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�!�õ�®�˜�õ�| 
a Larrabee 	1�•�Á�¨�.�����)
.�Ì �•���Œ�ï �4�„ �%�µ(rendering pipeline)�•�•

�Á�¨�Ó�¤�{
à �S	À �•�Ð�—�G���¨�4	1�¯�h�‰�ë �– Larrabee ���4�•�Á�¨���g (in-order) x86 �m

���`
û�t (CPU)�Á�¨ �”���ú�ã�1 �����{�f �`
û�â�• (wide vector processing unit)�V�+���P�s

�ä�h�ä�@�ô�Ç (fixed function logic blocks)�–�‡
��é���Ï 	1���é�`�� 
ä�	 �´ �”�V	z�� �g

(out-of-order) �m���`
û�t (CPU)
Œ�� �p�@�”�h�U���<�Ù�¢�1�¯�h�V�¢�â�ï 
ÿ�è�¯�h �–�I�Q�7

�„�y�`
û�t (GPU - Graphics Processing Unit)
Œ�� �”���H�h�U���ú�ã
.�Ì	1���¤�V�Ó�¤�{
à

	•���¤ �–
Œ�u�‘�è (coherent)	1�R�(�ƒ	ì (on-die) L2 �v�7�–�‹�ï�­�B �.�����)�`
û�t�t�Ï�¯


÷	1�.�• �”���h�<�� �m���`
û�t (CPU)�Á�¨�Ð�Ï�n���˜�7	h�$ �v�7�–�‹�ï�m	1�÷�± �–Larrabee

	1�`��
ˆ�Ó�Y�d�Ð�Œ�ï �”�Ö	z 
†�P�s�ä�h�ä�@ ��
��é �–
Œ�™�Í �„�y�`
û�t (GPU)�”�à
.�Ì	1

�ñ�Þ
á�Œ�ï �4�„�% �µ���4 �‰�Ñ�¤(binning - �•�¿���º�Ø�+�Ñ�+�Ñ	1�Ñ�W )�”�Ð�‡�Ÿ�Á
Þ	1�–�‹

�ï�n�� �•�‡�Ÿ ��	��† (lock contention)�”���ú�ã���é���)	1�²�� �– Larrabee 	1�:�3 �Ó�¤�{
à

�S	À �­�B�z�����4 	z�u	ž�¤ (irregular)�÷�±�è�Ì	1�Ï	ë���é���4 �–�•���¨�4	1�¯�h�‰�ë�v
ü�1

Larrabee 
��é�•�����é���)	1�h�: �–  

 

CCS: I.3.1 [Computer Graphics]: Hardware Architecture--Graphics Processors, Parallel 

Processing; I.3.3 [Computer Graphics]: Picture/Image Generation--Display Algorithms; 

I.3.7 [Computer Graphics]: Three-Dimensional Graphics and Realism--Color, shading, 

shadowing, and texture 

 

�Â�v�—�š�„�y
.�Ì �•�•�Á�¨���) �•���´�„�y �•�Œ�ï �4�„ (�V Page 1 �4
Œ�u )�•�°�Ï�±�A�à�`
û

�h�: ���) �•�.�����) �•���é�`
û �•�â
��×
L�•�÷�±
L  �° SIMD - Single Instruction stream 

Multiple Data stream�±�” �•�4
à�)�„�y�`
û�t (GPGPU - General-Purpose computation on 

graphics processing units)�–   
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Þ�ë�!	1�y

���V�‰�Ç	z
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M�@�Í�û�Ú�t�B �•�¨
ù��

X��â�‰�Ç �”�¨�‡�!�Ô�õ�®�m���4�!�®

	1�Z�ö�+�•�] �”�¨���c�7
S�Ô�®�u�à�V �/�¨�­�Ñ�D�4 �–
^
S �{�@�h�â�ï�9�î�z�ñ �šPublications 

Dept., ACM, Inc., 2 Penn Plaza, Suite 701, New York, NY 10121-0701, �š�� +1 (212) 

869-0481�”�¨ permissions@acm.org�– ©2008 ACM 0730-0301/2008/03-ART18 $5.00 DOI 

10.1145/1360612.1360617 http://doi.acm.org/10.1145/1360612.1360617  

 



ACM Transaction on Graphics, Vol. 27, No. 3, Article 18, Publication Date: August 2008. 
�¼�m�®���š�›���ö�Õ �”�+�Š�Ð
Î�®�:	 �!
a�7 �–�!�m�®���š�›���°	C
U Intel Taiwan�;�@�@�	�ö�Õ �”�Z�ö�!�Ô�±
�¤	1�ä�y �•�â�Æ �•�f�à	 �¨
M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

1. �á�•�á�•�á�•�á�•   

 


a�1�­�B�c�^�„�y�Ý�)	��I�!�Ô���é�¨�4 �”
ü�Ö �„�y�`
û�t (GPU)�ç���ç�h�Ð�Ó�¤
s�+ �–��

�„�y�%�µ (graphic pipeline)	1�•�4�• �Ó�¤�{
à �h�: �9
û�Í�–�‹ �ï�S�¤ �”�Ð�—
ˆ�s���é
��é�C

	1�P�s�ä�h�ô�Ç �–���• �”�]�H �`
û�‰�g�9�+�Í ���« 
•�� �½
ÿ (rasterization) (�`
0 �• =�½��
•��

�µ�• )�ä�@�V�!�Ô
1�F
ˆ�Ó�ä�@ �–  

  

�!�®�4
ê�+���Ï	ë���é	1
.�Ì �”���� �4�„ �%�µ�Y�d�ñ �³�Ó �• (programmable)�–Larrabee 
.�Ì

�Ð���g �m���`
û�t (CPU)�Á�¨
a
��Õ �”�•���Á�¨
��é x86 
��×�ƒ	1 �•�ü	 �”�å
������{�f�`


û�I�+���ý�Ø�J�f
��× �–�y 1 
a
.�Ì�y �–�¢�!�Á�¨�Ÿ�h�˜�7�Þ�a
1�F	1�•�‰ 
Œ�u�‘�è	1

(coherent) L2 �v�7�–�‹�ï �”�<���Ï�n�� L2 �v�7�–�‹�ï�˜�7�ï�¢�+�!�Á�¨ �”���á �•�÷�±�‰��

�V�u�¡ �–   

 

Larrabee �º
ü�¶ �„�y�`
û�t (GPU)�“�¶���¤ �–�Ð x86 
a
��Õ �”�Ê�ÿ �m���`
û�t (CPU)	1
.�Ì

�­�B�W�Ó�¤ (subroutine)�V�‰���Q�„ (page faulting)�–�„�y�`
û�t (GPU)�š�-�B�Ð�P�s�ä�h�ä

�@ 
� �é 	1 �• �‰ �ä �h �” �• �� �« 
• �� �½ 
ÿ (rasterization) �I 	õ �Z �• 
) �t 
× �} (post-shader 

blending)�”�‡ Larrabee �B�Y�d�Ð�Œ�ï
��é �–�Ê�ÿ �„�y�`
û�t (GPU)	1
" �” Larrabee �Ð�P�s

�ä�h�ä�@
��é�—�����À (texture filtering)�”���Ð �Á�¨�0���P�s�ä�h�ä�@ �”�•�­�B �‰���Q�„ (page 

faults)�–  

 

 

 

�y�y�y�y 1�š�š�š�š Larrabee �•�Á�¨
.�Ì�y �š�m���`
û�t (CPU)�Á�¨�G�>�Ð�— �0�:�`
û�t (co-processor)

�I�A�5 �/�A�à�ô�Ç	1�G�>�V���Ê �”
"�u
Œ�	�˜�Ö �”���”���”���”�� �‡�+�¦	1 (implementation-dependent)�”
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�„�y�`
û�t (GPU)�V	z �„�y�`
û�t (GPU)�ô�Ç�‡�R�Â�B	1�ï�œ�M�u �–   

�!�®�H�4
ê�ñ�‡�!
.�Ì�B�Ï�¯
÷
��é	1�Œ�ï �4�„ �%�µ�–���4 �‰�Ñ�¤(binning)�<�’���é�`
û��

�‡�Ÿ�–�‹�ï�n�� �”�u�´�i�
�+���c	› �ô�Ç�¤ (tile-based)
.�Ì�!���)	1
��2 �–�Ð�Œ�ï �”��	1�4

�„�t (renderer)�ñ
2
��¶�ä�h�¾�™�`��
ä�	�È���• �”��
Ì �ã���ä�h �–���•�ñ�³�Ó�• 
×�}

(blending)�V�I �‰�g�¤�¤�¤�¤�Â	1�˜�Ô�ä�h (transparency)�ñ�˜�Ð�V Larrabee �Œ�ï�%�µ
Œ�r �–   

 

�È	õ �”�!�®�4
ê�+���­�B�“
D�à�¨�4	1�Ó�¤�{
à �S	À �”���•���]�`
û �•	"
û�S�µ �”�Ð�—���í

�V�¤�í�‰�ë �– Larrabee �­�B	z�u	ž�¤�÷�±�è�Ì �”��� �‰�K�¯�ƒ (scatter-gather)�ä�h �”������

�}�Í�•���U �3���h�: 	1�¨�4�Ó�¤ (throughput applications)�”�+�•�z��	1�ñ�ü �
�¤�I�¤�h�‰�ë

(scalability and performance analysis)	1�B�¤�ž�Ô (demonstrated)�–  
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2. �c	›�c	›�c	›�c	› 
”�Ò�«�à
”�Ò�«�à
”�Ò�«�à
”�Ò�«�à   

 

	h�£ ���ã�D	À�„�y�Ï�ï
U�P�s�ä�h�â�ï�”�¡�Ý �•�«�ñ�³�Ó�•�„�y�%�µ �”�<���“�Ï	1���¤�V�¯

�h�ï�„�y�Ó�¤�{
à�3�I [Blythe 2006]�–���´�„�y �¨�4�Ó�¤�Ó�¤�•
z
ÿ (APIs)	1�Ý�^�<���z��

�ä�h �”�­�B�Ï�x �•
) (shading)�•�â �”�• Cg [Mark et al. 2003]�• HLSL [Microsoft 2007]�•�I

GLSL [Kessenich et al. 2006]�–�¼�� �”�Ê�„�y�`
û�t (GPU)
.�Ì
��é�G�‚
/�ƒ�`��
ä�		1�¯

�h
w�� [�•�4
à�)�„�y�`
û�t (GPGPU)2007; Owens et al. 2007]�–   

 

2.1 �!�3�=�°�!�3�=�°�!�3�=�°�!�3�=�° �„�y�`
û�t
.�Ì�„�y�`
û�t
.�Ì�„�y�`
û�t
.�Ì�„�y�`
û�t
.�Ì   

 

�•�`
û�t�„�y�Ï�ï�Í�G�<�£	›
��È �–�à
.�Ì	1�Ì
Þ���š�î�ö�Õ Fuchs et al. [1989]�• Molnar et 

al. [1992]�• Foley et al. [1996]�•�V Stoll et al. [2001]�–�>	1 �{��
"���4 �4�„ (rendering)	1�÷

�±���é�ý�¤ �”�ç
S�È�Ï�¯�h�V�.���š��	ë �–�°�Z 
.�Ì
a �ä�'	1�Ó�- �”�å
��•
M�µ���è�V�z�•

�ý�Ø�R�Â �–
ü�Ö	1�„�y
.�Ì	ž
a�â�+�R�Â �”�ñ�Ø�5 PC �¨�!�Ô�„�y���� [Kelley et al. 1992; 

Kelley et al. 1994; Torborg & Kajiya 1996]�–	h�Z
.�Ì�•�3�1 Microsoft DirectX * 10 API�”�å


� Nvidia GeForce * 8 [Nvidia 2008]�V ATI Radeon * HD 3800 �Ó�h [AMD 2008]�–   

 

�y 2 �é�B�á�•	1 DirectX 10 �%�µ�y [Blythe 2006]�–�ñ�³�Ó �• OpenGL �%�µ�H�E���Ê�ÿ	1
.�Ì

�è�{ [Rost 2004]�–�‡�°�Z �”�� �m�”�z�x
D�Á
Þ�Ñ�E	1�ñ�³�Ó�•�â�• �”���È	h	1 
.�Ì ���4 �-�+

	1 �• 
) �t �S 	À (unified shader model) �– �‡ 
ü �Ö �„ �y �` 
û �t (GPU) �m �” �� �« 
• �� �½ 
ÿ

(Rasterization)�V�—�����À�}�•
†�P�s�ä�h �”�‚�¼�•�â�­�B	1�ä�h�Á
Þ���R�Â�{
à �”�Ð�—��

�¨�4�Ó�¤�Ó�¤�•
z
ÿ (API - Application Programming Interface)	 �! �–   

 

 

�y�y�y�y 2�š�š�š�š�á�•	1 DirectX10 �%�µ�y �š�“�å �•�Y�ñ�7���4	C�³�Ó�• �”�8�å �•�Y	ž 
a�P�s�ä�h �–�–

�‹�ï�˜�7 �•�í
L�A�à�I�—�����À	ž�r�Ð
Š�� �–   
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�È	h	1
” �Ò
2 �ã�D	À�„�y�Ï �ï 	1 �� �) �h �: �¨ �4�‡�z�� 
� �2�B �” �å
� �â 
¡ �à�“ (collision 

detection)�•�¤�í�S	À�—�›�Æ�`
û [Owens et al. 2007]�–�„�y�`
û�t (GPU)
.�Ì	1
,����
ÿ�ý

�����}�•���`�� �–�]���)�™�n���º�Ï	1�´�" �”�ñ�U���<�Ù�¯�h �–�•���Ç�3�‡ �¨�4 �Ó�¤ �Ì
Þ 
"


†�4�u	ž�¤�÷�±�è�Ì �”�Ö�`
û	1 �¢�! �÷�± �ˆ�> �H�Á
Þ�U�f �G�‚���)	1�´�" �–  

 

2.2 �4�„ (Rendering) �±�¤�±�¤�±�¤�±�¤ �‰�Ê�‰�Ê�‰�Ê�‰�Ê  

 

Molnar et al. [1994]�™�„�y�è �Ì	1�‰�Ê	��Ó
��Í���é���)
ˆ�g (sorting)�´�" �”���4	1�Ì
Þ�„�y

�%�µ�x
D �– Eldridge [2001]�©
M�1�•���‰�Ê	� �”�á�2�º�����é �4�„ (rendering)�Ó�- �–������

	��Ÿ
2 �m�Ó
ˆ�g (sort-middle)�s� 
a�‡���ö�`
û (geometry processing)	õ�”���‡ ���« 
•�� �½


ÿ (rasterization)�p	›
ˆ�g �– Molnar et al. �4�Õ�� �"�Ä �¤	õ�Ó
ˆ�g (sort-last sparse)�” Eldridge

�4
D�µ �¤	õ�Ó
ˆ�g (sort-last fragment)���s�  
D�µ�p	›
ˆ�g (sorting before fragment)�`
û �”�H

�	
"�‡
á	ë�“�â (depth test)�V�ä�ÿ�Ç 
×�} (alpha blending)	›�–�‚
a�Ô��
”�Ò	1�´�"�k�²�¶ �]

�H�•
)�t (pixel shader)�”�¬�Ð���"X����ô�‰�‡
à�) 
Ü�b�¤�î (coverage)	õ�”���‡
��é �]�H�•


)�t (pixel shader)	›�c�é 
ˆ�g �–�‡�!�®�m �”�z��
2�•���Y�Ö�±�Â�.
a �m�Ó
ˆ�g (sort-middle)

	1�+�� �–   

 

�>	›	1 �„�y�`
û�t (GPU)�–
D���4 Eldridge 	1
D�µ�¤	õ�Ó
ˆ�g (sort-last fragment)�”�•�� �]�H

�•
)�t (pixel shader)	1�è�à
ˆ�g�«�™�Ø���Ÿ	1�[�Ç�ô
� �”�f�^�é
á	ë�“�â�V 
×�} (blending)�–

�•
D�•���™�Ø���Ÿ	1�ô
��V�!���–�‹�ï
s�+�t�¶�Â�‘�¤ �”�¶�ñ�<�’�–�‹�ï�˜�7�¯
÷ �–
D�µ�¤

	õ�Ó
ˆ�g (sort-last fragment)�¶���Í�E�% �S�¤ �4�„ (mode rendering)�”�÷�±
ˆ�g	1 �c�^�c�à

(FIFO)�I�˜�t
Œ�™���Í �–��
"�•�à�Ð
Œ�]	o	1�t�6�˜�7�â�+�]�H�z�•�» �”�•
D��
U�–�‹�ï�°

�à�I�
�5�•�» �–   

�m
D
ˆ�g (Sort middle)�Ý�)	��X�o� 
a �‰�Ñ�¤(binning)�•�ô�Ç�¤ (tiling)�•�U�Â �¤ (chunking)�•

�•�˜�-�¤ (bucket)�V
E	#�4�„�¤ (zone rendering) [Hsieh et al. 2001; Chen et al. 1998]�–�•��

�±�¤ �`
û 3D �·�š �”���3 �y�• (primitives)	1���Ÿ�†�Q �”	õ	C�f�Å�•�����‡���Ÿ�B	1�ï�œ �”
ˆ

�g�‰�»�ß �G�!�‰�Ñ (bins)�]�m �–�¢�! �‰�Ñ(bins)�Ÿ�I���Ÿ�B	1�ý�s �ô�Ç �ô
� (tile region)�¶�Â�‘

�¤�”	õ	C�ñ�ó�ž�U�[ �”�Ë�5 �ƒ	ì �v�7�–�‹�ï �”�‚�¼�l�õ
á	ë�¶�•�ä�' �”�+�!�]�H�ý�Á�˜�7�–

�‹�ï�+�» �–�¶�+�!
��2
"�y�• �ñ�h�¶�•�! �ô�Ç (tiles)
ù�¤ �”�‚�¼���Š �˜�‡�•�! �‰�Ñ(bins)�Ù�”

�•���ú�ã�Á
Þ	1�–�‹�ï�n�� �– Molnar et al. [1994]�• Chen et al. [1998]�•�V Eldridge [2001]

	1�è�õ
" �”
ù�¤	1���|�¶
û �”�ý��
" �y�• (primitives)
Œ���Í�ô
����[�´ �”�•�Ç�3�‡ �ñ
ÿ 	1�?

�á�G�>�ú�ã�´ �– PowerVR * MBX �V SGX �Ó�h [PowerVR 2008]�• Intel® Graphics Media 
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S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

Accelerator 900 Series [Lake 2005]�• ARM Mali * [Stevens 2006]�•�V Talisman [Torborg & 

Kajiya 1996]�•
D�o�.
a �m
D
ˆ�g (Sort middle)
.�Ì �–   

 

2.3 �•�4�•�4�•�4�•�4 �m���`
û�t (CPU)
.�Ì
.�Ì
.�Ì
.�Ì   

 


Î�ý�ÿ�Í 1995�£
‚�à Pentium® Pro�`
û�t �”���4	z���g (out-of-order) 3-wide
��×
��é �”�ƒ

�¨���ñ�™�<�’�â�í
L (single stream)�¯�h	1�Á�£ [Gwennap 1995]�–	z���g
.�Ì���”�•�ñ�Ð��

�é
��é	1
��×
L �–�”�•�•��
��×	1�ä�@�{
à���ú�ã�R�(
ÿ�è�ÿ�[�=�f �–��
¡	h�È�Ö	1 �m���`


û�t (CPU)���4�“�ä�'	1�~�l �”�<�’�â�í
L�¯�h �”���Ð�“�Ï	1 
ÿ�è �/�[�=�™�¯�h�º
a�Ö�Ý �–

�•�à���4�u�L	1�y�«�~�l �”�{
à�B�¯�h�Ï 1.5�) 1.7�
	1���Þ�`
û�t�R�( (die)
ÿ�è�� 2�) 3�


[Pollack 1999]�”�[�=�f�� 2�) 2.5�
 [Grochowski et al. 2004]�–   

 

�™�Ï	ë���é	1�Ý�)	��Ö�â �”�•�à
Þ�<�’�¯�h �”
2�•�!�Á�¨�Ë�‡ �R�( (die)�B�”�º�ú�ã�â�+�í
L

�¯�h �“
a�¶�¯ �– IBM Cell *�	
"�Ð�•���Ï �3���h�: �`��
ä�	 (throughput workloads )	1XÄXÀ

�¬�{
à �– [Pham et al. 2005]�– Cell �å
��â�+ Power * Processor �Á�¨ �•�! L2 �v�7�–�‹�ï �•�V

�+�!�Ï �3���h�: 	1�Á�¨�4 �–�•���Á�¨�ƒ�6	h�$�–�‹�ï �”	õ	C�V�!�Ô�–�‹�ï�Ó�-���l�‘�ƒ

(incoherent)�–	h�$�•�˜�ñ �Ð�<���”�s	1�÷�±�š�¬�•�H �”
Œ���Í
†�4�‘�ƒ�¤�v�7�–�‹�ï
.�Ì �”


��é�%�µ�H�º���á�â �–���4	C���Š�˜���Œ�ï�ñ�³�Ó�• 	4
w�–�‹�ï�˜�7 (DMA)���� �”�«�ï�%
û

�÷�±�ƒ�r �–  

  

�m���`
û�t (CPU)�ñ���4�•
��é�C���«���é�`
û	1�>�Q �– Niagara 
"�+���•�Á�¨�•�4�Þ�`
û

�t [Kongetira et al. 2005]�”
†�4�6�!���g�`
û�Á�¨ �”�¢�!�Á�¨�Ÿ�h�u�´
��é ���!
��é�C �”�Ð

�—�e�4�v�7�–�‹�ï �–���‚
a Niagara 
"�¾�™�ø�4�û�Ú�t�`��
ä�	�{
à	1 �”���R�Î�.�����)�Á


Þ	1
.�Ì�•�H �”�•�â
��×
L�•�÷�±
L �° SIMD�±�ì�š
��é �•�‰�K�¯�ƒ (scatter-gather)�¨�­�B�P

�s�ä�h�—�� �–   

 

Intel�• Intel �©�� (Intel Core)�• Pentium�•�V Xeon 
a Intel Corporation �¨�!�‡
­
��I�!�Ô
�

�n	u�F�†�ù	1�ø�Q�¨�/�Ý�ø�Q �–  

*�!�Ô	´�¨�I�|� 
a�!�¬�F�†�ù	1�÷�� �–  
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�á
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3. Larrabee �Ï�ï
.�Ì�Ï�ï
.�Ì�Ï�ï
.�Ì�Ï�ï
.�Ì   

 

�y 1 
a Larrabee 
.�Ì	1 
��!�±�Ç�y �– Larrabee 	1�{
à�Ð���g �m���`
û�t (CPU)�Á�¨	1�•�!


��é�”�ï (instantiations)
a
��Õ �”���ú�ã�1 �����{�f�`
û�t (VPU - Vector Processing Unit)�–

�Å�•�ý�s	1�¨�4 �”�Á�¨ �Á
Þ �˜���Ï�n���ƒ�•�‘
w (interconnect)�;�� �”�”�V�P�s�ä�h�ä�@ �•�–

�‹�ï�A�5 �/�A�à�•
ÿ �•�V�!�Ô��
Þ	1�A�5 �/�A�à�•
ÿ ���.�• �–���• �” Larrabee �•�à �”�� (�”

�¾���« )�Ñ�E�„�y�`
û�t (GPU)�”�•
D���å
��+�4 PCIe �ª
L
ˆ �–   

 

	d 1 	1�÷�±	†�� Larrabee ���4���g�Á�¨�ø�»���� �{�f�`
û�t (VPU)�–�m�t�h �é�B
ü�Ö	z���g

�m���`
û�t (CPU) – Intel® Core™ 2 Duo �`
û�t �° Intel®�©�� ™ 2 �(�Á�¨�`
û�t �± – 	1�È�Ï

�¯�h �–�ó�«�h�é�B�Ð Pentium®�`
û�t
a
��Õ	1�“�â �m���`
û�t (CPU)�{
à�¯�h �”�à�`
û�t�Í

1992 �£
��È �”
†�4�(
��×
��é (dual issue)[Alpert 1993]�– Pentium �`
û�t	1�Á�¨�–���•�— �”

�ñ�­�B���!
��é�C�V 16 �
�� (16-wide)	1�{�f�`
û�t (VPU)�–�È	õ���é�…�Ô�â�+ �m���`
û�t

(CPU)�‡�+�!�´�g�ƒ�ñ
��é	1	z�{�f
��×�G�> �”�Ð�—�+�!�´�g�ƒ�ñ
��é	1���{�f�� ���G�> �–

�•�����»�œ���4	1 
ÿ�è �V�[�=�U��
Œ�u �–   

 

�m���`
û�t (CPU)�Á�¨�G  2 	z���g  10 ���g  


��é
��× �š  4�/�´�g  2�/�´�g  

�z�Á�¨ �{�f�`
û�t (VPU)�G�š 4 �
�� (4-wide) SSE 16 �
�� (16-wide) 

L2 �v�7�–�‹�ï�U�[ �š  4 MB 4 MB 

�â�+�í
L �š  4�/�/�/�/�´�g�´�g�´�g�´�g  2�/�/�/�/�´�g�´�g�´�g�´�g  

�{�f�A�à�`
û�h�:  8�/�/�/�/�´�g�´�g�´�g�´�g  160�/�/�/�/�´�g�´�g�´�g�´�g  

 

	d	d	d	d 1�š�š�š�š	z���g vs.���g �m���`
û�t (CPU)�º��	d �š�•�à 
ÿ�è �I�[�=�U��
Œ�u �”�¾�™�<�’�A�à�`


û�h�: 	1�{
à�����È�Ï�â�+�í
L�¯�h�‡�Ÿ 1/2�”���È�Ï�{�f�A�à�`
û�h�:�� 20 �
�–�Â�v�‡�Í

�¢
ž�ì�š�Ó�¤�G (FLOPS)	1 40 �
�•�� �”�‚
a���� �{�f�`
û�t (VPU)�­�B �ì�š	1
×�}�
�ã���)�ì�š	1
×�}�
�ã���)�ì�š	1
×�}�
�ã���)�ì�š	1
×�}�
�ã���)

(fused multiply-add) �”�� SSE �l�­�B �–�•�����g�Á�¨�ˆ	z Larrabee�”���<�‰�Ê�ÿ �–   

 

	d 1 	1�“�â�{
à�V Larrabee �l�Y�d
Œ�u �–
a�1�<���“	4
w	1�º�� �”�à���g�Á�¨�“�â�{�{
à

�V	z���g�Á�¨���4
Œ�u	1�y�Ó�V�´�g �”�H�l�å
��P�s�ä�h�„�y�ä�@ �–�à�º��	†�«�1 Larrabee

�{
à�¬�s �”�‚
a���é�B���� �{�f�`
û�t (VPU)�ø�»�á�â���g�Á�¨�ñ�� �m���`
û�t (CPU)�‡
��é

���é�¨�4	1�´�" �”�U���<�Ù���)
/	ë (computational density)�–   
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�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

 

3.1 �) 3.5 �•�4
ê Larrabee 	1�Ì
Þ�ä�h �š�m���`
û�t (CPU)�Á�¨ �•�J�f�â�•�V�v�7�–�‹�ï
s

�+
��× �”�{�f�`
û�t �•�`
û�t �p�t�é	#�;�� (inter-processor ring network)�•�k�¶ �o�G�m���Ê

�”���‡�P�s�ä�h�ä�@	1�•�‰ �–   

 

3.1 Larrabee �Á�¨�V�v�7�–�‹�ï�Á�¨�V�v�7�–�‹�ï�Á�¨�V�v�7�–�‹�ï�Á�¨�V�v�7�–�‹�ï   

 

�y 3 �é�B �â�+ �m���`
û�t (CPU)�Á�¨ �”�Ð�—��
w�)�R�(�B�ƒ�•�‘
w�;��	1�‘�µ �”�k�¶�à�Á�¨

	1�•�‰ L2 �v�7�–�‹�ï �–
��×�Þ�˜�t�­�B�Q�7 Pentium �`
û�t x86 
��×�ƒ �”�Ð�— 3.2 �V 3.3

�•�4
ê	1���ã�5
��× �–
a�1�á�•�{
à �”�J�f�V�{�f�â�•���4�Ñ�E	1�I�˜�t�4 �–�‡��	C�t�š�A

	1�÷�±���o�
�5 L1 �v�7 �–�‹�ï �”�f
U L1 �v�7�–�‹�ï�m�° �ƒ�–   

 

Larrabee 	1 L1 �v�7�–�‹�ï�­�B���•�H�˜�7 �v�7�–�‹�ï �”
2�÷�±�Ë�5�J�f�V�{�f�â�• �”�»�}

Larrabee 	1�	�5���)�• (load-op) �{�f�`
û�t (VPU)
��× �”�•�à�:�� L1 �v�7�–�‹�ï�ñ�o�.
a

�•�ü	1�I�˜�t �¢�4 (Register File)�–�•�h�U���•�ó�z�•�Ý�)	�	1�¯�h �”�ý��
"�¶�•�u 3.2 �•�4


ê�v�7�–�‹�ï
s�+
��×	1�Ý�)	� �–�â
��é �C Pentium �`
û�t�<�� 8KB 
��×�v�7 (Icache)�V

8KB �÷�±�v�7 (Dcache)�–�z��
��s 32KB Icache �V 32KB Dcache�”�­�B�¢�! �m���`
û�t (CPU)

�Á�¨���!
��é�C �–   

 

 

 

�y�y�y�y 3�š�š�š�šLarrabee �m���`
û�t (CPU)�Á�¨�V
Œ�Â�Ó�-�±�Ç�y �š�m���`
û�t (CPU)
Ü�3�Þ Pentium

�`
û�t	1���g�{
à �”�ã�B 64 �ï�•
��× �•�•
��é�C�V���� �{�f�`
û�t (VPU)�–�¢�!�Á�¨�ñ�v�’

�˜�7�! 256KB 	h�$ 
Œ�u�‘�è (coherent)	1 L2 �v�7�–�‹�ï 	1�W�ƒ�•�‰ �– L1 �v�7�–�‹�ï�å
�

32KB 	1 Icache �V 32KB 	1 Dcache�–�é	#�;���˜ �7�•�� L2 �v�7�–�‹�ï �”�Ð	…�˜�‘�ƒ�¤ �–   
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S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�ž�! Larrabee 	1 L2 �v�7�–�‹�ï�o�‰
a �z�Þ�Ñ�E 	1	h�$ �W�ƒ�•�‰ (subset)�”�¢�! �m���`
û�t

(CPU)�Á�¨�Ÿ�¶�+�4 �–�z�m���`
û�t (CPU)�ñ�v�’	4
w�˜�7�Þ�a	1	h�$ L2 �v�7�–�‹�ï�•�‰ �–

�m���`
û�t (CPU)�Á�¨�°�7	1�÷�±���•�˜�‡�à�Á�¨	1 L2 �v�7�–�‹�ï�•�‰ �”�ñ�v�’�˜�7 �”�V�!

�Ô�m���`
û�t (CPU)�•�˜�Þ�a	1	h�$ L2 �v�7�–�‹�ï�•�‰���é���� �–�m���`
û�t (CPU)�Á�¨�


�5	1�÷�±���•�˜�‡�à�Á�¨�Þ�a	1 L2 �v�7�–�‹�ï �W�ƒ�•�‰ �”���.�Á
Þ
U�!�Ô �W�ƒ�•�‰ �m�'��

����	1 �–�é	#�;���”	…�‰���÷ �±	1�‘�ƒ�¤ �”�• 3.4 �•	1�4
ê �–�z��
��s�z L2 �v�7�–�‹�ï�•

�‰
a 256KB�–�•�ñ�­�B�Œ�ï �4�„ (rendering)	1���U �ô�Ç (tile)�”�• 4.1 �•�¬�B �–  

 

3.2 �J�f�â�•�J�f�â�•�J�f�â�•�J�f�â�• (Scalar Unit) �V�v�7�–�‹�ï
��×�V�v�7�–�‹�ï
��×�V�v�7�–�‹�ï
��×�V�v�7�–�‹�ï
��×   

 

Larrabee 	1�J�f�%�µ
Ü�3�Þ�(
��×
��é (dual-issue) Pentium �`
û�t �”���4 �Í�Ê �l�Ó�F 	1
�

�é�%�µ�–Larrabee �<�� 	1
ü�Ö �•�ä�h�å
��•
��é�C �• 64 �ï�•�•�ü 
��× �IXÄ
/	1 (sophisticated)


��×�C�7�ä�h (perfetching)�–�•���Á�¨�­�B�Y�ž Pentium �`
û�t x86 
��×�ƒ �”�‚�¼�ñ
��é
ü

�¶�Ó�¤�˜ �”�å
������Ó�-�Á�¨ (kernel)�V�¨�4 �Ó�¤ �–  Larrabee �H�ã�5���J�f
��× �”�•�ï�•
à

�G(bit count)�V�ï�•
•�� (bit scan)�”	õ	C�ñ���„�I�˜�t�m	1�@ �+�!�o�{�s	1 �ï�• (set bit)�–  

 

Larrabee �H�ã�5��
��×�V
��×�S�¤ �”���­�B �Ô�é	1�v�7�–�‹�ï
s�+ (explicit cache control)�–

�¤���å
�
2�÷�±�C�7�) L1 �¨ L2 �v�7�–�‹�ï 	1
��× �”�Ð�—�‡�Ÿ�v�7�–�‹�ï �%�µ(cache line)

�Œ�c�ž	1
��×�S�¤ �–���• �í
L�÷�±�•
D��
2
ü�¶�÷�±
U�v�7�–�‹�ï�m �È
•�à �É(Sweeps Out)�–

Larrabee �ñ�Ð�Q�B�z�í
L�v�7�–�‹�ï �%�µ�”�‡�˜�7	õ�—�°�¯�ƒ �–�•���v�7�–�‹�ï
s�+
��×�H

�� L2 �v�7�–�‹�ï �S�O�I�˜ �¤�–�‹�ï (scratchpad memory)	1���4�±�¤ �”�u�´	…

�Y�ž �‘�ƒ�¤ �– 

 

�‡�â�+�Á�¨�ƒ �”�•�!
��é�C�u�¡�˜�7�e�4�–�‹�ï	1�«�! �l�Ï �–�‡�â�+�Á�¨�B	1
��é�C�‰��
Œ

�u	1	h�$ L1 �v�7�–�‹�ï �”�‚�¼�4�â�+ �:�W�Á�Q�›�Æ (atomic semaphore)�‡ L1 �v�7�–�‹�ï�ƒ

�°�7�	 �h�Ï�Z �1�–�‡�•�!�Á�¨�t�u�¡�˜�7	1�«�!�	�º���Ï �”�‚
a���Á
Þ �`
û�t�p�t���s

(inter-processor locks)�–�•
"�•�`
û�t�{
à	1 ���|
��2�p�+ �–  
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�¤	1�ä�y �•�â�Æ �•�f�à	 �¨
M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�(
��×
��é �m���`
û�t (CPU)�Á�¨�–
D�‚
a�Ä�Ð�Ç
ü�ñ�u�´
��é	1
��× �”�„
À�Ü���¯�h �–�z

���“�â��	1 Larrabee 	1�(
��×
��é�Þ�˜�t �”�¶�� �Ï�’	1�•
��×
��é
÷ (multi-issue rate)�–�Ì


Þ�V�»
Þ
��×�%�µ	1�»�™�:	ž (pairing rules)
"�ñ�¬�s�¤	1 (deterministic)�”�‚�¼�³���t�ñ �Ð
�

�é��	��¤�î	1 �&�µ�‰�ë �”�º�¦ �‡
��é�´�Z �”�4	z���g 
��×�G�7�t (out-of-order instruction 

picker)���‰�ë �”���“�¶�¯
÷ �–�¬�¶
� �×�Ÿ�h�‡�Ì
Þ�%�µ�B 
��é �”�•�L�ñ�‡�Ÿ�³���Ó�¤	1�4�}

(combinatorial)
��2 �–�»
Þ�%�µ�ñ
��é �U�f	1 �J�f x86 
��×�ƒ 	1�W�ƒ�•�‰ (subset)�”�å
��	

�5�•�•�˜ �•�á�â 	1�)�l�ä�@���)�â�• (ALU - Arithmetic and Logic Unit)���� �•�‰�­ �•�v�7�–

�‹�ï�`
û
��×�V�{�f�•�˜ �–�‚
a�»
Þ�%�µ
Œ�™�[�Ö	•�u �”�¤	��‡�¢�!�\�Z�Ÿ
��é�(
��×�Ö�á

�D	1�R�Â
ÿ�è�V�[�=�¶
û �–�Å�•�z��	1�‰�ë �”�³���t�Y�(
��×
��é
ˆ�Ó (schedule)
"�Y
Œ�™

�r�Ð	1�� �–  

 

�È	õ �” Larrabee �­�B��
��é�C �”�¢�!
��é�C�Ÿ�¶�Ñ�E	1�I �˜�t�4 �–�•�à�³���t�‡�Y�Ó�¤�˜
ˆ

�Ó�´ �”�¤	��i�
�Ö�é (stall)�”�	�� �Š�D
��é�C �–�Š�D
��é�C�H
Ü�b
U L2 �v�7�–�‹�ï�	�5 L1

�v�7�–�‹�ï	1�•�‰�•�H �”�‚
a�‡�•��	#		�@ �”�÷�±�¤	��c�é�	�5 L1 �v�7�–�‹�ï �–�•�à�•�!


��é�C�‡�u �+�!�Á�¨�B �”���4�u �4�÷�±
��é �°�•�4�„ (render)
Œ�u�ô�Ç (tile)�B	1�?�á�n �±�” �v

�7�–�‹�ï	1���4 ���“�¶�¯
÷ �–  

 

3.3 �{�f�`
û�â�•�{�f�`
û�â�•�{�f�`
û�â�•�{�f�`
û�â�•   

 

Larrabee 	1���)
/	ë���Þ 16 �
��	1 �{�f�`
û�t (16-wide VPU)�”��
��é�ž�G �•�âXÄ	ë�ì�š�V

�
XÄ	ë�ì�š
��× �–�{�f�`
û�t (VPU)�V�!�I�˜�t
ª�í �m���` 
û�t (CPU)�Á�¨
ÿ�è	1 1/3�”�<��

�U�•�‰	1�ž�G�V�ì�š�¯�h �–�y 4 
a�{�f�`
û�t (VPU)�I L1 �v�7�–�‹�ï	1�±�Ç�y �–  

 

 

�y�y�y�y 4�š�š�š�š�{�f�â�•�±�Ç�y �š�{�f�`
û�t (VPU)�­�B 3 ���)�•
��× �–���­�B �I�˜�t�A�5 �Y�D

(swizzling)�”�Ð�— 
U�–�‹�ï�A�5�� ���G�—���D�V �ä�y �–���•�I�˜�t (mask registers)�‚�z �ñ�C
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M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�Z	1 (predicating)�{�f�
�5 �è�à �–  

�z���G�—�1 16 �
�� (16-wide)	1�{�f�`
û�t (VPU)�”
"�‡�ú�ã���)
/	ë �”�V�“���� 	1�{�f�`


û�t (VPU) �Ä�Ð�ç
S �Ï���4
÷ �p�t�”�¬��	1�€�— �–�°�Z�‰�ë�é�B �”�•�à�+�»�Ð 16 �!�•�� (lanes)

�`
û �+�!�•�Y	1 16 �!�Ñ�E�]�H �”�H�	
"�+�»�Ð�Ñ�E
��×�`
û 16 �!�]�H	1
¦ �•�8�å�Û �”�Ö	z

�+�»�`
û�•�! �1�å�•�� (color channels)�”	ž�"	À	1 �]�H�•
)�t (pixel shader)�p�`��
ä�	
a

88%�– Nvidia GeForce 8 ���� �‡�Ê�ÿ 	1�n�¤ �”���œ
ˆ �!�J�f �â
��×
L�•�÷�±
L �° SIMD�±�`


û�t�Ð 32 �!
a�â�ï�‰�4 �”�¢�4
��é
Œ�u
��×  [Nickolls et al. 2008] �–�Ì
Þ�•���‡�Í Larrabee

	1�±��
s�+ �•�v�7�–�‹�ï�%
û �•�I�!�Ô �•�V�{�f�`
û�t (VPU)���é
� �é	1�Ó�¤�˜ ���� �”��	z


†�P�s�ä�h�ä�@ �–   

 

Larrabee �{�f�`
û�t (VPU)
��×�r�z�•���?�! ���)�• �”�!�m�p�+��	4
w���Þ L1 �v�7�–�‹�ï �– 

�•�à�à�÷�± �b�o �C�7�Ë�5�v�7�–�‹�ï �°�• 3.2 �•�4
ê �±�” L1 �v�7�–�‹�ï���”�B
Œ�]�Í�+�!�•

�ü	1�I�˜�t �¢�4 (Register File)�– 8 �ï�• �„
��˜�%�u�• (unorm - Unicode Normalization)�• 8 �ï

�•�l
E�%
ä�Æ	1�ž�G (uint - Unsigned Integer) �• 16 �ï�• 
E�%
ä�Æ	1�ž�G (sint - Signed 

Integer)�•�V 16 �ï�•�ì�š�÷ �± (float data)�”�ñ
U�v�7�–�‹�ï�m�°�à �”�����D
a 32 �ï�•�ì�š�¨

32 �ï�•�ž�G �”�l�����|�¯�h �–�•�L�Ú�h�U���ú�ã�•�˜�‡�v�7�–�‹�ï�m	1�÷�±�G�f �”���‡�Ÿ�Ñ

�E�÷�±���D
��× 	1�Á�£ �–   

 

�@�+�x
D �”
2���Þ�I�˜�t�V�–�‹�ï �÷�± �”�ÿ�{�f�`
û�t (VPU)	1�`
û�•�� (processing lanes) 

�9
/ �è�} (align)�–�I�˜ �t �÷�±�ñ�4�G�� �±�¤�Y�D (swizzling)�” �� �• �­ �B�Ä�h
Œ�
 (matrix 

multiplication)�–�–�‹�ï�š��	1�÷�± �”�ñ�� �K�{�f�`
û�t (VPU)	1�•�� (lanes)�p�t �”���ä�y �–

�•�L	1�� �)�”�‡�„�y�V	z�„�y�Ê���é�÷�±�`
û�Ÿ	ð
D�à �”�•�L�Ú�ñ�U���<�’�v�7�–�‹�ï�¯
÷ �–  

 

�{�f�`
û�t (VPU)�­�B�•���`
û�ž�G�V�ì�š�÷�±	1
��× �–�à
��×�ƒ�<���Q�7 �)�l ���) �”�å
�

�ì�š	1
×�}�
�ã���) (fused multiply-add)�”�Ð�—�Q�7�ä�@ ���) �”�å
�
U�]�H�m�7�à ”	z�ï�•�4

�™�Ø�O�ï ”(non-byte-aligned fields)	1
��× �–�•���Ÿ
" �	�5���)�• (load-op)
��× �”
U�I�˜�t�¨

�–�‹�ï�°�7�÷�± �”�f
2�è�à�
�5�{�f�I�˜�t �–�0��	1�	�5�V�•�˜
��× �”�­�B�“�•���ì�š�� �”

�Ð�—�U�•�G �„�y�`
û�t (GPU)�B���Ô�à�¨�“�ä �'	1�÷�±�Ñ�¤ �p�t 	1���D �–���4�Ñ�E
��×�`
û

�•���Ñ�¤ �”�ñ�U���•
ª�R �(
ÿ�è�V�[�= �”�›�›�Á
Þ�Ñ�à �Ÿ�z�¯�h �«�! �–   

 



ACM Transaction on Graphics, Vol. 27, No. 3, Article 18, Publication Date: August 2008. 
�¼�m�®���š�›���ö�Õ �”�+�Š�Ð
Î�®�:	 �!
a�7 �–�!�m�®���š�›���°	C
U Intel Taiwan�;�@�@�	�ö�Õ �”�Z�ö�!�Ô�±
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M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�{�f�`
û�t (VPU)
��×�ƒ�H�å
��­�B �¯�ƒ (gather)�V�‰�K(scatter)�”��
U 	z�‘�[�ï�?�	�5�÷�±

�¨
2�÷�±�
�5	z�‘�[�ï�? �–��	���	z
U�â�+�ï�?�	�5 16�
�� (16-wide)	1�{�f �”�Ö
"
2 16�!�{

�f�•�H
U�Ï�� 16�!�l�u�ï�?�	�5 �”�¨�˜�5 �•�� 16�!�l�u�ï�? �”�•���ï�?�7�ü�+�!�{�f�I�˜�t

��
��s �–�•�r�z���é
��é 16�!�•
)�t 
��é�!�ï (shader instances)�”�¢�!
Ž�¦���“�]
"�‘�[

	1�”
w�ß�Í�‡ ���4���) �à	1�I�§ ��
��é �Ä�h �˜�7 	1�´�" �H�ñ�Ð �–�¯�ƒ (gather)�V�‰�K(scatter)

	1
��é �’	ë�9
û�Í�v�7�–�‹�ï �”�•
D�+�!�\�Z�›�h�˜�7�+�»�v�7�–�‹�ï �%�µ�–��
"�”�z�•�`

��
ä�	�Ÿ�¶�Ï	ë 
Œ�u�‘�è (coherent)	1�˜�7 �S�¤ �”�‚�¼
��é�´�t�›�[�Í 16�!�\�Z �–  

 

�È	õ �”�–�7���•�I�˜�t (�¢�!�{�f�•���¶�+�ï�• )	1
s�+ �” Larrabee	1�{�f�`
û�t (VPU)
��× �ñ

�Ð�o�C�Z �–�à���• (mask)
s�+�{�f�I�˜�t�¨�–�‹�ï�ï�œ	1 �÷�+�•�]���o�
�5 �”�÷�+�•�‰�l��

�“ �ï �– �� �• �” �J �f �× �{ �4 	� (if-then-else) 
s �+ �è �Ì �ñ �o �™�¨ �) (Mapped) �) �{ �f �` 
û �t

(VPU) �–���4
��×���{�s ���•�I�˜�t ���º�� �p�”�f�4 ���• 
s�+�t	1 
Œ�™���¤ ��
s�+ �”
Þ
��é  

if �¨
"  else �W�� (Clauses)	1�
�5�è�à �–�•�à ���•�I�˜�t �d�•
a 0�¨ 1�”�ñ�Ð�����ž�!�W�� �–

�•�h�‡�Ÿ�[ 	À�W��	1�‰�­�C�“�Q�„�«�! �”��
E�ï�³���t	1
��×
ˆ�Ó�t�“ �Ï	1�Þ�7	ë �–   

 

�{�f�`
û�t (VPU)�H�4�•�� ���• 
��é�ƒ�ï�	�5�V�•�˜
��× �”
U�–�‹�ï	1�‘�[�ï�œ�˜�7 �b�–
À

�h	1�• �Y (enabled elements)�–�•���Ó�¤�{
à�ƒ �”�ð�ž�} (bundle)�Õ�� �"�Ä 
��é �í (sparse 

strands of execution) �”���è�é�ä�'�‰�­
º�Y (branch conditions)�”�«
a�“�Ï �¯
÷ 	1�{�f���)

�Ñ�¤ �–   

 

3.4 �`
û�t�t�é	#�;���`
û�t�t�é	#�;���`
û�t�t�é	#�;���`
û�t�t�é	#�;��   

 

Larrabee ���4�(�{�é	#�;�� �”���m���`
û�t (CPU)�Á�¨ �• L2 �v�7�–�‹�ï �•�V�!�Ô�ä�@�ô�Ç�Û

�R�Â�B	1 �Ì�ï (agent)�–�¼�.�• �–�•�à�•�v�)�L�� 16 �!�Á�¨ �”�z�������4�•�!�Í�‘�è�é (short 

linked ring)�–  

  

�¢�!�é	1�÷�±���‰��	ë �”�¢�+�!�±�{ 
a 512 �ï�• �–�¬�¶ ���µ�œ
ˆ (routing)�¬�Ü�Ÿ�‡�›�’ �ã�5

(injecting)�;��	›���b�”�s �–���• �”�¢�! �Ì�ï (agent)�ñ�‡�Ý�G�´�g	1�´�"
w�9���Þ�+�!�±�{

	1�›�’ �”�‡�[�G�´�g	1�´�"
w�9���Þ�ü�+�!�±�{	1�›�’ �–�¼�0 �h�á�• ���µ�œ
ˆ (routing)�ä�@�”

�H	d�B�›�’�¬�B�1�;�� �´�”���µ�œ
ˆ�t (routers)�	�¤�Á�•�˜�›�’ �–�‡����	1�«�! �”���n�«�Ï

�n�� �•�‡�Ÿ	��4 (contention) 	1�è�à �–  

 

Larrabee 	1 L2 �v�7�–�‹�ï�{
à�B �”�ñ���z�Á�¨�Ï�n���˜�7�–�‹�ï�ï�? �°�!�Ô�Á�¨�"�
�5	1
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M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�ï�? �±�” �‚�¼�o�•�˜�‡�à�Á�¨	1 	h�$ L2 �v�7�–�‹�ï �W�ƒ�•�‰ (subset)�Ù�–�¢�!�Á�¨�Ÿ�h���é

�˜�7�Þ�a	1 L2 �v�7�–�‹�ï�•�‰ �”�Ö�l�Á�I�!�Ô�Á�¨�.�• �–���‡ �‰�» L2 �v�7�–�‹�ï�ƒ	1�� �v

�7�%�µ (line)	1�´�" �”���4�é	#�;�����”�•�÷�±�‰�� �”�Ð�B

�÷�±�‘�ƒ�¤ �–   

 

�`
û�t�t�;���H�<�� L2 �v�7�–�‹�ï�˜�7�–�‹�ï	1�œ�‰ �–�•
D�Ï�x �”�� (implementation)���å


��•�!�Q�7�{
à	1�–�‹�ï�•
ÿ �”�����‡�`
û�t�t�;���B �”�Ð�‡�Ÿ�~�¾ �–�R�(�B�;��	1�•�H��

�ú�ã�–�‹�ï�˜�7�´�t �”��
Œ���Í DRAM �˜�7	1�•�H �”�0��	1�é�•�H�•
D	z
D�Ÿ �–  

 

�È	õ �”�R�(�B	1�`
û�t�t�;�� �”���m���`
û�t (CPU)�Á�¨�˜�7�P�s�ä�h�ä�@ �Ì�ï (agent)�”	õ

	C	ž�ñ�˜�7 L2 �v�7�–�‹�ï�I�–�‹�ï �–�ß�Í�–�‹�ï
s�+�t	ž�•
D���	�‡ �é	#�;���B �”�Ð�‡�Ÿ

�~�¾�–  

 

3.5 �P�s�ä�h�ä�@�P�s�ä�h�ä�@�P�s�ä�h�ä�@�P�s�ä�h�ä�@   

 


ü�Ö �„�y�`
û�t (GPU)�ƒ	ì�P�s�ä�h�ä�@ �”�`
û�z���„�y�`�� �”�å
� �—�����À �•�é�B�`
û �•

	õ�Z �•
)�t (post-shader) �•�ä�ÿ�Ç
×�} (alpha blending)�•���« 
•�� �½
ÿ (rasterization)�V�ƒ

�:	� (interpolation)�–�‡�!�®�m �”���« 
•�� �½
ÿ (rasterization)	1�s�  �›�›
" ���„ �y�• (primitives)

	1
Ü�b�¤�î �”�ƒ�:	� (interpolation)
�	1
"���„ �y�• (primitives)�m�o
Ü�b�L	´�ï�œ	1�ö�G�� �–

�P�s�ä�h�ä�@�•
D�Á
Þ �c�^�c�à (FIFOs)������
ä�	 �–
Þ�u�´�i�
�á�D
ÿ�è�V�¯�h
ÿ�m �”�¬�s

�%�”	1�ä�@�ô�Ç�I�! �c�^�c�à (FIFOs)�U�[ �”�¶�!�:�Ä	ë �–  

 

�•�à�Œ�ï �”�� (implementation)�h�<���é
�	1�¯�h �” Larrabee ���Ð�Œ�ï�7�Ö�P�s�ä�h�ä�@ �–  

�ý��
" Larrabee �l�å
� �� �« 
•�� �½
ÿ (rasterization)�•�ƒ�: (interpolation)�¨	õ�Z �•
)�t

(post-shader) �•�ä�ÿ�Ç
×�} (alpha blending)	1�P�s�ä�h�ä�@ �–�‚�¼ Larrabee �ñ
Ì�ã���ä�h

�V�È���• �”���‡ �4�„ (rendering)�%�µ	1�l�u�†�± �”�� �•���`�� �”�.�ý�s�¨�4�‡ �÷�Ù
��é�¯
÷

�È�Ï�Ö�s �–�Œ�ï �”�� �H�� Larrabee �.�Á
Þ�‰�»�¯�h �”�Ö	z�{
à�Ï�ï�Ð�è�é�È�Ï�¯�h�Á�£ �–

4.4 �V 4.5 �•�4
ê���4	1�Œ�ï�Ý�)	� �” 5.5 �•	ž�é�B�•�������‡�`
û�?�����­�`��
ä�	�´ �”�¬

�Á�`
û�´�t	1�Í�‰�º �–  
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M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

Larrabee �å
� �—�����À�ä�@ �”�‚
a�à�����¤	��Ð�Á�¨�B	1�Œ�ï�Ï�¯
÷
��é �–�z��	1�‰�ë�é

�B�”�•�à�‡�z��	1�Á�¨�B
��é�Œ�ï�—�����À �”�Á
Þ�´�t
a�P�s�ä�h�ä�@	1 12 �) 40 �
�”�.�Á


Þ	1�Þ�˜�
�Ö�s �–�•�¶���U�:�‚ �š  

�  �—�����À�}�•���4 8 �ï�•�å
Q�•�Y �”�4
1�F �ä�@���À���º 32 �ï�•��	ë	1 �{�f�`
û�t

(VPU)�%���“�¶�¯
÷ �–   

�  �Ï�¯
÷�G�— 	z�™�Ø 2x2 �±�Ä (2x2 quads)���À �”�Á
Þ
1	p	1 �%�µ�K�ƒ�ä�@ (pipelined 

gather logic)�–  

�  
2 �—�� �÷�±�	 �5 �{ �f �` 
û �t (VPU)�� �À �” �Á
Þ �L�Ï �” �¾	1 (impractical) �I �˜ �t �¢ �4

(Register File)�n�� �G�f �–  

�  ���´�—���Þ�˜�
���4
1�F�Ï�ï�º �m���`
û�t (CPU)�Ó�¤�˜�¶�¯
÷	1�• �–   

 

 

Larrabee �—�����À�ä�@	1�!���B (internally) �”�V�+�s�„�y�`
û�t (GPU)�—���ä�@�<�‰�Ê�ÿ �–

��	1�¢ �!�Á�¨�¶ 32KB 	1�—���v�7�–�‹�ï �”���­�B�¬�¶
D�à���� �”�• DirectX 10 �˜�
�—���Ñ

�¤�•�•�y�]	n�—�Ã
 �t �° mipmapping - Multi-Image Pyramid mapping�±�•	z�Û�{�¤���À

(anisotropic filtering)�Û�–�Á�¨�˜�� L2 �v�7�–�‹�ï
2
��×�š�ï�—���â�• �”�H�Ð�u�L�±�¤�¯�)

�è�à �–�—���â�•
��é� �µ�)�”�ï��
ÿ���D (translation)�”��
2�Z�ö�J��	1 ��
ÿ �ô�+�ï�Á�¨ �”�Ö

�Ê
ù�â�—�����À
��× �”	4�) ��
ÿ �š�)�–�‹�ï �–�•�à�Œ�ï�¯�h
��v �” Larrabee �H�ñ	4
w�‡�Á�¨

�B
��é�—������ �–   

 



ACM Transaction on Graphics, Vol. 27, No. 3, Article 18, Publication Date: August 2008. 
�¼�m�®���š�›���ö�Õ �”�+�Š�Ð
Î�®�:	 �!
a�7 �–�!�m�®���š�›���°	C
U Intel Taiwan�;�@�@�	�ö�Õ �”�Z�ö�!�Ô�±
�¤	1�ä�y �•�â�Æ �•�f�à	 �¨
M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
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4. Larrabee �Œ�ï�Œ�ï�Œ�ï�Œ�ï �4�„�t (Renderer ) 

 

�™�Z�ö���é �4�„ (rendering)�Ý�)	��Ö�â �”���)�Ï�¯�h	1�Â�v�‡�Í
2 �4�„ (rendering)�`���d�‰

�«�z�•�W�`�� (subtask)�”�ñ�^�é
ä�	���������é
��é �”�Ö�Ê�u�¡�š (synchronization point)��

�Ÿ�–�‚
a Larrabee 
†�Ï���¤�–�‹�ï�S�¤�V�Œ�ï
s�+
ˆ�Ó �”�<��	1���é�`
û�G�ˆ���+�s �„�y

�`
û�t (GPU)�“�• �–   

 

�!�•�4
ê�+��
a Larrabee 
.�Ì�{
à	1 �m�Ó
ˆ�g (sort-middle)�Œ�ï �4�„�t (renderer ) 

�”���4�‰�Ñ�¤ (binning)
��é
ä�	���� �–�# 5 �•	ž�<���à�Œ�ï �4�„�t (renderer ) 	1�¯�h
”�Ò �–   

 

4.1 �Œ�ï�Œ�ï�Œ�ï�Œ�ï �4�„ (rendering)	1�x
D	1�x
D	1�x
D	1�x
D   

 


a�1�á�• �”�z��
2�c�Õ�� �4�„ (rendering)�â�+�4 �4�„�>�Q (render target)�”���•�+�! �]�H �·�â

�t (pixel buffer)�I�+�!
á	ë �/�L�è �·�â�t (depth/stencil buffer)�–�•�� �4�„�>�Q (render target)

�V�%�•����	1 �4�„ (rendering)
��×�+�¦�o� 
a �4�„�>�Q�4 RTset (Render Target set)�–4.2 �•

�˜�õ�I�•�! �4�„�>�Q�4 (RTsets)�¶�Â	1�“�ä�'�!�Â �–   

 

�"	À�B �”�4�„�>�Q�4 (RTset)	1�4�„ (rendering)
��× �”
"�7 �„�y �¨�4�Ó�¤�Ó�¤�•
z
ÿ (APIs)�¬

�Ô�”
–
ê 	1�+�‘�í 	1�4�„ (rendering)	#�ª�â �•�”�I�>	›�Ø�œ	#�ª	1 �…�»�`
û	1 �?�á�n �4�„

(render)�–Larrabee 	1�4�„�t (renderer)�ƒ�• �”�l���4�>	›	#�ª (current state)	1� �š �”�Ö
"�¢

�¦�â�+�Y�d
��s�è�Ì�m	1 �4�„ (rendering)	#�ª �–�¥	õ��
2�?�á�n�4�‰�… �”�Ð�à�4���4	1	#�ª

(state it uses)���Q�–�z�4 �–�à�…�?�á�n�V���� �4	1	#�ª�o� 
a �y�•�4 (primitive set �¨

PrimSet)�–�•�U��
Œ�]�Í DirectX DrawPrimitive �E�û �”�ˆ�¥��	C�p�t���¤�Y�d 1:1 	1�™�¨�Â

	•�–   

 

�y 5 	d�B �”�4�„ (render)�â�+ �4�„�>�Q�4 (RTsets)�m�y�•�4 (PrimSets)	1��	�
.�Ì �–  

�o�4�„ (Rendered)	1	d
ÿ�o�‰
a �+�!�! �]�H �ô�Ç (tiles)�–�¢�! �ô�Ç (tile)�Ÿ�¶�+�! �‰�Ñ(bin)�”�V

�à�ô�Ç (tile)�L�� �y�•�4 (PrimSet)�m	1�?�á�n
2�Ä�5�à �‰�Ñ(bin)�–�ž�Z �4�„�> �Q�4 (RTset)	1�‰

�Ñ�4 (set of bins)�o� 
a �‰�Ñ�4(bin set)�–�ô�Ç (Tile)�V�‰�Ñ(bin)���2�¶�´�"���L�D���4 �–�‡�!

�®�m��	C	1�•��
a �ô�Ç (tile)
"�”�¾	1�]�H�÷�± �”�Ö�‰�Ñ (bin)	ž
"���|�à �ô�Ç (tile)	1�y�• �4

(set of primitives)�–  

�	�]�¢�! �ô�Ç (tile)�¶�+�! �‰�Ñ(bin)�”�¢�! �4�„�>�Q�4 (RTsets)�°�4�„�>�Q�ô�Ç (render target 

tiles)�V
Œ�Â�y�•�4 (PrimSets)	1�ƒ�} �±�¶�+�4 �‰�Ñ�4(bin set)�°�ƒ�6 �y�• (primitives)	1�‰�Ñ�4
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�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

(set of bins)�±�–   

 
 

�y�y�y�y 5 �š�š�š�š Larrabee �Œ�ï �4�„�t (Renderer)�è�Ì �š�ñ���é�`
û�•�4 �y�• (primitives) (�y�•�4

(PrimSets))�”�Ä�5�¢�! �ô�Ç (tile)	1�‰�Ñ(bins)�”	õ	C�_	õ���ã�Ð���é�`
û �”�4�„ (render)���Ÿ

�B	1 �ô�Ç (tiles)�–  

 

�G�—�ô�Ç (tile)�U�[	1�±	�
"�Å�•�à �ô�Ç (tile)	1�4�„�>�Q�4 (RTset)�>�Q	d
ÿ �”��	õ	C�h�Ë�5�â

�+�Á�¨	1 L2 �v�7�–�‹�ï �–�•�à �4�„�>�Q�4 (RTset)�¶�z�• �å
Q�•�� (color channels)�”�¨
†�4

�U	À�ÏXÄ	ë�÷�±�Ñ�¤ �”���4	1 �ô�Ç (tile)�¡�Z �”���º�G�f���Ÿ�¨ ��XÄ	ë	1 �•�� ��
S�[ �–
a�1�á

�•�Ó�¤�˜ �”�ô�Ç (tile)�•
D
"�±�n	1 �”�!�¡�Z
a 2 	1�»�± �”�•
D
U 32x32 �) 128x128�– 32 �ï

�•
á	ë�V 32 �ï�•�å
Q	1�¨�4�ñ���4�+�! 128x128 �ô�Ç (tile)�”�ý�h�Ä�è�Á�¨ 256KB L2 �v�7

�–�‹�ï�•�‰	1�+�ê �–   

 

�ý
Þ �ô�Ç (tile)�h�Ë�5 L2 �v�7�–�‹�ï �”�ô�Ç (tile)�¡�Z���l���é�����| �4�„ (rendering)�’	ë �–��

�4���[ �ô�Ç (tile)	1�Ì
Þ�â�°�‡�Í �”�ñ
ÿ �m�¶�•�‰�?�á�n��
w���+�!�Ð�B	1 �ô�Ç (tile)�”�•�� �ô

�Ç(tile)�Ÿ���Š�`
û  – �•�o� 
a ���K �‰�Ñ(bin spread)�–���[	1 �ô�Ç (tiles)���ú�ã ���K�‰�Ñ (bin 

spread)�”���ú�ã��	ë���l���é�� �–�•
D
ü�Ö�`��
ä�		1 ���K�‰�Ñ (bin spread)�[�Í 5%�–�H�	


"���Ó�-�`
û	1�?�á�n�G�>�º
Ü�b�ž�! �4�„�>�Q (render target)	1�â�+�U	À �‰�Ñ(bin)	1�G�>

�•�l�) 5%�–  

 

�B
ê�`
û�å
����!�x
D �–�‡	›�$�•�‰ �”�]�4�„�í
L (rendering stream)�o�<�L (submitted)�´�”

��
��s�+�!�‰�g ID �ï�¢�! �y�•�4 (PrimSet)�����ô�� �–	õ�$�����4�à ID �÷�› �”�”	…�%�”�‰�g �”

�î �ö�Õ�@�®�˜�õ �–�¥	õ�à �y�• �4 (PrimSet)�o
� �s�ï 
, �+�Á�¨ �”�� 
� �é �· �š �• 
) (vertex 

shading)�•�#�
 �° tessellation:���3�w�[	1�•�°	À �±�•���ö �•
) (geometry shading)�•�5�È (culling 

- �ð�È�‡�•���p�?�á�n	1�l�Á
Þ�½�à	1�•�‰ )�•�V�*�Š (clipping - �L�à���Ÿ��	1�?�á�n�^�é�*

�Š ) �” �� �3 �? �á �n �° �¨ �! �Ô �y �• (primitives) �±�– �¥ 	õ �à �Á �¨ 
2 �z �? �á �n �� �« 
• �� �½ 
ÿ

(Rasterize)�”�¬�s��
w���) �÷���ô�Ç (tiles)�”�Ð�—���‡�z �ô�Ç (tiles)�m
Ü�b�÷���L�! �–�è�à 
"
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�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�¢�!�?�á�n	1 �+�Ó�h	1 X �V Y �†�Q �”�Ð�—	1 
†�L�ÿ�b���• (sample coverage masks)�–�à�÷

�±�Ð�—�ö�Õ�·�$�÷�±	1�I�§���o�˜�‡ �‰�Ñ(bins)�m�– 

�+���Y�«�à �4�„�>�Q�4 (RTset)	1	›�$�`
û �”�¢�+�!�?�á�n�H�o�ã�5�����— �ô�Ç (tile)	1�‰�Ñ

(bin)�”�	�ñ�Ð�^�é	õ�$�`
û �–�¢�! �ô�Ç (tile)�o
��s�ï�â�+�Á�¨ �”
U
Œ�Â 	1�‰�Ñ(bin)�m�”���•


) (shade)�z�?�á�n �”�å
��{ �0�:�`
û�t �I�7 	1�—���L�! �–	õ�$�H
��é
á	ë (depth)�•�L�è

(stencil)�•�V
×�} (blending)���� �–  

  

�I�!�Ô�Ð �ô�Ç (tile)
a
��Õ	1 �4�„ (rendering)�±	��l�u �”�•���±	��l���â�y�‡ �•
) (shading)�•  

�•
) 	1
ù��
ˆ�g (re-ordering of shading)�•�¨�Z�ö�!�Ô	z�Q�7 �4�„ (rendering)�±	� �p	›�”  

�^�é�Y
­ 	1���’�5�È (occlusion culling - �4�Í�5�È�ñ�S�m�o�Þ�a	›
ÿ	1	"�ï�¬���’	1	"

�ï )�–
U DirectX �¨ OpenGL 
��×�í
L
w�9
��×�´ �”�4�„ (rendering)�â�+ �ô�Ç (tile)	1�‰�g�V
�

�×�¬�à	1�‰�g
Œ�u �–�‡�z�ô�Ç (tile)�m���4 
D�à	1 �4�„�%�µ (rendering pipeline)�ñ�i�
�ä�h�V

�¯�h�B	1�à�� �”���‡�•��
ü�¶�¨�4 �Ó�¤ �B�Ÿ�¶�+�ƒ �“	1	d
ü �–  

 

4.2 �4�„�>�Q (Render target) 
Œ�	
Œ�	
Œ�	
Œ�	 �¤�‰�ë�¤�‰�ë�¤�‰�ë�¤�‰�ë   

 

�â ���½
ÿ (frame)�å
��+�Ó�h	1 �4�„ (rendering)
��× �”�¢�+�!
��×�Ÿ�¾�™�+�4 �4�„ (rendering)

	d
ÿ �–
ü�Ö�¨�4�ñ�h�u�´���4�•	1�]�H�>�Q �”�H�ñ�h�‡ �â ���½
ÿ (frame)�Z�t�–
D�•�â�>�Q �”

���4�„ (render)�˜�t�V �­���y (shadow maps)�Û�¯�à (effects)�–  

  

�`
û �â ���½ 
ÿ (frame)�m	1�l�u �4�„�>�Q (render target)�4	1�´�" �” Larrabee 	1�Œ�ï �4�„�t

(renderer)���‡�4�„�>�Q�4 (RTset)
Œ�™	1�z�•�š �`�”�c�Ì�—�+�!�y�n �”�• 4.1 �•�¬�B �–�¥	õ


2�%�•
,�•�š �4�„�>�Q (render target)�4	1 �y�•�4 (PrimSet)
��s�ï�à �•�š �–�]�4�„�>�Q�4

(RTset)���4
, �4�„�>�Q (render target)�°�•�—�� �±�” �_	õ	1 �4�„ (rendering)�����>
2�à �4�„�>

�Q(render target) �� �4 �‡ �l �u �> �Q �B �” �• �� �! �4 �„ �> �Q �4 (RTsets) �t �	 	ì �E �1 
Œ�	 �¤

(dependency)�–���•�‡ �­���y (shadow mapping)�m�”�+�! �ñ
ÿ 	1�Ì
Þ �4�„�>�Q�4 (RTset) �°	õ

�S�·�â�t (back buffer) �V
á	ë �/�L�è�·�â�t (depth/stencil buffer) )�”�V�z �­���y (shadow 

maps)���4	1 �4�„�>�Q�4 (RTset)�t�¶ 
Œ�	 �¤�–   
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S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�+���Ì�—�à
Œ�	 �y�”�	�h�G�— �•�š �”�Ð�$�} 
Œ�	 �¤	1�Z�ö�‰�g�^�é �4�„ (render)�–�y 6 �é�B

�+�!�ñ
ÿ	1���! �â ���½
ÿ (frames)�t	1
Œ�	�¤ �”�à�ñ
ÿ �Á�4�„ (render)���! �­���y (shadow 

maps)�–
a�1�á�• �”�z�����"�é�B �â ���½
ÿ �!1�!�)frame 1�*	1�­���y (shadow maps)�–
Þ�Û�)

�â ���½
ÿ �!2 	1�­���y (shadow maps)�o�4�„ (render)�Y�« �”�i�h �4�„ (render)�à�ñ
ÿ 	1�â ���½


ÿ 2�–�‚
a�‡�•�!�á�â	1�¤���m �”�z�â ���½
ÿ (Frame)���4
Œ�u	1�–�‹�ï�œ�Z	õ�S�·�â�t (back 

buffer)�V
á	ë�·�â�t (depth buffer)�”
Þ�Û�) �â ���½
ÿ 1 	1�ñ
ÿ �o�4�„ (render)�Y�« �”���ä�y�)

	›�S�·�â�t (front buffer)�°� �µ
Œ�	�¤ �±�” �i�h�4�„ (render) �â ���½ 
ÿ 2�–���â ���½
ÿ 2 �­��

�y (shadow maps)	1�4�„ (render)�ñ�I �â ���½
ÿ 1 	1�4�„ (render)
ù�¤ �”�‚
a��	C�t���¤ 
Œ�	

�¤�–�•�à �â ���½
ÿ 2 ���4�l�u	1 	õ�S�·�â�t (back buffer)�”�	�ñ
ˆ�È� �µ 
Œ�	 �¤�–�•�ñ�Ð�Þ

�ï�Y�D �–   

 

 

 

�y�y�y�y 6�š�š�š�š�4�„�>�Q�4 (RTset)
Œ�	 �¤�y �š�Å�• �y�•�4 (PrimSets)�%�•	1	d
ÿ �°�4�„�>�Q (render 

target)�±�” �������o
��s�ï
, �4�„�>�Q�4 (RTset)�•�š �–
Œ�	 �¤�”	…�l�����4�à	d
ÿ �”	4�)�%

�•�à	d
ÿ	1 �y�•�4 (PrimSets)�b�– �4�„ (render)�1�”�Ö�Ê	4�)���4��	1 �y�•�4 (PrimSets)�o�4

�„ (render)��	õ �”�à	d
ÿ�i���o�%�• �–   

 

�î�ù�à �V�+�! �4�„�>�Q�4 (RTset)�¶�Â	1 �y�•�4 (PrimSets)�ñ�.�Á
Þ�o�‰
a�“���4 �”�ý
Þ�B



�!�c	õ�‰�g �–�•�à �4�„�>�Q�4 (RTset)�œ�U�”�¤	��¶�¯ �4�+�!�â�•�� �`
û �”�	�ñ�Ð 
2�� �‰�Ê�”

���• �”�<���“ �2	1
ˆ�Ó XÄ�2	ë(finer scheduling granularity)�–�l
"�¬�¶ Larrabee �Ÿ
Þ�u�´�`


û�u�+�! �4�„�>�Q�4 (RTset)�ƒ	1 �y�•�4 (PrimSets)�–�4�„�>�Q�4 (RTsets)	1�Þ�7�‰�Ê�V
ˆ�Ó

�ñ�i �
�•�‰�c	› �ô�Ç�¤ 
.�Ì (tiling architectures)	1
û�+ [Lake 2005]�–   
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4.3 	›�$�·�š�V���ö�`
û	›�$�·�š�V���ö�`
û	›�$�·�š�V���ö�`
û	›�$�·�š�V���ö�`
û   

 

�‚
a�„�y �4�„ (rendering)
��×���%�•	#�ª �”
��é�‰�g�¶�!
ù
Þ�¤ �–�„�y�`
û�t (GPU)�����g

�`
û�•��
��× �”�¬�Ð
��×�����g�r�h�����g�è�” �–�•�à �4�„ (rendering)
��×	1�����‡�`
û�A

�5�´�r�Ð���é�• �”�A�à���Š�f�	�‰�g
ˆ�h �–���ö���ö���ö���ö �•
)�t (Geometryshaders)	1�A�à�G�f 
"�•

�â	1�”�‚�¼�Á
Þ�ý���U	1 �c�^�c�à	� �Ø�œ(FIFOs - First In, First Out)�”�i�h�B

 �‰�g���‡�Ÿ

�Ö�é �–   

 

Larrabee �r�z	›�$���é�`
û�•�! �y�•�4 (PrimSets)�–
s�+�`
û�t �”�Å�•�4�„�>�Q�4 (RTset)�ƒ

	1�y�n	1
Œ�	�¤ �”�¬�s �÷���y�•�4 (PrimSets)�‡�ý�s�´�t �4�„ (render)�”��
2�•�� �y�•�4

(PrimSets)�ã�5
R�ï �¶�¯ X��â (active list)�–
��é	›�$����	1 Larrabee �Á�¨���l�°
U�à 
R�ï �¶

�¯X��â �”�7�4 �y�•�4 (PrimSets)�–�z�Á�¨���Ñ�E�`
û�! �y�•�4 (PrimSet)�–�Û�)�+�!�Á�¨�`
û

�Y	õ �”����
U 
R�ï �¶�¯ X��â (active list)�m�7�à�@�+�! �–�¢�!�Á�¨ �‡�`
û�¢�! �ô�Ç (tile)�´����

�4�Þ�a	1 �‰�Ñ(bin)�•�‰�”�•�ñ�Ð
ˆ�È�V�!�Ô	›�$�Á�¨	1 ��	��† (lock contention)
��2 �–�y�•�4

(PrimSet)	1�‰�g �•���˜ (ID)�o�
�5 �‰�Ñ(bins)�m�”�‚�¼	õ�$��
"
U �•���˜ (ID)�È�[	1 �W�‰�Ñ

(sub-bin)�°�7 �y�• (primitives)�”
����! �:�h�‰�g �–   

 

�y 7 �é�B�â�+	›�$�Á�¨�ƒ	1�`
û�x
D �–�#�+�¡�c�”�• �n�« �z�y�• (primitive)	1�·�š �–�•�ñ�h�¶

�š�ä�' �”�‚
a�I�§�·�â�t �”�‚�z�·�š�·�â�t�Ù	1�·�š�Z�à 	1�™�¨ (arbitrary mappings)�)�y�•

(primitive)�”���Ï�¯
÷�•�˜ �;�> �)meshes - ���©�µ
Œ�L�¬�«	1�;�n�ž )�–�@�+�¡
"
��é �·�š �•


)�t (vertex shader)�”���D�x�"���D �”���� �Á���D 	1�·�š �–�b���D	1�·�š�f �í
L �)�Ì�–�‹�ï

�m�–	z�ï�œ�÷�±	1�G�� (Values other than the position data)���o�Ì�ï
U L2 �v�7�–�‹�ï�mX�

	< (evicted)�”�i�
 �k�– (pollution) L2 �v�7�–�‹�ï �”�‚
a	4�)	õ�$ �ƒ�: (interpolant)�{�s�´ �”�i

���f�Á
Þ���� �–
w�@���	
"
��é ���ö�•
)�t (geometry shader)�”
w��
" �.�š�ð�È (frustum 

culling)�V
¹
ÿ �5�È (back-face culling)�”�È	õ
" �*�Š (clipping)�–   
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�y�y�y�y 7�š�š�š�š�y�•�4 (PrimSet)	1	›�$ �4�„ (rendering)�‰�g�š�4�„�t (renderer)���•
) (shades)�¬�¶ �y

�• (primitive)�¬�Á
Þ 	1�·�š �”�f
2�È�6	1 �y�• (primitives)�Ë�5 �ô�Ç (tiles)�V�y�• (primitives)�L

��	1 �‰�Ñ(bins)�–  

 

�z���4
ê	1�Ý�)	�	 �!�‡	›�$
à�)
Ü�b�÷�› �”�f
2���Ë�5 �‰�Ñ(bins)�–�•�ñ�” 	…�”�‡���4�Ÿ

�G�‰�Ñ(bins)�r�O �U�f�?�á�n	1�´�" �”�k�ñ�Ð �Œ�Ü	1
ä�	���� �–���« 
•�� �½
ÿ (rasterization)

�ñ�‡	›�$�¨	õ�$
��é �”
w�ß�7	›�$�I	õ�$�‰�œ �”�‚
a Larrabee ���4�• 4.4 �•�4
ê	1�Œ�ï ���«


•�� �½
ÿ (rasterization)�–   

 

4.4 �Œ�ï�Œ�ï�Œ�ï�Œ�ï ���« 
•�� �½
ÿ (rasterization)�V�V�V�V�ƒ�: 	� (Interpolation)  

 

�V
ü�Ö �„�y�`
û�t (GPU)�l�u �” Larrabee �l���4
1�F�ä�@
��é ���« 
•�� �½
ÿ (rasterization)

�V�ö�G �ƒ�: 	� (Interpolation)�–�‡�! �®�m �” �� �« 
• �� �½
ÿ (rasterization)
� 	1 
" �� �„ �y �•

(primitive)	1
Ü�b�ô
� �” �ƒ�: 	� (Interpolation)
�	1
"���„
Ü�b�L	´�ï�œ (sample positions)	1

�ö�G�� (values of parameters)�–�‡ 5.4 �µ�•	1 �y�m�”�é�B�•�������í �4�„ (rendering)�`��
ä

�		1�]�f�¶
û �”�‚�¼���4�Œ�ï
" 
û�7�Ú�é	1 �–�!�•�4
ê�z�����4	1�Ý�)	� �”�Ð�—
a�ö Larrabee

���}���4�Œ�ï�”�� �–  

 

�Ð�Œ�ï
��é �ƒ�: 	� (interpolation)	1
û�7	ð�á�â �–�‡���Ô	1�„�y �¨�4�Ó�¤�Ó�¤�•
z
ÿ (API)�m�”

�ƒ�: 	� (interpolation)�����3�P�s�š�G �”	ð�]�U�•�G
D�à�—�����À����	1�>	›	#�ª �–�‡ DirectX 

10 �Û
ü�Ö�„�y �¨�4�Ó�¤�Ó�¤�•
z
ÿ (API)�m�”�Á
Þ	1�è�à
a 32 �ï�•�ì�š�Ñ�¤ �–�‚�¼�f���4
ü

�¶�{�f�`
û�t (VPU)
��é �ƒ�: 	� (interpolation)	1�¯
÷	ð�Ï �–   
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Á�¤�

��† �”�•�à�4
1�F�ä�@
��é ���« 
•�� �½
ÿ (rasterization)�”�º�4�Œ�ï �±�¤ �”�¶�� �Ï
��é

�’
÷ �–���‡ Larrabee �B���4
1�F�ä�@�¶�! �l��
º�Y �–�‡
ü�Ö �„�y�`
û�t (GPU)�m�”���« 
•��

�½
ÿ �t (rasterizer)
" �+�! �2�•�( 	1�g�h�• �ý�� (fine-grain serialization point)�š�¬�¶ �y�•

(primitives)�‡���« 
•�� �½
ÿ (rasterization)	›��
����!�‰�g �–�•�à
Þ 
2�4�„�t (renderer)�•�v�)

�•�!�Á�¨ �”�È�1 �)�•�( 	1�g�h�• �ý�� (coarse-grained serialization point)�Ð�� �”�Ÿ�Á 
ˆ�È �–��

�«
•�� �½
ÿ �t (rasterizer)�ñ�o�{
à�«�r�z�•�!�Á�¨ �”	z���g�š�¬�! �y�• (primitives)�”���•��

�U���ú�ã�•�›�«�! �”���Á
Þ�Œ�ï�%
û ���« 
•�� �½
ÿ �t (rasterizer)�÷�-	1 	��4 �)contention�*
�

�2�–�Œ�ï ���« 
•�� �½
ÿ �t (rasterizer)�ñ�i�
�•���«�! �–���H�r�z�•�!�Á�¨���é�`
û ���« 
•��

�½
ÿ (rasterization)�”�¨�ú���) �4�„ �%�� (rendering�!pipeline)�m�•�!�l�u	1�†�± �–�z���ñ�¾�™

�ý�s�`��
ä�	
2 ���« 
•�� �½
ÿ (rasterization)�Ó�¤�˜�È���• �”�¨�¾�™�ý�s�>	1�­�B�Y�Ö ���« 
•

���½
ÿ �±�Ó�¤ (rasterization equations) [Lloyd et al. 2007]�–  
 

�z��	1�Ý�)	�
" Greene [1996]�4
ê	1 � 
þ� �¼ (recursive descent)�Ý�)	�	1�Ï	ë�È���•	 

�!�–
��!���š
a
2 �*�Š 	õ (clipped)	1�?�á�n���D�)���Ÿ	<�t �”�f
à�)�z�?�á�n�°�´	1 �ê��
ÿ

�±�Ó�¤ �)half-plane equation) (1D - Ray, 2D - Half-Plane, 3D - Half-Space) [Pineda 1988]�–

�•���z���¬�s�?�á�n�ô�Ç
"�!�Y�d�‡�?�á�n�Ù
ÿ �•��
ÿ �•�k
"�•�‰�o�?�á�n���b �–�		õ	C�Ö

�â�”�Ý�)	��� � �±�‰�Ê�à�ô�Ç �”	4�)���o�
�[�)�!���]�H�¨�L�!�ï�œ
a�· �–   

 

�™Larrabee �Ö�â�”�#�+�¡
"���4�?�á�n	1 �†�Q�Ó�- (bounding box)���„�à�?�á�n
ù�¤	1 �ô�Ç

(tiles) �– 
w �@ �� �{ �f �` 
û �t (VPU) �� �+ �» 
à �) 16 �! �ô �Ç 	1 �ê �� 
ÿ �± �Ó �¤ �)half-plane 

equation)�–���• �ô�Ç (tile)	1�U�[
a 64x64�”�#�+�x
D �”���`
û
Ü�b�ô�Ç	1 16 �! 16x16 �ô�Ç �–

���„�#�+�ï�• 
��× (find first bit instruction)�ñ�Ï�¯
÷�†�„�)�Y�d�¨�•�‰�b�ð	1�ô�Ç �–
a�1�¯
÷

	1
û�7 �”�—�°�à�“�)�Y�d�b�ð	1�ô�Ç�<�‰
ù
Þ �–�#�2�x
D �”���“�â�z�•�‰�b�ð 16x16 �ô�Ç	1

16 �! 4x4 �W�ô�Ç�–�#�?�x
D �”���“�â�z�•�‰�b�ð 4x4 �ô�Ç	1 16 �!�]�H (pixels)�–�•�!�x
D��

�¾�™�z�]�H	1�•�!�L	´�ï�œ�+�f
ù�ä �–
��×
ª�¶ 70%�‡�{�f�`
û�t (VPU)�B
��é �”�����4

Larrabee 	1���)
/ 	ë �–
ª 10%	1�Ý�)�t�¯ �h
Þ�¼�ä�Í �� �„�#�+�ï�•
� �× (find first bit 

instruction)�Û�ý�Ø
��× �–   
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4.5 	õ�$�]�H�`
û	õ�$�]�H�`
û	õ�$�]�H�`
û	õ�$�]�H�`
û   

 

�+�� �4�„�>�Q�4 (RTset)	1	›�$ �`
û �”�Y�«�4�?�á�n�÷�±�Ä�5 �‰�Ñ(bins)	õ�”�4�„�>�Q�4 (RTset)

�	���o�Ë�5
R�ïX��â �–
��é	õ�$����	1�Á�¨���l�°
UX��â�m�7�à�@�+�! �ô�Ç (tile)�”���4�„

(render)�™�¨ �‰�Ñ(bin)�m	1�?�á�n �–�•���Œ�ï�ñ���4 	1�•���È���•�± 	��”	õ	C
" 
ü�Ö �„�y�`


û�t (GPU)�•
D�Ð�P�s�ä�h�ä�@ �”�� �”���•�v�’X��È (fast clear)�•�x���¤ Z �W(hierarchical 

Z)�•�V�°�Z Z �W�“�â (early Z tests) [Morein 2000]�–�x���¤ Z �W�“�â�ñ�Ð	›�$
��é �”�‡�Ÿ�Ë

�5�‰�Ñ(bins)	1�y�• (primitives)�G�> �–   

 

	õ�$�Ó�¤�˜�c
2 �4�„�>�Q (render target)�]�H�C�7�Ë�5 L2 �v�7�–�‹�ï �–�¥	õ�¬�¶ �4�„

(rendering)���‡ L2 �v�7�–�‹�ï
��é �”	4�)�¬ �¶�4�„ �ô�Ç (render tile)	1�y�• (primitives)�Ÿ�4

���”�¥	õ�����o�
�ƒ�–�‹�ï�Ù �–�‚�¼�à �ô�Ç (tile)	1�4�„�>�Q�4 (RTset)�m	1�]�H�ý�Á
Þ
U�Ì�–

�‹�ï�m�°�à�+�»�I�
�5�+�» �”�l�õ �‰�Ñ(bin)�Ù�¶�•�Ÿ�!
ù�¤	1 �y�• (primitives)�–�����Ì
Þ�È

���•�±	� �”�ñ�Ð�o�à�“�à�� �”�����ñ�U���•
ª�–�‹�ï�n�� �–�•�à�#�+�!
��×��X��È�ž�! �ô�Ç

(tile)�”�	�l�Á�°�7	1�ï�� �–�•�à �4�„ (render)	õ�l�Á
Þ
á	ë�÷�± �”�Ö�Ê �•�š
†�L�˜�O�a (MSAA 

- Multisample anti-aliasin)�1�å�‡�
 �5�–�‹�ï	›�ñ�Ð �‰�Þ(resolve)�«
a�+�!�]�H�ý�¶�+���1

�å�”�	�l�Á�¨�ñ �Ð�‡�Ÿ�
�5	1�ï�� �–   

 

�y 8 �é�B�ñ�¶�¯�‡�â�+�Á�¨�B
��é�•�!
��é�C	1	õ�$ �”�� �–�{�s
��é�C���°�7 �ô�Ç (tile)	1�y

�• (primitives)�–�¥	õ �”�{�s
��é�C�� �ƒ�: (Interpolates)�¢�!�·�š	1�ö�G �”�„�à�z�L�!	1�G�� �–

�È	õ �”�{�s
��é�C
2�]�H�¬�ï�`��
��é�C �”�Ð 16 �!
a�+�4 �”�z��� �p
a qquad (quad x quad, 

4x4, 16, �(���
 )�–�{�s
��é�C���4
à�‰�è (scoreboarding)�”�”	…	4�)�Z�ö
ù�¤�]�H�`
û�Y��

	õ�”�i
2 qquads �š�ï�`��
��é�C �–  

 

 
 

�y�y�y�y 8 �š�š�š�š�ô�Ç (Tile)	1	õ�$ �4�„ (rendering)�‰�g�š�+�!�{�s
��é�C (Setup Thread)�`
û �y�•

(primitives)�”��
2����
��s�ï�?�!�`��
��é�C (Work Thread)�p�+ �”�•��
��é�C
��é�°�Z Z �W


á	ë�“�â �•�]�H�•
)�t (pixel shader) �`
û �•
¡�Z Z �W
á	ë�“�â �•�V�ä�ÿ�Ç
×�} (alpha 
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M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

blending)�–   

�?�!�`��
��é�C
��é�¬�¶�Í�@	1�]�H�`
û �”�å
� 	›�Z �•
)�t (pre-shader)	1�°�Z Z �W�“�â �•

�]�H�•
)�t (pixel shader)�•�+�s 	õ�Z Z �W�“�â (late Z tests)�•�V	õ�Z �•
)�t
×�} (post-shader 

blending) �– 
ü �Ö �„ �y �` 
û �t (GPU) �� �4 
1 �F �ä �@ �” 
� �é 	õ �Z �• 
) �t 
× �} (post-shader 

blending)�”�� Larrabee 	ž���4 �{�f�`
û�t (VPU)�–�•���±	�	1�¯
÷�ý���Ï �”�‚
a�z�• �•
)�t

(shaders)���l���4 	õ�Z �•
)�t
×�} (post-shader blending)�”
,�� �•
)�t (shaders)�ñ�h�4�l�)


1�4 
×�} �ä�@(dedicated blending logic)�”�H�ñ�h
û�+�!�Ô �•
)�t (shaders)	1�¯�h �– 5.4 �•�<

���‰�ë 	õ�Z �•
)�t
×�} (post-shader blending)�V�ö�G �ƒ�: 	1���`
û�´�t �–   

 

�—�� �0�:�`
û�t (texture co-processor)�˜�7
"�Í�@	1
��2�p�+ �”�•�ñ�h�—�«	o���G�Í�!�´�g

	1�•�H �–�‡�¢�!�Ï�ï
��é�C�B���)�•�! qquads ���†�ò�•�!
��2 �–�¢�! qquad 	1�•
)�t (shader)

�o� 
a fiber�–�‡�+�!
��é�C�B	1�l�u fibers ��
Œ�u�Š�D �”�l�Á�����Ó�- �e�C �–�‡�¢�+�!�—��

�°�7
��×	õ �” fiber �	���L�D �”
2�`
û�ž�L�ï�u�+�!
��é�C�B
��é	1�!�Ô fiber�– Fiber �Ð�é �n

�ñ�h (circular queue)	1�±�¤
��é �–�G�— Fibers �G�>	1�:	ž
" �”�Û�)�´�t
s�+�L�ƒ
,�! fiber

�´�”�!�—���˜�7�b�¶�é
��´�t
��é �”�H���3�à�è�à �”	õ	C�ñ�L�ï�@�x
D�`
û �–   
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M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

5. �4�„�t (Renderer)�¯�h
”�Ò�¯�h
”�Ò�¯�h
”�Ò�¯�h
”�Ò   

 

�!�•�4
ê �# 4 �•�¬
ê Larrabee �Œ�ï �4�„�t (renderer)	1�¯�h�V�•�v�¤
”�Ò�è�à �–
”�Ò�å
��Œ

�ï�4�„ (rendering)	1�•�v�¤�”�í (scalability experiments)�•
ä�	����
”�Ò �•�‰�Ñ�¤ �4�„�t

(binning renderers)�I	4
w�S�¤ �4�„�t (immediate mode renderers)	1�n���º�� �•�G�����­�`

��
ä�		1�¯�h �•�Ð�—�é�B�Œ�ï �4�„�t (renderer)�z�•�‰�•�ö�‰�»�`
û�´�t	1�y	d �–   

 

5.1 ���­�`��
ä�	�V�S�µ�±	����­�`��
ä�	�V�S�µ�±	����­�`��
ä�	�V�S�µ�±	����­�`��
ä�	�V�S�µ�±	�   

�¯�h�“�â���4
Ü�3�Þ�?��	5�|���­	1�`��
ä�	 �š�•	��²�t (Gears of War *)�•�•�ê
¡�° (F.E.A.R. 

*)�•�V �•�ê�´	< 2(Half Life * 2)	1�#�2 �• (Episode 2)�–	d 2 �å
��z���­�“�â �â ���½
ÿ (frame)

	1�÷�› �–�‚
a�z�����•�v�)�U�G�f�Á�¨ �”�z�����4 �]�´ �­�B	1 �Ï�x���Ÿ�U�[�V�•�L�! �–  
*�!�Ô	´�¨�I�|� 
a �!�¬�F�†�ù	1�÷�� �–  

 

Half Life 2 ep. 2 F.E.A.R. Gears of War 

1600x1200 4 �L�!  

25 �! �â �� �½ 
ÿ (frame) 

(1/30) 

Valve Corp. 

1600x1200 4 �L�!  

25 �!�â ���½
ÿ (frame) 

(1/100) 

Monolith Productions 

1600x1200 1 �L�!  

25 �! �â �� �½ 
ÿ (frame) 

(1/250) 

Epic Games Inc 

 

	d	d	d	d 2�š�š�š�š�?���“�â���­	1�`��
ä�	��
Þ �š���­�^ �é	õ�” �¢�¦ �l�u�ñ �S�ý�å �”�â ���½
ÿ (frame)�H

�U�U�†�l�u �–  

 

�z���‡�Ð�%
D�’	ë	(���­�´ �” �²�7 �¬�ï�š�-�„�y�ì	1 DirectX 9 
��×�í
L ���¢�¦ �â ���½
ÿ

(frame)�”�Ð�—�¢�! �â ���½
ÿ (frame)�r�h�´	1�—���I	d
ÿ�ƒ�r �–�z���˜���ä�h�S	À�“�â���� �”

�”	…�Ý�)	�	1�%�”�¤ �”�Ð�— �%�” ���] �o���3 �–�¥	õ�z�� �Ð�è�� ����� 	1�ª	ë �”�÷
à�ä�h�S	À

�m�z�Ó�¤�˜ �•�‰ 	1�«�! �”���¾�™�z �½
ÿ 	ì�E�)��	1 �4
ê�¾ �)profile)�–�z��
a�È�Ï�«�!	1�•�‰

�³�
�4�}�Ó�¤�˜ �”�4�´�gXÄ�7	ë	1�S�µ�t (CAS - Cycle Accurate Simulators)
��é �”
2�´�g�\

�Z�è�à�¬�ƒ�ä�h�S	À �”�f
ù��
� �é �³�� �)traces)�–�z��
ù�ä�•�! �<�B ���é �\�Z (iterative cycle�!

of refinement)�”	4�)�+�! �â ���½
ÿ (frame)�Z�t
��é	1 90%�´�g�\�Z�Ÿ�–���S�µ �t�”�‚�¼�ž

�! �4
ê�¾ �)profile)�¶	ð�Ï	1	~�8	ë �–�z���S�µ�H�å
��—���â�•�A�à�`
û�h�: �•�v�7�–�‹�ï�¯

�h�•�V�–�‹�ï�n��
û�+ �–   

 

�‡�•��
”�Ò�m �”�z���“�f�1 �Å�• Larrabee �â�•�G	1�`��
ä�	�¯�h �– Larrabee �â�•	1�s� 
a
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S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�+�!�´�g
a 1 GHz 	1 Larrabee �Á�¨ �–�´�g	1�G�—�Y�d
"
a�1
à�)�±	• �”�‚
a���%	1 �Ø�œ�à

�„�´���¶�•�!�Á�¨�V�z���´ �g�–���4 Larrabee �â�•���z���º���z���l�u�Á�¨�G�V�l�u�´�g

	1 Larrabee �”�� �¯�h �–�â�+ Larrabee �â�•
Œ�]�Í 32 GLOPS 
û�õ��	1 �È�Ï �A�à�`
û�h�: �”

�•�à�‚ �ì�š	1
×�}�
�ã���) (fused multiply-add)�.
a���!����	1�é �–  

5.2 �•�v�¤
”�Ò�•�v�¤
”�Ò�•�v�¤
”�Ò�•�v�¤
”�Ò   

 

Larrabee �Œ�ï �4�„�t (renderer)	1�{
à�r�z�‡�U�f�Á�¨�t
��é�Ï�¯
÷
ä�	���� �–�y 9 �é�B�¾

�™�„���4�ª�“�â
ä�	����	1�è�à �”�¢���“�â	1�–�‹�ï�n���V�—�����À�’	ë�Ÿ�¾�™�Á�¨�G�>�•

�v�–�!�“�â���4 5.1 �•�4
ê	1�S�µ�±	� �õ�”�f�ã�B�Ð�´�t
a
��Õ	1�¯�h�S	À �”	õ	C�h�³�� 
Œ

�	�¤�V
ˆ�Ó �–
Î�ý�ÿ�ƒ�•�4�•���`� ���r�Ç�•���„�y��	´ �–   

 

 

 

 

�y�y�y�y 9�š�š�š�š
Œ�™�•�v�¤�V�Á�¨�G	1�Â	• �š�•�é�B 8 �) 48 �!�Á�¨	1�»�œ �”�ÿ�¢�����­	1 �è�à �”  

�Ð 8 �Á�¨�Ó�- 	1�¯�h 	1
Œ�Â�y	d �–   
 


ä�	�����S�µ�è�à�é�B �”  48 �!�Á�¨	1�µ�¤�ã�’�è�à ��
þ�� 7-10%�–�‡�•���“�â�m �”�•�à �y

�•�4 (PrimSets)�å
� 1,000 �!�Ð�B	1 �y�• (primitives)�”�	���f�é�‰�Ê �”�• 4.2 �•�¬
ê �–�!�Ô�“

�â�é�B �”�•�à�‚ �y�•�4 (PrimSets)�‰�Ê�«�¢�!�ý�¶ 200 �!�y�• (primitives)	1�¢�4 �”�•�ê
¡�°

(F.E.A.R. *)���­	1 �è�à�ý���‡�Ÿ 2%�”�‚�¼�ó�ž�Ó�¤�˜�¨�h�•�ó �µ�¤�ã�’�è�à �–   

 

�y 10 �é�B �Ð 60 �â ���½
ÿ (frame)�/
ž�”���4�„ (render)�?�����­	1�L�! �â ���½
ÿ (frame)�”�Á


Þ���! Larrabee �â�• �–�è�à�Ð�â�+�Á�¨�S�µ �”�×�{�¯�h 
"�ñ�µ�¤�•�v 	1�– �•�ê�´	< 2(Half Life 

* 2)���­	1�#�2�• (Episode 2)�Á
ª 10 �! Larrabee �â�•���ñ�”	…�¬�¶ �½
ÿ �Ÿ���) 60 fps �¨�“



ACM Transaction on Graphics, Vol. 27, No. 3, Article 18, Publication Date: August 2008. 
�¼�m�®���š�›���ö�Õ �”�+�Š�Ð
Î�®�:	 �!
a�7 �–�!�m�®���š�›���°	C
U Intel Taiwan�;�@�@�	�ö�Õ �”�Z�ö�!�Ô�±
�¤	1�ä�y �•�â�Æ �•�f�à	 �¨
M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�v�–�•�ê
¡�° (F.E.A.R. *)���­ �V�•	��²�t (Gears of War *)���­	ž�Á
ª 25 �! Larrabee �â�• �i

�h�è�é�Á�£ �–   

 
 
�y�y�y�y 10�š�š�š�š�ž�ï�¯�h �š�é�B�‡�z���­�m
Þ ���! Larrabee �â�• �°�Á�¨�´�g
a 1 GHz�±�i�h���L	´
�â ���½
ÿ (frame)���) 60fps�–   

 

�Œ�ï���½ (Software Locks)
"�ü�+�!��
û�+�•�v�¤	1�‚�H �–�Ð�•�¼�Ï�2�•�½���S�µ�•�! �4�„

(rendering)�½
ÿ 	1�«�!���Ï �–���•���Œ�ï �4�„ (rendering) �%�� �–�� �Ô�”	1 �{
à (explicitly 

designed)�”�ñ�‡�Ÿ ���½ (Locks)�G�>�V�!�Ô�u�¡���Y �–�+�s���… �”���¾�™�@�h���Y ���s (Lock)

�V�Þ�r (release)�š  

�  �•�à
2 �‰�Ñ�4(bin set)�ã�5�`��X��â �”���¶���» �•��	#		 �°�+�»�¾�™	›�$�ñ�h �”�+�»�¾

�™	õ�$�ñ�h �±�–   

�  �]	›�$
��é�C�`
û �y�•�4 (PrimSet)�”�¨	õ�$
��é�C�`
û �ô�Ç (tile)	1�´�" �–   

�  �+�����n
÷ ���s (Locks)�”�•�÷�- �Ì�—�V���È �•�Ì�²�m���`
û�t (CPU)�·�â�t 	1�%�• �•�Ð

�—�â���½
ÿ �ì�ï (frame flips)�¨�â ���½
ÿ �'
ü (frame presents)�–   

 

�U�•�G���­	1�+�! �½
ÿ ���s (lock)�G�•
D�›�[�Í 10,000 �»�– Larrabee 	1�é	#�;���ñ�<��
Œ�]

�Œ�Ü	1����	� 
c�n ��  (low-contention lock)�¯�h �”�•
D�‡ �¢ 1 �Á�¨ 	1���s �U
ª 
a 100 �´�g �–

�•���G�—
Œ�]�� �”�ñ�”	…���s�• �v�V�Á�¨�G�>	1 �«�µ�¤�Â	• �”�•�à�–�‹�ï�n���é
�	1�é �–   
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S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

5.3 �‰�Ñ�¤(binning)�V�n��
”�Ò�V�n��
”�Ò�V�n��
”�Ò�V�n��
”�Ò   

 

�z��
†�4 �‰�Ñ�¤(binning)�Ý�)	�	1�Ì
Þ�>	1
"�‡�Ÿ �Œ�ï ���s (Software Locks)�”���H�¶���Í
ä

�	�����V�–�‹�ï�n�� �–   

 

�z��	1�Ý�)	���
��s 	õ�$ �ô�Ç (back-end tiles)�ï�Z�ö�7�Â�`
û �ô�Ç (tiles)	1�Á�¨ �”���l�â�y
�

�é
ä�	���� �–�‡
û�õ�B �”�•�ñ�h�„
À�é��	1
ä�	�l ���� �”�ˆ�¥�Á�¨ �¶	< �ñ�Ð �r�h�`
û�@�+�!

�4�„�>�Q�4 (RTset)�¨�Š�D�)	›�$�`
û �–�‡�z��
”�Ò��	1���­�`��
ä�	�m �”�‰�Ñ (bin)�l������

�l�Ì�«
��2 �–�y 11 �³�� �•	��²�t (Gears of War *)���­ 	1 16 �!�â ���½
ÿ (frame)�¬�Á	1	õ�$

�‰�Ñ(bin)�`
û�´�t �–�¢�+�!�³���–�U ���–�@�+�! �½
ÿ �‡���Ÿ�B�z �‰�Ñ(bin)	1�`
û�´�t �”�f
U

�È�v�)�È�¬	1 �‰�Ñ(bin)
ˆ�g �”���%
D�• �”�Ð 1.0 
a�à �½
ÿ 	1���A �‰�Ñ(bin)�`
û�´�t �–�U�•�G

�‰�Ñ(bin)�Ÿ�µ�‡���A�`
û�´�t 0.5 �
�) 2 �
	1�¤�î �–	ð�Ÿ�L�����A��	1 3 �
�–�!�Ô�������­

	1�è�à�Ê�ÿ �–   

 

 

 
�y�y�y�y 11: �•	��²�t (Gears of War *)���­ 	1�‰�Ñ(bin)���� �š�z�´�µ�é�B�`
û�+�! �½
ÿ 	1�‰�Ñ(bins)

�Á�•�Ÿ�´�t �”�	�È�v�)�È�¬
ˆ�h �”���Å�•���A �‰�Ñ(bin)�`
û�´�t�%
D�• �–   

 

�–�‹�ï�n��	ð
ù
Þ �”�‚
a �–�‹�ï�W�Ó�-�ñ�h
" �„�y�`
û�t (GPU)�È�Ó�F�H�È�[�=	1�+�•�] �”

�å
�
U�Ï�x�+	4�)���«�!�{
à �Ÿ�+�L �–�–�‹�ï�–
D
"�¶
û	1�÷�- �”�•�à�l�[�¨�%
û�	���—�«


ÿ�m �”�•�‰�:�‚
"���)�’	ë�•�v���v �–�z��	1�¯�h
”�Ò�“�f���)�’	ë �”���l�9�–�‹�ï�n��
û

�+�”���Õ���z��	1 �‰�Ñ�¤(binning)	��V�Q�7 	4
w�S �¤�4�„ (immediate mode rendering)�Ý�)	�

	1�•���H�<�‰
ù
Þ �–  
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S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�y 12 �¾�™�?�����­ �”�º�����4 	4
w�S�¤ (immediate mode)�I�‰�Ñ �4�„ (binned rendering)

� �́”�¢�! �â ���½
ÿ (frame)�Á
Þ	1���–�‹�ï�n�� �–�à�y	1�z �â ���½
ÿ (frame)�÷�±�	 �C	4
w�S�¤

(immediate mode) �â �� �½ 
ÿ (frame) �n �� �” 
U �È �Ÿ �) �È �U �	 �g 
ˆ �h �– �z �� �™ 	4 
w �S �¤

(immediate mode)	1�×�{�å
��Y
­�x��
á	ë �5�È (culling)�• 128KB �—���v�7�–�‹�ï �• 1MB 
á

	ë�V�å 
Q�v�7�–�‹�ï �”�¬�Ö	d
û�ã	1 �”�� �±�¤ �–�z���^�+�¡�×�{�z�½�H�â�+�L�!
† 2x �å
Q

�V 4x 
á	ë�˜�
 �” 4 �L�!	ž
† 4x �å
Q�V 8x 
á	ë�˜�
 �–   

 

 

 

�y�y�y�y 12�š�š�š�š�z�â ���½
ÿ (frame)�‰�Ñ�¤(binning) vs. 	4
w�S�¤ (immediate mode)�n�� �º�� �š�‰�Ñ

�¤ (binning)�Á�
�5�I�°�
 �‰�Ñ(bin)�”���ñ�i�
�x���¤
á	ë�“�â	1 ���•
á	ë �/�å
Q�˜�7 �–�è�à


"�‰�Ñ�¤ (binning)	1���n�����Ÿ �–   

 
	4
w�S�¤ (immediate mode)�`
û�¢�!�“�â �â �� �½
ÿ (frame)�Ÿ���4 �“�U�n�� �š�‡�•�ê
¡�°

(F.E.A.R. *)���­�m �”�• 2.4�) 7�
�™�‡�•	��²�t (Gears of War *)���­�m �”�• 1.5�) 2.6�
�™�‡�•

�ê�´	< 2(Half Life * 2)	1�#�2�• (Episode 2)���­�m �”�• 1.6�) 1.8�
�G �–��
S�ù�à	1
" �”�]	4
w

�S�¤ (immediate mode)�n���È�Ï�´ �”�‰�Ñ�¤ (binning)	1�•�ó��	ë�È�U �”�È�ñ�h	1�:�‚
"�‡ 	4


w�S�¤ (immediate mode)�@�”�˜�­ (Overdraw - �d�S�•
)�—�«	1�á�D �±
N
ð �•
ù�–�‹�ï �˜�7 �–

�����4�B�1 
á	ë�5�È (depth culling)�V�½
ÿ �·�â�t�˜�
 �” 1MB�v�7�–�‹�ï�k
"�l
��¨�Ñ�U�•�G

�½�H�˜�­ (Overdraw�±�–�Ï�Þ�ë	ë�œ�{�Í
N�• �‰�Ñ�¤(binning)	1�Œ�¨ �”�‚
a�������<�’�]�H

�˜�7�n���™�¯�h	1���| �–   
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5.4 �¯�h�‰�ë�¯�h�‰�ë�¯�h�‰�ë�¯�h�‰�ë   

 

�y 13 �é�B�?�����­	1�z �4�„ (rendering)�x
D	X�D	1���A�´�t �–�]�H�•
) (Pixel Shading)�V�ƒ

�: (interpolant)�{�s�+�{�þ �4�„ (rendering)�´�t 	1�U�•�‰ �”���l�u�x
D�t	1�����ñ�h�_���­�Ö

�¶	ð�U	1�•�� �–�•�ê
¡�° (F.E.A.R. *)���­�m �	�é�B�1�•�+�š �”�à���­�U�f���4 �S�è �r�f�­��

(stencil-volume shadows)�–�è�à
"�‡�Ÿ �]�H�•
) (Pixel Shading)
ä�	 �”���ã
ù ���« 
•�� �½
ÿ

(rasterization)�V
á	ë�“�â
ä�	 �–�•�é�B �‡�l�u�x
D�t
ù���‰�»���)�÷�-	1
ù
Þ�¤ �”�å
� ���«


•�� �½
ÿ (rasterization)�”�•�‡�������­�m �í 3.2%�”���‡ �•�ê
¡�° (F.E.A.R. *)���­�m �m�í

20.1%�–  

  

 

�y�y�y�y 13�š�š�š�š�š�™�š���A�´�t�‰�ë �š�é�B�?�����­�z �4�„ (rendering)�x
D	X�D	1���A�´�t   

 

�y 14 �é�B �•�ê
¡�° (F.E.A.R. *)���­�m �z�4�„ (rendering)�x
D	X�D	1 �´�t �–�‡�!�Ô�������­

�m�”�z�“�â �â ���½
ÿ (frame)	1�º���<�‰�Ê�ÿ �”���•�ê
¡�° (F.E.A.R. *)���­ 	1�•��
Œ�]�U �–�¼

���”�4�„ (render)�â�+ �â ���½
ÿ (frame)�´�¶
Œ�] �U	1�•�� �– Larrabee 	1�¢�!�Á�¨�Ÿ���+�»�`


û�+�ž�! �ô�Ç (tile)�”�¥	õ�f�`
û�@�+�! �ô�Ç (tile)�” XÆ�•�¼�Ê�”�f�ž�! �â ���½
ÿ (frame)	1�`
û

���Ó �”�§�„�à�+�! �}
û 	1���+
À	1 
ä�	 (reasonably uniform load)�–
Œ�™�p�@�”	4
w�S�¤

(immediate mode) �4 �„ �t (renderer) �² �¶ �• �Ö �• 	1 �± 	� �” �ð 	z �� �g �` 
û �] �H �V �y �•

(primitives)�–�È�¼�p�� �”�¶�U���•��	1
ä�	�ñ�h�„
À�l�u	1�â�• �”�‡�l�u�´�t���3
ÿ�m �”�È

	z�����X�¾�™�È �•	#		 �”�Ú�1 �È�L�u�Ñ �{
à �É(over design)�–   
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�y�y�y�y 14�š�š�š�š�•�ê
¡�° (F.E.A.R. *)���­�m �z�â ���½
ÿ (frame)�´�t�‰�ë �š�!�y�é�B �•�ê
¡�° (F.E.A.R. 

*)���­	1 25 �!���t�6 �â ���½
ÿ (widely spaced frames)�”�‡�z �4�„ (rendering)�x
D�¬�Á	1�´

�t�–�z�½
ÿ 	1
ä�	
Œ�•
w�U �–  
 

�z��	1�è�õ
" �”�I�¨�4 �Ó�¤
Œ�Â	1�÷�-�������l �Ú�é	1 �–
Œ�˜�† �”
Þ���«�Ï���A�¯�h �”�ï�ª


ä�	���� 	ð�ñ�h 
"	z
D 
ù
Þ �–Larrabee 	1�d�Œ�ï
ˆ�Ó�Ý�)	� �”�ñ�<���ó�ž
ä�	�����Ý�)	� �+

�!�1�l�¦	1 ���¤ �–   
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�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

6. �^�x�¨�4�^�x�¨�4�^�x�¨�4�^�x�¨�4   

 

Larrabee �­�B �z�•�!�Ô���é�¨�4	1�Ï�¯�h �”�� (implementations)�– 6.1 �•�4
ê�•�ö�4�š�-	1

�•�Á�¨�Ï�x�•�â �”�Ð�—�¾�™Larrabee �•�Á�¨
.�Ì�{
à	1�`� �r�Ç�¨�4 �–6.2 �•�4
ê Larrabee

�­�B	z�u	ž�¤�÷�±�è�Ì �”	õ	C�‡�•���¨�4�m�<�‰
D�à  [Pharr 2006]�– 6.3 �V 6.4 �•�4
ê�‡

Larrabee �B�S�µ �4�„ (rendering)�V�!�Ô �A�à�`
û�h�: �¨�4	1�è�à �–   
 

�!�•	1�•�v�¤�V�¯�h�‰�ë���4
Î�ý�ÿ �Þ�é �r�Ç	1�S�µ�t �”	õ	C�ñ�S�µ Larrabee �Á�¨ �•
��é

�C�•�V�–�‹�ï
.�Ì	1�z���»�œ �–�à�S�µ�t
Ü�3�Þ�{
à �m���`
û�t (CPU)�Á�¨�4	1 �´�gXÄ�7	ë

	1�S�µ�t (Cycle Accurate Simulators)�~�l �”	õ	C�•���”�•�Õ�í �–�ô�+	1�÷�±���Þ�S�µ�t�B
�

�é	1 �ˆ�«	1�±�¤�7�
 �Ó�¤�˜ (hand coded)�V�Œ�ï 
��é�C �Á�¨ (software threaded kernels)�–   

 

6.1 Larrabee �•�Á�¨�Ó�¤�{
à�S�•�Á�¨�Ó�¤�{
à�S�•�Á�¨�Ó�¤�{
à�S�•�Á�¨�Ó�¤�{
à�S �¤�¤�¤�¤  

 

Larrabee �:�3 �Ó�¤�{
à �S�¤�”�Ê�ÿ�U�n�u	5	1 x86 �•�Á�¨
.�Ì�Ó�¤�{
à �S�¤�– Larrabee �:

�3�Ó�¤�{
à	1�Á�¨
"�Y�ž	1 C/C++�³���t �”	õ	C�� 
2�Ó�¤ �i�ª�³�� (statically compiles)
a

Larrabee x86 
��×�ƒ �–�z�• C/C++�¨�4�ñ�Ð
a Larrabee 
ù���³�� �”�l�Á�%�•���ñ�%�”
��é �–

�•�L	1�¨�4�ñ�K�¤�	�ñ�U���<�Ù�r�Ç�3�I�3���: �”�ý��
" �¶�S�U �š�- �° Legacy�±	1 x86 �Ó�¤

�˜
��Õ �”�•�Ï�¯�h���)�I�G�—
/�ƒ���)�é�| �–�>	›�¶����
û�+ �”�+
"�l�­�B�¨�4 �Ó�¤	1 �Ó�-

�E�û ���l (application system call porting)�”�+
"�>	›	1�€�ï�Ó�¤
.�Ì�Á
Þ
ù���³���¨�4�Ó�¤ �–  

 

�z �� 
ü �‡
Þ�˜ �õ Larrabee �: �3 �S�¤	1�?�U�¨ �4�Ó�¤�{ 
à�� 
ÿ �š �Œ�ï 
� �é �C (software 

threading)�•�â
��×
L�•�÷�±
L �{�f�• �° SIMD vectorization)�•�Ð�—�Ì�²�I Larrabee �p�t	1

�•�› �–   

 

Larrabee �:�3 �S�¤�<�����¤	1�Œ�ï
��é�C�h�: �–
.�Ì���M	1
��é�C�h�:�•	5�|	1 POSIX 
�

�é�C�¨�4�Ó�¤�Ó�¤�•
z
ÿ (POSIX Threads API ) (P-threads) [IEEE 2004]�–�z���b�•�ü�à

API�”�‚�z �r�Ç�3�I �ð
��s �”�V�ý�s�Ï�ï
��é�C�¨�Á�¨ �”�¶
/�Š�Â	• 	1
��é�C �–   

 



ACM Transaction on Graphics, Vol. 27, No. 3, Article 18, Publication Date: August 2008. 
�¼�m�®���š�›���ö�Õ �”�+�Š�Ð
Î�®�:	 �!
a�7 �–�!�m�®���š�›���°	C
U Intel Taiwan�;�@�@�	�ö�Õ �”�Z�ö�!�Ô�±
�¤	1�ä�y �•�â�Æ �•�f�à	 �¨
M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�ˆ�¥ P-threads 
"�+���ä�h
N�U	1
��é�C�Ó�¤�{
à API�”�™�•�‰�¨�4
��é�C�Ö�â �”��	1
��é

�C�Ì�—�V
��é�C�Š�D�«�!�ñ�h�œ�Ï �–
a�1�•�<�à�«�! �” Larrabee �:�3 �S�¤�<�� �˜�f �• �‰�K�¤

�`�� �¯�7 
ˆ�Ó �t (distributed task stealing scheduler)
a
��Õ	1 �`�� 
ˆ�Ó API [Blumofe et al. 

1996]�–�à�`���Ó�¤�{
à	1 API �3��	À �”�� �î�ö�Õ �ÙIntel Thread Building Blocks” [Reinders 

2007]�–�È	õ �” Larrabee �:�3 �S�¤�˜�� Larrabee �:�3 �S�¤	1 C/C++�³���t�m	1 OpenMP �•

�â	1 pragmas �r�Â�•	� (OpenMP [Chandra et al. 2000] pragmas)�”�<���0��	1
��é�C�Ó�¤

�{
à�­�B �–   

 

�™Larrabee �:�3 �S�¤�¨�4�Ó�¤	1�Ó�¤�{
à�ƒ ���… �”�¬�¶ �â
��×
L�•�÷�±
L �° SIMD�±�{�f�â

�•�Ÿ
"�ñ �³�Ó �–Larrabee �:�3 �S�¤	1 C/C++�³���t�å
� Larrabee 	 	1
Î�ý�ÿ�Þ�ï�{�f�•�³

���t�~�l (auto-vectorization compiler technology)�–�r�Ç�3�I �Á
Þ�Y Larrabee �{�f�â�• �”	4


w�³�Ó	1 �é�”�ñ���4 C++�{�f �!�� �$�G (vector intrinsic - Intrinsics 
"��	d�ÿ�+�s	1�$�G �”�”

�¾�B���o  compiler 	4
w�³���«�4�}�•�â	1�ß�ë �– )�¨ �
�5 �¤ Larrabee �4�}�•�â �Ó�¤�˜ (inline 

Larrabee assembly)�–   

 

�•�à�Ð �m���`
û�t (CPU)
a
��Õ	1���� �”�å
��Ð Larrabee 
a
��Õ	1�•
ÿ�ì �”�à����	1�����Ó

�-�€�ï�Ó�¤
2
ä�‚�%
û Larrabee�–�‡�•�L	1�����B �” Larrabee �:�3 �S�¤	1�2�^ �ï�¾�Â���V

�Ì�²�2�^�ï�¾�Â
/�Š�» �™�–Larrabee 	1�Ó�¤�„ (Libraries)�<���v�’�›�’ �/�÷�±�š�A�•�›�0

�s�”���%
û �•���! �2�^�ï�¾�Â (Native binaries, and host binary.)�t	1�–�‹�ï�š�A�V�•�› �–API

�­�B�u�¡�V	z�u�¡�÷�±�š�A �–�¼�� �”  Larrabee �¨�4�Ó�¤ �2�^�ï�¾�Â �”
��é �E�û 
,�� C/C++

�Q�7�Ó�¤�„�ä�h �´�”���Š�V�Ì�²�����Ó�-�‰�� �–�ý��
"�¾�Â�A�5 �/�A�à�ä�h �”�•�°�à �/�
�5

�/�r
” �/�Â�¨ �¾�Â�A�5 �/�A�à �Û�Û�”��
U Larrabee �¨�4 �Ó�¤ �2�^�ï�¾�Â �”�a�œ (proxied)�ï�+

�!�Ú�í �ˆ�> �”	õ	C�‡�Ì�²�����Ó�-�B�›�$
��é�•���ä�h �–   

 

�È�1�Ï�A�à�`
û�h�:�¨�4	1�Ó�¤�{
à�� �”�z���C�Z�r�Ç�3�I �H
2���4 Larrabee �:�3 �S�¤�”

�”�� �Ï�x�Ó�¤�{
à�S �¤�”	õ	C�ñ�h
2���é�Ó�¤�{
à	1
,����
ÿ�Þ�ï�• �”�¨
1�ù�‡�ý�s�Æ
��B �–

�¤���å
� Ct �¤�Ó�¤�{
à �S	À  [Ghuloum et al. 2007] �•  Intel® Math Kernel Library (Intel® 

MKL)�Û�Ï�x API �„  [Chuvelev et al. 2007]�•�Ð�—	"
û ���) APIs�–
É�¶�Á
Þ �”
ü�¶	1 �•�4
à

�)�„�y�`
û�t (GPGPU)�Ó�¤�{
à�S	À �H�ñ�˜�� Larrabee �:�3 �S�¤
ù�� �”��  [Buck et al. 

2004; Nickolls et al. 2008]�–  
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6.2 	z�u	ž�¤�÷�±�è�Ì	z�u	ž�¤�÷�±�è�Ì	z�u	ž�¤�÷�±�è�Ì	z�u	ž�¤�÷�±�è�Ì 	1	1	1	1�­�B�­�B�­�B�­�B  

 

Larrabee �<������	1�Ï�A�à�`
û�h�:�¨�4�­�B
{
� �”�•���¨�4���4	z �u	ž �¤�÷�±
.�Ì �”�•�ä

�'
��Q�« (pointer trees)�• 	<�t�¤	1 �÷�±�è�Ì (spatial data structures)�•�¨�U	À n �»�• �Õ���¤

�"�Ä (large sparse n-dimensional matrices)�– Larrabee 	1�Ó�¤�{
à�S �¤�•�–�‹�ï
.�Ì �•�Ð�—

�{�f�`
û �t (VPU)
��×�Ÿ�­�B���� �–   
 

�™Larrabee �¨�4 �Ö�â�”�•
��é�C C++�Ó�¤�˜ �”�™�•���÷�±�è�Ì �”�¬�Ú	1 ���ï �•���D �•�V 
 

�K(populate, transform, or traverse)�ï�� �” 
†�4 �•�Á�¨ �m���`
û�t (CPU)�¬ �u
\ �”�¬���4 	1 �Ó

�¤�{
à�±	� �– C++
��Q �•�	�­�V�Ê���ñ �o�4�� �”�� �„�y�•�š �–�!���•�š�ñ�h�¶�é���l�u	1�™

��
��é�«�! �”�¨�Ó�¤�˜�‰�­�é
a �–�‚
a
��é�C�¨�`��
ˆ�Ó�‡�Ó�¤�{
à�ƒ	1
s�+�@ �”�‡�•���÷

�±�è�Ì�B�™��	1�`�� �”�ñ�ï�ª 
ù���è�} (re-bundle)�”�B

 SIMD 	1�¯
÷ �–���• �`�þ�³�� �t (ray 

tracer)	1�»
Þ�˜�t�` (secondary reflection rays)	1
ù���è�} �±�¤ �”���¶�Í �V���3����	1 �Ì
Þ

�´�p�`�µ (primary camera rays)�–�È	õ �”�H�ñ�Ð���4�C�c�»�œ�–�‹�ï�¢�4 (pre-allocated 

memory pools)�Û�÷�±�„�~�l �”�Ð	z�™� 	1�±�¤ �”�ý�<���ý�s�÷�±�è�Ì�•�š �”�¬�Á
Þ	1�–�‹

�ï�–���• �”�‰�g�Ñ�E�˜�Ô �”�� �”�ñ�Å�•�¢�!�]�H	1���»�G �”�ï�ª�‰�»�–�‹�ï �”�Ö	z�•�u K-buffer

�~�l���4	1�C�c�»�œ �”�–
D
2�z�½�H	1���»�G �”�÷
à
S�œ�Ï �” �—�«�á�D�–[Callahan et al. 2005; 

Bavoil et al. 2007]  

 

�V�Ð�í
L
a
��Õ	1
.�Ì�l�u  [Pham et al. 2005; Khailany et al. 2002]�” Larrabee �r�z���l
Þ

�£�”	4
w �Œ�ï�%
û �”���	�5 �÷�± �)�l�u�–�‹�ï���M �–�Œ�ï�ý
"�°�7�¨�
�5�÷�±�ï�? �”�Ï�ï�˜

�Ô�†
2�÷�±�	�5�z�x�� �–�Œ�ï�ä�'	ë�U��
þ�� �”�÷�±�è�Ì �”�ñ�h���4�Ä�Ð�C�“	1 �”	z�è�Ì�•

�–�‹�ï�˜�7 �–   

 

����	1 Nvidia �„�y�`
û�t (GPU)�”	h�$ �‰�� �–�‹�ï �”�˜�� ���[	1 �¢�ô�Ç�‰�� �–�‹�ï (Per-Block 

Shared Memories - PBSMs)���­�B �° Nvidia GeForce 8 ���4 16KB�±�– 8 �!�J�f�`
û�t�‰���+

�! PBSM�”�‡�+�! �â
��×
L�•�÷�±
L �° SIMD�±�•�`
û�t�m �”
��é�� 768 �!�Ó�¤ 
��é�”�ï �° Nvidia

� �p
a
��é�C �± [Nickolls et al. 2008]�–�•�à
Þ�Ï�’	h�$�‰�� �”�Ó�¤�{
à�ƒ���Š�Ô�”�†
2�e�4

�÷�±�	�5 PBSM�–�!�Ô SIMD �¢�4�m	1 �!�Ô 
��é�”�ï �¤	�	4
w�‰���à�÷�± �–�u�L�† �”�‰�g�V

�+�ƒ�¤ 	…�h(consistency�!protection)�Á
Þ�Œ�ï �”�Ç�à �ý�¶�‡�u�+�! SIMD �¢�4�ƒ�i�h
Ž�) 	1


z�µ �u�¡ (barrier sync)�›�Æ �–
a�1 	†�^ �‡�z SIMD �¢�4�t ��	�	1 �e�4�÷�± �”���Š
2�÷�±�Ô�”

�†�
�)�•�H���ä
ù	1 �„�y �–�‹�ï (GDDR - Graphics DDR)�m�–
Œ�™�p�@�” Larrabee 	1�¬�¶�–

�‹�ï�Ÿ���¬�¶�`
û�t�Á�¨�e�4 �–�™ Larrabee �Ó�¤�{
à�ƒ�Ö�â �”
Œ�u�‘�è	1 (coherent)�v�7�–
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�¤	1�ä�y �•�â�Æ �•�f�à	 �¨
M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�‹�ï
.�Ì �Û�M�”�ñ�˜�Ô�†�­�B	h�$�÷�±�è�Ì�‰�� �”�l�õ�à
��é�C���4 �÷�+�!�`
û�t �–�š�-	1

�Œ�ï���s �• �Á�•	~�Æ �)semaphores)�¨ �/
z�ô �)critical sections)�ñ�<��	…�h �–   

�`
û	z�u	ž�¤�÷�±�è�Ì�¶�+�!
ù
Þ�Õ�f �”�÷�	
"�Ï�¯
÷	1 �‰�K�¯�ƒ (scatter-gather)�­�B �”�•

�L�â
��×
L�•�÷�±
L �° SIMD�±�{�f�`
û�t (VPU)�i�h�`
û	z�‘�[�¤�÷�± �–�•�# 3 �•�¬
ê �”

Larrabee �”�� 	1�{�f�`
û�t (VPU)�‰�K�¯�ƒ (scatter-gather)
��×��
U�<�„�!	z�‘�[�–�‹�ï�ï

�œ�	�5 �{�f�`
û�t (VPU)�{�f�I�˜�t �–�•��	z�‘�[�÷�±�•�H�ñ�Ð�˜�‡ �Í�U	À �R�(�ƒ	ì (on-die)

�v�7�–�‹�ï	1�Z�ö�†�± �”�Ÿ�l�����|�–�‹�ï�˜�7�¯�h �–�•�h�U���‡�˜�Ó�¤�~�ƒ	X�‡�%
û�÷�±

�B	1�ä�› �–�z���Ç
ü �” Larrabee �‡�`
û
��! �Õ���"�Ä 
à�)�Á�¨ (sparse matrix compute kernels)

�´ �” �• �Õ �� �" �Ä �{ �f 
Œ �
 (sparse matrix-vector multiply) �” 
Œ �� �Í �Œ �ï �‰ �K �¯ �ƒ

(scatter-gather)�”�Ï�ï �‰�K�¯�ƒ (scatter-gather)�­�B���A�ñ�<�� 3 �
	1�¯�h�Œ�¨ �–�Á
Þ	z�u

	ž�¤�÷�±�è�Ì	1�Ý�)	� �”�H�h�9X¿�Í Larrabee 
��× �”�•
à�)�ï�• (count bits)�•�ï�•
•�� (bit 

scan)�•�Ð�— �ƒ�}�	�5�V�•�˜ (packed loads and stores)�–   
 

6.3 �•�ü�•�ü�•�ü�•�ü �4�„ (rendering)�¨�4�¨�4�¨�4�¨�4   

 

Larrabee �„�y �4�„�%�µ (graphics rendering pipeline)�!�ê�	
"�+�� Larrabee �:�3 �S�¤	1�¨

�4�–�‚
a��
"�Ð�Ï�x�•�â�V�`� �³�
	1�Œ�ï �”�‚�¼���h�˜�Ð�•�ü �”
Ì�ã�Ì��	1 �4�„ (rendering)

�h�: �–�z���‡�•�Ù�á�â�˜�õ �”�z���%�‡
”�Ò �?�� �„�y�%�µ �•�ü�¤�� �–�"��	1 �”�� �ñ�h�Ý�•
a

�Y�d�ñ�³�Ó �„�y�%�µ �”�• Pharr [2006]�¬
ê �–   

 

�4�„�>�Q (Render Target) �°�7�°�7�°�7�°�7 �š�š�š�š�‚
a Larrabee 	1�„�y �„�y �4�„�%�µ (graphics rendering 

pipeline)
†�4�Œ�ï �½
ÿ �·�â�t �”�z���ñ���!�Ô�Ó�¤ �{
à�ƒ�˜�7�•���÷�±�è�Ì �–�Ô�”�†�… �”

Larrabee �4�„�%�µ (rendering pipeline)���Þ	1 �•�ü �”���ñ�� �]�H �•
)�t (pixel shaders)	4
w�°

�7�c	›�˜�5 �4�„�>�Q (render targets)	1�G�� �–�à�ä�h�¶ ���} �Í�+�� �4�„ (rendering)�¨�4 �”�å


��Ó�¤�{
à�ƒ�s� 	1 
×�} (blending)���� �•�â�»�š�  �å�ó
 �t (single-pass tone mapping)�V
Œ

�Â�ä�h �–   

 

�‰�g�Ñ�E�˜�Ô�‰�g�Ñ�E�˜�Ô�‰�g�Ñ�E�˜�Ô�‰�g�Ñ�E�˜�Ô (Order Independent Transparency) �š�š�š�š�>	› 3D �¨�4�r�Ç�3�I �”���Š�‡ �¨�4 �Ó

�¤
��é�¢�! �â ���½
ÿ (Frame)	1�4�„ (rendering)	›�”�c�Å�•
á	ë
2 �ê�˜�Ô�S	À (translucent 

model)
ˆ�g �”
Þ�l�	 �”�� �• 
á	ë�7 �&(depth peeling)	1�•�» �š�  (multi-pass)�Ý�)	� [Wexler et 

al. 2005]�”���«�%�”	1�S	À �p�t	1�˜�Ô	ë (inter-model transparency)�–������	��Ÿ�l �‚�z �”

�• �u �l �˜ �Ô �S �4 �)opaque models) �¬ �h �< �� 	õ �Z �4 �„ �ô 
� �¯ �à (post-rendering area 

effects)�–�y 15 �é�B�•�à�‡ �ê�˜�Ô 	d
ÿ�}��	õ�f�”
��à�¯�à �”�����3	1 ���� (artifacts)�–   
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S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

 

�y�y�y�y 15�š�š�š�š�¶�¤���c �‰�Þ�à���] �¯�à (pre-resolve effects)	1�˜�Ô	ë �š���°	1���]�‡�”
� �Æ�•�%�Ö

(fog patch)	›�c
2���ö�y�n
ˆ�g�V �‰�Þ�à���] �)resolve�*�–�ó�°	1���]�c�‡ �ê�˜�Ô 	d
ÿ�B�”
�

�Æ�•�%�Ö(fog patch)�”�f�‰�Þ �à���] �–�‡�ó�°	1���]�m �”�ñ�˜���U�N
Ž�)�Æ �”���°	1���]�	

�l�é �–�° Jeffery A. Williams �V Glen Lewis �Ì�—	1 ���Š �S	À )�–   

 

Larrabee �ñ
2�•�!�ê�˜�Ô 	d
ÿ�•�˜�‡ �¢�!�]�H 	<�t�¤	1 �÷�±�è�Ì (per-pixel spatial data 

structure)�m�”�l�Á�0��
1�4�ä�@���ñ�­�B �‰�g�Ñ�E�˜�Ô (order independent transparency - 

OIT)�–  �‡�4�„ (rendering)�à���ö�y�n	õ �”�z���ñ�‡
ˆ�g�V �‰�Þ�à�) resolve�*�¢�!�]�H	1�Â
D

�L�!	› �”
��é�ê�˜�Ô	d
ÿ�¯�à �”�‚
a�z	d
ÿ�}	…�¶�!
á	ë�V�1�å �–  

  

 

�y�y�y�y 16�š�š�š�š	z�u	ž�¤ Z �W�·�â�t (Z-Buffer)�L	´ �½
ÿ �š�•����	����4	z�u	ž�¤ 	<�t�¤	1 �÷�±�è�Ì
(spatial data structure)�����3 �¤�O�a �­�� (alias-free shadowing)�–�Ê�ÿ �y 15 	1�˜�Ô�¤�� �”�à
�÷�±�è�Ì �V �4�„ �%�µ (rendering pipeline) �9
/ �ž�} �–�4�„ �t (Renderer) �c	ì �E �­ �� �@�y
(shadowmap)�”�f
2�� �.
a �+���ý��	1 �â ���½
ÿ (Frame)�·�â�t �Ê���° TurboSquid 	1 Skeleton
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S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

�S�4�±�–   
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�¤	1�ä�y �•�â�Æ �•�f�à	 �¨
M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

	z�u	ž�¤	z�u	ž�¤	z�u	ž�¤	z�u	ž�¤ �­�� �@�y(shadow mapping)�š�š�š�š�­�� �@�y(shadow mapping)
"�+��
D�à	1���´�­�� 	h

�ÿ	� �~�l (approximation technique)�”���U�•�G 	1�”�� (implementations)�Ÿ�¶�.�� �B�×�3�Ç�¾

	1�O�a ���� (visually displeasing aliasing artifacts)�p�:�* �–
a�1�‡�Ÿ���� �”
”�Ò�3�I�<���1

�z�•�±	�  [Akenine-Moller & Haines 2002; Bookout 2007]�–	z�u	ž�¤ �­�� �@�y(Irregular 

Shadow Mapping - ISM)�”
a�¼
��2 �”�<���+�� XÄ�”	1 �Þ�¬�±�Â �”�Ö�Ê�l���™�¨�4�Ó�¤�{
à

�3�I
E���0��
ä�œ  [Aila & Laine 2004; Johnson et al. 2005]�–   

 


a�1 �”�� �­�� �@�y�”�z�����4 �´�p�. �× (camera view)�¢�¦	1
á	ë�L�! �”�‡ �`�µ�.�× (light view)

�m�ï�ª �y���1 	<�t�¤	1 �÷�±�è�Ì (spatial data structure)�–�z���f 	Ü�œ�• Larrabee 	1�d�Œ�ï �„

�y�%�µ �”�¾�™�­�� �@�y	1 	<�t�¤	1 �÷�±�è�Ì (spatial data structure) �”�ã�5
��é �`�µ�.�× (light 

view)�­�� �@�y�”���« 
•�� �½
ÿ (rasterization)	1�x
D �–�‚
a �­�� �@�y(shadow maps)���o
à�)

�‡XÄ�”	1�ï�œ �”���3 �²�¶ �O�a 	1�­�� �@�y(shadow maps)�–�z���ñ�4�•���~�l �” ���) ���´ 	1

�Ï�°�µ �­�� �¯�à (hard shadowing effects)�”�•�y 16 �¬�B �”�¨
2���]�����´ �Œ�¤�°�µ �­�� �¯

�à (hard shadowing effects)	1
��Õ �–  

 

6.4 �!�Ô�!�Ô�!�Ô�!�Ô �3���h�: ���)�¨�4���)�¨�4���)�¨�4���)�¨�4   
 

Larrabee �H���}�•���l�Ð ���« 
•�� �½
ÿ (rasterization)
a
��Õ	1�A�à�`
û�h�:�¨�4 �–�@
ÿ�á�Í

�†�˜�õ�G���¤��	1�•�v�¤�V�ý�¤ �–   

 

�y�y�y�y 17�š�š�š�š���­	"
û�•�v�¤�¯�h �š�•�é�B Larrabee 
.�Ì	1�•�v�¤ �”�é�Ð�è�é�u�ï �¤�6�ï�:�‚ (rigid 
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M�@�Í�û�Ú�t�B �”�¨�‡�!�Ô�õ�®�m���4�!�®�Z�ö�+�!�•�‰ �”�¨���c�7
S�Ô�®�u�à �–
�á
c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

body)�•
È�ï (fluid)�V���± (cloth)�S�µ�Ý�)	� �”�Ð�—�+��
D ���4�â
¡�x�3�Á�¨ (collision kernels)

	1�Ý�)	� �”�¬�l�°�«	o	1 �¤�h �Á�£ �–   

���­	"
û���­	"
û���­	"
û���­	"
û ���)���)���)���) �š�š�š�š�z���b�¾�™�z�� Larrabee �Á�¨�»�œ �”�^�é�G�� ���­ 	"
û�`��
ä�		1 �Ò�2 �•

�v�¤�S�µ�‰�ë �–�y 17 �é�B �+����	����4	1���­	"
û 	1 
��7 �¤�h �“�â�Ó�¤ (Benchmark)�”�I�6

�ï�:�‚ (rigid body)�•
È�ï (fluid)�V���± (cloth)�Ý�)	�	1�•�v�¤ �–�z�����4 �Ï�� 64 �! Larrabee

�Á�¨ �”���) 50%�Ð�B	1�÷�-���4
÷ �”�‡
,��	#		�@�H���«	h�µ�¤	1���é�ã�’ �–���­�6�ï�:�‚

(rigid body)�S�µ�Ð
D�à	1 1 �„	"�Y �È	Ä�õ �É�$�0�ñ
ÿ
a
��Õ �–Sweep-and-Prune [Cohen et al. 

1995] �I  GJK [Gilbert et al. 1988] 	1�O�&�Ý�)	�	1�•�v�¤�y (Scalability plots)�H�å
��‡

�ƒ�”�‚
a����
"�È
D ���4 	1�â
¡�x�3�Á�¨ (collision kernels)
D�¤�p�+ �–���­
È�ï�S�µ�Ð ���6

�(�W
L�ï�:�‚ (SPH)�Ý�)	�
a
��Õ �–�z�� �ž�} ���4 ���Ý���š�S	À (mass spring model)�V Verlet

�è�‰	� (Verlet)�”���Ú���­���±�S�µ  [Jacobsen 2001]�– Bader et al. [2008] �<���•�����­	"


û�`��
ä�		1 �”�� �2�•�V�•�v�¤�‰�ë �–   

 

�y�y�y�y 18�š�š�š�š Larrabee 	1���´ �`�þ�³�� (ray tracing)�š�²�7�Þ�Á
Þ
ª 4M rays 	1 1Kx1K �L	´���] �–

�à �`�þ�³�� �t (ray tracer)�Ð C++�
�« �”�f�ã�B
a�Ì
Þ
D�¤ �ˆ�«	1�±�¤�7�
 �Ó�¤�˜ (hand coded)

	1�4�}�•�â�˜ �”�• �`�”�Š
ÿ (ray intersection)�– K-d trees �«	#�è�Ì (Kd-trees)�•
D�U�[
a

25MB�”���¾�™�z �â ���½ 
ÿ (Frame)�ï�ª 	ì�E �–�Ì
Þ�V �˜�t�`�µ (Primary and reflection rays)

�Ð 16 ray 
a�+�4�^�é�“�â �–���Ï�¬�¶	1 234K �?�á�n �”�Ÿ�ñ
Ž�à �Ì
Þ �¨
" �˜�t�`�µ (Primary or 

reflection rays)�°�â�T
H�/�ÿ�U�‚	1 Guillermo M Leal Llaguno �<�� Bar Carta Blanca �S	À �±�–   
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c�î�ö�Õ�!�®�p �È�����ž�/�) �É�p�…�Ô�–  

���´���´���´���´ �`�þ�³�� (ray tracing)�š�š�š�š Whitted �¼�n�¤	1 ���´ �`�þ�³�� �t (ray tracer) �”���4	1 	<�t�¤	1

�÷�±�è�Ì (spatial data structure)� �Ï	ë	z�u	ž�¤ �”�ñ�9X¿�Í Larrabee 	1�•�4�–�‹�ï ���M �•��

�Í	1 �%�� �•�Ð�— �{�f�`
û�t (VPU)
��×�ƒ �–�z���‡�•�Ù �”���4 �–���+�! K-d trees �«	#�è�Ì

(Kd-trees)	1�â
��×
L�•�÷�±
L �° SIMD�±	1 16 	Þ�å �`�þ�³�� (ray tracing)�–
��é�ž�!�`��
ä  �	

�´�”�z���Ç
ü�â�+ Intel Core 2 Duo �`
û�t �”�Á
Þ �º�â�+ Larrabee �Á�¨ �• 4.67 �
	1�´�g�\

�Z�”�é�B Larrabee 
��×�ƒ�V���� �â
��×
L�•�÷�±
L �° SIMD�±	1�¯�h �–���[�Á�¨ (small kernels)

	1�«�¯�“�� �–���• �” 16 �`�þ �™1 �!�?�á�n	1�L���“�â �”�‡�â�+ Larrabee �B
��é�Á 47 �!�\

�Z�–�u�L	1�“�â �”�‡ Core 2 Duo �`
û�t�B
��é�Á 257 �!�\�Z �–�y 18 �é�B �#���ñ�S (bar scene)

	1 1024x1024 �â ���½
ÿ (frame)�”�å
� 234K �!�?�á�n �• 1 �!�`�- �• 1 �!�˜�t�½�� �•�Ð�—�•
D

4M �`�þ �/�â ���½
ÿ (frame)�–�y 19 �º�� Larrabee �V�‘�¶ 8 �!�Á�¨ 	1 2.6 GHz Intel Xeon®

�`
û�t �”�f
��é�+�! �`�þ�³�� �t 
��é�!�ï (instance of the ray tracer) 	1�¯�h �–Shevtsov et al. 

[2007] �V Reshetov et al. [2005] �4
ê �¼�+�”�� 	1�2�• �–   

 

 

 
�y�y�y�y 19�š�š�š�š���´ �`�þ�³�� (ray tracing)�•�v�¤ �š�!�y�º�� Larrabee �0�s �´�g �’	ë 
a 1GHz(nominal 

1GHz clock speed)	1�l�u �Á�¨ �G�>�V �‘�¶ 8 �!�Á�¨	1 2.6 GHz Intel Xeon �`
û�t 	1
c		 �–	õ
	C���4	1�´�g�\�Z
a 8 �! Larrabee �Á�¨	1 4.6 �
�”�‚
a Larrabee 
†�4���� �{�f�`
û�t (VPU)

�V�{�f
��×�ƒ �–�y 18 �4
ê�•���“�â	1�`��
ä�	 �è�à �–   
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���]�V�.�›�`
û���]�V�.�›�`
û���]�V�.�›�`
û���]�V�.�›�`
û �š�š�š�š Larrabee 
.�Ì���}�z�•�š�- 2D ���]�V�.�›�‰�ë�¨�4 �–�•�y 20 �¬�B �”�š

�- 2D ���À�ä�h	1�:�3 �”�� (Native implementations)�°�å
��µ�¤�V	z�µ�¤ �±�Ð�—�“�c�^	1�ä

�h�”�• �����.�›�>�Ë �À�I (video cast indexing)�•���ï�.�›�‰�ë (sports video analysis)�•�3�ï

�³�� (human body tracking)�•�V	›�S�C�“ (foreground estimation)�<��
Œ�]	1�•�v�¤ �–�3	"��

�í �� �] (biomedical imaging)�Ö	d�•�Ê �` 
û�Ê	À	1�+ 
ù�U�•�‰ �–�� �í �� �] �Á
Þ �˜�‹ �t 	�

(back-projection) �• �E �ï �÷ �± �4 �„ 	� (volume rendering) �• �Þ �ï �‰ �Ê 	� (automated 

segmentation)�•�V �Ü�d	1 ���¢ �–�U (robust deformable registration)�Û�ä�h �”�•���ä�h�I�ã�D

�� �] �V�„ �y �¨ �4�¶�Â �”�� �� �l 
Œ�u �–�y 20 �H�å
� �4 �é�^ �±�Ç �Ý�)	� (marching cube�!

algorithm)�”�^�é 3D ���]�4 (3D volume dataset)	1�Û��
ÿ�¼�7�~�l (iso-surface extraction)

�•�v�¤�‰�ë �–   

 

	"
û�S�µ	"
û�S�µ	"
û�S�µ	"
û�S�µ �š�š�š�š	"
û�S�µ�¨�4���4 �G���S�µ (numerical simulation)�”�‡�=���V���­�m �¿�—�ä�'�Þ

�¥
ü�=	1�S	À �”�•�¾�£�¯�à �•� �µ�È
z�Ù	1�Ã�� �•�Ð�—�Ï���¨�â�n	"�Y	1�3�° �–
Œ���Í�š�-

�í
L�¨�4 �”�U	À�÷�±�4 �•	z�è�Ì�•
s�+
L�V�÷�±�˜�7 �”�–
D���•���¨�4�“�Ä�•�v �–�z���l	“


û�Í�u�ï���­	" �m�”�“�‰�ë�1 Larrabee 
.�Ì�¨�4�‡�“��	��a�W	"
û �Ê�� �B	1�ñ�h�¤ �”�å
�

�&�µ�=�������ý�¯�Ð�— �‰�K�¤���´� �µ�È
z�S�µ �–�y 20 �é�B �”�Ð�þ�oXÂ PhyBAM 
a
��Õ	1

�ý�s�S�µ�è�à �”�v
ü���3
È�ï �•���±�V�-�ž	1�����•�v�¤ �–�”�� �V�•�v�¤�‰�ë�2�•�î �ö�Õ

Hughes et al. [2007]�–   

 

�y�y�y�y 20�š�š�š�š�ý�s	z�„�y�¨�4�V �Á�¨ 	1�•�v�¤ �š Larrabee 	1�•�4�•�Á�¨
.�Ì �”�<���¯�h�•�v�¤�ï
	z�„�y�.���I �3���h�: 
à�)	1 �`��
ä�	 �”�Ð�—
D�à	1 �Ï�¯�h
à�) �Á�¨ (HPC Kernel - High 
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Performance Computing Kernel)�–   

Larrabee �‡
��é	z�.���A�à�`
û�¨�4�´ �”�•�v�¤	ð�Ï �”�•�y 20 �¬�B �– Larrabee 	1�Ï	ë
��é

�C�• x86 
.�Ì �”�¶���Í�š�-	1�^�� �3���h�: ���)�¨�4 �”���•�®�—�I�§ �–��	1
��é�C�ä�h �”�ã

�B�� -�â
��×
L�•�÷�±
L (wide-SIMD)�”�­�B 
­
��=�W�=�²�`�Ó�ƒ�0�� �Q�7  (IEEE - Institute of 

Electrical & Electronics Engineers, Inc.)
Œ�r�
XÄ	ë �”�� Larrabee 	z
D���}�¤�í�‰�ë �”���•

�‹�÷�4�}�%
û �–
Î�ý�ÿ�ƒ�•
”�Ò
1�Â�b�ž�Ô �” Larrabee 
.�Ì	1�•�v�¤�­�B�z�•�š�-�Ï�¯�h��

�) (HPC)�`��
ä�	 �”�Ð�—	5�|	1 HPC �Á�¨ �”�• 3D-FFT �I BLAS3�°�!�÷�±�4 �”�º�R�(�B	1

�v�7�–�‹�ï �k���U �±�– �2�•�î�ö�Õ Chen et al. [2008]�–   
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7. �è�õ�è�õ�è�õ�è�õ   

 

�z���4
ê�1 Larrabee 
.�Ì �”	õ	C���4�•�!�Ð x86 
a
��Õ	1 �m���`
û�t (CPU)�Á�¨ �”�Ð�—����

�{�f�`
û�t�â�• �”�I�+���P�s�ä�h�ä�@ �”�<���Ï�¯�h�V���¤�ï �u�ï	1 �„�y
/�ƒ ���) �V�!�Ô �¨

�4�Ó�¤ �–�z���H�4
ê Larrabee 
.�Ì	1�Œ�ï �4�„�t (renderer)�”�Ð�—�z���!�Ô �A�à�`
û�h�: �¨

�4�”�å
�
Œ�Â�¯�h�V�•�v�¤�‰�ë �– Larrabee 	1�ñ �³�Ó �¤�Ï�Í�>	›	1 �„�y�`
û�t (GPU)�”�P�s

�ä�h�â�•���Ÿ �”�‚�¼�z��
Œ	~ Larrabee 
"�„�y�`
û�t (GPU)�V�m���`
û�t (CPU)�ž�}	1�%�”

���� �–   
 

�z �� 
Œ 	~ �” �à 
. �Ì 
2 
a �„ �y �4 �„ (Graphics Rendering) �V �3 �� �h �: �� �) (throughput 

computing)�r
” �S�U	1�²�� �–�‡�‰�ë Larrabee 	1�´�" �”�z���Ç
ü �1�e�4�Á�¨ ���`��
ä�	 ���)

�y�• (primitives)	1�_�¨ �–�•��
��!	1�`��
ä�	�_�¨  [Chen et al. 2008] �à�:���•�3�e�•�Ó�¤

�{
à �S	À �•�e�•
��é�´�t �•�e�•���) �Á�¨ �•�ä�h �•�V�÷�±�è�Ì 	1�:�3 Larrabee �”�� 	1�ñ�h

�¤�–   

 

�â�T �š Larrabee 
1�Â 	1�Ì
Þ
‚�«
a Doug Carmean �I Eric Sprangle�”
Î�ý�ÿ�ƒ��	1�z�•�3

�H�<���1 �0���–�!�®��	C�f
¨�â�T�÷���ì�§�`�� �”�•�3�!
1�Â�«�ä	1�3�S �”�Ð�—�¥���7�
�!

�®	1 �3 �S �– �` �� 
ä �	 �” �� �V �÷ �± �‰�ë�< �� �3 �å 
� Jeff Boody�• Dave Bookout �• Jatin 

Chhugani�• Chris Gorman�• Greg Johnson�• Danny Lynch�• Oliver Macquelin�• Teresa 

Morrison�• Misha Smelyanskiy�• Alexei Soupikov�”�Ð�—
Î�ý�ÿ�¨�4
”�Ò�”�í	Û (Application 

Research Lab)�• �Œ�ï�Ó�- �� �� �¢ (Software Systems Group)�I �. �� �� �) �� �� �¢ (Visual 

Computing Group)	1�!�Ô�I�` �–   
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