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��������� �!� �#"%$&�'��(*)+�', ,.-0/1�2���*3�-4� �!(5��6#75)8�.�'9�3:�;7�(*<2-��;7�(*�.$07�,�-�=�>?)@-&3�3.�.���23:>?)+��/09�$&-&3BA4C�D?E&F�G�H?C.I�J2KLF�M?KLH?C�F
NPO�Q�O�R�SUT?V?W8XYNPZ\[^]_Oa`�T?b?W8XYNPc�O�R�]_d8efV?g?W8h

Unlike
(*)@7&/0� (*�.�'�#7�,�(5-�=!(*9?)+-4�;7�>?>?� �2" X >?)@��$&-0/09?)+7�,?(5-�=!(*9?)+-1/?��-03i�#j (:)+-&k09?� )+-1713���9?)@$&-4(5-�=�(*9?)@-4� �;7&"?- hml 3�74)+-&3.9?, ( X

the
�27��#/?n^�./0(*<o)@-&k09?� )+-��p-���(53:q5�')_(*)+7��23i�o�r(*(*� �#"%�')s3i(5�')8� �#"a>?)+��$&-&/09?)@7�,?(5-�=�(*9?)@-&3�7�)+-1-03�3�-5��(*�.7�,r, tvu0-�)+� h

Also,
>?)+��$&-&/09?)@7�,f(5-�=!(*9?)+-w$07��x�2-w7�>?>?,r�.-&/y/0� )@-&$�(*, tz�'��(5�{7|(*<�)+-0-w/0� �;-5�#3i�*���27�,}�'��~�-0$�( h�S <!�.3�7�62���./?3}(*<#-

"mapping
>?)@���!,.-��;�p�'qU(*)+70/0� (*�.�'�#7�,�(5-�=�(*9?)@-%�;75>?>?� �#" h:d �#3i(5-07&/���q�(*)8t�� �#";(5��q*�."09?)+-��'9?(U<2��n�(5��n^)+7�>�7%(5n��

dimensional
(5-5=�(*9?)+-^� �;7&"?-175)+��9?�2/f7�$&�'�o>?,.-�=��'��~�-&$5( X t���9�$&7��a~.9�3i(�/0� >%(*<#-����+~�-&$�(:� ��(5�p7�3��'9?>���q:>?)+��$&-&/09?)+7�,

texture
�;7�(5-�)8�*7�, X /?-�q*� �2-&/�70317�q*9?�#$�(*�*�����'6#-�)�7a6#�', 9?�;-5(*)8�.$o/?�'�;7�� � h�O 3�3�-���(*�.75, , t X (*<2-16!� )8(*9�7�,_���+~�-&$�(��.3U$07�)86#-0/

out
�'q�7�6�� )8(*9�75,s3��', �./��p7�(5-�)8�.75,a/?-�q*�r�#-&/;��t�(*<2-%>?)+��$&-&/09?)@7�,_(5-�=�(*9?)@- h:Z �')�(*<!�.3a)+-&7&3���� X >?)+��$&-&/09?)+75,�(5-�=!(*9?)+-��.3

sometimes
$&75, ,.-&/

solid
KLF5MBKLH?C�F

.

TRON
d q*� )+3.(�3i(57�)8(5-0/1(5��(*<�� �!��3�-�)8�*��9�3., tv75�#�'9?(�>?)@��$&-0/09?)+7�,?(5-�=!(*9?)+-&3�n^<#-�� d n�7&34n��')8�?� �2"��'� S�R�[�e 7�(�� l��^d � �
O , �;3iq5�')+/ X'ev`�X � ��� T?V � h'S�R�[^e n�7&3:(*<#-4q*�r)+3i(��;�'6��.-1n^� (*<;74,*7�)+"?-17��;�'9?��(��'q�3��', �./%3i<27&/?-&/%$&�'�o>?9?(5-�)
"0)+7�>?<!�.$&3 h�S <��.3��;7&/?-4� (�)+-�62��,r9?(*�.���27�)8t h�[ �o(*<2-1��(*<2-�)_<#75�#/ X (*<#-4,.������/?-&3.�."0�#-0/1q5�')_� (���t�� (53�$5)+-&7�(5�')s��(5-�6#-��
] �.3.�#-�)+"?-5)sn�7&3��#7&3�-&/%7�)+�'9?�#/a(*<#-4�?�2��n^�o, � ��� (57�(*�.�'�#3��'q�(*<#-4(5-&$5<��#�',.��"0t h

Lisberger
<#7&/�"?�'(*(5-��f(*<2-1�*/?-&7�q5�') S�R�[�e 7�q*(5-�)�3�-&-�� �2"�(*<#-�� l���d /?-5�;��)+-&-5,2� ��� T?�?V?hB� -s(*<#-���7�>?>?)+��7&$�<#-0/

the � 7�, (_���.3i�2-�t}���'�o>�7��!t�n^� (*<p<!�.3U$&�'�#$0-�>?( h ���.3i�2-�t�j 3 Z -&7�(*9?)+- Z � , ��/0�r6��.3.�.����n�7&34(*<2-��f9?�2/?-�)�(*<#-�6!�.3i�.�'�#75)8t
guidance

��q S ��� � � , <��r(5- X n^<#�p7�)8)@7��#"?-&/�q5�')U$&���!(*)8� �!9?(*�.���23�q*)+����(*<#-^6#75)8�.�'9�3s$0���o>?9?(5-5)a"0)+75>?<��.$&3�$&�'�o>�7��!�.-&3
of

(*<2-1/?7�t X �r�#$�, 9�/0�r�#" d8d8d+X � l��^d+X 7��#/a���."0� (57�, O q*q5-&$�(53 h

Working
�'� S�R�[�e n�7&3o7���,.703i( X �!9?(��'��3��'�;-�,.-�62-�, d n�7&3aq*)89�3.(*)+7�(5-&/v�!t�(*<2-%q57&$5(s(*<27�(�-56#-�)8t�(*<!� �#"v,.������-0/

machine-like � 7v(*t�>?�.$&75,�3�$&-5�#-v�.3p3i<2��n^� �2-�,.��n�¡ h�d ��q57&$5( X (*<27�(��;7&$�<!� �#-&¢£, � ��-�7&-03i(*<#-5(*�.$v�#-&$&75�;-v(*<#-��¤,.���'���
associated

n�� (*<�� l��^d �r��(*<2- n�7���- �'q S�R�[�efh ��� d "?��(�(5�¥n��')8��(*)8t�� �2"�(5��<2-�, >�9�3���)+-07��¦�'9?(v�'qo(*<#-
"machine-look

"0<2-�(*(5� h �

One
�'qf(*<2-§q57&$5(5��)+3;(*<#7�(�� ��q*,r9�-��#$&-0/¨�;-�n�7&3v(*<#-}q57&$�(p(*<27�(f� l���d j 3

SynthaVision
3it�3i(5-�� /0�./©�#�'(f9�3�-

polygons.
R 7�(*<2-�) X -�62-�)8t�(*<��r�#" n�7&3a��9?�r, (Uq*)+�'�ª�#����,.-07���$&������� �27�(*�.�'�#3%��q��;7�(*<2-��;7�(*�.$07�,�>?)¤� �o� (*� 62-&3 X 3i9�$�<�7&3

ellipsoids,
$�t�, �r�#/?-�)+3 X (*)89?�#$&75(5-&/ $&�'�#-03 h�l 3�t��'9«$&7���3�-&-�� �§(*<#-�� ,r, 9�3i(*)+75(*�.��� X (*<#-�, �."0<�(5$5t¬$5,.-&3f75)+-�$�)+-07�(5-&/��!t

#®�¯



adding
7��#/%3i9?�!(*)+7&$�(*�r�#"%3i� ��>?,.-13��', �./a�;7�(*<2-��;7�(*�*$&7�,�3i<27�>�-&3 h

This
-��2$&��9?)@7&"?-&/a�;-^(5��(*<�� �!���'q�(5-5=�(*9?)8� �2"a� �%(5-�)8�;3:�2��(���q�3i9?)8q570$&-&3 X ��9?(���q�62��, 9?�p-&3 h!Z � )+3i( d /?-�6#-5,.��>�-0/�n^<#75(

are
�2��n°$07�, ,.-&/§�¤>?)+��~�-&$5(*�.���§(5-�=!(*9?)+-&3 X �%n^<��.$5<©n�-5)+-�75,.3��;� �#/?-�>�-5�#/?-��!(*, t©/?-�62-�,.�'>�-&/v��t©7pk09?� (5-p7�q5-&n¦q5��, ��3 h

Unfortunately � �')pq5��)¤(*9?�#7�(5-�,rt X /?-�>�-��#/0�r�#"w�'��<2��n±t��'9²,*���'�³7�(�� (5¡���9?) c -�)8�?�r�#¢ O , �;-�) 7��2/ � �'9?,./w� O�]
computers,

n�<!� ,.-�-�=!(*)+-��;-5, t§q57&3i(1q5�')%(*<#-�(*� �p- X <#7&/;6#-�)8t§, �r(*(*,.- R�l � X 3���n�-�$&�'9?,./0�#j (Uq*�r(�/?-�(57�� ,.-0/�(5-�=�(*9?)+-
images

� �!(5���;-��p��)8t h'd 3i(57�)¤(5-&/a(5��,.�����%q5�')s��(*<2-�)s7�>?>?)+��7&$�<2-&3 h

Noise

The
q*� )+3i(�(*<!� �#" d /0�./a� �|� T?V?´ n�7&3:(5�p$5)+-&7�(5-174>?)8�r�o� (*� 62-�3.>�7&$&-&¢µq*�r, , � �2"�3.�."0�#75,�(*<27�(�n��'9?,./%"0� 6#-�7��o�r�o>?)+-&3�3i�.�'� �'q

randomness.
d (��2-&-&/?-&/�(5�p<27�6#-�627�)8�.75(*�.����(*<#75(�,.������-&/�)+7��#/?�'� X 7��2/�t�-�(�� (4�#-&-&/?-0/%(5�v�#-�$&�'��(*)+�', ,.7��!,.- X 3��p�r(

could
�2-�9�3�-&/�(5�p/?-&3.�."0�%6#7�)8�*��9�3�,.������3 h�d 3�-�(^7��2��9?(�/?-&3i�*"0��� �2"p7�>?)8�r�o� (*� 62-�(*<27�(^n���9?,*/��#-��¤)+7��#/?�'�;�\��9?(^n^� (*<

all
�r(53:6��.3.9�7�,?q5-&7�(*9?)@-&3:)+�'9�"0<�, t�(*<#-13�7��;-13.�.u&- � �2��<��*"0<;��)_,*��n¶3i>�7�(*�.75,?q*)+-&k09�-��2$��.-&3�¡ h

I
-��#/?-0/%9?> /?-�6#-5,.��>?�r�#"�7�3.� �o>?,.-a>�3�-�9�/?��¢£)+7��#/?�'���¤�2���.3�-&�^q*9?�#$�(*�.�'�p(*<#75(�q*� ,r,.317�, ,��'q�(*<!)+-&-o/0� �p-��#3.�.���27�,�3i>�7&$0- h

A
3i, �*$&-��'9?(���q�(*<!�.3o3i(*9?q*q��.3�>?�.$5(*9?)+-&/ h#d �©�')+/?-�)1(5���p7���-%�r(�$0���!(*)+��,r,.7���,*- X (*<2-�� �o>��')8(57��!(s(*<!� �#";�.3�(*<27�(�7�, ,_(*<#-

apparently
)+7��2/?���·6#7�)8�*7�(*�.�'�#34�#-a(*<2-f3�75�;-%3i�.u&-%7��2/%)@��9�"0<!, tp�.3��'(*)+�'>?�.$ hBd /?-&7�, ,rt X t���9©n�7��!(�(5���2-f7��!,.-a(5��/?�

arbitrary
(*)+7��23i,.75(*�.���23U7��2/%)@��(57�(*�*���231n�� (*<2��9?(s$5<#7��2"0� �#"�� (5317�>?>�-&75)+7��#$0-1(5�����o9�$�< h:` �'9 $&7��fq*�r�#/�7o��62-�)+3i�*���

of
�ot©�')8�."0�r�#7�,�� T?V?´ $&��/?-�q5�')�(*<2-%q*� )@3i(U62-�)+3.�.���§� � l >?>�-��2/0� = l � 7&$�(*9�7�,r, t��ot�q*�r)+3i(�� �o>?,.-��p-���(57�(*�*���©n�7&3a� �

FORTRAN).

My
"?��75,\n�703�(5���#-%7���,*-�(5�%9�3�-�(*<��*34q*9?�#$�(*�.�'�f�r�fq*9?�#$5(*�.���27�,\-�=!>?)+-&3�3i�.�'�#34(5���;7���-��27�(*9?)+7�,�,.���'�?� �#"�(5-�=!(*9?)+-&3 h?d

gave
� (�7�)+7��2"?-p��qo¢+��(5��¸4� � , � ��-p3.� �#-�7��2/ $&��3i� �2-&¡13���(*<27�(�� (�n��'9?,./�<27�6#-p7�/?$p$&�'�o>����2-���(��'q�u&-5)+� h#S <��.3

would
�;75��-4� (�-&7&3it�(5��9�3�-4�#�'�.3�-4(5��>�-�)8(*9?)8��(*<�� �2"?3 X 7��#/%3i�r�o>?, tf�¤q*9�u&u1��9?(5��(5��u&-�)+��n�<2-��;3�$07�,.-&/a(5���2-13i�;75, , h

Noise
� (53�-�,rqa/?��-&3i�2j (a/?���o9�$�<�-�=2$&-�>?(��;7���-o7%3.� �o>?,.-a>�3�-59�/?��¢µ)@7��#/?�'�{>�7�(*(5-�)8� h?Q 9?(�� (�>?)+��6!�./?-&3�3�-&7&3����!� �#"�(5�

help
t¬�'9%�;7���-4(*<!� �#"?3:�r)8)+-&"09?,.75)s-��#�'9�"0<;3���(*<#7�(�t��'9�$07��o�;7���-4(*<2-��¹,.�����%�;�')+-4� �!(5-�)+-&3.(*� �#" h

The
q57&$�(:(*<#7�(��2���.3�-1/?��-03i�#j (�)+-�>�-07�(��;7���-&3:�r(�9�3�-�q*9?,?(*<#-1n�7�tf74>�7�� �!(��!)89�3i<��.3:9�3�-5q*9?,�n�<2-��o>�7�� �!(*� �#" h�` ��9%9�3�-17

particular
>�7�� �!(U��)¤9�3i<§�#-&$07�9�3�-�(*<2-%�!)8�.3i(*,*-&3a<#7�62-�7�>�7�)8(*�.$59?,.7�)f3i(57�(*�.3.(*�.$&7�,sk09�75, � (*t©¢^�#-&$07�9�3�-p�'qU(*<2-�3.�.u&-p7��2/

spacing
7��2/�3i(*�rq*q*�#-&3�3o��q4(*<#-��!)8�.3.(*,.-&3 h�` ��9©/?�'�#j (��?�#��n X ��)�n�7���(4(5�p�?�2��n X 7��#�'9?(�(*<#-�7�)8)+75�#"?-��;-5��(���q1-&7&$�<

particular
��)8�*3i(*,.- hmd ��-�q*q5-&$�( X ���r,�>�7��r��(5-�)+3�9�3�-17�$&�'��(*)@��, ,*-&/�)+75�#/?�'�¹>?)+��$0-&3�3 � $&-5��(*9?)8�.-03:�#-�q5�')+-^º'�'<��;��7&"?-^9�3�-0/

#®»



the
$0���2$&-�>?(�(5���;75��-4>���3.(5¢µ�;��/?-�)8�;7�)¤(5¡ h

Noise
7�, ,.��n�-&/a�;-4(5�f/?��(*<#7�(�n^� (*<o�;7�(*<2-��;7�(*�*$&7�,�-�=!>?)+-&3�3.�.�'�#3:(5���;7���-4(5-�=!(*9?)+-&3 h

��¼Y������½��������¾ ��	4¼Y��¼Y¿�À
d �o,*7�(5-�� T?V?´ad n�)+�'(5-174,.7��2"09�7&"?-4(5�f75, ,.��n��;-4(5��-�=#-&$59?(5-17�)8���r(*)+7�)8tf3i<27&/0� �#"%7��2/a(5-�=�(*9?)8�r�#"a>?)+��"0)+7��;3 h�Z �')
-&7&$5<o>?� =#-5,���q�7��o�r�;7&"?- X (*<#-4,.75�#"09�7&"?-4(5�����%� �p3i9?)8q57&$0-4>���3.� (*�.�'�;7��#/a�2��)8�p7�,�7&3�n�-�, ,�7&3��;7�(5-�)8�*7�, d � X )+75�;7
3i<27&/0� �2" X , �*"0<�(*� �2"�75�#/a(5-�=�(*9?)¤� �#"a>?)+��"0)+7�� X 7��2/��'9?(*>?9?(�$&�',.��) h�l 3:q575)s7&3 d j 6#-4�2-&-��;75��,.-4(5��/?-�(5-�)8�o�r�#- X (*<��.34n�7&3
(*<#-4q*�r)+3i(�3i<27&/?-�)_,.75�#"09�7&"?-4� �p-�=��.3.(5-��#$0- � 7&3:�otf"0)+7��2/0�;�'(*<#-�)sn���9?,*/1<27�6#-13�7��./ X n�<2���?�2-&n�Á�¡ h

Rob
�����'�Â75( c �r=#7�)%<#70/ X �r�#/?-�>�-��2/?-���(*,rt X /?-�6#-5,.��>�-0/�7���-&/0� (57��!,.-�-�=!>?)+-&3�3i�.�'� >�7�)@3�-�)%(5�}>�7�)+3�-�9�3�-�)+¢¤/?-�q*� �#-0/

arithmetic
-5=�>?)+-&3�3i�.�'�#3�7�(U-&7&$�<�3.9?)8q57&$&-%3�7��o>?,.- hB� -%$&75, ,.-&/�(*<��.34(5-0$�<��!�.k09�-f�@��<#70/?- S )+-&-03 h � Q 9?(U��<#7&/?- S )+-&-&3

had
�2���2��(*�.�'�;�'q�q*,.��n�¢8�'q5¢8$&�'��(*)+�', � $&�'�#/0�r(*�.���27�,.3 X 627�)8�.7��!, t�� (5-�)+7�(5-0/1,*���'>�3 X >?)+��$&-&/09?)+-&3�¡ h

Pat
� 7���)+75<#7���<#7&3\(5��,./��p-�(*<#7�(_<2-%"?��(_(*<2-�� �#3.>?� )+7�(*�*����(5�%�;75��-o7�q*9?, ,2>?)@��$&-0/09?)+7�,\3.<#7&/0� �2"�,.75�#"09�7&"?-o75q*(5-�)�<#-

visited
� l��^d 75�#/ d 3i<#��n�-&/�<!� �Ãn^<#75(_t¬�'9}$0��9?,./�/?����t%<#756�� �2"f7&$&$0-&3�3�(5�p7�9�3�-�)+¢8/?-�q*�r�#-&/�,.7��#"09�70"?-�7�(�-�6#-5)8t

pixel.
c 7�(�(*<#-��²/?-&3.�."0�#-0/�7��#/}� �o>?,*-��;-��!(5-&/§(*<2- � R -��2/?-�)8�«75�#��3i<#70/0� �#"},.7��2"09�7&"?- 7�( c � =#75) � q5��)�n�<!�.$�<�<#-

received
71n�-�, ,*¢8/?-&3�-5)86#-&/ S -&$�<!���.$&75, l $&7&/?-��ot l n�7�)+/?¡ h

The
��-�t%,.-&7�>���q:q57�� (*< d �p7&/?- � ��/?/�(*<2-�� X �'��6!�.�'9�3_�2��n�¡:�.3�(*<27�(�t��'9�3i<#�'9?,./�~.9�3i(:�#-�7���,.-^(5��"?�p7�<#-&70/f7��2/�)89?�

whatever
>?)+��"0)+7��Ät���9¥q5-&-�,1,r� ��-�7�(�-&7&$�<x3.9?)8q57&$&-�3�7��o>?,.- X 7��2/�(*<27�(%� (�3i<2��9?,./©�#-�-&703it�(5����-&-�>xk09?�.$5�?, t

modifying
(*<��.3�>?)@��"0)+75�Å(5�|)+-�q*� �2-�t���9?)�)+-&3i9?,r(53 h^d �Â�')+/?-�)�(5���;75��-�(*<��r�#"?3�)89?��q57&3.( X4d �;��/0�rq*�.-&/�� l���d j 3

existing
�?t��!(*<#7�Æ��.3i�*����)+-��2/?-�)+-�)�(5�{$�)+-07�(5-¹7���� ��(5-�)¤�;-&/0�.7�(5-¨q*�r,.- X 7�q*(5-�)�(*<2-�6!�.3i� �!,.-¹3i9?)¤q57&$&-w75�#/Â�#�')8�;7�,

calculations
<#7�62-��2-&-��;/?�'�#- hmS <2-4q*� ,.-�~.9�3.(^$&�'��(57��r�#-&/%713i(*)@-&7��z�'q�>?�r=#-�,�3�7���>?,.-&3 X -&7&$5<;$&�'�#3i�*3i(*� �2"��'q

{ Ç D?ÈPÉ�K!Ê
Normal

Ê�Ë�H?C Ì0I�E0F�Í8G�Î
.

d n��'9?,./§3i(*)+-07��Ï(*<2-&3�-�3�7��o>?,*-&3�� �!(5�p��tp>?)+��$0-&/09?)+7�,s3.<#7&/?-�) X n�<!�.$�<©n���9?,*/�(*<#-�� 3i>?�r(
out

7aq*� �27�, R��^Q q5�')�-&7&$�<�3�7���>?,.- h�S <#-a�!�."p7&/06#75��(57&"?-%�'q�(*<!�.3��.34(*<27�( d $&�'9?,./%��-0-�>�)¤9?�����r�#"�(*<#-o3.<#7&/?-�)��'6#-�)
and

�'6#-5) X n^� (*<2��9?(�<#756�� �2"1(5��)+-&/?��(*<#- � � ��� T?V?´ ¡¬6#-�)8tf-�=!>�-��#3.� 6#-4>��'� ��(*Ðµ�#�')8�;7�,�$07�,.$�9?,.75(*�.���23 h

By
q57�)�(*<#-���/?/?-03i(f(*<!� �#"¶7��#�'9?(f(*<2-�-5��6��r)+���!�;-��!(}7�(�� l��^d+X � �¥)+-�(*)@��3.>�-&$�( X n�7&3v(*<#-�q57&$5(f(*<#75(f(*<#-5t�)+7��

everything
� � Z\[^R�S�R�l1eÏb?b?h!S <��.3�n�7&3�7�,.-&"?7&$5to�.3�3.9�-�¢#(*<#-��?t��!(*<#7�Æ��.3i�*���%)+7�t�(*)+7&$&-�)Un�7&3���)8�*"0� �#7�,r, t;n^)8� (*(5-��

by
Q �'� � �',./?3.(5-�� � X ���2-��'qU(*<2-%q5�'9?�#/?-�)@3��'qU� l���d@X 3��'�;-�(*� �p-%>?)8�*��)�(5�²� T?b?V � Q �'�#j 3aq*� )+3.(1>�7�>�-�)��'�¨/?�'� �2"

volumetric
�2���',.-&75�#3^��t�)+7�tp(*)+7&$5� �#" X n�7&3^>?9?��, �.3.<#-&/�� ��(*<2-^~��'9?)8�27�,

Simulation
�r�¥� T?b?V ¡ h ��� �2$&-�(*<2-���� (�<#70/

simply
"0)+��n���� ��(*<2-f3�7��;-�,.7��2"09�7&"?- h¬Z\[^R�S�R�l1eÑb?b n�7&3^6#-�)8tp,r� �o� (*� �2"§¢�,.7&$5�?� �#"�)@-&$�9?)+3.�.��� X � �#3�-��#3.� (*� 62-�(5�

case,
,r� �o� (5-&/�� �p627�)8�.7��!,.-��27��;-a,.-��2"0(*<p(5��3i� =�$5<#7�)+70$�(5-�)+31�')�,.-&3�3 X 7��2/p7a<#��3i(U��qU��(*<2-�)�k09�7�, � (*�*-&3�(*<27�(�)@-�q*,.-&$�(5-0/

the
-5)+7%�r(�$07��;-���9?(��'q�¢^(*<#-p-5�#"0� �2-&-�)8� �2" $�9?,r(*9?)+-�9?> (5�;(*<#-��o�./?¢¤3i� =!(*�.-&3 X n�<!�.$�<©n�7&3a6#-�)¤t�9?�!, � ��-�(*<#-��p��)+-

countercultural
70-&3i(*<2-�(*�.$4(*<#75(��!9?)8(*9?)+-&/aÒ e�d¤Ó 7��2/���7�( Q -�, , ] 7��23 h

I
n�7&3����2-��'qs7�"0)+��9?>��'q�t��'9?�#"�9?>�3i(57�)8(53�7�(_� l���d n^<#�pn�-�)+-^� ��(5��Ò e�d8Ó 7��2/f� X �!9?(sn�-�)@-��2��(:>�-�)8�o� (*(5-0/�(5�

use
� ( X q5��)�,.-&"?7&$�t�)@-&7&3��'�#3 h ���|�otw3��', 9?(*�.�'�Ân�7&3�(5���!9?� ,./�7��¹-���(*� )@-�,.7��2"09�7&"?- �'��(5�'>¦�'q Z\[^RsS�R�l1evh4d

implemented
� � Z_[�R�S�Rsl1e �'��,rt�(*<2��3�-o$&�')+-o�¤��-�)¤�#-�,.�4q*9?�2$�(*�.�'�#3\(*<#7�(_�2-&-&/?-&/�(5�%�2-o$&�'�o>?9?(5-&/fk09?�*$��?, t X 3i9�$�<

as
e �'�.3�- X ��)_(*<27�(��#-&-&/?-0/1(5��9�3�-4�!9?� , (5¢µ� ���;7�(*<o, �r��)+7�)¤�.-&3 X 3i9�$5<;7&3���� �;75�#/%����3 h�Z �')s-�62-�)8t�(*<�� �2"%-�,.3�- X�d 9�3�-&/a�ot

homegrown
3i<27&/0� �#"�,.7��2"09�7&"?- hBZ ��)�(*<!�.3�)+-07&3��'� XBd $07�, ,.-&/�� (U�¤�?>?,.� X q5��)��@Ô1-�)¤�#-�, c )+��"0)+7��o�o�r�#" ] 7��2"09�7&"?-&� h�d (

has
�2-&-���$�,.7�� �p-&/�(*<27�(�(*<2-�,.-5(*(5-�)+3U�¤�?>?,*�U$&�'9?,./f75,.3����2-�� ��(5-5)8>?)+-�(5-&/�� ����(*<2-�)Un�7�t�3 X �!9?(�q*)+75���?, t d ~.9�3i(�/?���2j (�3�-&-

it.

Kpl
n�7&3%7p3i>�-&$��*7�,_>?9?)8>���3�-�,.7��2"09�7&"?-�¢4(*<#-p�'��, t�(*<�� �2" d )+-&7�, ,rt|$&75)+-&/§7��#�'9?(�n�703��#-��r�#"§7���,*-�(5���;7��!� >?9?,.7�(5-

floating
>��'� ��(�6#-&$�(5�')+3v6#-5)+-�t¦-&703i� , t h�S <��*3p,*-&/�(5�¹7}��9?�o�2-�)©�'qf,.75�#"09�7&"?-�/?-&3i�*"0�¦/?-&$��.3.�.�'�#3§n�<!�.$�<¥�;7&/?-

everything
-&7&3i�*-�) h'd �o(*<#-4�2-�=�(�3�-&$�(*�.�'� d j , ,?�!)8�.-�q*, tf/?-&3�$�)8� �2-4(*<#-4,.7��2"09�7&"?- h
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The
� �o>��')8(57���(1(*<!� �#"�7��#�'9?(U)@-&/09�$�� �2" -�62-�)8t�(*<�� �2"�(5��q*,.��7�(*� �2"�>��'� ��(�6#-&$5(5��)+3%n�7&3a(*<#7�( d $0��9?,./;(*)+-&7�(��#�')8�;7�,

perturbation,
,.��$&7�,�6#7�)¤�.7�(*�.�'�#34� ��3.>�-&$�9?,.75)8� (*t X �2���!�.3��'(*)+�'>?�.$a)+-�q*,.-&$5(*�.�����;��/?-�,.3 X 3i<27&/0� �#" X , �."0<!(*� �#" X -�(5$ h 7&3�~.9�3.(

different
q5�')8�;3���q1>?)+��$&-&/09?)@7�,�(5-�=!(*9?)+-�¢s(*<#-�-��!6�� )@���!�;-���(�/?��-&3��#�'(1�;7���-�7���t�7�>?)8�*��)8�U7&3�3i9?�o>?(*�.�'�«75�#�'9?(

these
(*<��r�#"?3 X 3���� (�n�703�-&7&3.t�(5���o� =o� (�9?>�7��2/1(*)¤tv/0� q*q5-5)+-���(��;��/?-�,.3 h

Öf×����Y:¿�À:
�:À���Ø@������¼Y������Ù��������¾ Ú�	�¼Y��¼Y¿�À
S <#-4,.7��2"09�7&"?-1n�7&3:6#-5)8tv3.� �o>?,.- X �!9?(��r(4"?�'(�(*<#-�~��'�;/?�'�#- h'S <#-4� �o>��')8(57��!(�(*<�� �2"�n�7&3:(*<27�(�� (�$&�'�o>?� ,.-&/
� �o�p-&/0�.7�(5-�,rt�� �!(5�f7���� ��(5-�)¤�;-&/0�.7�(5- c ¢8$0��/?- X n^<��.$�<p-�=#-&$59?(5-&/a6#-�)8t�q57&3.( h�S <#7�(�7�,r,.��n�-&/a�;-4(5��/?��q57&3.(�)@-�>�-&7�(5-&/
/?-&3.�."0�o� (5-�)@7�(*�.�'�#3 X n^� (*<o6��*3i9�7�,?q5-&-0/0�#7&$���7�(�-&70$�<o� (5-�)@7�(*�.�'� h

Perhaps
(*<2- ��/?/?-&3i(�q5-&7�(*9?)@- �'qo(*<#-;,.7��#"09�70"?-�n�7&3�(*<#7�(p-�6#-�)¤t�6#7�)8�*7���,.-v�;75� ��(57��r�#-&/�7§3�-�>�7�)+7�(5-�3i(57&$5�¦¢%3��

scoping
q5��)o7���t�6#7�)¤�.7���,*-fn�7&3��#703�-&/��'��)89?�2¢µ(*� �;-p-5=#-&$�9?(*�*��� X �#�'(s,*-�=��.$07�, h¬S <��.3^(*9?)8�#-0/��'9?(�(5�;�#-

extremely
useful

q5��)�>?)+��$&-&/09?)@7�,f(5-�=!(*9?)8� �2" X 3.� �#$&-©� (§>?)+�'6��./?-&/{7��Ï-&7&3.tÃ75�#/¶q*,.-5=�� �!,.-¹n�75t¹(5�Ï$�)+-07�(5-��2-&3i(5-&/{/?7�(57
environments.

S <#-4�27&3i�.$4q5-07�(*9?)+-&3��'q�(*<#-4,.75�#"09�7&"?-17�)@-1��9?(*, �r�#-&/a�#-5,.��n�Û
��(57&$��%,.7��2"09�7&"?-
c ��3.(5¢µ>?)+��$&-&3�3:(5��6!�.3i� �!,.-13i9?)¤q57&$&-17�,."?�')8� (*<!�
d �!(5-�)8�;-&/0�*7�(5-1�¤>����r��(*ÐL�2��)¤�;7�, Ðµ�./a, �.3i(5��/?7�(570¢83i(*)89�$5(*9?)+-
O 6#7�, 9�75(5-&/%7�(�-�6#-�)¤tv3.9?)8q57&$&-13�7��o>?,.-
Æf7�)8�.7��!,.-&3�3�-�(�7�(�-&7&$�<p3�7��o>?,*-&Û

c ���r��(
e ��)8�p7�,
d /

l , ,?627�, 9�-&3�75)+-46#-&$5(5��)+34��q�q*,.��7�(*� �2"1>��'� �!(
S )+7��#3.q5��)¤�¹�;7�(*)8�.$0-&3�7�)+-462-&$�(5�')+3��'q�,.-��#"0(*<��0Ü��')�� b
Æf7�, 9�-&3�75)+- S�R Ò O � q*q�7�(�,.-07&3i(��'�#-1$&�'�o>��'�#-��!(��*3:�#�'�#¢8u0-�)+�
O 6#-�)8t�6#75)8�.7��!,.-4�.3�713.(57&$�����q�627�, 9�-&3
Z ,.��nw�'q�$&�'��(*)+�',.Û

d8ZpS���O�ewO�] � O
]s[�[�c n��r(*<;� [�e � d¤S�d+[^e�l1] ¢ Q�RsO�l Ô
c�R�[ � O ��Ò R�O n^� (*< l1R�� �

��$&�'>?� �#"
l ��� d+��e � 6#75)_�.3�"0,.�'�#7�,?(5��(*<��.3�>?)+��$0¡
c Òv� � ¢ l ��� d+��e � 6#75)_�.3:,.��$&7�,?(5��(*<��.3:>?)@��$&¡
c�[�c [^ewc�R�[ � O ��Ò R�O O�Ó�d8S

] � �!)+7�)8tf��q���-�)¤�#-�,?q*9?�2$�(*�.�'�#3 X � �2$�, 9�/0� �2"?Û
¸�¢_Ý1Ð
d �2/?-�=
e ���.3�-
Q �.7&3
� 7�� �
��� �
����3
c ��n
� 9?, � �;7�(*)8� =2¡

] � �!)+7�)8t�� �o>?,.-5�;-���(5-0/1�r�o(*<#-4,.75�#"09�7&"?- X � �2$�, 9�/0� �2"?Û
l �#3
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�f��(
��)+��3�3
hßhßh

Úf��à�����¼Y��¿������¿�	�¼Y¿������������¼i��¿

My
� �!(5-�)+7&$�(*�r6#-�>?)@��$&-03�3�n^<#-��wn���)8�?�r�#"�n^� (*<�(*<!�.3%q*�r)+3i(;3.<#7&/?-5)�n�7&3�)+-&75, , tw3i� �o>?,*- h4d <27&/|(5n��|� �!(5-�)+7&$�(*�*���

windows:
7a(5-�=�(U-&/0� (5�')�7��2/�75�p)+-��#/?-5)+-&/?¢µ� �p7&"?-%/0�.3i>?,.75t hBd j /%�p7���-a(5-�=�(��;��/0� q*�.$&7�(*�*���23 X <!� (U71��-5tf(*<#75(an���9?,*/

save
7��2/1)¤9?� X 7��#/a(*<#-5�o,.������7�(�(*<#-4)@-&3i9?, ( h'S <#-�� d j /a�;75��-4�;��)@-4(5-�=�(��;��/0� q*�.$&75(*�.���23 X -�(5$ h

When
>?,*7�t�� �#"�n�� (*<�(*<��.3��r��(5-�)+70$�(*�.�'�©-���6!� )+�'���;-5��( X#d q5��9?�2/p(*<27�( d $0��9?,./§"?-�(��!�."§3i>�-&-&/09?>�3s��t�)+-&$&�'�o>?9?(*� �2"

just
7�3i9?�#¢¤n�� �2/?��n²� �p(*<#-a� �;70"?-�n^<#-5)+- d )@-&7�, , t�n�7��!(5-&/%(5��3�-&-%7���-�q*q5-0$�( h�d n�7&3175��,.-a(5��"?-�(U7%"?����/�)8<�t�(*<��

going
�'q��r(5-�)+7�(*� 62-�3.<#7&/0�r�#"0ÐL(5-5=�(*9?)8� �2"%7&3:,.�'�#"%7&3 d $&�'9?,./%3�-&-4(*<2-4)+-&3.9?, (�n�� (*<!� ��7��#�'9?(a� g 3�-&$&�'�#/?34��q�<��r(*(*� �#"a(*<#-

ENTER
��-�t � $&�'�o>?� ,.75(*�.���¨(5���'�¥�o9�$�<�,.-03�3�(*<27��¦7�3�-0$&���2/?á�>?)@-�(*(*t���9�$�<¦7�, ,��'q%(*<#-�(*� �p-�n�7&3�(57���-��¨9?>

calculating
(*<#-��r�;7&"?-&¡ h�[ q�$0��9?)+3�- X �#7&$5��� ��� T?V0â (*<!�.3f/0�./0�2j (v7�,r,.��n³�;-�(5��$&�'�o>?9?(5-�62-�)8t§<��."0<�)+-&3���, 9?(*�*���

images � 7�)+�'9?�#/¶(*<2-��Ãn�-¨<#70/y���!, tz7�q5-0nã��<#u©(5�¹>?,*7�tzn��r(*<#¡ X �!9?(©7���t¹,*���2"?-�) (*<27��ä� g 3�-&$&�'�#/?3 �'q
computation

n�7031(5����,*���2"�(5���;7��r��(57�� ��7�"?����/��r��(5-�)+70$�(*� 6#-�>?)@��$&-03�3 h�d ��7���t©$07&3�- X ��t�,.���'�?� �#"�7�(�$&7�)+-�q*9?,r, t
selected

3.9?�#n^� �#/?��n�3 X�d $&�'9?,./�� �!(5-�)+7&$�(*�r6#-�, t�3.(5-&-�)�(*<2-ok09�7�, � (*t��'q_(*<#-�$&�'�o>?,.-�(5-�(5-5=�(*9?)+- h Ò�, (*� �;75(5-�, t X � (_(*9?)8�#-0/
out

(5���#-�q575� )8, t�3i(*)@7��."0<�(*q5�')+n�7�)+/�(5���r��(5-�)+70$�(*� 6#-5, t�/?-&3i�."0��3i9?�!(*,.-v(5-�=�(*9?)+-03f3i9�$5<«7&3�(*<#-��;75)8��,.-�6#7&3�-��#-�,*��n X
which

(5���'�|7��2��9?(UÜ?å��o� �!9?(5-&34�#70$���(*<2-��f(5��)+-��#/?-5)�75(�<!�."0<f)+-03��', 9?(*�.�'� � ��9?(Un��'9?,./�)+-0k09?� )+-%���!, t}7s�;7�(*(5-�) �'q
seconds

�'�o(5��/?75t¬j 3�$0���o>?9?(5-5)+3�¡8Û

æ�¿�	4
�½�����ç :	���à���¼i��¿
d >?)+-&3�-���(5-0/1(*<!�.3�n���)¤��q*�r)+3i(�7�(�71$&�'9?)+3�-4�r�;� d+���^R�l1c��³V0â�X 7��#/a(*<#-5�;7&3�74>�7�>�-5)_� �;� d+����R�l1c��³V?g?h'Q -&$&7�9�3�-
(*<#-4(5-0$�<��!�.k09�-&3�n�-�)+-13��f3i�r�o>?,.- X (*<#-�tfk09?�.$��?,rtv"?�'(�7&/?��>?(5-0/1(*<!)+�'9�"0<#�'9?(�(*<2-4� �#/09�3.(*)8t h�S <#-4)@-�,.-&7&3�-1��q c � =27�)+j 3
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$&�'�o�;-�)@$��.7�,.¢¤3i(*)+-��2"0(*< R -��#/?-5)8�«7���,.7��#"09�70"?-4<#-�, >�-0/�74,*��( h'Q tv7�)@��9?�2/�� T?V?V �2���.3�-&¢µ�27&3�-&/%3.<#7&/?-�)@3�n�<2-�)+-
de

rigeur
� �p$&�����;-�)+$��*7�,�3��'q*(5n�75)+- h

I
/0�./0�2j (�>�7�(5-5��( h'l 3:�otf"0)+7��#/0�p��(*<2-�)sn��'9?,./a<#756#-13�75�./ hßh£h

Hypertexture

Meanwhile,
d ~��'� �#-0/1(*<2-�q570$�9?, (*tf7�( ev` Òz7��#/%/0�./%7�,r,�3��')8(53��'q�)@-&3�-&75)+$�< h¬[ �2-1��q�(*<#-1k09�-03i(*�.�'�#3 d n�7&3�7&3.�?� �#"a� �

1988
7��2/|� T?V?T n�7&3Un^<#-5(*<#-�)�t��'9�$&�'9?,./�9�3�-�>?)@��$&-0/09?)+7�,2(5-�=!(*9?)+-&34(5��9?��� q*t%)+-5�#/?-�)8�r�#"p7��2/p3i<#75>�-��;��/?-�, � �2" h?d

started
(5�x/?-�q*�r�#-�62��, 9?�p-&¢µq*� , ,r� �#"¨>?)+��$&-&/09?)@7�,%(5-�=�(*9?)+-03 7��2/¨)+-��#/?-5)�(*<2-��é�!t²�p7�)+$�<!� �#"«)+7�t�3�(*<!)+�'9�"0<w(*<#-

volumes,
7&$&$�9?�o9?,*7�(*� �#"%/?-��23i� (*tf7�,.�'�#"a(*<2-1n�7�tf7��2/19�3.� �#"a(*<2-1/?-��#3.� (*tv"0)@7&/0�.-��!(�(5��/?��, �*"0<�(*� �2" h

I
n���)8��-0/�n^� (*<�7p3i(*9�/?-5��(���q��o�r�#- X#O )¤�.$ � �'q*q5-�)8( X (5��>?)+��/09�$&-p7�� d@���^R�l1c�� >�7�>�-�)1� �²� T?V?T¨Nêc�O�R�]_d8efV?T?W8h

The
(5-&$�<��!�.k09�-��.3%$&7�, ,.-0/p<!t�>�-�)8(5-�=!(*9?)+- X �'q*q*�.$��.75, , t��#-&$&759�3�-�� (U�.3s(5-�=�(*9?)+-�� �©7�<��*"0<#-�)f/0� �;-��23i�.�'� X ��9?(o7&$�(*9�7�,r, t

because
(*<#-pn��')+/ 3���9?�2/?31,r� ��-p�¤<�t�>�-�)8(5-5=�(5�f75�#/vq5��)f3��'�;-�)+-07&3��'� d (*<#�'9�"0<�(U(*<!�.3on�7&3�q*9?�!��t©7�(�(*<2-%(*� �p- h�d

offer
�#��)+-&/?-&-���� �#"%-�=2$�9�3�- h

The
� �p7&"?-o7��2��62-��.3U�'q^7s>?)+��$0-&/09?)+7�, ,rt�"?-5�#-�)+75(5-&/�)+��$��}7�)@$�<#n�7�t h�] � ��-o7�, ,�<�t�>�-�)¤(5-�=�(*9?)+-03 X � (5j 3�)+-07�, , t;7�/?-��#3.� (*t

cloud
(*<#7�(5j 3a�#-0-��©�@3i<27�)8>�-��2-&/?��(5�;,.������, � ��-p7p3��', �./§�'��~�-0$�( h:d /?-�q*� �2-&/v(*<��.3s<�t�>�-�)8(5-�=!(*9?)+-�q*� )+3.(U�!t|/?-�q*�r��� �2"�7

space-filling
q*9?�#$5(*�.����(*<#75(�<27&317f3.�;���'(*<p�.3���3.9?)8q57&$&-%$&�'��(5�'9?)U� �p(*<2-%3i<#75>�-��'q�7���75)+$�<#n�7�t h�S <#-5� d 7&/?/?-&/�(5�

this
q*9?�#$�(*�*���©7�q*)+7&$�(575,s3i9?�ë�'q��#�'�.3�-�q*9?�2$�(*�.�'�#3�Û�7�(�-&70$�<�� (5-�)@7�(*�.�'�|�'q�(*<#-f3.9?� d /?�'9?��,.-0/p(*<2-�q*)+-&k09�-��2$�t�7��2/

halved
(*<2-17��o>?, � (*9�/?- h!Z � �27�, , t X'd 7�>?>?, �.-&/%74<!�."0<�"?7�� �o(5��(*<#-U/?-5�#3i�r(*t�q*9?�2$�(*�.�'� X 3���(*<27�(�(*<#-4(*)+75�#3i�r(*�.����q*)+���zu0-�)+�

to
���2-fn���9?,*/p�2-�)+75>?�./ � 7��2��9?(4(5n��v)+7�t�3�7��o>?,.-03�(*<��.$5��¡ h � <2-���t¬�'9��;75)+$�<�)+7�t�3�(*<!)+�'9�"0<�(*<!�.3�q*9?�2$�(*�.�'� X t��'9

get
(*<#-4�r�;7&"?-13i<2��n^� h

#®»ì



I
(*)8�.-0/�(5�©�;7���-�7&3��;7���tw/0� q*q5-�)@-���(%�;7�(5-5)8�.7�,.3�7&3�>���3�3i�r��,.- h^l �#�'6#-��*3��'�#-��'q�7�3�-�)8�*-&3��'q�-�=�>�-5)8� �;-��!(53�� �

simulating
n��'6#-���q57���)¤�.$ h�S �v�;7���-�(*<��.3 X�d q*� )+3.(�/?-�q*� �2-&/�7aq*,.75(�3i,.75� X �r��n�<!�.$�< /?-��#3.� (*tf�.31�'�#-%n^<#-���t�í�å X 7��2/

then
/0)+�'>�3U�'q*q_(5�pu&-�)+��n^<#-���t;n�75�#/?-�)+3���q*q:� (53Uu0-�)+��>?,.7��#- h �«�')+-�q5�')8�;7�,r, t�Û�q � = X t X u&¡�í�îï� qsð t�ð?ñ©�s(*<2-��}å�-�,.3�-

1
¢_ð t�ð£ò h

I
�;70/?-�(*<#-�>?,*7��#-�)8� >?>?,.-�9?>²7��#/�/?��n�����t§)+-�>?,*7&$�� �2"�t©n��r(*< t�¸¥3i� � � =#¡8Ý?3.� � � u&¡��#-5q5��)+-�-�6#7�,r9�7�(*� �#";(*<#-�3.,.7��

function.
S <#-�� d $�9?(�(*<#-�3i,.7��%� �!(5��q*� �#-5)+3���to�o9?,r(*� >?, t�� �#"a(*<2-�3.,.7��%q*9?�#$�(*�*���%��tp$&��3 � =#¡ h!S <!�.3�"?7�62-��p-�(*<2-1n�7�)¤>

threads
�'qs7on���62-��%�;7�(5-�)¤�.7�, h�Z � �27�, , t X�d )+�'(57�(5-&/�(*<2-on^<#�',.-�(*<!� �#"��!t T å o (5��"?-5(_(*<#-�n�-�q*(_(*<!)+-&7&/?3 h � <2-��ft��'9

add
(*<#-1n�7�)8>�7��2/a(*<#-1n�-�q*(�(5��"?-�(*<2-�) X t���9�"?-�(�3��'�;-�(*<!� �#"a, �r��-4(*<#-4�;7�(5-5)8�.7�,��'�o(*<#-4,*-�q*( h

To
�;7���-^(*<#-^q*� �#-�)��;�')+-�$&��75)+3�- � �*-&Û�n�����,*-�t�¡��')a$0���!6#-�)+3�-�, to�p��)+-4q*�r�#- X!d �;��/09?,.7�(5-&/�(*<#-^���.703s75�#/%"?7�� ���'q�(*<#-

resulting
q*9?�#$�(*�.�'� h�S �§�p7���-�(*<#-�3i9?)8q57&$0-�9?�#/09?,.75(5- X�d 7&/?/?-&/�,.��n³q*)+-&k09�-��2$�t§�#�'�.3�-�(5�§t§�2-�q5��)@-�-�6#75, 9�7�(*� �2"

anything.
S �f"0� 62-174���.$&-4�r)8)+-&"09?,.75)sk09�7�, � (*t�(5��(*<2-1$�,.�'(*< X'd 7&/?/?-&/a<��."0<�q*)+-&k09�-��2$�t��2���*3�-4� �!(5��(*<#-4q*9?�2$�(*�.�'� h
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I
75,.3��v�;7&/?-%7 S )8�r����,*- X 7&3�3i<#��n^�p<#-�)+- X 7&3�n�-�, ,�7&31�'(*<#-�)o-�=�>�-�)¤� �;-��!(53�� ���¤q*9?)¤)8�.-�)o3it���(*<2-&3i�.3�� h�� -�)+- d 3.<#7�>�-0/

the
/?-5�#3i�r(*t©$�,.�'9�/v� ��(5��,.�'�#"vq*� �2-�)+3 X �!t©/?-�q*� �!� �#"§7�<��."0<�q*)@-&k09�-��#$5t|3.>���(�q*9?�#$�(*�.�'� � 6!�.7��#�'�.3�-&¡1�'��(5��7���� �!�#-�)

surface,
7��#/}(*<#-�� X q*)+�'�ô7���t�>��'� �!( c � ��(*<#-v6#�', 9?�;- X >?)+��~�-&$�(*�r�#"�/?��n^�²���!(5�|(*<��.3p3.9?)8q57&$&- X 7��2/§9�3.� �#"}(*<#-

density
���%(*<2-13i9?)8q57&$0-�(5��/?-�q*� �#-4(*<2-1/?-��#3.� (*t;7�( c�h'S <!�.3:(5-��2/?3:(5���;75��-�,.�'�#"aq*� �!)+�'9�3�3i<27�>�-&3 X 3i�r�#$&-^� (�)+-&3.9?, (53:� �

equal
/?-5�#3i�r(*�.-&3�7�,r,�7�,.�'�#"a(*<#-4, �r�#-17��2��62-17���tf"0� 6#-5�o>����r��(�����(*<#-4� �!�#-�)s3.9?)8q57&$&- h

I
�;7&/?-^(*<#-^<#7�� )@3s$59?)8,��!t;7&/?/0� �2"�,.��n¨q*)+-&k09�-5�#$�to�2���*3�-^� ��(5��(*<2-�/?�'�;7�� �p��q:(*<#-�/?-��#3.� (*toq*9?�#$5(*�.��� h�S <��*3sn�7&3�(*<#-

first
-�=27��o>?,.-�� � $&�'�o>?9?(5-�)o"0)+7�>?<��*$&3��'q�,.�'�#"§7��2/�$�9?)8,rtpq*9?) h¬l )+�'9?�#/�(*<2-f3�75�;-�(*� �p-�º�� �õÔ17.~.� t�7��p7&/?-f3����;-

really
$&���',_q*9?)1�;��/?-�,.3 X 7�,r(*<#�'9�"0<�<��.3s(5-&$�<��!�.k09�-&3�>?)@��/09�$&-0/��'��,rt|3.<#�')8(�7��#/§3i(*)@7��."0<�(�q*9?) h º��r�°<#7&/v(*<#-p"?����/

sense
(5�v9�3�-p-&7�)8(*<!, tp>?, 9�3i<!t�(5�'t�3�q5�')1<��*3o3i<27�>�-��;��/?-�,.3 X �r�#3i(5-07&/§��q�75, �.-��©�'�#-03 h¬S <#-p-&7�)¤(*<�, t��'�#-&3�7�)+-��p��)+-

easily
)+-&$&��"0���*u&-&/a��t�(*<#-17&$07&/?-��ot hßhßh
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It
<27&3�7�,.n�7�t�3�3�-&-��;-&/�(5�p�p-�(*<#75(�(*<2-�)+-fn��'9?,./��#-�7&/06#75��(57&"?-&34�r��<27�6�� �2"��'>?(*�.$&7�,:�;7�(5-�)8�*7�,.31n^� (*<|$0���!(*� ��9�7�,r, t

varying
/?-��#3.� (*t X n^� (*<��r�¦n�<!�.$�<¥, �."0<!(%(*)+7�6#-5,.3v� �¦$�9?)862-&/|>�7�(*<#3 h�S <#-�� �;70"?-�����(*<2-�,.-�q*(��.3�7�<�t�>�-�)¤(5-�=�(*9?)+-

experiment
� �¦$&�'��(*�r��9��'9�3�)+-�q*)+70$�(*�.�'� h^S <2-����+~�-&$�(%�.3�(*)@7��#3.>�7�)+-��!( X 7��2/¥-�6#-�)¤t�>��'� ��(��'��� (53��r��(5-�)8�*��)�<#7&3�7

different
� �2/?-�=}�'q_)+-�q*)@7&$�(*�.�'� h�d � ��>?,.-��;-��!(5-&/�7�62��, 9?�p-�(*)8�.$�62-�)+3.�.������qs���2-�, ,.j 3�,*7&n X (5��(*)+7&$&-s(*<#-�$�9?)86#-0/�>�7�(*<#3

made
�!t�,r�."0<�(�7&3:�r(�(*)@7�6#-�,*-&/a(*<�)+�'9�"0<o(*<#-1�'��~5-&$�(5j 3:� �!(5-�)8�.�') h

The
�27&$���"0)+�'9?�#/��.3^�#�'(�)@-&7�, , t�75����9?(5¢8�'q5¢µq5��$�9�3�3�$&-��2-&á��r(5j 3�~.9�3.(�,.��nÂq*)+-&k09�-��2$�tf�2���*3�-f70/?/?-&/%(5��7f$&�',.�')�"0)@7&/ h

This
�.3§7�3i� (*9�75(*�.���¶� �xn�<!�.$�<¶�#�'�.3�-��*3p)@-&7�, , tx$&�'��62-����*-���(�¢�(5�¹"0� 6#-�(*<#7�(�,.���'�z�'q}�¤(*<#-5)+-&j 3 3����;-5(*<�� �2"�� �

background,
7��#/ d /?�'�#j (��?�#��nwn^<#7�(�� (��.3 X �!9?(��r(�,*���'��3:)+-&703��'�#7��!,.-17��#/a� (�3.9?)+-4�.3��'9?(���q�q5��$�9�3 h �

÷ª��:¿�ø�×�¼i�i��ù_ú�:��û������×���ü��¿���×�ý*ý*ý

Meanwhile,
�#7&$5�¦7�(�(*<#- R 7��2$�< � � qot��'9�j )@-p)@-&7&/0� �2"�(*<��.3�t��'9�>?)+-&3.9?�;7��!, t �?�2��n

which
)+75�#$�< d j �ä(57�, �?� �2"

about)
(*<2-|9�3�-��'qp�#�'�.3�-¨3i>?)+-&70/¨, � ��-�n^� ,./0q*� )@- hal , ,%(*<#-�º&7��;-&3��s75�;-�)+�'� X ��$�<#n�7�)8(5u0-��#-&"?"?-5) X �?(575) S )@-�� X

Batman,
-5(5$ h �p��6!�.-&3�3.(57�)8(5-&/a)+-�,rtm�r�#"%����� ( h

Procedural
(5-5=�(*9?)+-��2-��#-�q*�r(53pq*)@���ã�����')+-&j 3�,.70n�Ûo703�$&�'�o>?9?(5-�)�� c ÒÅ(*� �;-��2-&$&�'�;-&3�$5<#-&7�>�-5) X >?)@��/09�$�(*�*���

companies
� �2$�)+-&7&3.� �#"0,rtÏ<#756#-Â(*9?)8�#-0/õ7&n�7�tÏq*)+�'� >?<�t�3i�*$&7�,§�;��/?-�,.3 X 7��#/³(5��n�7�)@/Ñ$&�'�o>?9?(5-�)x"0)+75>?<��.$&3 h

Noise-based
>?)+��$&-&/09?)@7�,�3i<27&/0� �#"¦�.3��'�#-¹�'q§(*<#-¨�;7��r�y(5-&$�<!���.k09�-&3|>?)+��/09�$�(*�.�'��$&�'�o>�7��!�.-&3�9�3�-¨(5��q5����,

audiences
� ��(5��(*<!� ���?� �2"v(*<#7�(o$&����>?9?(5-�)�"0)+7�>?<!�.$��;��/?-�,.3a<#7�62-�(*<#-p3.9?��(*,.-�� )¤)+-&"09?,.7�)¤� (*�.-&3o�'qU)@-&7�,s�'��~�-&$5(53 h#Z ��)

example,
���.3i�2-�t�>?9?(�� (�� �!(5�v(*<#-�� )

CAPS
3it�3i(5-��õ¢4t���9�$&7���3�-&-�� (4� ��(*<#-����.3i(53o75�#/�,.75t¬-5)+-&/§7�(*�;��3i>?<2-�)+-�� �

high
-5�#/f75��� �;75(5-&/�q5-&75(*9?)+-&3�, � ��- S <2- ] �*����Ô4� �2" h!d �%q57&$�( X 7�q*(5-�)U7�)+�'9?�#/�� T?T åf�')a3�� X

every
� ��, ,rt¬n�����/�-�q*q5-&$�(53

film
<#70319�3�-&/�� ( X 3.� �#$0-%(*<2-�t�7�, ,��;7���-�9�3�-���qo3��'q*(5n�7�)@-�3i<27&/?-�)+3 X 7��#/�3��'q*(5n�75)+-�3.<#7&/?-5)+3%/?-�>�-��#/;<#-&756�� , t����

noise.
O 6#-5��(*9�7�, ,rt X (*<#-5tv-�62-��;"?7�62-4�;-17 S -&$�<��!�.$&7�, l $07&/?-��ot l n�75)+/aq5��)_� ( N ��� d8S�O � �fT?�?W8h

One
>?)+�'��,*-�� n^� (*<õ7�, ,�(*<��.3|�.3©(*<#7�(�7&3w7�9�/0�*-��#$&-�-�=!>�-&$�(57�(*�.�'�#3©� �o>?)+�'6#- X (*<#-�3i�.u0-y7��#/·$&�'�o>?9?(57�(*�.�'�#7�,

#®»þ



complexity
�'q�3i<27&/?-�)+3a<#703��#-0-��§� �#$�)@-&7&3i�r�#" 3.(5-&7&/0� ,rt h�Z �')f-�=#7���>?,.- X � S <#- c -�)8q5-&$�(o��(5��)8�p�p7�6#-�)@7&"?-&/ 75�#�'9?(

200
-�627�, 9�7�(*�.�'�#3¶��q e �'�.3�-«>�-�)¦3.<#7&/0� �2"°3�7���>?,.- hvO 62-��ÿn^� (*<{(*<#-�$�9?)8)+-��!(�� �o>?)+-03�3i�r6#-«>�-�)8q5�')8�;7��2$&- �'q

computers,
-07&$�<oq*)+75�;-4(5���'��74,.�'�#"a(*� �;-4(5��$&����>?9?(5- h

Recently
d j 6#-��2-&-��²n���)¤�?� �#"��'�«7&/?/0)@-&3�3.� �#"�(*<!�.3�>?)+�'��,.-�� h_d � �ot§�#-5=�(�$�<27�>?(5-�) X�d j , ,�3.<#��nÑn��')8� d j 6#-��2-&-��

doing
�;�')+-4)+-&$0-���(*, tf�'�o�;7��?� �2" e �'�.3�-4�2-�(*(5-�) X q57&3.(5-�) X 7��#/a�;�')+-1�¤<#75)+/?n�75)+-4q*)8�.-��2/0, t�� h

References:
NPO�Q�O�R�SUT?V?W�� F5MBKLH?C�È É��%I?É?G��©D0G�F&JLÈPÉ����	� Ç C�D?E&F�G�H?CiI�J
��A?A4C�D0I�E��?Ê���-&$0���2/ O /0� (*�.�'�#á O �#-�)8(�� h -5(475, X�l1c
c )+�'q5-&3�3.�.���27�,.á���7��o��)¤�./?"?-�� T?T?V $&á

[PERLIN89]
c -�)8, �r� X Ô hßX 7��2/ � �'q*q5-�)8( X�OUhßX

Hypertexture, 1989
�s�'�o>?9?(5-�) � )+7�>?<!�.$&3 � >?)+��$&-&-0/0� �#"?31�'q l ���

SIGGRAPH
���'��q5-�)+-5�#$&-&¡¤á�Æf��, h Ü ´ae � h�´?h

[PERLIN85]
c -�)8,r� � X Ô hßX

An
Í��I���F4Ë��0É�K���F��&È��'F0CiÊ

Computer
� )+7�>?<!�.$&3�á�Æf��, h � Tae � h�´?h

[SCITECH97]
S -&$�<��!�.$&7�, l >?<!�.-�6#-5�;-&"0( l n�7�)+/�q*)+�'�Ï(*<#- l $&70/?-��ot��'q�����(*�.�'� c �*$�(*9?)+- l )8(53�7��#/���$��.-��2$&-&3 X

``for
K���F}G�F��&F0JLD5A�fF�É�KoD*Ì Ç F0C�JLÈPÉ���D?È��&F�Ê�I³KLF0E��?É�È��?H?F�H��&F�G³KµD}A4C�D0G�H?E0F�É?I�KLH?CiI�JaI0A?A4F�I�C�È É��yKLF�MBKµH?C�F���D0É

computer
��F�É�F&CiI�KµF�G��'H?C Ì0I�E&F��BÌ?D?C�fD?KLÈµD0ÉaA4ÈLE&KµH?C�F��&È��'H0I�J2F Ì*Ì?F0E&K��������
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