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Happy Hacking Keyboard �w�‰
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�_	��“
$�›
³�M�o�ò	î�‹�m�T�ˆ�h�M . �f�\�p Postscript �p�©�”�Ø�”�Å�w�_	��“
$�›
³�X�\�q�t

�`�h . �f�\�x�-�‰�;�s�w�p , �2
ª�!�õ�x�S	��w�‹�w�p , 
$�x�„�r�s�X	Z�R�h . �f�w�O�j , �©�”�w�!

�`�<�[�’�•�o�M�”
$�‹
³�Z�”�w�p�x�s�M�T�q�•�l�o�ˆ�”�q , �\�•�‹���o�p�K�l�h . �¤�©�”�t�m�M

�o
$�›�;�™�` , �f�•�›	q�t
¯�Ô�b�”�q�©�”�U�×�ˆ�$�t�ˆ�X�‘�O�t�_�Q�” . �f�•�U PFU �w HHKB
�×�”�Ü�Ö�”�´�t�K�”�©�”�Ø�”�Å�ž�Ç�Ý�”�³�ã�ï�p�K�” . ���s�x�f�w
$�w
³�V�M�›
†�Ì�`�h�M .

How Happy Hacking Keyboard was animated
Eiiti Wada †

The development of the Happy Hacking Keyboard was launched in 1995. Before the prototype
came out, a perspective picture was drawn using Post Script. A set of similar pictures were
also prepared each with single key in the pressed down position and from which keyboard
animation played by a pair of invisible hands was programmed.

1 �©�”�Ø�”�Å�ž�Ç�Ý�”�³�ã�ï

Happy Hacking Keyboard �w�f�‹�f�‹�x , 1992 �å 2 �D�w PFU Technical Review �t�®�Z�œ
k
��»�t�‹�G�M

�s�”��	ú�›�¯ [1] �q�M�O���›�L�d�h�\�q�t�•�‡�” . �\�w�Ì�x���t
S� �x�s�T�l�h�U , 3 �å�™�t PFU �w	ý�‚
•

�¿�q�q�é�¤ , �\�w���t�é�J�U�t�| , ���¤�t���Š�`�h alpha �©�”�Ø�”�Å , �f�w�™�ß�Q�h aleph �©�”�Ø�”�Å�w�U�|

�› PFU �p�•�Š�”�\�q�t�s�l�h . ���w�©�”�Ø�”�Å�›�~���`�h�Ó�é�Ä�»� �Ó�t�‘�”�¼�;�s�r�›�& , 96 �å�t
a��

�U�•�‡�l�h . 
C
��x 96 �å 12 �D�p�K�” .
�²�x�°�Ô�‹
ã�X�ì
R
¼�U�_�h�M�w�p , PFU �T�’�ï�l�h 3 �Ø
$�›�i�t , �_	��“
$�›
³�X�\�q�t�`�h . Postscript
�p�†�›
³�X�w�x�T�s�“�&�g�U�K�l�h�U , �•�l�o�ˆ�”�q�M�–�M�–�G�!�p�K�l�h . �f�•�p�‹�Í�‘�q�ð�J�›�r�>�` ,

$ -1 �w�‘�O�s�‹�w�U
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$ -1 Happy Hacking Keyboard

�\�w�°�m�°�m�w�©�”�x
$�Ø�T�’�•�”�›�¡�ˆ , �³�æ�ï�Å�æ�§�ç�µ�§�ç�Ó�½�ß�w�¯�S�‹�ù�˜�d�o
³�M�o�M�”�w

�p , �f�w�•�”�›�!�`�<�[�‘�m (3.8 �Û�æ) �i�Z�<�[�o
³�Z�y , �©�”�›�!�`�h
$�‹
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�\�q�t�©�”�Ø�”�Å�w�ž�Ç�Ý�”�³�ã�ï�U�_�Q�” . �j�•�O�r�×�ˆ�Ð�ž�Ê�w�Z�œ
k�U�_�Q�s�M	��p�Í�‘�q�!�^�• ,
��
×�`�o�M�”�‘�O�s�‹�w�p�K�” . ���t�ž�¿�q�»�X�‘�O�s�Ó�é�¬�å�Ü�p�x�s�M�U , 
³�V�M�›�Ž�<�t	º�p�b�” .

† � �ï�»�”�É�¿�Ä� �Ç�³�ž�Â�Ÿ�Ò�U	[�Z�€	t IIJ research laboratory
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$�w�h�Š�w�2
ª�!�õ

�•�¹
$�p�x�q�.�›���Ø�t�d�è�b�”�w�p , 3 �Í�i�í���w�2
ª (x, y, z) �› 2 �Í�i�w�2
ª (x′, z′) �t�!�õ�`�s�Z�•�y

�s�’�s�M . �f�w�M
��x�Ž�<�w�è�“�p�K�” (
$ -2).
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$ -2 �w�(	Í�x
ú�.�t�f�l�o�>�Š�h�2
ª�à�›�Ô�b . �\�w�Õ�M���w
6�U�„�…�©�”�Ø�”�Å�q�¥�l�o�‘�M . �\�•�U�²

�O���t�K�”�d�è�Ø�t�0�` , �È	��M�²�U���t�Ö�”�‘�O�t�¯ θ �i�Z�s�8�`�h�q�b�” . �f�•�›	Í�T�’�_�h�w�U�(�<

�w
$�p�K�” . z �à�›�¤	ú�t�`�o�s�8�b�”�T�’ , z �2
ª�x�!�’�s�M . �d�è�Ø�q���æ�t	�
²�t	ý�`�M X �2
ª�› , �f

�•�q
(�Ú�t���t�²�T�l�o Y �2
ª�›�q�” . �\�w�2
ª�%�p�w X,Y, Z �w�‹�U

X = x cos θ − y sin θ, Y = y cos θ + x sin θ, Z = z

�s�w�x�_�o
ü�T�”�è�“�p�K�” .
�Í�t�\�w�: P(X,Y, Z) �›�¹�: E �T�’�_�h�q�V , �d�è�Ø	Í�t�_�Q�”�•�” Q(x′, z′) �›�È���w
$�p�U�|�b�” . �È

	Í�x −X �M�²�T�’�_�h���Ø
$ , �È�<�x +Z �M�²�T�’�_�h���Ø
$�p�K�” . O �x X, Y, Z �w�j�:�p , �d�è�Ø�x X,
Z �Ø�T�’ d �i�Z�m�•�o�M�” . 
Y
Û�w�q�“�T�h�U��	—�M�M�C�n�i�U , �¹�: E �x�j�:�T�’ v �i�Z	�
² , u �i�Z�È ,
w �w�ô�^�w�q�\�–�t�K�” . P �T�’ X,Y ���Ø�t�<�–�`�h
(
¢�w�
�› R, Y �à�q�d�è�Ø�w�¦�:�› G, Y �à�q�¹�:

�›���‰�d�è�Ø�q���æ�s�Ø�q�w�¦�:�› F �q�b�” . �¹�:�q P �›�A�•
¢�q�d�è�Ø�w�¦�:�U Q �p�K�” .
���Ø
$�p�x EF=w, OF=v, OG=d, PR=Z, PQ=Y , QG=z′,
���Ø
$�p�x EF=u, OF=v, OG=d, PR=X, PQ=Y , QG=x′.
EP �›�ü�%�q�b�”�Ú�¯�~�¯���q EQ �›�ü�%�q�b�”�Ú�¯�~�¯���x
ì�Å�i�T�’ ,

x − z

Y + v
=

w − z′

d + v
, �À z′ = w − d + v

Y + v
(w − z)

X − u

Y + v
=

x′ − u

d + v
, �À x′ =

d + v

Y + v
(X − u) + u

x, y, z �›�ï�M , x′, z′ �›�&�b��
: trans �x�Ž�<�w�è�“ . �Í�å�Ý�”�»�w�‹�x�¼�æ�h�¡�p�>�Š�h .

% d distance of reference plane and projection plane

% v distance of eye and reference plane

% w eye height



/trans {10 dict begin /z exch def /y exch def /x exch def

/th 30 def /d 99700 def /u 0 def /v 1300 def /w 600 def

/X x th cos mul y th sin mul sub def

/Y x th sin mul y th cos mul add def %X Y rotated coordinate

v d add X u sub v Y add div mul u add 30 div %x'=(d+v)*(X-u)/(v+Y)+u

w v d add w z sub v Y add div mul sub 30 div %z'=w-(d+v)*(w-z)/(v+Y) end} def

�\�w�2
ª�!�õ�›�;�M�o�©�”�Ø�”�Å�w�Ž���›�d�è�`�h�‹�w�U , 
$ -3 �p�K�” .
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$ -4, 
$ -5 �p�©�”�Ø�”�Å�›
³�X	�	q�›
†�Ì�b�” . �,�Š�x Z buffer �O�q�‰�7�t���X�w�‹�w�T�’
³�X .
0. 	Í�Ø�›�C�”

1. �È���w� �²�›
³�X

2. �©�”�Ø�”�Å�›�”�X�•�”�›���X�C�”

3. [`,~] �w�©�” (E14) �›
³�X

4. [\,|] �w�©�” (E13) �›
³�X

5. [=,+] �w�©�” (E12) �›
³�X

6. �‰�7�t�`�o E �ˆ�w�©�”�›
³�X

7. �‰�7�t�`�o D �ˆ�w�©�”�›
³�X

8. �‰�7�t�`�o C �ˆ�w�©�”�›
³�X

9. �‰�7�t�`�o B �ˆ�w�©�”�›
³�X

10. �‰�7�t�`�o A �ˆ Alt , ¦, �µ�Ö�”�µ�w�©�”�›
³�X

11. �©�”�w�(�z�w�±�M
æ
ü�w
¯�Ø�›�C�”

12. �(�³�Ñ�Ä�©�”�w	�
²�›�C�”

13. �µ�Ö�”�µ�Ì�”	�
²�w� �²�›
³�X

14. �µ�Ö�”�µ�Ì�”�w	�
²�›�C�”

15. �<
æ�­�”�µ�w
Y�Ø�›�C�”

16. 
Y�Ø�q�(�Ø�w�¦�)
æ�w�Â�Ø�›�C�”

17. �<
æ�­�”�µ�w�(�Ø�›�C�”

18. 
Y�Ø�q�(�Ø�w�¦�)
æ�w�Â�Ø�›�C�”

19. 
Y�Ø�q�(�Ø�w�¦�)
æ�w�«�l�h
æ
ü�›
³�X

20. �<
æ�­�”�µ�w�<�w� �²�›
³�X

21. 	Í
æ�­�”�µ�w
Y�Ø�›�C�”

22. 
Y�Ø, �(�Ø�w�¦�)
æ�w�Â�Ø�›�C�”

23. 	Í
æ�­�”�µ�w�(�Ø�›�C�”
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24. �(�Ø , 	Í�Ø�w�¦�)
æ�w�Â�Ø�›�C�”

25. 
Y�Ø, �(�Ø�w�¦�)
æ�w�Â�Ø�›�C�”

26. 	Í�Ø , 
Y�Ø, �(�Ø�w�¦�)
æ�w�Â�Ø�›�C�”

27. 	Í
æ�­�”�µ�w� �²�›
³�X

27 
j�‡�p�p
$ -1 �q�‰�a�‹�w�U�ì
R�b�” . �s�S�Â�Ø�x gray �w�S�ù�M�›�!�Q�s�U�’ , 
¢�›�?�Š�‹���‚�o
³�M�o

�M�” .

4 �©�”�Ä�¿�Ó

�x�‘�w�©�”�Ä�¿�Ó�w
³�V�M�x�©�”�w�,�Š��	Ý�›�>�Š , �f�•�›
µ�”�‚�V�•�”�t
µ�”�‚�V���V�p�”�M�o�d�è
³
$

�b�”�i�Z�p�K�” . �‡�c
¶�.�›�Ë�Š�”�q
$ -6 �w�‘�O�t�s�” . �µ�Ö�”�µ�Ì�” (�\�•�x�¤���U���œ�p�M�s�M ) �Ž�Ž�x

�Õ�^�t�x 1 �o�•�w�‹�w�T�’ 2.25 �o�•�w�‹�w�‡�p�K�” . �Õ�M�‹�w�x�¤��
æ
ü�›�¾�V���y�`�o
³�X�i�Z�p�K�” .
6 �o�• (space 1 �x )
2.25 �o�• (�( shift, return 2 �x )
1.75 �o�• (control, �È shift 2 �x )
1.5 �o�• (tab,delete, �( meta, �È meta 4 �x )
1 �o�• (	Í�G�Ž�Ž 51 �x )
�o�t�F���›
³�M�o�‹�‘�^�f�O�i�U , �‘�X�_�”�q�©�”�Ä�¿�Ó�w�(�È�w
¢�x�¤�„�r�U���œ�p�M�”�w�p , �f�\�x��

	—
(�•�<�U�”�‘�O�t
³�X�\�q�t�`�h .

1
Esc  W Q 

Tab

D  S  A 

Control
X  

Z  
Shift

Alt


$ -6 �©�”�Ä�¿�Ó (10 
j�‡�p	4�˜�l�h�q�V , Z �x�!�`�<�[�•�”�t�K�” )

�\�w
$�p�(�z�t���•�;�ó�©�”�w� �²�›�_�”�q , �³�æ�ï�Å�æ�§�ç�µ�§�ç�Ó�½�ß�t�s�l�o�M�”�w�U
ü�T�” . 	�
²

�w Alt �w�©�”�›�‘�X�_�”�q , �È	�
²�w�ü
¢�U�›�t�Õ�X , �©�”�U�(�t�W�•�o�M�”�‘�O�t�‹�ò�a�”�U , �î�M�w�©�”

�Ø�”�Å�›�#�T�’�ˆ�”�q�f�•�‹�h�`�T�t�f�w�‘�O�t�_�Q�”�T�’ , �2
ª�!�õ�U�S�T�`�M�˜�Z�p�x�s�M . �°	��w�h

�®�p�K�–�O .
�©�”�Ä�¿�Ó�w���È�w
³�V�M�›
$ -7 �(�t�Ô�b . 
›���w�‘�O�s�w�U , �d�è�^�•�h�©�”�Ä�¿�Ó�p�K�” . �\�w�d�è�Ø

	Í�w�ñ�w�2
ª�› (x0,y0),(x1,y1),(x2,y2) �q�b�” . �f�w�Ì

/x0 40 def /y0 10 def

/x1 80 def /y1 20 def



/x2 10 def /y2 40 def

x0 y0 moveto x1 y1 lineto -30 30 rlineto x2 y2 lineto closepath stroke

gsave

[x1 x0 sub 40 div %[a

y1 y0 sub 40 div % b

x2 x0 sub 40 div % c

y2 y0 sub 40 div % d

x0 y0] concat % tx, ty] �p CTM�›�^�”

/Helvetica findfont 30 scalefont setfont

20 (A) stringwidth pop 2 div sub 10 moveto (A) show

grestore

�w�‘�O�t CTM(current transformation matrix) �› concat �p�”�V�õ�Q , �f�\�t���È�›	{�X�q , 
$ -7 �(�w�‘�O

�t , �{�`�Œ�[�h�©�”�Ä�¿�Ó�t�ù�l�h���È�U�q�•�” .

A
(x0,y0)

(x1,y1)
(x2,y2)

(0,50)

(50,0)

(x1,y1)
(x2,y2)

(x’,y’)
(x,y)

(0,0)

$ -7 �©�”�Ä�¿�Ó�t���È�›	{�X .

�\�w�!�õ�w�g���›
$ -7 �È�p
†�Ì�b�” . 
Y�M���w�–�¬ (0,0) (50,0) (0,50) (50,50) �U�{� �̀Œ�[�o (50,0) �U (x1, y1)
�t , (0,50) �U (x2, y2) �t , �°
`�t (x, y) �U (x′, y′) �t� �l�h�q�b�” . �\�w�!�õ�x�°�Í�!�õ�s�w�p ,

x′ = ax + by, y′ = cx + dy

�q	{�Z�” . �\�•�t x1 = 50a+0b, y1 = 50c+0d, x2 = 0a+50b, y2 = 0c+50d �q�7�Œ�w 2 �:�›�M�•�o a, b, c, d

�›�r�X . Postscript �w CTM �x�\�O�`�o	Z�R�h a, b, c, d �q�j�:�w� �ˆ�‘�m tx , ty �w 6 �A
É�p	Z�R�o�M�”�w�p ,
�f�•�›�-�‰�`�o�b�;�`�o�M�”�i�Z�p�K�” .

5 �ž�Ç�Ý�w�j�h


²	\�w�‘�O�t , �©�”�w
³�h�w�M , �K�”���È�w�©�”�•�”�›
��^�M�²�t�!�`�<�[�‘�m (3.8mm) �i�Z� �ˆ�`�o�S�Z

�y , 
$ -6 �t�°
æ�›�_�”�‘�O�s , �f�w�©�”�›�!�`�<�[�h
$�U�˜�’�•�” . �\�•�› 60 �x�w�©�”�b�‚�o�t�m�M�o�;�™

�`�h . Postscript �w
(���w� �Ý�”�´�x 8 �Ï�¿�Ä�w�h
É�w�»�p�K�” . �f�\�p�K�”�©�”�w�!�`�<�[�w
$�q�r�•�‹

�!�`�<�[�’�•�o�M�s�M
ª	j
$�›	��“	Z�` , �Ï�¿�Ä�]�q�w
	���$�æ�g�è�›�q�” . �\�•�x�!�`�<�[�’�•�h�©�”�t

�����b�”�–�¬�i�Z�p 1 �t�s�”�T�’ , �f�•�›�“�‰�7	–�w�Õ�M���w�–�¬ (�I�:�q�±� �¶ ) �U
ü�T�” . �\�•�›�¤�©�”

�t�m�M�o�-�‰�` , �!�`�<�[	Ý�6�q
Y	×	Ý�6�w�f�w�–�¬�›
~�“	Z�`�h .
�\�w
~�“	Z�`�w�Ó�é�¬�å�Ü�x lisp �p	{�M�o�K�” . 
$ -8 �t�©�” H �w
$ (�(�U�!�`�<�[�•�” �È�U
Y	×�•�” ) �›

�Ô�b .


$ -8 �ž�Ó�è�¿�Ä�w�h
É




~�“	Z�`�h�¤�–�¬�›
$�Ô�b�”�q
$ -9 �w�‘�O�t�s�” . 
¶�.�t�È	Í�U�“�t�s�l�o�M�”�w�p , 
ï�w�¿�M�©�”�w�–�¬

�x�#�i�Z�p�s�X , 	N�‹�G�V�M . �p
µ�µ�Ö�”�µ�Ì�”�x�¿�M	Ô	t�›	��l�o�M�” .
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$ -9 �©�”�w�)
ü�w�–�¬

PFU �w�×�”�Ü�Ö�”�´�t�K�”�ž�Ó�è�¿�Ä�x
¶�.�h
þ�›
¯�Ô�` , �°���w�Ì���–�t�¤�©�”�w�!�`�<�[�w
$�q
Y	×

�w
$�›
µ�”�‚�V�•�”�t
¯�Ô�b�”�‹�w�p�K�” . �³�Ñ�Ä�©�”�w	Ô�ù�x�!�`�<�[�h�™ , �³�Ñ�Ä�w���X�v�“�f�w�‡�‡


¯�Ô�` , �³�Ñ�Ä�U	4�˜�”�q
Y	×�•�”�t�‹�r�b . �\�w�Ì�w�ð�J�x�«�Q�y�(�³�Ñ�Ä�›�!�`�s�U�’ A �›�!�f�O�q�b

�”�q , A �w�!�`�<�[�w
$�x�(�³�Ñ�Ä�x
Y	×�•�”�w�‹�w�`�T�s�M�w�p , �O�‡�X
¯�Ô�p�V�s�M . �f�\�x�»� �Ó�w

�­�J	{�t�K�”�‘�O�t , �³�Ñ�Ä�^�•�”���È�U�(�t�K�”�q�V�x�È�³�Ñ�Ä�›�!�` , �È�t�K�”�q�V�x�(�³�Ñ�Ä�›�!�b .
�f�O�b�•�y�!�`�<�[�w
$�U	O�s�”�\�q�x�s�M . PFU �w�ž�Ç�Ý�p�x Happy Hacking Keyboard �q���“�&�b�i

�Z�p�K�l�h . H �‹ K �‹�³�Ñ�Ä�©�”�q�x	O�s�’�s�M�\�q�U
$ -9 �T�’�¬�Ý�p�V , �r�j�’�w�³�Ñ�Ä�©�”�›�–�S�O

�q�×���p�K�l�h . (�\�w�ð�J�U�I�V�”�w�x , 
$ -6, 
$ -7 �T�’
ü�T�”�‘�O�t A �q Z �p�K�” .)
���w�©�”�q�‰�Ì�t�!�b�‹�w�t�x�¯�ï�Ä�é�”�ç�‹�K�“ , �\�•�x�(�t�`�T�s�M�T�’�³�Ñ�Ä�w�‘�O�s�r�O�x�s�M .
�`�T�`�\�•�x�Ã�Þ�t�‹�K�“�f�O�p�‹�s�M�T�’ , 
��Ö�“�x�`�o�M�s�M .
�²�x�\�w�ž�Ç�Ý�w�h
É�q�f�w
à�Ö�•�”�›�;�™�`�h�i�Z�p , �ž�Ç�Ý�=�x PUF �w
(
��^�œ�t�S�&�M�`�h . PFU
�p�x�f�w�™�«� �¶�s�r�t�b�;�`�o�M�h�Ì�8�‹�K�” . �M�‡�x�q�þ�Ê�›�¹�È�`�o�M�”�’�`�M .
Javascript �p	{�V�Ú�`�h�7	ý
[�t���`�o�x�Ã�Þ�p	º�p�b�” .

6 �í�Y� �t

• Q(�Ù�• ):�°
`�w 3 �Í�i�Þ�Ã�ç�›�^�“ , �f�•�p
³�X�\�q�x�ß�Q�s�T�l�h�T .
A:�°�s
~�“�w�^�À�i�` , �ˆ�‘�t�^�l�o�M�l�h�w�p , �f�O�x�s�l�o�M�s�M . �‰�`�–
³�\�O�q�b�”�>�Ë�U

�Ö�l�o�M�” .
• Q(
*
’ ):�©�”�›�”�X�•�”�›���X�C�l�o�M�”�U , �r�\�T�t�q�•�o�M�”�T .

A: �(	Í , �È�<�t�Ç�T�t�_�Q�” . �©�”�›�!�`�h�q�V�t�_�Q�”�T�‹�`�•�s�M .
• Q(
Æ�Ì ):�©�”�Ä�¿�Ó�w���È�x
Y�¬�T .

A: 
$ -7 �w���S�t
ì�p�M�M�C�n�p�K�” . �¤���U���œ�p�M�”�\�q�‹�s�M .
• Q(�v�j ):�Œ
��t�ž�ç�Û�w HHKB �›�^�l�h�w�U�M�” .

A: �¢�£�Ò�Ö�”�´�t	Z�o�M�h�w�p , 	•�Œ�`�o�M�” .

�€�ß���Y
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k
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