M�¤�ˆ�Š�w�ƒ	í�‹�–�Q�”�‘�O�t�`�h�w�U�|�\�w�Ã�”�»���Ü�i�{ 19 �Ö�”�´�w

feep.pgm �›�ˆ�o�ˆ�‘�O�{

�\�w�Ñ�•� �ç�w�Ô�¿�¼
æ
ü�x�Í�w�‘�O�t�s�l�o�M�”�{

P2

# feep.pgm

24 7

15

PGM ���Ü�w	Ô�ù�|�Ú�´�¿�«�Æ�ï�Ì�”�x P2 �q�s�l�o�M�”�{�h
þ	r�g�¹�Ñ�Ä�x�‡�c�\

�•�›�_�o�|	r�g�w�ˆ	��“�›
Ê�ˆ�q�o�”�˜�Z�i�{�Í�t�|�¯�Ý�ï�Ä�æ�q�h
þ�±� �¶�w�G	\�x

PBM �Ñ�•� �ç�q�‰�a�i�U�| 4 �æ�è�w 15 �t�K�h�”
:�È�x���s	s�J	Ô�p�K�”�{�\�•�x�?�›

�™�¯�b�”�w�i�–�O�T�{

�f�•�›�Œ�”�h�Š�t�|�Ô�¿�¼�w�™�t�m�n�X�Ã�”�»
æ
ü�|�f�•�q�è�ï�¼�æ�ï�¬�^�•�h�h
þ�›

�_�X�’�‚�o�ˆ�‘�O�{�b�”�q�|�Ã�”�»
æ
ü�w
:�È�x�„�q�œ�r�U 0 �p�|���t 7, 11, 15 �U�–�˜

�•�o�M�”�{�f�`�o 0 �U���t�| 15 �U
(�t�0� �`�o�M�”�\�q�U�˜�T�”�{

�7�‹�‰�M	í 0

�7�‹�Ì�”�M	í 15

�q�M�O�˜�Z�p�|�\�w 15 �q�M�O�w�x�|�7�‹�Ì�”�M	í (
( ) �›
¯�b�‹�t�s�l�o�M�”�{

�f�•�t�`�o�‹�r�O�`�o 15 �s�w�i�–�O�T�{�f�•�t�x 0 �T�’ 15 �‡�p 16 �ˆ�Š�w�Ì�”� �̂¢�Š

�Ð�£�›
¯�d�”�q�M�O�\�q�t�>
Ç�Z�y�M�M�{	Ø�C�w
H�„�p�x 16 = 24 �p�K�l�o�| 16 
��O�w

1 �;�p
¯�^�•�”�w�U 0 �T�’ 15�¢ 16 
�
:�p�x 0 �T�’ F�£�q�M�O�˜�Z�i *3�{

�Ã�”�»�w
æ
ü�t�m�M�o�x�| 0 �U���| 15 �U
(�p�|�¤���w�ƒ	í�U�f�w���t�ˆ�Š�›�s�b�‘�O�t

�s�l�o�M�”�{�s�S�| PBM �w	Ô�ù�t�x 0 �U
(�| 1 �U���q�s�l�o�M�h�w�p�|���Z�`�s�M�‘�O

�t�`�‘�O�{

*3 �h�q�Q�y 20 �q�T 30 �q�T�›�\�\�t�S�M�o�‹�T�‡�˜�s�M�U�|	Ø�C�”�›�Á�,�t�`�s�M�h�Š�t�x�| 16 
�
:�p 1

�;�q�T 2 �;�q�M�l�h�‹�›�,	j�t�`�h�„�O�U�‘�M�{�`�h�U�l�o�|�~�m�O�x 15 �‡�h�x 255 �q�M�O
:�È�U�–

�˜�•�”�\�q�t�s�”�{
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3.1.3 PPM — �§�å�”�h
þ

PPM �x Portable Pixel Map �w�™�¯�{�§�å�”�h
þ�›
¯�q�p�V�”���Ü�i�{�‡�c�| 19 �Ö�”

�´�w feep.ppm �w�Ô�¿�¼
æ
ü�›�_�”�\�q�t�`�‘�O�{

P3

# feep.ppm

4 4

15

P3 �U�\�w	Ô�ù�w�Ú�´�¿�«�Æ�ï�Ì�”�i�{ 3 �æ�è�w 4 4 �U�Ð�«�·�ç
:�| 4 �æ�è�w 15 �x

PGM �Ñ�•� �ç�q�‰�7�t�Ì�”�^�w�Š�Ð�q�M�O�\�q�t�s�”�{

�Í�t�Ã�”�»
æ
ü�›�ˆ�o�ˆ�‘�O�{

0 0 0 0 0 0 0 0 0 15 0 15

0 0 0 0 15 7 0 0 0 0 0 0

0 0 0 0 0 0 0 15 7 0 0 0

15 0 15 0 0 0 0 0 0 0 0 0

�#�t�x 4 �x�w�Ð�«�·�ç�U���•�x�c�s�w�t�|�Ã�”�»�q�`�o	{�T�•�o�M�”
:�x 12 �t�s�l�o�M

�”�{�\�•�x�r�O�M�O�\�q�i�–�O�T�{

�‹�j�–�œ�| 3 �m�w
:�‹�p 1 �x�w�Ð�«�·�ç�›
¯�f�O�q�M�O�w�x�| RGB �p
¯�q�b�”�h�Š�p

�K�”�\�q�U�b�Y�t�˜�T�” *4�{�\�w�Ñ�•� �ç�w	Ô�ù�|�7�G�w�Ì�”�^�U 15 �i�T�’�|
(�x 15

15 15 �q�s�”�{�f�w���w	í�t�m�M�o�x�|
¯ 1.1 �w	í�w�Ê
²�q
z�±�`�o�^�l�o�ˆ�”�q�‘�M�{

�î�M�t�Ã�”�»�›�M�–�M�–�q	{�V�õ�Q�o�ˆ�o�|�\�w�Ñ�¥�”�Ú�¿�Ä�w�™�¯�b�”�q�\�–�›�î�ò�q

�`�o�m�T�‹�O�{

�ð�J 3–1 12 × 12 �w PGM �Ñ�•� �ç�| 8 × 12 �w PPM �Ñ�•� �ç�›�^�l�o�ˆ�s�^�M�{�7

	s�t�Õ�”�µ�q�s�”	í�›�>�Š�o�|���“�&�`�^�À�›���o�t�æ�O�‘�O�t�b�”�|�K�”�M�x�ö�Û�7�w

�‘�O�s�o	m�s�Í�»�”�ï�›�ˆ	��“�‘�X
ƒ�-�b�”�q�M�l�h�‘�O�t�|�^�À�w�ˆ	��“�›�ù�g�$�t�ß

�Q�o
��Š�”�»
É�›�`�o�|�y�Ì���p�V�•�M�s�‹�w�›�^�“�s�^�M *5�{�¤�Ã�Ÿ�»�w�”�õ�;�ó�›�O

�‡�X�–�M�\�s�b�q�|�‹�l�q�G�V�s�§�å�”�h
þ�p�‹�Â�ù���o�t�m�X�•�”�{

*4 �Ã�”�»�w
:�È�U 3 �x�p 1 
Ê�t�s�”�‘�O�t�µ�Ö�”�µ�›
ƒ�Z�o�K�”�w�x�|
��t�_�•�b�X�b�”�h�Š�p�K�l�o�|

�Ã�”�»�›�à
~�”�h�Š�w�µ�Ö�”�µ�x 1 �x�Ž	Í�p�K�•�y�Ï�˜�s�M�{�¯�ï�Ð�á�”�»�w�7�G�w�˜�™�U�x
:�Q�”�\

�q�p�|
����q�§�l�o
:�Q�‡�j�U�Q�”�\�q�x�s�M�{
*5 �\�w�‘�O�s�ù�g�$�s�^�À�w
Ê�ˆ�M�q�M�O�w�x�|�K�’�•�”�“�Ä�p�G
~�s	ú�U�Z�t�s�”�{�G�»�w
H�„�t�x�®�ˆ

	��“
@
ü�¯�q�M�O���Ê�s�¨�t�U
r�T�’�;�˜�l�o�M�”�{
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3.2 �Ó�é�¬�å�Ü�p�å�µ�»�”�h
þ�›�^
R�b�”


²
…�p�x�å�µ�»�”�h
þ�›�¤�Ã�Ÿ�»�p
\	{�V�b�”�q�M�O�|	—�‘�Š�œ�r�O�s�^�À�t	��“
Ê�œ

�p�ˆ�h�{�î�x�\�œ�s�\�q�›�•�”
��x�¢�]�X�]�X	—
:�w�Ú�Ç�ž�¿�«�s�Â�«�Ç�³�ß�ï�›	†�M�o

�x�£�h�•�œ�M�s�M�{�î�M�t�x�|�\�w	��w�h
þ�›�^�”�t�x�?�’�T�w�Ó�é�¬�å�Ü�›�–�O�‹�w�i�{

�h
þ�›�Ï
R�b�”
2�G�s
:�w�Ã�”�»�›	r�g�b�”�q�M�O�w�x�|
����t�q�l�o�x�q�o�m�‹�s�M

�Ü�1�q�Ì���›
ž�A�q�b�”�^�À�i�{�>�t 1024× 1024 �w�h�Ø�w�Ð�«�·�ç�›�| 1 �m�K�h�“ 3 
µ

�p
��U	r�g�`�h�q�b�”�q�|
Æ�¾
Æ�s�p�U�œ�y�l�o�‹ 1 �D�Ž	Í�T�T�l�o�`�‡�O�{�\�œ�s	r�g

�p�‹�|�¯�ï�Ð�á�”�»�x�°	`�t�`�o�î�æ�`�o�X�•�”�˜�Z�i�{

�\�\�p�x�| PPM ���Ü�w�o	m�s�h
þ�›
\
R�b�”�Ó�é�¬�å�Ü�›�M�–�M�–�q�^�l�o�ˆ�o�|�h


þ�›
\
R�b�”�Ó�é�¬�å�Ü�U�r�œ�s�~�O�t�‡�X�w�T�›�Ð�‚�o�ˆ�‘�O�{

3.2.1 �7�‹���o�s�Ó�é�¬�å�Ü

�7	s�w�Ó�é�¬�å�Ü�x�|�o	í�w�h�Ø�›	Z�—�b�”�i�Z�w�‹�w�t�`�‘�O�{�#	N 240 × 180 �w


z�M�h�Ø�›�^
R�`�o�ˆ�”�{	í�w�Š�Ð�x 0 �™255 �w 256 �ˆ�Š�q�`�‘�O�{ PPM �Ñ�•� �ç�w

�Ñ�¥�”�Ú�¿�Ä�T�’�|�Í�w�‘�O�s	�	q�p�h
þ�›�^
R�b�•�y�‘�M�\�q�U�˜�T�”�{

1. PPM ���Ü�w�Ú�´�¿�«�Æ�ï�Ì�” P3 �›	Z�—�`�o�~�æ�b�”�{

2. # �p�•�‡�”�¯�Ý�ï�Ä�æ�›	Z�—�`�o�~�æ�b�”�{

3. �h
þ�±� �¶�q�`�o 240 180 �›	Z�—�`�o�~�æ�b�”�{

4. 
z�›
¯�b�Ã�”�» 255 0 0 �› 240 × 180 �x	Z�—�b�”�{�\�w�q�V�~�æ�x
ž�A�p�s�M

�U�|���w�µ�Ö�”�µ�›�h�•�s�M�‘�O�t�b�”�{

�f�•�p�x	Í�G�w�M
��p�¹�”�µ�›	{�M�o�ˆ�‘�O�{�‹�l�q�‹
É�•�s�¹�”�µ�x�Í�w�‘�O�t�s�”

�x�c�i�{

# ppm001.rb

puts "P3"

puts "# PPM test"

puts "240 180"

puts "255"

for i in 0 .. 239

for j in 0 .. 179

print "255 0 0 "

end

end
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�\�•�›	{�V�õ�Q�”�i�Z�p�|�±� �¶�•	í�w�Ÿ�s�”�h
þ�Ñ�•� �ç�›�M�X�’�p�‹�^�”�\�q�U�p

�V�”�{

3.2.2 puts �q print

ppm001.rb �p�x�Í�w�‘�O�t puts �q�M�O�Ý�¹�¿�Å�U�J	Ô�`�o�M�”�{

puts "P3"

�\�•�› print �›�–�l�o	{�X�q�Í�w�‘�O�t�s�”�{

print "P3\n"

print �›�–�l�h�„�O�p���È�»�w�7�™�t�q�•�” \n �x�~�æ�›�™�¯�b�”�{�~�æ�U�s�M�q�Ô�¿�¼

�q�`�o�Á�®�t�s�l�o�`�‡�O�{

print �x�¾
:�q�`�o�)�Q�’�•�h���È�»�›
Y�Ú�t�f�w�‡�‡	Z�—�b�”�w�p�|�~�æ�U�K�”�w�s

�’�f�•�‹�V�j�œ�q�Ö�•�o�S�T�s�M�q�M�Z�s�M�{�f�•�U�j�•�l�q�Ø�W�s�w�p�| puts �q�M�O

	‰	��t�~�æ�›�7�™�t�Ö�•�o�X�•�”�“�é�‹�;�™�^�•�o�M�”�q�M�O�˜�Z�i�{

3.2.3 �Ë	O�w for �ç�”�Ó�w�™�¯

�\�w�¹�”�µ�p�x for �ç�”�Ó�w�¤�t�‹�O�{�q�m�w for �ç�”�Ó�U�Ö�l�o�M�”�{�\�w�‘�O�s�Ë

	O�w�ç�”�Ó�x 2 �Í�i (2D)*6�w�¬�å�Ñ�Ÿ�¿�«�µ�p	×�t�;�M�’�•�o�M�”�{�\�w�Ó�é�¬�å�Ü�p

�–�˜�•�o�M�”�Ë	O�ç�”�Ó�x�r�w�‘�O�s�‡�V�›�`�o�M�”�w�i�–�O�T�{�f�•�›�Œ�”�h�Š�t�|�Í

�w�Ó�é�¬�å�Ü�›
ø�’�d�o�ˆ�‘�O�{

# doubleloop.rb

for i in 0 .. 7

for j in 0 .. 9

print j, ",", i," "

end

print "\n"

end


ø�’�d�o�ˆ�”�q�| 10 �» 8 �æ�t���œ�i
:�È�w�0�U
¯�Ô�^�•�”�{�(�T�’�È�t�²�T�l�o�x�|

�0�w�(���w
:�È�U 0, 1, 2,. . . ,9 �q�!�=�`�o�M�V�|	Í�T�’�<�•�x�È���w
:�È�U 0, 1, 2,. . . ,7

�q�!�=�`�o�M�X�\�q�t�«�™�`�‘�O�{

*6 2D �q�T 3D �q�M�O�w�x�¬�å�Ñ�Ÿ�¿�«�µ�p�‘�X�–�˜�•�”�t�?�p�| D �x dimension �m�‡�“�Í�i�w�™�¯�i�{
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�\�w�!�=�w�“�M�›�Ó�é�¬�å�Ü�›�_�s�U�’�ß�Q�”�q�|�ç�”�Ó�!
: j �p�s�”�º���w�ç�”�Ó

�U
+���M�²�w�!�=�›�^�“	Z�`�|�ç�”�Ó�!
: i �p�s�”�Ž���w�ç�”�Ó�U
(�Ú�M�²�w�!�=�›�^

�“	Z�b�\�q�U�ˆ�o�q�•�”�{�f�w�‘�O�b�›
$ 3.5 �t�Ô�`�h�{

0 1 2 3 4 . . .
j

i 0
1
2
3
4
.
.
.


$ 3.5 �Ë	O�ç�”�Ó�›�–�l�o�h�Ø	Í�w�:�›�ˆ�T�b�q�V�w�4�È i, j �w�!�=

3.2.4 �Ó�é�¬�å�Ü�›
š�Å�b�”

	Í�p�^
R�`�o�ˆ�h ppm001.rb �q�M�O�Ó�é�¬�å�Ü�t�x�Í�w�‘�O�s�ð�J�U�K�”�{�m�‡�“�|

�‹�`�‹�#	N�w�±� �¶�›�!�Ë�`�‘�O�q�b�”�q�|�Í�w
ó
:�w�U	t�p�Ó�é�¬�å�Ü�›�Ú�^�s�Z�•�y

�s�’�s�X�s�”�{�>�t�#�› 120 �t�|	N�› 100 �t�!�Ë�b�”�s�’�y�|�Ú�b�æ�x�Í�w�‘�O�t�s�”�{

puts "120 100"

for i in 0 .. 119

for j in 0 .. 99

�`�T�`�|�\�•�i�q�®�O�l�T�“�¯�"�M�i�Z�›�Ú�`�o
ø�’�d�”�q�M�O�•�‡�›�•�”�D�ó
Q�U�S

�V�o�`�‡�O�{	Í�w�«�p�x 119, 99 �x 120, 100 �T�’�-�‰�^�•�h�‹�s�w�p�|�#�q	N�›�>�Š�h

�’�×�ˆ�$�t�>�‡�”�\�q�U�w�g�‡�`�M�{

�f�\�p�|�#�q	N�w�Ð�«�·�ç
:�t�f�•�g�• nx, ny �q�M�O�!
:�›�–�O�\�q�t�b�”�{

# ppm002.rb

nx = 240; ny = 180

puts "P3"

puts "# PPM test"

puts "#{nx} #{ny}"
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puts "255"

for i in 0 ... nx

for j in 0 ... ny

print "255 0 0 "

end

end

�\�O�`�o�S�Z�y�| nx �q ny �t�E�Ö�b�”�‹�›	{�V�õ�Q�”�i�Z�p�|�±� �¶�U�!�Ë�p�V�”�{�&
~

�s�!
:�›�‹�Ö�b�”�\�q�p�|	Ø�C�›�°�i���g�p�V�”�q�M�O�˜�Z�i�{

�G�Ä�s�Í�å�Ý�”�»�x
²�w�M�p�!
:�t�E�Ö�`�o�S�M�o�b�;�`�‘�O�{

3.2.5 2 	��¨�w
c�“���‰� 

ppm002.rb �p�x
c�“���‰� �U .. �p�x�s�X�| ... �t�s�l�o�M�”�\�q�t�«�™�`�‘�O�{

�f�w�j�U�M�x
¯ 3.1 �t
†�Ì�`�o�K�”�{


¯ 3.1 2 	��¨�w
c�“���‰� 

a .. b �• a �T�’ b �‡�p

a ... b �• a �T�’ b-1 �‡�p

�Ó�é�¬�å�Ü�w�¤�p�x�|�K�”
:�w 1 �i�Z	�
²�‡�p	r�g�b�”�q�M�l�h�­�”�µ�U�`�y�`�y�q�•

�”�{�f�\�p�®�°�¬�¯�›
¯�b�h�Š�w
c�“���‰� �q�`�o ... �U�;�™�^�•�o�M�”�q�M�O�˜�Z�i�{

3.2.6 irb �p���o�t�½�£�¿�«

�\�\�p	—�`�d
¢�`�o�| irb �t�m�M�o	î�•�o�S�\�O�{�˜�_�˜�_�¤�Ã�Ÿ�»�p�Ó�é�¬�å�Ü�›	{

�X�‡�p�‹�s�X���o�t Ruby �›�–�l�o�ˆ�”�h�Š�w�“�é�q�`�o irb �U�K�”�{�‡�c�x�³�£�ç�w

�¯�Ú�ï�Å�å� �ï�T�’�Í�w�‘�O�t�Ö�—�`�o�ˆ�‘�O�{

irb

�b�”�q irb �U�I�ˆ�`�o�|�Í�w�‘�O�s�Ó�é�ï�Ó�Ä�U�q�˜�•�”�{

irb(main):001:0>

�\�w	Ý�6�p�|�Í�w�‘�O�s�Ö�—�›�¼�`�o�ˆ�‘�O�¢���È�»�›�'�j���œ�p�x�æ�»�”�ï�©�”�›

�'�m�£�{
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10 + 20

a = 120

a

a * 2

�b�”�q 30, 120 �s�r�q
¯�Ô�^�•�”�w�p�|�?�U�I�V�o�M�”�T�x
ü�T�”�x�c�i�{�\�w�‘�O�t

irb �p�x�Ó�é�¬�å�Ü�› 1 �æ�c�m�î�æ�b�”�ò�®�p�0�é�$�t Ruby �›
ø�’�d�”�\�q�U�p�V�|

�j�•�l�q�`�h�½�£�¿�«�t�x
‡	×�t�(�b�s�“�é�p�K�” *7�{

3.2.7 ���È�»�¤�w�Ü�2�‰

�Ó�é�¬�å�Ü ppm002.rb �t�x���t�‹	ý�`�X�J	Ô�`�h�G�O�U�K�”�{�f�•�x�Í�w�‘�O�s�æ�w

	{�V�M�i�{

puts "#{nx} #{ny}"

�\�w�‘�O�t�|�¼�Ò�ç�«�¥�”�Ä (") �p�“�‡�•�h���È�»�w�¤�t #{�!
:�Ê } �q�M�O���U�q�•�”

�q�|�!
:�w�º�0�p�f�•�U�”�V�õ�Q�’�•�”�{�!
:�Ê�p�x�s�X�Ü�p�K�l�o�‹�‘�M�{�\�w�Ü�2�‰

�U�r�w�‘�O�t�‡�X�w�T�| irb �›�–�l�o�½�£�¿�«�`�o�ˆ�”�\�q�t�`�‘�O�{

x = 125

"x = #{x}"

"#{x*3}"

’x = #{x}’

2 �æ�è�w�Ö�—�t�0�`�o�| #{x}�U�!
: x �w�‹�t�2�‰�^�•�|�‡�h 3 �æ�è�w�Ö�—�t�0�`�o�x x*3

�q�M�O�Ü�›�2�‰�`�h�‹�U	Z�—�^�•�”�\�q�U
ü�T�”�{�‡�h�³�ï�¬�ç�«�¥�”�Ä (’) �›�–�l�h��

�È�»�t�0�`�o�x�Ü�2�‰�x�I�V�s�M�\�q�‹
ü�T�”�{

���È�»�w�Ü�2�‰�x�Ó�é�¬�å�Ü�›���o�t	{�X	Í�p
‡	×�t�(�b�s�‹�w�p�K�”�U�| C, Java �s

�r�t�x�|�\�w�;�ó�x�s�M�{

*7 �¶	��x�?�N�E�˜�“�t�‘�X�b�;�`�o�M�”�{
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3.2.8 �!
:�Ê�w
Ç�Z�M

	Í�w�Ó�é�¬�å�Ü�p�x�|�Ë	O
��»�w�±� �¶�t�m�M�o�|�#�t�x nx, 	N�t�x ny �q�M�O�!
:�›

�–�l�o�M�”�{�\�•�’�w
Œ�„�w n �x Number �w� �Ç�³�ß�ç�p�|�® x �M�²�w�A
É�w
:� �̄q�M�l

�h�™�¯�›�Ë�h�d�o�K�”�{�\�•�t�v�’�c ’n’ �p�•�‡�”�!
:�x�|�h�M�o�M�?�T�w
:�›
¯�`�o�M

�”�q�M�O�w�U�ó	6�=�^�•�h�!
:�Ê�w�–�M�M�i�{

�¹�”�µ�w�¤�p�r�w�‘�O�s�!
:�Ê�›�–�l�o�‹�|�Ó�é�¬�å�Ü�q�`�o�x
Y	×�t
ø�”�{�`�T�`�|

�×
ü�t�‹��
��t�‹
ü�T�“�•�b�M�¹�”�µ�›	{�X�h�Š�t�x�|�!
:�Ê�t�x
ü�T�“�•�b�M�‹�w�›�–

�O
ž�A�U�K�”�{�f�w�h�Š�t�x�Û
c�q�s�”�Ó�é�¬�å�Ü�›�h�X�^�œ�_�”�\�q�U�G
~�i�`�|�ó� 

�w�·�ï�µ�‹
��t�m�Z�s�M�q�M�Z�s�M�{

�h�T�U�Ê
²�w�ð�J�q�ß�Q�U�j�i�U�|�j�Œ�œ�q�`�h�Ó�é�¬�å�Ü�›	{�X�h�Š�t�x�q�o�‹�G�Ä

�s�\�q�i�q�M�O�\�q�›�|�\�\�p�®�Q�o�S�\�O�{
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3.3 �Ì� �Æ�æ�Ñ�•� �ç�p�±� �¶�›
…�ÿ�b�”

3.3.1 �Ñ�•� �ç�±� �¶�›�½�£�¿�«�`�‘�O


²
…�p�^�l�h�Ó�é�¬�å�Ü�p PPM �w�h
þ�›
\
R�`�h	Ô�ù�|�f�w�Ñ�•� �ç�±� �¶�x�r�w�‘

�O�t�s�l�o�M�”�i�–�O�T�{�f�•�x�Ó�é�¬�å�Ü�T�’���o�t�Œ�”�\�q�U�p�V�”�{

�h�q�Q�y 240× 180 �w�±� �¶�p
z�w�o	í�w�h
þ�›�^�l�h�q�`�‘�O�{
z�w�:�{�q�m�›
¯�b

�w�t�x�| ’255 0 0 ’ �q 8 ���È�›�–�l�o�M�”�T�’�|�Ã�”�»
æ
ü�w���È�w
:�x�Í�w�‘�O�t

�t�s�”�{
240 × 180 × 8 = 345600

�\�•�t�Ô�¿�¼
æ
ü�w���È
:�U 10 �x���S�C�˜�l�o�|
¶�.�w���È
:�t�s�”�{
R�¯���È�¢
Y�¬

�t�x 1 �Ì� �Ä���È�£�x 1 �È�p 1 Byte �w	Ø�C�”�›�‹�m�w�p�|�_�l�q 340 KB ���S�w�±� 

�¶�w�Ñ�•� �ç�U�p�V�”�\�q�U
ü�T�”�{

�î�M�t�Ñ�•� �ç�w�±� �¶�›�Œ�”�t�x�| ls �¯�Ú�ï�Å�›�Æ�;�b�”�q�‘�M�{�h
þ�Ñ�•� �ç�›

�^
R�`�h�’�|�³�£�ç�w�¯�Ú�ï�Å�å� �ï�T�’�Í�w�‘�O�t�Ö�—�`�o�ˆ�‘�O�{

ls -l

�b�”�q�|�Ñ�•� �ç�w�°�a�w�¤�t�±� �¶�›
¯�b
:�È�U
¯�Ô�^�•�”�{�-�‰�‹�q
z�±�`�o�¬�Ý�`

�o�„�`�M�{

�^�o�|�\�w 340 KB �q�M�O�Ñ�•� �ç�±� �¶�x�M�T�t�‹�G�V�M�{�h�q�Q�y�Ã�´�§�Ý�w�h


þ�i�l�h�’�|�\�w�h
þ�±� �¶�s�’ 10 
ü�w 1 ���S�w�x�c�i�{	Ø�C�q�`�o	r�g�b�”�t�‹�|�-

���b�”�t�‹�|�É�¿�Ä�ë�”�«	Í�p�8
ù�b�”�t�‹�|�K�‡�“�G�V�s�Ñ�•� �ç�x�l�‡�`�X�s�M�{

�f�w�ð�J�›�r�>�b�”�t�x�|�¯�ï�Ð�á�”�»�w�¤�p�r�w�‘�O�t	Ø�C�U�`�‡�˜�•�o�M�”�w�T�›

�Œ�”
ž�A�U�K�”�{�`�y�’�X�d
¢�`�o�|�f�w�\�q�›���o�t�_�o�S�X�\�q�t�`�‘�O�{

3.3.2 �ž�µ�©�”�¯�”�Å

�M�˜�•�”
R�¯�ó
:�È�•�f�w���w�G�ø�¨�› �ž�µ�©�”�¯�”�Å (ASCII code) �q�M�O�{�ž�µ

�©�”�¯�”�Å�x�|�¤�Ã�Ÿ�»�p�$	B�p�V�” �Â�©�µ�Ä �w���È�p�‹�K�”�{�\�•�’�w���È�x�|�¯�ï

�Ð�á�”�»�w�º
æ�p�x�r�w�‘�O�s���p�`�‡�˜�•�o�M�”�w�i�–�O�T�{�f�•�›���o�t�Œ�”�t�x�|

�Í�w�‘�O�t�b�”�q�‘�M�{

irb �p�‡�c�Í�w�‘�O�t�Ö�—�`�o�ˆ�‘�O�{

irb(main):001:0>10 + 10

�b�”�q�|�Í�w�‘�O�s�&�t�U�&�l�o�X�”�{
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=> 20

�\�œ�s�~�O�t irb �x�Ö�—�^�•�h�æ�›
°�A�`�o�|�f�w�A�L�›�0�é�$�t�&�`�o�X�•�”�{

�Ù
:�q���È�w�0� �›�Œ�” irb �t "a" �›�Ö�—�b�”�q�|�f�w�‡�‡ "a" �U�&�^�•�”�{

irb(main):002:0>"A"

=> "A"

�\�•�a�Œ�?�‹�Ø
(�X�s�M�{�f�•�p�x�Í�t 65.chr �q�'�j���œ�p�„�`�M�{

irb(main):003:0>65.chr

=> "A"

�s�œ�q�| "A" �U�q�˜�•�”�{ 65 �q�M�O
:�x���È "A" �t�0� 
Ç�Z�’�•�o�M�”�’�`�M�{�f�•�p

�x�|�M�–�M�–�s
:�È�p�\�w
â�^�›�æ�l�o�ˆ�o�|�r�œ�s�A�L�U�˜�’�•�”�T�›�¼�`�o�ˆ�‘�O�{

�ž�µ�©�”�¯�”�Å�w�™�¯


²
…�w�î�g�›�o�M�v�M�t�•�l�o�ˆ�”�q�|�Í�w�‘�O�s�\�q�U
ü�T�”�{

• ���È�t�!�õ�p�V�”
:�È�w
c�“�x�>�‡�l�o�M�”�{

• 32 �T�’ 126 �‡�p�w
:�x�|�?�’�T�w���È�•�G�ø�t�0� �`�o�M�”�{

• 0 �T�’�y 31, 127 �T�’ 255 �‡�p�w
:�È�p�x�| "\024" �q�M�l�h
:�w�‘�O�s�‹�w�U
¯

�Ô�^�•�”�{�\�•�x�f�w
:�› 8 
��O�p
¯�`�h�‹�w�p�K�”�{

• 256 �Ž	Í�w
:�È�i�q�| RangeError: 256 out of char range �q�M�O�¤�å�”�Ý�¿

�·�”�´�U
¯�Ô�^�•�”�{�\�\�p “char” �q�M�O�w�x character �w�t�p�|���È�›�™�¯�`

�o�M�”�{

	Í�w�‘�O�s�A�L�x�Í�w�\�q�›�™�¯�`�o�M�”�{

• 256 �°�¬�w
T
:�x���È�t�0� 
Ç�Z�’�•�o�M�o�|�f�•�›�Ò�Q�”�q�|���È�q�`�o�w
c�“

�›�Ò�Q�o�`�‡�O�{�m�‡�“�|���È�q�M�O�w�x 1 �Ì� �Ä�w
c�“�t	)�Š�’�•�o�M�”�{

• �î�M�w���È�t�0� �`�o�M�”�w�x�| 32 �T�’ 126 �‡�p�w 95 �x�w
T
:�p�K�”�{�\�•�’

�w
T
:�t�0� �n�Z�’�•�h���È�› �ž�µ�©�”�¯�”�Å (ASCII code) �q�M�O�{�\�w�0� 

�����›�‡�q�Š�h
¯�x �ž�µ�©�”�¯�”�Å
¯ �q�M�O�{
¯ 3.2 �t�Ô�`�h�{

• 256 �°�¬�p�|�T�m���È�t�0� �`�o�M�s�M
:�t�m�M�o�x�| irb �x 8 
��O�p�f�•�›	Z�—

�b�”�‘�O�t�s�l�o�M�”�{

�¯�ï�Ð�á�”�»�w�¤�w	Ø�C�w�¨�ò�w�^�•�M�|�S�‘�|�f�•�t���b�”�Œ�Ý�›�<�t�‡�q�Š�o�Ô�`

�o�S�\�O�{
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¯ 3.2 ASCII �¯�”�Å
¯ :�Å�€�p	{�T�•�o�M�”�w�x
M�š�¯�”�Å�{ 16 
� 2 �;�w 1 �;�è�x

	Í�z�w�#�t�| 2 �;�è�x�(�z�w	N�t	{�T�•�o�M�”�{�h�q�Q�y�| 41H �x ’A’ �t�¤�ï�¯�”�Å

�^�•�o�M�”�{ 20H �w SP �x�µ�Ö�”�µ�w�\�q�{

0 1 2 3 4 5 6 7

0 (NUL) (DLE) SP 0 @ P ‘ p

1 (SOH) (DC1) ! 1 A Q a q

2 (STX) (DC2) " 2 B R b r

3 (ETX) (DC3) # 3 C S c s

4 (EOT) (DC4) $ 4 D T d t

5 (ENQ) (NAK) % 5 E U e u

6 (ACK) (SYN) & 6 F V f v

7 (BEL) (ETB) ’ 7 G W g w

8 (BS) (CAN) ( 8 H X h x

9 (HT) (EM) ) 9 I Y i y

A (NL) (SUB) * : J Z j z

B (VT) (ESC) + ; K [ k {

C (NP) (FS) , < L \ l |

D (CR) (GS) - = M ] m }

E (SO) (RS) . > N ^ n ~

F (SI) (US) / ? O _ o (DEL)

1. �¯�ï�Ð�á�”�»�w�¤�w	Ø�C�x�|�b�‚�o 1 Byte �]�q�t�Ý�Þ�æ�t�Ö�l�o�M�”�{�m�‡�“

�¯�ï�Ð�á�”�»�w	Ø�C�x�b�‚�o�®
:�¯�p�K�”�{

2. �M�˜�•�”�®
R�¯�ó
:�È�¯�x�|�?�’�T�w
:�t�0� 
Ç�Z�’�•�o�M�”�{�f�w�0� 
¯�›�ž�µ

�©�”�¯�”�Å�q�M�O�{�h�i�` 1 Byte �p
¯�^�•�” 0 �™255 (0x00 �™0xFF) �‡�p

�w�O�j�w�°
æ�i�Z�U���È�t�0� 
Ç�Z�’�•�o�M�”�{

3. �m�‡�“�M�˜�•�”�®
R�¯�ó
:�È�¯�x�¯�ï�Ð�á�”�»�w�,�Š�$�s	Ø�C�q�`�o�w���È�p�K

�”�{�\�•�’�x
Y�`�X�x 1 �Ì� �Ä���È�K�”�M�x 1 �Ì� �Ä�¯�”�Å�q�M�M�|�®
R�¯�ó
:

�È�¯�x
‡
•�ó�;� �p�K�”�{

4. �ž�µ�©�”�¯�”�Å�t�0� �`�o�M�s�M
:�‹�K�“�|�f�•�’�›���‰�Ñ�•� �ç�›�Ì� �Æ�æ�Ñ�•

� �ç�q�M�O�{
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3.3.3 �Ì� �Æ�æ�w�Ñ�¥�”�Ú�¿�Ä�›�b�;�b�”


²�t�J	Ô�`�h�Ó�é�¬�å�Ü ppm002.rb �›�Ì� �Æ�æ�Ñ�•� �ç�›�A�V	Z�b�‘�O�t�!�Ë�`�o�ˆ

�‘�O�{

# ppm002.rb

nx = 240; ny = 180

puts "P3"

puts "# PPM test"

puts "#{nx} #{ny}"

puts "255"

for i in 0 ... nx

for j in 0 ... ny

print "255 0 0 "

end

end

PPM �Ñ�¥�”�Ú�¿�Ä�w�“�7�›�€	°�b�”�q�|�!�Ë�w�A�:�x�Í�w 2 �:�t�s�”�{

• �Ã�”�»�t�Ì� �Æ�æ�w�¯�”�Å�›�–�O�q�V�w�Ú�´�¿�«�Æ�ï�Ì�”�x P6

• 	í�Ã�”�»�q�`�o "255 0 0" �q�M�O���È�»�w�E�˜�“�t�| 255.chr, 0.chr, 0.chr

�›�–�O�{

�ð�J 3–2 ppm002.rb �›	Í�w�M
��p	{�V�õ�Q�h�Ó�é�¬�å�Ü�› ppm003.rb �q�M�O�Ê
²�p

�^
R�`�s�^�M�{�f�•�›
ø�’�d�o�ˆ�o�T�’�|�Í�w�Ö�”�´�t�K�”�Ó�é�¬�å�Ü�«�›�_�o�¬�Ý�`�s

�^�M�{
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	{�V�õ�Q�h�Ó�é�¬�å�Ü�x�<�w�è�“�p�K�”�{

# ppm003.rb

nx = 240; ny = 180

puts "P6"

puts "# PPM test"

puts "#{nx} #{ny}"

puts "255"

for i in 0 ... nx

for j in 0 ... ny

print 255.chr, 0.chr, 0.chr

end

end

�\�w�Ó�é�¬�å�Ü�›
ø�’�d�o�˜�’�•�”�h
þ�› GIMP �p�_�o�ˆ�s�^�M�{�‡�h�| ls -l �¯�Ú

�ï�Å�›�–�l�o�|�ž�µ�©�”�Ñ�¥�”�Ú�¿�Ä�w PPM �h
þ�q�Ñ�•� �ç�±� �¶�›
z�±�`�s�^�M�{
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3.4 �Í�»�”�ï�›
\
R�b�”

�\�\�‡�p�w�q�\�–�p�|�¯�ï�Ð�á�”�»�º
æ�t	Ø�C�U�r�w�‘�O�t�”�T�•�o�M�”�w�T�|�h
þ

�Ñ�•� �ç�q�M�O�w�x�r�O�M�O�Ï���›�q�l�o�M�”�w�T�t�m�M�o�¶�|�|���o�s�Â�µ�Ä�Ó�é�¬

�å�Ü�›�¼�^�`�h�{�`�T�`�|�o	í�w�h
þ�i�Z�p�x�m�‡�’�s�M�{�s�œ�q�T�`�o�|�T�l�\�M�M�Í

�»�”�ï�›�^�“�h�M�{�\�•�U�Í�w	ý�`�M�ð�J�i�{
����s�’�Ð�«�·�ç�›�{�q�m�c�m�ß�Q�o�’�Š

�o�M�X�q�M�O�•�“�M�›�q�•�”�w�i�U�|�f�œ�s�˜�Z�t�x�M�T�s�M�{�f�w�E�˜�“�|�Ó�é�¬�å�Ü

�p�Í�»�”�ï�w
\
R�w	�	q�›�î�q�b�”�\�q�t�s�”�{�f�•�t�x�r�O�`�h�’�M�M�i�–�O�T�{�M�X

�m�T�w�±�ï�Ó�ç�›�Ô�b�\�q�t�`�‘�O�{

2 �m�t�C�“
ü�Z�”


$ 3.6 �w�(�q�¤���w�h
þ�›
\
R�b�”�Ó�é�¬�å�Ü�› bicolor001.rb, bicolor002.rb �q

�`�o�Ô�f�O�{�‡�c�x�\�•�’�›�×
ü�p	{�M�o
ø�’�d�o�ˆ�‘�O�{


$ 3.6 �6�w�‘�O�s�Í�»�”�ï

# bicolor001.rb

nx = 240; ny = 180

puts "P6"

puts "# PPM test"

puts "#{nx} #{ny}"

puts "255"

r = 255.chr

g = 200.chr

b = 255.chr

for i in 0 ... ny

if i > ny / 2 then

r = 0.chr

end
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for j in 0 ... nx

print r, g, b

end

end

# bicolor002.rb

nx = 240; ny = 180

puts "P6"

puts "# PPM test"

puts "#{nx} #{ny}"

puts "255"

g = 200.chr

b = 255.chr

for i in 0 ... ny

for j in 0 ... nx

r = 255.chr

if j > nx / 2 then

r = 0.chr

end

print r, g, b

end

end

�ð�J 3–3 	Í�w 2 �m�w�Ó�é�¬�å�Ü�p�–�l�o�M�”�ž� �Ã�Ÿ�ž�›
Ê�ˆ�ù�˜�d�o�|
$ 3.6 �w�È�z

�w�Í�»�”�ï�›	Z�—�b�”�Ó�é�¬�å�Ü�›�^�“�s�^�M�{

	í�t�Ê
²�›
Ç�Z�o�–�O

	Í�w�¹�”�µ�p�x�|	í�›�>�Š�”�w�t r, g, b �w 3 �m�w�j	í�›� �q�t�K�m�T�O�q�M�O�•�“�M

�›�q�l�h�{�`�T�`�K�”�>�‡�l�h	í�›�Ð�«�·�ç�t�)�Q�”�x�|�Í�w�‘�O�s�•�“�M�U�D�ó�i�{

• RGB �w
:�‹�›�x���t
ƒ���d�c�t�|�K�’�T�a�Š�Í�w�«�w�‘�O�t	í�›�{�q�m�w�!
:�q

�`�o���[�`�o�S�X�{�s�S�| Ruby �w	Ô�ù�|�G���È�p�•�‡�”�!
:�Ê�x��
:�q�`�o�{�˜

�•�|�!�Ë�U�•�^�•�s�M�q�M�O
Q�í�›�‹�l�o�M�”�{

Cyan = 0.chr + 255.chr + 255.chr

Magenta = 255.chr + 0.chr + 255.chr

• �Ð�«�·�ç�w	Z�—�p�x�|�\�•�’�›�–�O�{

print Cyan
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�w�‘�O�t�{

�\�w
¯�q�O�›�–�l�h�¹�”�µ�w�«�›�<�t�Ô�b�{

# bicolor004.rb

cyan = 0.chr + 255.chr + 255.chr

magenta = 255.chr + 0.chr + 255.chr

color = cyan

nx = 240; ny = 180

puts "P6"

puts "# PPM test"

puts "#{nx} #{ny}"

puts "255"

for i in 0 ... ny

for j in 0 ... nx

if i > ny / 2 then

print magenta

else

print cyan

end

end

end

16 
��w	í
¯�Ô�›�f�w�‡�‡�–�O�t�x

�h�M�o�M�w	í�Ê�w�Ã�”�»�p�x�|�K�”	í�w�Ê
²�q�|�f�w 16 
�
:�t�‘�”
¯�q�q�U	{�T�•�o

�M�”�{�M�X�m�T�w	í�w�Ã�”�»�›�<�t�•�[�o�ˆ�”�{

wheat #F5DEB3

orange #FFA500

hotpink #E179B4

tomato #FF6347

lavender #E6E6FA

turquoise #40E0D0

�\�•�’�w 16 
�
¯�G�x HTML �p�–�O�\�q�›�æ�„�t�S�M�o�M�”�˜�Z�i�U�|�\�w�Â�©�µ�Ä�p

�x�Ó�é�¬�å�Ü�w�¤�p	í�›
¯�q�`�‘�O�q�`�o�M�”�w�p�|	í�w
¯�q�› 16 
�
:�p�x�s�X�| 10 
�


:�p	{�M�o�V�h�{�p�‹�\�œ�s�~�O�t 16 
�
:�p	{�T�•�h�‹�w�x�|�f�w�‡�‡�–�l�h�„�O�U
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�¸�i�{

Ruby, C, Java �s�r���X�w�Ó�é�¬�å�Û�ï�¬�t� �p�x�| 16 
�
:�x
€�„� �q�`�o 0x �›
Ç�Z

�o
¯�b�\�q�t�s�l�o�M�”�{�`�h�U�l�o�|	–
4	í�w�«�x�Í�w�‘�O�t�Ú�d�y�‘�M�{

Wheat = 0xF5.chr + 0xDE.chr + 0xB3.chr

�s�S�| 0xFF �p�‹ 0xff �p�‹�r�j�’�p�‹�‘�M�{

�³�ž�ï�|�Ú�¸�ï�»�‹�‰�7�t�`�o�|

Cyan = 0.chr + 0xFF.chr + 0xFF.chr

magenta = 0xFF.chr + 0.chr + 0xFF.chr

�q�`�h�„�O�U�|	í�Ê�w�Ã�”�»�T�’�Ó�é�¬�å�Ü�›	{�V�•�b�M�{

�ð�J 3–4 �\�•�‡�p�t�¶�œ�i	��O�›�‡�v�`�o�|�›�¯�› 4 	í�t�C�“
ü�Z�”�¹�”�µ�›	{�V�s

�^�M�{
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3.5 �¬�å�Ã�”�³�ã�ï�›�T�Z�”

�Í�w�¹�”�µ�t�‘�l�o�|
$ 3.7 �w�‘�O�t�¬�å�Ã�”�³�ã�ï *8�w�T�T�l�h�Í�»�”�ï�›
\
R�b�”

�\�q�U�p�V�”�{

# grad001.rb

nx = 400; ny = 80

g = 250

puts "P6"

puts "# Draw Gradient "

puts "#{nx} #{ny}"

puts "255"

for i in 0 ... ny

for j in 0 ... nx

r = j % 255

b = j % 255

print r.chr + g.chr + b.chr

end

end


$ 3.7 �¬�å�Ã�”�³�ã�ï�w�«

3.5.1 	Ò�(�-�‰�x�§�—�s�“�é

	Í�w�¹�”�µ�t�‘�l�o�|�r�O�`�o�V�•�M�s���ü�U
\�‡�•�”�w�T�›
†�Ì�`�o�S�\�O�{�\�w

�¹�”�µ�w�¤�p�‡�M�o�M�”�w�x�| % �t�‘�”	Ò�(�¢�(�“ ) �w�-�‰�i�{
ÿ�C�`���Z�”
T
:�w
:�»

�›�|�K�”��
:�p�Â�l�o�•�”�q�|���“�&�`�U
C
\�b�”�{

�«�q�`�o�Í�w�¹�”�µ�›
ø�’�d�o�ˆ�s�^�M�{�Ñ�•� �ç�Ê�x test.rb �w�‘�O�t�&�p�s�‹�w

�›�–�Q�y�‘�M *9�{

*8 �¯�ï�Ð�á�”�»�¬�å�Ñ�Ÿ�¿�«�µ���È�w�G�Ä�›�¡�œ�p�M�”�q�|�ó� �p�x�¬�å�Ã�”�³�ã�ï (gradation) �p�x�s

�X�|�¬�å�´�£�ï�Ä (gradient) �q�M�O�\�q�U���M�‘�O�i�{�\�•�x���ü�w�\�q�p�|�f�•�x�f�•�p�™�¯�U�è�l

�o�M�”�{�r�O�`�o��� �U�§�O�Ž�R� �t�s�l�o�`�‡�l�h�w�T�|�r�O�‹�‘�X
ü�T�’�s�M�{�M�c�•�t�d�‘�|�ó��

�p�¬�å�Ñ�Ÿ�¿�«�µ�w
†�Ì�›�¡�‰�q�V�t�x�«�™�`�o�S�T�s�M�q�M�Z�s�M�{
*9 �K�”�è�$�p�Ó�é�¬�å�Ü�›	{�X�q�V�t�|�f�w�°
æ�›�Â�µ�Ä�b�”�h�Š�w	–�^�s�Ó�é�¬�å�Ü�›	{�X�w�x�|�‘�X�æ

�˜�•�”�\�q�p�K�”�{
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for i in 0 .. 20

puts i % 9

end


ø�’�d�h�A�L�q�`�o�|�Í�w�‘�O�s
:�»�U	Z�—�^�•�”�x�c�i�{

0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2

�\�•�x for �ç�”�Ó�t�‘�l�o i �U 0 �T�’ 20 �‡�p 1 �c�m
ÿ�C�`�o�M�X�q�V�t�|�f�•�›�Â�l

�h�(�“�w�M�x	†
:�w 9 �°�¬�‡�p�w
:�›���“�&�b�\�q�T�’�V�o�M�”�{

�¬�å�Ã�”�³�ã�ï�›
³�M�h�¹�”�µ�p�x�|
+���M�²�w�•�”�›�>�Š�” j �U
ÿ�C�b�”�q�V�t�|

RGB �w�O�j�w r �q b �w	í�U 0 �T�’ 255 �‡�p
ÿ�Q�o�x�|�‡�h 0 �t�í�”�q�M�O���“�&�`�U


C
\�b�”�w�p�|�¬�å�Ã�”�³�ã�ï�U�T�T�”�q�M�O�˜�Z�i�{


$ 3.8 	—�`�½�l�h�¬�å�Ã�”�³�ã�ï
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3.6 ��
:�p�C�“
ü�Z�”

1 �Í��
:�x�Ú
¢�›�^�“�| 2 �Í��
:�x�L
ú
¢�|
Ò�Â
¢�|���|�*���q�M�l�h
’�`�M�Â
¢�›�^

�“	Z�b�\�q�U�p�V�”�{�\�•�’�›�Ó�é�¬�å�Ü�p�^�l�o�ˆ�‘�O�{

3.6.1 ���›
³�X

���›
:�¶�$�t
¯�b

���q�M�O�w�x�K�”�:�T�’�s�`�M�‘�m�t�K�”�:�w	B�ù�w�\�q�p�|�Í�w�Ü�x�f�w�\�q�›�™�¯

�`�o�M�”�{
(x − a)2 + (y − b)2 = r2 (3.1)

�\�\�p�x�|�¤	ú�U (a, b) �t�K�l�o�|
R���U r �p�K�”�‹�w�q�`�o�M�”�{�\�•�x�~���M�w��

�g (
$ 3.9 �È) �t�‘�l�o�| (a, b) �T�’�‘�m�U r �w�q�\�–�t�K�”�b�‚�o�w (x.y) �w	B�‡�“�p�K

�”�q�M�O�\�q�›�™�¯�`�o�M�”�{

�q�M�O�\�q�x�|�Í�w
Æ�s�Ü�›�¬�h�b�:�q�|�f�O�p�s�M�:�›�C�“
ü�Z�•�y�|���w�º
æ�›�C

�“�m�•�b�\�q�U�p�V�”�x�c�i (
$ 3.9 �( )�{

(x − a)2 + (y − b)2 < r2

(a,b)

r

x

y

O

p

qr


$ 3.9 �(
$�•�¤	ú�T�’�°���w�‘�m r �°�¬�w�:�›�C�“�m�•�d�y���U
³�Z�”�{�È
$�•�~��

�M (�Ð�»�°�å�µ ) �w���g�p r2 = p2 + q2�|�‡�h�x r =
√

p2 + q2 �q�s�”�{
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�Ž	Í�w�Ä�î�›���›
³�X�h�Š�t� �;�`�‘�O�{
$ 3.10 �›�_�o�„�`�M�{

�#�t nx, 	N�t ny ���œ�i�Ð�«�·�ç�w���|�w�¤�t�|�¤	ú�w�2
ª�U cx1, cy1 �p�| 
R�� rad1

�w���›
³�X�\�q�›�ß�Q�”�{ �h�i�`�#�à�w�2
ª�x j �p�|	N�à�w�2
ª�x i �p�K�”�{

j

i
A

B

r


$ 3.10 ��	*�w�º���w�Ð�«�·�ç�›�C�“�m�•�b	�	q�{ A �w�Ð�«�·�ç�x�¤	ú

�q�w�‘�m�U
R���‘�“�‹	–�^�M�w�p���w�º���| B �x���w�Ž���{

# circle001.rb

nx = 240; ny = 180

cx1 = 100; cy1 = 60;

rad1 = 50; srad1 = rad1 ** 2

indigo = 0x4b.chr + 0x00.chr + 0x82.chr

gold = 0xff.chr + 0xd7.chr + 0x00.chr

puts "P6"

puts "# Draw Cirlce "

puts "#{nx} #{ny}"

puts "255"

for i in 0 ... ny

for j in 0 ... nx

if (j - cx1) ** 2 + (i - cy1) ** 2 < srad1 then
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print gold

else

print indigo

end

end

end

�\�w�¹�”�µ�w�ž� �Ã�Ÿ�ž�›�j�•�l�q�{�v�l�o�| RGB �f�•�g�•�t�m�M�o�Ÿ�s�l�h�•�”�t���›
³�M

�o�ˆ�”�‘�O�t�`�o�ˆ�”�\�q�‹�p�V�” (
$ 3.11 �È)�{


$ 3.11 ���›
³�X
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3.6.2 �*���|
Ò�Â
¢

�Ü (3.1) �w���w�M���Ü�›	—�`�!�Q�”�q�|�*���w�M���Ü�t�s�”�{

p(x − a)2 + q(y − b)2 = 1 (3.2)

�Ü (3.2) �p p �q q �w�‹�U�Ÿ�s�”�q�^�‡�_�‡�s	N�#�w
z�p�w�*���t�s�”�{

�‡�h�|�o�t
Ö�ø�›�!�Q�”�i�Z�p
Ò�Â
¢�U�˜�’�•�”�{

p(x − a)2 − q(y − b)2 = 1 (3.3)


$ 3.12 �t�\�•�’�w�/���$�s���›�Ô�`�h�{

-2

-1.5

-1

-0.5

 0

 0.5

 1

 1.5

 2

-2 -1.5 -1 -0.5  0  0.5  1  1.5  2
-5

-4

-3

-2

-1

 0

 1

 2

 3

 4

 5

-4 -2  0  2  4


$ 3.12 �*�� (�( ) �q
Ò�Â
¢ (�È)

�ð�J 3–5 ���›
³�X�Ó�é�¬�å�Ü�›�*���•
Ò�Â
¢�w�Ü�›�–�l�h�‹�w�t	{�V�õ�Q�o�•�”�\�q�p�|�f�•�’

�w
$���t�‘�”
³�h�U�p�V�”�{�»
É�`�o�•�l�o�ˆ�‘�O�{
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3.7 �q�.�2
ª	Í�w��
:�p�q�.�$�t�ß�Q�”


²
…�p�x���s�r�w
$���› x, y �›�;�M�h�Ë�Í��
:�p
¯�`�o�|�f�•�›
³�h�t�–�l�o�ˆ�h�{�`�T�`�|�o

�t�¥�„
¢�›�à
~�”�h�Š�t�p�x�s�X�|�¬�å�Ã�”�³�ã�ï�›�ª�b�h�Š�t�b�;�b�”�\�q�‹�p�V�”�{


$ 3.13 �x�|�Ð�«�·�ç�›�Y�l�q�¦�G�`�h�‹�w�p�|���w�¤	ú�w�2
ª�›�¤	ú�q�`�o�|�¤	ú�T�’�w�2
ª�w

�c�•�›�Å�€�w�¤�t	{�V���œ�p�K�“�|�M�X�m�T�w�Ð�«�·�ç�t�x�|�c�•�w 2 	Ð�w�è�U�ƒ	í�w�G�V�M���È

�p	{�V���œ�p�K�”�{�h�q�Q�y�|�Å�€�p (2,−1) �q	{�M�o�K�”�Ð�«�·�ç�›�_�o�„�`�M�{�G�V�X ’5’ �q

�K�”�w�x�| 22 + (−1)2 = 5 �q�`�o�-�‰�`�h�‹�p�K�”�{

�j�•�l�q	����›�T�Z�o�| 2 	Ð�w�è�U�‡�i�G�Ö�^�•�o�M�s�M�q�\�–�‹�-�‰�`�o�’�Š�o�„�`�M�{�f�`

�o
$�›�‘�X�Ë�Š�‘�O�{

j j=cx

i

i=cy 0 1 4

1 2 5

(−4,0) (−3,0) (−2,0) (−1,0) (0,0) (1,0) (2,0) (3,0) (4,0)

(−4,−1) (−3,−1) (−2,−1) (−1,−1) (0,−1) (1,−1) (2,−1) (3,−1) (4,−1)

(−4,−2) (−3,−2) (−2,−2) (−1,−2) (0,−2) (1,−2) (2,−2) (3,−2) (4,−2)

(−4,−3) (−3,−3) (−2,−3) (−1,−3) (0,−3) (1,−3) (2,−3) (3,−3) (4,−3)

(−4,−4) (−3,−4) (−2,−4) (−1,−4) (0,−4) (1,−4) (2,−4) (3,−4) (4,−4)

(−4,1) (−3,1) (−2,1) (−1,1) (0,1) (1,1) (2,1) (3,1) (4,1)

(−4,2) (−3,2) (−2,2) (−1,2) (0,2) (1,2) (2,2) (3,2) (4,2)

(−4,3) (−3,3) (−2,3) (−1,3) (0,3) (1,3) (2,3) (3,3) (4,3)

(−4,4) (−3,4) (−2,4) (−1,4) (0,4) (1,4) (2,4) (3,4) (4,4)


$ 3.13 ���w�¤	ú�› (0,0) �q�`�o�|�f�\�T�’�w�#�q	N�w�®�c�•� �̄›	{�V���œ�i�‹�w�{�‡

�h�M�X�m�T�w�Ð�«�·�ç�t�x�|�c�•�w 2 	Ð�w�è�U�ƒ	í�w���È�p	{�V���œ�p�K�”�{

-2 -1.5 -1 -0.5  0  0.5  1  1.5  2 -2
-1.5

-1
-0.5

 0
 0.5

 1
 1.5

 2

 0
 1
 2
 3
 4
 5
 6
 7
 8

x**2+y**2


$ 3.14

�\�w
$�p�| 2 	Ð�w�è�w�‹�U�h�q�Q�y 10 �Ž�<�w�q�\�–

�›�C�“�m�•�d�y�|
R���U 3 �w���t�Ù�M���U�˜�’�•�”�{�\

�•�x�b�p�t�•�l�o�ˆ�h�‘�O�t�|���›
³�X�ž�ç�°�æ�¶�Ü�t

�s�l�o�M�”�{

�`�T�`�|�\�\�p�¹�:�›	—�`�!�Q�o�|�-�‰�`�o�˜�’�•�h

�‹�i�Z�´�Ø�w	Í�w�M�t
]�“	Í�U�l�o�M�”�q�M�O�q�.�$�s

���›
Ý
þ�`�o�ˆ�‘�O�{�¤	ú�U�X�…�œ�p�M�o�|�‡�˜�“�x�S

�ö�w���w�‘�O�t
]�“	Í�U�l�o�M�”���U
Ô�T�|	Í�U�”�{
$

3.14 �t�G�.�w���›�Ô�`�h�{

�m�‡�“�¤	ú�T�’�Ž���t�²�T�l�o�x�9�t�G�V�X�s�l�o�M

�X�¯
��U�K�”�˜�Z�p�|�\�•�›�–�l�o�¬�å�Ã�”�³�ã�ï�›�T
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�Z�h�’�r�O�s�”�i�–�O�T�•�h�q�Q�y�¤	ú�T�’�È�t
��œ�p�M�X�q�| 0, 1, 4, 9, 16, . . . �q
ÿ�Q�o�M�X�w

�p�|�\�•�› 255 �p�Â�l�h�(�“�›�-�‰�`�o�ˆ�‘�O�{�Í�w�y�M�Ó�é�¬�å�Ü�›
ø�’�d�•�y�M�M�{

for i in 0 .. 50

puts i ** 2 % 255

end

�Š�p�x (i ** 2 + j ** 2) % 255 �›���Ø�$�t�c�l�q�-�‰�`�o�M�X�w�›�|�\�\�p�x
��#�i�Z�-

�‰�`�o�M�”�\�q�t�«�™�`�o�S�\�O�{�b�”�q�Í�w�‘�O�s
:�U�q�•�”�{

0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144, 169, 196, 25, 56, 89, 124, 161, 0, 41, 84,

129, 176, 25, 76, 129, 184, 41, 100, 161, 24, 89, 156, 25, 96, 169, 44, 121, 0, 81, 164, 49,

136, 25, 116, 9, 104, 1, 100


$ 3.15

�\�•�›�_�”�q�|
:�U�G�V�X�s�l�o�x	–�^�M�‹�t

�í�l�o�M�X�w�U
ü�T�”�i�–�O�{�\�•�p	í�›
Ç�Z

�h�’�‰	ú��	Ý�w�¬�å�Ã�”�³�ã�ï�U�˜�’�•�s�M�i

�–�O�T�•�Ž	Í�w
C
Ý�p�Ó�é�¬�å�Ü�›	{�M�o�ˆ�”

�q�Í�w�‘�O�t�s�”�{�é�x�Õ�T�l�h�U�|�Ó�é�¬�å�Ü

�x�y�M�{�˜�’�•�”�h
þ�x
$ 3.15 �w�‘�O�t�s�”�{

# circle_grad001.rb

nx = 400; ny = 400

r = 0; g = 0

cx1 = 200; cy1 = 200

puts "P6"

puts "# Draw Gradient "

puts "#{nx} #{ny}"

puts "255"

for i in 0 ... ny

for j in 0 ... nx

b = ((j-cx1) ** 2 + (i-cy1) ** 2) % 255

print r.chr + g.chr + b.chr

end

end

�\�w�Ó�é�¬�å�Ü�p�x
h�°	í�`�T�M�a�l�o�M�s

�M�`�|�o	m�s���w��
:�›�–�l�o�M�”�{ 3 	í�›�–�l

�o�*���•
Ò�Â
¢�|�^�’�t�x 3 �Í��
:�›�b�;�`�h

�“�|�K�”�M�x
ó
:�w���›
Ê�ˆ�ù�˜�d�h�“�|�¬�å

�Ã�”�³�ã�ï�w���ü�U�•�”�X�s�”�‘�O�t�M�a�l�h

�“�b�•�y�|�‹�l�q�‹�l�q
ó�v�p�Z�·�s�Í�»�”�ï

�U�p�V�”�T�‹�Œ�•�s�M�{
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3.8 �M�–�M�–�s�ž� �Ã�Ÿ�ž

3.8.1 �Z
:�›�–�l�o�ˆ�”

�Ùrand ��
:�w�~�”�‡�M �¯�ï�Ð�á�”�»�U�Ë�l�o�M�”�ª�ó�±� �¯�é�U �Z
: �i�{�f�w�‡�V�›�Œ�”�h

�Š�t irb �p�¼�`�o�ˆ�‘�O�{�‡�c irb �p�Í�w�Ö�—�›�?�s�‹���“�&�`�o�ˆ�o�„�`�M�{

rand(6)

rand(6)

rand(6)

...

�b�”�q�| 0 �T�’ 5 �‡�p�w
:�U�å�ï�¼�Ü�t	Z�—�^�•�”�\�q�U�˜�T�”�{�7� �U�_�Q�h�’�|�\�œ�r�x 6 �w

�E�˜�“�t���w
:�›�–�l�o�ˆ�‘�O�{�\�œ�s�~�O�t�M�a�l�o�M�”�q�| rand �q�M�O��
:�w�–�M�M�›�Ë�¿�«

�p�V�”�{

rand(n) �q�M�O��
:�x�| 0 �T�’ n − 1 �‡�p�w
T
:�›�å�ï�¼�Ü�t	Z�—�b�”�{

�s�S�| rand(0) �K�”�M�x rand() �q�b�”�q�| 0 �Ž	Í 1 �°�¬�w�°�7�Z
:�U�˜�’�•�”�{�f�w�\�q�‹

irb �p�¬�Ý�`�o�„�`�M�{

�Ð�«�·�ç�w	í�›�>���b�”�w�t�|�Z
:�›�–�l�o�ˆ�h�’�r�O�s�”�i�–�O�•�h�q�Q�y

r = rand(256)

�q�T

r = 120 + rand(136)

�w�‘�O�t�{
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3.8.2 �Ì�¿�Ñ�•
��»�›�–�O

�\�\�‡�p�x�|�-�‰�A�L�›�Ñ�•� �ç�t�Ú
€	{�V	Z�b�q�M�O�•�“�M�›�q�l�o�R�h�{�`�T�`�f�•�i�q�|

�b�p�t
³�M�h�Í�»�”�ï�w	Í�t���w�Í�»�”�ï�›
³�V�C�Q�”�q�M�O�\�q�U�p�V�s�M�w�p�j�•�l�q
Æ�(�p

�K�”�{�f�\�p�|�Ð�«�·�ç�›
��»�Ã�”�»�q�`�o�;�™�`�o�S�V�|�f�w
��»�w�Ã�”�»�›�C�»�b�”�\�q�p�|


$���›�^
R�b�”�‘�O�t�`�o�ˆ�‘�O�{

�\�w�‘�O�s�è�$�p�–�˜�•�”
��»�Ã�”�»�› �Ì�¿�Ñ�• (Buffer) �q�M�O�{�Ã�”�»�›�h�Š�o�S�X	Ô	t�q

�M�l�h�™�¯�p�K�”�{

�<�t�±�ï�Ó�ç�w�¹�”�µ�›�Ô�f�O�{�\�\�p�x�7	s�t���t
ì�p�b�”�Ð�«�·�ç�¢ [0,0,0]�£�›�A
É�q�b

�”�Ë	O�w
��»�›�^
R�`�o�|�f�w
��»�t�0�`�o 2 �è�“�w	r�g�›�æ�l�o�M�”�{�\�•�›�€�ß�t�`�o�|�M�–

�M�–�s�»
É�›�•�l�o�ˆ�o�„�`�M�{

# buff001.rb

def print_buffer(buff,nx,ny) # �Ì�¿�Ñ�•�›	{�V	Z�b�Ý�¹�¿�Å

for i in 0 ... ny

for j in 0 ... nx

r = buff[i][j][0]

g = buff[i][j][1]

b = buff[i][j][2]

print r.chr + g.chr + b.chr

end

end

end

def print_header(nx,ny) # �Ô�¿�¼�›	{�V	Z�b�Ý�¹�¿�Å

puts "P6"

puts "# Bufferd version"

print nx, " ", ny ,"\n"

puts 255

end

nx = 400; ny = 300

# �±� �¶ nx �w
��»�T�’�s�”�±� �¶ ny �w
��»�›�;�™�`�|�f�•�g�•�t [0,0,0]

# �›�E�Ö�`�o�S�X�{

buff = Array.new(ny){Array.new(nx){[0,0,0]}} # �Ì�¿�Ñ�•�›�;�™�`�o	s�8�=�`�o�S�X

print_header(nx,ny) # �Ô�¿�¼	{�V	Z�`

# �¤���t�+	í�w�ã���›
³�M�o�ˆ�”

for i in (ny / 2 - 20) ... (ny / 2 + 20)

for j in (nx / 2 - 20) ... (nx / 2 + 20)

buff[i][j] = [0xff,0xff,0]

end
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end

# �(�<�w�~�¯�›
h�X�`�o�ˆ�‘�O�{

for i in 0 ... ny

for j in 0 ... i

buff[i][j][2] = 0xa0

end

end

print_buffer(buff,nx,ny) # �7�™�t�Ì�¿�Ñ�•	{�V	Z�`
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Postscript �Ó�é�¬�å�Û�ï�¬

4.1 Postscript �q�x�?�T

4.1.1 Postscript �q Ghostscript

Postscript(PS) �x Adobe Systems �þ *1�U�F�¨�›���Š�h�Ö�”�´�G	\�t� �p�|�å�µ�»�”�h
þ�q�x�Ÿ

�s�“�|�æ�g�$�s�G	\�p
$���•�Â�©�µ�Ä�›
¯�q�b�”�\�q�U�p�V�”�{�t�M�õ�Q�•�y Postscript �x�°	��w

�Ó�é�¬�å�Û�ï�¬�t� �p�‹�K�”�{�‡�h�|�™�T�’	\�‚�”�‘�O�t�| Postscript �p�x �µ�»�¿�« �q�M�O�Ã�”�»

�Ï���w�¤�t�|
:�‹�•���È�»�q�M�l�h�Ã�”�»�›�¨�ò�b�”�q�M�O�•�“�M�›�q�l�o�M�”�{

�s�S�| Postscript �p�G	\�^�•�h	Ø�C�x�| �f�w���O�›�r	
�p�V�” PS �Ó�æ�ï�»�p�¹�n�b�”�\�q�U�p

�V�|���X�w�?� 	Z
[ (DTP) �w	��—�x�\�w�M�Ü�t�‘�l�o�M�”�{ DTP �•�Ã�²� �ï�À�„�p�x Mac �U	�

�t�–�˜�•�”�U�|�f�•�x Apple �U Postscript �Ó�æ�ï�»�›�‰
C�`�o�|�f�•�‡�p�t�s�M�ô
¼�í�w	Z
[�›

�î�q�`�h�T�’�p�K�”�{

Ghostscript(GS) �x�| Postscript �p�G	\�^�•�h
³�h�Ó�é�¬�å�Ü�›�r	
�`�o�å�µ�»�”�h
þ�›
\
R

�b�”�Ñ�æ�”�¹�Ñ�Ä�p�| GNU �Ó�é�´�£�«�Ä�p�‰
C�^�•�o�V�h�{�\�•�x�Á�‰�p�b�;�p�V�o�| Unix,

Windows, Mac �s�r���X�w�Ó�å�¿�Ä�Ñ�¥�”�Ü�p
ø�”�w�p�|�^�‡�_�‡�s�q�\�–�p�b�;�^�•�o�M�” *2�{

Ghostscript �f�w�‹�w�x�| PS �Ñ�•� �ç�T�’�å�µ�»�”�h
þ	Ø�C�•�w�!�õ�›�æ�O�i�Z�p�|
¯�Ô�w	r

�g�x���w�ž�Ó�æ�­�”�³�ã�ï�t�Ú�d�”�q�M�O�M�Ü�›�q�l�o�M�”�{�f�w�h�Š�t�‘�X�;�M�’�•�o�M�”�w�x

GSview �p�K�”�{�Ž�<�p�x�| Ghostscript �q GSview �U� �ï�µ�Ä�”�ç�^�•�o�M�”�‹�w�q�`�o
��Š

�o�M�X�\�q�t�b�”�{

4.1.2 Postscript �T�’�w
C�2

Postscript �x�æ�g�$�s�G	\�t�‘�”
³�h�›�S�\�s�O�Ó�é�¬�å�Û�ï�¬�t� �s�w�p�|�q�O�w���X�w�Ó�é

�¬�å�Û�ï�¬�t� �w�¬�å�Ñ�Ÿ�¿�«�µ�w	��O�q�ž�è�b�”�q�\�–�U���M�{�›�t Java �w Graphics2D �«�å

�µ�p�x�|�Í�µ�w�{�M�M�•�Ñ�¥�ï�Ä�w	r�g�s�r�t PS �w	��O�U�¾�V�'�U�•�o�M�”�w�p�|�K�’�T�a�Š PS

�›�Œ�l�o�S�X�q�g�r�`�•�b�M�{

*1 Adobe �x�®�ž�Å�Ï�¯�q�¡�‰�{
*2 �\�w�Ó�æ�ï�Ä�w
$
[�‹�| Ghostscript �›�b�;�`�o�´�Ø�t�x�Š���‡�•�o�M�”�{
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4.1.3 Postscript �›�–�M�\�s�b�h�Š�w	Ø�C

Postscript �›�r
†�`�h�Å�©�á�Ý�ï�Ä�x Adobe �þ�T�’�æ�Ñ�•�è�ï�µ�Ú�Ç�á�ž�ç�q�«�¿�«�Ò�¿

�« *3�w 2 �m�U PDF 
[�p�¬�‰�^�•�o�M�o�|�i�•�p�‹�Ö	��p�V�”�{�h�i�`�ó� �p	{�T�•�o�M�”�{

Postscript Language Reference Manual(PLRM) �° Postscript �t� �æ�Ñ�•�è�ï�µ�Ú�Ç�á�ž�ç�±�q�`

�o�\���U�K�”�{�,�Š�“�æ�q���O�›	Ä�r�`�h�r
†	{�{

Postscript Language Tutorial and Cookbook �è	¶ Blue Book �q�z�y�•�”
h�M
¯�´�w�Š�U�K�”�U

�\���x�s�M�¢�h�•�œ�£�{�ó� �i�U��
:�w�¹�”�µ�q
$�U�K�”�w�p�|�–�M�•�b�M�{

�s�S�|�¶	��U���o�t�‡�q�Š�h�¢�£�Ò�¯�ï�Â�ï�À�U�K�”�{	Í�G�w�j���Ú�Ç�á�ž�ç�Ž�Ž�t�| Postscript

�Ó�é�¬�å�Û�ï�¬�Ö�ó�w�h�Š�w�r
†�q�|� �×�t�‰
C�`�h�å� �Ò�å�æ�U�”�T�•�o�M�”�{�<�›�€	°�`�o�M

�h�i�V�h�M�{

http://www.cs.kyoto-wu.ac.jp/~konami/documents/ps/

*3 �î�«�›�‹�q�t�`�h�r
†	{�w�\�q�›�«�¿�«�Ò�¿�«�q�M�O�{
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4.2 �j�•�l�q�–�l�o�ˆ�”

4.2.1 Ghostscript �›�0�é�$�t�–�l�o�ˆ�”

GS �›�–�l�o
³�h�`�o�ˆ�‘�O�{ Cygwin �w�³�£�ç�h�Ø�T�’�Í�w�‘�O�t�Ö�—�`�o GS �›�q�j	Í�[�”�{

gswin32

(120,70)

(250,300)


$ 4.1 Ghostscript

�›�–�l�h���o�s
³�h

�\�•�p
(�M GS �¯�ï�¹�”�ç�U	Z�q�b�”�w�p�|�m�W�w�‘�O�t�Ö�—�`

�o�M�l�o�ˆ�‘�O�{

120

70

moveto

250 300

lineto

stroke

�b�”�q�|���h�Ø�t�ü�Š�w�Ú
¢�U
³�T�•�” (
$ 4.1)�{

	Í�w�Ö�—�t�‘�l�o�r�O�M�O�\�q�U�I�V�o�M�”�w�i�–�O�T�• Post-

script �t� �p�x �µ�»�¿�« (stack) �q�M�O�Ã�”�»�Ï���U�–�˜�•�o�M

�”�{�\�•�x
ú�›	N�t�g�Š���Š�”�0�+�ˆ�h�M�s�‹�w�i�{


$ 4.2 �›�_�o�„�`�M�{�7	s�w	Ý�6 (1) �p�µ�»�¿�«�x�í�t�s�l�o�M�”�{�f�\�t 120 �q�M�O�Ã�”�»

�›�Ö�—�b�”�q�|�µ�»�¿�«�w�Ä�¿�Ó�t�Ã�”�»�U�!�`���‡�•�”�{�\�w�ˆ�^�› push �y�q�M�O�{�Í�t 70 �›

�Ö�—�b�”�q�Ä�¿�Ó�t push �^�•�o�|
²�t�K�l�h�Ã�”�»�x 1 �ˆ�<�t� �ˆ�^�d�’�•�o (3) �w	Ý�6�t�s�”�{

�Í�t (3) �w	Ý�6�t�)�Q�’�•�o�M�”�y "moveto" �x�Ã�”�»�p�x�s�X�|�Ã�”�»�›
â�^�b�” �¦�Ö�è�”

�» �i�{ moveto �U�R�”�q�|�µ�»�¿�«�w	Í
æ�t�K�” 2 �x�w�Ã�”�»�U	��“	Z�^�• (�®pop �^�•�”�¯�q�M

�O)�|�f�•�’�w�Ã�”�»�U
¯�b�2
ª (120, 70) �t
³�h�w�Ö�ï
Œ�U� �ˆ�b�”�{

(1)

120

120

(2)

70

(3)

70
120

moveto

ペン先を移動
(4)

250  300

(5)

300
250

lineto

線を引く
(6)

スタック

入力

動作


$ 4.2 PS �w�µ�»�¿�«�t�Ã�”�»�q�¦�Ö�è�”�»�›�Ö�—�`�o�M�l�h�q�V�w	Ý�6�w�!�=�q
³

�h�w�º�0 :�°�È�w�Ö�—�t�‘�l�o�| (120,70) �T�’ (250,300) �w�2
ª�•�q�Ú
¢�U�¾�T�•�”�{

�Í�x 250 300 �q�Ã�”�»�U���Z�o�Ö�—�^�•�| (5) �w	Ý�6�t�s�”�{�\�•�t�0�`�o���S�x "lineto" �q

�M�O�¦�Ö�è�”�»�U�Ö�—�^�•�”�{�\�•�x�f�w�™�¯�w�è�“�t�|�®
¢�›�f�\�‡�p�¾�Z�¯�q�M�O�\�q�p�|�µ

�»�¿�«�w	Í
æ 2 �m�w�Ã�”�»�›	��“	Z�`�o�| �Í�µ (�Ö�ï�U�ˆ�M�h
{ ) �U�^�’�•�”�{



54 �H 4 	· Postscript �Ó�é�¬�å�Û�ï�¬

�h�i�`�|�\�w	Ý�6�p�x
$���w�‹�q�t�s�l�o�M�”�Í�µ�x���[�^�•�o�M�”�i�Z�p�î�M�t�x�¾�T�•�s�M�{


¢�›�¾�X�h�Š�t�x�|�^�’�t stroke �q�M�O�¦�Ö�è�”�»�›�Ö�—�b�”�{�\�•�p�x�a�Š�o�|�•�Q�’�•�o�M

�h�Í�µ�U�î�M�t
³�h�^�•�”�{
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4.3 Postscript �w�,�Š

4.3.1 EPS �Ñ�•� �ç

Postscript �x DTP �w�h�Š�w�³�µ�Â�Ü�s�w�p�|
ó
:�Ö�”�´�w�¹�n�h�Ø�›�‡�q�Š�o�G	\�p�V�”�‘�O

�t�s�l�o�M�”�{�`�T�`�|	��^�À�p��	·�t�7�“���‰�h�Š�w�h
þ�x�|�±� �¶�›�¦���`�h 1 �•�w
$
[�q�`

�o�{�O�\�q�U	��s�w�p�|�f�w�h�Š�t EPS (Encapsulated Postscript) �q�M�O���Ü�w PS �Ñ�•

� �ç�U�;�™�^�•�o�M�”�{

EPS �p�x�| BoundingBox �q�M�O�¥�„
¢�w�î�›���[�`�o�M�”�{�f�w�î�›
ƒ���b�”�t�x�Í�w�‘�O�s

2 �æ�U�Ô�¿�¼�q�`�o
ž�A�p�K�”�{

%!PS-Adobe-3.0 EPSF-3.0

%%BoundingBox: 0 0 400 300

2 �æ�è�w %%BoundingBox: �w�™�w4 �m�w
:�È�x
³�h�b�”
c�“�›�Ù� �ï�Ä�o�•�p
¯�b (4.3 
…�€

	° )�{�j�s�ˆ�t A4 �±� �¶�p�K�•�y�´�Ø�x 210 mm × 297 mm �s�w�p�| 0 0 595 842 �q�s�”�{�\

�•�›�G�.�w�è�†�q�`�o�±� �¶�›�V�Š�”�q�‘�M�{

�\�\�›�h�q�Q�y�Í�w�‘�O�t�b�”�q�|
Û�w�–�¬�t�^
$�`�h�‹�w�›
¯�q�p�V�”�{�h�i�`�|�ž�Ó�æ�­�”

�³�ã�ï�t�‘�l�o�x�\�•�›
Y�`�X�r	
�`�s�M�\�q�U�K�”�w�p�|�–�O�q�V�t�x�¬�T�Š�h�M�U�‘�M�{

%%BoundingBox: -200 -150 200 150

�Ô�¿�¼�›
Œ�„�t�”�Z�y�|�K�q�x
³�h�w�h�Š�w�Ã�”�»�q�¦�Ö�è�”�»�› Postscript �w�ÿ���t	H�l�o�G

	\�`�o�M�Z�y�‘�M�{�Ž�<�p�x�|	Í�G�w�Ô�¿�¼�U	×�t�K�”�‹�w�q�`�o�r
†�›
��Š�”�\�q�t�b�”�{

4.3.2 �,�Š�$�s�ÿ��

�Ù�Õ�^�w�o�• PS �w�Õ�^�w�o�•�x �Ù� �ï�Ä (pt) �p�| 1 pt = 1/72 � �ï�½ = 25.4/72 mm =

0.3528 mm �p�K�”�{ PS �x�r�œ�s�G�V�^�t�p�‹�¦�G�|	V	–�p�V�”�U�|���È�w�G�V�^�•
¢�w� �^�U�ž

�ï�Ì�å�ï�µ�t�s�’�s�M�‘�O�t�|�G�.�\�w�,	j�›�¬�h�b�‘�O�t�G�V�^�›�>�Š�h�M�U�‘�M�{

�Ù�2
ª�% PS �w�h�Ø�w�2
ª�x�|�(�<�U�j�: (0, 0) �q�`�o�K�”�{�h�i�`�|�î�M�t
³�h�b�”
c�“�›�b

�’�b�\�q�‹�p�V�” (EPS �w�Ô�¿�¼�w
†�Ì�›�€	° )�{

�Ù
ˆ�0�2
ª�q
ì�0�2
ª �b�p�t	Z�o�V�h moveto �• lineto �x�h�Ø�w�j�:�t�0�b�”
ˆ�0�2
ª�p�•

�”�›�>�Š�”�{�`�T�`�|���M�”�:�›�,	j�t�`�h
ì�0�2
ª�›�–�O�\�q�‹�p�V�”�{�f�w�h�Š�w�¦�Ö�è�”�»

�x
Œ�„�t "r" �U
Ç�M�h rmoveto, rlineto �q�s�l�o�M�”�{

�Ù�¯�Ý�ï�Ä�x % �G�ø �æ�w�¤�t % �U�K�”�q�|�f�w�™�w
æ
ü�x�¡�ˆ
ˆ�y�^�•�”�{�¯�Ý�ï�Ä�›	{�M

�h�“�|�K�”�æ�›�°�Ì�$�t�¯�Ý�ï�Ä�ž�¢�Ä�`�o�Á�®�t�b�”�q�V�t�–�O�{�‡�h�| EPS ���Ü�w�Ñ�•� �ç�p

�x�|�›���w�¯�Ý�ï�Ä���U�Ô�¿�¼�”�t�–�˜�•�” (�™	\ )�{

�Ùdef — �!
:�•	����V�›���[�b�” def �¦�Ö�è�”�»�x�!
:�•	����V�w���[ (definition) �w�h�Š

�t�;�M�’�•�”�{ Ruby �• C �s�r�p�x�!
:�t�E�Ö�b�”�w�t x = 24 �w�‘�O�s���›�;�M�”�U�| PS �p�x

�f�•�q�T�s�“�j�U�l�o�M�o�|�Í�w�‘�O�t�`�o�!
: x �w���[�q�E�Ö�U�æ�˜�•�”�{
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/x 200 def

�‡�h�|�Í�w�‘�O�t�b�”�q�|
:�‹�w
Ê�U�‡�q�Š�o���[�^�•�| p1 �i�Z�p 100 150 �U�Ö�—�^�•�”�{

/p1 {100 150} def

PS �w�¦�Ö�è�”�»�Ê�x�Õ�M�w�p�|�Í�w�‘�O�t�y�X���[�`�o�`�‡�O�\�q�‹�p�V�”�{

/m {moveto} def

�\�O�b�”�q�|�o�t m �q�b�”�i�Z�p moveto �w�E�˜�“�t�s�”�{
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4.4 �¦�Ö�è�”�»�q�µ�»�¿�«

4.4.1 �µ�»�¿�«�w
¯�`�M

Postscript �p�x�µ�»�¿�«�t�Ã�”�»�U�g�Š���‡�•�o�b�;�^�•�U�|�M�j�M�j	N�w�µ�»�¿�«�w
$�p
¯�b

�w�x
e�v�s�w�p�|�Ž�™�x�o�t�Ã�”�»�›�#�t���‚�h�i�Z�p�µ�»�¿�«�›
¯�b�\�q�t�b�”�{

�h�q�Q�y�|�í�w�µ�»�¿�«�t 55, 250, 120 �w	q�p
:�‹�›�Ö�—�`�h�q�b�”�q�|�<�w�(
$�w�‘�O�t

�Ã�”�»�U�”�T�•�”�{�\�•�›�È�w�‘�O�t �µ�»�¿�«�w�Ä�¿�Ó�U�È�z�t�R�”�‘�O�t ���‚�o
¯�b�{

55
250
120

⇒ 55 250 120

4.4.2 �µ�»�¿�«�w�Ã�”�»�›�Ð�‚�” — pstack

�Ã�”�»�›�Ö�—�`�h�“	r�g�`�h�“�b�”�q�|�µ�»�¿�«�w�¤�w�Ã�”�»�x�f�w�N�S�!�=�`�o�M�X�{�q�O�|

�µ�»�¿�«�t�r�w�‘�O�s�Ã�”�»�U�Ö�l�o�M�”�T�› gs �p�Œ�”�h�Š�t�x pstack �q�M�O�¦�Ö�è�”�»�U�;

�™�^�•�o�M�”�{ gs �w�h�Ø�p�Í�w�‘�O�t�Ö�—�`�o�ˆ�‘�O�{

20

30

pstack

moveto

pstack

1 �s�è�w pstack �p�x �<�T�’ 20, 30 �q�M�O
:�‹�U���œ�p�M�”�\�q�| 2 �s�è�w pstack �p�x�µ�»�¿�«

�U�í�t�s�l�o�M�”�\�q�U�˜�T�”�{

GS �›�–�l�o�0�é�$�t�Ó�é�¬�å�Ü�›	{�X�q�V�t�x�|�`�y�`�y pstack �›�–�O�w�p�|�K�’�T�a�Š�Í

�w�‘�O�t�Ö�—�`�o�S�X�q�‘�M�{

/p {pstack} def

�b�”�q�|�\�•�Ž�ñ�x�o�t p �i�Z�p�µ�»�¿�«�w�¤
��›�Œ�”�\�q�U�p�V�”�{

4.4.3 �‰	[�-�‰�q�µ�»�¿�«
â�^�w�¦�Ö�è�”�»

�µ�»�¿�«�p�-�‰�b�”
Postscript �p�x�^�‡�_�‡�s�‰	[���‰�U�;�™�^�•�o�M�”�{

10 20 add % �C�‰ => 30

30 12 sub % �n�‰ => 18

14 7 mul % 	Ð�‰ => 98
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72 30 div % 	†�‰ => 2.4

72 30 idiv % 
T
:�w	†�‰ => 2

40 6 mod % 	Ò�( (�(�“ ) => 4

24 neg % 
Ö�ø
S�8 => -24

�\�\�p�7	s�w�æ�x�|�µ�»�¿�«�t 10, 20 �q�Ö�—�`�h�™�p add �›�Ö�—�b�”�q�| 10 �q 20 �x�–�˜�•�o

�`�‡�l�o�|�è�w 30 �U�µ�»�¿�«�w�Ä�¿�Ó�t�’�”�\�q�›�™�¯�`�o�M�”�{

�\�w�7� �x pstack �›�–�l�o�Í�w�‘�O�t�`�o�Ð�‚�o�ˆ�”�\�q�U�p�V�”�{

10 20

pstack

add

pstack

�Ù�o�Ù�”�å�ï�Å�‰�O 	Í�G�w�-�‰�p�x�|�‡�c
:�‹�U�7	s�t�Ö�—�^�•�o�|�f�w�™�t�‰	[�¦�Ö�è�”�»

�U�”�T�•�”�{�°�M�|�è	×�w�Ë�ò�-�‰�p�x�Í�w�‘�O�t���‰�  (�\�\�p�x +) �x
:�‹�w���t�”�T�•�”�{

10 + 20

�\�w�‘�O�t Postscript �p�x�Ã�”�»�›���‚�o�T�’�C�n	Ð	†�s�r�w���‰� �U�X�”�{�\�w�‘�O�s�-�‰�w

	q	‚�w
¯�G�O�› �o�Ù�”�å�ï�Å�G�O �q�M�O�{

�ð�J 4–1 �Í�w�-�‰�›�î�æ�`�o�A�L�U�µ�»�¿�«�w�Ä�¿�Ó�t�’�”�‘�O�t�`�s�^�M�{

(�« ) 4 + 5 − 6

�r�t�«�• 4 5 add 6 sub

1. (10 + 20)/2

2. 20 + 40/4

�Ù�µ�»�¿�«�w�Ã�”�»�›
â�^�b�” �µ�»�¿�«�w�Ã�”�»�›
ó
a�`�h�“�|�Ö�•�8�Q�h�“�b�”
â�^�U�;�™

�^�•�o�M�”�{

• �Ä�¿�Ó�w���m�w�µ�»�¿�«�Ã�”�»�›�¦�õ (exchange) �b�”�{

50 100 exch % => 100 50

• �Ä�¿�Ó�w�Ã�”�»�›
ó
a (duplicate) �`�o push �b�”�{

60 dup % => 60 60

• �¦���`�h
:�w�Ã�”�»�›�¯�Ð�”�`�o�µ�»�¿�«�t�”�X�{

10 20 30 40 50

3 copy % => 10 20 30 40 50 30 40 50

	Í
æ�w 3 �x�w�Ã�”�» 30 40 50 �U
ó
a�^�•�o�M�”�{

• �¦���`�h
:�w�Ã�”�»�w�°
æ�›�s�8 (roll) �^�d�”

10 20 30 40 50 60

5 2 roll % => 10 50 60 20 30 40

	Í
æ�w 5 �x�w�Ã�”�» 20 30 40 50 60 �U�<�w�‘�O�t�®�s�”��̄{
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5
2

10
20
30
40
50
60

10
50
60
20
30
40

�ð�J 4–2 �<�w�ü�¹�w�(�%�w�‘�O�t�µ�»�¿�«�t�Ã�”�»�U�”�T�•�o�M�”�q�V�|�r�w�‘�O�s
â�^�›�b�•

�y�È�%�w�‘�O�t�!�õ�p�V�”�T�{�µ�»�¿�«
â�^�q�‰	[���‰�w�¦�Ö�è�”�»�›�–�l�o�î�q�`�s�^�M�{

(�« ) 120 150 => -120 150 �r�t�« exch neg exch

1. 120 150 => -120 -150

2. 66 77 88 120 250 => -120 -250 66 77 88 120 250

3. 240 280 => 260 (�¤���w�‹�›�{�Š�”
â�^ )
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4.5 
³�h�w�,�Š
â�^

4.5.1 	í�›�¦���b�”

�¦�Ö�è�”�» setrgbcolor �›�–�O�{ 0�™1 �w�î
:�p RGB �w�‹�›�¦���b�”�{�‡�h setgray �p�¬�è

� �µ�­�”�ç�w�¦���‹�p�V�”�{	í�q
:�‹�w�0� �x
¯ 1.1 �›�€	°�`�o�„�`�M�{

1 0 0 setrgbcolor % �\�•�Ž�ñ�w
³�h�x
z�p�æ�˜�•�”

0.8 setgray % �¬�è� �µ�­�”�ç�w�¦���‹�p�V�”

4.5.2 
¢�w	��¨�›�¦���b�”

2 setlinewidth % 
¢�w� �^�› 2 pt �t

[3 3] 0 setdash % 
�
¢�t�b�”

[] 0 setdash % 
�
¢�›�î
¢�t�í�b

4.5.3 �Ú
¢�p
³�X

�Ú
¢�›�m�s�M�p
¢�h�›
³�M�h�“�|�f�w�º���›�C�“�m�•�b�{

�<�w�«�p�x�|�‰�a�Í�µ�t�0�`�o�|�f�•�’�›
¢�p�m�s�Y�|�Í�µ�›���a�o�T�’�m�s�Y�|�Ø�q�`�o�C�“

�m�•�b�q�M�O 3 �è�“�w	r�g�U�æ�˜�•�o�M�”�{

50 50 moveto 50 50 moveto 50 50 moveto

200 50 lineto 200 50 lineto 200 50 lineto

250 150 lineto 250 150 lineto 250 150 lineto

100 150 lineto 100 150 lineto 100 150 lineto

stroke closepath fill

stroke

(50,50) (200,50)

(250,150)(100,150)

(50,50) (200,50)

(250,150)(100,150)

(50,50) (200,50)

(250,150)(100,150)
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O
0

90

180

270


$ 4.3

4.5.4 ���€�›
³�X

���€ (��	*�w�°
æ ) �›
³�X�t�x�|�Í�w�‘�O�t�b�”�{�\�\�p x y �x�¤	ú�w

�2
ª�p�K�”�{�¯�S�x
$ 4.3 �w�‘�O�t
S�Ì�-�M�²�t���Š�”�{

x y 
R�� �‰�•�¯ 	4�ƒ�¯ arc stroke/fill


$ 4.4 �t�\�•�’�w�b�;�«�›�Ô�`�h�{

�s�S�|
³�h�t�M�`�o�x�|�<�w�«�w�‘�O�t newpath �›
Œ�t�î�æ�`�o�S�M�h�„�O�U�‘�M�{�f�O�`�s�M

�q�|�f�•�Ž
²�t
ƒ���^�•�o�M�h�•�”�T�’�Í�µ�›�Ï
R�`�o�`�‡�M�|�(�-�s
¢�U�q�•�”�\�q�U�‘�X�K�”�{

newpath newpath newpath

90 60 50 30 270 arc 90 60 50 30 270 arc 90 60 50 0 360 arc

stroke fill stroke

50

(90,60)

50

(90,60)


$ 4.4
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4.6 �2
ª�!�õ�p� �ˆ�|�¦�G�—	V	–�|�s�8

�¬�å�Ñ�Ÿ�¿�«�µ�p
ž�A�s
â�^�q�`�o�|
$���›� �ˆ�|�¦�G�—	V	–�|�s�8�b�”�q�M�l�h
â�^�U�K�”�{

�\�•�’�x�2
ª�%�f�w�‹�w�›�!�õ�`�o�f�w�™�p
³�h�b�”�q�M�O	r�g�p�î�q�^�•�o�M�”�{

O

100

80


$ 4.5

4.6.1 �2
ª�%�w� �ˆ

�2
ª�%�›� �ˆ�^�d�o�|�j�:�›�c�’�`�o
³�h�b�”�\�q�U

�p�V�”�q�M�–�M�–�q�(�b�s�\�q�U�K�”�{�î�«�›�ˆ�o�ˆ

�‘�O�{


$ 4.5 �›
³�X�h�Š�w�¹�”�µ�›�<�t�Ô�b�{�\�•�›�_�”

�q�|�j�: (0, 0) �t�¤	ú�›�‹�m
R�� 30 �w���›
³�X�æ�U 2

�s�q�•�o�M�”�{�?�‹�s�Z�•�y�|�\�•�’�x�}�l�h�“	O�s�“

�ù�l�o�{�q�m�w���t�`�T�s�’�s�M�x�c�i�{�q�\�–�U�\�•

�’�w���w
³�h�w���t�|�Í�w�æ�U
à�Ö�^�•�o�M�”�{

100 80 translate

�2
ª�›� �ˆ (translate) �^�d�”�¦�Ö�è�”�»�U�\�\�p�–�˜�•�o�M�”�w�i�{ 2 �S�è�w���x�ƒ	í�p
³�X�‘

�O�t�¦���`�o�K�”�w�p�|�j�:�U (100, 80) �t� �ˆ�`�o�M�”�\�q�U�˜�T�”�{

%!PS-Adobe-3.0 EPSF-3.0

%%BoundingBox: -50 -50 200 120

0 0 30 0 360 arc stroke

0.5 setgray

newpath

100 80 translate

0 0 30 0 360 arc stroke

	Í�w�¹�”�µ�›�_�”�v�“�p�x�| (100, 80) �›�¤	ú�q�b�”���›
³�X�h�Š�t�˜�_�˜�_�2
ª�›�!�õ�b�”�Ý

�æ�¿�Ä�x�s�M�‘�O�t�¥�Q�”�T�‹�`�•�s�M�{�m�‡�“�Í�w�‘�O�t�7�™�w 2 �æ�x 1 �æ�p	{�Z�”�{

100 80 30 0 360 arc stroke

���o�t�p�V�”�\�q�›�˜�_�˜�_�É�`�X�•�”�\�q�x�s�M�{�`�T�`�î�x�|�\�w�™�t	Z�o�X�”�µ�­�”�æ�ï

�¬�•�s�8�q
Ê�ˆ�ù�˜�d�’�•�h�q�V�t�|�2
ª�!�õ�t�‘�”� �ˆ�w	r�g�x�–�—�›
C�4�b�”�\�q�t�s�”�{
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4.6.2 �µ�­�”�æ�ï�¬

�¦�G	V	–�w�¦�Ö�è�”�»
�2
ª�›	ó	V�b�”�\�q�›�µ�­�”�æ�ï�¬�q�M�O�{ Postscript �p�x�| scale �q�M�O�¦�Ö�è�”�»�U�f�w

�h�Š�t�;�™�^�•�o�M�”�{�h�q�Q�y�#�t 2 
��|	N�t 1.5 
��t�¦�G�`�h�M�q�V�t�x�|�Í�w�‘�O�t�b�”�{

2 1.5 scale

�\�w�æ�w�™ �p�x�|
$���x�¦�Ô�^�•�h
��p�t	H�l�o�¦�G�`�o
³�h�^�•�”�{�f�•�p�x�î�M�t�\�w	r�g

�›�æ�l�h�«�›�_�o�ˆ�‘�O�{


$ 4.6 �(
$�› 2 1.5 scale �p�¦�G�`�o�È
$�U�˜�’�•�”

�j�:�›�¤	ú�q�`�o�¦�G�^�•�”

$ 4.6 �›�_�”�q�|�{�q�m	O�A�s�\�q�t�>�n�X�{�f�•�x�| �j�:�›�¤	ú�q�`�o�h�Ø�U�¦�G�^�•�” �q�M

�O�\�q�i�{�`�h�U�l�o�|
$�w�j�:�t�¤	ú�U�”�T�•�o�M�h���x�f�w�•�”�p�¦�G�^�•�o�*���t�!���^�•

�o�M�”�U�|�f�•�Ž�Ž�w���x�|�¦�G�q�‰�Ì�t�j�:�T�’���_�T�”�‘�O�s� �ˆ�U�I�V�o�M�”�{

�Ú�™�w�•�”�w
$���›�¦�G�b�”�t�x
�`�T�`�s�U�’�|�²�h�j�U
$���›�¦�G�`�h�“	V	–�`�h�“�`�h�M�q�M�O�q�V�t�x�| 
$���w�•�”�›�f�w

�‡�‡�t�`�o�G�V�^�i�Z�›�!�Q�h�M �q�M�O�w�U
Ó�è�p�K�–�O�{�h�q�Q�y	Í�w
$�w�ƒ	í�w���i�Z�›�#	N

�f�•�g�• 2 
��q 1.5 
��t�¦�G�`�h�M�{�r�O�`�h�’�‘�M�i�–�O�T�•

�j�:�›�¤	ú�t�`�o�`�T�G�V�^�›�µ�­�”�æ�ï�¬�p�V�s�M�w�p�K�•�y�| �j�:�›� �ˆ�^�d�o�T�’
ž�A�s


$���›
³�Z�y�‘�M�{ �\�•�U���o�s�r�>�O�i�{�M�‡ , (x, y) �w�•�”�t�¤	ú�›�‹�m
$���t�0�`�o�|�#�t a


��|	N�t b 
��w�µ�­�”�æ�ï�¬�›�ª�`�h�M�q�`�‘�O�{�f�w	�	q�x�Í�w�‘�O�t�b�”�{

1. x y translate �p�j�:�› (x, y) �w�•�”�t� �ˆ�^�d�”�{

2. a b scale �p�|�f�w�™�w
³�h�U�µ�­�”�æ�ï�¬�`�o�æ�˜�•�”�‘�O�t�b�”�{

3. �j�: (0, 0) �›�¤	ú�t�|�è�$�w
$���›
³�X�{


$ 4.7

�Ù�*���›
³�X �î�M�t�•�l�o�ˆ�‘�O�{�Í�w�¹�”�µ�x�7	s�j�:

�t�¤	ú�›�Ë�m
R�� 20 �w���›
³�V�|�f�w�K�q�‰�a	Ø�C�›�–�l�o

(80, 40) �w�•�”�›�¤	ú�q�b�”�Õ�� 40, �y�� 30 �w�*���›
³�X�{
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0 0 20 0 360 arc stroke

80 40 translate

2 1.5 scale

0 0 20 0 360 arc stroke

�2
ª�!�õ	r�g�w�™�•�¤
	Í�G�w	��O�›�–�Q�y�|�¥�M�è�“�w	Ô	t�w
$���›�µ�­�”�æ�ï�¬

�p�V�”�\�q�t�s�”�{�`�T�`�|�\�w�™�w	r�g�U
ž�A�s�\�q�U���M�{�m�‡�“�| �\�w�™�t
³�T�•�”�‹�w�x

�b�‚�o� �ˆ�q�µ�­�”�æ�ï�¬�w�è�¹�›	!�Z�o�`�‡�O �w�p�K�”�{�f�\�p�f�w�®�L�›�'�j	«�`�o�‹�q�t�‹

�r�b�q�M�O	r�g�U
ž�A�t�s�”�\�q�U�K�”�{�f�•�t�x�Í�w�‘�O�t�b�•�y�‘�M�{

1. �²�™�•�¤ 1�³ 1/a 1/b scale �p�#�t 1/a 
��|	N�t 1/b 
��w�µ�­�”�æ�ï�¬�›�ª�b�{�\�•�p

�µ�­�”�æ�ï�¬�w�®�L�x�#	N�f�•�g�• 1 
��q 1 
��t�s�“�|	«�Q�”�{

2. �²�™�•�¤ 2�³ -x -y translate �p x y �p�c�’�^�•�o�M�h�j�:�w�•�”�› (0, 0) �t�‹�r�b�{

�\�•�’�w�™�•�¤�w
æ
ü�‹���Š�h�¹�”�µ�›�m�W�t�Ô�b�{ 2 �q 1.5 �w�o
:�› 0.5 �• 0.666677 �q�d�c

�t�| 1 2 div�| 1 1.5 div �q�`�o�M�”�\�q�|�‡�h 80, 40 �T�’ −80, −40 �›�˜�”�w�t neg �›�–�l

�o�M�”�\�q�t�«�™�`�‘�O�{

0 0 20 0 360 arc stroke

80 40 translate

2 1.5 scale

0 0 20 0 360 arc stroke

1 2 div 1 1.5 div scale % �™�•�¤ 1

80 neg 40 neg translate % �™�•�¤ 2

�ð�J 4–3 	Í�G�w�¹�”�µ�w�7�™�w 2 �æ�›	²�M�o�|�f�w	Í�w 3 �æ�›���“�&�`�o�M�X�q�|�r�w�‘�O�s
³

�h�w�A�L�U�˜�’�•�”�T�{�A�L�›�'���`�h�™�p�î�M�t�¹�”�µ�›	{�M�o�ˆ�o�¬�T�Š�s�^�M�{

�ð�J 4–4 (20, 100), (30, 50), (100, 90) �›�f�•�g�•�¤	ú�q�b�”�*���U�˜�’�•�”�‘�O�t Postscript

�w�¹�”�µ�›	{�V�s�^�M�{�*���w�±� �¶�•���x�×���q�b�”�{
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4.6.3 �2
ª�w�s�8

�s�8�w�¦�Ö�è�”�»

$���›�s�8�^�d�h�M�\�q�‹�‘�X�K�”�{�f�w�h�Š�t�x rotate �¦�Ö�è�”�»�U�;�™�^�•�o�S�“�|�–�M

�M�x�Í�w�‘�O�t�b�”�{

�¯�S rotate

�¯�S�x�è	×�w�S�›�–�M�|
S�Ì�-�s�“�t
Y�q�`�o�S�X�{�f�w�®�L�›�_�o�ˆ�‘�O�{


$ 4.8 �(
$�w
$���›
³�X
²�t 30 rotate �›�Ö�•�”�q�È
$�t�s�”


$ 4.8 �w�È���w
$�x�|�(���w
$�w�2
ª�à�q���›
³�X
²�t�Í�w�æ�›
à�Ö�`�o�˜�’�•�h�‹�w�p�K�”�{

30 rotate

�\�w�‘�O�t�|�j�:�›�¤	ú�q�`�o�| �b�‚�o�w
$�� �U 30 �S�s�8�`�h�•�”�t
³�T�•�o�M�”�{


$ 4.9 �*���›�–�l�h���o�s�Ã�²� �ï

�Ú�™�w�:�›�¤	ú�t�`�o�s�8�^�d�”�t�x
�^�h�`�o�M�o
$���›�s�8�^�d�h�M	Ô�ù�|	Í�w�‘�O�t�j

�:�›�¤	ú�t�s�l�o�‹�’�l�o�x���”�\�q�U���M�{�h�q�Q�y


$ 4.9 �w�‘�O�s
$���›	{�\�O�q�`�h�’�|�*���›�Ú�™�w	Ô

	t�t�”�M�o�|�f�w�•�”�p�s�8�^�d�”�Â�«�Ç�¿�«�U
ž�A�i�{

�\�w	Ô�ù�t�‹�| translate �¦�Ö�è�”�»�p�2
ª�%�›�c�’

�`�o�T�’�j�:�›�¤	ú�t
³�h�b�•�y�‘�M�{

�<�w�¹�”�µ�x 1 �m�w�*���› 45 �S�ü�Š�t
³�X�h�Š�w�‹

�w�p�K�”�{

50 50 translate % (50,50) �t�j�:�›�c�’�b

45 rotate % �2
ª�%�› 45 �S�s�b

0.9 2.3 scale % �\�w 2 �æ�p�*���›
³�X

0 0 20 0 360 arc stroke %

1 0.9 div 1 2.3 div scale % �\�•�Ž�ñ�x�™�•�¤

45 neg rotate

50 neg 50 neg translate
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60°

60°

x
(x0,y0)

r

x′x″


$ 4.10 
Y�á�¯ �� �› 
³ �X

	�	q�w
†�Ì�•�%�› 2 �Š�¾�M

�h�q�\�–

4.6.4 
Y���¯���›
³�X

�2
ª�w�s�8�›�b�;�b�”�q�|���o�t
Y���¯���›
³�X�\�q�U�p�V

�”�{
Y�á�¯���›�«�t�|
$ 4.10 �›�_�s�U�’
†�Ì�`�‘�O�{

1. translate �p�|
³�h�w�¤	ú�q�`�o�j�:�› (x0, y0) �t� 

�ˆ�^�d�”�{

2. moveto �p�Ö�ï
Œ�› (0, r) �t�”�X�{�î�M�t�x translate

�U�®�M�o�M�”�w�p�|
$�w�á�¯���w�È�z�t�s�”�{

3. 60 rotate �p�2
ª�%�› 60 �S�s�8�^�d�”�{�\�•�t�‘�l�o

x �à�x�È	Í�t�s�8�`�o�| x′ �w�²�V�t�s�”�{

4. lineto �p (r, 0) �‡�p
¢�›�¾�X�{�\�•�t�‘�l�o�%�U 1 �m

�¾�T�•�”�{

5. 3�| 4 �› 5 �s���“�&�b�{ 6 �s�p�s�M�\�q�t�«�™�‚

6. closepath �p�Í�µ�›���a�o�T�’ stroke �p
¢�›�¾�X�{

repeat �p	r�g�›���“�&�b
	Í�w
†�Ì�t�x�|�‰�a	r�g�› 5 �s���“�&�b�q�M�O�q�\�–�U�K�”�{�\�w�‘�O�s�o	m�s���“�&�`�›�æ�˜

�d�”�h�Š�t Postscript �p�x repeat �q�M�O�¦�Ö�è�”�»�U�;�™�^�•�o�M�”�{ 5 �s���“�&�b�w�p�K�•�y

�Í�w�‘�O�s���p�–�O�{

5 {���“�&�`�h�M	r�g } repeat

	r�g�w
æ
ü�U�Õ�Z�•�y�|�×���t�~�æ�›�Ö�•�o�‘�M�{

�ð�J 4–5 �Í�w	r�g

-14 -5 moveto 28 0 rlineto 0 10 rlineto -28 0 rlineto closepath stroke

�p�p�V�”�I�Õ�M�Õ�M���›�| (30, 30) �›�¤	ú�t�`�o 45 �S�s�`�h���›
³�X�¹�”�µ�›	{�V�s�^�M�{
�\�œ�s���t

�s�”
�ð�J 4–6 repeat �¦�Ö�è�”�»�›�b�;�`�o	Í�w�I�Õ�M�Õ�M���› 45 �S�c�m�s�`�o�x
³�X�^�À�› 4 �s

���“�&�`�o	O�v�ù�˜�d�s�^�M�{�]�Ž�w
$�w�‘�O�t�s�”�{

�ð�J 4–7 
Y�’�¯���›
³�X�¹�”�µ�›	{�V�s�^�M�{�f�w�™�|�s�8�¯�› 144 �S�t�`�o�ˆ�s�^�M�{�r�œ�s


$���U�q�•�”�i�–�O�T�{

�{�q�‡�c�S�`�‡�M

�\ �w�%�p�q�“ �K�Q�c�Ì �� 
~�• �t �s�” �q�¥�O�w�p�| Postscript �w�r
†�‹ �\ �\ �‡�p�q�` �‘ �O�{

Postscript �x�„�q�œ�r�w�¹�n
ú�w�^
R�t�–�Q�”�§�—�s�¬�å�Ñ�Ÿ�¿�«�µ�t� �s�w�p�|�‹�l�q�‹�l�q��

�x
��X�|
c�“�‹�¿�M�{�‡�i	î�•�o�M�s�M�U�G�Ä�s�ò�è�›�M�X�m�T�•�[�o�S�X�q�|�‡�c���È�»�w�¹�n

�w�U�O�|�‡�h�Š�¨�$�s�Ó�é�¬�å�Û�ï�¬�•�w
C�2�q�M�l�h�q�\�–�i�–�O�{�\�•�’�‹�€�ß�¿�‰�•	–�þ�w

�¢�£�Ò�±� �Ä�t	Ä�`�X	{�T�•�o�M�”�w�p�|�µ�¯�w�K�”
��x�Å
“�`�o�ˆ�”�\�q�›�S�ç�Š�`�h�M�{
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