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#def i ne CHECK_OPENGL_ERROR( cmd ) \
cmd; \
{ GLenum er r or ; \

whi l e ( ( er r or = gl Get Er r or ( ) ) ! = GL_NO_ERROR) { \
pr i nt f ( " [ %s: %d] ' %s' f ai l ed wi t h er r or %s\ n" , \

__FI LE__, __LI NE__, #cmd, \
gl uEr r or St r i ng( er r or ) ) ; \

}
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#def i ne gl Begi n( mode ) \
i f ( __gl Debug_I nBegi n ) { \

pr i nt f ( " [ %s: %d] gl Begi n( %s ) cal l ed bet ween” \
“ gl Begi n( ) / gl End( ) pai r \ n" , \

__FI LE__, __LI NE__, #mode ) ; \
} el se { \

__gl Debug_I nBegi n = GL_TRUE; \
gl Begi n( mode ) ; \

}
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� G_K��F^`G/IFK �§VDIFS�G Ad@fNQP ^[G_VfIFS

����� �a��p¬���p�)�4����¥�¡���¢p�4��¨`�p ¥�	�������W�p���
¯�
��������������� ´��/´!±��vµ�����������������´��R° �����v°"!����/±:µ ´#U°�±�²/³ ´��
¯�$%�pµ'&�´(�)��� GL_LIGHTMODEL_LOCAL_VIEWER

����� �a¬���*F�[¡t�#���W�p���
¯�+"�~´��p°�°¥°�±�²/³«´,�(���.-0/�� ³1�%����23�%�	���)������° �"���«´����

=54

� G_K��F^`G/IFK �§VDIFS�G Ad@fNQP ^[G_VfIFS76 E|VfIh^98;:

����� �a a�4�v£W� �[¡!�=<�>p p�_��� �������p�4��p� �¦¢��p�`�d�
¯@?�µp°A-�³1��°B��� ±BCD-����E&��F� µ)�~´GC�±°�°IH�°�±J� ±�´����
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?�@BADCFEHGJIFKMLONQPRIFSUTWVDNUX Y[Z�G\X]G_^`@aA
bcVd^`^eZ�@fIF@dEhgHS76�E|VfIF^98�:

��� }�s�������
	��xnJ}� m��e}\n
����� �����%���p�����c���p�[�p�|���R p�_¡���£ ¢~ ¥�:���

¯
� ��� � ±J���W° �����vµ«´��«´!±I�vµ1�e´ ���)��� ���/´ �)±��F´ -����c´�� �F���%�)������«´ �:±��'H��)���2´,�%� ���J°"´!±J�W°�±I���«´!±I�vµ �����%�F�/´!±��vµ)�

glLoadMatrix*()

glMultMatrix*()

glRotate*()
glScale*()
glTranslate*()
glLoadIdentity()

���������! #"%$�&�('��! )"*$�&

=,+

-/.0. Z�G_E|Pª^`G VDIdY[Z�G\X]G_^`@aA bcVd^¥^ Z�@fIF@dEhgHS

132 m��54 w m6�8709/� jom n:��k!k
;xj6���en¥u=<>�?�@�A; j��ts
�owow|k��CB
� }D��j�� n/}D�®k!k s��E�xn}«j j n`k)j q
�ª© �W� �4�`� �� /� �p¨W� >��§ ">¥�#�§�4¨�_¡! ¥�p� ¬�� ¡{�` p�4 a� ¨
�t�p�`�p�|�ª¬4 p� �t�`�p¨¥�W���

���¤��� � >/� ��¨��[��¬��W��p�d ¥�¥�¥�#��¢~ W����¨[�R�¦¨�_�p ��|�p¨D¡%�`�p�¥�`¡���p�
�����p�`¡�¬4¨`¡4�����
F(>��W�t ¥�)�¥�¥ ��4 a���t� � ��)�¥� ¡% ��p�¦¬��`¡4¡����§� ¨
�t�p�`�p�|�
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-/.0. Z�G_E|Pª^`G VDIdY[Z�G\X]G_^`@aA bcVd^¥^ Z�@fIF@dEhgHS
6 EHVfIF^98�:

���W�`�p�¥�[¡���p����a�t�p�`�p�|�F���|�_¡!���~�p�[¡!�W� *d�p�`���J� ¡�����¢~�W�
 ¥¡��a� �[�p�o� ¨a�_�p� �p���p�

�ª©«�`�p���	�
���������������
��������� ���"!�� �"!���#����$���%&�
')(��
!*�+���
�,%&�.-/�
!��'�0��	%�1
243/576 8:9<;=5>9�8.8 glVertex*() ;=978.8:?A@CB.DFE glNormal*();=978.8:?

– glNormal*() G=HJI K4LNM�O
L�OQP�M4RJS�TNTUMVHFO�W�M=TUONM�XZY:L[H\G=TN]_^JIW�^�I)S�MJLa`7b$S�O�O&Tc^dH�LQeUM=TfL�O&P�M4LQ^�][MC^d]gGZS�H\O GVe7h�^FOi^

jlk

m�npo�qsrutwvsxzy|{�{~}QtJru���,t���v*�,}Qt�� t��,n�o
�>�*�	�4}Qn�vsn*r��u�

�������1����,!��C��0���� �	!��"����%\�!���0\�	%�1��,%�%&������,%\�U��7���.�	!
���,!��
!�-��s�
'+'[���,'N���J���~��%a�	��'.�,1

��� �w� �.�$�.����,��'U�.#�����.�	!*�	� ���.-�!*�	� #/�.���.�,!��
24��9<D\9�?\D� ¢¡<;=DF¡  i5/?
2[£[ i9¥¤<5� i?F9�8�¦�5�DFE<§/¨�?
2g©ZD\§� i9�ª=5�«&§� Q¦�9<D\?

��¬g�����!������'f�.#���F�.�,!���%&� 0\�
'.�
!�-��F���,'g
�[®
-¯® pixie °
prof � gprof �A�,%4�������	%4���
1*�
'f�%±�����,'U�=²
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©Z5�D
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j��

� � ����� ��{�{�n�vs��� � n�v � � q � n��
� {�n�v
	�� � �	���,n

 "!$#&%('*),+.-0/21$+0354,+7698;:2'<6>=?%A@CBEDF+.G<%A6H'<1I=J+./

 LKA-21M'*NONP6Q%SRT-&%A@U1M'V:2'<NW=OXA'<1I=J+./F'<1Y/&%<ZS1Y6>%./2X0%76>=[/2\]+.G2%76H'<1I=J+./

^5_>`<a&bHcQdA_P`<a2e]fhg*ajikd7_[lme&`nlI`
co_>gAprq&g2bIl5c>g0_9ps`jlut?a&l>gvtwajlHd7_Ia&`<x
_>d0y*_>d2bodAajlI`hlItWg7a

^5_>`<a&bIc>d7_mz<{2ajlQ|EyEdSe7},eE`jlH`
~
glTexImage2D() �

��d2l5i&`<xW{&d2bmtwa,�$yEd0a2�5�2�Wb$fjg0a&lIdE�&l��d2l$`vzjlQ|2y&d0eA}sb9d<l�gEc
eE`jlI` ~

glMaterialfv() �

��d2l$loq&d,c>d<`jl9{0_>d.�Wbmd*a&`k�*x�dvc9x�`j�^5{0_Ia2tJa&�YgAa;g7_Pg&c>cP`
cQd2`jl�{<_>d ~

glEnable() �
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.0/21
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GIH

J ��KL,NMO�P�Q,-�
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RTSVUXWQY�ZV[5\�\^]_WQ`+a(bdcXWQegf�h�ijegc_WkSXbdc!`<UV\N\
l'mNn>oDprq�ntsLpvu�w�x�yjy�z�{}|+~D���E�-���E{}�0��|L~���~Ixt���E{Dxt��|E�L�N�g��|5�>�g�g~D�����gx
{��t�����t{�~D���

l��3x>�!�0���>|E�L�N�g��y0���0���j��|(�E{�~C�-�j�t{ ���^�0�v~��>�N�g~vxt�
�!�>���C���j���-������ v�>¡r¢�¡N£¥¤�¦ ¤���§;¨©¤���ª_��¦I§��g�j�¥�E«-�C�¬£©¤-¤����®r¨¥�¯�g�j°6±
²_³@´d��¨d¢¯®µ¨�¢����N¨d�j�0�®µ¨d¢X¶-�D®µª_®��L® ·d�

glMaterial( GL_FRONT, GL_DIFFUSE, blue );
glEnable( GL_LIGHT0 );
glBegin( GL_TRIANGLES );
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• GL_COLOR_MATERIAL
È�É9Ê�Ë=Ì³ÍEÎyÏ0ÐÑÊFÒ=Ó�ÔLÕ�ÊEÖyÐ�Ö³Í×Ö}Ø�Ð/Ù ÚÜÛ�ØÝÖRÚyÒLÛVÏ�Ê�Ï�ØLÐÑÐ�Þ�ÐFÎ(Ï�ÊFÙ�ÙEÖ³Í
glColor*()
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3�465(798:4�;6<
glPushAttrib() = glPopAttrib()>@?#A!BDC0E:F!GIHJA!G:KLA!G:M�NOF!BQPRBSKLM�KDGJTVUWKDXYBSZ&B[KLAY\

>^]_Z`HJAY\9UWF&M�\aFYNb\cMcZdMeAfPRgdAhGREJZ&UiUjA�k
lnm!oLo_p&o p&qap&rtsvuQw_xQydr9zJ{e{[|e}j~J�&{[���:|v��������y���pn�Iw��t�jpd��xOw��QoWyIsOpJ�

>��QUi��F�\cM�TJ�JZ&BSZ&GdMeA,AYkfMeF�k&F�Z�H,Z&U�KLkYZdM�KLF!G�P�g:A!GRE�Z�UiU�KDGJT
glPopAttrib()
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ÅÃËQºa¼Q½2¾bÁ
·�Ì-¹»Ç�Ä�Í
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·�Ó�¹�½#º�¼QÀDÊ#¾É¹�¾�¼Q¿6¾�¹�Àe¼Q½(ÐbºQÁd¾Ã¿�Ç�¼ÔÆJËQ¾
¾ÖÕ�ÍQ¾6¼QÁd¾
ÇÃ×0ÆJËQ¾
Ç�ÍQ¾6¹»ºÃÆ_ÀOÇ6¼
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lnmpoTq rtsvuZw[xzy�� q_s�����w �

	 `�d�U�
 K1R<U#QLdgXVdgO�^]U�

glColor3fv( color );
for ( i = 0; i < NUM_CUBE_FACES; ++i ) {
glBegin( GL_QUADS );
glVertex3fv( cube[cubeFace[i][0]] );
glVertex3fv( cube[cubeFace[i][1]] );
glVertex3fv( cube[cubeFace[i][2]] );
glVertex3fv( cube[cubeFace[i][3]] );
glEnd();

}

i��

lnmpoTq rtsvuZw[xzy�� q_s�����w �

	 `�d�U�
 K1R<U#QLdgXVdgO�^]U�

glColor3fv( color );
glBegin( GL_QUADS );
for ( i = 0; i < NUM_CUBE_FACES; ++i ) {
glVertex3fv( cube[cubeFace[i][0]] );
glVertex3fv( cube[cubeFace[i][1]] );
glVertex3fv( cube[cubeFace[i][2]] );
glVertex3fv( cube[cubeFace[i][3]] );
}
glEnd();
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lnmpoTq rtsvuZw[xzy�� q_s�����w �

glBegin( GL_QUADS );

for ( i = 0; i < numCubes; ++i ) {

for ( i = 0; i < NUM_CUBE_FACES; ++i ) {

glVertex3fv( cube[cubeFace[i][0]] );

glVertex3fv( cube[cubeFace[i][1]] );

glVertex3fv( cube[cubeFace[i][2]] );

glVertex3fv( cube[cubeFace[i][3]] );

}

}

glEnd();

i �

lnmpoTq rtsvuZw[xzy�� q_s�����w �

���	�	
������
��	����������
��

glColor3fv( color );

glBegin( GL_QUADS );

glVertex3fv( cube[cubeFace[0][0]] );

glVertex3fv( cube[cubeFace[0][1]] );

glVertex3fv( cube[cubeFace[0][2]] );

glVertex3fv( cube[cubeFace[0][3]] );

glVertex3fv( cube[cubeFace[1][0]] );

glVertex3fv( cube[cubeFace[1][1]] );

glVertex3fv( cube[cubeFace[1][2]] );

glVertex3fv( cube[cubeFace[1][3]] );

glEnd();

glBegin( GL_QUAD_STRIP );

for ( i = 2; i < NUM_CUBE_FACES; ++i ) {

glVertex3fv( cube[cubeFace[i][0]] );

glVertex3fv( cube[cubeFace[i][1]] );

}

glVertex3fv( cube[cubeFace[2][0]] );

glVertex3fv( cube[cubeFace[2][1]] );

glEnd();
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glBegin( GL_QUADS );

for ( i = 0; i < numCubes; ++i ) {

Cube& cube = cubes[i];

glColor3fv( color[i] );

glVertex3fv( cube[cubeFace[0][0]] );

glVertex3fv( cube[cubeFace[0][1]] );

glVertex3fv( cube[cubeFace[0][2]] );

glVertex3fv( cube[cubeFace[0][3]] );

glVertex3fv( cube[cubeFace[1][0]] );

glVertex3fv( cube[cubeFace[1][1]] );

glVertex3fv( cube[cubeFace[1][2]] );

glVertex3fv( cube[cubeFace[1][3]] );

}

glEnd();

for ( i = 0; i < numCubes; ++i ) {
Cube& cube = cubes[i];

glColor3fv( color[i] );

glBegin( GL_QUAD_STRIP );

for ( i = 2; i < NUM_CUBE_FACES; ++i ) {

glVertex3fv( cube[cubeFace[i][0]] );

glVertex3fv( cube[cubeFace[i][1]] );

}

glVertex3fv( cube[cubeFace[2][0]] );

glVertex3fv( cube[cubeFace[2][1]] );

glEnd();

}
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CEDGFIH JLKNMPORQTS�� � DGK��bF K�� H �ef�a
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i�� yex! exm�#"mv�ym| �qx%$mx'&g{4| £)(�j+*qp,$�£�{'��zq£`ym}�-h}�|g�q£`y/.
x'$'$g{4v6�qx:��v6£�y10Gx�} zm|:����v�ymzY{4|:}�}_�2"mxgy j3(�t�x' k|4- }0|:�q£`y/.

i¥��$'$g{4v6�qxm��v6£`y50 xm} y76���(wv�{�{¤{6v8 Pv6��|).

second
frames

frame
triangles
second

polygons

12
M1.02

M1.13 ≈

A:9

CEDGFIH JLKNMPORQTS�;<�PH = H cPOkHTf�\�c?> @_aka W

i��I|`t���|9�k��t�t�x���}

• gl Dr awEl ement s( ) A v�y/.g|q�B&mxm}b|#.[tw|�y/.g|¤t�v�ymz
i�¢¤£`{;£`t�p¥xm��|`t�v�xg{

gl Col or Mat er i al ( GL_FRONT,
GL_AMBI ENT_AND_DI FFUSE ) ;

gl Ver t exPoi nt er ( GL_VERTEX_POI NTER ) ;

gl Nor mal Poi nt er ( GL_NORMAL_POI NTER ) ;

gl Col or Poi nt er ( GL_COLOR_POI NTER ) ;
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CEDGFIH JLKNMPORQTS�� � DGK ; a � aeK`\b]¥H

i�¢¤£`{;£`t�p¥xm��|`t�v�xg{g�#"mxgymzq|�}¥� 0 £ {4v6z#"m��v�ymz  exm��|`twv6xg{
�q£7 $m£�ym|`ym�?} $m|¤t gl Col or * ( ) �qxg{7{

i�� £:� �2"mxm�  Pxgy�� �q£�{4£�t�}���}0|#.Ev�yY�2"m|B P£#.g|`{
���
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A<;

CEDGFIH JLKNMPORQTS CVaTc ]eZ�M FI\^a c F

= >@? � �A> �CB � ��� �CB � ���%?ED�FGF4���(B �H> ��D�F � �,I

i-J�£�t�� � t�v6xgymz:{;|�} &mxm}b|#.E£�yk�q£`{;£¤t
i�K�| 0ktwv6��v�ymze� "m|[t�|`y/.g|�twv�ymzY{4£:£7$Y} {4v6z#"m�^{'�

i�Lmt�x  P|[t�x:��| v�ym��t�|�x�}0|'. ��£Y}0v$�!(�t�x  k|:} - }0|:�q£`y#.
�NM#���#O 8 ¡g�@9��g�����q���h¡G�7������¡q�q�w¡

f or ( i = 0; i < numCol or s; ++i ) {
gl Col or 3f v( col or [ i ] ) ;
gl Dr awEl ement s( …, t r i sFor Col or [ i ] ) ;

}
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