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16-bit CPU Intel 8086 とは 
鲚鲳鳫鳎鳢⾔語鲗半世紀鲇鱳昔鱳�Intel�8086�(1978/04)�鲗鲷鱅鲪鲻鳀鱰学鱻理由鲗、押鱚鱍鱫
鱏鱔鱭学習鱳⼀助鱭鱯鲐鱭思鱋。�

Intel�8086�鱴現在�32-bit�CPU�鱬主流鱬鱇鲐�IA-32�命令鲳鲻鳀�x86�直系鱳祖先鱳�16-bit�CPU�鱬
鱇鲐。時鲗経鱫、Intel�鱰鲍鲐�64-bit�CPU,�Itanium�(2001/06)�鱳�IA-64�命令鲳鲻鳀鱴主流鱭鱴
鱯鲎鱟、x86�鱭互換性鱳鱇鲐�AMD�鱰鲍鲐�64-bit�CPU,�Opteron�(2003/04),�Athlon�64�(2004)�
等鱳�AMD64�命令鲳鲻鳀�x86-64�鱑主流鱭鱯鱨鱫鱉鲐。�

遡鱨鱫、Intel�8086�鱳祖先鱴�8-bit�CPU�鱳�8080�(1974/04)�鲉�8008�(1972/04)�鱬鱇鲏、鱘
鱳前任鱬鱇鲐�4-bit�CPU�鱳�4004�(1971)�鱘鱢鱑、中央演算装置�CPU�(Central�Processing�
Unit)�鱭鱜鱫世界初鱳鳖鲜鲧鳥鳏鳥鲳鲻鲭鱭鱯鲐。�

鱚鱫、8-bit�CPU�鱭鱜鱫鱴�1980�年代鱳鳉鲵鲫鳫鱰鱏鱉鱫広鱔使鲔鲑鱤�Zilog�Z80�(1976/03)�
鱑挙鱗鲎鲑鲐。Z80�鱴組鲄込鲄⽤途鱬⼗⼆分鱰現役鱬鱇鲏、現在鱬鲇⽣産鱑続鱖鲎鲑鱫鱉鲐。�

鲍鱨鱫、Z80�鲗鲚鲳鳫鳎鳢⾔語鱳鲷鱅鲪鲻鳀鱰据鱍鱤⽅鱑実⽤的鱯鱳鱬鱴鱯鱉鱐鱭考鱍鲐鱐鲇知
鲑鱯鱉鱑、鱢鲇鱢鲇�Z80�鱴�Intel�8080�鱳改良版鱬鱇鲏互換品鱯鱳鱬鱇鲐。Intel�鲇改良鲗鱜鱤�
8085�(1976/03)�鲗経鱫、8080�鲚鲳鳫鳎鳡鲵鱅鲱互換鲗保鱨鱤�8086�鱽⾄鱨鱫鱉鲐。鱩鲃鲏、
学習鱭鱜鱫�8080,�Z80,�8085,�8086�鱳鱮鱳�CPU�鲗鲷鱅鲪鲻鳀鱭鱜鱫鲇、本質的鱰鱴変鲔鲎鱯鱉
鱘鱭鱴覚鱍鱫鱏鱘鱋。�

著名な 8-bit CPU と使用例 
同時期鱳著名鱯�8-bit�CPU�鱭著名鱯⽤途鲗列挙鱜鱫鱏鱘鱋。�

• 鳚鳀鳥鱅鳡�MC6800�(1974)� …�⽇⽴鳑鱅鲯鲻鲧鳖鲱鲷鱅�8-bit�PC�他�
• MOS�鲾鲧鳆鳥鲰鱅�6502�(1975)�…�Apple�Ⅱ、任天堂鳍鲙鳗鲫鳫�8-bit�鲪鱅鳘機等々�
• Zilog�Z80�8080�互換�(1976/03)�…�数多鱳�8-bit�鳉鲵鲫鳫�

8-bit�MC6800�鱭�8-bit�6502�鱰鱴互換性鱴鱯鱉鱑、後者鱑前者鲗鳚鲿鳣鱰鱜鱤鱳鱭、鳚鳀鳥鱅鳡
鱐鲎鲱鳌鳫鲚鲞鳀鱭鱜鱤開発者鲹鱅鳘鱑設⽴鱜鱤�MOS�鲾鲧鳆鳥鲰鱅製鱬鱇鲐鱳鱬、⾮常鱰近鱉存
在鱬鱇鲐。⼀⽅鱬�8-bit�8080�系鱴鳣鱅鲼鱑電卓鱬設計思想鱑異鱯鲐鱳鱬、鱘鱳�8-bit�MC6800�
系鱭双璧鲗成鱞�CPU�鱬鱇鲐。�



著名な 16-bit CPU と使用例 
鱘鲑鲎鱴数年後鱰�16-bit�CPU�鱭鱜鱫発展鱞鲐。鱢鲑鲎鱳著名鱯⽤途鲗列挙鱜鱫鱏鱔。�

• Intel�8086�(1978/04)� � � …�数多鱳�PC�AT�鱳�MS-DOS�鳉鲵鲫鳫�
• Zilog�Z8000�(1979)� � � …�数種鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫�
• 鳚鳀鳥鱅鳡�MC68000�(1979/09)� …�数多鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫、Apple�
Macintosh�鲯鳢鱅鲲、鲯鳛鱅鳏�X68000�
• WDC�65816�(1985)� � � …�Apple�ⅡGS、任天堂鲱鱅鳉鱅鳍鲙鳗鲫鳫�16-bit�
鲪鱅鳘機�

鳚鳀鳥鱅鳡�MC68000�鱴�16/32-bit�鱭鲇⾔鱍鲐当時先駆的鱯�CPU�鱬鱇鱨鱤鱤鲆、競合�CPU�鲇
鱞鱕鱚鲃�32-bit�鱽追従鱜、16-bit�CPU�鱴鱢鲑鲀鱮多彩鱬鱴鱯鱉。鱢鱳事情鱴、鱢鱳頃、鳙鳚鳢
鱑急激鱰安価鱰鱯鱨鱤鱘鱭鲇関係鱜鱫鱉鲐。�

著名な 32-bit CPU と使用例 
鱘鲑鲎鱴数年後鱰�32-bit�CPU�鱭鱜鱫発展鱞鲐鱘鱭鱰鱯鲐鱑、鱘鲑鲎鱴�CISC�系鱭呼鱵鲑、他鱳�
RISC�系�CPU�鲇多鱔台頭鱜鱫鱔鲐。鱢鲑鲎鱳著名鱯⽤途鱭鱭鲇鱰列挙鱜鱫鱏鱔。�

• Zilog�Z80000�(1984)� � …�数種鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫�
• 鳚鳀鳥鱅鳡�MC68020�(1984)� …�数多鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫、Apple�Macintosh�鲯
鳢鱅鲲�
• Intel�80386�(1985/10)� � …�数多鱳�PC�AT�鱳�MS-DOS�鳉鲵鲫鳫、数多鱳�PC�Unix�
• 鲠鲜鲫鱅鳫�ARM2�(1985)�� …�数多鱳鳚鳈鲜鳣機器�
• MIPS�Ⅰ�R2000�(1986)�� � …�数多鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫�
• 鳚鳀鳥鱅鳡�MC68030�(1987)� …�数多鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫、Apple�Macintosh�鲯
鳢鱅鲲、鲯鳛鱅鳏�X68030�
• Intel�i486�(1989/04)� � …�数多鱳�PC�AT�鱳�MS-DOS,�Windows�3.1�鳉鲵鲫鳫、PC�
Unix�
• 鳚鳀鳥鱅鳡�MC68040�(1990)� …�数多鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫、Apple�Macintosh�
• HP�PA-RISC�1.1�(1991)� � …�数種鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫�
• Sun�SuperSPARC�Ⅰ�(1992)� …�数種鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫�
• ARM�ARM6�(1993)�� � …�数多鱳鳚鳈鲜鳣機器、Apple�Newton�
• AIM�PowerPC�603/604�(1994)��…�数多鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫、32-bit�鲪鱅鳘機、
Apple�Macintosh�鲯鳢鱅鲲�
• Intel�Pentium�Ⅱ�(1997)� � …�数多鱳�PC�AT�鱳�MS-DOS,�Windows�95�鳉鲵鲫鳫、PC�
Unix�
• Intel�Pentium�Ⅲ�(1999)� � …�数多鱳�PC�AT�鱳�MS-DOS,�Windows�2000�鳉鲵鲫鳫、
PC�Unix�
• ARM�ARMv6�(2008)� � …�Apple�iPhone�初代�
• ARM�ARMv7�Apple�A4�(2010)� …�Apple�iPad�初代、iPhone�4�

鱦鱯鲄鱰、鳚鳀鳥鱅鳡鱴�AIM�連合�(Apple,�IBM,�Motolora)�鱭鱜鱫�POWER�系鱰注⼒鱜鱫鱉鲐。�



著名な 64-bit CPU と使用例 
鱘鲑鲎鱴数年後鱰�32/64-bit�CPU�鱭鱜鱫進化鱞鲐鱘鱭鱰鱯鲐鱑、CISC�系鲇�RISC�系�CPU�鱳利
点鲗取鲏込鲄鱩鱩、低消費電⼒鱭⾼鲧鳥鲻鲧鱳相反鱞鲐性能向上鲗引鱨提鱗鱫登場鱞鲐。鱢鲑鲎
鱳著名鱯⽤途鱭鱭鲇鱰列挙鱜鱫鱏鱔。�

• Sun�UltraSPARC�(1995)� � …�数種鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫�
• HAL�/�Fujitsu�SPARC64�(1995)�…�京�鲱鱅鳉鱅鲫鳫鳌鳝鱅鲷�
• DEC�Alpha�21264�(1996)� …�数種鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫�
• MIPS�Ⅲ�(1996)� � � …�任天堂�NINTENDO64�64-bit�鲪鱅鳘機�
• HP�PA-RISC�2.0�(1996)� � …�数種鱳�Unix�系鳧鱅鲧鲱鲾鱅鲯鳟鳫�
• MIPS�Ⅲ�64/128-bit�(2000)� …�SCE�PS2�Emotion�Engine�64/128-bit�鲪鱅鳘機�
• AIM�PowerPC�970�� � …�Apple�PowerMac�G5�
• AMD�Opteron�(2002)� � …�数多鱳�PC�AT�鱳�Windows�XP�鳉鲵鲫鳫、PC�Unix�
• AMD�Athlon�64�(2003)� � …�数多鱳�PC�AT�鱳�Windows�XP�鳉鲵鲫鳫、PC�Unix�
• Intel�Pentium�4�Prescott�(2004)� …�数多鱳�PC�AT�鱳�Windows�XP�鳉鲵鲫鳫、PC�Unix�
• AIM�PowerPC�(2005)� � …�MS�Xbox�360�/�SCE�PS3�Cell/B.E.�64-bit�鲪鱅鳘機�
• Intel�Core�2�(2006)�� � …�数多鱳�PC�AT�鱳�Windows�Vista�鳉鲵鲫鳫、PC�Unix�
• RISC-V�(2010)� � � …�鲢鱅鳏鳫鲵鱅鲱鱳�32/64/128-bit�CPU、数多鱳機器�
• Intel�Core�i�(2013)�� � …�数多鱳�PC�AT�鱳�Windows�7〜8�鳉鲵鲫鳫、PC�Unix�
• AMD�Jaguar�x86-64�(2013)� …�SCE�PS4�64-bit�/�MS�Xbox�One�鲪鱅鳘機�
• AMD�Ryzen�7�Zen�(2015)� …�数多鱳�PC�AT�鱳�Windows�10�鳉鲵鲫鳫、PC�Unix��
• ARM�ARMv8�Apple�M1�(2020)� …�Apple�Mac�鲯鳢鱅鲲�

鱦鱯鲄鱰、Zilog�鱴�64-bit�化鱳時流鱰鱴乗鲎鱟、組鲄込鲄分野鱬敢鱍鱫�8-bit�CPU�鱰原点回帰鱜
鱫成功鲗収鲆鱫鱉鲐。HP�PA-RISC�鱴�Intel�Itanium�64-bit�CPU�鱽移⾏鲗計画鱞鲐鱑�Intel�主導
鱳�Itanium�鱳失敗鱰鲍鲏共々消滅、MIPS�Technology�鱴�RISC-V�鱽移⾏、DEC�(現�HP)�鱰鲍鲐�
Alpha�系鱳技術鱴�ARM�系鱰応⽤鱚鲑、最終的鱰鱴�Intel�鱰売却鱚鲑鱤。�

結局、現在鱬主流鲗維持鱜鱫鱉鲐鱳鱴�Intel�鱭�AMD�鱰鲍鲐�x86/x86-64�鱭�ARM/ARM64、鱢鱜
鱫鲢鱅鳏鳫鲵鱅鲱鱳�RISC-V�鱥鱖鱭鱯鲐。Sun�Microsystems�(現�Oracle)�鱰鲍鲐�SPARC�系鱴⼀
部鱳鳇鲜鲠鳫鳁鲭鱅鳈向鱖、AIM�鱳⼀⾓�IBM�鱳�POWER�系鲇同様鱭鱯鲐。�

上記鱰鱴載鱠鱫鱉鱯鱉鱑、現鳣鳅鲭鲱鲠鳤鲧鳀鳥鳃鲧鲱�(⽇⽴、三菱、東芝、等)�鱰鲇特鱰組鲄込
鲄⽤途向鱖鱰⽇本産鱳�SuperH�鱯鱮鱳⽇⽴時代鱳技術資産鲗�ARM�系鲉�RISC-V�系鱰活鱐鱜鱤製
造鲗続鱖鱫鱉鲐。�

結論 ̶ 8086 アセンブリ言語を学ぶ理由 
鲚鲳鳫鳎鳢⾔語鱴�CPU�鱳命令鲳鲻鳀鱰強固鱰依存鱞鲐鲇鱳鱳、記述鱳鲱鲷鲜鳣鱴�16-bit�時代鱰
鱴完成鱚鲑、鱢鲑鱣鲑鱳�CPU�鱳特性鲗活鱐鱞場鱭鱯鱨鱤。�



同時鱰、鳏鳥鲨鳡鳗鳫鲨⾔語�C�鱯鱮鱳鲫鳫鳉鲜鳡技術鱑発展鱜、鲚鲳鳫鳎鳢⾔語鱳⽤途鱴�CPU�
固有鱳、例鱍鱵�SIMD�命令鱯鱮鲗�C�鲫鱅鳁内部鱐鲎条件付鱒鲫鳫鳉鲜鳣鱬、各�CPU�固有鱳最新
機能鲗駆使鱜鱫鱉鱔場鱭鱯鱨鱫鱉鱔。�

鱜鱐鱜鱢鲑鲇、OpenCL�鱯鱮鱳貢献鱰鲍鲏鲚鲳鳫鳎鳢⾔語鱴鳡鲜鳎鳡鳢内鱰隠鱚鲑、様々鱯�
CPU�鱬�SIMD�命令、鱚鲎鱰鱴�GPGPU�(General�Purpose�GPU)�鱳機能鲇活鱐鱞鲍鱋鱰⼤抵鱳鳏
鳡鲻鳀鳍鲡鱅鳘鱬鱴⼀般的鱭鱯鱨鱤。�

⼀⽅鱬、32/64-bit�鱑扱鱍鲐鳙鳚鳢空間鱴鳢鳃鲚鱰広⼤鱥鱑、OS�鱑管理鱜鱫鱉鲐鳙鳚鳢鱳鳊鱅鳏
領域鱰依存鱠鱛鲐鲗得鱯鱔鱯鲏、教育上鱴、鲚鲳鳫鳎鳢⾔語鱥鱖鱬鱢鲑鲗達成鱞鲐鱰鱴少々複雑
過鱓、鲫鳫鳌鳝鱅鲷鲚鱅鲥鲾鲧鲹鳛鱥鱖鱬鱯鱔�OS�設計論鲃鱬知⾒鱑及鲘鱬鱜鲃鱋鱥鲒鱋。�

鲍鱨鱫、鳤鲤鲯鱅鱬鱴鱇鲐鱑、鲚鲳鳫鳎鳢⾔語鱭鱜鱫完成鱚鲑鱤�16-bit�時代鲗代表鱜、鱐鱩、現
代鲇⽀鱍鲐�Intel�8086�鲗学鱻鱘鱭鱴、鲃鱨鱤鱔以鱨鱫妥当鱬鱇鲐。 �

CPU とプログラミング言語 
執筆時点鱬鱳⼈気鳏鳥鲨鳡鳗鳫鲨⾔語鱴鳚鲸鳫鱯�C#�鲉�Python�鱥鱑、⼈気鱳鱇鲐⾔語鱭重要鱯
⾔語鱭鱴全鱔異鱯鲐（単価鱑安鱔鱫鲇需要鱑鱇鲐⾔語鱭、単価鱴⾼鱉鱑素養鲗要鱞鲐⾔語鱥）。�

鲃鱟、CPU�鱯鱮鳖鲯鳫鱰密接鱜鱤性能鲗引鱒出鱢鱋鱭鱞鲑鱵、Python�等鲱鲧鳢鳏鳀⾔語鱰鱏鱉
鱫鳡鲜鳎鳡鳢鱑未対応鱬鱇鲐鱯鲎、C/C++�鲉鲚鲳鳫鳎鳢⾔語鲗扱鲔鱛鲐鲗得鱯鱉鱳鱬鱇鲐。鲃
鱤、昨今鱳�LLVM/Clang�鲫鳫鳉鲜鳡鱳進歩鱰鲍鱨鱫鲚鲳鳫鳎鳢⾔語鲗必要鱭鱞鲐場⾯鱴極鲆鱫少
鱯鱉鱑、鱢鲑鱬鲇鲫鳫鳉鲜鳡鱑未対応鱬�CPU�固有鱳独⾃鱳命令鱬性能鲗引鱒出鱢鱋鱭鱞鲑鱵�C/
C++�鱐鲎鲚鲳鳫鳎鳢⾔語鲗記述鱠鱛鲐鲗得鱯鱉鱳鱬鱇鲐。�

⼀⽅鱬�C#�鱴共通⾔語基盤�CLI�(Common�Language�Infrastructure)�鱰基鱪鱔鱳鱬、CPU�固有鱳
命令鲗直接叩鱔鱳鱴鱇鲃鲏勧鲆鲎鲑鱤⽅法鱬鱴鱯鱉。折⾓鱳�CLI�鱰鲍鲐鳕鱅鲷鳋鳢鲾鲛鲗損鱯鱨
鱫鲍鱉鱳鱐再検討鱞鲐必要鱑鱇鲐鱥鲒鱋。�

鲍鱨鱫、多少難鱜鱉鱑鲯鲱鲾鳘鱰対鱜鱫⾃由度鱳⾼鱉�C/C++�及鱸鲚鲳鳫鳎鳢⾔語、PC�鱬鱴
鳕鱅鲷鳋鳢鲾鲛鱳⾼鱉�C#、鳖鳣鲹鳏鳡鲻鳀鳍鲡鱅鳘鱬鳕鱅鲷鳋鳢鲾鲛鱳⾼鱉�Python�等鱳鲱鲧鳢
鳏鳀⾔語鱴、鱢鲑鱣鲑⽤途鱑異鱯鲐鱉鱟鲑鲇重要鱯鳏鳥鲨鳡鳗鳫鲨⾔語鱯鱳鱬鱇鲐。鱢鲇鱢鲇、
鳏鳥鲨鳡鳗鳫鲨⾔語鱴適⽤場⾯鲉時代々々鱬適切鱯⾔語鲗選択鱞鱾鱒鱬、極論鱭鱜鱫鱴、鱮鲘鱯鳏
鳥鲨鳡鳗鳫鲨⾔語鲇重要鱬鱇鲐。�

参考 ̶ MIX/MMIX 仮想マシンと開発環境の紹介 
TeX�鱳作者鱬数学者・計算機科学者鱬鱇鲐鳁鳂鳣鳁・鲧鳄鱅鲱鱳⼤著「The�Art�of�Computer�
Programming�(TAoCP)」�鱰鱴教育⽤途鱰設計鱜鱤仮想�CPU�鱳命令鲳鲻鳀「MIX�(1968)」鱑鱇
鲐。同⽒鱴鱚鲎鱰�MIX�鲗現代的鱰置鱒換鱍鲐鱾鱔、鱯鲘鱭�MIPS�(1986)�設定者鱬鱇鲐鲰鳟鳫・
鳐鳅鲯鱅鱭�DEC�Alpha�(1996)�設計者鱬鱇鲐鲿鲛鲻鲧・鲭鲜鲼鱭同⽒鱳最強鱳布陣鱬設計鱜鱤
「MMIX�(1999)」鱑鱇鲐。鱘鲑鲗鲚鲳鳫鳎鳢⾔語鱳鲷鱅鲪鲻鳀鱭鱞鲐鱘鱭鱴⼀考鱰値鱞鲐鱥鲒鱋。



鱜鱐鱜、鲉鱴鲏現実鱰存在鱞鲐�CPU�鱬鱴鱯鱉鱘鱭鱐鲎躊躇鱠鱛鲐鲗得鱯鱉鱑、以下鱰鱘鲑鲎鱳開
発環境鱑揃鱨鱫鱉鲐鱳鱬、⼤鱉鱰参考鱰鱚鲑鱤鱉。�

1. Jose�Antonio�Ortega�Ruiz,�“GNU�MIX�Development�Kit�(MDK),�“�https://www.gnu.org/
software/mdk/,�2001.�

2. Martin�Ruckert�and�Martin�Leitner,�“MMIX�Home�Page,�“�https://mmix.cs.hm.edu/,�Munich�
University�of�Applied�Sciences,�2011.�

MIX�鱴⼀般的鱯�2�進法鱰加鱍鱫、今鲉稀鱯�10�進法鱳演算鲗備鱍鲐�31-bit�CPU�鱬鱇鲏、鳥鱅鳖
数字鱬�1009�鱑鳚鲿鳣名鱬鱇鲏、MMIX�鱴�RISC�鳑鱅鲱鱳本格的鱯�64-bit�CPU�鱬鱇鲏、鳥鱅鳖
数字鱬�2009�鱑鳚鲿鳣名鱬鱇鲐。�

補遺 ̶ SIMD 命令の発展 
SIMD�命令鱰⾔及鱜鱤鱳鱬、鱢鱳発展鲗主要鱯�CPU�鱰鱩鱉鱫鲃鱭鲆鱫鱏鱔。SPARC�鱭�MIPS�鱳
貢献鱭、鱢鱳後鱳�Apple,�Intel,�AMD�鱳追従、富⼠通鱳技術⼒鱑⽬鱰留鲃鲐。�

発売年�鳤鲰鲱鲷幅� SIMD� � 鳑鳫鲸鱅� � CPU�鳚鲿鳣� � � 鳈鲱幅�

1995� 64-bit� � VIS�1� � Sun�Microsystems� UltraSPARC� � � 64-bit�
1996� 64-bit� � MDMX� MIPS�Technologies� MIPS�Ⅴ� � � 64-bit�
1997��64-bit��� MMX� � Intel� � � Pentium�P5� � � 32-bit�
1999� 128-bit�� SSE� � Intel� � � Pentium�Ⅲ� � � 32-bit�
1999� 128-bit� VIS�2� � Sun�Microsystems� UltraSPARC�Ⅲ� � 64-bit�
2001� 128-bit� AltiVec/VMX�AIM� � � PowerPC�7400� � 64-bit�
2002� 128-bit� VMX� � AIM� � � PowerPC�970�� � 64-bit�
2005� 128-bit� SSE3� � Intel� � � Pentium�4�Prescott-2M� 64-bit�
2005� 128-bit� VMX-128� AIM� � � PowerPC�970��Xenon�� 64-bit�
2010� 128-bit� NEON�� Apple� � � A4�(ARMv7)� � � 32-bit�
2011� 256-bit� VIS�3� � Sun�Microsystems� SPARC�T4� � � 64-bit�
2011� 256-bit� AVX� � Intel� � � Core�i�Sandy�Bridge� � 64-bit�
2012� 512-bit� AVX-512� Intel� � � Xeon�Phi� � � 64-bit�
2019� 512-bit� SVE� � Fujitsu�� � A64FX�(ARMv8)� � 64-bit� �
2021� 512-bit� AVX-512� Intel� � � Core�i�Rocket�Lake� � 64-bit�

鱘鱳鲍鱋鱰、鲱鱅鳉鱅鲫鳫鳌鳝鱅鲷、鳇鲜鲠鳫鳁鲭鱅鳈鱳技術（鱢鱳中鱰鱴鲪鱅鳗鳫鲨鲉鲱鳖鱅
鳀鳍鲡鳫鲇含鲃鲑鱩鱩鱇鲐）鱑数年鱬鲫鳫鲯鳝鱅鳖鱰⼀般化鱚鲑鱩鱩鱇鲐鱘鱭鱑実感鱬鱒鲐。�

補遺 ̶ プロセスルールの発展 
鱚鱫、CPU�鱳⾼性能化、鱩鲃鲏鳀鳡鳫鲰鲱鲷数鱳増⼤、及鱸、消費電⼒鲗抑鱍鲐技術鱴、実際鱳
鱭鱘鲒鳏鳥鲳鲱鳣鱅鳣鱳微細化鱰鲍鱨鱫鱢鱳⽣産鱑⽀鱍鲎鲑鱫鱉鲐鱘鱭鱑重要鱬鱇鲐。�

https://www.gnu.org/software/mdk/
https://www.gnu.org/software/mdk/
https://mmix.cs.hm.edu/


鳏鳥鲳鲱鳣鱅鳣鱳進化鲗上述鱳�CPU�鱳進化鱭鱭鲇鱰鲃鱭鲆鱫鱏鱘鱋。鳏鳥鲳鲱鳣鱅鳣鱳微細化鱰
鱴多額鱯設備投資鱑必要鱬鱇鲐鱘鱭鱑伺鱍鲍鱋。�

鱦鱯鲄鱰、出荷⽇鱴⽇鱚鲎鱰鱴⽉鲃鱬鱴正確鱰把握鱬鱒鱯鱐鱨鱤鲇鱳鱴⼀⽇、⼀⽉⼀⽇鱳鲍鱋鱰
仮鱳⽇付鲗鲿鱅鲷鱭鱜鱫鱉鲐鱘鱭鱴了解頂鱒鱤鱉（次図鱰関鱜鱫鲇同様）。�

図�1�鱴著名鱯�CPU�鱳鳏鳥鲳鲱鳣鱅鳣�(nm)�鲗出荷⽇鱰対鱜鱫鳏鳥鲻鳀鱜鱤鲇鱳鱬鱇鲏、縦軸鱴
対数鱭鱜鱫鱉鲐。⾒事鱰�50�年鱬�3�桁鱳微細化鲗達成鱜鱫鱉鲐。�

�
図�1�約�50�年間鱳�CPU�鳏鳥鲳鲱鳣鱅鳣鱳変遷�

時代鱳節⽬鱭鱯鲐著名鱯以下鱳�CPU�鲗上図鲨鳡鳍鱳元鲿鱅鲷鱭鱜鱫鱉鲐鱳鱬参考鲃鱬。�

稼働年�� 鳑鳫鲸鱅� � � model� � � � process�rule�(nm)�

1971/01� Intel,�Busicom�� � 4004�4-bit�CPU� � � � 10000�
1972/04� Intel� � � � 8008�8-bit�CPU� � � � 10000�
1974/04� Intel� � � � 8080�8-bit�CPU� � � � 6000�
1974/01� Motorola� � � MC6800�8-bit�CPU� � � � 6000�
1975/01� MOS�Technology� � 6502�8-bit�CPU� � � � 8000�
1976/03� Intel� � � � 8085�8-bit�CPU� � � � 3000�
1976/03� Zilog� � � � Z80�8-bit�CPU� � � � 4000�
1978/04� Intel� � � � 8086�16-bit�CPU� � � � 3000�
1979/09� Motorola� � � MC68000�16/32-bit�CPU� � � 3500�
1980/01� Intel� � � � 8087�16-bit�FPU� � � � 3000�
1982/02� Intel� � � � 80286�16-bit�CPU� � � � 1500�



1985/01� Intel� � � � 80386�32-bit�CPU� � � � 1000�
1986/01� MIPS�Technologies� � R2000�(MIPS�Ⅰ)�32-bit�CPU� � 800�
1989/04� Intel� � � � i486�32-bit�CPU� � � � 1000�
1990/01� Motorola� � � MC68040�32-bit�CPU� � � 800�
1991/01� Hewlett-Packard� � PA-RISC�1.1�32-bit�CPU� � � 1000�
1992/01� MIPS�Technologies� � R4000�(MIPS�Ⅲ)�64-bit�CPU� � 800�
1992/01� Sun�Microsystems� � Super/microSPARC�Ⅰ32-bit�CPU� � 800�
1992/01� Apple,�IBM,�Motorola� PowerPC�601�32-bit�CPU� � � 600�
1993/01� Intel� � � � Pentium�32-bit�CPU�� � � 800�
1994/01� Sun�Microsystems� � microSPARC�Ⅱ�32-bit�CPU�� � 500�
1994/01� Apple,�IBM,�Motorola� PowerPC�603�32-bit�CPU� � � 500�
1994/01� Apple,�IBM,�Motorola� PowerPC�604�32-bit�CPU� � � 500�
1994/01� Motorola� � � MC68060�32-bit�CPU� � � 600�
1994/01� Hitachi�� � � SH-2�32-bit�CPU� � � � 800�
1995/01� Sun�Microsystems� � UltraSPARC�64-bit�CPU� � � 500�
1995/01� HAL,��Fujitsu�� � SPARC64�64-bit�CPU� � � 400�
1996/01� Hewlett-Packard� � PA-RISC�2.0�64-bit�CPU� � � 500�
1996/01� DEC� � � � Alpha�21264�64-bit�CPU� � � 350�
1997/01� Intel� � � � Pentium�Ⅱ�32-bit�CPU� � � 350�
1997/01� Apple,�IBM,�Motorola� PowerPC�75x�32-bit�CPU� � � 260�
1997/01� Sun�Microsystems� � UltraSPARC�Ⅱ�64-bit�CPU�� � 350�
1997/01� Intel� � � � Pentium�P6�32-bit�CPU� � � 350�
1998/01� Hitachi�� � � SH-4�32-bit�CPU� � � � 250�
1999/01� Intel� � � � Pentium�Ⅲ�32-bit�CPU� � � 250�
1999/01� Apple,�IBM,�Motorola� PowerPC�745x�32-bit�CPU�� � 200�
1999/01� Sun�Microsystems� � UltraSPARC�Ⅲ�64-bit�CPU�� � 180�
2000/01� SCE,�Toshiba� � � R5900�(MIPS�Ⅲ)�128-bit�CPU�for�PS2� 250�
2001/01� Apple,�IBM,�Motorola� PowerPC�7450�32-bit�CPU�� � 180�
2002/01� Apple,�IBM,�Motorola� PowerPC�970�64-bit�CPU� � � 130�
2003/04� AMD� � � � Opteron�64-bit�CPU�� � � 130�
2004/01� AMD� � � � Athlon�64�64-bit�CPU� � � 130�
2005/02� Intel� � � � Pentium�4�Prescott-2M�64-bit�CPU� 90�
2005/01� Apple,�IBM,�Motorola� PowerPC�970�64-bit�CPU�for�Xbox�360� 90�
2006/01� Apple,�IBM,�Motorola� PowerPC�970�64-bit�CPU�for�PS3�� 90�
2007/06� Apple,�ARM� � � ARM11�(ARMv6)�32-bit�CPU�for�iPhone�90�
2008/11� Intel� � � � Core�i7�64-bit�CPU� � � � 45�
2010/04� Apple� � � � A4�(ARMv7)�32-bit�CPU� � � 45�
2011/09� Sun�Microsystems� � SPARC�T4�64-bit�CPU� � � 40�
2011/01� Intel� � � � Core�i�Sandy�Bridge�Series�64-bit�CPU� 32�
2012/11� Intel� � � � Xeon�Phi� � � � � 22�
2012/12� Sun�Microsystems� � SPARC�M5�64-bit�CPU� � � 28�
2013/06� Intel� � � � Core�i�Haswell�Series�64-bit�CPU� � 22�
2017/03� AMD� � � � Ryzen�7�(Zen)�64-bit�CPU� � � 14�



2019/12� Fujitsu�� � � A64FX�(ARMv8.2-A)� � � 7�
2020/11� Apple� � � � M1�(ARMv8)�64-bit�CPU� � � 5�
2021/03� Intel� � � � Core�i�Rocket�Lake�Series�64-bit�CPU� 14�
2022/11� Apple� � � � M2�(ARMv8)�64-bit�CPU� � � 5�

補遺 ̶ トランジスタ数の発展 
鳏鳥鲳鲻鲭鳞鳃鲻鳀鱑鳏鳥鲳鲱鳣鱅鳣鱳微細化鱰⽀鱍鲎鲑鲑鱵、鲸鲜上鱰多鱔鱳鳀鳡鳫鲰鲱鲷鲗
詰鲆込鲅鱘鱭鱑鱬鱒鲐鲍鱋鱰鱯鲏、鲍鲏⾼性能化鱑可能鱰鱯鲐。�

下図鱴著名鱯�CPU�鱳鳀鳡鳫鲰鲱鲷数鲗出荷⽇鱰対鱜鱫鳏鳥鲻鳀鱜鱤鲇鱳鱬鱇鲏、縦軸鱴対数鱭鱜
鱫鱉鲐。⾒事鱰�50�年鱬�6�桁鱳鳀鳡鳫鲰鲱鲷数鱳増加鲗達成鱜鱫鱉鲐。�

�
図�2�約�50�年間鱳�CPU�鳀鳡鳫鲰鲱鲷数鱳変遷�

時代鱳節⽬鱭鱯鲐著名鱯以下鱳�CPU�鲗上図鲨鳡鳍鱳元鲿鱅鲷鱭鱜鱫鱉鲐鱳鱬参考鲃鱬。�

稼働年�� 鳑鳫鲸鱅� � � model� � � � � #�transistors�

1971/01� Intel,�Busicom�� � 4004�4-bit�CPU� � � � 2250�
1972/04� Intel� � � � 8008�8-bit�CPU� � � � 3500�
1974/01� Motorola� � � MC6800�8-bit�CPU� � � � 4100�
1975/01� MOS�Technology� � 6502�8-bit�CPU� � � � 3510�
1976/03� Intel� � � � 8085�8-bit�CPU� � � � 6500�
1976/03� Zilog� � � � Z80�8-bit�CPU� � � � 8200�
1978/04� Intel� � � � 8086�16-bit�CPU� � � � 29k�
1978/01� Motorola� � � MC6809�8-bit�CPU� � � � 9k�



1979/01� Zilog� � � � Z8000�16-bit�CPU� � � � 17.5k�
1979/09� Motorola� � � MC68000�16/32-bit�CPU� � � 68k�
1980/01� Intel� � � � 8087�16-bit�FPU� � � � 45k�
1982/02� Intel� � � � 80286�16-bit�CPU� � � � 134k�
1984/01� Motorola� � � MC68020�32-bit�CPU� � � 200k�
1985/01� Intel� � � � 80386�32-bit�CPU� � � � 275k�
1986/01� MIPS�Technologies� � R2000�(MIPS�Ⅰ)�32-bit�CPU� � 110k�
1987/01� Motorola� � � MC68030�32-bit�CPU� � � 273k�
1989/04� Intel� � � � i486�32-bit�CPU� � � � 1200k�
1990/01� Motorola� � � MC68040�32-bit�CPU� � � 1400k�
1991/01� HP�(Hewlett-Packard)� PA-RISC�1.1�32-bit�CPU� � � 850k�
1992/01� MIPS�Technologies� � R4000�(MIPS�Ⅲ)�64-bit�CPU� � 1200k�
1992/01� Sun�Microsystems� � Super/microSPARC�Ⅰ�32-bit�CPU�� 800k�
1992/01� Apple,�IBM,�Motorola� PowerPC�601�32-bit�CPU� � � 2800k�
1994/01� Sun�Microsystems� � microSPARC�Ⅱ�32-bit�CPU�� � 2300k�
1994/01� Apple,�IBM,�Motorola� PowerPC�603�32-bit�CPU� � � 1300k�
1994/01� Apple,�IBM,�Motorola� PowerPC�604�32-bit�CPU� � � 3600k�
1994/01� Motorola� � � MC68060�32-bit�CPU� � � 2500k�
1994/01� Hitachi�� � � SH-2�32-bit�CPU� � � � 450k�
1995/01� Sun�Microsystems� � UltraSPARC�64-bit�CPU� � � 3800k�
1995/01� HAL,�Fujitsu� � � SPARC64�64-bit�CPU� � � 21900k�
1996/01� HP�(Hewlett-Packard)� PA-RISC�2.0�64-bit�CPU� � � 3800k�
1996/01� DEC� � � � Alpha�21264�64-bit�CPU� � � 15200�k�
1997/01� Apple,�IBM,�Motorola� PowerPC�75x�32-bit�CPU� � � 6350k�
1997/01� Sun�Microsystems� � UltraSPARC�Ⅱ�64-bit�CPU�� � 5400k�
1997/01� Intel� � � � Pentium�P6�32-bit�CPU� � � 5500k�
1999/01� Apple,�IBM,�Motorola� PowerPC�745x�32-bit�CPU�� � 33M�
1999/01� Sun�Microsystems� � UltraSPARC�Ⅲ�64-bit�CPU�� � 16M�
2000/01� SCE,�Toshiba� � � R5900�(MIPS�Ⅲ)�128-bit�CPU�for�PS2� 13.5M�
2001/01� Apple,�IBM,�Motorola� PowerPC�7450�32-bit�CPU�� � 33M�
2005/01� Apple,�IBM,�Motorola� PowerPC�970�64-bit�CPU�for�Xbox�360� 165M�
2011/09� Sun�Microsystems� � SPARC�T4�64-bit�CPU� � � 855M�
2013/06� Intel� � � � Core�i�Haswell�Series�64-bit�CPU� � 1300M�
2019/12� Fujitsu�� � � A64FX�(ARMv8.2-A)� � � 8.8G�
2020/11� Apple� � � � M1�(ARMv8.6-A)�64-bit�CPU� � 16G�
2022/03� Apple� � � � M1�Max�(ARMv8.6-A)�64-bit�CPU�� 57G�
2022/06� Apple� � � � M2�(ARMv8.6-A)�64-bit�CPU� � 20G�
2023/01� Apple� � � � M2�Max�(ARMv8.6-A)�64-bit�CPU�� 67G�

改鲆鱫驚鱐鱚鲑鲐鱑、M2�Max�鱴鲱鳉鲫鳫「富嶽」CPU�A64FX�鱳�7�倍鲇鱳鳀鳡鳫鲰鲱鲷数鲗有
鱜鱫鱉鲐。記載鱴鱜鱫鱉鱯鱉鱑�M1�Ultra�鱴�114G�鳀鳡鳫鲰鲱鲷数鱯鱳鱬�10�倍以上鱬鱇鲐。�
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