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ŷ4ŵ�GPU (Graphics Processing Unit) 

4.1 ~�Y|�Kf@k{@�)d�`BC>Ä 

4.1.1 i{Ku�_¯ř)d�`BC>Ä 

k]�w�ïɏ9�X��X�5��c��wïɏ9�X��X�Sʠ�3ǫ�5�ĺ 63 9

L�87ND'�!9�X��X�:�ǭö�'A3o�wYZV4šˆ#P3�D%-� 

 

Ú 63 Wi_BC>�ċ)f@k{@� 

!9L�7o�wYZV8LOïɏ:�+PS~�xYZV4ʫ�ǈ�O!58L03�ïɏ

̌ƃSŒż8Ħ¢'O!5�4�D'�+!4�ǭö:b�s��c�M�lp�Xm»̫9ï
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ɏ�~�xYZV4ʫ�ǈ�MPD%- (ĺ 64)�!P:�!9lu�k9ïɏ�'A3ǔǓ4

šˁĞʲ9-G8~�xYZV8LOšˆ�ţǢ4�0-!55�Đʓ7�N̄%ïɏ�©Ɨ9

-G8~�xYZV8LǑ͍Ċ9Ćǹ�Œ��5ʮ�MP-�M4'� 

" J|[h�K 

b�s��c4:ȉȸ�������� (b�s��cɻ̩) 9ŉɘ5ʥó�O�:¡ːƌ9

́59²ŷȾSȞG�+9Åʫ4!PMSóā%D'�!9~�xYZV:b�s��cvW�

Xq5Į;P�°óȧSɔ�3!9ïɏSšˁ%D'� 

" {TX{@U 

�lp�Xm9¡ːƌnswVs�9lu�k4:�¡ːƌ9́9Ý�76SȞG�+P�M

ǍÊŏǈ9-G9ÑǓSʇò%D'�!9ïɏ8:ŬǓ9ǔǓȺʇ5ǵ¿÷Ǚ�ɔ�MPD'� 

˱ǽŏǈ9lu�k4:�¡ːƌ9ê̚8�O��c��wS̘ƴ%�+PSňNȼ%D'�

!P:Đʓ7ǔǓ9Ąȳʇ9�N̄%ïɏ87ND'� 

" ǒǘŉÇ 

·9H98̳#P3ˋ�7�̚óSǆ�7�L�8'O̳̼ȭĕïɏ4:�̿Ⱦ9v�lØ9

ïɏŦ˪9��c��w8��Oˈ̩ØSȞG�+9Ø5v�l�s�U59ț˽Sˁ�D'�

!PHǔǓȺʇ5ǵ¿÷Ǚ�Ƙˊ87ND'� 

" i{Ku�_)ǐĄ�� 

̿Ⱦ9ublr�Ƅȉ9�ïɏŦ˪9��c��w8��Oˈ̩ØSȞG�+9ØSɔ�3u

blr�����MʺSh����c%D'�!P8�I:N̿Ⱦ8��O̮ƍ9ïɏŦ˪9�

�c��w8��Oˈ̩ØS«&3���c��w9ʺSȡŠ%D'� 

 

Ú 64 i{Ku�_¯ř)d�`BC>Ä 
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4.1.2 SFu_|¯ř)d�`BC>Ä 

k]�w�ïɏ9~�xYZVĊ:�+9-G8Ƙˊ7šǓȺʇ (ȬćūǓȾȺʇ) 9~�x

YZV9flw�͍�0--G8���c��wïɏ9~�xYZVĊLNʻŽ̐PD%-�%

�%�+9Ƒc��Wsbl~�xYZV8šǓȺʇȎʲ�̆Ą#P�!9ïɏHc��Wsb

l~�xYZVÚ4ˁRPOL�87ND%-�!P8LN��q��c�X��X�äÇ9~

�xYZVĊ�̔Ƨ#P-!5�M�!9~�xYZVS GPU (Graphics Procssing Unit) 5Į?

L�87ND%-�!9~�xYZV:ª8Ƅȉŏǈ (Transform) 5Ɂǡ˓ʇ (Lighting�̮ƍ¸

�) Sšˁ'O94�!9Ȏʲ:~�xYZV T & L (Transform and Lighting) 5Į;PD'� 

" þŀäğ 

CG 4:ƄȉØS 4ȑà9ĤȑƄȉ4˄%�Ƅȉŏǈ8: 4ˁ 4õ9ȔǛˁõSɔ�D'�+

9-G8 4 ȑ9�bw�Ĥō9êɺ˓ʇ (ɺİ˓ʇ) Sšˁ'OȺʇĴ�ɔƢ#PD'�4 ˁ 4

õ9ȔǛˁõ5 4ȑ9�bw�59ɺ:�!9êɺ˓ʇ 4Ķ4šˁ4�D'�D-�4ˁ 4õ9

ȔǛˁõĤō9ɺ:�ˁõ5�bw�9ɺ 4Ķ�O�:êɺ˓ʇ 16Ķ4šˁ4�D'� 

" ŒĨƢź 

Ɂǡ˓ʇ (̮ƍ¸�) 8:� ʸɟ7ĵýȺʇ5̈Ǔ9B��žǛǿ9̈Ǔ�ƽǓ˓ʇ��L

>êɺ˓ʇ�Őɺ˓ʇ�+%3ǵ¿÷ǙIØSƽŠ%-ʊĹê8ęGOb���76�ɔ�MP

D'�Őɺ˓ʇ:�bw�9ˊʔ9͂Ƃ9ãPǬ�Ȏʲ (Swizzling) SʚEģR)O!54��

bw�9ˊʔ"59ɺ 2Ķ5İ 1Ķ4šˁ4�D'� 

 

Ú 65 SFu_|¯ř)d�`BC>Ä 

4.1.3 k�K{rj}RC�Y(58Ƌ�ğ� 

ȉȸɟ7��q��c�X���X�9ȇƧ:BCĻŠ%3�-94�Ƌö:ÿ̅9L�7~
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�xYZV8LOĻŠɟ7šˆ�ˁRPD%-�+9Ƒ�c��Wsbl~�xYZV9ǥė�

̏E�+9ƚɔIǣÞ˄ɍ8Ŧ'OˊȞ9őȈĊ8Ŧƚ%3�!9��q��c�X��X�8

:ǚ%�Ȏʲ�6T6T̆Ą#P3��D%-� 

%�%�ˊȞ#PO'A39ȎʲS~�xYZV4šˆ'O!5:ĸ̷4'�!P:~�xY

ZVSˉ̵8'O.�47��o�wYZVɟ8HË�!7'9�̷%�H98703%D�D

'�+!4�+PSo�wYZVɟ8šˆ4�OL�8�GPU 9 ̚9Ȏʲ8 (ì>) CPU 9L

�8��c���c4�OL�8Ǐʹ�Ą�MPD%-�!9¶ʚESjZ�q5��D'� 

D(�k]�w�ïɏ9lu�k�e�][JTRC�Y8���c��wĐÅ9̮ƍ¸�9

lu�k�i{Ku�_RC�Y8ʫ�ǈ�MPD%-�RC�^?�K:̮ƍ¸�9!5Sƽ

%D'��RC�Y:̮ƍ¸�»Ő8Ƅȉŏǈ769#D$D7ïɏSˁ�D'�!9̚ó��

�c����Ċ#P-!58LN�ˁõ8LOƄȉŏǈ»Ő9Ǜȧ4̿ȾÅʫ9ȡŠSˁ0-N�

ɗʔ"58ʐŤ7̮ƍ¸�Sˁ0-N'O!5�4�OL�87ND%-� 

 

Ú 66 k�K{rj}RC�Y)õ¨ 

4.1.4 SFu_|RC�Y)ƼÀ 

c��Wsbl~�xYZV:�!!D4V��d�j���ṀMP-k]�w�v�pS

+9DDɗ̼˄ɲ'O!5�¶¯4%-�%-�03 GPU 5��6H�+9ê̚4k]�w�

v�pSɒƧ'O!5:�ND)T4%-� 

ɒƧ'OǣÞ9ı˯S¢ O-G8˄ɲ'O]�kZbw9vWuW��SĦ¢%L�5'

P;�V��d�j���M GPU 8̇Ok]�w�v�p9̞�ŊŒ%D'�5!Q��´9

5!Q GPU :�CPU �MˋP: (+P� CPU 8êʿ#P3�-5%3H) Ő̚~�xYZV 

(peripheral) ƭ�4'�M�CPU �M GPU @9v�p9̇ò8:v�p9f���ɜɒ%D'� 
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!9v�p9f��:�Ő¸� (discrete) 9 GPU 4�P; PCI-Express 769Ő̚�lSʛ

ɖ%3ˁRPD'�M�ĐÅǤ̩�-N9v�p9˺̞̇8:̬ɘ��ND'���M GPU S

ŊƊ%3v�p9ïɏƟʲSĦ¢%3H�+9DD4:v�p9˺̇9Ɛ/Ǥ̩9-G8 GPU 

9Ɵʲ�ɜǉ4�7�5��!5�˲!NƓD'� 

+!4�V��d�j��4:]�kZbw9Ȇƌ9k]�w�v�pSɒƧ%�jZ�q�

�c��8L03�GPU 9ê̚4vWuW��57Ok]�w�v�pSɒƧ'O5��!5

�ʮ�MPD%-�+9-G9jZ�q�SFu_|RC�Y4'� 

k]�w�jZ�q:�ÿȘ9��usbljZ�q�ṀMP3�-k]�w�v�p (ń

ǳĺƌ5̿ȾŲƟ) Sě�ĚN�][V~�Rz� (ńǳĺƌ9ʗóā) 769ïɏSˁ03�

ǚ%�ńǳĺƌ5̿ȾŲƟSɒƧ%D'� 

7��!9jZ�q:]�j��4�N�GPU 4k]�w�v�pSɒƧ'OƘˊ�ȿ�P

;ɥə'O!5�4�D'� 

 

Ú 67 SFu_|RC�Y)ƼÀ 

 

Ú 68 ][V~�Rz�)� 
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点 三角形一枚の三角形 四枚に細分割
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4.1.5 SFu_|RC�Y)Ɓ±Ä 

k]�w�jZ�q4:�̿ȾŲƟ9˕ŠSusn��j��9ûƔ5ĤǤ8ˁ��ɒƧ#P

-k]�w�v�p:+9DD�lp�Xi8òĂ%D'�%�%�ɒƧ#P-k]�w�v�

p8Ŧ%3HƄȉŏǈ769k]�w�ïɏSĄ�-�!5H�ND'�+!4k]�w�jZ

�q:�usn��j��9ǛȧSƽŠ'O][V~�Rz�¸ĈRC�Y5�š̲8usn�

�j��Sˁ�ĻŠȎʲ~�xYZV9][V~�X�+%3ɒƧ#P-k]�w�v�p8Ŧ

%3k]�w�ïɏSˁ� (��usbljZ�q8ɤƋ'O) ][V~�Rz�ƥ�RC�Y

8ʗóĊ#PD%-� 

 

Ú 69 SFu_|RC�Y)Ɓ±Ä 

ɍļ:�!PM9ĺƌ˄ɲSɢɟ5%3��q��c�X��X�8ʚÊDP-jZ�q9

B�8�˓ʇïɏSɢɟ5%3��q��c�X��X�5Ɋɾ%3ćÊ#)O!5�Ğʲ7�

N�hx�_RC�YH̆Ą#P3�D'� 

4.1.6 {TX{@Q)ą¾ 

�lp�Xm9ÿD4:�X��X�8:k]�w�v�p�ȫP3�N��lp�Xm»̫

9�X��X�8:��c��wv�p�ȫP3�D'��lp�Xi:k]�w�v�pS�

�c��wv�p8ŏǈ'OĻŠȎʲ~�xYZV4'� 

�lp�Xi:ÿȘ9��usbljZ�q�O�:k]�w�jZ�q / usn��j�

�˘ÏjZ�q�Mk]�w�v�pSě�ĚN�ńǳĺƌ9ňNȼ%ïɏSˁ03���c�

�w9̘ƴSˁ�D'�+%3�̘ƴ%-Õ�9��c��w8��c��wjZ�qSāNƋ

3�+9��c��w8��O̿ȾŲƟ (̿ȾÅʫ�̿Ⱦʺ�̿Ⱦ9ȧʥ�bw��ublr�
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Ƅȉ76) 9ˈ̩ØSȸÜ%3���c��wjZ�qS˲ć%D' (ĺ 70)� 

 

Ú 70 {TX{@Q)ą¾ 

7��!9ĺ9e[i=FjSCJ_:�k]�w�v�pS GPU ¢8ÒƼ'O�^zm�

4'�!P81�3:Ƒ4ˑˠ%D'� 

4.2 >k|L�Rz�&)@�XiC�T 

V��d�j���'7R/ CPU Ú9ïɏ4:��M�&Gk]�w�ïɏ5��c��w

ïɏ9êţSjZ�q��c��5%3˔̅%�+P,P��usbljZ�q5��c��w

jZ�q8˺̇%D'�j��9ǆ�Ǜ:V��d�j��4HûƔ%D'��ǭ̃4:ő�9

̚óSjZ�q4˔̅%3�ïɏS4�O̬N GPU 8ɶ˩'OL�8%D'� 

ĤȈ8�ǆɗ'Oj��9v�pH�M�&G GPU 8̇ND'�̇Ov�p:̿Ⱦ9Åʫ9

B��ȧʥ�bw��ublr�Ƅȉ769ǚŐùď (attribute) 4'�!PS GPU Ú8ɰÒ%

-e[i=FjSCJ_5Į;PO���8˺̇%D'�̿ȾŲƟSÒƼ'O�s�U]�kZ

bwS�Ɇ8ǚŐe[i=FjSCJ_ (Vertex Buffer Object, VBO) 5��D'�!9B�8�

ǆɗ8ɔ�O̿ȾŲƟ9X�vsbl (ɚġ) S̿ȾŲƟ5:ø8ÒƼ'OņģH�ND'�!

P:@�^[JTe[i=FjSCJ_ (Index Buffer Object)�5Į;PD'� 

�s�U]�kZbw8Ȁʒ#P-̿ȾŲƟSɔ�3ĺƌ9ǆɗSˁ�8:�̿ȾŲƟ9ɸ͈

"58ɔƢ%-�s�U]�kZbw5�+PM�M��usbljZ�q8v�pSãĂ'O

ǛȧS�ǚŐǆ³FjSCJ_ (Vertex Array Object) 8ɝ̣'OƘˊ��ND'� 

D-ÿ̅9L�8�ǣÞSɒƧ'O̲8:̿ȾŲƟ9·8�Ȉ�7ƠŅ (����p) �Ƙˊ

87ND'�ˍȾ9Åʫ:ƄȉØ4'��!PSH58ȡŠ#PO�v�ŏǈI���ŏǈ�ư

ƍŏǈ:ˁõ4˄#PD'�!PMH�M�&G GPU 8̇03��Ƙˊ��ND'�!PM:

ǆɗįº9šˁ©8:ŏǪ#P7�ŏǓ4�jZ�q��c���M: uniform äģ5%3ĖɁ

#PD'�]JTZwHĤȈ8��M�&G GPU Ú9ublr����8̇ND'� 

ラスタライザ

出力画像

バーテックス
シェーダ

フラグメント
シェーダ

補間

画素

頂点属性

選択されたフラグメント

バッファ
オブジェクト

フレーム
バッファ

基本図形
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ÿ̅9o�wYZV9�X��X�Sšɍ'O-G8�GPU 9~�xYZV9�X��X�

:ĺ 71 9L�7ȇƧ8703�D'�!P: OpenGL 3.2 9~�xYZV9�X��X�9Ȇ

ƜS̻Ż8ʌəĊ%-H94'�OpenGL 4.x 4:#M8ˊʔ�Ŋ�3�D'� 

 

Ú 71 Įƺ)K{i?[JTd�`BC>)f@k{@�)ĽĎÚ 

GPU

アプリケーション

ディスプレイ

シェーダ 頂点属性

バッファオブジェクト

バーテックスシェーダ

ラスタライザ

フラグメントシェーダ

ラスタオペレーション

パラメータ テクスチャ 基本図形

uniform
レジスタ

テクスチャ
メモリ

映像出力

クリッピング

ジオメトリシェーダ

スクリーンマッピング

フレームバッファ

頂点番号
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j��9ǆɗ:�ublr��s��c8Ëɔ'O]JTZwya[_SƽŠ%�+P8Ëɔ

'Oublr�]�kZbwSāNƋ3-�5�ǆɗ'Oj��9ƠŅSɝ̣%-̿Ⱦ̛õ]�

kZbwSƽŠ%�ǆɗ8Ëɔ'OʥóI¡ːƌ769àĲÚă (primitive) 5�ǆɗ8ɔ�O̿

ȾŲƟ9�s�U]�kZbw¢9ʊĹSƽŠ%3�ǆɗįºSšˁ%D'� 
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ŷ5ŵ�RC�Yk�K{t 

5.1 RC�^?�Kơƨ 

5.1.1 RC�^?�Kơƨ)ŰǞ 

jZ�q9��c���c8ËRPO��c���c˒˞:RC�^?�Kơƨ5Į;P�c

��Wsbl~�xYZVɔ8:ɍļ9ȑ9H9��ND'��(PH C ˒˞8Ä3�D'� 

" HLSL (High Level Shading Language) 

!  DirectX 8Ŧƚ%3�O 

!  Microsoft � NVIDIA 9ďĂSƓ3̨ɜ 

"  Cg (C for Graphics) 

!  DirectX 5 OpenGL 8Ŧƚ%3�O 

!  NVIDIA 8LN̨ɜ 

"  GLSL (OpenGL Shading Language, GLslang) 

!  OpenGL Ļǯ9jZ�vW�c˒˞ 

!  OpenGL ARB (ɍļ: Khronos Group) 8LN̨ɜ 

 !9˥ʬ4: GLSL (OpenGL Shading Language) SËɔ%D'� 

5.1.2 RC�Yk�K{t)ŰǞ 

!PD4̅A-̋N�c��Wsbl�X��X�¢8:�+P,Pɛ7OƎāSǹ-'jZ

�q�ŝļ%D'�+PM: OpenGL 9��k��8L03ɛ7ND'� 



 72 

 

Ú 72 OpenGL )e�Sz�&RC�Yk�K{t)ŰǞ 

OpenGL 2.0 :Âʝɟ7ĻŠȎʲ9��q��c�X��X�59±ǈƟSʮƦ%3�O-G�

+!�M9ɶˁ8:ĚNʚEI'�H99�ũǶËRP7�7OȎʲHĨT4�D'�!9˥ʬ

9ǤȾ8��O OpenGL 9ǭǚɃ: 2013 ſ9 7 Ǯ8���l#P- 4.4 4'��ɍļËRP

3�O'A39 GPU �!PSh��w%3�OR�4:�ND)T� 

+!4�!9˥ʬ4: OpenGL 3.2 9 Core Profile (ũǶ9±ǈƟSɰÒ%-¶Ȉ) SŦ˪8%

D' (5��9:˒�˖4š:`�srVs�4�37�.�)�!P: Mac OS X 10.7 (Lion) »

̫HŦƚ%3�D'�˄ 38 OpenGL 9��k��5�+P8Ŧƚ%- GLSL 9��k��S

ɲ%D'�ƺƈê9ǓŜ: GLSL 9o�l��c��8��O��k��9˄˔4'� 

ƕ 3 OpenGL )e�Sz�& GLSL )e�Sz� 

 

OpenGL のバージョン
1.5
2.0
2.1
3.0
3.1
3.2
3.3
4.0
4.1
4.2
4.3
4.4

GLSL のバージョン
1.00 (100)
1.10 (110)
1.20 (120)
1.30 (130)
1.40 (140)
1.50 (150)
3.30 (330)
4.00 (400)
4.10 (410)
4.20 (420)
4.30 (430)
4.40 (440)
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5.2 Úă)ĝŝēǜ 

ĺ 73 8 OpenGL 3.2 9 Core Profile 8��Oĺƌ9ǆɗƫ͂Sɲ%D'�CPU Ú4ćÊ'O

V��d�j����c��4jZ�q��c��SȸÜ%3�+PS GPU 8˺̇%3��D

'�D-�ǆɗ'Oĺƌ9̿ȾŲƟ:��M�&G GPU Ú9���¢8ɰÒ%3��-�s�

U]�kZbw8˺̇%%3��D'�+%3�ĺƌ9ǆɗ8Ë�jZ�q��c��SƽŠ%�

̿ȾŲƟSȀʒ%-�s�U]�kZbw5ǆɗ'OńǳĺƌSƽŠ%3�ǆɗSšˁ%D'� 

 

Ú 73 Úă)ĝŝēǜ 

5.3 RC�Yk�K{t)�đ 

5.3.1 RC�Yk�K{t)�đēǜ 

GLSL 9jZ�q��c��Sùɔ'Oƫ͂:�ȑ9L�87ND'� 

1. glCreateProgram() ̪Ǔ8L03��c��]�kZbwSÊƧ%D'� 

2. glCreateShader() ̪Ǔ8L03��usbljZ�q5��c��wjZ�q9jZ�q

]�kZbwSÊƧ%D'� 

3. glShaderSource() ̪Ǔ8L03�ÊƧ%-+P,P9jZ�q]�kZbw8Ŧ%3o�

l��c��SˡÊED'� 

4. glCompileShader() ̪Ǔ8L03ˡÊT.o�l��c��Sf��X�%D'� 

5. glAttachShader() ̪Ǔ8L03��c��]�kZbw8jZ�q]�kZbwSʚÊ

ED'� 

6. glLinkProgram() ̪Ǔ8L03��c��]�kZbwS��b%D'� 

»¢9ïɏ8LNjZ�q9��c��]�kZbw�ÊƧ#PD'�M�ĺƌSǆɗ'Oÿ

8 glUseProgram() ̪ǓSšˁ%3�ĺƌ9ǆɗ8!9jZ�q��c��SË�L�8%D'� 
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5.3.2 RC�Y)W�Tk�K{t 

" e�][JTRC�Y)W�Tk�K{t 

��usbljZ�q9o�l��c��5%3�!!4:ȑ9H9Sɔ�D'�!9��c

��:�ãĂ#P-ĺƌv�p9=51=519̿Ⱦ8Ŧ%3šˁ#PD'� 

#version*150*core*
in*vec4*pv;*
void*main()*
{*
**gl_Position*=*pv;*
}*

!9 1ˁɢ9 #version 9ˁ:�Ëɔ'O GLSL 9��k��SƽŠ%D'�150 : OpenGL 

3.2 9 GLSL 9��k��4�O 1.50 S˄%�core : Core Profile 4�O!5Sɲ%D'� 

2 ˁɢ:!9jZ�q��c��9ãĂŏǓ pv 9Ţ˒4'�in :!9ŏǓ�ÿ9lu�k�

Mv�pSě�ĚO!5Sɲ%D'���usbljZ�q9 in ŏǓ8:�CPU �ṀMP-

ĺƌv�p9 19̿Ⱦ9̿ȾŲƟ�˕Š#PD'�!P:Ɇ8 attribute ŏǓ5��D'� 

vec4 :!9ŏǓ9v�pŀ� 32bit ȬćūǓȾŀ (float ŀ) 9 4 ˊʔ9v�p�M7O�b

w�ŀ4�O!5Sɲ%D'��bw�ŀ8:�!9B�8 2 ˊʔ9 vec2�3 ˊʔ9 vec3 �

�ND'��bw�9Ģˊʔ:�C ˒˞9ȇ̍Ç5ĤȈ8xswȺʇś “.” Sɔ�3ŏǓĥ9Ƒ

8 { .x, .y, .z, .w }�{ .s, .t, .p, q } �O�: { .r, .g, .b, .a } S¸�O!58LN�ĖɁI¹ãSˁ�

!5�4�D' (˄ 4)� 

ƕ 4 GLSL )^�XÝ 

 
jZ�q��c��: C I C++ ˒˞ĤȈ main() ̪Ǔ�MšˁS̨ŗ%D'�-.%�jZ

�q��c��9 main() ̪Ǔ:�ƆǓSƼ-(�ØSƩ'!5H�ND)T�%-�03�̪

Ǔ9Šʬ: void main() 87ND'� 

CPU �ṀMP-̿ȾŲƟ:� ǟ GPU �ʈɏ'O̿Ⱦ�s�U5Į;PO���8Ȁʒ#

変数のデータ型 ベクトル型の要素内容

凡例

vec4 pv; vec4 型の変数宣言

.x .y .z .w

.r .g .b .a

.s .t .p .q

float

vec2

vec3

vec4

単精度浮動小数点 1 個
単精度浮動小数点 2 個
単精度浮動小数点 3 個
単精度浮動小数点 4 個

pv.xy

pv.rgb

pv.q

pv.yx

pv.brg

pv の第1,2要素, vec2 型
pv の第1,2,3要素, vec3 型
pv の第4要素, float 型
pv の第1,2要素の順序を入れ替えたもの, vec2 型
pv の第1,2,3要素を3,1,2の順に並べ替え, vec3 型
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PD'�+9Ƒ�CPU �Mǆɗįº�¥�MPO5�GPU :̿Ⱦ�s�U�M̿Ⱦ"58̿Ⱦ

ŲƟSĚNò%�+PS attribute ŏǓ8Ȁʒ%3���usbljZ�qS˲ć%D'� 

gl_Position : GLSL 9ʚÊEŏǓ4�!9ŏǓ8¹ã%-Ø��X��X�9ȑ9lu�

k (�lp�Xi76) 8̇MPD'���usbljZ�q:Ƙ(!9ŏǓ8ØS¹ã%7�

P;7ND)T�!9��c��4: attribute ŏǓ pv S+9DD gl_Position 8¹ã%3�D

'�M�ĺƌ9ǆɗ8ƽŠ#P-̿ȾŲƟS+9DDȑ9lu�k9�lp�Xi8̇ND'� 

" i{Ku�_RC�Y)W�Tk�K{t 

��c��wjZ�q9o�l��c��8:�ȑ9H9Sɔ�D'�!9��c��:òĂ

'OɗÞ9=51=519ɗʔ8Ŧ%3šˁ#PD'� 

#version*150*core*
out*vec4*fc;*
void*main()*
{*
**fc*=*vec4(1.0,*0.0,*0.0,*1.0);*
}*

!9 2 ˁɢ:���c��w9ʺ9òĂá5%3Ë�ŏǓ fc 9ŏǓŢ˒4'�out Ţ˒:�

!9ŏǓ�ȑ9lu�k8v�pṠOòĂŏǓ4�O!5Sɲ%D'���c��wjZ�q

4:�òĂŏǓ8¹ã%-Ø������s�U9^���s�U8Ȁʒ#PD'� 

vec4() :ĵ19ǓØS vec4 ŀ8ŏǈ (`�lw) %D'�òĂŏǓ fc 8:ʺS˄' R (˰)�

G (ʤ)�B (̹)��L> A (¤̉ǡƃ) 9 4 ˊʔ9�bw�S¹ã%D'�H%�����s�U

8ØSȀʒ%7� (ɗʔSǆ�7�) 7M���c��wjZ�q4 discard įºSšˁ%D'� 

5.3.3 k�K{tFjSCJ_)�đ 
jZ�q9o�l��c��S GPU 4šˁ'O8:�+PMSf��X����b%3�j

Z�q9��c��]�kZbwSÊƧ'OƘˊ��ND'�D(�glCreateProgram() ̪Ǔ4ɻ

9��c��]�kZbw (program) SÊƧ%D'� 

**const*GLuint*program(glCreateProgram());*

GLuint glCreateProgram(void) 

��c��]�kZbwSÊƧ%D'�ƩNØ:ÊƧ#P-��c��]�kZbwĥ (ɚġ) 

4�ÊƧ4�P; 0 47�Ȕ9ǔǓ�ÊƧ4�7�P; 0 S̄%D'� 

5.3.4 RC�YFjSCJ_)�đ 

ȑ8�jZ�q9o�l��c��Sf��X�%3�jZ�q]�kZbwSÊƧ%D'�

!!4:��usbljZ�qSÌ8ˠǡ%D'���c��wjZ�q9jZ�q]�kZb

wH�Ĥ&ƫ͂4ÊƧ%D'� 

D(o�l��c��9ĢˁSǖŜõ8%3�ȑ9L�8̛õ8Ȁʒ%D'�!9 1 ˁɢ9 

#version 9ˁ9L�8�ˁͅ� '#' 9ˁ9ˁǲ8: '¥n' �Ƙˊ4'� 

**static*const*GLchar**vsrc[]*=*
**{*
****"#version*150*core¥n",*
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****"in*vec4*pv;",*
****"void*main()",*
****"{",*
****"**gl_Position*=*pv;",*
****"}",*
**};*

+%3»£9ƫ͂8LN�o�l��c���MjZ�q]�kZbw (vobj) SÊƧ%D'�

sizeof vsrc / sizeof vsrc[0] 8LN̛õŏǓ vsrc 9ˊʔǓ (ˁǓ) SȞG3�D'�7��!P:�

�usbljZ�q9ņģ4'���c��wjZ�q9jZ�q]�kZbwSÊƧ'Oņģ

:�GL_VERTEX_SHADER S GL_FRAGMENT_SHADER 8ǫ�ǈ�D'� 

**const*GLuint*vobj(glCreateShader(GL_VERTEX_SHADER));*
**glShaderSource(vobj,*sizeof*vsrc*/*sizeof*vsrc[0],*vsrc,*NULL);*
**glCompileShader(vobj);*

jZ�q9o�l��c���Đ 9ǖŜõ7M�ˁǓS 1 5%3�+9ǖŜõ9�X�p

SȀʒ%-ŏǓ9�X�pSɔ�D'�-.%�!9ǫ�Ǜ9ņģ:Ģˁ9ˁǲ8 '¥n' SãP7

�5�[���sn�k9ˁɚġ�6PH 2 8703%D�D'� 

**static*const*GLchar**vsrc*=*
****"#version*150*core¥n"*
****"in*vec4*pv;¥n"*
****"void*main()¥n"*
****"{¥n"*
****"**gl_Position*=*pv;¥n"*
****"}¥n";*

!9ņģ:ȑ9L�8%3o�l��c��9ǖŜõSˡÊED'� 

**const*GLuint*vobj(glCreateShader(GL_VERTEX_SHADER));*
**glShaderSource(vsrc,*1,*&vsrc,*NULL);**
**glCompileShader(vobj);*

GLuint glCreateShader(GLenum shaderType) 

jZ�q]�kZbwSÊƧ%D'�ƩNØ:ÊƧ#P-jZ�q]�kZbwĥ (ɚġ) 4�

ÊƧ4�P; 0 47�Ȕ9ǔǓ�ÊƧ4�7�P; 0 S̄%D'� 

shaderType 

ÊƧ'OjZ�q9ɸ͈SƽŠ%D'���usbljZ�q9jZ�q]�kZbw

SÊƧ'Oņģ: GL_VERTEX_SHADER���c��wjZ�q9jZ�q]�kZ

bwSÊƧ'Oņģ: GL_FRAGMENT_SHADER SƽŠ%D'� 

void glShaderSource(GLuint shader, GLsizei count, const GLchar **string, const GLint *length) 

jZ�q9o�l��c��SˡÊED'� 

shader 

glCreateShader() ̪Ǔ9ƩNØ5%3Ɠ-jZ�q]�kZbwĥ� 

count 

ƆǓ string 8ƽŠ%-̛õ9ˊʔǓ� 

string 

jZ�q9o�l��c��9ǖŜõ9̛õ�ˁ ͅ� '#' 9ˁ9ˁǲ8: '¥n' �Ƙˊ4
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'� 

length 

ƆǓ length � NULL (0) 47�P;�length 9Ģˊʔ8: string 9Ŧƚ'Oˊʔ9ǖ

Ŝõ9̥# (ǖŜǓ) SȀʒ%D'�D-�!9 length 9ˊʔ8˫9ØSȀʒ%-5�

:�string 9Ŧƚ'Oˊʔ9ǖŜõ9ʙʀ�{�ǖŜ ('¥0') 8703�OƘˊ��ND

'� 

void glCompileShader(GLuint shader) 

jZ�q]�kZbw8ˡÊDP-o�l�UX�Sf��X�%D'� 

shader 

f��X�'OjZ�q]�kZbwĥ� 

jZ�q9o�l��c��9f��X�8Ƨă%-7M�+PS��c��]�kZbw8

ʚÊED'���c��]�kZbw8ʚÊT.jZ�q]�kZbw:�·8Ë��3�

7�P;H�¤ˊ794�!!4þ̭��bS1�3��D'� 

**glAttachShader(program,*vobj);*
**glDeleteShader(vobj);*

void glAttachShader(GLuint program, GLuint shader) 

��c��]�kZbw8jZ�q]�kZbwSʚÊED'� 

program 

jZ�q]�kZbwSʚÊF��c��]�kZbwĥ� 

shader 

ʚÊFjZ�q]�kZbwĥ� 

void glDetachShader(GLuint program, GLuint shader) 

��c��]�kZbw�MjZ�q]�kZbwSĚNŐ%D'� 

program 

jZ�q]�kZbwSĚNŐ'��c��]�kZbwĥ� 

shader 

ĚNŐ'jZ�q]�kZbwĥ� 

void glDeleteShader(GLuint shader) 

jZ�q]�kZbw8þ̭��bS¸�D'� 

shader 

þ̭��bS¸�OjZ�q]�kZbwĥ� 

void glDeleteProgram(GLuint program) 

��c��]�kZbw8þ̭��bS¸�D'� 

program 

þ̭��bS¸�O��c��]�kZbwĥ� 

glDeleteShader() ̪Ǔ4þ̭��bS¸�-jZ�q]�kZbw:�+9jZ�q]�kZb

w�ä39��c��]�kZbw�M glDetachShader() ̪Ǔ8L03ĚNŐ#P-5�8þ
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̭#PD'�D-��c��]�kZbw�þ̭#PO5�8:�+P8ʚÊDP3�OjZ

�q]�kZbw:ʵćɟ8ĚNŐ#PD'�%-�03�þ̭��b�¸�MP-jZ�q]

�kZbw:�+PSʚÊT.��c��]�kZbw�ä3þ̭#P-ǤȾ4þ̭#PD'� 

��c��]�kZbw8þ̭��bS¸�O8:�glDeleteProgram() ̪ǓSɔ�D'�þ̭

��bS¸�-��c��]�kZbw:�69��q��cf�u`lw4HËɔ#P7�7

0-5�8þ̭#PD'� 

5.3.5 k�K{tFjSCJ_)|�J 
��c��]�kZbw8Ƙˊ7jZ�q]�kZbwSʚÊT.M���c��]�kZ

bw9��bSˁ�D'�+9ÿ8�ĺƌ9̿Ⱦ9v�p (̿ȾŲƟ, attribute) S��usbl

jZ�q�MĖɁ'O-G8ɔ�OŏǓ (attribute ŏǓ�!!4:ŏǓĥS pv) 9ņƪ (index) 

5���c��wjZ�q�MòĂ'Ov�pSȀʒ'OŏǓ (!!4:ŏǓĥS fc 5%D') 

9òĂá (colorNumber) SƽŠ%3��D'�!PM:�(PH 0 »¢9ǔǓ4'� 

CPU Ú9��c��5 GPU Ú9jZ�q��c��9̩9v�p9ě�ȴ%:�!9L�7

ɚġSµ%3ˁ�D'�!P: GPU 9~�xYZV9�klpɚġ8ɤƋ%D'� 

**glBindAttribLocation(program,*0,*"pv");*
**glBindFragDataLocation(program,*0,*"fc");*
**glLinkProgram(program);*

void glBindAttribLocation(GLuint program, GLuint index, const GLchar *name) 

��usbljZ�q9o�l��c��©9 attribute ŏǓ9ņƪSƽŠ%D'�attribute ŏ

Ǔ:���usbljZ�q9o�l��c��ê4: in ŏǓ5%3Ţ˒#PD'� 

program  

attribute ŏǓ9ņƪSˣAO��c��]�kZbwĥ� 

index 

ƆǓ name 8ƽŠ%- in ŏǓ9ņƪ (ɚġ) S�0 »¢9ǔǓ4ƽŠ%D'�v�\�

w4: 0 �˕Š#P3�D'� 

name 

��usbljZ�q9o�l��c��©9 in ŏǓ9ŏǓĥ9ǖŜõ� 

void glBindFragDataLocation(GLuint program, GLuint colorNumber, const char *name) 

��c��wjZ�q9o�l��c��©9 out ŏǓ8^���s�USāNƋ3D'� 

program  

��c��w9òĂŏǓ (out ŏǓ) 9ņƪSˣAO��c��]�kZbwĥ� 

index 

ƆǓ name 8ƽŠ%- out ŏǓ9ņƪ (ɚġ) S�0 »¢9ǔǓ4ƽŠ%D'�v�\

�w4: 0 �˕Š#P3�D'�0 :ȉȸ9�����s�U9^���s�USɲ

%D'� 

name 

��c��wjZ�q9o�l��c��©9 out ŏǓ9ŏǓĥ9ǖŜõ� 
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void glLinkProgram(GLuint program) 

program 8ƽŠ%-��c��]�kZbwS��b%D'�!P�Ƨă'P;�jZ�q�

�c���şƧ%D'� 

program  

��b'O��c��]�kZbwĥ� 

5.3.6 k�K{tFjSCJ_;�đ�8ēƅ� 

ÿʉD44ˠǡ%-ƫ͂Sȑ9L�8̪Ǔ8D5GD'�o�l��c��9ǖŜõ� NULL 

9Ǥ:�jZ�q]�kZbwSÊƧ%7�L�8%D'� 

//*k�K{tFjSCJ_;�đ�8*
//***vsrc:*e�][JTRC�Y)W�Tk�K{t)Ĥë³*
//***pv:*e�][JTRC�Y)W�Tk�K{t�)*in*äģÒ)Ĥë³*
//***fsrc:*i{Ku�_RC�Y)W�Tk�K{t)Ĥë³*
//***fc:*i{Ku�_RC�Y)W�Tk�K{t�)*out*äģÒ)Ĥë³*
static*GLuint*createProgram(const*char**vsrc,*const*char**pv,*
**const*char**fsrc,*const*char**fc)*
{*
**//*Ų)k�K{tFjSCJ_;�đ�8*
**const*GLuint*program(glCreateProgram());*
*
**if*(vsrc*!=*NULL)*
**{*
****//*e�][JTRC�Y)RC�YFjSCJ_;�đ�8*
****const*GLuint*vobj(glCreateShader(GL_VERTEX_SHADER));*
****glShaderSource(vobj,*1,*&vsrc,*NULL);*
****glCompileShader(vobj);*
*
****//*e�][JTRC�Y)RC�YFjSCJ_;k�K{tFjSCJ_(ƃ0ƹ1*
****glAttachShader(program,*vobj);*
****glDeleteShader(vobj);*
**}*
*
**if*(fsrc*!=*NULL)*
**{*
****//*i{Ku�_RC�Y)RC�YFjSCJ_;�đ�8*
****const*GLuint*fobj(glCreateShader(GL_FRAGMENT_SHADER));*
****glShaderSource(fobj,*1,*&fsrc,*NULL);*
****glCompileShader(fobj);*
*
****//*i{Ku�_RC�Y)RC�YFjSCJ_;k�K{tFjSCJ_(ƃ0ƹ1*
****glAttachShader(program,*fobj);*
****glDeleteShader(fobj);*
**}*
*
**//*k�K{tFjSCJ_;|�J�8*
**glBindAttribLocation(program,*0,*pv);*
**glBindFragDataLocation(program,*0,*fc);*
**glLinkProgram(program);*
*
**//*�đ��k�K{tFjSCJ_;ƻ�*
**return*program;*
}*
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5.3.7 RC�Yk�K{t)�Ŝ 
ĺƌ9ǆɗSˁ�ÿ8�glUseProgram() ̪Ǔ4Ëɔ'O��c��]�kZbwSƽŠ%D'� 

**glUseProgram(program);*

void glUseProgram(GLuint program) 

ĺƌ9ǆɗ8Ëɔ'O��c��]�kZbwSƽŠ%D'� 

program 

ĺƌ9ǆɗ8Ëɔ'O��c��]�kZbwĥ�0 SƽŠ'O5�69��c��]

�kZbwHËɔ#P7�7ND'� 

" W�Tk�K{t)äĬŐ 

main() ̪Ǔ9Šʬ9LNÿ4ÿ̅9��c��]�kZbwSÊƧ'O̪Ǔ createProgram() 

̪ǓSŠʬ%�GLEW 9öǰĊSˁ0-Ƒ8!PSšˁ%D'�+%3ĺƌ9ǆɗSˁ�ÿ8�

!9̪Ǔ9ƩNØ5%3Ɠ-��c��]�kZbwĥS glUseProgram() ̪Ǔ9ƆǓ8ƽŠ%

3�!9jZ�q��c��9ËɔS̨ŗ%D'� 

#include*<cstdlib>*
#include*<iostream>*
#include*<GL/glew.h>*
#include*<GLFW/glfw3.h>*
*
//*k�K{tƂ�Ī)¯ř*
static*void*cleanup()*
{*
**//*GLFW*)Ƃ�¯ř*
**glfwTerminate();*
}*
*
//*k�K{tFjSCJ_;�đ�8*
//***vsrc:*e�][JTRC�Y)W�Tk�K{t)Ĥë³*
//***pv:*e�][JTRC�Y)W�Tk�K{t�)*in*äģÒ)Ĥë³*
//***fsrc:*i{Ku�_RC�Y)W�Tk�K{t)Ĥë³*
//***fc:*i{Ku�_RC�Y)W�Tk�K{t�)*out*äģÒ)Ĥë³*
static*GLuint*createProgram(const*char**vsrc,*const*char**pv,*
**const*char**fsrc,*const*char**fc)*
{*
**�Ũş�*
}*
*
�Ũş�*
*
int*main()*
{*
**�Ũş�*
*
**//*ƎīƐ;ěï�8*
**glClearColor(1.0f,*1.0f,*1.0f,*0.0f);*
*
**//*e�][JTRC�Y)W�Tk�K{t*
**static*const*GLchar*vsrc[]*=*
****"#version*150*core¥n"*
****"in*vec4*pv;¥n"*
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****"void*main()¥n"*
****"{¥n"*
****"**gl_Position*=*pv;¥n"*
****"}¥n";*
*
**//*i{Ku�_RC�Y)W�Tk�K{t*
**static*const*GLchar*fsrc[]*=*
****"#version*150*core¥n"*
****"out*vec4*fc;¥n"*
****"void*main()¥n"*
****"{¥n"*
****"**fc*=*vec4(1.0,*0.0,*0.0,*1.0);¥n"*
****"}¥n";*
*
**//*k�K{tFjSCJ_;�đ�8*
**const*GLuint*program(createProgram(vsrc,*"pv",*fsrc,*"fc"));*
*
**//*B?�`B�ǌ�$�8ǍƊ7ƻ�*
**while*(glfwWindowShouldClose(window)*==*GL_FALSE)*
**{*
****//*B?�`B;ŉÇ�8*
****glClear(GL_COLOR_BUFFER_BIT);*
*
****//*RC�Yk�K{t)�Ŝǌê*
****glUseProgram(program);*
*
****//*
****//*��%ĝŝ¯ř;ƒ�*
****//*
*
****//*G{�e[i=;¨9ĭ�8*
****glfwSwapBuffers(window);*
*
****//*@m�_;Ì7°�*
****glfwWaitEvents();*
**}*
}*

" ƘƲǥglUseProgram() ǎģ;ðƒ�8�Ƌ 

glUseProgram(program); :�Ëɔ'OjZ�q��c���=51%�7�P; while ���

9Ő (ÿ) 8ʫ�3ȇ�D)T�jZ�q��c��Sĺƌ (�O�:ǆɗĐÅ) "58ôNǬ�

3Ë�ņģ:����9©8ʫ�D'�D-�jZ�q��c���¤ˊ87P; 

glUseProgram(0); Sšˁ%D'��jZ�q��c��:Ë�0<7%4Hȇ�D)T� 

5.4 D{�u[V�S)ƕŬ 
!!D4:jZ�q9f��X�I��b9Ǥ8[��rZsbSˁ03�D)T4%-�

GLSL 5��6H��c���c˒˞794�ǫ�̩̕�P;[���ɜɒ%D'�+9Ǥ�[

���sn�k�R�M7�P;�̩̕�Sˋ1�O!5�̷%�7ND'�+!4�f��X

�9̲8[��9ɜɒSrZsb%�[���sn�kS˄ɲ'Oƫʠ�S̆Ą%D'�!9̪

Ǔ9ƩNØ:�[���ɜɒ%7�P; GL_TRUE�ɜɒ'P; GL_FALSE 8%D'� 

//*RC�YFjSCJ_)N�f@}Ƅĵ;ƕŬ�8*
//***shader:*RC�YFjSCJ_Ò*
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//***str:*N�f@}D{��Ţś��áĒ;Ŭ�Ĥë³*
static*GLboolean*printShaderInfoLog(GLuint*shader,*const*char**str)*
{*
**//*N�f@}Ƅĵ;Ìć�8*
**GLint*status;*
**glGetShaderiv(shader,*GL_COMPILE_STATUS,*&status);*
**if*(status*==*GL_FALSE)*std::cerr*<<*"Compile*Error*in*"*<<*str*<<*std::endl;*
*
**//*RC�Y)N�f@}Ī)�K)ǋ�;Ìć�8*
**GLsizei*bufSize;*
**glGetShaderiv(shader,*GL_INFO_LOG_LENGTH*,*&bufSize);*
*
**if*(bufSize*>*1)*
**{*
****//*RC�Y)N�f@}Ī)�K)¬ò;Ìć�8*
****std::vector<GLchar>*infoLog(bufSize);*
****GLsizei*length;*
****glGetShaderInfoLog(shader,*bufSize,*&length,*&infoLog[0]);*
****std::cerr*<<*&infoLog[0]*<<*std::endl;*
**}*
*
**return*static_cast<GLboolean>(status);*
}*

void glGetShaderiv(GLuint shader, GLenum pname, GLint *params) 

jZ�q]�kZbw9ƠŅSĚNò%D'� 

shader 

ƠŅSĚNò'jZ�q]�kZbw� 

pname 

jZ�q]�kZbw�MĚNò'ƠŅ9ɸ͈�»£9H9�ƽŠ4�D'� 

GL_SHADER_TYPE 

shader 8ƽŠ%-jZ�q]�kZbw9jZ�q9ɸ͈  (GL_VERTEX_SHADER, 

GL_FRAGMENT_SHADER) SˣA3 *params 8Ȁʒ%D'� 

GL_DELETE_STATUS 

shader 8ƽŠ%-jZ�q]�kZbw8 glDeleteShader() ̪Ǔ8L03þ̭��b�¸

�MP3�O�6��SˣA3�þ̭��b�1�3�P; GL_TRUE�1�3�7�P

; GL_FALSE S *params 8Ȁʒ%D'� 

GL_COMPILE_STATUS 

shader 8ƽŠ%-jZ�q]�kZbw9f��X��Ƨă%-�6��SˣA3�Ƨă

%3�P; GL_TRUE�ŕǑ%3�P; GL_FALSE S *params 8Ȁʒ%D'� 

GL_INFO_LOG_LENGTH 

shader 8ƽŠ%-jZ�q]�kZbw9f��X�Ǥ8ɒƧ#P-�c9̥#SˣA

3 *params 8Ȁʒ%D'��c�7�P; 0 SȀʒ%D'� 

GL_SHADER_SOURCE_LENGTH 

shader 8ƽŠ%-jZ�q]�kZbw9o�l��c��9̥#SˣA3 *params 8

Ȁʒ%D'�o�l��c���7�P; 0 SȀʒ%D'� 
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params 

ĚNò%-ƠŅ9Ȁʒá�  

void glGetShaderInfoLog(GLuint shader, GLsizei maxLength, GLsizei *length, GLchar *infoLog) 

jZ�q]�kZbw9f��X�Ǥ9�cSĚNò%D'� 

shader 

�cSĚNò'jZ�q]�kZbw� 

maxLength 

ĚNò'�c9ǭŒ9̥#�ƆǓ infoLog 8ƽŠ'O�c9Ȁʒá9Œ�#:�!PL

Nū#�7�P;7ND)T� 

length 

ĚNò%-�c9š̲9̥#9Ȁʒá� 

infoLog 

ĚNò%-�c9Ȁʒá� 

ĤȈ8���b9̲8[��9ɜɒSrZsb%�[���sn�kS˄ɲ'Oƫʠ�S̆Ą

%D'�ƩNØ:�[���ɜɒ%7�P; GL_TRUE�ɜɒ'P; GL_FALSE 8%D'� 

//*k�K{tFjSCJ_)|�JƄĵ;ƕŬ�8*
//***program:*k�K{tFjSCJ_Ò*
static*GLboolean*printProgramInfoLog(GLuint*program)*
{*
**//*|�JƄĵ;Ìć�8*
**GLint*status;*
**glGetProgramiv(program,*GL_LINK_STATUS,*&status);*
**if*(status*==*GL_FALSE)*std::cerr*<<*"Link*Error."*<<*std::endl;*
*
**//*RC�Y)|�JĪ)�K)ǋ�;Ìć�8*
**GLsizei*bufSize;*
**glGetProgramiv(program,*GL_INFO_LOG_LENGTH,*&bufSize);*
*
**if*(bufSize*>*1)*
**{*
****//*RC�Y)|�JĪ)�K)¬ò;Ìć�8*
****std::vector<GLchar>*infoLog(bufSize);*
****GLsizei*length;*
****glGetProgramInfoLog(program,*bufSize,*&length,*&infoLog[0]);*
****std::cerr*<<*&infoLog[0]*<<*std::endl;*
**}*
*
**return*static_cast<GLboolean>(status);*
}*

void glGetProgramiv(GLuint program, GLenum pname, GLint *params) 

��c��]�kZbw9ƠŅSĚNò%D'� 

program 

ƠŅSĚNò'��c��]�kZbw� 

pname 

��c��]�kZbw�MĚNò'ƠŅ9ɸ͈�»£9H9�ƽŠ4�D'�!PM

»Ő8H�ND'��!!4:āƣ%D'� 
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GL_DELETE_STATUS 

program 8ƽŠ%-��c��]�kZbw8 glDeleteProgram() ̪Ǔ8L03þ̭��

b�¸�MP3�O�6��SˣA3�þ̭��b�1�3�P; GL_TRUE�1�3�

7�P; GL_FALSE S *params 8Ȁʒ%D'� 

GL_LINK_STATUS 

program 8ƽŠ%-��c��]�kZbw9��b�Ƨă%-�6��SˣA3�Ƨă

%3�P; GL_TRUE�ŕǑ%3�P; GL_FALSE S *params 8Ȁʒ%D'� 

GL_VALIDATE_STATUS 

program 8ƽŠ%-��c��]�kZbw8Ŧ'O glValidateProgram() ̪Ǔ8LOȄ

˗ʜǹS�*params 8Ȁʒ%D'�*params 8:��c��]�kZbw�ɍļ9 OpenGL 

9Ɉƥ4šˁĞʲ7M GL_TRUE�šˁ4�7�P; GL_FALSE �Ȁʒ#PD'� 

GL_INFO_LOG_LENGTH 

program 8ƽŠ%-��c��]�kZbw9��bǤ8ɒƧ#P-�c9̥#SˣA3 

*params 8Ȁʒ%D'��c�7�P; 0 SȀʒ%D'� 

GL_ATTACHED_SHADERS 

program 8ƽŠ%-��c��]�kZbw8ʚÊDP3�OjZ�q]�kZbw9

ǓSˣA3 *params 8Ȁʒ%D'� 

params 

ĚNò%-ƠŅ9Ȁʒá�  

void glValidateProgram(GLuint program) 

��c��]�kZbw�ɍļ9 OpenGL 9Ɉƥ4šˁĞʲ�6��SȄ˗%D'�ʜǹ: 

glGetProgramiv() ̪Ǔ9ƆǓ pname 8 GL_VALIDATE_STATUS SƽŠ%3ĚNò%D'� 

program 

Ȅ˗'O��c��]�kZbw� 

void glGetProgramInfoLog(GLuint program, GLsizei maxLength, GLsizei *length, GLchar 

*infoLog) 

jZ�q]�kZbw9f��X�Ǥ9�cSĚNò%D'� 

program 

�cSĚNò'��c��]�kZbw� 

maxLength 

ĚNò'�c9ǭŒ9̥#�ƆǓ infoLog 8ƽŠ%-Ȁʒá9Œ�#S˳�3:7ND

)T� 

length 

ĚNò%-�c9š̲9̥# (infoLog 8Ȁʒ#P-̥#) 9Ȁʒá� 

infoLog 

�c9Ȁʒá�Ȁʒá9Œ�#:ƆǓ maxLength LNHŒ��7�P;7ND)T� 

" W�Tk�K{t)äĬŐ 

!PM9̪ǓS���c��]�kZbwSÊƧ'O̪Ǔ createProgram() ̪Ǔ9ŠʬLNÿ
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4Šʬ%�jZ�q]�kZbw9f��X�9ƑI��c��]�kZbw9f��X�9Ƒ

8šˁ%D'�7��!PM9̪Ǔ4: C++ 9ȉȸ�X���8ĨDPO vector SËɔ%3�

O94�o�l��c��9áͅ4 vector S #include %D'� 

#include*<cstdlib>*
#include*<iostream>*
#include*<vector>*
#include*<GL/glew.h>*
#include*<GLFW/glfw3.h>*
*
//*k�K{tƂ�Ī)¯ř*
static*void*cleanup()*
{*
**//*GLFW*)Ƃ�¯ř*
**glfwTerminate();*
}*
*
//*RC�YFjSCJ_)N�f@}Ƅĵ;ƕŬ�8*
//***shader:*RC�YFjSCJ_Ò*
//***str:*N�f@}D{��Ţś��áĒ;Ŭ�Ĥë³*
static*GLboolean*printShaderInfoLog(GLuint*shader,*const*char**str)*
{*
**�Ũş�*
}*
*
//*k�K{tFjSCJ_)|�JƄĵ;ƕŬ�8*
//***program:*k�K{tFjSCJ_Ò*
static*GLboolean*printProgramInfoLog(GLuint*program)*
{*
**�Ũş�*
}*
*
//*k�K{tFjSCJ_;�đ�8*
//***vsrc:*e�][JTRC�Y)W�Tk�K{t)Ĥë³*
//***pv:*e�][JTRC�Y)W�Tk�K{t�)*in*äģÒ)Ĥë³*
//***fsrc:*i{Ku�_RC�Y)W�Tk�K{t)Ĥë³*
//***fc:*i{Ku�_RC�Y)W�Tk�K{t�)*out*äģÒ)Ĥë³*
static*GLuint*createProgram(const*char**vsrc,*const*char**pv,*
**const*char**fsrc,*const*char**fc)*
{*
**//*Ų)k�K{tFjSCJ_;�đ�8*
**const*GLuint*program(glCreateProgram());*
*
**if*(vsrc*!=*NULL)*
**{*
****//*e�][JTRC�Y)RC�YFjSCJ_;�đ�8*
****const*GLuint*vobj(glCreateShader(GL_VERTEX_SHADER));*
****glShaderSource(vobj,*1,*&vsrc,*NULL);*
****glCompileShader(vobj);*
*
****//*e�][JTRC�Y)RC�YFjSCJ_;k�K{tFjSCJ_(ƃ0ƹ1*
****if*(printShaderInfoLog(vobj,*"vertex*shader"))*
******glAttachShader(program,*vobj);*
****glDeleteShader(vobj);*
**}*
*
**if*(fsrc*!=*NULL)*
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**{*
****//*i{Ku�_RC�Y)RC�YFjSCJ_;�đ�8*
****const*GLuint*fobj(glCreateShader(GL_FRAGMENT_SHADER));*
****glShaderSource(fobj,*1,*&fsrc,*NULL);*
****glCompileShader(fobj);*
*
****//*i{Ku�_RC�Y)RC�YFjSCJ_;k�K{tFjSCJ_(ƃ0ƹ1*
****if*(printShaderInfoLog(fobj,*"fragment*shader"))*
******glAttachShader(program,*fobj);*
****glDeleteShader(fobj);*
**}*
*
**//*k�K{tFjSCJ_;|�J�8*
**glBindAttribLocation(program,*0,*pv);*
**glBindFragDataLocation(program,*0,*fc);*
**glLinkProgram(program);*
*
**//*�đ��k�K{tFjSCJ_;ƻ�*
**if*(printProgramInfoLog(program))*
****return*program;*
*
**//*k�K{tFjSCJ_��đ%�'�9+*0*;ƻ�*
**glDeleteProgram(program);*
**return*0;*
}*
*
�Ũş�*

5.5 RC�Y)W�Tk�K{t;¶)i=@}�6Ʃ0ƹ1 
ÿ9��c��4:�GLSL 4ǫ�-jZ�q9o�l��c��SǖŜõ9ƌ4 C++ 9o

�l��c��8ŁĜED%-�!9Ǜȧ:jZ�q9o�l��c��5 C++ 9o�l�

�c��S=519�UX�8D5GO!5�4�O94Ðù5˒�;Ðù4'��jZ�q9

o�l��c��SǖŜõ4˄#7�P;7M7�9:�I0<N̼×4'� 

+!4�jZ�q9o�l��c��Sø9�UX�8%3�C++ 9��c���MšˁǤ8

ˡÊFL�8%D'�!�'O5�jZ�q9o�l��c��8ŏǪSĄ�-5�8 C++ 9

��c��Sf��X�%ɣ#(8'ED'�»£9̪Ǔ readShaderSource() S̆Ą%D'� 

//*RC�Y)W�Ti=@};Ʃ0ƹ< uv|;ƻ�*
//***name:*RC�Y)W�Ti=@}Ò*
static*GLchar**readShaderSource(const*char**name)*
{*
**//*i=@}Ò�*NULL*'6*NULL*;ƻ�*
**if*(name*==*NULL)*return*NULL;*
*
**//*W�Ti=@};ǌ�*
**std::ifstream*file(name,*std::ios::binary);*
**if*(file.fail())*
**{*
****//*ǌ�'�!�*
****std::cerr*<<*"Error:*Can't*open*source*file:*"*<<*name*<<*std::endl;*
****return*NULL;*
**}*
*
**//*i=@})ı÷(ŮÃ�ŗÜ�ƋǡǦi=@}P@UǢ;ć8*
**file.seekg(0L,*std::ios::end);*
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**const*GLsizei*length(static_cast<GLsizei>(file.tellg()));*
*
**//*i=@}P@UǣĤë³)ƂŶĤë*(‘¥0’)*±)uv|;ū¡*
**GLchar**buffer(new(std::nothrow)*GLchar[length*+*1]);*
**if*(buffer*==*NULL)*
**{*
****//*uv|�Ʋ6'�!�*
****std::cerr*<<*"Error:*Too*large*file:*"*<<*name*<<*std::endl;*
****file.close();*
****return*NULL;*
**}*
*
**//*i=@};¦ǝ�6Ʃ0ƹ1*
**file.seekg(0L,*std::ios::beg);*
**file.read(buffer,*length);*
**buffer[length]*=*'¥0';*
*
**if*(file.bad())*
**{*
****//*�/�Ʃ0ƹ2'�!�*
****std::cerr*<<*"Error:*Could*not*read*souce*file:*"*<<*name*<<*std::endl;*
****delete*buffer;*
****buffer*=*NULL;*
**}*
**file.close();*
*
**//W�Tk�K{t;Ʃ0ƹ< uv|)q@�X;ƻ�*
**return*buffer;*
}*

#M8�!9̪ǓSË03jZ�q9o�l�UX�SˡÊE�createProgram() ̪ǓSË0

3��c��]�kZbwSÊƧ'O̪Ǔ loadProgram() S̆Ą%D'� 

//*RC�Y)W�Ti=@};Ʃ0ƹ<%k�K{tFjSCJ_;�đ�8*
//***vert:*e�][JTRC�Y)W�Ti=@}Ò*
//***pv:*e�][JTRC�Y)W�Tk�K{t�)*in*äģÒ)Ĥë³*
//***frag:*i{Ku�_RC�Y)W�Ti=@}Ò*
//***fc:*i{Ku�_RC�Y)W�Tk�K{t�)*out*äģÒ)Ĥë³*
static*GLuint*loadProgram(const*char**vert,*const*char**pv,*
**const*char**frag,*const*char**fc)*
{*
**//*RC�Y)W�Ti=@};Ʃ0ƹ1*
**const*GLchar**vsrc(readShaderSource(vert));*
**const*GLchar**fsrc(readShaderSource(frag));*
*
**//*k�K{tFjSCJ_;�đ�8*
**const*GLuint*program(createProgram(vsrc,*pv,*fsrc,*fc));*
*
**//*Ʃ0ƹ0(�!�uv|;ƠĠ�8*
**delete*vsrc;*
**delete*fsrc;*
*
**//*�đ��k�K{tFjSCJ_;ƻ�*
**return*program;*
}*
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" W�Tk�K{t)äĬŐ 

̪Ǔ createProgram() 9Ƒ8 readShaderSource() 5 loadProgram() S̆Ą%D'�D- main() 

̪Ǔ4:���usbljZ�q9o�l��c��9ǖŜõ vsrc 5��c��wjZ�q9

o�l��c��9ǖŜõ fsrcSþ̭%�createProgram() S loadProgram() 8ʫ�ǈ�D'� 

#include*<cstdlib>*
#include*<iostream>*
#include*<fstream>*
#include*<vector>*
#include*<GL/glew.h>*
#include*<GLFW/glfw3.h>*
*
�Ũş�*
*
//*k�K{tFjSCJ_;�đ�8*
//***vsrc:*e�][JTRC�Y)W�Tk�K{t)Ĥë³*
//***pv:*e�][JTRC�Y)W�Tk�K{t�)*in*äģÒ)Ĥë³*
//***fsrc:*i{Ku�_RC�Y)W�Tk�K{t)Ĥë³*
//***fc:*i{Ku�_RC�Y)W�Tk�K{t�)*out*äģÒ)Ĥë³*
static*GLuint*createProgram(const*char**vsrc,*const*char**pv,*
**const*char**fsrc,*const*char**fc)*
{*
**�Ũş�*
}*
*
//*RC�Y)W�Ti=@};Ʃ0ƹ< uv|;ƻ�*
//***name:*RC�Y)W�Ti=@}Ò*
static*GLchar**readShaderSource(const*char**name)*
{*
**�Ũş�*
}*
*
//*RC�Y)W�Ti=@};Ʃ0ƹ<%k�K{tFjSCJ_;�đ�8*
//***vert:*e�][JTRC�Y)W�Ti=@}Ò*
//***pv:*e�][JTRC�Y)W�Tk�K{t�)*in*äģÒ)Ĥë³*
//***frag:*i{Ku�_RC�Y)W�Ti=@}Ò*
//***fc:*i{Ku�_RC�Y)W�Tk�K{t�)*out*äģÒ)Ĥë³*
static*GLuint*loadProgram(const*char**vert,*const*char**pv,*
**const*char**frag,*const*char**fc)*
{*
**�Ũş�*
}*
*
�Ũş�*
*
int*main()*
{*
**�Ũş�*
*
**//*ƎīƐ;ěï�8*
**glClearColor(1.0f,*1.0f,*1.0f,*0.0f);*
*
**//*e�][JTRC�Y)W�Tk�K{t)Ĥë³*vsrc*&*
**//*i{Ku�_RC�Y)W�Tk�K{t)Ĥë³*fsrc*)ñơ*»Ǐ�/��*
*
**//*k�K{tFjSCJ_;�đ�8*
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**const*GLuint*program(loadProgram("point.vert",*"pv",*"point.frag",*"fc"));*
*
**//*B?�`B�ǌ�$�8ǍƊ7ƻ�*
**while*(glfwWindowShouldClose(window)*==*GL_FALSE)*
**{*
****�Ũş�*
**}*
}*

jZ�q9o�l�UX�:�C++ 9o�l�UX�5:ø8ÊƧ%D'���usbljZ

�q9o�l�UX�9�UX�ĥ: point.vert���c��wjZ�q9o�l�UX�9�U

X�ĥ: point.frag 8%D' (+P,P9ƹƉś:̗Ƌ4')�!PMS C++ 9o�l�UX�

5Ĥ&vW�bw� (�\�q) 8Òŝ%3�.#�� 

" RC�Y)W�Ti=@} 

e�][JTRC�Y)W�Ti=@} point.vert 

#version*150*core*
in*vec4*pv;*
void*main()*
{*
**gl_Position*=*pv;*
}*

i{Ku�_RC�Y)W�Ti=@} point.frag 

#version*150*core*
out*vec4*fc;*
void*main()*
{*
**fc*=*vec4(1.0,*0.0,*0.0,*1.0);*
}*

" ƘƲǥXcode )áÐ 

Mac OS X 9ʝģ̨ɜɑŉ4�O Xcode 4:���x%3ÊƧ%-šˁ�UX�� C++ 9o

�l�UX�5:ɛ7Oņƪ8ÊƧ#PD'�D-�!PS Xcode ê4šˁ%-5�9Êȅv

W�bw�H�+!8˕Š#PD'�!9-G�jZ�q9o�l�UX�S C++ 9o�l�

UX�5Ĥ&vW�bw�8ʫ�-ņģ:�jZ�q9o�l�UX�9�UX�ĥ8+9vW

�bw�9�lSĨG7�5ˡÊF!5�4�D)T� 

+!4���c��S Xcode ê4šˁ%-5�9ÊȅvW�bw���jZ�qI C++ 9o

�l�UX�Sʫ�-vW�bw�87OL��Xcode 9˕ŠSŏǪ%D'�Xcode 9Ŷ¢9 

“Set Active Scheme” �M “Edit Scheme” S̘T4�.#� (ĺ 74)� 
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Ú 74 TH�t)Ƥï 

Ŷ9�X�9 “Run ��kZbwĥ” S̘>�¢9 “Options” S̘ƴ%3 “Working Directory” 

8rZsb
SãP3�.#��+9Ƒ�+9£9ȏ8jZ�qI C++ 9o�l�UX�Sʫ

�-vW�bw�S˕Š%3�.#��ĠÚ9�\�q9VXf�Sb�sb'P;��\�q

̘ƴ9qXV�c�ɍPD'�ǭƑ8 “OK” Sb�sb%3�.#� (ĺ 75)� 

 

Ú 75 �ļ^?~J_| (Working Directory) )Ƥï 
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ŷ6ŵ�Úă)ĝŝ 

6.1 OpenGL )^�XÝ 

c��Wsbl~�xYZV (GPU) �ê̚ɟ8Ëɔ%3�Ov�p9ǫƅ���sw��� 

(CPU) 5 ʷ%3�O5:̬M7�94�OpenGL 4ĚNƭ�v�p8:Ɋʵ9v�pŀ�āN

Ƌ3MP3�D' (˄ 5)� 

%�%�ńǳɟ8:�+9v�pŀ:��sw�����O�:Ëɔ'O��c���c˒˞

9H98Ŧƚ¸�MP3�D'�-5�; GLubyte ŀ: C ˒˞�O�: C++ ˒˞9 unsigned 

char ŀ8Ŧƚ%�GLfloat ŀ: float 8Ŧƚ%3�D'�D- GLclampf : float ŀ9v�p8

Ŧƚ%D'��OpenGL 4Ëɔ#PO5�8:�˫9Ø: 0 8�1 S˳�OȔ9Ø: 1 5%3

ƭRPD'� 

7��GLhalf ŀ8Ŧƚ'O��sw���Ú9v�pŀ:ŝļ%7�-G���sw���Ú

4!9ØS+9DD˓ʇ768ɔ�O!5:4�D)T��c��Wsbl~�xYZV�MĚ

Nò%3��sw���Ú4ÒƼ%3��!5:Ğʲ4'� 

6.2 OpenGL )Úă^�X 

OpenGL 4:�ĺƌ9v�p:̿Ⱦ9ÅʫIʺ�ȧʥ�bw�769ƠŅ4˄#PD'�!P

S̿ȾŲƟ (attribute) 5Į>D'�ĺƌSǆɗ'O8:�!9̿ȾŲƟS ǟ GPU Ú9���

8˺̇%D'�!9 GPU Ú9���S̿Ⱦ�s�U5��D'�D-�!9̿Ⱦ�s�USʈ

ɏ'OȎȇS�̿Ⱦ�s�U]�kZbw (Vertex Buffer Object, VBO) 5��D'� 

ĺƌ9ǆɗ8ɔ�O̿ȾŲƟ8:�ÅʫIʺ9B��ȧʥ�bw�Iublr�Ƅȉ76�Ƙ

ˊ8ƚ&3Ȉ�7H9�¥�MPD'�%-�03�š̲8ĺƌSǆɗ'O8:�ˉǓ9̿ȾŲ

Ɵ�'7R/̿Ⱦ�s�U]�kZbwSʚEģR)OƘˊ��ND'�+9-G�!9ʚEģ

R)Sʈɏ'O-G8�̿Ⱦ̛õ]�kZbw (Vertex Array Object, VAO) Sɔ�D'� 

OpenGL 8��Oĺƌ9ǆɗ4:�D(ǆɗ8ɔ�O̿ȾŲƟSÒƼ'O̿Ⱦ�s�U]�k
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ZbwSÊƧ%�̿ȾŲƟS+P8˺̇%D'�+%3̿Ⱦ̛õ]�kZbw8!9̿Ⱦ�s�

U]�kZbwSʚÊE�!9̿Ⱦ̛õ]�kZbwSƽŠ%3ǆɗSšˁ%D'� 

ƕ 5 OpenGL )^�XÝ 

 

6.3 ǚŐǆ³FjSCJ_ 

̿Ⱦ̛õ]�kZbw:�glGenVertexArrays() ̪ǓSË03ÊƧ%D'�ÊƧ%-̿Ⱦ̛õ]

�kZbwSËɔ'O5�:�glBindVertexArray() ̪ǓSšˁ%D'� 

**GLuint*vao;*
**glGenVertexArrays(1,*&vao);*
**glBindVertexArray(vao);*

void glGenVertexArrays(GLsizei n, GLuint *arrays) 

̿Ⱦ̛õ]�kZbwSÊƧ%D'� 

n 

ÊƧ'O̿Ⱦ̛õ]�kZbw9Ǔ� 

arrays 

ÊƧ%-̿Ⱦ̛õ]�kZbwĥ (ɚġ) SȀʒ'Ơõ�Ŭ7�5HƆǓ n Õ»¢9

ˊʔǓSƼ1Ƙˊ��ND'� 

OpenGL の
データ型

最小
ビット数 説明

GLboolean 1 論理値
GLbyte 8 符号付き二進整数（二の補数表現）
GLubyte 8 符号なし二進整数
GLchar 8 文字列中の文字
GLshort 16 符号付き二進整数（二の補数表現）
GLushort 16 符号なし二進整数
GLint 32 符号付き二進整数（二の補数表現）
GLuint 32 符号なし二進整数
GLint64 64 符号付き二進整数（二の補数表現）
GLuint64 64 符号なし二進整数
GLsizei 32 非負の二進整数で表したサイズ
GLenum 32 二進整数で表した列挙子
GLintptr ※ 符号付き二進整数（二の補数表現）
GLsizeiptr ※ 非負の二進整数で表したサイズ
GLsync ※ 同期オブジェクトのハンドル
GLbitfield 32 ビットフィールド
GLhalf 16 符号なしの値に符号化された半精度浮動小数点数
GLfloat 32 単線度浮動小数点数
GLclampf 32 [0, 1] にクランプされた単精度浮動小数点数
GLdouble 64 倍線度浮動小数点数
GLclampd 64 [0, 1] にクランプされた倍精度浮動小数点数

※ ポインタ（アドレス）を保持するのに必要なビット数
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void glBindVertexArray(GLuint array) 

̿Ⱦ̛õ]�kZbwSʜģ%3ËɔĞʲ8%D'� 

array 

ʜģ'O̿Ⱦ̛õ]�kZbwĥ�0 7Mɍļʜģ#P3�O̿Ⱦ̛õ]�kZbw9

ʜģSˑ̭%D'� 

6.4 ǚŐe[i=FjSCJ_ 

6.4.1 ǚŐe[i=FjSCJ_)�đ 

̿Ⱦ̛õ]�kZbw8ĺƌ9v�pSɝ̣%D'�ĺƌ:»£9 4 ȾS̿Ⱦ5'Oʥĺƌ

8%D'�ŏǓ vertices :̿Ⱦ9Ǔ4'� 

**//*Úă^�X*
**static*const*GLfloat*position[][2]*=*
**{*
****{*K0.5f,*K0.5f*},*
****{**0.5f,*K0.5f*},*
****{**0.5f,**0.5f*},*
****{*K0.5f,**0.5f*}*
**};*
*
**//*ǚŐ)ģ*
**static*const*GLuint*vertices(sizeof*position*/*sizeof*position[0]);*

̿Ⱦ�s�U]�kZbwSÊƧ%�!9v�pS+!8̇ND'�̿Ⱦ�s�U]�kZb

w: GPU Ú8ɰÒ%-v�p9Òŝ̈́łSʈɏ%D'�˺ ̇'Ov�p9hXm:�GLfloat ŀ

9°ȑà9Åʫv�p� vertices Õ794�sizeof (GLfloat) * 2 * vertices 87ND'� 

**GLuint*vbo;*
**glGenBuffers(1,*&vbo);*
**glBindBuffer(GL_ARRAY_BUFFER,*vbo);*
**glBufferData(GL_ARRAY_BUFFER,*
****sizeof*(GLfloat)***2***vertices,*position,*GL_STATIC_DRAW);*

void glGenBuffers(GLsizei n, GLuint *buffers) 

̿Ⱦ�s�U]�kZbwSÊƧ%D'� 

n 

ÊƧ'O̿Ⱦ�s�U]�kZbw9Ǔ� 

arrays 

ÊƧ%-̿Ⱦ�s�U]�kZbwĥ (ɚġ) SȀʒ'Ơõ�Ŭ7�5HƆǓ n Õ»

¢9ˊʔǓSƼ1Ƙˊ��ND'� 

void glBindBuffer(GLenum target, GLuint buffer) 

̿Ⱦ�s�U]�kZbwSʜģ%3ËɔĞʲ8%D'� 

target 

̿ Ⱦ � s � U ] � k Z b w 9 ʜ ģ Ŧ ˪ � GL_ARRAY_BUFFER, 

GL_COPY_READ_BUFFER, GL_COPY_WRITE_BUFFER, 

GL_ELEMENT_ARRAY_BUFFER, GL_PIXEL_PACK_BUFFER, 
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GL_PIXEL_UNPACK_BUFFER, GL_TEXTURE_BUFFE, GL_UNIFORM_BUFFE, 

GL_TRANSFORM_FEEDBACK_BUFFER �ƽŠ4�D'�̿Ⱦ�s�U9êţSǆɗ

8Ë�̿ȾŲƟ5%3Ë�ņģ:�GL_ARRAY_BUFFER SƽŠ%D'� 

array 

ʜģ'O̿Ⱦ�s�U]�kZbwĥ�0 7Mɍļʜģ#P3�O̿Ⱦ�s�U]�k

Zbw9ʜģSˑ̭%D'� 

void glBufferData(GLenum target, GLsizeiptr size, const GLvoid *data, GLenum usage) 

̿Ⱦ�s�U]�kZbw9���SɰÒ%�+!8v�p (̿ȾŲƟ) S˺̇%D'� 

target 

v�pS˺̇'O̿Ⱦ�s�U]�kZbw9ʜģŦ˪� 

size 

GPU Ú8ɰÒ'O̿Ⱦ�s�U9hXm� 

data 

̿Ⱦ�s�U8˺̇'Ov�p�Ȁʒ#P3�O CPU Ú9v�p9�X�p�v�p

�Ȁʒ#P3�O��� (̛õŏǓʅ) 9hXm:Ŭ7�5HƆǓ size �Xw�OƘ

ˊ��O�7��!P� 0 7M GPU Ú8̿Ⱦ�s�U9ɰÒ.�Sˁ��v�p9

˺̇:ˁR7�� 

usage 

!9̿Ⱦ�s�U�69L�7ËRPǛS'O9�SƽŠ%D'�GL_STREAM_DRAW�

GL_STREAM_READ�GL_STREAM_COPY�GL_STATIC_DRAW�GL_STATIC_READ�

GL_STATIC_COPY � GL_DYNAMIC_DRAW � GL_DYNAMIC_READ �

GL_DYNAMIC_COPY �ƽŠ4�D'�!P: GPU 9ćÊSǭ̗Ċ'O-G9��w

5%3ùɔ#PD'� 

STREAM 

v�p9Òŝ̈́ł8: ƃ.�ǫ�̂DP�͍�ǓĶËɔ#PD'� 

STATIC 

v�p9Òŝ̈́ł8: ƃ.�ǫ�̂DP�ÈƃHËɔ#PD'� 

DYNAMIC 

v�p9Òŝ̈́ł8:ʪN̄%ǫ�̂DP�ÈƃHËɔ#PD'� 

DRAW 

v�p9Òŝ̈́ł9êţ:V��d�j��8L03ǫ�̂DP�ǆɗ9-G9v�p5

%3ɔ�MPD'� 

READ 

v�p9Òŝ̈́ł9êţ:V��d�j���M9Ĳ�ģR)8L03 OpenGL (GPU) 

Ú�MˡEò#P�V��d�j��Ú8̄#PD'� 

COPY 

v�p9Òŝ̈́ł9êţ:V��d�j���M9ƽº8L03 OpenGL (GPU) Ú�M

ˡEò#P�ǆɗ9-G9v�p5%3ɔ�MPD'� 
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6.4.2 ǚŐe[i=FjSCJ_& attribute äģ 

̿Ⱦ�s�U]�kZbw8Ȁʒ#P3�O̿ȾŲƟ:���usbljZ�q9 in ŏǓS

Ë03ĚNò%D'�!PS attribute ŏǓ5��D'��O in ŏǓ�69̿Ⱦ�s�U]�k

Zbw�Mv�pSĚNò'9�SƽŠ'O8:�glVertexAttribPointer() ̪ǓSɔ�D'�+%

3 glEnableVertexAttribArray() ̪Ǔ8L03�!9 in ŏǓSǯĆ8%D'� 

**glVertexAttribPointer(0,*2,*GL_FLOAT,*GL_FALSE,*0,*0);*
**glEnableVertexAttribArray(0);*

void glVertexAttribPointer(GLuint index, GLint size, GLenum type, GLboolean normalized, 

GLsizei stride, const GLvoid *pointer); 

ĺƌ9ǆɗǤ8 attribute ŏǓ�ě�ĚOv�p9Ȁʒņƪ5ǫƅSƽŠ%D'� 

index 

jZ�q��c��9��bǤ8 glBindAttribLocation() ̪Ǔ4ƽŠ%-�v�pSě�

ĚO attribute ŏǓ9ņƪ (index)�!9jZ�q��c��4: pv 9 index 8 0 Sƽ

Š%3�D'�M�!!4: 0 SƽŠ%3�D'� 

size 

attribute ŏǓ�ě�ĚO Õ9v�p9hXmSƽŠ%D'�1�2�3�4 9Ø�ƽŠ4

�D'� Õ9v�p�°ȑà (x, y) 7M 2�¡ȑà (x, y, z) 7M 3 SƽŠ%D'�

!9��c��9ƌɈv�p:°ȑà794�!!4: 2 SƽŠ%3�D'� 

type 

attribute ŏǓ�ě�ĚO (pointer 4ɲ#P-á9) v�pŀSƽŠ%D'�GL_BYTE�

GL_UNSIGNED_BYTE � GL_SHORT � GL_UNSIGNED_SHORT � GL_INT �

GL_UNSIGNED_INT�GL_FLOAT�GL_DOUBLE �ƽŠ4�D'�!9��c��9

ƌɈv�p: GLfloat ŀ794�!!4: GL_FLOAT SƽŠ%3�D'� 

normalized 

GL_TRUE 7M type �ĻŠūǓȾŀ (GL_BYTE�GL_UNSIGNED_BYTE�GL_SHORT�

GL_UNSIGNED_SHORT�GL_INT�GL_UNSIGNED_INT) 95��+9ØS+9v�p

ŀ4˄ɍĞʲ7ǭŒØ4ȔˌĊ%D'�GL_FALSE 7MȔˌĊ%D)T�!!4:Ȕˌ

ĊSˁR7�94�GL_FALSE SƽŠ%3�D'� 

stride 

attribute ŏǓ�ě�ĚO (pointer 4ɲ#P-á9) v�p9̛õ9�ˊʔ̩9̩̱Sƽ

Š%D'�0 7Mv�p:Ť8¨T4�OH95%3ƭ�D'�!!4: 0 SƽŠ%

3�D'� 

pointer 

attribute ŏǓ�ě�ĚOv�p�Ȁʒ#P3�OņƪSƽŠ%D'��XwĐÅ9]�

nswS�X�p8`�lw%3ȴ%D'�̿Ⱦ�s�U9áͅ�MĚNò'7M 0 

SƽŠ%D'�7���XwĐÅ9]�nsw� int ŀ9ŏǓ offset 8Ȁʒ#P3�O

5��+PS�X�p8ɣ'8:�static_cast<char *>(0) + offset �O�: (char *)0 + 

offset 5%D'� 
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void glEnableVertexAttribArray(GLuint index) 

attribute ŏǓSǯĆ8%D'� 

index 

ǯĆ8'O attribute ŏǓ9ņƪ� 

̿Ⱦ̛õ]�kZbw9ÊƧ�ş­%-M� ǟ̿Ⱦ�s�U]�kZbw9ʜģSˑ̭%�

̿Ⱦ̛õ]�kZbw9ʜģSˑ̭%D'� 

**glBindBuffer(GL_ARRAY_BUFFER,*0);*
**glBindVertexArray(0);*

7��!9Ì4: glGenVertexArray() ̪Ǔ4̿Ⱦ̛õ]�kZbwSÊƧ%-Ƒ8̿Ⱦ�s�

U]�kZbwSÊƧ%3�D'��á8̿Ⱦ�s�U]�kZbwSÊƧ%3Hȇ�D)T�

̿Ⱦ�s�U]�kZbw:ø95!Q4Ê03��3�glVertexAttribPointer() ̪ǓSšˁ'O

ɣÿ8 glBindBuffer() ̪Ǔ4ʜģ'O�5��ǫ�ǛH4�D'� 

" ǚŐǆ³FjSCJ_;�đ�8ēƅ� 

»¢9ƫʠ�S̪Ǔ8D5GO5�ȑ9L�87ND'� 

//*ǚŐǆ³FjSCJ_)�đ*
//***vertices:*ǚŐ)ģ*
//***position:*ǚŐ)�Ƌ;ĺŽ��ǆ³*
static*GLuint*createObject(GLuint*vertices,*const*GLfloat*(*position)[2])*
{*
**//*ǚŐǆ³FjSCJ_*
**GLuint*vao;*
**glGenVertexArrays(1,*&vao);*
**glBindVertexArray(vao);*
*
**//*ǚŐe[i=FjSCJ_*
**GLuint*vbo;*
**glGenBuffers(1,*&vbo);*
**glBindBuffer(GL_ARRAY_BUFFER,*vbo);*
**glBufferData(GL_ARRAY_BUFFER,*
****sizeof*(GLfloat)***2***vertices,*position,*GL_STATIC_DRAW);*
*
**//*ƄÐ�9$�8ǚŐe[i=FjSCJ_;*in*äģ�6ÈŒ%�85�(�8*
**glVertexAttribPointer(0,*2,*GL_FLOAT,*GL_FALSE,*0,*0);*
**glEnableVertexAttribArray(0);*
*
**//*ǚŐe[i=FjSCJ_&ǚŐǆ³FjSCJ_)ƄÐ;ƠǏ�8*
**glBindBuffer(GL_ARRAY_BUFFER,*0);*
**glBindVertexArray(0);*
*
**return*vao;*
}*

" Úă^�X)�đ 

createObject() ̪ǓSË03ɫƌ9v�pSÊƧ'O createRectangle() 5��̪ǓSŠʬ%D

'�ĺƌ9ǆɗ8:̿Ⱦ̛õ]�kZbwĥ5̿Ⱦ9Ǔ�Ƙˊ4'�M�!9°1SÒƼ'Oȇ

̍Ç (“Object” 5%D') SŠʬ%3��D'� 



 97 

//*ăŖ^�X*
struct*Object*
{*
**//*ǚŐǆ³FjSCJ_Ò*
**GLuint*vao;*
*
**//*^�X)ƚſģ*
**GLsizei*count;*
};*

̪Ǔ createObject() :�!9ŀ9v�pS̄'L�8%D'� 

//*Ūă)^�X;�đ�8*
static*Object*createRectangle()*
{*
**//*ǚŐ)�Ƌ^�X*
**static*const*GLfloat*position[][2]*=*
**{*
****{*K0.5f,*K0.5f*},*
****{**0.5f,*K0.5f*},*
****{**0.5f,**0.5f*},*
****{*K0.5f,**0.5f*}*
**};*
*
**//*ǚŐ)ģ*
**static*const*int*vertices(sizeof*position*/*sizeof*position[0]);*
*
**//*ǚŐǆ³FjSCJ_)�đ*
**Object*object;*
**object.vao*=*createObject(vertices,*position);*
**object.count*=*vertices;*
*
**return*object;*
}*

6.5 ĝŝ)ðƒ 

ǆɗ'Oĺƌv�pSÒƼ%-̿Ⱦ̛õ]�kZbwS glBindVertexArray() ̪Ǔ4ƽŠ%�

glDrawArrays() ̪Ǔ4ńǳĺƌ9ɸ͈ (ĺ 76) SƽŠ%3ǆɗ%D'� 

****glBindVertexArray(vao);*
****glDrawArrays(GL_LINE_LOOP,*0,*vertices);*

void glDrawArrays(GLenum mode, GLint first, GLsizei count) 

̿Ⱦ̛õ8LOĺƌ9ǆɗSˁ�D'� 

mode 

ǆɗ'Ońǳĺƌ9ɸ͈�ĺ  76 8ɲ'H98Ą�3�OpenGL 4.0 »̫4: 

GL_PATCHES �ƽŠ4�D'� 

first 

ǆɗ'O̿ȾŲƟ9ˊʔ9áͅ9ɚġ�̿Ⱦ�s�U9áͅ9̿Ⱦ�Mǆɗ'O7M 0� 

count 

ǆɗ'O̿ȾŲƟ9ˊʔ9Ǔ�Ì�;ĵːƌ7M 4� 
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Ú 76 OpenGL )àĲÚă 

" W�Tk�K{t)äĬŐ 

�Ũş�*
*
//*ǚŐǆ³FjSCJ_)�đ*
//***vertices:*ǚŐ)ģ*
//***position:*ǚŐ)�Ƌ;ĺŽ��ǆ³*
static*GLuint*createObject(GLuint*vertices,*const*GLfloat*(*position)[2])*
{*
**�Ũş�*
}*
*
//*ăŖ^�X*
struct*Object*
{*
**�Ũş�*
};*
*
//*Ūă)^�X;�đ�8*
static*Object*createRectangle()*
{*
**�Ũş�*
}*
*
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int*main()*
{*
**�Ũş�*
*
**//*ƎīƐ;ěï�8*
**glClearColor(1.0f,*1.0f,*1.0f,*0.0f);*
*
**//*k�K{tFjSCJ_;�đ�8*
**const*GLuint*program(loadProgram("point.vert",*"pv",*"point.frag",*"fc"));*
*
**//*ăŖ^�X;�đ�8*
**const*Object*object(createRectangle());*
*
**//*B?�`B�ǌ�$�8ǍƊ7ƻ�*
**while*(glfwWindowShouldClose(window)*==*GL_FALSE)*
**{*
****//*B?�`B;ŉÇ�8*
****glClear(GL_COLOR_BUFFER_BIT);*
*
****//*RC�Yk�K{t)�Ŝǌê*
****glUseProgram(program);*
*
****//*Úă;ĝŝ�8*
****glBindVertexArray(object.vao);*
****glDrawArrays(GL_LINE_LOOP,*0,*object.count);*
*
****//*G{�e[i=;¨9ĭ�8*
****glfwSwapBuffers(window);*
*
****//*@m�_;Ì7°�*
****glfwWaitEvents();*
**}*
}*

" ðƒƄĵ 

 

Ú 77 ðƒƄĵ 


