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Ŵ1Ų�*�2( 

1.1 ƩƉĺƗ 

1.1.1 �;ë-)� 

¡Ȑàf����pc��Wsbl (3DCG) 9ŃɯɍˡSʪƓ'O!5Sɠɝ8�3D e��

9ǢÞɐƧ8ɒ�MPO�V�pX���q��c9ġɶ9ƫȥ81�3�OpenGL �L>

GLSL (OpenGL Shading Language) 8LOŠ˃SH58ŝʪ%D'� 

1.1.2 �)Ă(ű")� 

3D e��̥ɚ8Ƙˇ57O�c��Wsbl��c���c9Ńǲɝ7l`�S˵8¸�O

!5SɠȈ5%D'�%�%�+9£ļ4�O 3DCG 9ɍˡI�+!4ɒ�MP3�OǒŝI

ɂɍ9Ńɯɨˤ�ġɶ9V�g�m�I��c���cubzsb�ǒØːʄȥ76:� ʵɝ

7f����p9��c���c8��3HǮɒ4'�!PM9ŝʪS̈&3�f����p9

��c���c�ū%.���D��4�OL�87O!5Hɇ�D'� 

1.1.3 Ä�Ƥí 

˟̈́5ǯǱ˖͈4˕Ï%D'�˟̈́:Șĵ9ˢʩéŢSH58��c���cSʾ�H9S˟

%D'�Õ�9˟̈́9˕Ï:�ǰǇñ: 0ȼ�ǯ̩̍P: 2ȼ�ǯ̩é8Ǉñ: 3ȼ�ǯ̩é8˟̈́

S̑Ƨ: 4ȼ�͊˕Ï (ƹƉ˟̈́9̑Ƨʂ): 5ȼ5%D'�Ƨʦ:˟̈́9˕Ï9ĢːS 40%�ǯǱ

˖͈9ȼǒS 60%9ĀĢ4ăʄ%3ȜGD'� 

��c���c9l`�:�¥�MP-ı̈́8ť%3ˎȟǚȥSʫȀ%�Š̯8f�xSǪ�

!5SʧŃ'!58L03ĥ¢%D'�+9-G8�˟̈́:ʲò4f�xSǪ�-�6��8

ȧɠ%3ǁȼ%D'�D-�ǯǱ˖͈4:ʲò4��c���Ǫ�7�5ˎʃ4�7�ı̈́Sɒ

Ƣ%D'� 



 2 

1.2 M�tK{i?[JT 

1.2.1 M�t& 3DCG 

e��c��Wsbl5:�ˏ�D4H7��e��8ËRPOc��Wsbl9!5S��

D'�!P8:íɤIX�lw�ĹɁ�ublr���L>Vz��j��769ǢÞʑǳ��

ND'�e��c��Wsbl� ʵɝ7ǢÞʑǳ5ə7Oȼ:�!PM9©8�f����p

8L03Ćɝ8ɐƧ#POH9�ħDPO5!Q8�ND'� 

f����p8L03ÊƧ#P-c��WsblI�+9-G9ƮʿS�f����pc��

Wsbl (CG) 5��D'�+9ƢĬ4:�e��c��Wsbl: CG 8B�7ND)T� 

-.�CG 8:Ǣɕ9ǢÞ9L�8��M�&Gǣ̦S��3ɐƧ#POH9HħDPD'�

!P8ť%3e��c��Wsbl4:���X��9ǌÊ8ƚ&3ǢÞS�+9Ņ�4ɐƧ'

OƘˇ��ND'�!9L�7 CG S�V�pX� (Šǣ̦) CG 5��D'�Ʉ8�Ǭ̀9e

��:�W��xS¡Ȑà4ˁɋ'OH9�ªȩ8703�D'�M�e��c��Wsbl9

Ʈʿ:��V�pX� 3DCG9Ʈʿ+9H94�O5ˏ�D'� 

1.2.2 |>}X@t 3DCG 

�V�pX� 3DCG 5ˏ03H�f����p8LOǢÞɐƧ8ä�ǣ̦���M7�R�

4:�ND)T�ɮ�8���X���e��8Ƞã'O8:���X��9ǌÊ8ɕ̹ˁɰ�

̍P7�̃ƒ%3�OƘˇ��ND'�%�%�³̦9ˊˋ: şLNɪ�ǣ̦̦̮4ɚɐ'O

Ơǥ9ŎĉSɨˋ'O!5�4�D)T�%-�03�³̦�ŎĉSɨˋ4�7�ǣ̦̦̮9¢

̩���V�pX� 3DCG SɐƧ'O̯9ú̩ǣ̦87ND'� 

ǢÞɐƧ8��Oǣ̦�!9ú̩ǣ̦S˰�3%D�5�e��9��iÇ͈�ő��Ǌ7R

P3%D�D'�+9-Ge��c��Wsbl4:�ǢÞ9İˬLNHîɍǣ̦�ßá#PD

'�5:ˏ03H�ǢÞ9İˬʲÇHe��9ÏØSȆƧ%D'�%-�03�!9ú̩ǣ̦é

4Ǭő9ǢÞİˬSɠƽ'!5��e��c��Wsbl8��OƮʿ̥ɚ9ɠȈ87ND'� 

f����p8LOǢÞɐƧ:�»þ:ª5%3o�wYZV4ʾRP3�D%-�!P:Ǣ

ÞɐƧ9ƫ̿�ˆ̲4�+PSŠʾ4�Oc��Wsbl~�xYZV9̥ɚ�ķ̴4�O��

̥ɚ4�-5%3Hflw�̸Ż8͊�0-!5�ēĶ4%-�%�%o�wYZV8LOǢÞ

ɐƧ:� ʵ8Ŧɒ9c��Wsbl~�xYZVSɒ�OLNǣ̦���ND'�+9-G�

ú̩ǣ̦é8ǢÞɐƧSŞ­'O!55Ɔ�ǈ�8�ǢÞ9İˬSɅɃ8%7�P;7M7�!

5H�ND%-�D-�ǢÞɐƧ8ǣ̦SęMPO!58L03�ɂɍj����j��769

ǢÞɐƧ»ŏ9îɍ8ú̩�ăRO!5H�ND%-� 

f����p9~�xYZVƮʿ�̌E�ǢÞɐƧŦɒ9c��Wsbl~�xYZV�ÆÏ

ǿ4Šɋ4�OL�8703��V�pX� 3DCG :ǝŻɐȨ4H ʵɝ7H987ND%-�

ɋĻ9�V�pX� 3DCG Ʈʿ:�!9L�7c��Wsbl~�xYZV9ǍǉSɒ�O!

5SþǇ8%3�D'�!9-GɋĻ9�V�pX� CG 9Ʈʿ̥ɚ4:���8c��Wsb

l~�xYZV9ȍʯSȨɒ%3ǢÞɐƧ9̉ƃIİˬSĥ¢'O���ɠȈ9=518703

�D'�D-�+9L�7Ʈʿ̥ɚ9ʻɸSH58�Ǚ-7c��Wsbl~�xYZV9ȍʯ

SˇȜ%�̥ɚ'O!5Hʜʝɝ8ʾRP3�D'�o�wYZV9Ʈʿ̥ɚ5~�xYZV9

Ʈʿ̥ɚ:��V�pX� 3DCGƮʿ9̌Ȕ9§˽794'� 
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1.2.3 '�M�tK{i?[JT')� 

f����phX[�l9©4�3DCG :³ț9�Oò̚9=514'�%�%ɋŠ8:�

3DCG 9ƚɒò̚:�!PD4+PB6Ɓ�5:ʫ�MP3�D)T4%-�Ʉ8�ɐƧ#PO

ǢÞ9�V�#5Ɔ�ǈ�8ǣ̦Sȹȡ8Ë�OL�7ƚɒ:�Ǣɕ769̩MP-ò̚8%�

ŜĻ%7�5ƝRP3�D%-�D-�!P: 3DCG �ƚɒ#P3�Oò̚5%3 ʵɝ8ɨ

MP3�OǢÞúÊIe���[�p�uX��w9́Ł8�N��H92�N�ʀ ªʩ4�

Oǝǲ9ɑȄ9©4:Ûȩ8�O5ˈ7#P3�-5��!5H�0-9�H%PD)T� 

%�%��H92�N�9©4H�CAD (f����pǍǉ˒ː) I CAE (f����pǍǉŴ

ŝ) 769ò̚4:�3DCG :̸Ż8̙ˇ7Ʈʿ4'�+P8�ɋĻ9�of�9��iX�p

�Z�l9̗ò4H�é̗ɝ8 3DCG 9Ʈʿ�ËRP3�D'���i9ǌÊ8ť%3ĒƄ8

ƚʃŚ'5���V�pX� 3DCG 9ɄƟ:�ƫà49ť˘ɝîɍ�̙ˊ#PO4�Q�´

Ƒ9f����p9��iX�p�Z�lƮʿ9ǽ57OH94'� 

+H+H�CG Ʈʿ9ēȼ4�O Sutherland 9 Sketchpad :�f����p5³̦59Ĺƌ8

LOť˘ (interaction) Sɠƽ%-jlu�4%-�!9L�7 CG :X�p�buW�f���

�pc��Wsbl5ĭ;P�CG ǲǵ9ɠɝ4H�ND'�!9ȼ4He��c��Wsbl

:�!P�M9f����p9ƚɒƮʿ9Ńɟ57OH9.5ʫ�3�D'� 

1.3 |>}X@t 3DCG )ĒƐǈş 

1.3.1 K{i?[JTd�`BC>& CG ĒƐ 

̀ſ9c��Wsbl~�xYZV9Ɵʯĥ¢5ÏǿÆ£8:ɠSˈƉOH9��ND'�ɋ

Ļ4:c��Wsbl~�xYZV:��of�8̩M(l��w�\�Ip��swɽǱ76

9��X�v�XlD4��N5�MJOƠńȍĳ8ǋ˻#P3�D'�#D$D7Ŭ̹4�V

�pX� 3DCG �øɒĝʯ870-ʙǸ�AR (ƹƉɋŠƤ) Sƚɒ%-H976�!PD49ǹ

85MRP7�c��Wsbl9V��d�j���ǇȀ#POL�87ND%-� 

D-�c��Wsbl~�xYZV9ȍʯʲÇH̀ſő��ĥ¢%�4�O!5Hŉ�D%-�

Ʉ8Šǒȸʄ~�xYZVSǋ˻%- GPU (Graphics Processing Unit) 9ɛŅ5�+9��c�

���ĉ:�ǙƮʿS~�xYZVîɍ9͊̉ƟSǊ7�!57�o�wYZVɝ8Š˃'O!

5Sĝʯ8%D%-�!9!5:c��Wsbl~�xYZVSË�!7'-G9Ʈʿ̥ɚ9̙

ˇƟS͊G-5ģǣ8�c��Wsbl~�xYZVSc��Wsbl»ŏ9ȝɒɝ7îɍ8Ȩ

ɒ'O��RJO GPGPU (General Purpose GPU) @9̐S̥�D%-� 

1.3.2 ĒƐǈş)T][k 

�V�pX� 3DCG 5��6H�ɒ�MPOo�wYZV̥ɚ9Ʈȥ:�·9 ʵɝ7o�

wYZV5ŎRN:�ND)T�Ɗ�3̙ˊ'A�ȼSƾ O5'P;�+P���i8ÈM�

9Ç͈S¥�O�=519ˁɋ817�OH94�O�5��5!Q4%K���+%3�+9

ˁɋ9-G8:�ˁɋSɐEñ'H557Oť˧Iɋ˧9�v�ĉ�¤ĝȏ87ND' (Ĺ 1)� 

5!Q�!9�v�ĉ:�¼8ʲȾɋ˧Iɂɍɋ˧9ëɋSɠɝ5%-H94�03H�e�

�c��Wsbl: ʵɝ7ɲŝƮʿːʄ5:ə7N�Ƙ(%H�ɤ9ˎ�SȜGL�5'OH

94:�ND)T�ȜGMP3�O9:ˁɋ9-G9ƫȥ4�O-G�viXy�ɋ˧9úƔS
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ʾ�O¶ʗESɒƢ%7�P;7M7�ŅĢH�ND'� 

 

Ø 1 CG )ĒƐǈş)T][k 

1.3.3 M�tǈş(ĉƗ'Ŧƪ 

e��I CG 9Ʈʿ̥ɚ:�+9ɠɝ�ˁɋ4�O-G8�̸Ż8Ő�9ˇʑSħED'�ɹ

̦IɼÇƌɆSęNƭ�5��ȼ4:�ƀÈŝIʢƌ¹ǒ769ǒŝ9́Ł9ɨˤ�Ƙˇ87N

D'�ɋ˧9�v�ĉ8:�ƕòǚɵƅ�Ƙ̀4'�ȿǠI̎ĆSęNƭ�8:�ɂɍ9ɨˤ�

Ƙˇ87ND'�#M8�e��9ťƨɢƫ:³̦8̩ND)T�M�³Ŵɨʯ9ƮʿHøɒ#

PD'�H/QT�!PMSo�wYZV5%3Š˃'O8:�V�g�m�9ɨˤHƘˇ87

ND'�+%3�!9L�8Őȇ7ˇʑSƼ1őˉȉ7o�wYZVS̥ɚ'OŅĢ8:�o�

wYZV[�kzV��c9ƧǸHøɒ'A�4%K�� 

D-�e��9©8:�e��9jy�]Sv�p5%3éĈ'OH9H�ND'��+9-

G8Ŧɒ9lb��wˏ˛ (��c���cˏ˛) SɒƢ'OŅĢH�ND'�c��Wsbl

~�xYZVSąǸɝ8úƔ'O8:�+9-G9c��Wsbl�X���I�x�YZVS

Ȩɒ'Oɨˤ�Ƙˇ87O.�47��+9ɄƟ8ĢR)-Ʉȕ7��c���cƮʿ�Ƙˇ8

7OŅĢH�ND'�D-�Ǭ̀9e��:|sw��b5ʗEĢR)3h��lSŰ̥%3�

D'�M�|sw��bƮʿI+9-G9jlu�8̧'OɨˤHˇȜ#PD'� 

! ǒŝ 

! ɂɍŝ 

! ³Ŵɨʯ 

! V�g�m� 

! ��c��̥ɚƮȥ 

! ˏ˛îɍʎ9Š˃9ɨˤ 

! c��Wsbl�X���/ �x�YZV 

! jlu���c���c / |sw��b��c���c 

! +%3�H/QTʹ˛ (ǬǙ9ƮʿƠń:ʹ˛4ã03�O) 

!9L�8ʫ�O5�e����c��:È4H4�Ol�����c��9L�8Ɲ�D'

��Š̯�Ȩ˴%3�O³̑:+T7³̑4'�H/QT�őˉȉ7o�wZVS ³4̥ɚ'

• ëɋ%-�ɋ˧S�v�ĉ'O�

ˇȜ#P3�OȍʯSòǶ'O�

• ɍˡIˎȥ�V�g�m�Sʫ�O�

ȍʯ9ŠɋǚȥS̥ɚ'O�

• ˎ ȥIȍʯSf�xĉ'O�
• �X���IAPI9ʗEĢR)ǚSʫ�O�

ȍʯSŠ˃'O�
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OL�7!5:�ND)T�M�!PM9'A3SŞɎ8ʪƓ%3��7�P;7M7�5:ˏ

�D)T�4H�Ǚ%�H9ɐEñ'-G8:�Ńǲɝ7ɨˤ:Ƽ03��A�4%K�� 

1.4 OpenGL 

~�xYZVƮʿ9ĥ¢8L03�c��Wsbl~�xYZV:��of�9 CPU 8Ċǔ

'O��O�:+P»¢9ˆ̲#SƼ1L�87ND%-�+9-G�!PSǮą8Ȩɒ'O8

:�c��Wsblˁɰ8ˇȜ#POȍʯSǓɍ%�c��Wsbl~�xYZV9ȍʯSƶ˧

ĉ'O�͊ȍʯ7c��Wsbl�X����Ƙˇ87ND'� 

c��Wsbl�X���9©8:�f����p9~�xYZVäÇSúƔ'O]���u

W�cjlu� (OS) 9ȍʯ9 ̗5%3ǇÍ#POH9��ND'�V��d�j����c

��:!PSµ%3c��Wsbl~�xYZVSúƔ'O94�!9L�7c��Wsbl�

X���:>k|L�Rz�k�K{t@�XiC�T (API) 5ĭ;PD'��of�9 OS5

%3ǬHǤĖ%3�O Microsoft ɱ9 Windows 8:� ʵɝ7°Ȑà9c��WsblˁɰS

ʾ� Graphics Device Interface (GDI) I��V�pX� 3DCG ˁɰȍʯSĈħ%- DirectX (�V

�pX� 3DCG ̗ò: Direct3D) 5��c��Wsbl API �ɒƢ#P3�D'� 

5!Q� Windows 8:�#M8H�=51÷9 OpenGL 5ĭ;POc��Wsbl API �

ɒƢ#P3�D'�OpenGL : Microsoft ɱ� DirectX SɒƢ'Oþ�M Windows 8ʗE˿D

P3�-��V�pX� 3DCG 8ťƚ%-c��Wsbl API 4'� 

OpenGL :H5H5 Silicon Graphics ɱ (ɋĻ: SGI ɱ) �©Ɨ8703̥ɚ%-c��Ws

bl API 4'�ģɱ: IRIX 5ĭ;PO UNIX ʎ OS Sǋ˻%-�[�kzV��c��bl

u�j�� (EWS) 9��^�4'�OpenGL :ģɱ9 EWS 9c��Wsblˁɰ8ɒ�MP

3�-c��Wsbl�X��� (Ƌǣ: GL 5ĭ;P3�D%-��ɋĻ: OpenGL 5ċ÷

'O-G8 IRIS GL 5ĭ;PO!5��ND') S�k{[_o�t (~�xYZVI OS 76

9f����p9Ńɟ) 8ÎŜ'O̗òSò̳%3ëŠ˃%-H94'� 

EWS :ª8 CAD 769Ʈʿɝɒ̇8ɒ�MPOf����p4'���of��Ɵʯĥ¢

8LN!9ɠɝ8HËɒ#POL�7ND%-�+9ʙǸ�EWS 4ĆÊ%3�-V��d�j

��S�of�8ɴʾ'O-G8�Windows ¢8H OpenGL �ɴȂ#PD%-� 

Ƌǣ9c��Wsbl�X���8:!PM»ŏ9H9H�ND%-���of�ɒ9 OS 9 

Windows 8LOŤĐĉ�̌T.ʙǸ�c��Wsbl�X���H DirectX 5 OpenGL 9°1

»ŏ9H9:�Šˬɝ8ȭȞ#P3%D�D%-�!9�/ DirectX : Microsoft ɱ9ŦǮɂ9

-G�OS 5%3 Windows Sǁɒ%3�O�of�»ŏ4ç̈8Ëɒ4�Oc��Wsbl�

X���:�ɋĻ4:¯Š¢ OpenGL %��ND)T�%�%�!P:ˏ�ǈ�P;�Windows 

�of�»ŏ9f����p̧̋ȍĳ9B5T6��3DCG ɒ9c��Wsbl API 5%3 

OpenGL (D-:�ʗE˿Eȍĳĥ�9 OpenGL ES) Sǁɒ%3�O!587ND'� 

OpenGL �!9L�8Ɓ�ËRPOL�870-ʮǥ8:�H/QT OpenGL %�̕ƴʭ�

7�0-5��!5H�ND'��+9¶ȇ���sw���5:Ɉɼ%3�O!5Hő�7ɍ

ɔ.5ʫ�MPD'�+9-G�OpenGL :#D$D7ȍĳ8ũã#PD%-�Apple ɱ9�o

f�9  OS 4�O  Mac OS X I�UNIX �O�:  Linux 9ɕ̹ˁɰ8ɒ�MP3�O  X 

Window System 4H OpenGL �ËRP3�D'�D-�of�8̩M(�l��w�\�9 OS 

4�O Apple ɱ9 iOS I Google ɱ9 Android H�OpenGL ES Sǁɒ%3�D'� 
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1.5 GLFW 

1.5.1 OpenGL &\�}H[_ 

OpenGL :��sw���8ÎŜ%7�c��Wsbl API 4'��V��d�j����

c���M!9ȍʯSËɒ'O-G8:�I:N��sw���"58ə7Oƫ̿4��ʱɼ3�

S'OƘˇ��ND'�%�%�+9̗ò9Š˃:+P7N8̹×7H987O-G�+PS�

D�ĈḚ%3ʉď8Ë�OL�8%-t��`sw���1HǇȀ#P3�D'� 

©4H GLUT (OpenGL Utility Toolkit) :�OpenGL S̥ɚ%- Silicon Graphics 9[�kzV 

(Ƌǣ) �Ê0-�Ë�I'�t��`sw4'�D- GLUT :��r��sw���8ťƚ%

3�O-G�!PSË0-o�l��c��: Unix / Linux�Windows�Mac OS X 9̦4ç̈8

'O!5�4�D'�GLUT : OpenGL 9õǯ9̽8ÊMP-H94'��OpenGL 9ŝʪI 

OpenGL SË0-ʉď7��c��9ÊƧSƫ˹8ŖGO!5�4�O-G�´4HǮɒ7t�

�`sw5%3øɒ#P3�D'� 

%�%�]�ky�9 GLUT :ǜ8̢�̦��uy�l#P3�D)T�¹RN8 GLUT ±

ǈ9 freeglut I OpenGLUT 5��t��`sw�̥ɚ#P3�D'��!PM:ǲɷ9łʁǣ

ȼ4: Mac OS X 8:ťƚ%3�D)T�D-�Mac OS X 8:»þ�MȈȶ4 GLUT �ǋ˻

#P3�D%-��!P: OpenGL 2.1 8%�ťƚ%3�M(�Mac OS X 9��k�� 10.7 

(Lion) »̨4Ëɒĝʯ870- OpenGL 3.2 Core Profile I�10.9 (Mavericks) »̨4Ëɒĝʯ8

70- OpenGL 4.1 S (æƅ8:) Ëɒ'O!5�4�D)T �ă�3 10.9 4:�1�8 

GLUT 9ËɒʲÇ�̸Ǆŕ87ND%-� 

1.5.2 GLFW &��\�}H[_ 

OpenGL 8ťƚ%3�3 GLUT 9L�8��r��sw���4Ëɒ4�Ot��`sw8

:�FLTK I Qt�SDL 76��ND'�©4H Qt :̸Ż8͊ȍʯ7t��`sw4�N�3DCG 

̧̋9��1�9ªˇ7V��d�j���!PSË03̥ɚ#P3�D'�%�%�OpenGL 

9ŝʪ9-G9ɪ���c��SÊƧ'O8:�Qt :/K05ˉȉ�ő�'�Oț�%D'�

+!4 GLUT 9¹RN8Ë�Oʉď4Ū#7t��`sw5%3 GLFW ��ND'� 

GLFW 9��kZbw9�����k (http://www.glfw.org/) 8:��GLFW :YW�xYSÊ

Ƨ%�OpenGL 9f�u`lwSÊ03�ãā (v�Xl) Sʅɍ'O�ȽǗ9�]���o�

l9���r��sw���9�X���4�O�5Ǫ�3�ND'��Xn�l: zlib/libpng 

license Sǁɒ%3�D'1� 

1.5.3 GLFW )Œć 

GLFW :�Ȑ9L�7ɄƖSƼ03�D'� 

" r}Zk{[_o�t%
8 

GLUT 5ģȇ8 Windows / Mac OS X / Linux 4o�lSç̈ĉ'O!5�4�D'� 

                                                        
1 GLFW 9̥ɚʬ4�O Marcus Geelnard Ț�Camilla Berglund Ț�Ė>f��zuW9ɞȇ8
Ƥˣʴ%D'� 
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" OpenGL )e�Sz�4k�i=@}�Ęí%�8 

Mac OS X ��k�� 10.7 (Lion) »̨4:�OpenGL 9��k�� 3.2 9 Core Profile Sƽ

ş'O!5�4�D'� 

" N�}e[Jm�T%*'� 

X��w���Sʲò4Ǫ�!5�4�D'�GLUT 5ģȇ7f���sbƌƅ4Ǫ�!5H

4�D'� 

" ī³�6Yj}e[i=|�K('!$�8 

Ǡɰɝ8X��wSƐ1L�8��c��SǪ�7�P;X��w����ĵNʝ�O94�

Vz��j��ˁɰ�Ńǲ87ND'�D-X��w9ęƓ:q���s�U��c9�s�U

9ãPǫ�9̯8ʾRPO-G�f���sbƌƅ4��c���c'OŅĢHX��w���

:ʲò4ɒƢ%3��Ƙˇ��ND'� 

" §½^e@T)Ê7đ�Ĥń�Ş'8 

`���x�M9ãā: GLUT 9L�8Ǖś5%3ƓMPOB��Ƶ#P3�O`�+9H

9SɨO!5H4�D'�D-��Yl�X��Ik�XluWsb9v�pSęƓ'O!5H

4�D'� 

" �)�)ľƌ 

!9B��GLUT 4:/K05|sb8703�-ublr�ɒ9ɕÞS˞E˿Fȍʯ�ɒƢ

#P3�D'�D-�l�sx (¨ʾîɍ) I���usbl (ģǯȍȆ) �ɒƢ#P3�O-G�

·9v�Xl�M9v�pãāIhY�x59ʗEĢR)�Ţǡ87ND'�+P5H�=51�

Mac OS X 9 GLUT 4:Ƚą8703�-�YW�xY9b��m�p��Ǯą87ND'� 

" GLFW ('�ľƌ 

 ǚ�GLUT 8�03 GLFW 87�ȍʯH��1��ND'�Ì�;�Cube I Sphere�Teapot 

9L�7ĹƌSˁɰ'Oȍʯ:ɣ�P3�D'�D-�sw�s��\�wS��q��c'O

ȍʯH�ND)T��s�Vs��z��Sˁɰ'OȍʯHɒƢ#P3�D)T� 

Ǭõ�Mq���s�U��c8703�O!5I��YlI`���x�k�XluWsb

9ƭ�ǚSˈO5�GLFW : GLUT 8șA3��7Ne��ĥ�8ÊMP3�OL�8ƝRP

D'�D-�GLUT 8�03 GLFW 8Ƚ�ȍʯ9Ő�:�OpenGL 9 Core Profile 4:Ë�7

�ȍʯSË03�D'�Mac OS X 9 GLUT � OpenGL 9 Legacy Profile�'7R/ OpenGL 2.1 

8%�ťƚ%3�7�9:�!9L�7ı̈́��O�M�HɨPD)T� 

" `Hxu�_ 

GLFW 8ȯ¸#P3�O Reference I User Guide :̸Ż8R�NI'�94�*=ɠS̈%

3�.#�� 
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Ŵ2Ų�~�Y|�Kf@k{@� 

2.1 K{i?[JT{@j{| 

2.1.1 Vr�]?[JIw[k&>}O|Ut 

�of�:�QT7¶¯�4�OÐø7̐è4'��´95!Q��i�ǯƐ%3�O!5S

ʲĆɝ8I03�POB6˫�̐è8:703�D)T���i:ɠɝ9¶¯S̑Ƨ'O-G8�

�of�8ɒƢ#P3�OȍʯSË0-¶¯9ƫ̿Sʫ�OƘˇ��ND'�!9L�8���

i��IN-�!5�5�f����p��4�O!5�9̦8:�ƢĬɝ7a�s��ŜĻ%

D'�!9L�7a�s�:n��uWsba�s�5ĭ;PD'� 

f����p9V��d�j����c��5f����p9~�xYZV59̦8H�ģ&

L�7n��uWsba�s��ŜĻ%D' (Ĺ 2)�Ì�;�c��Wsblʎ9V��d�j

����c��8��3�ɕ̹¢8ʢSƆ�z�m��0-5%D'�!P8ť%3�f���

�p9~�xYZV�ɕ̹¢8ȼSƬ1ȍʯ%�Ƽ03�7�P;�+9DD4:ʢSƆ�!5

:4�D)T�+!4�ȼSƬ1ȍʯSʗEĢR)3ʢòSǆ�Ƙˇ��ND'�!9�ȼSʗ

EĢR)3ʢòSǆ�ǚȥ��V�g�m�4' (Bresenham 9V�g�m�76)� 

Ƌõ�!9V�g�m�:�'A3V��d�j����c��é8ʗE˿DP3�D%-�

%�%�=519f����p¢4ˆǒ9V��d�j����c��SËɒ'O5�!9ǚȥ

4:�ģ&ɠɝ9��c��f�x��V��d�j��"58̙ˆ%3ŜĻ%3%D�D'�

!P:���769f����p9�o�l¢HȽ͇4'%�o�wYZV̥ɚ9̹4H�ģ&

ɠɝ9ə7O��c��f�xSÊƧ'O!58703�flw9¢ǟSƸ�D'� 

+!4�V��d�j����c���c��Wsbl~�xYZV8ˇȜ'OȍʯSǓɍ%

3�+PSV��d�j����c���Mò̳'O5��!5�ʾRPD%-�!9V��d

�j����c���ˇȜ'OȍʯSŠɋ'Oc��WsblV�g�m�S̱G-o�wY

ZV9Ų��c��Wsbl�X���4' (Ĺ 3)� 
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Ø 2 Vr�]?[JIw[k&>}O|Ut 

 

Ø 3 >}O|Ut)îƔßď 

7��þ̂9�ʢòSǆ�ǚȥ�9L�7ʉď7V�g�m�:�Š̯8:B5T69c��

Wsbl~�xYZV8Ùíľƌ5%3Š˃#P3�D'�D-~�xYZVƮʿ9ĥ¢8LN�

̀ſ:LN͊ƃ7ȍʯ�c��Wsbl~�xYZV8Š˃#P3�D'�'7R/�c��W

sbl~�xYZVʲÇ8HV�g�m��ʗE˿DP3�O94'� 

アプリケーション
（やりたいこと）

ハードウェア
（やれること）

アプリケーション
（やりたいこと）

ハードウェア
（やれること）

アルゴリズムセマンティック
ギャップ

アプリケーション
（やりたいこと）

ハードウェア
（やれること）

アプリケーション
（やりたいこと）

アルゴリズム

グラフィックス
ライブラリ

アルゴリズム

アプリケーション
（やりたいこと）

グラフィックス
ライブラリ

アルゴリズム

ハードウェア
（やれること）

ハードウェア
（やれること）

アルゴリズム
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2.1.2 K{i?[JT{@j{|)�")Ă¼ 

!9L�8c��Wsbl�X���:�V��d�j����c��5c��Wsbl~�

xYZV9¾ɼ/5%3�V��d�j����c��8c��Wsbl9ȍʯSǇÍ%D'�

!9ƎĀ8:�Ȑ9°1��ND'� 

" ĽŊš'K{i?[JT>}O|Ut;ě��8 

c��Wsbl9ȍʯSV��d�j����c���Mò̳'O!58L03�Ȑ9L�7

��sw�ɐDPD'� 

! o�wYZV̥ɚ9ƫ̦Sȱ&O 

! o�wYZV9��p��uWSĥ¢'O 

!9L�7c��Wsbl�X���:�ACM CORE�ISO GKS�GKS-3D�PHIGS�PHIGS+ 

76ǒŐ�9H9�ǇȀ#P3�3�N�D-ȈȶĉH˖EMPD%-�%�%�ɋĻ4:!9

L�7ƌƅ9c��Wsbl�X���:��DNËRP7�7ND%-�!P:Ʈʿ9̌Ȕ8

LNˇȜ#POc��Wsbl9ȍʯ�Őȇĉ%�ď 9c��Wsbl�X���9Ų4:+

P8ťƚ%�P7�0-!5H�ɍɔ9=51.5Ɲ�D'� 

" K{i?[JTd�`BC>)ľƌ;Ó,¯�Ĥń;ě��8 

c��Wsbl~�xYZV9͊ȍʯĉ85H703�c��Wsbl�X���:+9ˆ̲

7ȍʯSƶ˧ĉ%3V��d�j����c��8ǇÍ'O�X�p�Z�l9ƎĀ (API) SƷ

�L�87ND%-� 

! c��Wsbl~�xYZV9ȍʯSƶ˧ĉ'O 

! V��d�j��59X�p�Z�l (API) SǇÍ'O 

ɋĻ9¹ˁɝ7c��Wsbl�X���4�O OpenGL I DirectX :�+9L�7ƟǿS

Ƽ1H94'�!PMHˆ̲7V�g�m�So�wYZV4Š˃%-�͊ƃ7ȍʯSǇÍ%3

�D'��´Ƒ+9L�7ȍʯ:÷9Ų (�x�YZVʂ) 8ɴʅ#P�c��Wsbl�X�

��ʲÇ:~�xYZV9ȍʯ9ƶ˧ĉ8Ʉĉ'Oǚĥ8�O5ʫ�MPD' (Ĺ 4)� 

2.1.3 GPU (��8K{i?[JT{@j{| 

��c����7c��Wsbl~�xYZV570-ɋĻ9 GPU 4:�V��d�j��

��c���Mc��Wsbl~�xYZV9k�K{rj}RC�Y¢8��c��Sũã

%3�Ƙˇ7ȍʯSŠɋ%D'�!9��c��SRC�Yk�K{t5��D'�!9ŅĢ�

c��Wsbl9ȍʯ:�CPU Ú9��c��5jZ�q��c���+%3c��Wsbl~

�xYZV9ĺşȍʯ9ʗEĢR)4Šɋ#PD'� 

!9-G�!9c�Xsbl�X���:�V��d�j����c��8ť%3c��Ws

bl9ȍʯSǇÍ'O.�47��jZ�q��c��I GPU ¢9����ȸʄȍʯ769�

o�lSʅɍ'O�OS 9L�7ƎĀSǸ-%D'� 
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Ø 4 GPU (��8K{i?[JT{@j{| 

 

Ø 5 ãļ'>k|L�Rz�&s`}BC> 

CPU側に実装

GPU側に実装

アプリケーション
（やりたいこと）

アルゴリズム

アルゴリズム

グラフィックスライブラリ

プログラマブルシェーダ

固定機能ハードウェア

グラフィックスライブラ
リは GPU を対象とした
ときに機能が整理された

ハードウェア APIとして
の役割に集中する

ハードウェア
（やれること）

アルゴリズム

アプリケーション
（やりたいこと）

アプリケーション
（やりたいこと）

アプリケーション
（やりたいこと）

アルゴリズム

アルゴリズム

ミドルウェア

ハードウェア API

プログラマブルシェーダ

固定機能ハードウェア

ハードウェア
（やれること）

アルゴリズム



 12 

2.1.4 s`}BC> 

c��Wsbl�X����c��Wsbl~�xYZV9ȍʯ9ĭ>ñ%8Ʉĉ'O ǚ

4�LN͊ƃ7ȍʯ:�s`}BC>5ĭ;PO¢Å9Ų8ɴʅ#POL�7ND%-�!PS

ħG3c��Wsbl�X���5%35M�O!5H4�D'�!9Ų:V��d�j���

�c��9ˇȜ8ĢR)3��x�YZV"58ə7OȍʯSǇÍ%D' (Ĺ 5)� 

-5�;�CG 9j��SȆƧ'Ov�p (]�kZbw) 9̬Ųɝ7ʅɍ8ɒ�MPOj�

�c��9ǌÊ5+9ǢÞɐƧSʾ�R��K{i API H+9=514�õǯ9 OpenInventor 

S:&G�OpenSceneGraph I SceniX 76��ND'�D-�e��8ËRPOȍʯS̱G-

H9:M�tD�S�5ĭ;P�CryENGINE�Unreal Engine�Unity�OROCHI�MascotCapsule�

Irrlicht 769ʠĢɝ7H9�chidori�DAIKOKU�OGRE 769ǢÞɐƧªÇ9H9�BISHAMON�

YEBIS 769[�ZbwɐƧɒ9H9�CRI-ADX2 9L�7hY�xɒ9H9�+P8ˀɺ7

69ɂɍj����j��Sʾ� PhysX I Havok�ODE�Bullet 769őŖD�S�76�ɠ

ɝ8ƚ&3ȇ�7H9��ND'� 

ɋĻ9e��̥ɚ8ËRP3�Oġɶ9Ʈʿ:̸Ż8͊ƃ8703�3�O-G�Õ�9e�

���^��Ɉʲ8ťƚ'O!5�ķ̴87N11�ND'�!9L�7�x�YZV9ɄƖI

ɄƟSɨN��D�ʗEĢR)3Ë�!5H�ɋĻ9e��̥ɚ4:̙ˇ8703�D'� 

 

Ø 6 ~�Y|�K)@u�S 

2.2 ~�Y|�K 

2.2.1 3DCG (��8~�Y|�K 

viX�ɒ˛5%39~�Y|�K:viXy�ʲò9X��kSĝˊĉ'O!5S��D

'��3DCG 4:f����p8L03j��9v�p�MǢÞSɐƧ'O!5Sɰ%D'�j

形状情報

材質情報

光源情報

視点情報

映像情報
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��9v�p:�̘ʨ'OɂÇ9ƌɆƠńI�+9ˁ̹9ǳˬƠń�+P8j��©9âȵ8̧

'OƠń�ˊȼ�O�:^��9ÅʨIǚĥ769ˊȼƠń76�MȆƧ#PD'�!PMSH

58�f����p:ˊȼÅʨ�Mˈ-j��9ǢÞSɐƧ%D' (Ĺ 6)� 

2.2.2 ~�Y|�K)�")ĤÑ 

ɋĻɒ�MP3�O��q��cƫȥ:�P�k|�K8LOǚȥ5{TX{@U8LOǚȥ

9°18ő÷4�D'� 

" P�k|�K(58Ĥń 

!P:ˊȼSñɚ%3lb���¢9 ȼS̈Očɡʢ�'7R/ˊʢ5ɂÇ59²ȼSȜG�

²ȼ8��O̫ƍSȜG3lb���¢9ȼ9ʷ5'Oǚȥ4' (Ĺ 7)��X`�luW�cȥ

I�Xw��j�cȥ�!P8òͅ#PD'�!9ǚȥ:ːʄ9�v��ďʐ4ˆ̲7âŝɋ˧

9ëɋ�ʾ�I'�-G�͊İˬ7ǢÞɐƧSʾ�ŅĢ8L�ɒ�MPD'�%�%� ʵ8ː

ʄ̛�Ő��͊̉7ǢÞɐƧ8:ĥ�7�5ʫ�MP3�D'� 

 

Ø 7 P�k|�K(58~�Y|�K 

" {TX{@U(58Ĥń 

!P:ɂÇ9lb���¢@9ưƍÞSȜG�+9ưƍÞ9́ŁS�lp�Xm8LNŇNȺ

'ǚȥ4'�l`���X�ȥIv�l�s�Uȥ�!P8òͅ#PD'�!9ǚȥ8LNǆɕ

#POƌɆ:�ª8lb���@9ưƍIŇN1?%�ʉď7Ő̹Ç87ND'�D-�ˆ̲7

âŝɋ˧9ëɋ8:ĥ�7�-G�ɐƧ#POǢÞ:�V�#8ȏ�OŅĢ��ND'�%�%

~�xYZV8LOŠ˃�ʾRP3�N�͊̉7ǢÞɐƧ�ɠɝ9ŅĢ8:� ʵɝ8!9ǚȥ

�ɒ�MPD' (Ĺ 8)� 

 

Ø 8 {TX{@U(58~�Y|�K 
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Ǣɕ9L�8͊İˬ7ǢÞ9ɐƧ8:ª5%3h����c8LOǚȥ�ɒ�MP3�N�!

P:ɋĻ4Hǣ̦���ND'�îɍǣ̦Sɪʥ'O-G8ːʄ9�v�76Sďʐĉ'P;�

ƓMPOǢÞ9İˬ�Ǌ7RPD'�îɍǣ̦5İˬ:_~�`Fi9̧Ñ8�ND'� 

%�%ɋĻ4:�!PM°19ǚȥ:±�8̀2�11�ND'�Ì�;�ǜ8��c���

�7 GPU Sɒ�3�Xw��j�cS�V�pX�8Šɋ'Oƫȥ�ǇȀ#P3�D'�+9

 ǚ4�v�l�s�Uȥ8LN͊İˬ7ǢÞSɐƧ'OƫȥHǒŐ�ǇȀ#P3�D'� 

2.2.3 |>}X@t~�Y|�K 

|>}X@t~�Y|�K:���q��c%L�5'Oj��9Ŏĉ8ť%3�̍PO!5

7�ǢÞSɐƧ'O!5S��D'�e��I CAD jlu�769ŅĢ�ɋĻ9ɕ̹ˁɰ8ť

'O��i9ėƚ (f�w���I�Yl9ǌÊ76) 8LNj��9v�p�Ŏǩ#P�+P

�Ȑ9ɦ̦9ɕ̹ˁɰ8ėǢ#PD'�!95��!9�ėƚ�8ť'O�ˁɰ�9hXb��

Čò͊̉4�P;���i:e��8ť%3ȠãƤSƓO!5�4��CAD jlu�8ť%3

ƛ̔8ť˘ɝǌÊSʾ�!5�4�OL�87ND'� 

f����p:vWl��X9ɕ̹@9ˁɰS̋ʝɝ8ʾ03�OR�4:7��̷ȒɕS 

ş9ǣ̦̦̮4Ǫ�ǈ�3�D'�!9 Ƿ9̷ȒɕSi~�t5���+9 ɳ̦�-N9ǆ

�ǫ�ĵǒS�i~[Rx~�_5��D'����sj���w9ďÅ8:�īȦǒ5ģ& Hz 

(Hertz) �ɒ�MPD'�!9Ø:c��Wsbl~�xYZV5vWl��X59̧Ñ8L03

ȟş#POşǒØ4'�!P8ť%3���q��c8L03 ɳ̦8ɐƧ#PO����9ǒ

Si~�t~�_5���!P8: fps (frame per second) 5��ďÅ�ɒ�MPD'��V�p

X���q��c4:� ş»¢9������wSɮÒ'O!5�Ƙˇ87ND'� 

 ʵ8Ćɕ5%3ɨˋ'O8:�6 � 8 fps ɵƃ9������w�Ƙˇ.5ˏRPD'�%

�%�!P:�7N�!/7�ˁɰ87ND'�15 fps »¢�P;�ˁɰ:BCȷM�8Ŏĉ'

OL�8Ƥ&MPD'�̅8�ȬǦ769 ʵɝ7��sw�|�vWl��X9���sj�

��w: 60 Hz ɵƃ9-G�!PS˰�O������w4ǢÞSɐƧ%3H�'A39���

��ˁɰ#PO!5:�ND)T�%-�03��V�pX���q��c4:�̈Ż: 60 fps 

9������wSɮÒ'P;Čò4'� 

ƒ 1 i~�t~�_&ñƣČ 

 

%�%����sj���w� 60 Hz 9��sw�|�vWl��X4:�̉ �Ć�95�8

ȖÞ�ˈ�O!5��ND'�!PS̖�O-G8����sj���wS 120 Hz (Ö̉) I 240 

Hz (ĴÖ̉) 8͊G-vWl��XHŜĻ%D'�e��4:f�w���9ǌÊ8ť%3ɕ̹

9Ȑ9ǆ�ǈ�pX��cD4ˁɰ�̍PO!5S̖�MP7�-G�!9L�7vWl��X

Sɒ��͊�������w4ɐƧ%-ǢÞ9ˁɰSʾ�ŅĢH�ND'� 

フレームレート
1 fps

8 fps

15 fps

60 fps

動きの知覚
一枚一枚の画像が順に現れるように見えて対話的操作はほぼ不可能
ぎこちないが動画として知覚されて対話的操作が可能になる
動きはほぼ滑らかに感じられて対話的操作に違和感がない
一般的なフラットパネルディスプレイのリフレッシュレート
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2.2.4 K{i?[JTd�`BC>)ǃƗČ 

�V�pX���q��c4:�̈Ż�¡Ȑà9j��Sť˧8ǢÞSɐƧ%D'�+9-G

8:�ď8ɕ̹¢9́ŁSŇN1?'.�47��¡Ȑà9ĹƌSlb���8ưƍ%3ɕ̹¢

9́ŁSȜG�+9́Ł9ʷSȿǠːʄ8LNȜGOƘˇ��ND'��V�7̫ƍSƓO8:

ʍţ7ɂɍɋ˧9ëɋ�Ƙˇ87O-G�̢�ːʄǣ̦Sˇ%D'�D-�f�w���9ǌÊ

9Ě�¸�IĆ� (Vz��j��) 9ɐƧ76H�!PM9îɍ5¨ʾ%3ʾR7�P;7N

D)T�ˀɺ9îɍIŎƌ�ɂɍj����j��8H52�ɭŋIʋÇ9ˁɋ76H�ǣ̦9

��Oîɍ87ND'�f����p9 CPU 9Ɵʯ�ĥ¢%-ɋĻ4H�!PM9'A3S 

CPU ďɈ4îɍ%3Čò7ť˘ƟS̑Ƨ'O9:ķ̴4'� 

%-�03ɋĻ9�V�pX���q��c4:�c��Wsbl9îɍSŦ̣8ʾ�c��

Wsbl~�xYZV�'7R/ GPU 9Ǎǉ�¤ĝȏ.5ʫ�MP3�D'�ǜ8 GPU :ɋ

Ļ9 PC 8Ƙ̀9H95703�D'�D-�B5T69 3DCGV��d�j��:�GPU 9

øɒSþǇ5%3�D'� 

D-�̀ſ:��c����7 GPU 9ɛŅ8LN�LNŐȇ7c��Wsbl9îɍ�ĝʯ

87ND%-�D-�ɂɍːʄ769c��Wsbl»ŏ9îɍ8H GPU �ɒ�MPOL�8

7N�ǢÞ.�47��Ć�9�V�m�9ĥ¢8Hő��˩ɉ'OL�87ND%-� 

2.3 f@k{@� 

2.3.1 ǜƽÂĐń&�$)f@k{@�®Ŗ 

�X��X�:�H5H5Ȣɓ76�MɫȢS̎?̢�ʅ9!5S��D'�4Hf����

p4:�Ĺ 9 9L�8=519îɍS��1�9ȗ̬ (lu�k) 8òĀ%3�îɍS̿̄N'

O!5S��D'�!P8LNģ&ǣ̦���Oîɍ4H�òĀ%-ġȗ̬Sģǣ8ĆÊ#)O

!58L03�äÇɝ7îɍ̛ (throughput) Sŉă#)O!5�4�D'� 

 

Ø 9 f@k{@�)Ɗ�Ĥ 

パイプライン１段

パイプライン３段

（３倍速い）
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�X��X�îɍ:�ġlu�k9îɍǣ̦�'A3ģ&5�8�ǬH͊�Ɵʯ�ƓMPD'�

Ì�;�¡ȗ8òĀ'P;�¡Ö̉�7ND'�%�%�H% ̗9lu�k9îɍǣ̦�·9

lu�kLN̢�5�+!4Ȑ9îɍ�Ɛ-#P3%D��îɍSĀNƋ3MP7�lu�k�

ɚɐ%3%D�D'�!P:äÇ9îɍ̛Ső��Æ£#)3%D�D'� 

 

Ø 10 f@k{@�)Ɗ�Ĥ 

2.4 K{i?[JT®Ŗ)f@k{@� 

2.4.1 K{i?[JT®Ŗ)ĺċ�)f@k{@� 

c��Wsbîɍ9ȅƜ¢9�X��X�:�>k|L�Rz��SFu_|®Ŗ�i{Ku

�_®Ŗ9¡19lu�k4ƿ�O!5�4�D'� 

 

Ø 11 K{i?[JT®Ŗ)ĺċ�)f@k{@� 

2.4.2 >k|L�Rz�T]�S 

��i�Š̯8Ëɒ'OV��d�j��o�wYZV9lu�k4�CPU Ú4Šʾ#P�c

��Wsbl~�xYZV8SFu_|^�X�(ƌɆƠń) S̄03ɕ̹ˁɰ9îɍSÎ̓%D

'�!9lu�k:o�wYZV.�4ȆƧ#PO-G�̥ɚʬ:'A3SúƔ'O!5�4�

D'�D-�o�wYZV9Š˃SŎǩ'O!54�ĆÊSŎǩ'O!5�4�D'� 

各ステージが等間隔

一部のステージが長い

（やることがない）
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o�wYZV:!9lu�k4ɕ̹ˁɰ8Ƙˇ7k]�w�v�pSɐƧ%D'�k]�w�

v�p:ȼIʢò�¡ˍƌ5�0-ÞįØĀ (Rendering Primitive) 9ɶͅ5�+9̼ȼ9ÅʨI

ʷ�ȥʢ�bw�769ǖō÷Č (Attribute) 4ȆƧ#PD'�!PSȐ9lu�k4�Ok]�

w�îɍ8̄ND'� 

V��d�j��lu�k4:���i59ť˘8ɒ�O�Yl�`���x�k�XluW

sb�Åʨn�h�X��kn�h769X�p�Z�lȍĳ�M9v�p9ãāSʅɍ%D'�

ˁɰ%3�OĹƌ9ˀɺ9ȃñ76H!9lu�k4ʾRP�ʙǸSɕ̹ˁɰ8ėǢ%-N��

\�l (āˋ) �W�x�sbȍʯSƼ1X�p�Z�lȍĳ8́%-N%D'� 

D-ǣ̦8̧'Oîɍ�Ì�;Vz��j��9ɐƧ8��OpX��c9úƔ76H�V�

�d�j��9lu�k49¶¯4'�»þ:ǣ̦8Ã�Ŏƌ769îɍHV��d�j��l

u�k9¶¯4%-��ɋĻ9 GPU :ďʐ7ƄȈŎǈ8LOVz��j��Il`z�c (͉

ǿ8Ń2�Ŏƌ)�k]�w����W�c (Õ�9̼ȼ9ɴĆ8LOŎƌ) 76:�k]�w�

îɍ9lu�k4Šʾ'O!5�ĝʯ8703�D'�ublr�Vz��j��8̧%3H�

�M�&Gc��Wsbl~�xYZVÚ9���8˷̄%3��-ˆǒ9ublr�S̿Ȑ

óNǫ�Oƫȥ76Sɒ�3Šɋ'O!5�ĝʯ8703�D'� 

!9B��·9 (c��Wsbl~�xYZV¢9) lu�k4:Šɋ4�7�'A39ɶͅ

9îɍ��V��d�j��lu�k4Šʾ#PD'�-5�;�c��Wbl~�xYZV8

̄Ok]�w�v�p9̛SȱM'Ǭ̔ĉîɍ76:�ƋȾc��Wsbl~�xYZV4:Š

ʾ4�D)T�!9îɍ8:̬Ųɝ7ˊ̟Ğ^��c (ˊ̚8ħDP7�H9S�M�&G̪Ĕ

'O) I]b��k��^��c (·9ɂÇ8̰#P3ˈ�7�H9S�M�&G̪Ĕ'O) 7

6��ND'�7��ǬHďʐ7^��c4�O�sb�Z�l^��c (ˊȼ8ť%3˄ÚS

ĥ�3�Oʮ̹��g�9̪Ĕ) :c��Wsbl~�xYZV8ʗE˿DP3�D'� 

V��d�j��9lu�k8��OǬ̔ĉîɍ9´Ƒ9˟̈́:�ɋĻªȩ5703�O��

rfV CPU 8LO¨ôîɍ8ťƚ'O!54%K��Ȑ9lu�k�'7R/c��Wsbl

~�xYZV9v�p9ãNě:=51%�7�-G�¨ʾ%3ĆÊ'Oˆǒ9îɍďÅ (l�

sx) �Mģǣ8v�pSȩ%˿F!5�4�D)T�%-�03�V��d�j��9lu�

k9¨ôĉ:�ɋǣȼ4:l�sx"58^��c�ˀɺȃñ�ɂɍj����j���+%3

k]�w�v�p9̄ñ769ə7OîɍSŠʾ'O!58LNʾRP3�D'�!P:l�s

x"58îɍéŢ�ə7O-G8îɍǣ̦�ǅ�8���l�sxģŌ�±�8ģǯSęO!5

�ķ̴87ND'�D-�Ũǵ9 CPU 9�zWfVĉ@9ťƚH´Ƒ9˟̈́5703�D'� 

2.4.3 SFu_|®ŖT]�S 

V��d�j���MĚ�ę0-k]�w�v�p�'7R/ŃǲĹƌ5̼ȼűƟSîɍ'O

lu�k4�ƄȈŎǈI̼ȼ9̫ƍ¸��b�s��c76Sʾ�D'� 

ĺşȍʯ9 ('7R/���c����4:7�) c��Wsbl~�xYZV4:�!9l

u�k:ˆǒ9ĺşȍʯ9lu�k8òĀ%3Š˃#P3�D%- (Ĺ 12)�D-�#M8Ɵʯ

Sĥ¢'O-G8�!9�X��X�Sˆǒ¨ô8ĆÊ#)O!5HʾRPD%- (Ĺ 13)� 

!P:�!9lu�k8��3ƄȈŎǈI̫ƍ¸�769Ő�9ŠǒȸʄSÃ�˨ʺ9͊�î

ɍ�Šʾ#PO-G4'�%�%Šǒȸʄ9~�xYZV9flw:͊�-G�!P:õǯ9�

of�ɒ9c��Wsbl~�xYZV8:ǋ˻#P3�D)T4%-�+9-G8�!9lu
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�kS CPU Ú4Šʾ'OŠ˃HʾRP3�D%-� 

+9Ƒ�Šǒȸʄ9~�xYZVSǋ˻%3k]�w�îɍSƷƋ4�O�of�ɒ9c��

Wsbl~�xYZV�ɛŅ%D%-�!P: GPU (Graphics Processing Unit) 5Ĥ¸�MPD%

-�D-�~�xYZV8LOƄȈŎǈI̫ƍ¸�9ȍʯ:�~�xYZV T & L (Transform and 

Lighting) 5ĭ;PD%-� 

 

Ø 12 SFu_|®Ŗ)f@k{@� 

 

Ø 13 SFu_|®Ŗ)f@k{@�)�²Â 

" v^}âĜ 

j��SȆƧ'OFjSCJ_ (̗İĹƌ) :�Õ�8Ɉʲ9ƄȈʎ4şʩ#P3�D'�!

PS��G}ûĽŹ5��D'�j��SȆʈ'O8:�!9]�kZbwSˊȼIâȵ76H

̘ʨ#PO���}`ûĽŹ5ĭ;POď 9ƄȈʎ8̘ʨ%D'�!9-G8ʾRPO��^

�ƄȈʎ�M���xƄȈʎ@9ƄȈŎǈSv^}âĜ5��D' (Ĺ 14)� 

�v�Ŏǈ:]�kZbw"58˒ş%D'�D-�]�kZbw̦8͉ǿ9L�7̬ŲȆ̊

��P;�!9ŎǈH̬Ųɝ8ĢƧ%3Šʾ%D'��v�ŎǈƑ:�'A39]�kZbw�

���xƄȈʎ¢8ŜĻ%D'� 

�
�
�
�


��

�
�


�
�
�
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�
��

��

�
�
��
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�
#
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��
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��
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���
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����

���������	����
������������������
����

���������	����
������������������
����

���������	����
������������������
����


���

Single-Pipe

Multi-Pipe
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Ø 14 v^}âĜ 

" gx�âĜ 

���xƄȈʎ4Ȇʈ#P-j��9ˊȼÅʨ�Mˈ-ǢÞSÊƧ'O-G8�ˊȼSŃȶ5

'OƚōûĽŹ8j��äÇSƄȈŎǈ%D'�!9-G8ʾRPO���xƄȈʎ�MˊȼƄ

Ȉʎ@9ŎǈSgx�âĜ5��D' (Ĺ 15)�7���v�Ŏǈ5���Ŏǈ:̈Ż=519

ƄȈŎǈ8ĢƧ#PD'�!9ĢƧŎǈSv^}gx�âĜ5��D'���^�ƄȈʎ���

�xƄȈʎ�ˊȼƄȈʎ��L>lb���9̧ÑS�Ĺ 16 8ɰ%D'� 

 

Ø 15 gx�âĜ 

ローカル座標系 ローカル座標系 ローカル座標系

ワールド座標系

	��
���� 	�
������

�������� 	�����
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Ø 16 ��G}ûĽŹ���}`ûĽŹ�ƚōûĽŹ)Ǌ� 

 

Ø 17 ǌā��)ĬŎ 

" ǌā�� 

ɂÇ9ˁ̹8âSƋ3-ǣ9ėŧâ9ƊƃSːʄ%�ɂÇ8�V�7ŏˌS¥�D' (Ĺ 17)�

k]�w�îɍ9lu�k4:�!9îɍ:̼ȼďÅ8ʾRPD'�+9ʙǸ9̼ȼv�p��

lp�Xm9̯8˅̦#P�Śż (hJV}�Pixel) 9̫ƍSȜGO-G8ɒ�MPD'� 

Š¦ɖ9â9ėŧ:�â5ɂÇˁ̹59ɢ±Êɒ8LNɚɐ%D'���V�pX���q�

�c4:�!9ːʄ8Ő�9ǣ̦SĀ�!5�4�D)T�!9-G�ƒǵ!9ːʄ8:ďʐ7

̧Ñƅ�ɒ�MP�ǲɂ9ėŧ (ǢN!E) IŭƲ�ƍ (j�xY) 769ëɋ:ʾRPD)T4

%-�%�%�̀ſ: GPU 8LN�7Nʍţ8ːʄ'O!5�ĝʯ87ND%-� 

ローカル座標系

ローカル座標系

ワールド座標系

視点座標系

x

z

y

x

z

y

x

z

y

x

z

y

スクリーン

陰影付けなし 陰影付けあり
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Ø 18 gx�p|x�t 

 

Ø 19 ţ�ēā&Ƽƚēā 

" ēāâĜ 

ˊȼƄȈʎ8̘ʨ#P-j��Slb���8ưƍ'OŎǈSēāâĜ5��D'�vWl�

�X9ˁɰ́Ł:Ǯ̩4'�M�+!8ǢOj��9ɹ̦H̩ş#PD'�!9ɹ̦Sgx�p

|x�t�(View Volume) 5��D'�ưƍŎǈ:�!9ɹ̦S�©Ɨ�ēȼ8�N ˾9̢#� 

2 9ɼǚÇ9ɹ̦4�OĽŊgx�p|x�t�(Canonical View Volume) 8Ŏƌ%D' (Ĺ 18)� 

!95��Ŏǈþ9��������8ɡǚÇSɒ�OŅĢ5�Ĵˍ̟ĞSɒ�OŅĢ9°̈

N��ND'�ɡǚÇSɒ�P;ţ�ēā (Orthogonal Projection) 57N�Ĵˍ̟ĞSɒ�P;

標準ビューボリューム

視野錐台 (View Frustum)

直交投影
(Orthographic Projection)

透視投影
(Perspective Projection)

1

-1

1
-1

1

-1

ビューボリューム (View Volume)

(Canonical View Volume)

直交投影 透視投影
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Ƽƚēā (Perspective Projection) 57ND' (Ĺ 19)�7��!9Ĵˍ̟Ğ9��������:

Ʉ8gx�i{TXt (View Frustum, ƚǄË) 5ĭ;PD'� 

 

Ø 20 �Ŀ¤)J|[h�K 

 

Ø 21 gx�p|x�t(58J|[h�K)@u�S 

" J|[h�K 

c��Wsbl~�xYZV:Ȉȶ���������M:Eñ-ĹƌSóNęN�!9é̗

8�OĹƌ.�Sɕ̹8ˁɰ%D'�!9îɍSJ|[h�K (Clipping) 5��D'�!9-G�

Ȉȶ��������:J|[h�Kůǉ5Hĭ;P�b�s��cɹ̦9ƄȈʎ:J|[h�

KûĽŹ5ĭ;PD'�D-�!9ƄȈʎ:Ȑ9�����wŎǈ8LNv�XlƄȈʎ8ťƚ

2�MPO94�ŀƙÂ^e@TûĽŹ (Normalized Dvice Coordnate, NDC) 5ĭ;PD'� 

1

-1 1

-1

O

1

-1 1

-1

O

クリッピング前 クリッピング後

x

y

x

y

クリッピング前 クリッピング後
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" gx�q�_âĜ 

b�s��c9ʙǸ���������8ĘGMP-j��9���������9 xy ž̹

@9ɡ²ưƍÞS�vWl��X¢9ˁɰ́Ł8:G˿ED'�!9vWl��X¢9ˁɰ́Ł

Sgx�q�_ (Viewport) 5���!9:G˿ESʾ�ŎǈSgx�q�_âĜ�(Viewport 

Transformation) �O�:TJ|��r[h�K (Screen Mapping) 5ĭ>D'� 

 

Ø 22 gx�q�_âĜ 

 

Ø 23 i{Ku�_®Ŗ)f@k{@� 

2.4.4 i{Ku�_®ŖT]�S 

ɕÞSȆƧ'Oɕʑ8̧'Ov�p��RJOi{Ku�_^�XSîɍ'Olu�k4'�

D(�k]�w�îɍ9ʙǸS{TX{@U8LNvkp�ɕÞĉ%3�îɍ'O��c��w

S̕ƴ%D'�+%3�+9ġ��c��w9ʷSȟş%������s�U8ñā%3ɕÞS

ɐƧ%D' (Ĺ 23)�Š̯9~�xYZV8:�!PM9·8Hlu�k��ND'� 

1

-1 1

-1

O

クリッピング空間

x

y

w

hx

y

ビューポート

デバイス座標系正規化デバイス座標系の xy 平面

	��
��������

&
�
�
&
�
��

!
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" {TX{@U 

�lp�Xm:{TX{@Q8L03ʾRPD'�!P:�ƜĀV[_>[k�(Triangle Setup) 

5ƮĵâĜ (l`��f���k��, Scan Conversion) 9°19lu�k4ȆƧ#PD'�ˮǼ

Ŏǈ:ŇNȺ%îɍ8L03¡ˍƌé8ħDPO��c��wS̕ƴ%D'�¡ˍƌnswVs

�:¡ˍƌ9vWl��X¢9̼ȼÅʨ�MˮǼŎǈ8Ƙˇ7����p9ʄñSʾ�D'� 

 

Ø 24 {TX{@U 

" i{Ku�_)ǌā�� 

��c��w9̫ƍ¸�:��c��wîɍ9©Ɨ87Olu�k4��lp�Xi�MĚ�

ę0-îɍť˧9��c��w8̧'O����p (̼ȼÅʨ�̼ȼʷ�̼ȼ9ȥʢ�bw��

ublr�ƄȈ769̼ȼűƟ9+9��c��w8��O˅̦Ø) Sɒ�3���c��w9

ʷSȟş%D'�ublr��s��cH!!4ʾ�D'� 

" i{Ku�_Ä�)®Ŗ 

��c��w9̫ƍ¸�Sʾ0-Ƒ�+9ʙǸSǬʖɝ7ɕÞSÒƼ'O�����s�U8

ÒŜ'OD49̦8H�ȇ�7îɍ�Šʾ#PD'�!PH»£9L�7lu�kSƼ1�X�

�X�5%3ȆƧ#P3�D'� 

�iEK®Ŗ� 

ɐƧ#P-ɕÞ8ť%3�őțąǸ (̵I_l9ąǸ) S¥�D'�̓ǥSǆ�(8"D�'

5�768L�ɒ�MPD'�-.%�ɋĻ!P:��c��w9̫ƍ¸�9̯8ʾRPO-G�

~�xYZV5%3Ʉ÷7lu�k:ɒƢ#P3�D)T� 

ジオメトリデータ フラグメントデータ

�
�
�
�
�
��

���

���

���

���

���

����

���
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Ø 25 iEK®Ŗ 

�T]�R}]T_� 

�����s�USȆƧ'O�s�U9 14�Olu�j��s�U8ǿʏ#P3�OØ

Sĕȿ%3�+9��c��w9ˁɰ9ĝĦSȟş%D'�lu�j��s�U9éŢS�lb

8ɒ�3ˁɰ'OƌɆ9ĿƳ�Sʾ�!5�4�D'� 

�^kT]T_� 

�����s�USȆƧ'O�s�U9 14�Ov�l�s�U8ǿʏ#P3�OØSĕ

ȿ%3�+9��c��w9ˁɰ9ĝĦSȟş%D'�!PSɒ�3v�l�s�Uȥ8LO̰

̹ȫĔîɍSʾ�!5�4�D'� 

�j~�`®Ŗ� 

������U9éŢ5ˁɰ%L�5'O��c��w9ØSĢƧ%D'�č̆ǠîɍIɕÞ

9ĢƧ76Sʾ�!5�4�D'� 

��S[J®Ŗ� 

������U9éŢ5ˁɰ%L�5'O��c��w9ØSH58ˡɍȸʄSʾ�D'� 

" i~�te[i= 

�����s�U:��q��c9ǬʖʙǸSĢƧ%�ǢÞ9ˁɰSʾ�~�xYZV4'�

!P:^���s�U�v�l�s�U�lu�j��s�U9ˆǒ9�s�U9̱ĢÇ4'� 

i~�te[i=FjSCJ_ (Frame Buffer Object, FBO) 5��ȍʯSɒ�P;� ÀƢ9�s

�USʗEĢR)-�����s�US��i�ȆƧ'O!5�4�D'�  

�G{�e[i=� 

��c��w9ʷSÒƼ'O�s�U4�!!8ɕÞSǿʏ%D'�q���s�U��cS

ʾ�ŅĢIɼÇˊˁɰSʾ�ŅĢ:�ˆǒ9^���s�U�ɒƢ#PD'� 

フォグなし フォグあり
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�^kTe[i=�  

v�l�s�Uȥ8LO̰̹ȫĔîɍ8ɒ�O�s�U4'�!P8:��c��w9v�l

Ø (ȮƃØ) �ǿʏ#PD'� 

�T]�R}e[i=� 

ˁɰƌɆ9�ĿƳ��Sʾ�-G8��lb57OɕÞSÒƼ'O�s�U4'� 

�>Hxt~�Rz�e[i=� 

^���s�U9éŢSʓɸ'O!5�4�O��U4'�!P:Ĝ�ȍʯ4�N�̀ſ:Ë

RP3�D)T� 

 

Ø 26 i~�te[i=)ĻĎ 

図形

描画

カラーバッファ（画像表示）
デプスバッファ（隠面消去）
ステンシルバッファ（型抜き）

R
G

B
A
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Ŵ3Ų�k�K{t)�Ď 

3.1 GLFW )ó§ 

OpenGL :��sw���8ʗE˿DP3�D'��1.5.1ʆ4̂A-̈N�!9ĭ>ñ%ǚȥ

:��sw���"58ə7ND'�+!4�!9ˢʩ4:ġ��sw���4o�lf�xS

ç̈8'O-G8�t��`sw9 GLFW (http://www.glfw.org) Søɒ%D'�GLFW :÷̇ũ

ã'OƘˇ��ND'� 

3.1.1 Windows .)ó§ 

GLFW 9��kZbw9qY���x��k (http://www.glfw.org/download.html) 9 “32-bit 

Windows binaries” 9�p�Sb�sb%3�.#��'O5 32bit Ɂ9�Xy��UX�SD5

G- ZIP �UX� glfw-3.X.Y.bin.WIN32.zip (X, Y :ǒś) �qY���x#PD'�M�!P

Sğb�sb4̕ƴ%3�'A3Ű̥�S̕>�Ǫ�˿Eĝʯ7̔Ƌ7vW�bw� (�Xx`

���w�vlbws��C:¥ 76) 8Ű̥%3�.#�� 

�of�9ʅɍʬȊ̩SƼ03�OŅĢ:�!9©9�\�qI�UX�S»£9�jlu�

9vW�bw�� (Visual Studio 2013 9ŅĢ) 8ɴĆ�O�:f��%3�.#��!P8LN�

��kZbw9ÊƧǣ8�VC++ vW�bw��S˒ş'Oƫ̦Sɣ�!5�4�D'� 

" 32bit Ő Windows )ßÎ 

include iE}Y(
8 GLFW iE}Y 

C:¥Program*Files¥Windows*Kits¥8.1¥Include¥um*

lib-msvc120 iE}Y(
8 glfw3.lib i=@} 

C:¥Program*Files¥Windows*Kits¥8.1¥Lib¥winv6.3¥um¥x86*
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" 64bit Ő Windows )ßÎ 

include iE}Y(
8 GLFW iE}Y 
C:¥Program*Files*(x86)¥Windows*Kits¥8.1¥Include¥um*

lib-msvc120 iE}Y(
8 glfw3.lib i=@} 

C:¥Program*Files*(x86)¥Windows*Kits¥8.1¥Lib¥winv6.3¥um¥x86*

�of�9ʅɍʬȊ̩SƼ03�7�ŅĢ:�Visual Studio 9��kZbwÊƧǣ8��VC++ 

vW�bw��8 ZIP �UX�SŰ̥%-vW�bw� (�\�q) Sƽş%D'�!9ǚȥ:

Ƒ̂%D'� 

7��o�l�UX��Mf��X�'OŅĢ: CMake (http://www.cmake.org) Søɒ%D'�

CMake (cmake-gui) S˯Ć%3 “Where is the source code” 8o�l�UX�9 ZIP �UX�S

Ű̥%-vW�bw�Sƽş%�“Where to build the binaries” 8:Ǫ�˿Eĝʯ7vW�bw�S

ƽş%D'�+9Ƒ�“Configure” Sb�sb%3Ëɒ'O Visual Studio 9��k��Sƽş%

-Ƒ “Generate” Sb�sb'P;�Visual Studio 9��kZbw�UX��ÊƧ#PD'� 

3.1.2 Mac OS X 

Mac OS X 4:�Xcode 5 Command Line Tools �X�lw��#P3�OƘˇ��ND'�

Xcode : AppStore �MȽǗ4ãƫ4�D'�Command Line Tools :�Xcode 9��k�� 5 8

:ģȁ#P3�D'��“Xcode” �z���M “Open Developer Tool” 9 “More Developer Tools” 

S̕?5qY���x��k�ˁɰ#PD' (ȽǗ9̥ɚʬ��iɛ̠�Ƙˇ4')� 

ǲɷ9łʁǣȼ4:�MacPorts (http://www.macports.org) 8 GLFW 9��k�� 3 9�sd

�k�ɒƢ#P3�D%-��HomeBrew (http://brew.sh) I Fink (http://www.finkproject.org) 8:

�ND)T4%-�o�l�UX��M:»£9ƫ̿4X�lw��4�D'� 

" @�T_�} 

GLFW 9��kZbw9qY���x��k (http://www.glfw.org/download.html) �Mo�l

�UX�9 ZIP �UX� glfw-3.X.Y.zip (X, Y :ǒś) SqY���x%3vlbws�8ʨ��

+PSq��b�sb%3Ű̥%3�.#��glfw-3.X.Y 5��vW�bw��ÊƧ#PD'� 

Ȑ8p��y�S̥��»£9f��xS̿8Šʾ%3�.#� (ʅɍʬȊ̩�Ƙˇ4')�‘%’ 

:jZ�9����wSˁ%D'�7���UX�: /usr/local »£8X�lw��#PD'� 

%*cd*~/Desktop/glfwK3.X.Y*
%*mkdir*build*
%*cd*build*
%*cmake*..*
%*make*
%*sudo*make*install*

" >�@�T_�} 

X�lw��%- GLFW 9�UX�Sý̪'OƘˇ�ɐ&-ŅĢ:�þ̂9ƫ̿4 GLFW 

SX�lw��%-5�8 build vW�bw�9©8ÊƧ#PO Makefile SË03V�X�l

w��4�D' (ʅɍʬȊ̩�Ƙˇ4')� 

%*cd*~/Desktop/glfwK3.X.Y/build*
%*sudo*make*uninstall*
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3.1.3 Linux 

Linux (X11) : NVIDIA GeForce 8 j��m»̨�O�: ATI RADEON HD j��m»̨9

�v]^�x4�����X[p�x�X��X�lw��#P3�O!5Sơş%3�D'�

Intel 9 CPU éʼc��Wsbl9ŅĢ�x�X�: https://01.org �Mãƫ4�D'� 

ǲɷ9łʁǣȼ4:�Fedora (http://fedoraproject.org) 8 GLFW 9��k�� 3 9�sd�k

�ɒƢ#P3�D%-��Ubuntu (http://www.ubuntu.com) I OpenSUSE (http://www.opensuse.org) 

8:�ND)T4%-�o�l�UX��M:»£9ƫ̿4X�lw��4�D'� 

" @�T_�} 

GLFW 9��kZbw9qY���x��k (http://www.glfw.org/download.html) �Mo�l

�UX�9 ZIP �UX� glfw-3.X.Y.zip (X, Y :ǒś) qY���x%3�.#�� 

Ȑ8p��y�S̥��»£9f��xS̿8Šʾ%3�.#� (ʅɍʬȊ̩�Ƙˇ4')�‘%’ 

:jZ�9����wSˁ%D'�7���UX�: /usr/local »£8X�lw��#PD'� 

%*unzip*glfwK3.X.Y.zip*
%*cd*glfwK3.X.Y*
%*mkdir*build*
%*cd*build*
%*cmake*..*
%*make*
%*sudo*make*install*

" >�@�T_�} 

X�lw��%- GLFW 9�UX�Sý̪'OƘˇ�ɐ&-ŅĢ:�þ̂9ƫ̿4 GLFW 

SX�lw��%-5�8 build vW�bw�9©8ÊƧ#PO Makefile SË03V�X�l

w��4�D' (ʅɍʬȊ̩�Ƙˇ4')� 

%*cd*glfwK3.X.Y/build*
%*sudo*make*uninstall*

3.2 Wi_BC>ǈşŗá 

��c��9ÊƧ:u`lw[vWp5f��X����^769ˏ˛îɍʎ#��P;ĝʯ

4'��ɋĻ:u`lw[vWpIf��X����^�v�s_76S=5D5G8%-�ʚ

Ģ̥ɚɏň (Integrated Development Environment, IDE) � ʵɝ8ɒ�MPD'�!!4:ġ��

sw���8��3L�ËRPOo�wYZV̥ɚɏň81�3˝Ǡ%D'� 

3.2.1 Windows 

" k�SCJ_)ģƙ�Ď 

Windows 4: Visual Studio 2013 SÌ8%3˝Ǡ%D'�Visual Studio 2013 S˯Ć%�Ǚ%�

��kZbwSÊƧ%3�.#��Ǚ%���kZbwSÊƧ'O8:���UX��9�z�

�9�ǙˉÊƧ��M���kZbw�S̕?��Ĺ 279ɧđ95!QSb�sb%D'� 
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Ø 27 k�SCJ_)�Ď 

X�lw��ȰE9u����w�M�Visual C++�9�Win32 f�o��V��d�j���

S̕>�ÊƧ'O��c��9�Ĥþ�S˒ş%3�M�OK�Sb�sb%3�.#� (Ĺ 28)� 

 

Ø 28 	Win32 N�W�}>k|L�Rz�
)ǀĕ 

ÊƧ'O��kZbw9˒şSŎǩ'O94�Ĺ 29 4:�Ȑ@�Sb�sb%D'� 

 

Ø 29 	Ŀ.
;J|[J 

�̃ă9]�j���9YW�xY (Ĺ 30) 4�ɹ9��kZbw�S̕ƴ%D'�!PS̕

ƴ%7�P; main() ̧ǒSħFo�l�UX��ÊƧ#PD'��+PSËɒ%3HȆ�D)

T�ǬƑ8�Ş­�Sb�sb%3�.#�� 
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Ø 30 	ů)k�SCJ_
)ǀĕ 

" k�SCJ_)k�f]? 

!9��kZbw4�GLFW SËɒ'O˒şSʾ�D'����kZbw�9�z��9��

��uW�S̕ƴ%3�.#� (Ĺ 31)� 

 

Ø 31 k�SCJ_)	k�f]?
)ơí 

 

Ø 32 k�SCJ_)	ĻĎ
)ǀĕ 

Ĺ 32 9��kZbw9ȆƧ8:�v�sc95�8ɒ�O�v�sc�5�v�sc�Ş­
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%3Ǭʖɝ7��c��SÊƧ'O5�8ɒ�O����l��ɒƢ#P3�D'�����l�

ȆƧ4��c��S��x (f��X�I��bʂ9 ̋9îɍSʘ3ɠɝ9��c��SÊƧ

'OÊȄ) 'O5Ǭ̔ĉ8LNąɊ9ʶ���c���ɐƧ#PD'��¤ˇ7f�x�ý̪#

P-N'O-G8o�l��c��5f��X�%-ʙǸ� ʴ%7�7N�v�sc�̴%�

7ND'�!!4:§ǚ9ȆƧ8ģ&˒şS̔ɒ'O-G8��ä39ȆƧ�S̕>D'� 

" 	VC++ ^?~J_|
)ơí (i=@};	RT]t)^?~J_|
(ƈ��ħ*�Ɨ) 

GLFW9�sq�UX�I�X����UX�9ŅƪS˒ş%D'����uW��k9YW

�xY (Ĺ 33) 9ŵÚ9�X� (YW�xY9́Ł) 4�VC++ vW�bw��S̕>��X�b

��xvW�bw��9Ȏ9ğɽ9�Sb�sb%3�<ʣ̱…> S̕T4�.#�� 

 

Ø 33 	@�J}�`^?~J_|
)ǗŢ)ƅǏ 

�X�b��xvW�bw��9˒şYW�xY (Ĺ 34) 9ğ¢9�\�q9VXf�Sb�

sb'O5�Ȏ�=51ÊƧ#PD'�+9Ȏ9ğÚ9�…�Sb�sb%3�.#�� 

 

Ø 34 	@�J}�`^?~J_|
)ơíB?�`B 

vW�bw�9˒ş9qXV�cYW�xY ([�� ! ĕȿà�ˈ1�ND)T� ) �ɋP

O94�GLFW 9�Xy��UX�9 ZIP �UX�SŰ̥%-vW�bw�9©9 include v

W�bw� (Ĺ 35) S̕ƴ%3���\�q�9̕ƴ�Sb�sb%3�.#�� 
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Ø 35 GLFW )f[L�S) include ^?~J_|)ǀĕ 

»¢9˒ş�Ş­%-M��OK�Sb�sb%3�.#� (Ĺ 36)� 

 

Ø 36 	@�J}�`^?~J_|
)ơíì� 

��X���vW�bw��9Ȏ9ğɽ9�Sb�sb%3�<ʣ̱…> S̕>D' (Ĺ 37)� 

 

Ø 37 	{@j{|^?~J_|
)ǗŢ)ƅǏ 

��X���vW�bw��9˒şYW�xY (Ĺ 38) 9ğ¢9�\�q9VXf�Sb�s

b%3�ȎS=51ÊƧ%D'�+9Ƒ�+9Ȏ9ğÚ9�…�Sb�sb%3�.#�� 
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Ø 38 	{@j{|^?~J_|
)ơíB?�`B 

GLFW 9�Xy��UX�9 ZIP �UX�SŰ̥%-vW�bw�9©9 lib-msvc120 vW

�bw�S̕ƴ%3���\�q�9̕ƴ�Sb�sb%3�.#� (Ĺ 39)� 

 

Ø 39 GLFW f[L�S) lib-msvc120 ^?~J_|)ǀĕ 

»¢9˒ş�Ş­%-M��OK�Sb�sb%3�.#� (Ĺ 40)� 

 

Ø 40 	{@j{|^?~J_|
)ơíì� 

" |�J�8{@j{|i=@})Ęí 

��c��9��bǣ8��b'O GLFW 5 OpenGL 9�X����UX�Sƽş%D'�
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���uW��k9YW�xY (Ĺ 41) 9ŵÚ9�X�4���^���ãā�9̿8̕ƴ%��̃

ă9ÎŜ�UX��9Ȏ9ğɽ9�Sb�sb%3�<ʣ̱…> S̕T4�.#�� 

 

Ø 41 ƹ¾)�êi=@} 

��b'O�X����UX�5%3�glfw3.lib, opengl32.lib 9°1S�̃ă9ÎŜ�UX��

8̃ă%D' (Ĺ 42)�+9Ƒ��OK�Sb�sb%3�.#�� 

 

Ø 42 glfw3.lib & opengl32.lib )ƹ¾ 

 

Ø 43 ƹ¾ă)	ƹ¾)�êi=@}
 

̃ăƑ9�̃ă9ÎŜ�UX��:Ĺ 439L�87ND'�!!8ɡǃ “glfw3.lib; opengl32.lib;” 
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Sãā'O!5H4�D'�ǬƑ8�OK�Sb�sb%3�.#�� 

ƕƯǡW�Tk�K{t.)ơí)Ü2ƶ0 

���b'O�X����UX�9ƽş�:o�l��c�� (ˆǒ�OŅĢ:�6P�=5

1.�4Ȇ�D)T) 8Ȑ9 2 ʾSʨ�!58LN�ɣ�!5�4�D'� 

#pragma*comment(lib,*"glfw3.lib")*
#pragma*comment(lib,*"opengl32.lib")*

%-�03�GLFW ̧̋9�UX�S�jlu�9vW�bw��8ʨ��o�l��c��

9ì͂4!PM9˒şSʾ�;���kZbwSǙˉÊƧ'O->8���kZbw9���u

W�S˒ş'Oƫ̦Sɣ�!5�4�D'� 

D-��Win32 f�o��V��d�j���9��kZbw4ÊƧ%-��c��:�Šʾ

'O5 OpenGL 9YW�xY9B�8�f�o��YW�xY��̥�D'�f�o��YW

�xY:v�scǣ8�sn�kʂSˁɰ'O98Ǯɒ4'��!PS̥�-�7�ŅĢ:Ȑ9

éŢSo�l��c��8̃ă%3�.#� (ʝ�3 1 ʾ4ãā%3�.#�)� 

#pragma*comment(linker,*"/subsystem:¥"windows¥"*/entry:¥"mainCRTStartup¥"")*

ƕƯǡ{@j{|)|�J("�$ 

�X���9��bǚȥ8:�lpuWsb��b5qXy�sb��b5��°19ǚȥ�

�ND'�lpuWsb��b:��X����UX�8ɛ̠#P3�O̧ǒS��c��9�

�bǣ8��c��ʲÇ8ʗE˿Fǚȥ4'� ǚqXy�sb��b:��X����UX�

S÷8ɒƢ%3�����c��9Šʾǣ8+9�X����UX�8ɛ̠#P3�O̧ǒSĭ

>ñ'ǚȥ4'�!9÷8ɒƢ%-�X����UX�9!5S�qXy�sb��b�X��

� (Dynamic Link Library, DLL) 5ĭ>D'� 

�X����UX�8ɛ̠#P3�O̧ǒ:ˆǒ9��c���Møɒ#PO-G�lpuW

sb��bSʾ�5ģ&̧ǒ9f���ə7O��c��é8ŜĻ'O!587N����Iv

Wlb76�Ƚ͇8ËRPD'�!P8ť%3qXy�sb��b4:�̧ǒ9ŠÇ:=518

7O-G�lpuWsb��b9L�7Ƚ͇��ND)T�D-��X����ǩǙ#P-5�

: DLL SãPǫ�O.�4ȰE�lpuWsb��b9L�8��b%ɡ'Ƙˇ��ND)T� 

!9L�8��sw9Ő�qXy�sb��b4'��ǲǪ4:lpuWsb��bɒ9�X

���4�O glfw3.lib S��b%3�D'�!9ɍɔ:�qXy�sb��b4: DLL S�f

��x9ȃʒ�l�8ħDPOvW�bw�I�ÊȄvW�bw��8ʨ�!5Sř0--G4

'�D-�DLL 9��k��9¤ ʴ8LOw���S̖�O!58H̘Ʀ%3�D'� 

%�%�Visual C++ 8��3!PM9lpuWsb��bɒ9�X���S��b'O5�

Visual C++ 8L03ǧ͌ɝ8��b#PO·9�X���5ɾĢ%3�O5��˥Ī�ˁɰ#

PO!5��ND'�!9˥Ī:qXy�sb��bSʾ�;Ưú'O!5�4�D'� 

GLFW SqXy�sb��b'O8: glfw3.lib 9¹RN8 glfw3dll.lib S��b%D'�!

P:��c���M DLL (glfw3.dll) Sĭ>ñ'-G9�X���4'�+%3�!9 glfw3.dll 

S�f��x9ȃʒ�l�8ħDPOvW�bw���ÊƧ%-��c��SŠʾ'O̯9�Ê

ȄvW�bw��8ʨ�3�.#��þʬ9ŅĢ: glfw3.dll S�jlu�9vW�bw��4

�O  C:¥Windows¥System32 (32bit Ɂ  Windows) �O�:  C:¥Windows¥SysWOW64 (64bit Ɂ 
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Windows) 8ʨ����jlu�9˙ʔ˒ş2�4�jlu�ɏňŎǒ�9 Path 8 glfw3.dll Sʨ

�-vW�bw�S̃ă%3�.#�� 

" W�Ti=@})ƹ¾ 

��c��9o�l�UX�SÊƧ%D'����kZbw�9�z���M�Ǚ%�̾ɠ9

̃ă�S̕T4�.#� (Ĺ 44)� 

 

Ø 44 ģ��ǗŢ)ƹ¾ 

�Ǚ%�̾ɠ9̃ă�9YW�xY (Ĺ 45) 9ŵÚ9�X�4�Visual C++�S̕>�©œ9

�X�4�C++ �UX� (.cpp)�S̕T4�.#��D-�+9£9�Ĥþ�9Ȏ8o�l�U

X�9�UX�ĤSãā%3�.#��+9Ƒ��̃ă�Sb�sb%3�.#�� 

 

Ø 45 C++ )W�Ti=@})ƹ¾ǝģƙ�ĎǞ 

u`lw[vWp9YW�xY (Ĺ 46) �̥�D'�!!8o�l��c��Sãā%D'� 

                                                        
2 Windows 7:�lp�w�z����M�f�w����|���jlu�5n`��uW��j
lu��9̿8̕T4�jlu�9˙ʔ˒ş�S̕ƴ%D'�Windows 8: vlbws��M�r
����S̥��˒ş��PC Ơń�9̿8̕T4�jlu�9˙ʔ˒ş�S̕ƴ%D'� 
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Ø 46 W�Tk�K{t)ƅǏ 

3.2.2 Mac OS X 

" k�SCJ_)ģƙ�Ď 

Mac OS X 4: Xcode 9��k�� 5 9Ì81�3˝Ǡ%D'�Xcode S˯Ć%�l��s

j�YW�xY (Ĺ 47) 9 “Create a new Xcode project” Sb�sb'O��“File” �z��9 

“New” �M “Project” S̕T4�.#�� 

 

Ø 47 Tk{[RxB?�`B 

��kZbw9u����w5%3 “OS X” 9 “Application” �M “Command Line Tool” S

̕>�“Next” Sb�sb%3�.#� (Ĺ 48)� 
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Ø 48 k�SCJ_)]�k~�_)ǀĕ 

��kZbw9]�j��:�“Product Name” .�˒ş%3�.#��“Organization Name” I 

“Company Identifier” :ǜşØ�˒ş#P3�D'�“Type” 8:H/QT C++ S̕T4�.#

��+9Ƒ “Next” Sb�sb%3�.#� (Ĺ 49)� 

 

Ø 49 k�SCJ_)FkRz�)ơí 

��kZbw9vW�bw�SÊƧ'OŅƪSƽş%D'�̔Ƌ75!QS̕T4�“Create” 

Sb�sb%3�.#� (Ĺ 50)� 



 40 

 

Ø 50 k�SCJ_)^?~J_|) ê¥ 

" k�SCJ_)ơí 

D(��sq�UX�5�X���9ȃʒ�lS˒ş%D'�Ĺ 51 9YW�xY9ŵÚ8�

O��kZbwĤSb�sb%�+9ğ9�s�Vs��z���M “Targets” S̕T4�.#

��Ȑ8©œ̗9 “Build Settings” S̕ƴ%D'�!!8:˒ş̾ɠ�ơ̋8�O94�ȃʒɻ

8 “search” 76Sãā%3 “Header Search Paths” 5��̾ɠSǂ%�+9ğÚSq��b�s

b%D'�'O5ãāYW�xY��s�Vs�%D'�M�ŵ£9 “+” Sb�sb%3ȎS̃

ă%�+!8 GLFW 9�sq�UX�SX�lw��%-Ņƪ (/usr/local/include) S˒ş%3�

.#�� 

 

Ø 51 l[Yi=@})ĸŽfT)ơí 

�s�Vs�%-YW�xY: ESC `�SpX�'O��+9YW�xY»ŏ95!QSb
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�sb'P;ȫ�D'�Ȑ8 “Library Search Paths” 9ğÚ (Ĺ 52) Sq��b�sb%�ģȇ8 

GLFW 9�X����UX�SX�lw��%-Ņƪ (/usr/local/lib) S˒ş%D'� 

 

Ø 52 {@j{|i=@})ĸŽfT)ơí 

��b'O�X���5������bS˒ş%D'�ȃʒɻ8 “linker” 76Sãā%3 

“Other Linker Flags” 5��̾ɠSǂ%�+9ğÚSq��b�sb%D' (Ĺ 53)�ãāYW�

xY��s�Vs�%-M�ŵ£9 “+” Sb�sb%3ȎS̃ă%�+!8»£9éŢSãā%

3�.#��!P: 1 ʾ4ãā%3H�=51(1ȎSÊ03HȆ�D)T� 

Klglfw3*Kframework*Cocoa*Kframework*IOKit*Kframework*OpenGL*Kframework*CoreVideo*

 

Ø 53 |�J�8{@j{|&i~�t��J)Ęí 
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!9u����w4: “main.cpp” 5���UX�Ĥ9o�l�UX��ʲĆɝ8ÊƧ#PD

' (Ĺ 54)�!P8 main() ̧ǒ�şʩ#P3�D'�D- “��kZbwĤ.1” : Unix I Linux 

4ËRPO man ƌƅ9�z�V�9o�l�UX�4'�ǲǪ4:!P:ËR7�94�ğb

�sb%3̕ƴ%3 “Delete” S̕T4ý̪%3HȆ�D)T� 

 

Ø 54 W�Tk�K{t)ƅǏ 

" Makefile ;�8 

Xcode SËɒ)(�jZ�4f��xSË03��c��SÊƧ'OŅĢ:�Makefile SɒƢ

%3��5ƫ̦�ɣ�D'�D(�mkdir f��x76SË03�o�l�UX�Sʨ�ɹ9v

W�bw�S=51ÊƧ%3�.#��‘%’ :jZ�9����wSˁ%D'� 

%*mkdir*sample*

Ȑ8�u`lw[vWpSË03»£9éŢ9�UX�S Makefile 5���UX�Ĥ4ÊƧ

%�!9vW�bw�8ÒŜ%3�.#��D-�!9�UX�9ʾ͂9ɹɜ (ʟ��9̗ò) 8

:�l��l4:7�p�SË03�.#�� 

CXXFLAGS*=*KI/usr/local/include*–Wall*
LDLIBS* =*KL/usr/local/lib*Klglfw3*Kframework*Cocoa*Kframework*IOKit*¥*
* Kframework*OpenGL*Kframework*CoreVideo*
OBJECTS* =*$(patsubst*%.cpp,%.o,$(wildcard**.cpp))*
TARGET* =*sample*
*
.PHONY:*clean*
*
$(TARGET):*$(OBJECTS)*
* $(LINK.cc)*$^*$(LOADLIBES)*$(LDLIBS)*Ko*$@*
*
clean:*
* K$(RM)*$(TARGET)*$(OBJECTS)**~*.*~*core*

!9�UX�SÊƧ%3��;�!9vW�bw�4 make f��xSŠʾ'O!58LN�

o�l��c���f��X����b#P3�Šʾ��c���ÊƧ#PD'� 
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3.2.3 Linux 

" Geany ;�� 

Linux 8H#D$D7ʚĢ̥ɚɏň��N�D-�ǲǪ9łʁǣȼ4:6P�ªȩ5��R�

4H7#+�4'�u`lw[vWp5f��x�X�f��X�.�4̥ɚ'O!5Hĝʯ7

94'��!!4:j���4˹̛7̥ɚɏň9 Geany (http://www.geany.org) 9ÌSʕµ%D'� 

p��y�S̥��Ȑ9f��x4 Geany S˯Ć%3�u`lw�UX�SǙˉÊƧ%D'�

!9Ì4: main.cpp 5���UX�Ĥ9o�l�UX�SÊƧ%D'�‘%’ :jZ�9���

�wSˁ%D'� 

%*geany*main.cpp*

�O�:�Geany 9��UX���z���MǙˉÊƧ'O!5H4�D'�C++ 9o�l�

UX�4�P;��u����w�MǙˉÊƧ�9 main.cxx S̕>D' (Ĺ 55)�ƹƉŚ� “.cxx” 

8703%D�D'��Linux 4:!PH C++ 9o�l�UX�9ƹƉŚ5%3˚ˤ#PD'� 

 

Ø 55 W�Ti=@})ģƙ�Ď 

 

Ø 56 g}`Nr�`)ơíB?�`B)Ó,¯� 
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Ȑ8�f��X�]�j��9˒şSʾ�D'�Geany 9���x��z���M���xf

��xS˒ş�S̕T4�.#� (Ĺ 56)����xf��xS˒ş�9YW�xY9���x�

���9f��x9Ȏ (Ĺ 57) 8�ǜ8ãā#P3�OH99Ƒ8l��lS��3Ȑ9éŢS

̃ă%3�.#��-lm : GLFW �O�: OpenGL 4:øɒ#PD)T��ǲǪ9��c��

4:ǒŝ�X���SË�94�!!4̃ă%3��D'� 

*KlGL*Klglfw3*KlXi*KlXrandr*KlXxf86vm*KlX11*Klrt*Klpthread*Klm*

˒ş�ʖR0-M�OK�Sb�sb%3�.#�� 

 

Ø 57 g}`Nr�`;ơí 

" Makefile ;�8 

Geany 769ʚĢ̥ɚɏňSËɒ)(�jZ�4f��xSË03��c��SÊƧ'OŅĢ

:�Makefile SɒƢ%3��5ƫ̦�ɣ�D'�D(�mkdir f��x76SË03�o�l�

UX�Sʨ�ɹ9vW�bw�SÊƧ%3�.#��‘%’ :jZ�9����wSˁ%D'� 

%*mkdir*sample*

Ȑ8�u`lw[vWpSË03»£9éŢ9�UX�S Makefile 5���UX�Ĥ4ÊƧ

%�!9vW�bw�8ÒŜ%3�.#��D-�!9�UX�9ʾ͂9ɹɜ (ʟ��9̗ò) 8

:�l��l4:7�p�SË03�.#�� 

CXXFLAGS*=*KWall*
LDLIBS* =*KlGL*Klglfw3*KlXi*KlXrandr*KlXxf86vm*KlX11*Klrt*Klpthread*–lm*
OBJECTS* =*$(patsubst*%.cpp,%.o,$(wildcard**.cpp))*
TARGET* =*sample*
*
.PHONY:*clean*
*
$(TARGET):*$(OBJECTS)*
* $(LINK.cc)*$^*$(LOADLIBES)*$(LDLIBS)*Ko*$@*
*
clean:*
* K$(RM)*$(TARGET)*$(OBJECTS)**~*.*~*core*
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!9�UX�SÊƧ%3��;�!9vW�bw�4 make f��xSŠʾ'O!58LN�

o�l��c���f��X����b#P3�Šʾ��c���ÊƧ#PD'� 

3.3 W�Tk�K{t)�Ď 

3.3.1 ®ŖĐǘ 

!9ˢʩ4:�ˢʩéŢSH58Š̯8��c��SÊƧ%�ˢʩéŢ9ɍˎ5şɥSĹND

'�ɍˡɝ7̗ò: OpenGL Sɒ�3Š˃%D'��+PSŠ̯8ĆÊ#)O-G8:V��

d�j����c��5%39ǹʗE�Ƙˇ87ND'�+9-G9t��`sw5%3�!9

ˢʩ4: GLFW Sǁɒ%D'�GLFW SË0-��c��9îɍƫ̿:Ȑ9L�87ND'� 

(1) GLFW Sõǯĉ'O (glfwInit()) 

(2) YW�xYSÊƧ'O (glfwCreateWindow()) 

(3) YW�xY�̥�3�O̦�Ń%ǆɕ'O (glfwWindowShouldClose()) 

(4) q���s�U��c9�s�U9ãPǫ�Sʾ� (glfwSwapBuffers()) 

(5) YW�xY�̤&-Mʖ­îɍSʾ� (glfwTerminate()) 

+!4�Ǭõ8�ǬŪ9�C++ 9��c��Sʫ�3ED'�»£9ʟ��9̗òS (Ëɒ'

Oo�wYZV̥ɚɏň9) u`lw[vWp8Ƭ/˿T4�.#�� 

int*main()*
{*
}*

!9��c��:���c��9[�w��X�w (��c��9ŠʾS̥Ŗ'OŅƪ) 4�

O main() ̧ǒ%�7��+9©˵Hɹ794�Šʾ%3HÈH˯!M(8ʖ­%D'� 

3.3.2 GLFW )³ĭÂ 

main() ̧ǒ8 GLFW 9õǯĉîɍS̃ă%D'�o�l��c��9ì͂4 GLFW 9�s

q�UX� GLFW/glfw3.h S #include %�main() ̧ǒ9Ǭõ9̗ò�'7R/��c��9Š

ʾ̥ŖɡƑ8 glfwInit() ̧ǒSŠʾ%D'�!P8LN�!9��c��4 OpenGL SËɒ'O

-G9ȶÜ�ʾRPD'�glfwInit() ̧ǒ9ƩNØ� GL_FALSE 95�: GLFW 9õǯĉ8Ŕ

ǐ%3�D'�M�[���sn�kSñ%3��c��Sʖ­'OL�8%D'� 

#include*<iostream>*
#include*<GLFW/glfw3.h>*
*
int*main()*
{*
**//*GLFW*;³ĭÂ�8*
**if*(glfwInit()*==*GL_FALSE)*
**{*
****//*³ĭÂ(æĞ��*
****std::cerr*<<*"Can't*initialize*GLFW"*<<*std::endl;*
****return*1;*
**}*
}*
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int glfwInit(void) 

GLFW Sõǯĉ%D'�·9ä39 GLFW 9̧ǒSŠʾ'Oþ8Šʾ'OƘˇ��ND'�

õǯĉ8ƧĂ'P; GL_TRUE�Ŕǐ'P; GL_FALSE Ś%D'� 

3.3.3 B?�`B;�Ď�8 

GLFW 9õǯĉ�ƧĂ%-M�glfwCreateWindow() ̧ǒSË03 OpenGL 8LOǆɕSʾ�

YW�xYSÊƧ%D'�glfwCreateWindow() ̧ǒ9ƩNØ:���q��cf�u`lw5ĭ

;POYW�xYĺǮ9ƠńSħF]�kZbw9�X�p4'�!!4ÈM�9ɍɔ8LNY

W�xY�ÊƧ4�7�0-ŅĢ8:�!P� NULL 87ND'94�+95�:[���s

n�kSˁɰ%3��c��Sʖ­'OL�8%3��D'�7��!9ǣȼ4:ǜ8 glfwInit() 

8LO GLFW 9õǯĉ�Ş­%3�D'94���c��Sʖ­'Oɡþ�'7R/ return Ǖ

9þ4�glfwTerminate() ̧ǒSŠʾ%3 GLFW 9ʖ­îɍSʾ�D'� 

#include*<iostream>*
#include*<GLFW/glfw3.h>*
*
int*main()*
{*
**//*GLFW*;³ĭÂ�8*
**if*(glfwInit()*==*GL_FALSE)*
**{*
****//*³ĭÂ(æĞ��*
****std::cerr*<<*"Can't*initialize*GLFW"*<<*std::endl;*
****return*1;*
**}*
*
**//*B?�`B;�Ď�8*
**GLFWwindow**const*window(glfwCreateWindow(640,*480,*"Hello!",*NULL,*NULL));*
**if*(window*==*NULL)*
**{*
****//*B?�`B��Ď%�'�!�*
****std::cerr*<<*"Can't*create*GLFW*window."*<<*std::endl;*
****glfwTerminate();*
****return*1;*
**}*
}*

GLFWwindow *glfwCreateWindow(int width, int height, const char *title, GLFWmonitor *monitor, 

GLFWwindow *share) 

GLFW 9YW�xYSÊƧ%D'�ƩNØ:ÊƧ%-YW�xY9~�x�4'�YW�xY

�̥�7�P; NULL Ś%D'� 

width 

ÊƧ'OYW�xY9ȋż9ɕʑǒ4�0 LNő��7�P;7ND)T� 

height 

ÊƧ'OYW�xY9͊#9ɕʑǒ4�0 LNő��7�P;7ND)T� 

title 

ÊƧ'OYW�xY9pXw���8ˁɰ'OǕśô4'�Ǖśf�x: UTF-8 4'� 
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monitor 

YW�xYS�zp (vWl��X) 9ä̹8ˁɰ'O5� (��lb�����x)�

ˁɰ'O�zpSƽş%D'���lb�����x47�P; NULL Sƽş%D'� 

share 

Ɔǒ share 8·9YW�xY9~�x�Sƽş'P;�+9YW�xY5ublr�7

69�o�lSçǮ%D'�NULL Sƽş'P;��o�l9çǮ:ʾ�D)T� 

void glfwTerminate(void) 

GLFW 9ʖ­îɍSʾ�D'�glfwInit() ̧ǒ4 GLFW 9õǯĉ8ƧĂ%-ŅĢ:���c

��Sʖ­'Oþ8�!9̧ǒSŠʾ'OƘˇ��ND'�!9̧ǒ: GLFW 4ÊƧ%-ä

39YW�xYS̤&�ɮÒ%-ä39�o�lSˎǏ%3���c��9ɆƥS glfwInit() ̧

ǒ4õǯĉ'Oþ8Ʃ%D'�!9Ƒ8 GLFW 9ȍʯSËɒ'O8:�ëƃ glfwInit() ̧ǒ

SŠʾ%7�P;7ND)T� 

3.3.4 �Ď��B?�`B;®Ŗñƫ(�8 

YW�xYSÊƧ'O!58ƧĂ%-M�glfwMakeContextCurrent() ̧ǒ9Ɔǒ8+9~�x

�Sƽş%3�+9YW�xY9��q��cf�u`lwSîɍ9ť˧8%D'�̥�-YW

�xY8ť'O˒şIĹƌ9ǆɕ76:�!9Ƒ8ʾ�D'� 

#include*<iostream>*
#include*<GLFW/glfw3.h>*
*
int*main()*
{*
**//*GLFW*;³ĭÂ�8*
**if*(glfwInit()*==*GL_FALSE)*
**{*
****//*³ĭÂ(æĞ��*
****std::cerr*<<*"Can't*initialize*GLFW"*<<*std::endl;*
****return*1;*
**}*
*
**//*B?�`B;�Ď�8*
**GLFWwindow**const*window(glfwCreateWindow(640,*480,*"Hello!",*NULL,*NULL));*
**if*(window*==*NULL)*
**{*
****//*B?�`B��Ď%�'�!�*
****std::cerr*<<*"Can't*create*GLFW*window."*<<*std::endl;*
****glfwTerminate();*
****return*1;*
**}*
*
**//*�Ď��B?�`B;*OpenGL*)®Ŗñƫ(�8*
**glfwMakeContextCurrent(window);*
}*

void glfwMakeContextCurrent(GLFWwindow *const window) 

Ɔǒ window 8ƽş%-~�x�9YW�xY9��q��cf�u`lwS^��w (î

ɍť˧) 8%D'���q��cf�u`lw:ǆɕ8ɒ�MPOƠń4�YW�xY"58
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ÒƼ#PD'�Ĺƌ9ǆɕ:!PS^��w8˒ş%-YW�xY8ť%3ʾRPD'� 

window 

OpenGL 9îɍť˧5'OYW�xY9~�x�Sƽş%D'� 

3.3.5 OpenGL )³ĭơí 

glfwMakeContextCurrent() ̧ǒ4 OpenGL 8LOǆɕSʾ�YW�xYSƽş'P;�L�I

� OpenGL 9ȍʯ�Ëɒ4�OL�87ND'�!!4: glClearColor() ̧ǒ8LNɕ̹SȫĔ

'OʷSƽş%D'�ˁɰ́ŁSȫĔ'Oʷ (ʮǥʷ) :�!!4:ɜ8%D'�7��̧ǒĤ

� gl� 4ŖDOH9: OpenGL 9 API 4' (GLFW 9̧ǒĤ: glfw� 4ŖDND')� 

#include*<iostream>*
#include*<GLFW/glfw3.h>*
*
int*main()*
{*
**//*GLFW*;³ĭÂ�8*
**if*(glfwInit()*==*GL_FALSE)*
**{*
****//*³ĭÂ(æĞ��*
****std::cerr*<<*"Can't*initialize*GLFW"*<<*std::endl;*
****return*1;*
**}*
*
**//*B?�`B;�Ď�8*
**GLFWwindow**const*window(glfwCreateWindow(640,*480,*"Hello!",*NULL,*NULL));*
**if*(window*==*NULL)*
**{*
****//*B?�`B��Ď%�'�!�*
****std::cerr*<<*"Can't*create*GLFW*window."*<<*std::endl;*
****glfwTerminate();*
****return*1;*
**}*
*
**//*�Ď��B?�`B;*OpenGL*)®Ŗñƫ(�8*
**glfwMakeContextCurrent(window);*
*
**//*ƋĨƍ;Ęí�8*
**glClearColor(1.0f,*1.0f,*1.0f,*0.0f);*
}*

void glClearColor(GLclampf R, GLclampf G, GLclampf B, GLclampf A) 

glClear(GL_COLOR_BUFFER_BIT) 4YW�xYSŇNȺ'ʷSƽş%D'� 

RǠGǠB 

+P,P˭�ʡ�̶ʷ9Ƨò9Ɗ#Sɰ' GLclampf Ŀ (float Ŀ5ʂÏ) 9Ø4�0͑1 

9ØSƼ/D' (Ĺ 58)�1 �ǬHǠO��!9¡18+P,P 0, 0, 0 Sƽş'P;͋

ʷ�1, 1, 1 Sƽş'P;ɜʷ87ND'� 

A 

V��UØ5ĭ;P�OpenGL 4:¤̆Ǡƃ5%3ƭRPD' (0 4̆Ǡ�1 4¤̆Ǡ)�

!!4:5N��( 0 8%3��D'� 
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Ø 58 R, G, B )¡&ƍ 

3.3.6 u@�}�k 

YW�xYS̥�3H�!9DD4:'�8 main() ̧ǒ9ǬƑ8ù̑%3���c���ʖ

­%3%D�D'�+!4�YW�xY�̤&MP7�P;��c���ʖ­%7�L�8�while 

8L03îɍSʧŃ%D'�YW�xY�̤&MP-�6��:�glfwWindowShouldClose() 

const ̧ǒ4ˠAO!5�4�D'� 

!9���9©4:�Ǭõ8 glClear() ̧ǒSË03ɕ̹9ˁɰ́ŁSȫĔ%D'�+9Ƒ�

+!8 OpenGL 8LNĹƌ9ǆɕSʾ�D'�ǆɕ�ʖR0-M glfwSwapBuffers() ̧ǒSŠʾ

%3�ĹƌSǆɕ%-^���s�U5ɋĻĹƌSˁɰ%3�O^���s�USãPǫ�D'�

!9îɍ:q���s�U��c5��D'� 

ǬƑ8�!9��c���Ȑ8ÈS'A��öǘ'O-G8�!9ǣȼ4ɚɐ%3�OX��

wSˠǼ%D'�glfwWindowShouldClose() const 8LOYW�xYS̤&OA��6��9öǘ

H�!9X��w9ˠǼ8H52�3ʾRPD'�X��w9ˠǼ8:��Yl764ǌÊ'O

ť˘ɝ7V��d�j��9ŅĢ:�X��w�ɚɐ'OD4Ɛ1 glfwWaitEvents() ̧ǒSɒ�

D'�!P8ť%3�ǣ̦55H8ɕ̹9ˁɰSǩǙ'OVz��j��769ŅĢ:�X��

w9ɚɐSƐ-7� glfwPollEvents() ̧ǒSɒ�D' (ˁ 2)� 

#include*<iostream>*
#include*<GLFW/glfw3.h>*
*
int*main()*
{*
**//*GLFW*;³ĭÂ�8*
**if*(glfwInit()*==*GL_FALSE)*
**{*
****//*³ĭÂ(æĞ��*
****std::cerr*<<*"Can't*initialize*GLFW"*<<*std::endl;*
****return*1;*
**}*
*
**//*B?�`B;�Ď�8*
**GLFWwindow**const*window(glfwCreateWindow(640,*480,*"Hello!",*NULL,*NULL));*
**if*(window*==*NULL)*
**{*
****//*B?�`B��Ď%�'�!�*
****std::cerr*<<*"Can't*create*GLFW*window."*<<*std::endl;*
****glfwTerminate();*
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****return*1;*
**}*
*
**//*�Ď��B?�`B;*OpenGL*)®Ŗñƫ(�8*
**glfwMakeContextCurrent(window);*
*
**//*ƋĨƍ;Ęí�8*
**glClearColor(1.0f,*1.0f,*1.0f,*0.0f);*
*
**//*B?�`B�ǈ�$�8ǉƇ7Ƹ�*
**while*(glfwWindowShouldClose(window)*==*GL_FALSE)*
**{*
****//*B?�`B;ņÅ�8*
****glClear(GL_COLOR_BUFFER_BIT);*
*
****//*
****//*��%ĚŚ®Ŗ;Ə�*
****//*
*
****//*G{�e[i=;§9Ī�8*
****glfwSwapBuffers(window);*
*
****//*@m�_;Ê7¯�*
****glfwWaitEvents();*
**}*
}*

int glfwWindowShouldClose(GLFWwindow *const window) 

window 8ƽş%-YW�xYS̤&OƘˇ��O5��ƩNØ:̸ 0 87ND'� 

void glClear(GLbitfield mask) 

YW�xYSŇNȺ%D'�mask 8:ŇNȺ'�s�USƽş%D'������s�U:

ʷSǿʏ'O^���s�U9B��̰̹ȫĔîɍ8Ë�v�l�s�U�Ĺƌ9ĿƳ�Sʾ

�lu�j��s�U769ˆǒ9�s�U4ȆƧ#P3�N (Ĺ 26)�!PM�=519Y

W�xY8̙703�D'�mask 8 GL_COLOR_BUFFER_BIT Sƽş%-5�:�^���

s�U.�S glClearColor() ̧ǒ4ƽş%-ʷ4ŇNȺ%D'� 

void glfwSwapBuffers(GLFWwindow *const window) 

window 8ƽş%-YW�xY9^���s�USãPǫ�D'�ĹƌSǆɕ%-Ƒ8!9̧

ǒSŠʾ%7�P;�ǆɕ%-H9:ɕ̹8ˁɰ#PD)T� 

void glfwWaitEvents(void) 

�Yl9ǌÊ769X��w9ɚɐSƐ/D'�X��w�ɚɐ%-M�+PSˑ̠%3��

c��9ŠʾSë̥%D'�Vz��j��9L�8ɕ̹ˁɰSŻ8ǩǙ%ʝ�OL�7Ƙˇ

�7�P;�f����p9˨ʺSÆȱ'O-G8�!9̧ǒSɒ�D'�-.%�!9̧ǒ

:�X�9���»ŏ4Šʾ'A�4:�ND)T� 

void glfwPollEvents(void) 

�Yl9ǌÊ769X��wSęNñ%�+PSˑ̠%D'�!9̧ǒ:��c��SÙȒ#

)7�94�Vz��j��9L�8̋ʝ%3ɕ̹ˁɰSǩǙ'OŅĢ8Ëɒ%D'� 
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ƒ 2 @m�_)Ê7¯� 

 

" ƕƯǡe[i=("�$ 

�s�U: ʵ8ʤˀ˃ʨ5˓#PD'�!P:È�°19H9�ǃʝ#P3�N� ǚ�M

H� ǚ8ÈM�9ƍ̻S¥�OL�7ɆȤ8�O5��!9°19̦8ã03ƍ̻9¾ɼ/S

'OH99!5S��D'� 

OpenGL 8��O�s�U:�v�pSȐ9îɍ8Ɔ�Ȳ'-G8ɒ�O����9!5Sƽ

%D'�OpenGL 4:�Q�Q7ɶͅ9�s�USËɒ%D'��!!4ɒ�3�O�s�U:�

ǆɕ%-ĹƌSɕ̹8ˁɰ'O-G8ɒ�O�����s�U9^���s�U4'� 

Ĺƌ:�����s�U9^���s�U8ǆɕ#PD'�ɕ̹¢@9ˁɰ:�!9^���

s�U9éŢS˞Eñ%7�MǢÞÓĠSɚɐ'O!58LNʾ�D'�!!4�����s�

U@9ǆɕ5˞Eñ%Sģǣ8ʾ�5�ˁɰ8/M1��ɚɐ%3%D�%D'�+!4^��

�s�US°1ɒƢ%3��3� ǚSˁɰ%3�O̦8H� ǚ8ǆɕ'OL�8%D'�+

%3�ǆɕ�Ş­%-ǣȼ4!9°19^���s�USãPǫ�D' (Ĺ 59)�!9îɍSq

���s�U��c5��D'� 

 

Ø 59 Yj}e[i=|�K 

" ƕƯǡ@m�_("�$ 

ɕ̹¢8ˆǒ9YW�xY�ŜĻ'OŅĢ�ĹƌSˁɰ%3�OYW�xY9¢8̙703�

O·9YW�xY�̤&MP-ŅĢ8:�£9YW�xY9ˁɰéŢSǆ�ɡ'Ƙˇ��ND'�

D-ť˘ɝ7V��d�j��4:��Yl769ǌÊ8ťƚ%-îɍS̭ǣŠʾ'OƘˇ��

ND'�!9L�8��Oîɍ9Šʾ9�0��57Oñǵ¯S�X��w5ĭ>D'� 

ɚɐ%-X��w8ťƚ'Oîɍ9Šʾǚȥ8:�ɕ̹ˁɰ9->8 glfwWaitEvents() ̧ǒI 

glfwPollEvents() ̧ǒSɒ�3X��wSęNñ'ǚȥ (����cǚƅ) 5�Ʉş9X��w�

ɚɐ%-5�8Šʾ'O̧ǒS�M�&Gɛ̠%3��ǚȥ (f���sbǚƅ) ��ND'� 

イベントが発生するまで待つ (プログラムの実行
を停止する)。イベントが発生すれば、最初のイベ
ントを取り出してプログラムの実行を再開する。

glewWaitEvents() glewPollEvents()

イベントが発生していれば、それを取り出す。イ
ベントの有無にかかわらず、次に進む (プログラ
ムの実行を停止しない)。

バッファの入れ替え
glfwSwapBuffers()

表示

描画

表示

描画
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3.3.7 ſ�®Ŗ 

glfwInit() ̧ǒ8LOõǯĉ8ƧĂ%3�P;���c��Sʖ­'Oþ8 glfwTerminate() ̧

ǒSŠʾ'OƘˇ��ND'�main() ̧ǒ9ǬƑ9 return Ǖ9ɡþ8 glfwTerminate() ̧ǒ9ĭ

>ñ%S̃ă%D'� 

#include*<iostream>*
#include*<GLFW/glfw3.h>*
*
int*main()*
{*
**//*GLFW*;³ĭÂ�8*
**if*(glfwInit()*==*GL_FALSE)*
**{*
****//*³ĭÂ(æĞ��*
****std::cerr*<<*"Can't*initialize*GLFW"*<<*std::endl;*
****return*1;*
**}*
*
**//*B?�`B;�Ď�8*
**GLFWwindow**const*window(glfwCreateWindow(640,*480,*"Hello!",*NULL,*NULL));*
**if*(window*==*NULL)*
**{*
****//*B?�`B��Ď%�'�!�*
****std::cerr*<<*"Can't*create*GLFW*window."*<<*std::endl;*
****glfwTerminate();*
****return*1;*
**}*
*
**//*�Ď��B?�`B;*OpenGL*)®Ŗñƫ(�8*
**glfwMakeContextCurrent(window);*
*
**//*ƋĨƍ;Ęí�8*
**glClearColor(1.0f,*1.0f,*1.0f,*0.0f);*
*
**//*B?�`B�ǈ�$�8ǉƇ7Ƹ�*
**while*(glfwWindowShouldClose(window)*==*GL_FALSE)*
**{*
****//*B?�`B;ņÅ�8*
****glClear(GL_COLOR_BUFFER_BIT);*
*
****//*
****//*��%ĚŚ®Ŗ;Ə�*
****//*
*
****//*G{�e[i=;§9Ī�8*
****glfwSwapBuffers(window);*
*
****//*@m�_;Ê7¯�*
****glfwWaitEvents();*
**}*
*
**glfwTerminate();*
}*



 53 

" ƕƯǡatexit() (58 glTerminate() )îƏ 

��c��9ʖ­ǣ8:Ƙ( glTerminate() ̧ǒSŠʾ'OƘˇ��ND'�+9-G�!9

��c��4: main() ̧ǒ9ǬƑ9 return Ǖ9þ9B��glfwCreateWindow() ̧ǒ9[��î

ɍ95!Q4HŠʾ%3�D'� 

%�%��c��S̃ă%3��5�!PM»ŏ9Ņƪ4H��c��Sʖ­#)7�P;7

M7�ŅĢ�ɚɐ'O�HɨPD)T�+9L�75����c��9�/!/4 glTerminate() 

̧ǒSŠʾ'O!5:Ƚ͇8ƝRPD'%�ĭ>ñ%SƙPOĝʯƟH�ND'�+!4���

c��9ʖ­ǣ8Ƙ( glTerminate() ̧ǒ�Šʾ#POL�8�atexit() ̧ǒSɒ�D'� 

��c��9á͂4  atexit() ̧ǒSşʩ%3�O�sq�UX�  cstdlib S  #include %�

glfwTerminate() ̧ǒSŠʾ'O̧ǒ cleanup() Sşʩ%D'�+%3 glfwInit() ̧ǒ�ƧĂ%-

Ƒ4�atexit() ̧ǒ8LN cleanup() ̧ǒSɛ̠%D'�D-�ǜ8 main() ̧ǒ8ŀG˿T4�

- glfwTerminate() ̧ǒ:ý̪%D'� 

#include*<cstdlib>*
#include*<iostream>*
#include*<GLFW/glfw3.h>*
*
//*k�K{tſ�ħ)®Ŗ*
static*void*cleanup()*
{*
**//*GLFW*)ſ�®Ŗ*
**glfwTerminate();*
}*
*
int*main()*
{*
**//*GLFW*;³ĭÂ�8*
**if*(glfwInit()*==*GL_FALSE)*
**{*
****//*³ĭÂ(æĞ��*
****std::cerr*<<*"Can't*initialize*GLFW"*<<*std::endl;*
****return*1;*
**}*
*
**//*k�K{tſ�ħ)®Ŗ;Šǅ�8*
**atexit(cleanup);*
*
**//*B?�`B;�Ď�8*
**GLFWwindow**const*window(glfwCreateWindow(640,*480,*"Hello!",*NULL,*NULL));*
**if*(window*==*NULL)*
**{*
****//*B?�`B��Ď%�'�!�*
****std::cerr*<<*"Can't*create*GLFW*window."*<<*std::endl;*
****return*1;*
**}*
*
**//*�Ď��B?�`B;*OpenGL*)®Ŗñƫ(�8*
**glfwMakeContextCurrent(window);*
*
**//*ƋĨƍ;Ęí�8*
**glClearColor(1.0f,*1.0f,*1.0f,*0.0f);*
*
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**//*B?�`B�ǈ�$�8ǉƇ7Ƹ�*
**while*(glfwWindowShouldClose(window)*==*GL_FALSE)*
**{*
****//*B?�`B;ņÅ�8*
****glClear(GL_COLOR_BUFFER_BIT);*
*
****//*
****//*��%ĚŚ®Ŗ;Ə�*
****//*
*
****//*G{�e[i=;§9Ī�8*
****glfwSwapBuffers(window);*
*
****//*@m�_;Ê7¯�*
****glfwWaitEvents();*
**}*
}*

int atexit(void (*function)(void)) 

atexit() ̧ǒ:�Ɔǒ function 8ƽş%-̧ǒS���c��ʖ­ǣ8Šʾ'OL�ɛ̠%D

'�atexit() ̧ǒSˆǒĵĭ>ñ%3�ˆǒ9̧ǒSɛ̠'O!5�4�D' (ū7�5H 32 

Õ9̧ǒ�ɛ̠4�D')�+9ŅĢ�̧ ǒ:ɛ̠%-̿9̅̿8Šʾ#PD'�ƩNØ5%3�

̧ǒ9ɛ̠8ƧĂ%-ǣ: 0�Ŕǐ%-ǣ: 0 »ŏ9ØŚ%D'� 

3.3.8 OpenGL )e�Sz�&k�i=@})Ęí 

!9ˢʩ4: OpenGL 3.2 »̨9ȍʯSËɒ%3��c��SÊƧ%D'�+9-G�OpenGL 

9��k��I���UX�Sƽş%3YW�xYSÊƧ%D'�!P: glfwCreateWindow() 

̧ǒ4YW�xYSÊƧ'Oþ8�glfwWindowHint() ̧ǒSɒ�3ʾ�D'� 

�ťŜ�*
*
int*main()*
{*
**//*GLFW*;³ĭÂ�8*
**if*(glfwInit()*==*GL_FALSE)*
**{*
****//*³ĭÂ(æĞ��*
****std::cerr*<<*"Can't*initialize*GLFW"*<<*std::endl;*
****return*1;*
**}*
*
**//*k�K{tſ�ħ)®Ŗ;Šǅ�8*
**atexit(cleanup);*
*
**//*OpenGL*Version*3.2*Core*Profile*;ǀĕ�8*
**glfwWindowHint(GLFW_CONTEXT_VERSION_MAJOR,*3);*
**glfwWindowHint(GLFW_CONTEXT_VERSION_MINOR,*2);*
**glfwWindowHint(GLFW_OPENGL_FORWARD_COMPAT,*GL_TRUE);*
**glfwWindowHint(GLFW_OPENGL_PROFILE,*GLFW_OPENGL_CORE_PROFILE);*
*
**//*B?�`B;�Ď�8*
**GLFWwindow**const*window(glfwCreateWindow(640,*480,*"Hello!",*NULL,*NULL));*
**if*(window*==*NULL)*
**{*
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****//*B?�`B��Ď%�'�!�*
****std::cerr*<<*"Can't*create*GLFW*window."*<<*std::endl;*
****return*1;*
**}*
*
**//*�Ď��B?�`B;*OpenGL*)®Ŗñƫ(�8*
**glfwMakeContextCurrent(window);*
*
**//*ƋĨƍ;Ęí�8*
**glClearColor(1.0f,*1.0f,*1.0f,*0.0f);*
*
�ťŜ�*

void glfwWindowHint(int target, int hint) 

!9Ƒ8 glfwCreateWindow() ̧ǒ8L03ÊƧ'OYW�xY9ɄƟS˒ş%D'�v�\

�w9˒ş8Ʃ'8: glfwDefaultWindowHints() Sĭ>ñ%D'� 

target 

��wS˒ş'Oť˧�»£9H9�ƽş4�D' ( ̗SƳʊ)� 

GLFW_RED_BITS, GLFW_GREEN_BITS, GLFW_BLUE_BITS, GLFW_ALPHA_BITS 

+P,P^���s�U9˭ʷ�ʡʷ�̶ʷ�V��U8ĀNƋ3O�swǒS hint 8

ƽş%D'�v�\�w:�(PH 8 4'� 

GLFW_DEPTH_BITS 

v�l�s�U8ĀNƋ3O�swǒS hint 8ƽş%D'�v�\�w: 24 4'� 

GLFW_STENCIL_BITS 

lu�j��s�U8ĀNƋ3O�swǒS hint 8ƽş%D'�v�\�w: 8 4'� 

GLFW_SAMPLES 

hint 8��rh���ǣ9h���ǒSƽş%D'�0 Sƽş'O5��rh����Ƚ

ą87ND'�v�\�w: 04'� 

GLFW_STEREO 

hint 8 GL_TRUE Sƽş'P;lu�]��x87ND'�v�\�w: GL_FALSE 4

'�!PS GL_TRUE 84�O�6��:�~�xYZV8ÎŜ%D'� 

GLFW_CLIENT_API 

hint 8 GLFW_OPENGL_ES_API Sƽş'P; OpenGL ES 9 API SËɒ%D'�v�

\�w: GLFW_OPENGL_API 4'� 

GLFW_CONTEXT_VERSION_MAJOR 

OpenGL 9�k����k��ɘĠS hint 8ƽş%D'���k��� 3.2 7M; 3 4

'�v�\�w: 1 4'� 

GLFW_CONTEXT_VERSION_MINOR 

OpenGL 9�Xy���k��ɘĠS hint 8ƽş%D'���k��� 3.2 7M; 2 4

'�v�\�w: 1 4'� 

GLFW_OPENGL_FORWARD_COMPAT 

OpenGL 9 Forward Compatible Profile (þǚ±ǈ���UX��Ĝ�ȍʯ�Ë�7�) SË

�ŅĢ:�hint 8 GL_TRUE Sƽş%D'�v�\�w: GL_FALSE 4'� 
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GLFW_OPENGL_PROFILE 

Ëɒ'O OpenGL 9���UX�Sƽş%D'�Compatible Profile SË�ŅĢ: hint 8 

GLFW_OPENGL_COMPAT_PROFILE � Core Profile S Ë � Ņ Ģ :  hint 8 

GLFW_OPENGL_CORE_PROFILE Sƽş%D'�v�\�w: 0 4�!9ŅĢ:jlu

�9˒ş8ÎŜ%D'� 

c��Wsbl~�xYZV� glfwWindowHint() ̧ǒ4ƽş%-ɄƟ8ťƚ%3�7�P;�

+9Ƒ9 glfwCreateWindow() ̧ǒ9Šʾ:Ŕǐ%3YW�xY:̥�PD)T� 

3.3.9 �Ď��B?�`B(ñ�8ơí 

 ǚ�ÊƧ%-YW�xY8ť'O˒ş:�glfwCreateWindow() ̧ǒ8LOYW�xY9ÊƧ

8ƧĂ%-Ƒ8ʾ�D'�!!4: glfwSwapInterval() ̧ǒ8L03�q���s�U��c8

��O�s�U9ãPǫ�pX��cS˒ş%D'� 

�ťŜ�*
*
int*main()*
{*
**//*GLFW*;³ĭÂ�8*
**if*(glfwInit()*==*GL_FALSE)*
**{*
****//*³ĭÂ(æĞ��*
****std::cerr*<<*"Can't*initialize*GLFW"*<<*std::endl;*
****return*1;*
**}*
*
**//*k�K{tſ�ħ)®Ŗ;Šǅ�8*
**atexit(cleanup);*
*
**//*OpenGL*Version*3.2*Core*Profile*;ǀĕ�8*
**glfwWindowHint(GLFW_CONTEXT_VERSION_MAJOR,*3);*
**glfwWindowHint(GLFW_CONTEXT_VERSION_MINOR,*2);*
**glfwWindowHint(GLFW_OPENGL_FORWARD_COMPAT,*GL_TRUE);*
**glfwWindowHint(GLFW_OPENGL_PROFILE,*GLFW_OPENGL_CORE_PROFILE);*
*
**//*B?�`B;�Ď�8*
**GLFWwindow**const*window(glfwCreateWindow(640,*480,*"Hello!",*NULL,*NULL));*
**if*(window*==*NULL)*
**{*
****//*B?�`B��Ď%�'�!�*
****std::cerr*<<*"Can't*create*GLFW*window."*<<*std::endl;*
****return*1;*
**}*
*
**//*�Ď��B?�`B;*OpenGL*)®Ŗñƫ(�8*
**glfwMakeContextCurrent(window);*
*
**//*�Ď��B?�`B(ñ�8ơí*
**glfwSwapInterval(1);*
*
**//*ƋĨƍ;Ęí�8*
**glClearColor(1.0f,*1.0f,*1.0f,*0.0f);*
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*
�ťŜ�*

void glfwSwapInterval(int interval) 

q���s�U��c8��O�^���s�U9ãPǫ�9pX��cSƽş%D'� 

interval 

ū7�5H interval 8ƽş%-ĵǒ.�vWl��X9ľɡģǯpX��c (V-Sync�

źʢȫĔǯ̦) SƐ03�M�̂ ���s�U9ãPǫ�Sʾ�D'�Ǥ̈: 1 Sƽş

%D'�0 Sƽş'O5vWl��X9ľɡģǯpX��cSƐ-7�7O-G�ǒØ

9¢4: fps (frame per second) �¢ǟ%D'��Şä7ɕ̹ˁɰ�ʾRPOR�4:�

ND)T� 

3.3.10 ƕ¿k�K{t 

3.3.8 ʆ8��3�OpenGL 9��k��5���UX�8 OpenGL 3.2 Core Profile SË�L

�8˒ş%-94�ƒǵ9 OpenGL 9ĺşȍʯ�Ë�D)T�ĹƌSǆɕ'O-G8:�jZ

�q��c��SÊƧ'OƘˇ��ND'� 

ă�3���sw���8L03:c��Wsbl~�xYZV�Ü�3�O'A39ȍʯ9 

API SɒƢ%3�7�ŅĢ��ND' (Windows 8Ȉȶǋ˻#P3�O OpenGL :��k�� 

1.1 D49 API %�ťƚ%3�D)T)�+9ŅĢ:�c��Wsbl~�xYZV9x�X�

�M˱M7� API 9[�w��X�wSęNñ%3�OƘˇ��ND'�!P8: GLEW  

(The OpenGL Extension Wrangler Library, http://glew.sourceforge.net) 5��Ðø7�X�����

O94'��!!4:ʲþ4ȶÜ'O!58%D'� 

7��Windows / Mac OS X / Linux 4o�lSç̈ĉ'O-G8:·8H̃ă9f�x�Ƙˇ

87ND'��!!4:+P:ǲ̈́4:7�94�!9̗òS gg.cpp 5 gg.h 5��°19�U

X�8D5G3�D'�!PM9�UX�So�l�UX�5ģ&vW�bw� (�\�q) 8

ʨ����kZbw8̃ă%3�.#�� 

D-�!PM9·8 glext.h (http://www.opengl.org/registry/api/glext.h) HqY���x%3�o�

l��c��5ģ&vW�bw� (�\�q) 8ãP3�.#�� 

" ƹ¾�8i=@} 

! gg.cpp 

! gg.h 

! glext.h 

+%3 #include <GL/glfw.h> 9 ʾS #include "gg.h" 5 using namespace gg; 9°ʾ8ʨ�ǈ

��glfwInit() �M glfwSwapInterval(1) D4S ggInit() 8ʨ�ǈ�3�.#��7��ggInit() 9

Ɔǒ: glfwOpenWindow() 5ģ&4�v�\�wƆǒ5%3!PD49˒ş5ģ& (0, 0, 0, 0, 0, 0, 

0, 0, GLFW_WINDOW) S¥�3�D'� 

" W�Tk�K{t)âĩō 

#include*<cstdlib>*
#include*<iostream>*
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#include*<GLFW/glfw3.h>*
*
//*ƕ¿k�K{t*
#include*"gg.h"*
using*namespace*gg;*
*
//*k�K{tſ�ħ)®Ŗ*
static*void*cleanup()*
{*
**//*GLFW*)ſ�®Ŗ*
**glfwTerminate();*
}*
*
int*main()*
{*
**//*GLFW*;³ĭÂ�8*
**if*(glfwInit()*==*GL_FALSE)*
**{*
****//*³ĭÂ(æĞ��*
****std::cerr*<<*"Can't*initialize*GLFW"*<<*std::endl;*
****return*1;*
**}*
*
**//*k�K{tſ�ħ)®Ŗ;Šǅ�8*
**atexit(cleanup);*
*
**//*B?�`B;�Ď�8*
**GLFWwindow**const*window(glfwCreateWindow(640,*480,*"Hello!",*NULL,*NULL));*
**if*(window*==*NULL)*
**{*
****//*B?�`B��Ď%�'�!�*
****std::cerr*<<*"Can't*create*GLFW*window."*<<*std::endl;*
****return*1;*
**}*
*
**//*�Ď��B?�`B;*OpenGL*)®Ŗñƫ(�8*
**glfwMakeContextCurrent(window);*
*
**//*�Ď��B?�`B(ñ�8ơí*
**glfwSwapInterval(1);*
*
**//*ƕ¿k�K{t(58³ĭÂ*
**ggInit();*
*
**//*ƋĨƍ;Ęí�8*
**glClearColor(1.0f,*1.0f,*1.0f,*0.0f);*
*
**//*B?�`B�ǈ�$�8ǉƇ7Ƹ�*
**while*(glfwWindowShouldClose(window)*==*GL_FALSE)*
**{*
****//*B?�`B;ņÅ�8*
****glClear(GL_COLOR_BUFFER_BIT);*
*
****//*
****//*��%ĚŚ®Ŗ;Ə�*
****//*
*
****//*G{�e[i=;§9Ī�8*
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****glfwSwapBuffers(window);*
*
****//*@m�_;Ê7¯�*
****glfwWaitEvents();*
**}*
}*

" ƕƯǡƕ¿k�K{t;�:'�ßÎ 

!9ˢʩ4:˅Ą��c��9ËɒSþǇ8˝ǠSʾ�D'��˅Ą��c��Sɒ�7�4

��c��SÊƧ'OŅĢ:�Ȑ9L�8˒ş%3�.#�� 

OpenGL 3.2 9 Core Profile 4:�gluLookAt() 76SħF GLU (OpenGL Utility) �X���9

��1�9ȍʯ�Ë�7�94�GLU SËR7�L� GLFW_NO_GLU S #define %D'� 

Windows 

˅Ą��c��SËR7�ŅĢ�OpenGL 1.2 »̨9ȍʯSV��d�j����c���M

ĭ>ñ)OL�8'O-G8:�GLEW SËɒ'O5Ðø4'�glfwCreateWindow() 4 GLFW 

9YW�xYS̥�-Ƒ��˅Ą��c��8LOõǯĉ�Sʾ03�O ggInit() 9¹RN8�

glewExperimental = GL_TRUE; 5��¹ãSʾ0-Ƒ4 glewInit() Sĭ>ñ%3�.#�� 

#incoude*<GL/glew.h>*
#incoude*<GLFW/glfw3.h>*
***
...*
***
**//*ƕ¿k�K{t(58³ĭÂ*
**glewExperimental*=*GL_TRUE;*
**if*(glewInit()*!=*GLEW_OK)*
**{*
****//*D{�u[V�Sŵ*
****return*1;*
**}*

Mac OS X 

Mac OS X 4: glfw3.h S #include 'Oþ8 GLFW_INCLUDE_GLCOREARB S #define %

3��D'�D- gl3ext.h H #include %3��D'� 

#define*GLFW_INCLUDE_GLCOREARB*
#include*<GLFW/glfw3.h>*
#include*<OpenGL/gl3ext.h>*

Linux 

Linux 4: X11 8c��Wsbl~�xYZV��^�9����X[p�x�X��X�

lw��#P3�O!5SþǇ8%3�D'�C++ 9ŅĢ:  GL_GLEXT_PROTOTYPES H 

#define %3��5��5Ɲ�D'� 

#define*GL_GLEXT_PROTOTYPES*
#include*<GLFW/glfw3.h>*
#include*<GL/glext.h>*

»̨4: gg.h / gg.cpp 9ËɒSþǇ8˝Ǡ%D'� 
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3.4 k�K{t)g}`&îƏ 

o�l��c��Sf��X�%3]�kZbw��c��SɐƧ%���b8LN]�kZ

bw��c��ģŌI�X���SʙĢ%3Šʾ��c��SɐƧ'O ̋9ÊȄS��x5

ĭ>D'�!P:ʉď7��c��4�P;f��X�9f��xSɒ�3Šʾ'O!5�4�

D'����c���ˆ̲87O5f��X�9f��x.�4��x'O9:ƫ̦���ND

'�+!4�ʚĢ̥ɚɏňI make f��x769˅Ąɝ7ƫȗSɒ�3��x%D'� 

3.4.1 Windows 

Visual Studio 2013 4��x'O8:����x��z���M�o���j��9��x�S

̕T4�.#� (Ĺ 60)�+9£9�“��kZbwĤ” 9��x�4HȆ�D)T� 

 

Ø 60 Visual Studio 2013 (58k�K{t)g}` 

��c��9Šʾ:��v�sc�z���9�v�sc̥Ŗ�S̕?���U�bj��`

�9 F5 SpX�%3�.#��t����8�O�ʡʷ9ğĥ�¡ˍ
�Sb�sb%3Hv

�scŠʾS̥Ŗ%D'�o�l��c��9ÔȓƑ���x)(8��c��SŠʾ%-ǣ:�

á8��xSŠʾ%D'� 

7��o���j��ȆƧ��Debug�95����xǣ8�LINK : warning LNK4098: defaultlib 

'MSVCRT' :·9�X���9Ëɒ5ɾĢ%3�D'�/NODEFAULTLIB:library SËɒ%3�.

#���5��˥Ī�ñO!5��ND'�!P:!!4:Ƚˊ%3�.#��GLFW SqXy

�sb��b'P;�!9˥ĪSƯú4�D'� 

3.4.2 Mac OS X 

Xcode 4:�ŵ¢9͋�ğĥ�¡ˍ
Sb�sb'P;���c��9��x5ŠʾSʝ�3

ʾ�D' (Ĺ 61)�Command `�SƵ%7�M R 9`�SpX�%3Hģȇ4'� 

 

Ø 61 Xcode (58k�K{t)g}`&îƏ 
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f��x�X�4��x'OŅĢ:�c++ f��x8 -I/usr/local/include -L/usr/local/lib -lglfw3 

-framework Cocoa -framework IOKit -framework OpenGL -framework CoreVideo ]�j��S̃ă%

3�.#��‘%’ :jZ�9����wSˁ%D'� 

%*c++*main.cpp*KI/usr/local/include*KL/usr/local/lib*Klglfw3*¥*
Kframework*Cocoa*Kframework*IOKit*Kframework*OpenGL*Kframework*CoreVideo*

#'�8̢̏�O94�Makefile SÊ03 make f��xSŠʾ'O9�˫Ǡ.5Ɲ�D'�

Makefile SɒƢ%3�P;�make f��xSŠʾ'O.�4'� 

%*make*

3.4.3 Linux 

Geany 9ŅĢ:����x��z��9���x�S̕T4�.#� (Ĺ 62)���x#P-�

�c��SŠʾ'O8:�ģ&���x��z��9�Šʾ�S̕T4�.#��!PM:+P

,P�U�bj��`�9 F9 5 F5 4HŠʾ4�D'�D-�t����¢8Hťƚ'O�p

���ND'� 

 

Ø 62 Geany (58k�K{t)g}`&îƏ 

f��x�X�4��x'OŅĢ:�c++ f��x8 -lGL -lglfw3 -lXi -lXrandr -lXxf86vm 

-lX11 -lrt -lpthread -lm ]�j��S̃ă%3�.#��‘%’ :jZ�9����wSˁ%D'� 

%*c++*main.cpp*KlGL*Klglfw3*KlXi*KlXrandr*KlXxf86vm*KlX11*Klrt*Klpthread*Klm*

̢�94�Makefile SÊ03 make f��xSËɒ'O!5SćGD'�Makefile SɒƢ%3

�P;�make f��xSŠʾ'O.�4'� 

%*make*


