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        ....شرافت به خرد و ادب است نه به دارايي و نژادشرافت به خرد و ادب است نه به دارايي و نژاد: : ))عع((عليعليامام امام 

  

�. ����� �	 
��
�� ����������� ������ � �� � ������ ��
 ��� � !�"�	 #�$%	� &� � '�()
 ��*" ���  

  +,� .��� -.���/��  0 .1��2��
�� 
�����  3 .��456� 
��"�  � .0 � +,� ����
  

  

7 .�(� 89:; .� <�� &� ��=�>� 1��2�?��(� �� ��= ����"� ��
 ���2�$ @  

  +,� .�(��=�>� �/���	�� =� (Raster – Scan Displays)       

  0 .�(��=�>� �/�1���� =� (Random – Scan Displays  

  3 .�(��=�>�  %A� 89:;(Flat – Panel Displays)   

  � .�(��=�>� ����
 '���� B(Liquid – Crystal Displays)   

  

C .�(� 89:; .� <�� &� ��=�>� 1��2�?� .��� ��" '�()
 ��*"� 	�����>� 
 ��?" 
D���$ ���  

  +,� .�(��=�>� �/���	�� =� (Raster – Scan Displays)       

  0 .�(��=�>� �/�1���� =� (Random – Scan Displays)      

  3 .�(��=�>�  %A� 89:;(Flat – Planel Displays)   

  � .�(��=�>� ����
 '���� B(Liquid – Crystal Displays)    

  

E .
� ���F>�G�	� .� 
� ����� (Input Devices) .����� �� H ��.� 8���� ���I 5(4 � J��"�  ��� �$  

  +,�..�" 8�	�� (Joystick)   0 .�2�  ����D(Track ball)                     

  3 .Z_ -�
(Z mouse)     �  .�2� �L1��(Space ball)       

  

M .&�� 8�	� &� ��>���1�� .�G(> �� 8��" N���>� �� 8
���"��� 
�(4� 1��2 ���
 �
������� 
 0��I 8"���$ @  

  +,� .Java �VRML �java CD �Open GL  �C++      

  0 .Java �VRML �java CD �Open GL  �GL  

  3 .Java 7D �VRML �java CD �Open GL  �GL        

  � .Java VRML �C �Open GL  �C++ 

  

H .
� ��	��	� .� 
��>� .�O" .� PQR ��� �"� �� 8� N� Q
 8
���" �"  S���� 8
���"OpenGL  T�9
 ��C++� �"���� "���$   

+,� .#include < windows.h>       0 . #include < GL/ gl.h>     

3 .#include < GL/ glu.h >          � .#include < GL/ glut.h >    
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U .��" �2�� ��� .� 8*O� �>��(pixel) �k "���" ���! 8�1�2�V��� %� �
������� %4�	 �" 8�s "���W�� %���� 8��1�" �� �� �  

 ����
 ���R ��  '�O��� ��
. X 
  >����� 
� �nm ×××× ��� �1�" �����W  @D ��$��"  >��� 8  

  +,�.
s

2nm
k

××××××××
   0 .

s

knm ××××××××
   3. 

k

k

s

2nm ××××××××
   �. 

ks

nm

××××

××××
  

  

Y .�� 8
���"� ZOpen GL 
�  >��A��[ �" T� 
���. \� 87 
� �  @� �	��. X5(� .� 
��" ��2 ]5;�  $���  

+,� .glBegin (GL_POINT); 

  0 .glvertex7iv (M^,�^^);  

  3. glvertex7iv (UM,�M^);   

  � .glvertex7iv (�^^,7M^);        

  

` .��"�  �	 �� 
n )a[�  )n %"�W(���	� �� )� 8D � glvertex7iv��"� �>��> 
 .� 
� GL–LINES–LOOP   �  GL–LINES–

STRIP��� 8" �� $%	� &.d \ ) .����A" eD 8" %	��� (  

  +,� .n  �n   0 .n   �n+�     3 .n+�   �n    � .n+�  �n 

  

�^ .��"�  T� �	�y=mx+b   -�� 8"(Digital Differential Analyzer) DDA  �2�1|m| ==== g� &�2  !�"�� �(step)
� � �� 
  

 .� . ����
�
 ��$ !�"  ����)"� h�O� #)y,x( aa  ��)y,x( bb  (  

'�� ���
 :|xx| ab −              &�� ���
 :|yy| ab −        &�	 ���
 :|yx| ba −       &��FD ���
 .|xy| ba −      

  +,� .'�� ���
 �F@�     0 . '�� ����
 �F@�� &�� �  

   3. &��FD � &�	 ����
 �F@�   � .�>� ����
 ��FD .� 
  

  

��.��G,� ��� j�1 �" T� �	� ��^<m<� &�F�.�" -�� 8" �(Bresenham) �2� 8aI�
 �>�� �0Pk ≥≥≥≥  � !�"1kP
++++

 $%	� &� �  

  +,� .x2PP k1k ∆++++====
++++

   0 .x2PP k1k ∆−−−−====
++++

   3 .y2PP k1k ∆++++====
++++

   � .x2y2PP k1k ∆∆ −−−−++++====
++++

       

  

�7 .�6 &� � 8"�. k�@9@
 ���>� �@Q
�� ���" � J��L�  ��OpenGL 	�� P"�R�$ @��> �  

'�� -�� :8��A"��� B"��� .� J��:�	� �"�� � �"���  8��> �� 8�OpenGL ���� ����.  

&�� -�� :,�� B"���  .� J��:�	� �"�"  �l5�	���F@� ����  8��> �� 8�OpenGL ���� ����.  

&�	 -�� :�O� .� J��:�	� �"�)a[  @D \� . <5[� �� )� �"���  

  +,� .'�� -�� �F@�    0 .-�� �F@��>�                  &�� � '��  

  3 .-�� �F@��>�   &�	 � &��  � .-�� 8	 �>  

  

  

glBegin (GL_POINT); 

     glVertex�iv (��,���); 

     glVertex�iv (��,���); 

     glVertex�iv (���, ���); 

glEnd ( );     
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�C .��! &� � %9��. T�6��A
 B*O
��� 0fEyDxCxyByAx 22
====++++++++++++++++++++ �(F	 
� ,���
  �$ @�  

  +,�.0AC4B2
>>>>−−−−                                       0 .0AC4B2

====−−−−       

  3 .0AC4B2
<<<<−−−−                                          � .FEDC ++++========   

  

�E  .�)a[  @D 
� . Ba[ =! �"��2 &� � �%	� J ! J��� ��9; 8@� $%	� m  

  +,� .0 9
    0 .     �)O
  

  3 ." 0 9
�L���2      �  .1���� X�456�� 
� !�". 

  

  

�M .���� �� J ! �	� P?!� ��"� .  ��$%	� &� � �  

  

  

  

  

  

                                                                                          

  

  

  

  

�H .G�� ' 
 ��� RGB   �"Y ���n�� o�� �o��� ���� &� � \��FG�� .� 
� .�$%	��  

  +,� .R  �B  0.B �G          3 .G �R                 �.R� G �B   

  

  

�U ..  � 8)*R p�	��"�G�� 8D J ! �	� T� �� $��"  >���  

  +,� . �
�R  0 ."��   

  3 .���n���    � .�Q	  

  

  

  

  

)0,2,0(E,)0,0,3(E

)0,2,0(E,)0,1,1(E

)0,1,1(E,)0,0,1(E

65

43

21

−−−−====−−−−====

====−−−−====

========

 

glBegin (GL_TRIANGLES);   

     glVertex�iv (P�); 

     glVertex�iv (P�); 

     glVertex�iv (P�); 

     glVertex�iv (P	); 

     glVertex�iv (P�); 

  .الف  .ب

  .د  .ج

glShadeModel(GL_SMOOTH); 
glBegin (GL_LINE); 

     glColor�f (�.�, �.�, �.�); 

     glVertex�i (��, ��); 

     glColor�f (�.�, �.�, �.�); 

     glVertex�iv (���, ���); 

glEnd ( );     
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�Y .��"� . P?!  �����/���G,� .� J��:�	� �"�� ��Boundary-Fill �"���� ��(> .��G� 9
 P� �� ��� J��:�	� 8��2 @D��" P?! T  

$���2�/ �V� ���
 o��)8��� :�>��> 8��� .� 
� . P?!��(� ��� @�8 ة*O� 
(Pixel) %	�(  

  +,� .��   0 .        ��FD  

  3 .�                             =! .%q>  
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�. Z� Q� &� � ��1�)
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  +,� .)y,x(T).s,s(S).y,x(T ffyxff −−                        0. )y,x(T).s,s(S).y,x(T ffyxff −−     

  3 .)y,x(T).s,s(S).y,x(T ffyxff −−−−                        �. )y,x(T).s,s(S).y,x(T ffyxff −−  

  

7^ .�2 &� �� 8@$%	� %	��  

  +,� .),(),(),( yxTyxTyyxxT ++++′′′′′′′′====++++′′′′++++′′′′              0 .)()()( 2121 θθθθ ++++==== RRR     

  3 .)()(),(),()( θθθ RRyxTyxTR ====−−−−−−−−−−−−               � .)s,s(S)s2,s2(S)s,s(S yxyxyx −−=−−×   

  

7� . #G(> X���A
 J�G�	� ��(Homogeneous Coordinate)  )" 8	���" �� TO� �
θ ��9 ة" 8�� �(x,y,z) . ة���� '�I �y ��>

 Q� &� ��. P�9; ��$%	� m  
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77 .���
� Q� Z�p�?)�� P(Reflection) m:; 8" %Qة�� yz  8	 #G(> X���A
 J�G�	� �� )"�$%	� &� � �  

+,�.
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3.
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
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7C .�� ��"�� B"��OpenGL a(4 8D� 
 &�r�� ���       $ >�glScalef(7.^, lC.^, �.^)  

  '�� P(4 :�(@2��"��  J.� �� 8"7  ��9
 %F� ��x       �>      &�� P(4 :�(@2��"��  J.� �� 8"C  ��9
 %F� ��y �>  

  &�	 P(4 :�(@2��"��  J.� �� 8"7  ��9
 %F� ��z &��FD P(4           �> :	�?)���  ��9
 8" %Q��x �>  

  �r@/ P(4 :��	�?)�  ��9
 8" %Q��y                     �>         �q! P(4 :	�?)���  ��9
 8" %Q��z �>  

  +,� .P(4�>� 0                                    &�	 � &�� �'�� .P(4�>� �q! � �r@/ �&��FD  

  3 .P(4�>�   &��FD � &�� �'��   � .P(4�>� �q! � �r@/ �&�	 

  

7E .��G,� kQ6�"�#>�� T� -�" ��l  @,���	(Cohen–Sutherland Line Clipping)�r@/ �2� ة�  -�"(M,M) �(7M,C^)  J�G��  !�"

��"�  T�{B=(7U,7^) , A=(E,CM)} AB �code (A)  �code(B) ��� 8"�$ @
� � \  

    +,�code(B)= ^��^, code(A)=�^�^                        0 .code(B)= ���^, code(A)=�^^^  
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