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RISC-V Ύ  

 

RISC-V ӫЇ ҿ ᴂᴮ ŀŀ ɻ ҙ ɼӫҲ ị ᶱ

ԋ҅֙ Ї ꜠ Їװ ҅֙ ԓ ɼ 

ĺĺC. Gordan Bell̆ Ὲ ̆Digital PDP-11  

VAX-11 פ  

 

ӫ ԋ RISC-V װӍЇ־└Ầװ ҿ־Ӎ ԍ ֙ Ⱶɼ

Їᵲ ₴ԋҿ־Ӎ RISC-V ԋ Ҳ ҅֙ҡ ɼ ֙

RISC-V Ầ└־Ӎғ ԋ־Ӎ҅ ɼ 

ĺĺIvan Sutherland̆ ̆ ᵬ ӊ  

  

RISC-V ᴰ қ Ї ӫᴰ꜡ᵶ ҿ ҅ ⅎɼ 

ĺĺMichael B. Taylor̆  

 

 RISC-V ӥ ת Ї ᴂ װ

ᵲ ɼ   ӫ ᶱԋ RISC-V ב Їῴꜘҏ҅֙ Ὶ

╔ ғῚ ɼװ ת ҿ ЇRISC-V

ᾭ҅֙Ғ ɻҒ Ї ɼ ᶕ Ї

Ӥ Ї Ҳ ᶕ ɼ ӊװ╦ ῇ Ї

Ї ᴰ ӕ ӫᵲҿ ɼ 

ĺĺJohn Mashey̆MIPS פ ӊѿ 

 

 ӫ ԓᴑᵫᶕ RISC-V ISA ָ ⅎ ɼҿԋḈԓ Ї

ᵲ ₉ Ї   ש ɼ Ї ԓ ᵫᶕ

ү ISA ᶡӤ ᵲ ɼ Ὶל ISA ⅎ Ї

ᴂ ԋ RISC-V ᴂẦ₴לᴂ ” ɼ 

ĺĺMegan Wachs̆ ̆SiFive  
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ῗԓᵲ  

David Patterson ⱴ ᴿᾥ≠№ ᴋ 40 ԍ 2016 ᴡ̆

ⱴ῀ Google ᴋ ₮ ̂distinguished engineer Ğoogle ᵝ Ȃ̃ז ᴋ

ԅ RISC-V ᴪ Ԋᴪ◐Һ Ȃ ז̆ ᴋ ҹᴿᾥ≠ ̂Computer 

Science DivisioñҺ ̆ ҹ ᴪ̂Computing Research Associatioñ

Һ ᴪ̂ACM̆Association for Computing MachinerỹҺ Ȃ 20 ҕ

80 ף ז̆ ԅ ף פ ̂RISC R̆educed Instruction Set Computer̃

̆R ᾥ≠ RISC ľRISC FiveòȂז Andrew Waterman RISC-

V ᵝ Ҭ ѿ Ȃ ԅ RISC ץ ז̆ ᴇ Όᵩ ↓

̂RAID̆Redundant Arrays of Inexpensive Disks̃ ᵬ ̂NOW̆Networks of 

Workstations Ȃ̃ ז ԅ ̆₮ ԅ 7 ӥ̆ ԅ 35 ҩ

̆ ̆ ↓ ֲ ̆ ҹԅ

ȁACMȁIEEE ңҩ AAAS Ȃז ₮

̂ⱴ ᴿᾥ≠№ ̃̆ Karstrom ₮ ̂ACM̃̆ Mulligan

̂IEEẼ ̂IEEE Ȃ̃ז ҹѿ ᵣ ӥ ѿ ῏ԍ

ᴆ ӥ ᵬ ᴪ̂Text and Academic Authors Associatioñ ԇ

ӥ ľ̂TextyĿ̃Ȃז ⱴ № ԅז ᵝ̆Ӟ

ԇԅ ₮ Ȃז ⱴ ̆ӏ ȁ ז ᾙ ѿ

ץ̆ ҉ Ȃױז Ҭ ᶳȂ ӥ ₮ ₃

ױז̆ ԅ 50 Ȃ 

 

 

 

Andrew Waterman SiFive ⇔ ֲȂSiFive RISC-V ⇔

ױ ̆ ᶫ ԍ RISC-V ᵞ └ Ȃז ⱴ ᴿᾥ≠№

ԅ ᵝȂ ז̆ ṩԅ פ ̆ԍ ῍

ԅRISC-V ISA ѿ RISC-V ȂAndrew ԍ RISC-V Rocket

ȁChisel ᴆ ץ Linux ᵬ ῤ GNU C C

RISC-V Һ ӊѿȂז ⱴ ᴿᾥ≠№ ᵝ̆

RISC-V RVC ז̆ ᾥ ᵝȂ 
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╦  

˻ 

RISC-V 2011 ץ₮ Ȃ ױ ҹѿҩ ѿ Ḇ

̆ Ḇᶏ ֲ ҹָӇ ѿҩ ⱬ פ ץ̆ ҍᴰ פ

(ISA) Ҍ Ȃ 

ױ № ԍῒ פ ӥ ̆p ױ RISC-V

Ώױ See MIPS Run ѿ 500 ӥ Ȃ ױ ῃӥ └⌠ԅ╠

҈№ӊѿ̆ ҩ ӈ҉ ױ ⱳԅȂ ׃̆҉ RISC-V פ ҩ

№ ԅ 100 ĺĺ Ḃҹԅ ꜛԍ ̆ ⌠ԅѿ ̂ѿ῍

75 Ȃ̃ 

פ ӊ ̆ ױ RISC-V פ Ṝ̆ ᵥ

40 פ ҉ ῒ ̆ ῒ Ȃ ∞ѿҩ פ ̆Ҍֽ

ԅָӇ̆ ғ ԅָӇȂ 

ᴪױ ׃ ҩ ҩ №Ȃ ѿ ᴪ ѿҩ RISC-

V Ώ ̆ ҹԅ ѿ פ ̆ ꜛԍ

ӟ RISC-V Ȃ ̆ ױ ᴪ↓₮ ARM̆MIPS x86 Ώ ׆̆

₮ RISC-V ץ̆ ȁⱳ ȁ ᴨלȂ 

ҹԅ ⱴ ӥ ̆ ױ ⱴ῀ԅ 50 ҩᶷ ̆ ԅѿ֓ ῏ӥ

Ҭῤ ̆ ױ ѿ֓ӏ Ȃ ױ ԅ 75 ҩ ̆ ԍ

ISA ᶛ Ȃ̂ ≠№ᾟױ ԅᶷ ˻̃ ̆ ԍ ֓ ̆ ױ

ῃӥҬⱴ῀ԅ 25 ᾟ Ȃ ᵰ ҩҺ ῐ ̆ ץ ῀ ֓

№Ȃ ֓ №Ҍᴪ ӥҬ ῒזῤ ̆ ץ ᵰ Ҍױז ῐ ̆

Ȃױ ԍ ᵣ ̆ ױ 25 ӥ ᵰ Ȃ

Ώ ӥ Ҭ̆ ׆ױ ױ Ҭ ⌠ԅ қ ˻ 

 

ҹָӇ ԅ Ӈ ̙ 

ױ ҹ ֓ Ӟ ⱴ ӥ ̆ ױ 25 ҩ № ӥ

Ȃ ױ ѿ ╠׆ ᴰ ∆ └̆ғ ꜛԍҹ ISA

‰Ȃ ױ Ӟ ԅ ѿ ̆ ҹָӇ ױ ῃӥҬ

ԅᴧ Ȃ 

 

 

ױ ӥᵬҹRISC-V ׃ ̆ᶫ ῐ ΏRISC-Vף

῀ ᶏ Ȃ ӥẊ Ԋᾢ ԅ ѿҩ פ Ȃ

̆ ԍRISC-V ῏῀ Ύ̔Computer Organization and Design 

RISC-V Edition: The Hardware Software Interfaceɺ 

ӥҬ ̔ 

¸ ĺĺ ҩѿ ̂ң ̃ RISC-V ԅRV32GCV

RV64GCV̆ ԅ ῤ ӈ פ ̔RVI, RVM, RVA, 

RVF, RVD̆ ԅ RVVȂ 

פ ¸ ĺĺ ҩ פ ̂ ױ ѿҩ ץ̃

↓₮ԅ RISC-V פ ῃ ̆ ץ פ Ҍ Ȃ

USTC
高亮
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2.1ȁ4.1ȁ5.1ȁ6.1ȁ7.1ȁ8.1ȁ9.1ȁ9.2ȁ9.3 9.4Ȃ 

¸ ᵬ ĺĺ ֓ ѿ Ҭ ԅ פ ̆ ᵬ ̆

פ ꜛפ Ȃ 2.3ȁ3.3ȁ3.4ȁ4.2ȁ5.2ȁ5.3ȁ6.2ȁ7.6ȁ7.5ȁ7.7ȁ

9.5 10.1Ȃ̂ ֓ פ ᵬ ԅ ױ ӥ ◐ Ҭᶏ

Ȃ̃  

פ ¸ ĺĺ A ҩRISC-V פ ᴺ פ 1Ȃ ῤ

̔ ᵬ ᵬ ȁ ȁ ᴰ ӈȁ RISC-V

ȁ פ ῃ ȁ פ ȁ ᵬ פ ץ̆ ⁫ פ Ȃ

ֲפ ̆ ֓ⱴ Ҍ⌠50 Ȃ 

¸ ĺĺ ץ ᵰ ῃפ ꜛ ⌠ פ ȁ ӈ

Ȃ ῖ Ȃ 

 

סּ ᾟῤ  

ױ סּ Ҭ ̆ ₃ Ȃ ӥ ҉ᴪ ӥ

̆ ᴪ ׃ ѿҊ ╠ ҉ѿ Ȃ ӥ

̂www.riscvbook.com̃҉ סּ Ȃ ױ ᾢҹ ѿ

Ҭ Ȃ ױ ̆ ꜛ ױ ӥȂ 

 

ӥ  

2017 5 8 11 ҉ ҽ Έ RISC-V ᴪ҉̆ ױ ⌠ԅ Ӈѿ

ӥ ̆₃ҩ ױ ԅ ΏȂ ⌠Patterson Ώӥ ү ̆ ױ

⅞ Ώז № Ȃ ңֲױ ԅ ᵬ̆ ғ ѿҩ

ȂPatterson Ώԅ 1ȁ2ȁ3ȁ4ȁ5ȁ6ȁ7ȁ8ȁ9ȁ11 ̆ ╠ ̆

WatermanΏԅ 10 Â ӥ №̃̆ ΏԅӥҬ ῃ ȂWaterman

ԅArmando Fox ᶫ LaTeX ΐ̆ᶏ ױ Ạ₮ ӥȂ 

ױ 2017 ҹ800 ⱴ ᴿᾥ≠№ ᶫԅ ӥ

Ȃ ῀ԅױז ̆ 2017 ץ ̆ ѿҩ ԍ2017 11 28

30 ҽⱲ ҂ RISC ᴪ҉ Ȃ 

RISC-V ѿҩᴿᾥ≠ ◐֟ Ȃ ᴆ

ᴆ Ȃ 

 

 

ױ Armando Fox̆ ҹ ᶏױ ԅז LaTeX ΐ̆ץ ԅז῏ԍҩֲ₮

Ȃ 

ױ ℗ ֓ ԅ ӥ ₮ԅ ֲ̆ ̔

Krste AsanoviËc, Nikhil Athreya, C. Gordon Bell, Stuart Hoad, David Kanter, John Mashey, Ivan 

Sutherland, Ted Speers, Michael Taylor, Megan Wachs,é. 

̆ ױ ⱴ ᴿᾥ≠№ ץ₮ט ױז

֓ ˻ 

 

David Patterson  Andrew Waterman 

2017 9 1 ԍⱴ ᴿᾥ≠ 

                                                   
1 ӈ RV32V ᴪ ӥ ӊ╠ ױז ᵬ̆ ץ ױ A Ҭ ԅ ֓

Ȃפ ⌠ Ṝ RV32V ᴪ ѿ֓ ̆ ῇ ױ ԍ ҹ Ȃ 
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ҩ ╠ ѿ ̆ ⌠ⱴ ᴿᾥ≠№ ҙ ̆

ҺDavid Patterson ̂ ̃ ז Andrew Watermanѿ

ȇThe RISC-V ReaderȈ Ҭ Ȃ ԅ ╠ ѿ ̆ ⌠ԅ ⱴ

ᴿᾥ≠№ Ạ ᴆ̆ David Patterson ז Krste 

Asanovic ѿ Ώ Ҭ ҉ Ȃ ⌠ԅҬ ȇ פ

ᾧ ̔RISC-V ᶛȈ ̆ꜚ ԅҒ ѿ ≠̆ ┴ ȇҬ ᴪ

Ȉ ԅ Ȃ ԍ2015 2 ̆ ⌠

῏ ̆Ҍ ױ ñ ᾢ ò̆ ҹ ῤ ᵣ ╠ ῃ

⌠ԅRISC-V Ȃ ѿ ̆ RISC-V ӊ ȁ Patterson ᴀӊ

̆ ҹԅḂԍ Ҭ ԅ RISC-V ̆ ԅ Ȃ 

₃ ῀ RISC-V ̆ Ҭ ₮ѿ ððRISC-V ἝLinux

ȂԊף ҉̆ᴿᾥ≠ ᶰ ױ RISC-V

ľInstruction Sets Want to be FreeĿððῃҕ ᴋᵥῈ ȁ ȁ ҍҩֲ ץ

Ὶ RISC-V פ ̆ ץ ῀⌠ ԍRISC-V ᴆ ̆ Ҍ

ҹ פ №ѿט Ȃ ᴯ ˻ 

ᴆ Ҭ̆Linux ҩ Ȃ ԍLinuxֲ̆ױ PythonȁLLVMȁ

GCC ΐ ̆⇔ MySQLȁApacheȁHadoop ᴆ̆ ⇔

ҍ ̆ ѿҩᴇṿ 150ַ ᾝ ᴆ Ȃ Ҭ ԑ ֟ҙ ӈ

ҹ ̆Ҍֽ ԅBAT ԑ ᴑҙ ⱬ̆Ӟ ᵞԅԑ ֟ҙ⇔

̆ ׂ3-5ᵝ ֲ ₃ҩ ₮ѿҩԑ Ȃ

̆RISC-V ἝLinux ҹ ҍ ⇔ Ȃᵖ RISC-V

Ҍ ̆ ѿҩ ԍRISC-V ̆ ΐ ȁ

IPȁ SoC Ȃ 

RISC-V ӊ ̆ ₮ ӊ ⱬȂᵬҹῃҕ ̆Ҭ

ѿ ֟ҙẠ Ạ ̆ Ӟ ꜜⱬȂṢ ᴆ ԍҬ ԑ ֟ҙ

ᵬ ̆Ӟ ѿ ṿ Ȃ Ҭ ȇRISC-V ΎȈ̆

ҹ ҉ѿҩ Ȃ 

 

Ԑ  

2018 11 3  

 

 

Õ Ԑ  Ҭ ̆ᾢ Ҭ Һᴋ̆ Ԋ׆ ᵣ  

Õ ‼  Ҭ ҍ Ғҙ ̆ ԍ ᵣ  

Õ    Ҭ ̆ ҹ  

Õ ↔ ↨ Ҭ ̆ ԍ RISC-V ╠ ̆ ԋ ῃ

ⱬ Ῑ ѿ  
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҅  ҿ־Ӎ RISC-VК 

ɼ ŀŀ↓ ¥ ¥ (Leonardo da Vinci) 

1.1  

RISC-V ľ̂RISC fiveĿ̃ ҹѿҩ ת ̂ISÃ̔  

׆ ¸ ῀ └ ̆⌠

Ȃ 

¸ Ὶ ᴆ Ȃ 

¸ ̆ ↓̂FPGA ȁ̃Ғ

̂ASIC ȁ̃ῃ └ ̆ Ȃ 

¸ ᵣ ̔ᶛ └; Ӱ

; Ȃ 

¸ Ғҙ ̆ ҹ └ⱴ ̆ ҹ ̆

ⱴ Ȃ 

¸ ̆ פ Ҍ Ȃ ̆ Ҍ Ἕץ╠

Ғ פ ѿ ̆ᶛ AMD Am29000ȁDigital AlphaȁDigital VAXȁ

Hewlett Packard PA-RISCȁIntel i860ȁIntel i960ȁMotorola 88000ȁץ Zilog 

Z8000Ȃ 

 

RISC-V Ҍ Ҍֽ ԍ ѿҩ פ ̂ ԍ

̆ ῒז פ ԍ20ҕ 70⌠80 ̆̃ף ғ ԍ ѿҩ

פ Ȃҍ₃Ӎ Ҍ ̆ Ҍ ᴋᵥ ѿῈ ѿ ῐ

‗ ̂ ѿ פ ԅ Ȃ̃ ԍѿҩ ̆

≠ ᴪȂRISC-V ᴪ Ḡ RISC-V ֽֽ̆₮ԍ

̆ ⱬ ӊԍ ᴆ Linuxӊԍ ᵬ ѿ Ȃ

1.1↓₮ԅRISC-V ᴪ ᴑҙ ̆ᵬҹῒ ⱬ Ȃ 

 

 

1.1̔2017 5 Έ RISC-V ᴪ҉RISC-V ᴪ ᴑҙ Ȃ Ὲ

500ַ ᾝ̆Ҭ Ὲ ᵞԍ500ַ ᾝᵖ 50ַ ᾝ̆

ᵞԍ50ַ ᾝᵖ 5ַ ᾝȂRISC-V ᴪ 25 Ὲ ̆5 ∆⇔Ὲ

̂Antmicro Ltd̆Blockstream̆Esperanto Technologies̆Greenwaves Technologies SiFivẽ̆

4 ≠ ̂CSEM̆Draper Laboratory̆ICT lowRISC̃ 6 ̂ETH Zurich̆

IIT Madras̆National University of Defense Technology̆Princeton UC Berkeley Ȃ̃ 60ҩ

Ҭ ץ Ȃ ԅ Ḥ ̆ www.riscv.orgȂ 

∆ ¥ ¥  
(1452-1519) ҅ᵣ

Ῐ Ї

Ї Ї

Ӥ ҅ Ї∕ᵲԋ

ʃ ӂ

ʄ 

 

ᴂ ꜘῇԋᶽ

Ї

ῇ҅֙

ɼ ЇRISC-V √

ҿꜘ ᵅᾫ⌐

ⅎ Ὺ

ɼ ָ

ᶕ ᶕ ɼ

RISC-V

└ ῗ ҏ ISA

ԋ

└ԋ Ῐ ɼ

ԋ

Ӑ Їלᴂ ᴰ

ҿ҅ү

ISA ‼ɼ 

http://www.riscv.org/
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1.2̔x86 פ ץ פ Ȃx86 1978 80 2015⌠̆פ ԅ16Ṑ̆

⌠ԅ1338 ̆פ ғׅ Ȃֲפ ׅ Ḡ Ȃ2015 ҉

3600 פ [Rodgers and Uhlig 2017]̆ x86 פ ⌠ԅ̂ 1978 ⌠

2015 ӊῤ̃ ѿ Ȃ ױ פ ױז̆ ῀ԅ Ȃפ ῇ

̆ ҩ ѿ № ҹx86 ISAᶭ ԍSIMD פ Ȃ 

 

 

1.3̔x86-32 ASCII Adjust after Addition̂ððð̃ פ Ȃ ԋץ └ └ ̂BCD̃

̆ Ḥ Ȃx86 ҈ҩ ᵌ ≢№̆פ ⁞

ᵬ̂ððẴ̆ ӗ ᵬ̂ððü̃̆ ᵬ̂ððó Ȃ̃ ԍױז ̆פ ⱴױ ԅ

ᵬ 1.6%̂4/256 Ȃ̃ 

1.2 ҍ ISA 

Ὶ ӐҏЇᴥ ɼҿԋ ZilogЇ ԋ

҅ ֥ Ї ҿ8086ɼ Ї ᴑᵫ ᴑ ЇᵜԐ ɼ

Ї ₴ Ї Ғ ָ ɼ Ї8086 ԋҐ ŀŀ 32ᵣ

Ї ҿԋ64ᵣ ɼ Ғ Ѓ80186,80286Їi386Їi486ЇPentiumЄЇᵜ

ת Ḧ Ғ ɼ 

ĺĺStephen P. Morse, 8086 [Morse 2017] 
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ᵣ ᴰ ISĂ Ҍֽ ISA ̆

Ȃ ҹԅḠ ԑ ┼ῡ ̆ ₃ ╠ ԋ └

ׅ ץ ҉ Ȃ ѿ ҍ ԍ פ

҉ ῍ ԅISA ᵣ Ȃᶛ ̆ 1.2 ԅ ׂҺ ISA 

80x86 פ Ȃ ҩ פ ץ ⌠1978 ̆

Ҭ̆ ү ⱴԅ Ҏ  Ȃת

ҩᴰ x86-32̂ ױ 32ᵝ x86̃ ҩ

Ҭ ̆ Ḃ ҌῬױ ӈȂᶛ ̆ 1.3 ԅx86 ASCII Adjust after 

Addition̂aaã ̆פ פ Ȃ 

ᵬҹѿҩ ̆Ẋ ѿ ᶫ ᴇ ̆ ∆ ѿ

Ȃ ̆ ᴪⱴ῀ ̆ — ̆ף ̆ ̆

̆ ≠ ̆ ̆ ̆ ̆ ⌠ ҹѿ Ȃ ץ

ױז⌠ қ ̆ Ạ ָӇ ӈȂ Ạ ̆

ҹ ט ᴪ Ҍ ⱴȂ 

RISC-V Ҍ ӊ ̆ ԅ ԍ ץ ̆ ԍ̔ ₃Ӎ

ץ ISAҌ ̆ Ȃ ѿҩ ҹRV32I ISĂ ѿҩ

ᴆ ȂRV32I ̆ Ҍᴪ Ȃ ҹ Ώ ̆ ᵬ ֲ

ᶫԅ Ȃ ԍ ‰ ̆ ̆

ᴆ ץ Ҍ ֓ Ȃ ᶏ RISC-Vΐ ԅ ȁᵞ

̆ ԍ ῀ ῏ ȂRISC-V ╠ ᴆ ֓ ̆Ḃ

ץ ╠ ᴆ ᴆҊ ᶃף Ȃ ᶛ ף ⱴ⌠ פ ӊ ᵬ

ҹ Ȃᶛ ̆RV32IMFD ӗ ̂RV32M̃̆ ̂RV32F̃

̂RV32D̃ ⱴ⌠ԅ פ ̂RV32ĨҬȂ 

↨ױ ̆RISC-V ᶫ ̆ Ҍ ѿ ꜛ Ȃ

Һ қ ̂ Ҍ Ạ₮ѿ ̃̆ ױז

ט ȂRISC-V ֽֽҹԅ ⱬ ⱴ ȂRISC-Vפ ᴪᴪ‗ ָӇ Ṝ

ⱴ ̆ ױז ᴪ₮ԍ Ặ ғ ᴆҒ ᴪ

Ғ Ὲ ץ ᴪ ⱴȂ ᶏ ֓ ₮ ԅ ҉̆ ׅױ ̆

ҌᴪἝ ISAҬ ҹ №Ȃ 

1.3 ISA  101 

׃ RISC-V ҩ ISA ӊ╠̆ԅ ISA ↕ Ạ

₮ Ȃ Ҋ ↓ ↓₮ԅ҂ ‰Ȃ ԅ ҂ҩ ץ̆

₮ RISC-V Ҭ ױ ᶛȂ̂ ┘ ᶛȂ̃  

¸ ̂ ᾝ ̃ 

¸ ̂ ̃ 

¸ ̂ ̃ 

¸ ΐᵣ № ̂№ ңҩ ̃ 

¸ ̂ ̃ 

¸ ̂ ѿ ңҩ ̃ 

¸ ԍ / / ̂ᾙ ľἝ ABC ѿ Ŀ̃  

 

ҹԅ ױ ̆ ѿ Ҭ ᴪױ ѿ֓ץ ISA ᵬ₮ Ȃ ױ

ᴌᶕ

RISC-

V ∑Їת ᴌᴰ

ᴌҲ

ꜗ Їᵲҿ ‼

҅ ⅎɼ 

USTC
高亮

USTC
高亮

USTC
高亮
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Ҍ ̆ RISC-V ᴪẠ₮ ‗ Ȃ 

 

 ̆ ҹ Ȃ ױ Ạ ҹ̆ ױ ѿ֓

ҩ ⅓◙ ⌠Ȃ 1.4 ԅ RISC-V Ȃ

№ ̔ 

cost å f(die area2) 

 

̆ ̆ ҩ ҉ ℗◓₮ Ȃ № ԍ

ȂҌ ̆ ֥̆ ̂ ֟₮ ᶛ̃ Ȃ

ԍ ╠ ֟ ᴪ ҉ Ҋѿ֓ Ȃ ̆ №

ᴪ ᵞȂ 

 

1.4̔ SiFive ҹ8 RISC-V Ȃ ң RISC-V ̆ᶏ ⱴ

Ȃ FE310 ҹ2.65mmĬ2.72mm̆SiFive ҹ2.89mmĬ2.72mmȂ ѿ ҉ 1846 FE310

1866 SiFive ̆ ῍3712ҩ Ȃ 

 

Ḡ ISA ׆̆ ISA Ȃ ױ

⌠̆RISC-V ISA ARM-32 ISA Ȃ ҽᶛ̆ ױ ᶏ

̂16KiB̃ RISC-V Rocket ̂TSMC40GPLUS̃ ARM-

32 Cortex A5 ȂRISC-V 0.27mm2̆ ARM-32

0.53mm2Ȃ ԍ ѿṐ̆ARM-32 Cortex A5 RISC-V Rocket 4̂22̃

ṐȂ ᶏ 10%̆ Ӟ ץ 1.2̂1.12̃Ṑ ᶛ Ȃ 

 

 ԍ ԍ ̆ ѿҩ ISA ȂISA

̆ ױ ԅ № Ȃ ֓

⌠ ҬȂ ҩ ‗ԍ Ȃ ᵞ ̆

װ

ת

҅ Ї Ғ

ᴰ Ї

ISA ᵤ

ɼ ҿ

Ї ҿ

Ņ ņ ת ҅

ɼ 
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高亮
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ԅ ᵥᶏ ҩ ISAȂ 

Ҋץ ARM-32 ISA ѿҩ ᶛ̔ 
 

ûóüøðôĀ 30ˉʿ ˵2ёˇ2єʿ 0#˶ 

 

ףפ LoaD Multiple, Increment-Address, on EQualȂ 5 ⱴ Ώ῀ 6

ҩ ̆ᵖֽ EQ ᴆ ᵝ Ȃ ̆ Ώ῀ PC̆ Ӟ ᴆ

№ Ȃ Ҍ ˻ 

ΐ ┬ ̆ Ḃ ⱳ ̆ Ӟפ פ

⌠Ȃᶛ ̆x86-32 ѿҩ enter ̆פ פ ῀ѿҩ⇔ ѿҩ Ҭ

ѿ ̂פ ҈ Ȃ̃ ң x86-32 פ ף ̔ 

ÿĄĂ÷ ôñÿ       # ῀  

üþą  ôñÿʿ ôĂÿ  # └⌠  

 

 ֓ ԍ ῀ ̆ ҹ

῏ Ȃ №ץ ҹ Ҋ҈ҩ ̔ 

ὭὲίὸὶόὧὸὭέὲί

ὴὶέὫὶὥά

ὥὺὩὶὥὫὩ ὧὰέὧὯ ὧώὧὰὩί

ὭὲίὸὶόὧὸὭέὲ

ὸὭάὩ

ὧὰέὧὯ ὧώὧὰὩ

ὸὭάὩ

ὴὶέὫὶὥά
 

ᶏѿҩ ISA ҩ פ ԍ ISĂp ץ

ᵞ פ ̂CPĨ Ȃ 

ᶛ ̆ CoreMark [Gal-On, Levy 2012]̂ 100000 ̃ף ̆ ⌠ ARM-32 

Cortex-A9 ҹ̔ 

σςȢςχ ὄ ὭὲίὸὶόὧὸὭέὲί

ὴὶέὫὶὥά

πȢχω ὧὰέὧὯ ὧώὧὰὩί

ὭὲίὸὶόὧὸὭέὲ

πȢχρ ὲί

ὧὰέὧὯ ὧώὧὰὩ

ρψȢρυ ίὩὧί

ὴὶέὫὶὥά
 

̆RISC-V BOOM ҹ̔ 

ςωȢυρ ὄ ὭὲίὸὶόὧὸὭέὲί

ὴὶέὫὶὥά

πȢχς ὧὰέὧὯ ὧώὧὰὩί

ὭὲίὸὶόὧὸὭέὲ

πȢφχ ὲί

ὧὰέὧὯ ὧώὧὰὩ

ρτȢςφ ίὩὧί

ὴὶέὫὶὥά
 

ҩᶛ Ҭ̆ARM פ Ҍ RISC-V Ȃ ױ ⌠

̆ Ӟפ ⌠ ̆פ ISA ҹ Ȃ ԍ ҩ

̆RISC-V ҈ҩ Ҭ ѿҩ ԅ 10% ᴨ̆ל ⱴױ ԅ

30% ᴨלȂ ISA Ӟ Ỳ ₮ ̆ Ӈῒ ᴇ ₮ Ȃ 

 

ΐᵣ №  ӊ ∆ № ץ ⌠ 20 ҕ 60 ΐᵣ̆ף

ҹ̔ ԅ Ώ₮ ̆ Ҍѿ Ḡ Ȃ ԍ ̆

ҹԅ ҉ ѿ ᴨ ̆ ISA Ҭ ֓ ̆פ

Ṝ ѿᴆ Ԋ Ȃᵖ Ạᴪ ῒז ׂ Ȃ 

ⅎ MIPS-32 ISA ѿҩֲפ ᶛ Ȃ ᴆ№ ₮ ̆

ҹ Ҋѿ פ ҉̆p Ҍ ⌠

Ҋѿ ̂ № ̃̆ № ѿ ̂ ԅ№ Ȃ̃ ԍ

ױ ѿҩԓ ̆ ᴨ ѿҩ Ȃ

MIPS-32 № ᵬ ӈ № פ Ҋѿ פ Ӑ ̆ № פ

Ҋѿ פ ᴪ Ȃ Ώ Ạ ѿ֓ פ ῀ Ȃ 

̆ ҩľ ‗ Ŀ Ҋ ̂ԍ ₮№ ӊ╠ ԅ

̃פ MIPS-32 ̆ MIPS-32 ̆ Ώ ץ̆

̂ ҹ ISA Ὶ ̆ 1.2 ̃ ⱴ Ȃ ̆ MIPS-

ῇ

Ї ҿ

ɼ ┼

Ḧ

Ї ל

ᴂᴰḦ ש

װ ꜠ ₴ ɼ 

҅ү

ṛ Ї 1 

GHz

ү ҿ 1 

nsЃ1 / 10
9
Єɼ 

װ

ԓ 1Ї ҿ A9 BOOM 

[Celio et al.2015]

Ї

ү

ү  ɼת

א

ᶕ ᴌ

ⅎ Ї

‼ װ 90ЀЇ

ҙ ԓᴑᵫ

ɼלᴂ

҅ ┼ ═

ɼ 
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32 ף ⱴ ̂ 29 2.10 Ȃ̃ 

Ҍ ҹԅ ꜡ԓ ҩ ѿҩ ⱴ῀ ֓ⱳ ̆p ױז

ӞҌ ῀ ֓ ⱳ Ȃᶛ ̆ ҉ѿ ̆ARM-32 ῒזѿ֓ ISA ΐ

Load Multiple Ȃפ ֓ פ ץ ̆p ᴪ ᵞ

Ȃ ԍ ԅ ԅҍῒז פ Load Multiple ҩ

׆̆ ᵞԅ ֓ פ Ȃ 

 

 ̂Mooreôs law̃ ̆ ᴇ ѿ ҹ

̂ᶛ ӟ̆ ̆ ᴨ ̆ ̃ ⱴ ӈ Ȃפ ׂ

ISA Ḡ ᵬ ᶫץ Ȃ 

20 ҕ 70 ף 80 ̆ף Ҭ Ṝ̆ ֲ ҹ

ᵬ Ȃ ̆ ױ ⁞ץ ҩ פ

̂ ╠ѿ ҉ ῏ Ҭ ѿҩ Ȃ̃  

ѿҩ ᵬ ᶛ ĂRM-32 ╠ץ

ѿ 32 ᵝ ISA Ҭ ⱴ 16 ᵝ פ ף⁞ ̆p ԅȂ ̆ ѿ ‗

ᾢ 16 ᵝ פ ⇔ ѿҩ ISÂThumb̃̆ 16 ᵝ פ 32 ᵝ פ

ѿҩ ISÂ Thumb-2̃̆ ѿҩ ᵝ ң פ ℗ Ȃҹԅ℗ ̆

ᴪ ⌠ѿҩ ᵞ ᵝҹ 1 Ȃ ╠ ̆

16 ᵝ 32 ᵝ Ҭ̆פ ᵝ 0Ȃ 

 

1.5̔RV32ĞARM-32̆x86-32̆RV32C Thumb-2 Ȃ ңҩISA ץ ף ҹ

Ȃ ֓ ᶏ GCC SPEC CPU2006 ‰ ȂҍRV32C ̆Thumb-2 ף

ᴨל ԍ ῀ Load and Store Multiple ȂRV32C Ḡץ̆ױ ҍRV32G פ

ѿ ѿ ̆RV32G ԅLoad and Store Multipleץ ᵞ ̂ Ҋ Ȃ̃ ҂

׃ ԅRV32CȂRV32G RISC-V ̂RV32M̆RV32F̆RV32D RV32Ã ̆

ҹRV32IMAFDȂ[Waterman 2016] 

 

 ̆ Ữ ( ԍ ῀ ѿҩ

)Ȃ ҉̆ ҩ Ḇᶏ ARM Thumb Thumb-2 ISA Ҭ ⱴԅѿ֓

Ȃפ ⁞ פ Ҭ ׆̆ ԅⱳ ̂ ҹ DRAM

҉ SRAM ̃̆ Ӟ ԅ Ȃ ף ISA ӊ

ѿȂ 

ҏ └ ARM-32

ת ldmiaeq

Ї ҿ ⅎ

Ӥ װ ARM-32 ה

Thumb/Thumb-2 ҩ

Ҳ⅓ ɼ 
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高亮
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高亮
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x86-32 ISA פ ץ 1 ̆Ӟ ץ 15 Ȃᵰ ᴪ x86

Ώפ ѿ ᴪ ѿ֓ ISÂ ARM-32̆RISC-ṼҬ 32 ᵝ

Ώפ Ȃ ҉̆ פ Ӟ ԍֽ 16 ᵝ 32 ᵝ פ

ISÂ Thumb-2 ᶏ RV32C RISC-V̆ ҂ Ȃ̃ 1.5 ̆

פ 32 ᵝ ĂRM-32 RISC-V ף x86-32 6%⌠ 9%̆ ֲפ ̆

x86-32 ף ᶫ 16 ᵝ 32 ᵝ פ ̂Thumb-2 RV32C̃ 26%Ȃ 

ᶏ פ ISA ᴪ RV32C Thumb-2 ף

̆ᵖ 20 ҕ 70 ף ѿҩ x86 Ҍ῏ ҩ Ȃ ̆ ⌠ ISA

̂ 1.2 ̃ ԍ ԋ └Ὶ ̆ x86-32 פ Ȃ ױ

ѿ⌠ңҩ ╠ ̆ ᶏ ᶏױ x86 ᵩ ᵬ Ȃ 

 

ԍ / /  ԍ Ҭ Ữ Ҭ ̆

№ ѿ Ạ Ȃ ᴆԊ Ṝ ⱴ Ȃ ԍ ѿ ̆

ARM-32 16 ҩ ̆ x86-32 8 ҩȂ ף ISÂ RISC-Ṽ 32 ҩ

Ȃ ̆ ԅ ̆ ᵬᴪ ⱴ Ȃ 

ѿҩ ѿҩף ↓ Ȃ ױ ץ

⌠̆ѿ RISC-V פ ѿҩ ̂ Ҭ Ȃ̃ᵖ ╠ӊױ

⌠ ĂRM-32 x86-32 ҩ ̂ ᶏ Ҭ̃ Ȃפ

̆ҍ ARM-32 RISC-V Ҍ x̆86-32 פ ᵬ ץ Ữ Ҭ̆ Ҍ

Ȃ פ ᵝԍ Ữ Ҭ ᵬ ᶏ ֲ Ḡץ

Ȃ 

ISA ᵣ ῗש ̂PIC̃ ̆ ҹ ꜚ ̂ 3.5 ̃̆

ԍ Ҍ Ҭ῍֣ ף ץ Ҍ ȂPC ῏ № PIC

Ȃ ₃Ӎ ISA ᶫҍ PC ῏ № ̆ᵖ x86-32 MIPS-32 ԅҍ PC

῏ Ȃ 

 

1.4 ῃӥ  

ӥẊ RISC-V ӊ╠ ԅ ῒז פ Ȃ ̆ ױ ԍ

RISC-V ῏῀ ӥ[Patterson Hennessy 2017]Ȃ 

ԋ ׃ ԅ RV32Ĭ RISC-V Ҍ פ ̆ RISC-V ῤ

Ȃ ҈ ԅ ԋ Ҭ ׃ ῒᵩ RISC-V ῤ ̆ ѿ֓

ᾥ ЕARM-32ЇMIPS-32 x86-32 

ѿҩ №̆ ҩҺ ῐ ̆ ץ ῀ p̆ױ ױ ԍ

ӥ ῒᵩ № Ҍ Ȃᶛ ̆ ױ ԍ ISA Ҍ Ȃ32 ᵝ ARM ISA

̆ ѿҩ ԍ 1986 ̆ 2005 ₮ ̆ ҹ ARMv7ȂARM-32

ARMv7 ISAȂMIPS Ӟ 32 ᵝ ̆p ױ ̆ ҹ MIPS Î ñMIPS32ò

ѿҩ Ҍ̆ ԍ ױ ӊҹ MIPS-32 ISA Ȃ̃ ѿҩ 16 ᵝ  1978

8086 ῒ̆Ҭ 80386 ISA 1985 ⌠ 32 ᵝ Ȃ ױ x86-32 IA-

32̆ x86 ISA 32 ᵝ Ȃ ԍ ֓ ISA Ҍ ᵣ ̆ ױ ױ

‰ Ҍ Ȃ 

ᶡ ҅ү 15

x86-32 ת ûþòú 

ðóó óĆþāó ÿăā óĂЕ

˱ôĂøӎôòć˹ёӎэćюяѐё

ђѓєѕ˲Їэćôõòóðñѕіɼ

Ѓ ῏ ┼ЄЕ

67 66 f0 3e 81 84 8e 

78 56 34 12 89 ab cd 

efɼ 8ү 2

ү Ї╦ 7ү

Ỵ ᵲЇ

ꜘ ᵲЇ32ᵣ Ї

Ї2 ү

ɼ 1 ת

ᶡ 40

ת øýò ôðćɼ 
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ԍ Ȃ ↕ RISC-V פ ѿ֓ RISC-V פ

Ȃפ ֓ᵀ ת פ ᵣ̆ ױ ԅ Ώ ̆

ᾧԅᶏ ISA Ȃ 

Ҋ ҈ ԅ RISC-V ‰ Ȃ ױ ⱴ⌠ RIV32I Ҭ Ṝ̆ ױ

RV32ĜG ף ѿ ̃̔  

¸ ̔ӗ ̂RV32M̃ 

¸ ԓ ̔ ᵬ̂RV32F RV32D̃ 

¸ Έ ̔ ᵬ̂RV32Ã 

3 4 RISC-Vñ ò ӥҬ RISC-V RV32ĞRV64Ĝפ

RV32 / 64Ṽ Ȃ 

҂ ׃ ԅ RV32C̆ RISC-V ᴨ ѿҩ ᶃᶛ Ȃ

16 ᵝ פ └ҹ 32 ᵝ RV32G פ ̆ ₃Ӎױ ᴇף Ȃ ץ

פ ̆ ᶏ RV32CȂ 16 ᵝ RV32C פ

32 ᵝ RV32G פ ᴆ 400 ҩ ̆ ᶏ RISC-V ҬӞ

№ӊ₃Ȃ 

ῇ ׃ ԅ RV32VȂ ҍᴧ ת ̂SIMD̃ -ARM̂פ

32̆MIPS-32̆x86-32̃ ̆ פ ҹԅ ISA ᴨ ѿҩᶛ Ȃ ҉̆

1.2 Ҭ ⱴ⌠ x86-32 פ SIMD̆ פ ҕȂRV32V

ISA ̆ ҹ ̆ Ҍ ң

῀⌠ ᵬ ҬȂRV32V Ӟ ᴰ׆ ԍ SIMD ISA ⌠ RISC-V ҹ

Ȃ 

Ӝ ԅ RV64Ğ RISC-V 64 ᵝ Ȃ ̆

RISC-V ̆ ⱴ῀ѿ֓ ȁ RV32G ̆פ ץ

׆ 32 ᵝ ҹ 64 ᵝȂ 

׃ ԅ ̆פ ԅ RISC-V ᵥ № ץ ȁ

Ȃ 

ѿ ׃ ԅ RISC-V ᴪ ╠ ⱴ ῒ Ȃ 

Ҋ ӥ ѿҩ №̆ AȂ ↓ פ Ȃ

ӈԅ RISC-V ISA ץ ҉ ⌠ ̆ 50 ῃ ᴺ Ȃפ

RISC-V Ȃ 

ӥ ѿ № Ȃ 

 

1.5  

װ ₴Ї [ ת ] ҏ װ ┼ ᴑ ᵲňň

ה ╦ ₴ Ї ҅ү[ ת ] Е[ ת ] Ї

Ҳ ” ɼ 

 ĺĺ–¥ ᴚ ̂von Neumanñ ̆1947 

 

RISC-V ѿҩ ̆ ̆ ̆ ISĂ ץ ISA ҹ

ȂRISC-V ׆ ⌠ ҉ ᵬȂ

– ᶭ 70 ╠ ̆ ҩ ISA Ḡ ᵞ ̆

פ ׆̆ ꜛ ҹ

Ӥ ҿ

Ї ԓ 20қ

60 ש ISA

ɼҿԋ Ї

ᴂ Ḧ Ї

Ғ ᶕῚ

ҿ ɼ 

’¥ ᴠ ᾨ╦

 

ⱵЇװ ԓ

ҿ

’¥ ᴠ Ї

ᴓ ԓῚל

ָ ᵲɼ ҅

Ỵ

Ҏ ╦  

ϼ 
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ף Ȃ 

 

1.6̔ISA Ύ [Waterman and Asanovi'c 2017a]̆[Waterman and Asanovi'c 2017b]̆

[Intel Corporation 2016]̆[ARM Ltd. 2014]Ȃ № 200ҩ ̆ 40

Ȃ ԍ[Baumann 2017] 1 ѿ №Ȃ 

 

ѿҩ ‰ Ȃ 1.6 ԅץ RISC-Vȁ

ARM-32 x86-32 פ Ύ Ȃ ᵰ Ύᵬҹῃ ᵬ̆ 8 ̆

5 ̆ Ӈ ҩ ARM-32 Ύ̆ ѿҩ x86-32 ΎȂ

̆ ѿҩֲ ῃ ARM-32 x86-32Ȃ ̆RISC-V

ARM-32 ,x86-32 ⌠ Ȃ ҉̆ RISC-V ISA

ң ̂ Ȃ̃ 

ҩ ̆ ISA ԍ 2011 ₮̆ ѿҩ ᴪ ᶫ Ȃ ᴪ

Ҥ ᶭ ⱴ Ȃ RISC-V ᾧ

ȁ῍֣ ҹ ׆̆ ᵞԅ ̆Ӟ⁞ ԅ Ҍҹֲ

ӊҬ Ȃ 

̆ ᴆҌ ѿҩ Ȃ ᴆ ᶏ ᴆ Ȃ

ᴆ ̆ᵖ ᴆ ԍ Ȃ ֓ ᴆ ᵬ ̆ ⱴ

̆ ᴆ ᴧ ᴆ ΐȂ ᴪḠ ҩ ISA ̆ Ҍ

פ RV32I ᵬҹ ᴆ Ҍᴪ Ȃ

̆RISC-V ץ Һ Ғ ISA Һ ᵝȂ 

ᴨ ѿҩ ԍ ISA ̆ᵖ ӥ ̆ᵰ ᴪ ױ ԍ

RISC-VȂ ױ Ҽ € ױ ҹᵣ ₮ᴨ Ȃ 
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ԑ  RV32IЕRISC-V ת  

 

ň ҙ ⅓ ֩ └ ҅ ɼ ᴌ Ғ

└ Ғᴰ ᴌҏň 

ððFrances Elizabeth ñFranò Allen, 1981 

 

2.1  

 

2.1 RV32I פ ѿ Ȃ ԍ ̆ Ҋ⅞ ׆ ⌠

̆ RV32I פ Ȃ ԍ ѿҩ ̆ {}ῤ↓ҽԅ פ

ᵣ̆ ᵣ ⱴҊ⅞ Ҋ⅞ _ Ȃ ≢ ̆Ҋ⅞ _ ԍ

פ ᵣҌ Ȃᶛ ̆Ҋ ԅ ҩ RV32I  :slt̆sltĭsltŭsltiu̔פ

ᶏױ ֓ ̂Ҋ ₃ ѿҩ ̃̆ פ ₮ѿҩ ȁ ῀

Ȃ 

 

2.2 RV32I פ  

2.2 ԅΈ פ ̆№≢ ̔ ԍ - ᵬ R ̆פ

ԍ load ᵬ I ̆פ ԍ store ᵬ S ̆פ ԍ ᴆ

ᵬ B ̆פ ԍ U פ ԍ ᴆ J Ȃפ 2.3 ᶏ

2.2 פ ↓₮ԅ 2.1 Ҭ₮ RV32I פ ᵬ Ȃ 

ᶏ פ Ӟ ѿ֓׆ RISC-V ISA ⱳ

Ȃ ᾢ̆ פ Έ ̆ ғ פ 32 ᵝ ̆ ԅ פ ȂARM-

32̆ ῖ x86-32 Ҍ פ ̆ᶏ ᴆ ᵞ ҬẒ ̆

Ҭ Ҭ Ȃ ԋ̆RISC-V פ ᶫ҈ҩ ᵬ ̆

Ҍ Ἕ x86-32 ѿ ̆ ᵬ ᵬ ῍֣ѿҩ Ȃ ѿҩ ᵬ ҈

ҩҌ ᵬ ̆ᵖ ISA ᶫԅңҩ ᵬ ̆

ᶏ ѿ movê ̃ ̆פ Ḡ ṿȂ ҈̆ RISC-V Ҭ ԍ

̆פ Ώ ѿᵝ ̆ ̆╠ӊפ ᾢץ

Ȃ ῒז ISA Ҭ̆ ֓ פ № Ҭפ ᵬҹ ̆ ῒ

ז Ҭפ ᵬҹ ᵬ ̂ᶛ ̆ARM-32 MIPS-32̃Ȃ ̆ҹԅ ₮

פ ̆ ױ ҉ ⱴ ̆ᶏ

ҹ Ȃ ̆ ֓ ̆ ᵝ Ҭפ

ᵝȂ ҹ῏ ̆ ץ פ ӊ╠ Ȃ 

(1932-) ԍ

Ӏ ҿ

ᴮ

ᵲɼ

ɼ 

 

꜡ԓ ɼɟת Ї

xЁ0xfffffff0 RISC-V

Ҳ ҅ ðýóø

Їᵜת MIPS-32 Ҳ

ҩ ЃðóóøĄת

ԓꜘ Ї

ðýóЄЇ ҿ MIPS

ɼARM-32

ꜘ҅ү

ת ñøòЇ rxЁ

immediate װ ị

. 
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2.1̔RV32I פ Ȃ Ҋ⅞ ׆ ⌠ ԅ RV32I Ȃפ {} Ҭ

҉ ҩ פ Ҍ ᵣȂ Ҭ Ҋ⅞ _ Ҍ ҩ Ӟ ѿҩ פ

Ȃᶛ ̆ ҉ ҊΈҩץ  ðýó̆þā̆ćþā̆ðýóø̆þāø̆ćþāøȂ̔פ

 

 

 

 

2.2̔RISC-V פ Ȃ ױ ṿҬ ᵝ ̂ Ҍ פ Ҭ ᵝ ̃

(imm[x]) ҩ Ȃ ԅ └ ᶏפ I Ҍ Ạ Ȃ̂

ԍ Waterman Asanovi'c 2017 2.2 Ȃ̃  
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 31                  25 24        20 19        15 14    12 11            7 6        0 

imm[31:12] rd 0110111 U lui 

imm[31:12] rd 0010111 U auipc 

imm[20|10:1|11|19:12] rd 1101111 J jal 

imm[11:0] rs1 000 rd 1100111 I jalr 

imm[12|10:5] rs2 rs1 000 imm[4:1|11] 1100011 B beq 

imm[12|10:5] rs2 rs1 001 imm[4:1|11] 1100011 B bne 

imm[12|10:5] rs2 rs1 100 imm[4:1|11] 1100011 B blt 

imm[12|10:5] rs2 rs1 101 imm[4:1|11] 1100011 B bge 

imm[12|10:5] rs2 rs1 110 imm[4:1|11] 1100011 B bltu 

imm[12|10:5] rs2 rs1 111 imm[4:1|11] 1100011 B bgeu 

imm[11:0] rs1 000 rd 0000011 I lb 

imm[11:0] rs1 001 rd 0000011 I lh 

imm[11:0] rs1 010 rd 0000011 I lw 

imm[11:0] rs1 100 rd 0000011 I lbu 

imm[11:0] rs1 101 rd 0000011 I lhu 

imm[11:5] rs2 rs1 000 imm[4:0] 0100011 S sb 

imm[11:5] rs2 rs1 001 imm[4:0] 0100011 S sh 

imm[11:5] rs2 rs1 010 imm[4:0] 0100011 S sw 

imm[11:0] rs1 000 rd 0010011 I addi 

imm[11:0] rs1 010 rd 0010011 I slti 

imm[11:0] rs1 011 rd 0010011 I sltiu 

imm[11:0] rs1 100 rd 0010011 I xori 

imm[11:0] rs1 110 rd 0010011 I ori 

imm[11:0] rs1 111 rd 0010011 I andi 

0000000 shamt rs1 001 rd 0010011 I slli 

0000000 shamt rs1 101 rd 0010011 I srli 

0100000 shamt rs1 101 rd 0010011 I srai 

0000000 rs2 rs1 000 rd 0110011 R add 

0100000 rs2 rs1 000 rd 0110011 R sub 

0000000 rs2 rs1 001 rd 0110011 R sll 

0000000 rs2 rs1 010 rd 0110011 R slt 

0000000 rs2 rs1 011 rd 0110011 Rsltu 

0000000 rs2 rs1 100 rd 0110011 R xor 

0000000 rs2 rs1 101 rd 0110011 R srl 

0100000 rs2 rs1 101 rd 0110011 R sra 

0000000 rs2 rs1 110 rd 0110011 R or 

0000000 rs2 rs1 111 rd 0110011 R and 

0000 pred succ 00000 000 00000 0001111 I fence 

0000 0000 0000 00000 001 00000 0001111 I fence.i 

000000000000 00000 00 00000 1110011 I ecall 

000000000000 00000 000 00000 1110011 I ebreak 

csr rs1 001 rd 1110011 I csrrw 

csr rs1 010 rd 1110011 I csrrs 

csr rs1 011 rd 1110011 I csrrc 

csr zimm 101 rd 1110011 I csrrwi 

csr zimm 110 rd 1110011 I cssrrsi 

csr zimm 111 rd 1110011 I csrrci 

2.3̔RV32I פ ̆ ᵬ ̆ ᵬ Ȃ̂ ԍ[Waterman and 

Asanovi'c 2017] 19.2Ȃ̃  
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ҹԅ ꜛ ̆ ᵝῃ 0 RV32I Ȃפ , ⌠

ῤ ᴪ ̆ ץ ꜛ Ȃ ᵌ ̆ ᵝῃ 1

Ӟפ ̆פ ῒז ̆ ῤ ȁ

ῤ ῤ Ȃ 

 ҹԅ ISA ₮ ̆ RV32I פ ᶏ ԅ 32 ᵝ פ Ҭ

Ҍ⌠ῇ№ӊѿȂ הӞױ ԅ RV32I ᵬ ̆ᶏ ῍

פ ᵬ ᵝ ᵝ ṿ ѿ ̆ ԅ └ Ȃ , ױ ⌠̆B

J № ꜚ 1 ᵝץ ӗץ ׆2̆ ԇ№ פ

ȂRISC-V Ҭ ᵝ׆ ԅѿ֓ ᵝ ̆ Ḥפ

₮ ᵞԅ ңṐ̆ Ӟ ԅᵞ Ҭ Ȃ 

 ָӇҌ ӊ ̙ ѿ №̆ ױ RISC-V ҍῒז

פ Ҍ ӊ Ȃ ԍῒז פ ̆RISC-V ԅָӇȂ ָӇ

ָӇ ѿ ̆ ᵣ Ȃ 

 ARM-32 פ 12 ᵝ Ҍֽֽ ѿҩ ̆ ѿҩ₱ ῀̆ ₱

12 ᵝ ῀ ֟ ѿҩ ̔8 ᵝ ⌠ῃ ̆ Ȃ

ᵝ 12 ᵝ Ҭ▼ᵩ 4 ᵝ ṿӗ 2Ȃ 12 ᵝҬ

⁞ פ Ȃ פ Ҭ̆ARM-32 Ӟ № ᵝ ₮

Ғ ԍ ᴆ Ȃ ֓ ᴆ Ҍֽᶏפ ᵞ ғ ⱴԅӰ

Ȃ 

2.3 RV32I  

4 ↓₮ԅ RV32I ץ RISC-V ԋ └ ̂ABĨ ӈ

Ȃ ױ ᶛף Ҭ̆ ױ ᶏ ABI ̆ᶏ ױ Ȃҹԅ

Ώ ̆RV32I 31 ⱴ҉ѿҩṿ ҹ 0 x0 Ȃҍӊ

̆ARM-32 16 ҩ ̆x86-32 8 ҩ Ȃ 

 ָӇҌ ӊ ̙ҹ 0 № ѿҩ RISC-V ISA ѿҩ

Ȃ 3 36 3 ₮ԅ ARM-32 x86-32 פ ᵬ̆ ң

ҩ פ Ҭ Ȃ ױ ץ RV32I פ ⱳ ᵬ̆ ᶏ

ᵬҹ ᵬ Ȃ 

ᾥ ЕӶ  

ѿ ȁ Ȃ ѿױ ᴪ ̆פ Ҍ Ȃ

ѿҩ῏ ̆ Ҭ ⌠ ῤ

Ȃ ᴆ Ҍ ᴆ ̆ ֓ Ҭפ №

Ȃᵖῤ Ӱ ῏ Ȃ 

ᾥ ЕB J  ת

Ҋ ̆№ B̂פ ̃ S ҉ ԅ 1 ᵝȂ Ĵפ

̃ U ҉ ԅ 12 ᵝȂ ,RISC-V ҉ ̆
ᵖ ױ Ḡץ ҹ Έ Ȃ 

RISC-V

ᶕ ᵲ Ї

ᶡ RV32MЇRV32F

ɼ

‼ ᶕ

RISC-V Ҳ Ḧ ᵲ

ɼ 
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 ̂PC̃ ARM-32 16 ҩ ӊѿ̆ ᴋᵥ פ

№ ȂPC ᵬҹѿҩ ᶏ ᴆ№ ̆ ҹ ῖ ISA

Ҭֽ̆ 10%-20% №ҹפ ̆פ ARM-32 Ҭ̆ᴋᵥ פ № Ȃפ

№ ‰ ԍ ῏ Ȃ PC ᵬҹѿҩ Ӟ

ԅѿҩȂ 

2.4 RV32I  

A ₮ԅ RISC-V פ Ḥ ̆ ᵬ Ȃ ץ Ҋ

ᵌ Ҭ̆ ױ ₮ ISA ѿ֓ Ȃ ԅ

RISC-V̆ Ӟ Ḃ RISC-V ᵥ ѿ Ҭ ҂ҩ ISA Ȃ 

add, sub̃ȁ̂פ  ץand, or, xor̃̆̂פ 2.1 Ҭ ᵝ פ

̂sll, srl, srã ῒז ISA Ҍ Ȃ׆ױז ңҩ 32 ᵝ ṿ̆ 32 ᵝ Ώ

῀ ȂRV32I ᶫԅ ֓ פ Ȃ ARM-32 Ҍ ̆

̆ ̆ ױ ץ ̆ ҹ ̆ ױ Ҍ

ѿҩ subȂ 

ץ ṿȂҹ ᶏ Ҋ̆RV32I ᶫѿҩ ԓ

ᵣ Ȃפ ѿҩ ᵬ ԍ ԋҩ ᵬ ̆ ҹ 1̆ ↕ҹ

0ȂҌ₮ ̆ ҩ ̆פ ѿҩ ̂Ăûẵ ̂ĂûăĄ̃̆№≢ ԍ

Ȃ ̆҉ ң Ӟפ ̂Ăûăø ĂûăøĄ̃Ȃ

ױ ⌠ ̆ RV32I № פ ץ ңҩ ӊ ῏ ̆ᵖѿ֓

ᴆ ӊ ῏ Ȃ ԍ ֓ ̆ ץ

Ăûă ץ ҍ פ ᶏ ‗ ᴆ Ȃ 

 2.1 ▼Ҋ ң Һפ ԍ ṿ Ȃⱴ ⌠

ᵝ̂luĩ 20 ᵝ ⱴ ⌠ 20 ᵝȂ Ḃ ᶏץ ‰ פ ⇔ 32

ᵝ Ȃ ֽ̆ᶏ 2 32 ᵝ RV32I Ḃ̆פ ѿҩ 32 ᵝ Ȃ PC ᵝⱴ

҉ ̂auipc̃ ֽױ ң Ḃ̆פ ץ ԍ ╠ PC ᴋץ Ẓ └

Ȃ auipc Ҭ 20 ᵝ ҍ jalr̂ Ҋ ̃Ҭ 12 ᵝ ̆ ױ

ץ ⌠ᴋᵥ 32 ᵝ PC Ȃ auipc ⱴ҉ ⱴ Ữ Ҭפ 12

ᵝ Ẓ ̆ᶏ ױ ץ ᴋᵥ 32 ᵝ PC Ȃ 

 

ָӇҌ ӊ ̙ ᾢ̆RISC-V Ҭ ᵬȂ ᵬ

ץ Ȃῤ ₃ҩ Ȃ ᵞ

ץ ̆ᵖᵞ ҌᴪȂARM-32 ΐ ѿҩҌ ⱳ ̆

ԍ Ҭ ѿҩ ᵬ ̆ᵰ ץ ᵝȂ ֓ פ ᶏ

ᵞ̆ᵖ ᶏ ⱴ Ȃҍ ̆RV32I ᶫԅ

ᵝ  Ȃפ

RV32I ӞҌ ӗ ̆ ױ RV32M Ҭ̂ 4 ̃Ȃҍ

ARM-32 x86-32 Ҍ ̆ ᶏ ⱴӗ ̆ RISC-V ᴆ Ӟ ץ

̆ ץ ῀ ȂMIPS-32 ѿ ↓ ᵝץ ⱴ פ

ӗ ץ̆ ̆ ᴪᶏ ⌠ ԅ Ҭ ̆פ

ȂRV32I ץ ԅ ֓ ̔ ᵝ פ ₮ ̆ ңҩ

ץ RV32I פ ̂ 2.6 ̃Ȃ 

  

╦ Ḉ

װ

ᶕ

ɼғ ҟ

҅ Ї ᴂ ҅

ת

ɼҿԋ

҅ Ї

װ ⅎ Ї

ү ᵲ ‼ װ

90Ѐɼ ԋ

Ї ᴰת

ɼ

҅ү 5 Ї

5 ת

ɼ

10 ү ɼ 
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2.4̔RV32I Ȃ 3 ԅ RISC-V ̆ ̂sp̆gp̆tp̆fp̃̆ Ḡ

̂s0-s11̃ ҳ ̂t0-t6̃ ̂ ԍ[Waterman and Asanovi'c 2017] 2.1

20.1 Ȃ̃ 
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2.5 RV32I Load Store 

ԅ ᶫ 32 ᵝ ̂lw̆sw̃ ⱴ Ữ ̆ 2.1 Ҭ ̆RV32I ⱴ

̂lb̆lbŭlh̆lhũ Ữ ̂sb̆sh̃Ȃ

ҹ 32 ᵝῬΏ῀ Ȃ ᶏ ̆ᵞᵝ Ӟ

Ῥ ̆ ᶏ פ 32 ᵝȂ

Ҭ ̆ Ώ῀ ӊ╠ ⌠ 32 ᵝȂ 

ⱴ Ữ ѿ 12 ᵝ ⌠ ̆

x86-32 Ҭ ҹᵝẒ [Irvine 2014]Ȃ 

 ָӇҌ ӊ ̙RV32I ԅ ARM-32 x86-32 Ȃ ̆ARM-32

ᶫ ԍ ̆ᵖ RV32I Ҍᴪ ᴋᵥ ȂRISC-

V ץ ᴏ ֓ x86 Ȃᶛ ̆ ҹ 0 ҍ x86 Ҭ

Ȃҍ x86-32 Ҍ ̆RISC-V Ȃפ 31 ҩ Ҭ ѿҩᵬ

ҹ ̂ 2.4̃̆ ‰ ᶏ ̂push̃ ₮ ̂pop̃ ᵌ̆

ғҌ ⱴ ISA Ȃҍ MIPS-32 Ҍ ̆RISC-V Ҍ ⱴ ̂delayed load̃Ȃҍ

№ ᵌ̆ҹԅ ԓ ̆MIPS-32 ӈԅ load פ

ӈ̆load ҉ load ңҩפ פ Ȃᵖ ԍ ₮ ̆

ⱴ ̆ RISC-V Ҍ ⱴ Ȃ 

 ARM-32 MIPS-32 Ữ ῤ Ҭ ̆

̆ᵖ RISC-V ҩ Ȃ ף Ȃ ԍҌ

̆ѿ ISA Ҭ Ҍ ̆ ᶫѿ֓ פ ԍҌ

̆ᶛ MIPS-32 Ҭ Load Word Left Load Word RightȂ ̆ ᴪᶏ

̆ ҹ lwl ғ lwr №Ώ̆ Ҍ

ᾥ Еñᵣ ᵲò  ת

RISC-V ᴪ rotate ӊ ᵝ ᵬ ᵬҹפ פ RV32B ѿ №̂

11 Ȃ̃ 

ᾥ Е⌐ xor ת ᵲ 

ץ Ҍᶏ Ҭ ’Ҋ֜ ңҩṿ˻ ף ֜ x1 x2 ṿȂ ױ

Ȃ ̔ ᵬ ֜  ὥ ṥ ὦ ὦ ṥ ὥ ̆  ὥ ṥ ὦ ṥ ὧ ὥ ṥ ὦ ṥ

ὧ ̆ ᵬ ὥ ṥ ὥ π ̆ ғ ѿҩ ᵝᾝ ὥ ṥ π ὥ Ȃ 

 

ćþā ćюʿćюʿćя ь ćюˑ ӓӓ ćюЧćяʿ ćяˑ ӓӓ ćя 

ćþā ćяʿćюʿćя ь ćюˑ ӓӓ ćюЧćяʿ ćяˑ ӓӓ ćюˑЧćя ӓӓ ćюЧćяЧćя ӓӓ ćю 

ćþā ćюʿćюʿćя ь ćю˕ ӓӓ ćюˑЧćяˑ ӓӓ ćюЧćяЧćю ӓӓ ćюЧćюЧćя ӓӓ ćяʿ ćяˑ ӓӓ ćю 

 

Ҍ ҩ ᵬ Ӈ ̆RISC-V ᾟ ᶏ ץ ⌠ѿҩҳ ̆

ᶏ ҩ ֜ ᵬȂ 
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ΏȂ Ҍ ̆ ѿ ⱴ Ữ פ Ҍ ̆

ԅ ᵣ Ȃ 

 

2.6 RV32I ᴆ№  

RV32I ץ ңҩ ҉ № Ȃ ץ ̔

̂beq̃̆Ҍ  ̂bnẽ̆ ԍ ԍ̂bgẽ̆ ԍ̂blt̃Ȃ ң

̆RV32I Ӟ ᶫ ̔bgeu bltuȂ▼Ҋ ңҩ ῏ ̂ ԍ

ԍ ԍ̃ ץ ֜ ңҩ ᵬ ̆ Ȃ ҹ x < y y > x ғ x Ó y

y Ò xȂ 

ԍ RISC-V פ ңҩ Ṑ ĺĺ῏ԍ ̆ פ

҂ ĺĺ№ פ 12 ᵝ ӗץ 2̆ ̆ ⌠ṿⱴ⌠

PC ҉ᵬҹ№ ȂPC ԍᵝ ῏ ף ̆ ԅ ⱴ

ᵬ̂ 3 ̃Ȃ 

 

ָӇҌ ӊ ̙ ҉ ̆RISC-V ԅ MIPS-32̆Oracle SPARC פ Ҭ

ҹ № Ȃ ԍ ᴆ№ ̆ Ἕ ARM-32 x86-32 ᶏ ᴆ

Ȃ ᴆ ᶏ פ ѿ֓ ̆ ᶏӰ ᶭ

Ȃ ̆ ԅ x86-32 Ҭ loop̆loopĕloopz̆loopnĕ̔פ

loopnzȂ 

 

ᾥ Е  

RISC-V ԅ ̆ ҹ ҙ҉ Һ ᵝ̔ x86-32 ̆Apple iOS̆

Android ᵬ Windows for ARM ᵞ ᴨᾢ Ȃ ԍ ֽ

ץ ѿᴍ ᴪ ̆ ᴪ ѿ №

Ȃ 

ᾥ ЕҒᶕ ᴌ ᵣ ꜘ  

RV32I Ҭ sltu ᵝ ̔ 

 

ðóó ðэʿðяʿðё ь ⱴᵞ ѐя ᵝˁ ðэ ӓ ðя ӎ ðё 

ĂûăĄ ðяʿðэʿðя ь  ˭ðяӎðёˮ Ӗ ðя Ӈ ðяˑ ӓ юʿ ↕ ðяˑ ӓ э 

ðóó ðђʿðѐʿðђ ь ⱴ ѐя ᵝˁ ðђ ӓ ðѐ ӎ ðђ 

ðóó ðюʿðяʿðђ ь ⱴ҉ᵞ ѐя ᵝ ᵝ 

ᾥ Е PC 

╠ PC ץ ðĄøÿò U ҹ 0 Ȃ ԍ x86-32̆ PC̆

ᵰ ᾢ ₱ ̆̂ ץ PC ῀ ;̃ ₱ ׆ץ Ҭ

↨ PC̆ PC ṿ ̂ Ῥ ₮ Ȃ̃ ̆ ╠ PC

1 ҩ storĕ2 ҩ load 2 ҩ ˻ 

ñûăĄ ᾡ ᶕ ү

ת

Ї ҿᴑᵫ

ᴑᵫ

ϼ 
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2.7 RV32I ᴆ  

2.1 Ҭ jal̃ΐ̂פ ⱳ Ȃ Ҋѿ פ PC + 4 Ḡ

⌠ Ҭ̆ râ 2.4̃̆Ḃ ץ Ȃ

ᶏ ̂x0̃ ra ᵬҹ ̆↕ ץ ᴆ ̆ ҹ x0 Ҍ

ȂἝ№ ѿ ̆jal ῒ 20 ᵝ№ ӗץ 2̆ Ῥ ⱴ⌠ PC ҉̆Ḃ

⌠ԅ Ȃ 

פ ̂jalr̃ Ȃ ץ ꜚ

₮ ₱ ̆ Ӟ ץ ̂ ra ᵬҹ ̆ ̂x0̃ᵬҹ

̃ȂSwitch case ̆Ӟ ᶏץ jalr ̆פ ҹ x0Ȃ  

 

 ָӇҌ ӊ ̙RV32I ԅ ᶛ̆פ x86-32 ῀

̆פ Intel Itanium̆Oracle SPARC Cadence Tensilica Ҭ Ȃ 

2.8 RV32I  

2.1 Ҭ └ ̆(csrrcȁcsrrsȁcsrrwȁcsrrciȁcsrrsiȁcsrrwi) פ

ᶏ ױ ץ ѿ֓ Ȃ ԍ ֓ 64 ᵝ ѿױ , ץ 32

ᵝȂ ֓ ԅ ץ , פ Ȃ 

RISC-V פ Ҭ̆ecall פ ԍ ₮ ̆ᶛ Ȃ

ᶏ ebreak פ └ ⌠ Ȃ 

fence פ ̆ I / O ῤ ұ Ȃ

ῒז ȁ ̆ Ȃfence.i פ פ

Ȃ fence.i ̆╠ӊפ ԍ ѿҩ ᴆ ̆RISC-V ҌḠ Ữ Ώ⌠ῤפ

פ ץ פ ⌠Ȃ 

10 ׃ RISC-V  Ȃפ

ᾥ Е ᴌ ₴ 

№̂ᵖҌ ̃ ₮̆ RISC-V ᶭ ԍ ᴆ ₮ Ȃ

ⱴ ₮ פ ⱴѿҩ № ðóóĄ ăэ̆ăю̆ăяˀ ñûăĄ ăэ̆̔פ

ăю̆þąôāõûþĆȂ 

ԍ ⱴ ̆ ѿҩ ᵬ ↕̆ ₮ ⱴ ⱴѿ №

 ðóóø ăэ̆ăю̆ӎ øüüˀ ñûă ăэ̆ăю̆þąôāõûþĆȂ̔פ

ԅ ⱴ ’Ȃ ԍѿ ⱴ ̆ ױ ⱴ פ ⱴ҈ҩ

ⱴ ̆פ ғֽ ѿҩ ᵬ ҹ ̆ ԍ ѿҩ ᵬ ̆ ↕ ₮Ȃ 

 

ðóó ăэʿ ăюʿ ăя 

Ăûăø ăѐʿ ăяʿ э        ь ăѐ ӓ ˭ăяӖэˮ 

Ăûă ăёʿ ăэʿ ăю        ь ăё ӓ ˭ăюӎăяӖăюˮ 

ñýô ăѐʿ ăёʿ þąôāõûþĆ ь  ˭ăяӖэˮ ɷɷ ˭ăюӎăяӗӓăюˮ 

ь ˣˣ ˭ăяӗӓэˮ ɷɷ ˭ăюӎăяӖăюˮ↕ҹ ₮ 

ᶕ

ԓ ѐя ү

ꜘ ⃰ ɼ

⃰

ѐя ү

ɼҿԋᴶ

Ї Ї

҅֙

ᵣԓҩү

Ҳɼ 
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 2.5: C ῀ Ȃ , ῀ ᴨל: ԍ

, ῤ ᶏ ȁ ̆ ȁ ȁ Ȃgcc ԅץ

Ҋ ҩ ף Ȃ ױ ᴨ ⁞ץ ף ̆ ҹ ֟ ԅ ף Ȃ 

 

 

 2.6: ῀ Ҍ פ Ҋ פ ץ פ Ȃ 7 ᴪ׃ ARM Thumb-2, 

microMIPS ץ RV32C פ Ȃ 

 

 

ָӇҌ ӊ ̙RISC-V ᶏ ῤ I / O Ҍ Ἕ x86-32 ѿ ̆ᶏ in̆ins̆

insb̆insw out̆out̆outsb פ I/OȂҹ ұ ̆RISC-V ԅ

̆ Ҍ Ἕ x86-32 ԅ rep̆movs̆coms̆scas̆lods 16

ұ  Ȃפ

2.9 ᶏ ῀ RV32ĬARM-32̆MIPS-32 x86-32 פ

 

ױ ׃ ԅ RISC-V פ ̆ ԅҍ ARM-32̆MIPS-32 x86-32

̆ Ạԅ ֓ Ȃ ױ ѿ Ȃ 2.5 ԅ ױ

‰ ĺĺ C ῀ Ȃ 2.6 ѿҩ ̆ ԅ ⌠Ҍ ISA ̆

῀ פ Ȃ 

2.8 2.11 ԅ ῀ RV32ĬARM-32̆MIPS-32 x86-32

ף Ȃ ̆RISC-V ᶏ ғҌ ̆פ ף

Ȃ ᶛҬ̆RISC-V ȁ № פ ARM-32 x86-32 Ҭ

ץ ῀ ₮ ѿפ ̆  Ȃפ

 

2.10  

֙Ғ ָЇ ɼððGeorge Santayana, 1905 

 

ҲЇ ᴂ ש ᶡ

└

Ӑ ЇװḈḦ Ὺ

ɼ 
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2.7 ᶏ 1 Ҭ ҂ҩ ISA ╠ ⌠ ѿ֓ פ Ҭ ӟ

⌠ ̆ ԅ ֓ RV32I Ȃ ױ Ҍ RISC-V

ѿҩ ֓ ISAȂԊ ҉̆RV32I ׆ RISC-Ĭ [Patterson 

2017] ̆ ԅ Ҋ ֓ ̔ 

¸ 32 ᵝ  

פ ¸ ҹ 32 ᵝ   

¸ 31 ҩ ̆ῃ 32 ᵝ ̆ 0 ҹ   

¸ ᵬ ӊ ̂ ⌠ῤ ᵬ̃  

¸ ⱴ / Ữ ⱴ҉ ⱴ / Ữ   

¸ ̆ ᵝ פ  פ

¸   

¸ ֽ ᶫѿ ̂ + ̃ PC №   

¸ ӗ   פ

¸ ѿҩ ̆פ ԍ ⱴ ⌠ ᵝ̆ ⱴ 32 ᵝ ⌠

ң  פ

 

RISC-V ₮ ISA ԅ №ӊѿ⌠҈№ӊѿҩҕ ̆ ᶏ

ץ Santayana ̆ Ṣ ӊ╠ פ Ҭ ̆ᵖҌ Ҍױ  - 

RISC-I פ Ҭ Ȃ RISC-V ᴪ פ

פ ץ̆ ᾧ₮ ⱳ פ Ȃ 

 

2.11  

Lindy effect, 2017. URL https://en.wikipedia.org/wiki/Lindy_effect. 

 

T. Chen and D. A. Patterson. RISC-V genealogy. Technical Report UCB/EECS-2016-6, EECS 

Department, University of California, Berkeley, Jan 2016. URL 

http://www2.eecs.berkeley.edu/Pubs/TechRpts/2016/EECS-2016-6.html. 

 

W. Hohl and C. Hinds. ARM Assembly Language: Fundamentals and Techniques. CRC 

Press, 2016. 

 

K. R. Irvine. Assembly language for x86 processors. Prentice Hall, 2014. 

ᾥ ЕRV32I ғᴭҒ К 

̆ ץ ֓ פ Ȃ ᶏ

ױ ⱳ ̂ ̃ ԅ ѿ ҉̆ ғ פ Ҭ

Ȃ Ҭ פ ̆ ≠ ᴆ

̆פ ╠ IBM 360 44 Digital Equipment microVAXȂRV32I Ҍ

ӊ ԍ ᴆ RV32I Ҭ ̆פ ̆ ԍ RV32G Ҭ

פ R̆V32I ᴆ Ȃ ̆ RISC-V ISA

Tensilica Xtensă Ғҹ ῀ Ȃ פ 80 Ȃפ ғ

פ ѿ֓ⱴ ⱴץ̆פ ῒ Ȃҍ Tensilica 

Xtensa ̆RV32I ΐ ISĂΐ 64 ᵝ ̆ ғ

└ ᶫԅ פ Ȃ 

 

2)3#ˇ6 ת

˱#÷ôý ɷ 

0ðăăôāĂþý яэюѓ˲Ҳɼ 

,øýóĈ ˱,øý 

яэює˲ └

ғῚ ɼ

ᵥԋ

Ї װ

Ї

ɼ үẐ

Ї2)3#

҅ ᴰ

҅ү ɼ 
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D. Patterson. How close is RISC-V to RISC-I?, 2017. 

 

A. Waterman and K. Asanovi ć, editors. The RISC-V Instruction Set Manual, Volume I: 

User-Level ISA, Version 2.2. May 2017. URL https://riscv.org/specifications/. 

 

 

 

 
 

http://parlab.eecs.berkeley.edu 
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ARM-32 (1986)   MIPS-32 (1986)    x86-32 (1978) 

RV32I (2011)

 

 ӗ
 

ӗ
 

8 ᵝץ 16 ᵝ
ᵬȁ
ӗ  

8 ᵝȁ16 ᵝ
ᵬȁ
ӗ
(RV32M) 

 ȁ
ᴆ פ ȁ

ȁ
ᵬ פ

̂push/pop ȁ̃
/ Ҭפ

ᵝ 

ȁѿ
֓ ᴪפ

₮  

ȁ

פ
(enter/leave)ȁ

פ
(push/pop) ȁ

ȁ
 פ

x0 Ғ
ԍ 0ȁ

 ȁѿ
ȁ

ᴆ ȁ
₱

ץפ
ȁפ Ҍפ

ȁᶏ
ᵝ פ
ᵝ ᵬ 

 № ᶏפ
ᴆ ȁ Ҍ

Ҭ̆פ

ᵝ Ҍ ȁⱴ
ҩ ⌠

ȁPC ѿ
ҩ  

Ҍ
Ҭ̆פ

ᵝ Ҍ  

№ ᶏפ
ᴆ ȁ ҩ

Ҭפ
ᶏ ңҩ

 

ᶏ ѿ פ

̂Ҍᶏ ᴆ
ȁ̃ ҈פ

ҩ  ȁҌ
ѿ load ҩ

ȁҌ פ
Ҭ̆

ᵝ
ȁ
̂Ҍ
₮ ̃ȁPC

Ҍ  

ΐᵣ
№  

PC Ἕ
ѿ Ώ̆

ԅ
 

№ פ ȁ
Load פ ȁ
ӗ ᶏ

HĬLO  

Ҍ

(AX,CX,DX, 

DI,SI

) 

№ פ
ȁLoad פ

ȁ
 

פ 
 

פ
 

פ 
 

 ֽ 32bit  פ

(Thumb-2 ᵬ
ҹѿ ҩ
ISA) 

ֽ 32bit פ
(microMIPS ᵬ
ҹѿҩ ISA) 

פ
Ҍ ̆p

ѿҩ Ҍ
 

32ᵝ  16ᵝ+פ

RV32C  

ԍ / /

 

ֽ 15 ҩ
ῤ

ȁҌ ↕
ȁҌ

ѿ
 

ῤ
ȁҌ ↕

ȁҌѿ
 

ֽ 15 ҩ
ῤ

ȁҌ ↕
ȁ

Ҍѿ
 

31 ҩ ȁ
Ҍ ȁ

PC

 ȁ

ȁ ӈ
Ҭ  

 

2.7̔RISC-V ׆ פ Ҭ Ȃ ᾧ ISAľᴨ ĿȂ

ѿ Ҭ ₮ ҂ҩISA № Ȃ ̆ Ҋ↓₮ פ

ԑץ ̆ ҹ Ẓ ̆ᵖҌ ₮ױ ̆ ױ Ȃ 

  



36 

 

 

 

 

 

 

 

2.8̔ ῀ RV32Iף 2.5 Ȃ Έ └ ̆ Ҋ Έ └ ף

̆ ̆פ ץ ȂRV32I№ ңҩ ץ a[j] a[j-1]ȂRV32I

̆ῒҬѿ֓ ABI ԍ₱ ȂҍῒזISAҌ ̆ ᴪ Ḡ ṿ⌠ῤ

Ȃ ף ԍx86-32̆ᵖᶏ RV32C ̂פ ҂ ̃ ԅ פ Ȃ

RV32IҬ ѿ № פ ҉ARM-32 x86-32 ҈  Ȃפ
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2.9̔ 2.5 Ҭ ῀ ARM-32 ף Ȃ Έ └ ̆ Ҋ Έ └ ף

̆ ̆פ ȁ Ȃ ԍ Ҍ ̆ҹԅ ₮ңҩ Ḃӊץ̆

̆ARM-32 ңҩ ṿḠ ⌠ Ҭ̂ ѿ Ȃ̃ ᶏ ԅѿ i j ҹ

Ȃ ԍ№ ԍ ARM-32 Thumb-2̆bxcs ᾢ ᵞ

ᵝḠ ╠ ҹ 0Ȃ ᴆ ᶏ ױ ⁞ j ץ ѿ ᵖ̆פ ῒז ׅ

҈  Ȃפ
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2.10̔ 2.5Ҭ ῀ MIPS-32ף Ȃ Έ └ ̆ Ҋ Έ └ ף ̆

̆פ ȂMIPS-32ף Ҭ ҈ nop ̆פ ⱴԅ Ȃңҩ ԍ

№ ̆ ѿҩ ԍ ⱴ Ȃ ⌠ פ ᾟ Ȃ № Ӟᶏף

̆ ҹҌ № ᴪҌᴪ ̆ Ҭ פ ᴪ Ȃᶛ ̆ 5c ѿ פ

̂addiũ ѿ №̆ № ӊפ Ȃ 
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2.11̔ 2.5 Ҭ ῀ x86-32 ף Ȃ Έ └ ̆ Ҋ Έ └ ף

̆ ̆פ Ȃ ԍ ̆x86-32 ңҩ Ḡ Ҭ̆ץḂ

₮ ңҩ ᶫ ᶏ Ȃ ғ̆ RV32I Ҭ №ץ ⌠ ңҩ ̂n a[0]

̃̆ Ḡ ῤ Ҭ Ȃ ᶏ Ҋ ̆ ԍ [i] [j]ΐ Ȃ 

20 x32-86 Ҭפ 7 ҩ ѿҩ Ӈ ̆ ᶏ ԍ ҩ ̆x86-32 ף

Ȃx86 ңҩ ̔Intel / Microsoft AT̀T / LinuxȂ ᶏױ ̆ №

̆ ᵬ ̆ҍ RISC-V̆ARM-32 MIPS-32 ᵬ ѿ Ȃ

AT̀T ᵬ ↕ҍӊ ̂ ғ ԍ ᵬ ̆ ╠ⱴ҉% Ȃ̃ ԍѿ֓

̆ ᵌ Ҍ Ԋ ₃Ӎ ѿҩ Ȃ ױ Ạ₮ ̆ ҹ Ḃ̆

ҹ ľ ḤᴀĿȂ 
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Ҏ  RISC-V  

 

ᵒ └ ָ Ї ҙ ɼ 

Ivan Sutherland 

 

3.1  

3.1 ԅ׆ C ҹ ץ ҉ ҩ ῖ Ȃ

ѿ ῤ ԅ ҈ҩ Ҍ̆ ױ ׆ RISC-V ₱ Ҭ ᵬ

Ȃ 

 

׆ 3.1 C ף ҹ Ȃ ׆ ҉ ⅞№̆ Ҭѿ֓ ᴪ

̆ⱴ Ȃ ױ ᶏ ԅ Unix ᴆ ӟ ̆№≢ MS-DOS Ҭ

˅#ʿ ˅!3-ʿ ˅/"*ʿ ˅,)" ˅%8%Ȃ 

 

3.2 ₱ ̂Calling conventioñ 

₱ №ҹ 6 ҩ [Patterson and Hennessy 2017]Ȃ 

1. Ữ⌠₱ ⌠ ᵝ ̕ 

2. ⌠₱ ᵝ ̂ᶏ RV32I ùðû ̃̕פ  

3. ₱ Ữ ̆ Ḡ ̕ 

4. ₱ Ҭ  ̕פ

5. ṿ Ữ⌠ ⌠ ᵝ ̆ ̆ Ữ ̕ 

C  

 

 

 

ᴌ 

Ѓ Є 

ᴌ 

Ѓ Є 

 

ᴌ 

Ѓ Є 

ꜘ  

Ivan Sutherland

Ѓ1938-ЄЇ ҿ

1962 ₴

Sketchpad

Ї ҿ

Ӑ ɼ

Sketchpad ש

ᾨ ɼ 
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6. ₱ ᵝ ̂ᶏ āôă פ Ȃ̃ 

 

ҹԅ ̆ Ҍ ῤ Ҭ̆p Ӟ ᾧ

Ḡ ̆ ҹ ױ ᴪ ῤ Ȃ 

 RISC-V ⌠ңῃῒ ̔ ᵬ Ҭ̆

Ӟ ⁞ Ḡ ȂῒҬ ῏ ԍ̆ ₱ ҬҌḠ №

Ữ ṿ̆ ҹҹױ ̕ ѿ֓ ↕ ҹḦ ȂҌῬ ῒ

₱ ₱ ҹ ₱ Ȃ ѿҩ ₱ ̆ ױ ץ Ữ

Ҭ̆ Ҍᴪľ ₮̂spilling Ŀ̃⌠ῤ ҬȂᵖ ₱ ̆

ṿḠ ῤ Ҭ̆Ҍ ’ Ҍ Ȃ 

 ₱ Ҭῒ ̆ Ӈ ẠḠ ᶏ ̆ ₱ ╠ ṿҌ ̕

Ӈ Ạҳ ᶏ ̆ ₱ ҬҌḠ Ȃ₱ ᴪ Ḡ ṿ ̆

ױ ҳ ᵌ̕ ₱ ᴰ ӞҌ Ḡ ̆ Ӟױ ᵌԍ

ҳ Ȃ ԍῒ ѿ֓ ̆ Ḡ ױ ₱ ╠ Ḡ Ҍ ̔

ԍ Ữ Ữ Ȃ 3.2 ↓₮ԅ RISC-V

ԋ └ ̂ABĨ ױ ₱ Ҭ Ḡ Ȃ 

 

3.2 RISC-V ꜛ ȂRISC-V ̆ Ҍ֟ ῒ

̆ ץ ᶏ ABI № ̆Ҍ Ḡ Ȃ ╠ Ҍ Ӟ ҹľ

Ḡ Ŀ̆ ӊ↕ ҹľ Ḡ ĿȂ 5 Ȃ̂

ԍ[Waterman and AsanoviËc 2017] 20.1Ȃ̃  

  

ABI ̆ ױ ‰ RV32I ₱ ῀ ₮ ȂҊ ₱ ̔ 

 

                                    Ҳ Ḧ К 

0 

 

 

Ὴ  

 

ҹ  

Ḧ  

ҹ  

Ḧ  

⃰  

ҹ     /  

Ḧ     /  

⃰       / ẅ 

ҹ  

Ḧ  

 

Ḧ  

ҹ  

/ ẅ 

 

Ѓsp Єⅎ  

Ḧ Ѓra Є 

Ḧ Ὶ  

⃰ ᵩ 
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̆ Ҭ ҌҊ ₱̆ ᴪ Ҭҹ₱ № ̆

Ȃ ѿҩ₱ ⱳ ̆ ⅎ ̔ 

 

ױ  ᴪ ⌠ᶏ ABI ѿҩᶛ ̆ᵖ ᾢ ױ ῒ №

ѿ֓ Ȃ 

 

3.3  

Unix Ҭ̆ ѿ ῀ Ă˅ץ ҹ ᴆ̆ õþþ˅Ă̕ MS-DOS Ҭ↕

˅!3-Ȃ 

 3.1 Ҭ ᵬ Ҍֽֽ ׆ ֟פ ף ̆ ѿ

֓ ̆פ ֓ פ Ώ Ȃ פ

פ ҉ ̆ ҹᵀ Ȃת 3.3 3.4 ↓₮ԅ RISC-V ᴺ ╠̆פ Ҭ

x0 ҹ 0̆ Ҭ↕ Ȃɒ ӊ̆╠ ⌠ ret ҉ ѿҩᴺ ̆פ

ᴪ ùðûā ćэʿ ćюʿ э ̂ 3.3 Ȃ̃ RISC-V ᴺ ᶭפ ԍ x0Ȃ ̆

ѿҩ ҹ 0 Ḃԍ ĺĺפ ̂jump ȁ̃ ̂return ȁ̃ ԍ 0

̂branch on equal to zerõĺĺᵬҹᴺ ̆פ RISC-V פ Ȃ 

 3.5 ҹ ῖ C Hello World̆ ֟ פ 3.6 ῒ̆Ҭᶏ ԅ 3.2

3.3ȁ3.4 ᴺ  Ȃפ

 ѿ֓ ̂assemble directives Ȃ̃ ױ ΐ̆פ

ף ᵝ ȁ Ҭᶏ ף ᵬ Ȃ 3.9

RISC-V ȂῒҬ 3.6 Ҭ ⌠ ̔ 

¸ ˅ăôćă̔ ף῀ Ȃ 

¸ ˅ðûøöý я̔ ף 22 Ȃ 

¸ ˅öûþñû üðøý̔ ῃ ľmainĿȂ 

¸ ˅Ăôòăøþý ˅āþóðăð̔ ῀  

¸ ˅ñðûøöý ё̔ 4 Ȃ 

¸ ˅Ăăāøýö ˔(ôûûþʿ ӌĂˉЪý˕̔⇔ ұȂ 

¸ ˅Ăăāøýö ˔Ćþāûó˕̔⇔ ұȂ 

 

֟ 3.7 ᴆ̆ ҹ ‰ ᴆ̂ ELF̃ [TIS Committee 

1995]Ȃ 

 

Ὶ  

 

 

 

Hello World

҅ү

ҏ ҅ү ɼ

ᵲ ꜗ

₴ŅHello Worldņᵲҿ

ᵲ

ɼלᴂᴰ ҏ ᴌ

ԐЇ ל

ᴂ ү Ї ₴

҅ ɼ 

 

ᾥ ЕḦ ҹ ҿ־ӍҒ К 

ҹԅ RV32Eððѿҩ 16 ҩ ῀ RISC-V̂ 11 ̃̆ ᶏ

x0 ⌠ x15ððѿ №Ḡ ѿ №ҳ ҩ ῤȂῒ Ḡ

ҳ ▼ᵩ 16 ҩ ῤȂRV32E ̆ᵖ ԍ RV32I Ҍ ̆ ╠

Ȃ 
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3.3 ᶭ ԍ x0 RISC-V ᴺ Ȃפ A ԅ ֓ RISC-V ᴺ פ Ȃפ RV32I Ҭ̆

֓ 64 ᵝ פ ᵞ 32 ᵝ̆ ⱴľhĿ 32 ᵝȂ̂ ԍ[Waterman and 

AsanoviËc 2017] 20.2 20.3Ȃ̃  

  

ᵀ  ӎ                   ת            ת

ᵲ 

 

 

0 ∑ ᵣ 

ԓ 0 ∑ ᵣ 

ԓ 0 ∑ ᵣ 

ҿ 0 ∑  

0 ∑  

ԓ ԓ 0 ∑  

ԓ ԓ 0 ∑  

ԓ 0 ∑  

ԓ 0 ∑  

 

 

ה  

 

ת  

 

 

CSR  

  CSR  

CSR ᵣ 

CSR  
 ῇ CSR  

ᵣ CSR 

CSR  

FP ┼/  

 ῇ FP ┼/  

FP ῇ  

 ῇ FP ῇ  

FP ᶡ  

 ῇ FP ᶡ  
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3.4 Ҍᶭ ԍ x0 RISC-V ᴺ Ȃפ la ѿפ ̆GOT ף ῃ Ẓ ̂Global Offset 

Tablẽ̆ ꜚ Ҭ Ȃ A ԅ ֓ RISC-V ᴺ פ Ȃ̂פ

ԍ[Waterman and AsanoviËc 2017] 20.2 20.3Ȃ̃  

 

 

3.5 C Hello World ̂÷ôûûþ˅ò ɼ̃ 

  

ᵀ  ӎ                         ת                       ת

 

 

 

 

 

Ὴ  

 

ỴῊ  

Ὴ  

 

Ỵ Ὴ  

 

┼  

 

 

ҿ 0 ᵣ 

┼   

ẅ 

 

┼  

ẅ 

 

ԓ  

ԓ ԓ  

ԓ  

ԓ ԓ  

 

 

 

 

Ὺ I/O  

֢ FP ┼/  

֢ FP ῇ  

֢ FP ᶡ  
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3.6 RISC-V Hello World ̂÷ôûûþ˅Ă Ȃ̃ 

 

 

3.7 RISC-V Hello World ̂÷ôûûþ˅þ Ȃ̃ᵝ 8 ⌠ 1c Έ פ ҹ 0̆

ᾟȂ ᴆ ԅ Ȃ 

 

3.4  

 ᾛ ҩ ᴆ ̆ ꜚ № ᴆ Ҍ̆

ῃ ף Ȃ ף ̂ ₱ ̃ ľ Ŀ

Ȃ ҩ ԍ ⱳ ӊѿ̆ ᴆ  jump and̂פ

link̃Ҭ №Ȃ ῒ ̂link editor̃ ̆ 3.1 Ҭ ѿ

ҹ Ȃ Unix Ҭ̆ ῀ ᴆ ˅þ ̆ ₮ ð˅þĄă ᴆ̕ MS-

DOS Ҭ ῀ ᴆ ҹ.OBJ .LIB̆ ₮˅%8% ᴆȂ 

 3.10 ԅѿҩῖ RISC-V № ף ῤ ̆

ᴆ Ҭפ ᶏ̆ӊҍ Ҭ Ȃ ῀ ᴆҬ ғᵣ

ῗ ש ̂PIC̃̆ ᵬ ᴪ ᵞȂPIC Ҭ פ ᴆῤ

Е ῇש  

Е 2^2 ש  

Е Ὴ main 

main  

ⅎ  

Ỵ  

string1  

 

string2  

 

printf ⃰  

 

 

ẅ 

 

 Е ῇ  

Е 4  

҅ү ҷ  

Е ҷ 

ԑү ҷ  

Е ҷ 
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Ҍ ף ᵝ Ȃ 2 ̆RV32I ̂PC-relative branch̃ ᶏ

ԍ PICȂ 

 ԅ ̆פ ҩ ᴆ ѿҩ ̆ Ữԅ Ҭ ̆ Ȃ

ῒҬ ԅ ף Ȃ 3.6 Ҭ ңҩ ̂Ăăāøýöю Ăăāøýöя̃ ңҩף

̂üðøý ÿāøýăõ̃ Ȃ ԍ ҩ 32 ᵝ Ҭפ ѿҩ 32 ᵝ ̆

RV32I ҹ ҩ ң Ȃפ 3.6 ̔ ûĄø

ðóóø̆ף ðĄøÿò ùðûāȂ 3.8 ԅ 3.7 Ҭ ᴆ ֟

ð˅þĄă ᴆȂ 

3.8 RISC-V Hello World Ȃ Unix Ҭ̆ ᴆ ð˅þĄăȂ 

 

 RISC-V ҩ ABĬΐᵣ ‗ԍ F D ȂRV32 ABI №≢

ҹ ilp32 ĭlp32f ilp32dȂilp32 C ̂int̃̆ ̂long̃ ̂pointer̃

32 ᵝ̆ ᵥᴰ Ȃ lip32 Ҭ̆ Ҭᴰ ̕

ilp32f Ҭ̆ Ҭᴰ ̕ ilp32d Ҭ̆ Ӟ

Ҭᴰ Ȃ 

 ̆ Ҭᴰ ̆ ISA ⱴ F D ̂

5 Ȃ̃ RV32I ף ̂GCC -march=rv32ĩ̆ ᶏ ilp32 ABÎGCC

-mabi=lib32 Ȃ̃ ̆ Ҍ ѿפ ᶏ ̆

RV32IFD ҍ ilp32̆ilp32f ilp32d Ὶ Ȃ 

 ABI Ȃ ABI ISA

̆ᵖ ҉ ԅ ₃ Ȃ ̆ѿ

’Ҋ Ȃ ’Ҋ̆ Ҍᴪ ֟ Ḥ ̆ ᴪ ̆

ҌῚ Ȃ ѿ׆ ҉ ѿ ҉ ̂֜

̃ Ȃ 

ᾥ Е Ѓlinker relaxationЄ

jump and link̃Ҭ̂פ 20 ᵝ ̆ ѿ פ ⌠
ᵝ Ȃ ҹ ҩ ₱ ԅң ̆פ Ṝῒ ѿ
ԅȂ׆ң ѿ⌠פ ᴨ ԅ ̆ ᴪ ₃ ף ̆

ң פ ҹѿ Ȃ ᴪ ₱ ᵝ ӊ ̆
ץ ᴪ ̆ ף⌠ ҌῬ Ȃ ҩ ҹ ̆ ԍ

Ȃ ԅ ӊ ̆ ԍ öÿ Ñ2KiB ῤ R̆ISC-V

Ӟᴪᶏ ѿҩῃ lui auipc ң Ȃפ ăÿ Ñ2KiB ῤ
Ӟ ᵌ Ȃ 
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3.9 RISC-V Ȃ 

 

 

 

3.10 RV32I ҹ № ῤ Ȃ Ҭ ̆ ᵞ Ȃ RISC-V ᴆ Ҭ̆

̂Ăÿ̃׆ 0xbffffff0 Ҋ ̕ ף ׆ 0x00010000 ̆ ̕ ף

̆ ҩᶛ ҬẊ ׆ 0x10000000 ̕ ꜚ ̆ C Ҭ

malloc()₱ № ̆ ҉ ̆ῒҬ ꜚ Ȃ 

 

 

 

 

  

ש Ѓ ש Єɼ 

ЃῊ Єɼ 

bss Ѓ√ ҿ 0 Ὴ Єɼ 

 

 ҿ.foo ɼ 

2n ɼ .align 2 ɼ 

 

n ɼ .balign 4 ɼ 

 

 
sym ҿῊ Ї Ὶה ᴌ ɼ 

ҷ str ῇῪ Ї ɼ 

Ὺ Ҳ Ỵ n ү 8 ᵣ ɼ 

 Ὺ Ҳ Ỵ n ү 16 ᵣ ɼ 

Ὺ Ҳ Ỵ n ү 32 ᵣ ɼ 

Ὺ Ҳ Ỵ n ү 64 ᵣ ɼ 

Ὺ Ҳ Ỵ n ү ɼ 

 

Ὺ Ҳ Ỵ n ү ɼ 

 
Ѓת 7 Єɼ 

Ғ  ɼת

ᾡ Ѓlinker relaxationЄɼ 

Ғᾡ ɼ 

ғᵣ ῗש ɼ 

ғᵣ ῗש ɼ 

.option ῇ ɼ 

 

ה Ҳ ₴ҏ ῇ .option ɼ 
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3.5 ꜚ  

 ҉ѿ ̂static linking̃ ԅ ̆ ╠ ԅ

ⱴ Ȃ ̆ ѿҩ ⌠ ҩ Ҭᴪ № ῤ Ȃ ̆

̆ ᶏ ױ ḱ ԅ buğ └ ף ׅ ᴪᶏ ȁ bug

Ȃ 

 ҹԅ ‗ ңҩ ̆ ᶏ ꜠ ̂dynamic linking̃̆ ₱

ѿ ᴪⱴ Ȃ ᶏ ̂fast linking̃̆ ᴪ֟

ѿ ꜚ Ȃ ̆ ᴪ ₱ Ȃ ̆

ҩ ᶏ ԅ ѿҩꜚ ̆ ף ῤ Ҭ ᴪⱴ ѿ Ȃ 

 ֟ ף ף ᵌȂῒҌ ӊ ԍ̆ Ҍ

₱ ̆ ѿҩ ҈ פ ₱ ̂stub function Ȃ̃ ₱ ᴪ׆ῤ Ҭ ѿҩ Ҭ

ⱴ ₱ ȂҌ ̆ ѿ ̆ Ҭ ₱ ̆

ѿҩꜚ Ȃ ҩꜚ ̆ꜚ ⌠

₱ ̆ └⌠ῤ Ҭ̆ ₱ Ȃ

₱ ҈ פ Ȃ 

 

3.6 ⱴ  

 ᵌ 3.8 ѿҩץ ᴆ Ữ Ữ ҉Ȃ ̆ⱴ

ᵬ ҩ ⱴ ⌠ῤ Ҭ̆ ⌠ Ȃ ׂ ľⱴ Ŀ ᵬ

Ȃ ̆ⱴ a.out ᵬ ᴧ ᴋⱵӊѿȂ 

 ꜚ ⱴ ֓ Ȃ ᵬ Ҍ ̆ ѿҩꜚ

̆Ῥ ꜚ ̆ ₱ ѿ ̆ ⱴױ ⌠

ῤ Ҭ̆ ғḱ ̆ ῀ Ȃ 

 

3.7  

Ḧ ЇḦ ꜗ ҅ɼ 

ĺĺKelly Johnson̆ ₮ľKISS ↕Ŀ ̆1960 

 

 RISC-V ISA Ҭ ⱴԅ 60 ᴺ ᶏ̆פ RISC-V ף ԍ Ώ̆ ғҌ

ⱴ ᴆ Ȃ ѿҩ ҹ 0 ᶏ ῒҬ ᴺ פ Ȃᶏ ⱴ ᵝ

̂ûĄø̃ ҍ ᵝ ⱴ̂ðĄøÿò̃ң ̆פ ԅ

/₱ Ȃᶏ ף ҍᵝ ῏ ⁞̆ ԅ ᵬȂ

⁞ ԅ Ḡ ̆ⱴ ₱ Ȃ 

 RISC-V ᶫԅѿ ↓ ⱬ └̆ ᵞ ̆ ̆ ғᶏ Ώ

ⱴ Ȃ 

 

ᵩ

‼

Ї

꜠ ɼלᴂ Ї

ῗ

ᶕ Їᵜ

Ὶ Ғ Ї

ҿꜘ

ꜘ ‼

ӎɼ 
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3.8  
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TIS Committee. Tool interface standard (TIS) executable and linking format (ELF) 

specification version 1.2. TIS Committee, 1995. 
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 ӝ  ת

 
Ї ᵩɼŀŀ ̂William of Occam 1320 

 

4.1  

 RV32M RV32I Ҭ ⱴԅ ӗ Ȃפ 4.1 RV32M פ

̆ 4.2 ↓₮ԅ ױ ᵬ Ȃ 

 ԅ Ȃ ץ Ҋ ̔ 

ᵯ  

 

ᵯ  

ᵯ  

RV32M ΐ divide(div)̔פ divide unsigned(divu)̆ ױ

῀ Ȃ ’Ҋ̆ ᵩ Ҍ ̆ RV32M ᶫ

remainder(rem) remainder unsigned(remu)̆ ױ Ώ῀ᵩ ̆ Ҍ Ȃ 

 

4.1̔RV32M פ  

 

 

4.2̔RV32M ᵬ פ ̆ ᵬ ̆ פ ױ ̂[Waterman and 

Asanovic 2017] 19.2 Ȃ̃  

 

 ӗ ̔ 

(1452-

1519) ҅ᵣ

Їל ԋ

Ņ ╜№ņ Ї

Ҳ ẘ ɼ 

 

Ăāû Ầװ ҿ 2
i

ɼᶡ Ї

a2=16(2
4
)Ї Ӎ Ăāûø 

ăяʿðюʿё ת

óøąĄ ăяʿðюʿðя └

ɼ 
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ӝ ӝ  

ҹ ̆ ҹ ӗ ӗ Ȃ ңҩ 32 ᵝ ӗ ⌠

64 ᵝ ӗ Ȃҹԅ ⌠ѿҩ 64 ᵝ ̆RISC-V Ҭ ҩӗ

Ȃפ ⌠ 32 ᵝӗ ̂64 ᵝҬ ᵞ 32 ᵝ̃ mul Ȃפ ⌠ 32 ᵝ̆

ᵬ ̆ mulh ̕פ ᵬ ̆ mulhu ̕פ

ѿҩ ѿҩ ̆ ץ mulhsu Ȃפ ѿ Ҭפ 64 ᵝ Ώ῀ңҩ 32

ᵝ ᵬᴪᶏ ᴆ ̆ ץ RV32M ң ӗ פ ⌠ѿҩ

64 ᵝ Ȃ 

 ̆ ᵬȂ ╠ ̆ ҹ 2

ץ ף ȂԊ ̆ ӗץ ᵌṕ Ῥḱ 32 ᵝ ̆ ᴨץ

ҹῒ Ȃᶛ ̆ 4.3 ԅ 3 ҹ ף Ȃ 

 

 

4.3 R̔V32M Ҭ ӗ ץ ᵬ ף Ȃ ԍᴋᵥ ה ṿ№ ̆

ԍῒ ̆ῒҬ ḱ ҹ Ȃ ץ ֟ ṕ ḱ

[Granlund and Montgomery 1994]Ҭ ץ ⌠Ȃ 

 

ָӇҌ ӊ ץ ̙ ̆ARM-32 ӗ Ȃפ ⌠ ѿ ARM

20 ̂2005 ̃̆ פ ҹ ARM №ȂMIPS-32 ᶏ

̂HI LO ᵬ̃ҹӗ פ ѿ Ȃ ᵞԅ MIPS

̆p ꜚ ᶏץפ ӗ ̆ ᴪ ᵞ

ȂHI LO Ӟᴪ ⱴ ̆ᶏ ᴋⱵӊ ℗ Ȃ 

 

ᾥ ЕüĄû÷ üĄû÷Ą װ ӝ ₴ 

üĄû÷Ą ҹ ̆↕ ᶏ üĄû ӗ Ҍᴪ ₮Ȃ ᵌ ̆ üĄû÷

Ҭ ᵝҍ üĄû ᵝ ̂ üĄû ҹ üĄû÷ ҹ 0̆üĄû

ҹ üĄû÷ ҹ Έ └ ffffffff̃̆ ↕ᶏ üĄû ӗ Ҍᴪ ₮Ȃ 

ᾥ Е Ӥ  

ҹ ̆ ᵬӊ╠ⱴ῀ѿ ԍ ñôĀĉ ȂRV32Iפ Ҍᴪ

ҹ ᵬ trap̆ ҹ ҹ̆ ғ ֓ ᴆҬ ץ

Ȃ ̆ ῒץ Ҍ Ȃ 

ᾥ ЕüĄû÷ĂĄ ԓ ӝ  

ӗ ғ ӗ ̆üĄû÷ĂĄ ֟ ӗ ҉ №Ȃ ӗ ̂

ᵝ̃ҍ ӗ ᵞ ̂ ̃ ӗ ̆ ӗ Ȃ

פ ӗ ԅ 15%Ȃ 

Ăûû Ầӝװ ҿ 2
i

ӝ ɼᶡ Ї

a2=16(2
4
)Ї Ӎ Ăûûø 

ăяʿðюʿё ת

üĄû ăяʿðюʿðя └

ɼ 

ԓ₉ӓ

Їӝ ᵣ ꜘ

Ї ӝ

ɼ 
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4.2  

 

Ḉ Ї Ї ҙ ᴌ ֙ ₴ ᴌɼ 

ŀŀC. Gordan Bell̆  

 

 ҹԅҹ ῀ ᶫ RISC-V ̆ӗ ῀ RISC-V ѿҩ

‰ ѿ № RV32MȂ RISC-V RV32MȂ 

 

4.3  

T. Granlund and P. L. Montgomery. Division by invariant integers using multiplication. In ACM 
SIGPLAN Notices, volume 29, pages 61ï72. ACM, 1994. 

 

A. Waterman and K. Asanovi ć, editors. The RISC-V Instruction Set Manual, Volume I: User-
Level ISA, Version 2.2. May 2017. URL https://riscv.org/specifications/. 

 

 

 
 

http://parlab.eecs.berkeley.edu 

 

  

https://riscv.org/specifications/
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֒  RV32F RV32DЕ  

 
ᴑᵫҡ װ Ї Ғ ҡ װ ꜘ Ї ᴂ └ԋ ɼ 

ŀŀAntoine de Saint Exupôery, LôAvion, 1940 

 

5.1  

RV32F RV32D № ̆ פ ױז̆ ѿ Ȃ

ҹ ̆ ױ ѿ Ҭ׃ ԅ₃Ӎ ̂32 ᵝ 64 ᵝ̃ Ȃפ

5.1 ѿҩ RV32F RV32D פ Ȃ 5.2 ↓₮ RV32F ᵬ ̆

5.3 ↓₮ԅ RV32D ᵬ Ȃ ₃Ӎ ῒז ף ISA ѿ ̆RISC-V ׆ IEEE 754-2008

‰[IEEE ‰ ᴪ 2008]Ȃ 

 

5.2  

RV32F RV32D ᶏ 32 ҩ f Ҍ x Ȃᶏ ң Һ

̔ Ҍ ⱴ RISC-V פ Ҭ ’Ҋᶏ ң

ӗ 2̆ ץ Ȃᶏ ң RISC-V פ

Һ ̆ ⱴ פ ⱴ Ữ f ̆ ⱴ פ ԍ

x f ӊ ᴰ Ȃ 5.4 ↓₮ԅ RV32D RV32F RISC-V 

ABI Ȃ 

RV32F RV32D ̆↕ ֽᶏ f Ҭ ᵞ 32

ᵝȂҍ RV32I Ҭ x0 Ҍ ̆ f0 Ғ ⌠ 0̆ ῒז 31 ҩ f

ѿ ̆ ѿҩ Ȃ 

IEEE 754-2008 ‰ ᶫԅ₃ ῀ ̆ ꜛԍ Ώ

ṿ Ȃ ‰ ғ ῀ ῀⌠ Ẽ ̂RNE Ȃ̃ ῀ ץ

└ õòĂā Ȃ 5.5 ԅ õòĂā ↓₮ԅ ῀ Ȃ ‰

Ȃ 

ָӇҌ ӊ ̙ ARM-32 MIPS-32 32 ҩ ᵖ 16 ҩ

Ȃ ױ ңҩ ⌠ ң Ȃx86-32

ᴋᵥ ̆ ᶏ ף Ȃ 80 ᵝ ̆

ᾥ ЕRV32FD ᾡ ת ῇ  

ҹ ῀̆ ᵰ ѿ פ ῀ ̆ ץ ꜛ Ȃ

õòĂā Ҭᶏ ꜚ ῀ Ȃ ῀ ᵬҹ פ ѿҩ ̆

õðóó˅Ă õăэ̆õăю̆õăя̆āăĉ̆ ῀̆ õòĂā ᵥȂ 5.5 ↓₮ԅҌ ῀

Ȃ 

Antoine de Saint 

Exupńery, LńAvion 

Ѓ1900-1944Є

ᵲ Їװʃ

ʄ҅ӫ ɼ 

MIPS Ӑ҅

John Mashey Ї

16 ү

MIPS ISA Ҳ

ɼ 
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32 ᵝ 64 ᵝ ᵬ ҹ 80 ᵝ̆ ԍ Ữ ̆פ ӊ֞ Ȃx86-32 ѿҩ

ⱴԅ 8 ҩᴰ 64 ᵝ ץ ῏ ᵬ Ȃҍפ RV32FD MIPS-32 Ҍ ĂRM-

32 x86-32 ԅ ӊ ꜚ Ȃפ ѿ ‗ ᾢ

ῤ Ữ ῤ Ҭ̆ ῒ׆ῤ ⱴ ⌠ ̆ ӊ֞ Ȃ 

5.1̔RV32F RV32D פ Ȃ 

5.3 ⱴ ̆ Ữ  פ

ԍ RV32F RV32D̆RISC-V ң ⱴ õûĆ̆õûó̃̂פ ң Ữ õĂĆ̆̂פ

õĂó Ȃ̃ױז ûĆ ĂĆ פ Ȃ ⱴ⌠ ‰ Ҭ פ ̔

̂õðóó˅Ă̆õðóó˅ó̆õĂĄñ˅Ă̆õĂĄñ˅ó̆õüĄû˅Ă̆õüĄû˅ó̆õóøą˅Ă̆õóøą˅ó̃̆ RV32F RV32D

̂õĂĀāă˅Ă õ̆ĂĀāă˅ó̃ Ȃפ Ӟױ ṿ ṿ õüøý˅Ă̂פ õ̆üøý˅ó̆

õüðć˅Ă õ̆üðć˅ó̃̆ ֓ פ Ҍᶏ № פ ’Ҋ̆ ѿ ᵬ Ҭ

ṿ ṿΏ῀ Ȃ 

̂ᶛ ӗ ̃ ӗ ᴪ ѿ ⱴ ⁞ Ȃפ

R̆ISC-V ᶫԅ פ ԍᾢ ңҩ ᵬ ӗ ӗ ⱴ҉̂ õüðóó˅Ă õ̆üðóó˅ó̃

⁞ ̂õüĂĄñ˅Ă̆õüĂĄñ˅ó̃ ҈ҩ ᵬ ̆ Ῥ Ώ῀ Ȃ ⱴ

҉ ⁞ ҈ҩ ᵬ ӊ╠ ӗ õ̔ýüðóó˅Ă õ̆ýüðóó˅ó õ̆ýüĂĄñ˅Ă õ̆ýüĂĄñ˅óȂ

֓ ӗ  - ⱴ פ ᶏ ӗ ⱴ פ ‰ Ӟ̆ ̆ ҹ ױ ̂

ⱴ ӊ ̃ ῀ ѿ ̆ ӗ ⱴ ↕פ ῀ԅң ̂ᾢ ӗ ӊ ̆

ⱴ ӊ Ȃ̃ ֓ פ ѿ פ 4 ҩ ̆ ҹ R4Ȃ 5.2 5.3

ԅ R4 ̆ R ѿҩ Ȃ 

RV32F RV32D ᶫ № ̆פ ᶫԅ ̆פ ֓ ңҩ

ѿҩ ҹ 1 0 õ̔ôĀ˅Ă õ̆ôĀ˅ó õ̆ûă˅Ă õ̆ûă˅ó õ̆ûô˅Ă õ̆ûô˅óȂ

֓ ᾛפ № פ פ ᴆ № Ȃɒ ̆ ף

õю Ӗõя ̆↕№ ⌠ %ćøă̔ 

õûă ćђ̆õю̆õя     ˽ õю Ӗ õя̆↕ ćђ ӓ ю; ↕ ćђ ӓ э 

ñýô ćђ̆ćэ̆%ćøă ˽ ćђ˻ӓ э̆↕ ⌠ %ćøă 

Ғ ԓ Ї

ӝ ӝ ғῚ

ᵲ ɼ ЇRV32F

RF32D ԋ

ᵯ  ɼת
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31          27  26  25 24        20 19         15 14   12 11            7 6        0 

 

 

 

 

 

 

 

imm[11:0] rs1 010 rd 000011

1 

I flw 

imm[11:5] rs2 rs1 010 imm[4:0] 010011

1 

S fsw 

rs3 00 rs2 rs1 rm rd 100001

1 

R4 

fmadd.s 

fmadd. 

rs3 00 rs2 rs1 rm rd 100011

1 

R4 

fmsub.s 

fmadd. 

rs3 00 rs2 rs1 rm rd 100101

1 

R4 

fnmsub.s 

fmadd. 

rs3 00 rs2 rs1 rm rd 100111

1 

R4 

fnmadd.s 

fmadd. 

0000000 rs2 rs1 rm rd 101001

1 

R fadd.s 

0000100 rs2 rs1 rm rd 101001

1 

R fsub.s 

0001000 rs2 rs1 rm rd 101001

1 

R fmul.s 

0001100 rs2 rs1 rm rd 101001

1 

R fdiv.s 

0001100 00000 rs1 rm rd 101001

1 

R fsqrt.s 

0010000 rs2 rs1 000 rd 101001

1 

R fsgnj.s 

0010000 rs2 rs1 001 rd 101001

1 

R fsgnjn.s 

0010000 rs2 rs1 010 rd 101001

1 

R fsgnjx.s 

0010100 rs2 rs1 000 rd 101001

1 

R fmin.s 

0010100 rs2 rs1 001 rd 101001

1 

R fmax.s 

1100000 00000 rs1 rm rd 101001

1 

R fcvt.w.s 

1100000 00001 rs1 rm rd 101001

1 

R 

fcvt.wu.s 1110000 00000 rs1 000 rd 101001

1 

R fmv.x.w 

1010000 rs2 rs1 010 rd 101001

1 

R feq.s 

1010000 rs2 rs1 001 rd 101001

1 

R flt.s 

1010000 rs2 rs1 000 rd 101001

1 

R fle.s 

1110000 00000 rs1 001 rd 101001

1 

R fclass.s 

1101000 00000 rs1 rm rd 101001

1 

R fcvt.s.w 

1101000 00001 rs1 rm rd 101001

1 

R 

fcvt.s.wu 1111000 00000 rs1 000 rd 101001

1 

R fmv.w.x 
 

5.2̔RV32F ᵬ ԅ פ ̆ ᵬ ̆ Ȃ ҍҊѿ ҉ Һ

≢ ̔ ԍ ̆╠ңҩ פ 12 ᵝ 0̆ ғ ԍῒᵩ ̆פ 25 ᵝҹ 0̆ Ҋѿ Ҭ̆

RV32D Ҭ ңҩᵝ ҹ 1̂ ԍ[Waterman and Asanovic 2017] 19.2 Ȃ̃ 
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31          27  26  25 24        20 19         15 14   12 11            7 6        0 

 

 

 

 

imm[11:0] rs1 011 rd 000011

1 

I fld 

imm[11:5] rs2 rs1 011 imm[4:0] 010011

1 

S fsd 

rs3 01 rs2 rs1 rm rd 100001

1 

R4 

fmadd.d 

fmadd. 

rs3 01 rs2 rs1 rm rd 100011

1 

R4 

fmsub.d 

fmadd. 

rs3 01 rs2 rs1 rm rd 100101

1 

R4 

fnmsub.d 

fmadd. 

rs3 01 rs2 rs1 rm rd 100111

1 

R4 

fnmadd.d 

fmadd. 

0000001 rs2 rs1 rm rd 101001

1 

R fadd.d 

0000101 rs2 rs1 rm rd 101001

1 

R fsub.d 

0001001 rs2 rs1 rm rd 101001

1 

R fmul.d 

0001101 rs2 rs1 rm rd 101001

1 

R fdiv.d 

0001101 00000 rs1 rm rd 101001

1 

R fsqrt.d 

0010001 rs2 rs1 000 rd 101001

1 

R fsgnj.d 

0010001 rs2 rs1 001 rd 101001

1 

R fsgnjn.d 

0010001 rs2 rs1 010 rd 101001

1 

R fsgnjx.d 

0010101 rs2 rs1 000 rd 101001

1 

R fmin.d 

0010101 rs2 rs1 001 rd 101001

1 

R fmax.d 

0100000 00001 rs1 rm rd 101001

1 

R fcvt.s.d 

0100001 00000 rs1 rm rd 101001

1 

R fcvt.d.s 

1010001 Rs2 rs1 010 rd 101001

1 

R feq.d 

1010001 rs2 rs1 001 rd 101001

1 

R flt.d 

1010001 rs2 rs1 000 rd 101001

1 

R fle.d 

1110001 00000 rs1 001 rd 101001

1 

R fclass.d 

1100001 00000 rs1 rm rd 101001

1 

R fcvt.w.d 

1100001 00001 rs1 rm rd 101001

1 

R 

fcvt.wu.d 1101001 00000 rs1 rm rd 101001

1 

R fmv.d.w 

1101001 00001 rs1 rm rd 101001

1 

R 

fmv.d.wu  

5.3̔RV32D ᵬ ԅ פ ̆ ᵬ ̆ Ȃ ңҩ Ҭ ѿ֓ פ Ҍֽֽ

Ҍ Ȃ õòąă˅Ă˅ó õòąă˅ó˅Ă ̆פ ѿ õüą˅ć˅Ć õüą˅Ć˅ć. פ

̂ ԍ[Waterman and Asanovic 2017] 19.2 Ȃ̃ 
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63                        32  31                       0 

 

 

 õэ ˢ õăэ FP Temporary 

 õю ˢ õăю FP Temporary 

 õя ˢ õăя FP Temporary 

 õѐ ˢ õăѐ FP Temporary 

 õё ˢ õăё FP Temporary 

 õђ ˢ õăђ FP Temporary 

 õѓ ˢ õăѓ FP Temporary 

 õє ˢ õăє FP Temporary 

 õѕ ˢ õĂэ FP Saved register 

 õі ˢ õĂю FP Saved register 

 õюэ ˢ õðэ FP Function argument, return value 

 õюю ˢ õðю FP Function argument, return value 

 õюя ˢ õðя FP Function argument 

 õюѐ ˢ õðѐ FP Function argument 

 õюё ˢ õðё FP Function argument 

 õюђ ˢ õðђ FP Function argument 

 õюѓ ˢ õðѓ FP Function argument 

 õює ˢ õðє FP Function argument 

 õюѕ ˢ õĂя FP Saved register 

 õюі ˢ õĂѐ FP Saved register 

 õяэ ˢ õĂё FP Saved register 

 õяю ˢ õĂђ FP Saved register 

 õяя ˢ õĂѓ FP Saved register 

 õяѐ ˢ õĂє FP Saved register 

 õяё ˢ õĂѕ FP Saved register 

 õяђ ˢ õĂі FP Saved register 

 õяѓ ˢ õĂюэ FP Saved register 

 õяє ˢ õĂюю FP Saved register 

 õяѕ ˢ õăѕ FP Temporary 

 õяі ˢ õăі FP Temporary 

 õѐэ ˢ õăюэ FP Temporary 

 õѐю ˢ õăюю FP Temporary 

32 32  

 

5.4̔RV32F RV32D Ȃ ԅ 32 ҩ Ҭ ѿ Ȃ 3

ԅ RISC-V ԍ ̆ ԅ FP ̂fa0-fa7̃̆ FP Ḡ ̂fs0-

fs11̃ FP ҳ ̂ft0-ft11̃ ̂ ԍ[Waterman and Asanovic 2017] 20.1 Ȃ̃ 
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5.5̔ └ Ȃ Ḡ ῀ Ȃ ῀ Ẽ ῀̂õāü Ҭ

rtĕ000̃; ῀̂rtz̆001̃; Ҋ Њ ῀̂rdn̆010̃; ҉ Њ ῀̂rup̆011̃; ץ

ṿ ῀̂rmm̆100 Ȃ̃ ԓҩ ҉ ᴆ ץ ᴋᵥ

₮҉פ ᴆ̔NV ᵬ; DZ ץ ; OF ҉ ; UF Ҋ ; NX Ҍ

̂ ԍ[Waterman andAsanovic 2017] 8.2 Ȃ̃ 

 

 

5.6̔RV32F RV32D Ȃפ ↓Ҭ↓₮ԅ ̆ Ҭ↓₮ Ȃ 

 

 

5.4  

RV32F RV32D 32 ᵝ ̆32 ᵝ ̆32 ᵝ 64 ᵝӊ

̂ ҩ ̆ ӈ Ȃ̃ 5.6 ץ

̆ ↓ԅ 10  Ȃפ

RV32F ᶫԅ ׆ õ ̂õüą˅ć˅Ć̃ ꜚ⌠ ć ץ̆פ

ꜚ õüą˅Ć˅ć̂פ Ȃ̃ 

 

5.5 ῒז  פ

RV32F RV32D ᶫԅҌ ̆פ ꜛԍ Ώ ץ ᶫ ᴺ Ȃפ

̂IEEE 754 ‰ ѿ └ ғ ᵬ № ̆

ױ ⱴԅ ֓ Ȃ̃פ  

ѿҩ ῇ ̆פ ׆ ѿҩ ᵬ └ԅ ᵝӊ ῤ Ȃ ᵝ

ṿ ‗ԍΐᵣ ָӇ  ̔פ

1. ῀̂õĂöýù˅Ă̆õĂöýù˅ó̃̔ ᵝ rs2 ᵝȂ 

2. ῀̂õĂöýùý˅Ă̆õĂöýùý˅ó̃̔ ᵝҍ rs2 ᵝ Ȃ 

3. ῀̂ õĂöýùć˅Ă õ̆Ăöýùć˅ó̃̔ ᵝ rs1 rs2 ᵝ

Ȃ 

ԅ ꜛԍ Ҭ ᵬ̆ ԍ ῀ פ ױ ᶫԅ҈ ᴺ

̂פ 37 3.4̃̔  
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1. └ ̔ 

õüą˅Ă āó̆āĂ Ԋ ҉ õĂöýù˅Ă āó̆āĂ̆āĂ 

õüą˅ó āó̆āĂ Ԋ ҉ Ăöýù˅ó āó̆āĂ̆āĂȂ 

 

5.7: C Ώ  DAXPY   

 

5.8̔DAXPY ҩ ISA ҉ פ ף Ȃ ↓₮ԅ ҩ פ ץ פ Ȃ

7 ׃ ARM Thumb-2̆microMIPS RV32C פ Ȃ 

 

2. ̔ 

õýôö˅Ă āó̆āĂ ⌠ õĂöýùý˅Ă āó̆āĂ̆āĂ 

õýôö˅ó āó̆āĂ ⌠ fsgnjn.d rd̆rs̆rsȂ 

3. ṿ̂ ҹ 0ξ0= 0 ғ 1ξ1= 0̃̔  

õðñĂ˅Ă āó̆āĂ ԅ õĂöýùć˅Ă āó̆āĂ̆āĂ 

õðñĂ˅ó āó̆āĂ ԅ Ăöýùć˅ó āó̆āĂ̆āĂȂ 

 

ԋҩҌ פ classify № õòûðĂĂ˅Ă̆õòûðĂĂ˅ó̂פ Ȃ̃№ פ

Ӟ ꜛȂױז ѿҩ ᵬ ᵬ Ҋ↓ 10 ҩ Ҭ ֓

̂ Ҋ ̃̆ Ώ῀ ᵞ 10 ᵝȂ ᵝҬֽ ѿᵝ

ҹ 1̆ῒᵩҹ ҹ 0Ȃ 

 

x[rd]ᵝ ӈ 

0 f [rs1]ҹ ЊȂ 

1 f [rs1] Ȃ 

2 f [rs1] Ȃ 

3 f [rs1] -0Ȃ 

4 f [rs1] +0Ȃ 

5 f [rs1] Ȃ 

6 f [rs1] Ȃ 

7 f [rs1]ҹ+ЊȂ 

8 f [rs1] Ḥ (signaling)NaNȂ 

9 f [rs1] ѿҩ (quiet)NaNȂ 
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5.6 ᶏ DAXPY RV32FD̆ARM-32̆MIPS-32 x86-32 

ױ ᶏ DAXPY ᵬҹ ױ ‰ Ҍ ISA ̂ 5.7 Ȃ̃ ץ

ὣ  ὥ ὢ  ὣ̆ῒҬ X Y ̆a Ȃ 5.8 ԅ DAXPY ҩҌ

ISA Ҋ פ Ȃױז ף 5.9 5.12 Ȃ 

ҍ 2 Ҭ ῀ ѿ ̆ RISC-V פ ̆RISC-V

Ҍ פ ף ̆ ᴨԍῒז ISAȂ ᶛҬ̆RISC-V

№ פ ARM-32 x86-32 Ҭ ץ̆ ῀ ȁ פ ԅ Ҍ

 Ȃפ

5.7  

ɼ 

ŀŀRobert Browning, 1855 Һӈ̂ ̃ 20 ҕ 80 ף ᵬҹῈ Ȃ 

 

IEEE 754-2008 ‰[IEEE Standards Committee 2008] ӈԅ ̆

ᵬȂ ᵞԅ ̆ Ӟ Ҍ ISA Ҭ

№ ῒז Ҭ ῒז № פ ѿ Ȃ 

5.8  

IEEE Standards Committee. 754-2008 IEEE standard for floating-point arithmetic. IEEE 

Computer Society Std, 2008. 

 

A. Waterman and K. Asanovi ć, editors. The RISC-V Instruction Set Manual, Volume I: 

User-Level ISA, Version 2.2. May 2017. URL https://riscv.org/specifications/. 

 

 
 

http://parlab.eecs.berkeley.edu  

ᾥ Е16ᵣЇ128ᵣ ┼  

ḱ IEEE ‰̂IEEE 754-2008̃ ԅ ӊ ̆ ԅ₃

̆ ױ ҹ binary32 binary64ȂҌ₮ ̆ḱ ̆ ԅ Ṑ ̆ ҹ

binary128Ȃ RISC-V ⅞ RV32Q ̂ 11 Ȃ̃ ‰

ҹԋ └ ֜ ᶫԅң ̆ ᴪץ ֓ ץ

Ữ ῤ ỮҬ̆p Ҍ ץ Ȃ ≢№ױ ̂binary16̃

ῇᾝ ̂binary256 Ȃ̃ ‰ ң Ữᶏ ӈ ̆ᵖ GPU ץ

Ḡױ ῤ ҬȂ RISC-V ⅞ ̂פ 8 Ҭ RV32ṼҬ

̆ᵖ ╠ Ӟ↕̆פ

ֲפȂפ ̆ḱ ‰ ⱴԅ └ ̆ ҈ └ №≢

decimal32 d̆ecimal64 decimal128ȂRISC-V RV32L פ ԍ ̂ 11

Ȃ̃ 

DAXPY ү

῎ Еװ

A ӝҏ X ꜘ Y 

(Double-precision A 

times X Plus Y)ɼ ῎

Ầ

SAXPYɼ 

https://riscv.org/specifications/
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5.9̔ 5.7 Ҭ DAXPY RV32D ף Ȃ Έ └ ᵝԍ ᶷ̆ Ҋ Έ └ ף

̆ ̆פ Ȃ № פ ᾧԅ ARM-32 X86-32 ף Ҭ ң

 Ȃפ

 

 

 

 

 

 

 

5.10̔ 5.7 Ҭ DAXPY ARM-32 ף Ȃ ҍ RISC-V ̆ARM-32 ꜚ ץ

ң Ȃҍפ ῀ Ҍ ̆DAXPY ARM-32 ҉Ҍ ₮ Ȃ 
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5.11̔ 5.7 Ҭ DAXPY MIPS-32 ף Ȃ҈ҩ№ Ҭ ңҩ ᾟԅ Ȃפ ңҩ

ӊ פ ᾧԅ ARM-32 x86-32 Ҭ ң Ȃҍפ ⱴ Ҍ ̆ ⱴ

Ȃ 

 

 

 

5.12̔ 5.7 Ҭ DAXPY x86-32 ף Ȃ ҩᶛ Ҭ̆x86-32 ⱷל

ĺĺ ҩ № ⌠ԅῤ ̆ ῒז ISA Ҭ̆ ֓ Ҭ Ȃ ԅ x86-

32 Ҭ̆ ᵥ ҍ ̂ăôĂă ôòć̆ôòć̃ץ ᵥ ѿҩ ̂ćþā ôðćʿôðć Ȃ̃ 
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῏  ת 

Ԑ Їᵜ Ғ ɼ 

ĺĺ ᴿ ¥ ̂Albert Einsteiñ̆ 1933 

6.1  

Ẋױ ᵰ ԅ ԅ ISA ᵥ ̆ ץ ױ ᾙ RV32A פ

ױ ҹ Ȃ ᵰ ѿ֓ ᾟ̆ ץ ѿҊ ҉ ľ ̂

Ŀ̃ ̂ ̔https://en.wikipedia.org/wiki/Synchronization Ҭ ̔

https://zh.wikipedia.org/wiki/%E5%90%8C%E6%AD%A5 ̃ ȇRISC-V ᵣ Ȉ2.1

[Patterson and Hennessy 2017]Ȃ 

RV32A ң ᵬ̔ 

¸ ῤ ᵬ̂AMÕ 

¸ ⱴ Ḡ / ᴆ Ữ̂load reserved / store conditional̃ 

6.1 RV32A פ ̆ 6.2 ↓₮ԅ ױ ᵬ פ Ȃ 

 

6.1 RV32A פ  

 

6.2 RV32A פ ȁ ᵬ ȁ Ȃ̂ ԍ[Waterman and AsanoviËc 2017]

19.2Ȃ̃  

ᵅ ¥

Ѓ1879-1955ЄЇ20 қ

ɼל

₴ԋ Ї ԑ

қ Ҳ ₴┼

ɼ 
 

https://en.wikipedia.org/wiki/Synchronization
https://zh.wikipedia.org/wiki/%E5%90%8C%E6%AD%A5
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AMO פ ῤ Ҭ ᵬ ѿҩ ᵬ̆ ҹ ᵬ╠ ῤ

ṿȂ ῤ Ώӊ Ҍᴪ ̆ῤ ṿӞҌᴪ ῒ ḱ Ȃ 

ⱴ Ḡ ᴆ ỮḠ ԅ ңױ ӊפ ᵬ Ȃⱴ Ḡ ѿҩῤ

̆ ῀ Ҭ̆ Ҋ ҩ Ḡ Ȃ ᴌ Ỵ ҏ Ḧ

̆ ῀ ҩ Ȃ ῀ ⱳ̆ ҬΏ῀ 0̕ ↕Ώ῀ѿҩ

0 ף Ȃ 

ҹָӇ RV32A ᶫң ᵬ ̙ ҹ Ҭ ң Ҍ ᶏ Ȃ 

ᴪẊ ᵣ ᶫԅ -֜ ̂compare-and-swap̃ ᵬ̔

ѿҩ Ҭ ṿ ѿҩ Ҭ ῤ ṿ̆ ױ ̆ ҈ҩ

Ҭ ṿ ῤ Ҭ ṿ ֜ Ȃ ѿ ῒ̆ ᵬ ץץ ҹ

[Herlihy 1991]Ȃ 

ѿ ῀ⱴפ ISA № ̆ ѿ Ҭפ 3 ҩ

1 ҩ Ȃ ᵬ ңҩ׆ ⱴ⌠҈ҩ̆ᴪᶏ ȁ └ פ

Ȃ̂ RV32FD ⱴ ̂multiply-add̃ פ ҈ҩ ᵬ ̆ᵖ

̆ Ҍ Ȃ̃ Ҍ ̆ⱴ Ḡ ᴆ Ữ ңҩ

̆ ױ ץ ֜ ̂ 6.3 ҉ № Ȃ̃ 

 

 

6.3 ңҩᶛ Ȃ ѿҩᶛ ᶏ ⱴ Ḡ lr.w/ ᴆ Ữ sc.w -֜ ᵬ̕ ԋҩᶛ ᶏ

֜ amoswap.w ԑ Ȃ 

 

ᶫ AMO פ ̆ ױ Ҭ ⱴ Ḡ / ᴆ Ữ

̆ᶛ ץ ױ ȂAMO פ ԍ I/O Ḥ Ӟ

̆ ץ ԊⱵ ΏȂ ץ ꜚ̆ I/O Ȃ 6.3

Ҋ № ԅ ᵥᶏ ֜ ҳ Ȃ 

AMO LR/SC ת

Ὺ Ї

ҿḦ cache

 

ɼ 

lr/sc M[a0] -  

AMO - test and set spinlock  

#  

#  

#  

 

#  

#  

# a1  

#  

#  

-  

# -  

ᾥ Е Ὺ ҅  

RISC-V ΐ ῤ ѿ ̂relaxed memory consistency model̃̆ ῒז

⌠ ῤ ץ Ӱ Ȃ 6.2 Ҭ̆ RV32A פ ѿҩ ᵝ̂ðĀ̃ ѿҩ

ᵝ̂āû Ȃ̃ðĀ ᵝ Ḡפ ῒ ῤ Ҭ ⌠ AMO

ᵬ̕āû ᵝ Ḡפ ῒ ӊ╠ ⌠ ᵬȂ ԅ

῏ ̆ ץ [Adve and Gharachorloo 1996]Ȃ 
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 ָӇҌ ӊ ̙ MIPS-32 └̆ MIPS ISA Ҭⱴ῀

ԅⱴ Ḡ / ᴆ Ữ  Ȃפ

 

 

6.2  

RV32A ѿ̆ҩ RISC-V ᴪ ⱴ Ȃ ̆

ѿ̆℗Ԋ ̆p Ҍ ȂRV32A ̆ Ҍ

Ȃ 

 

6.3  

S. V. Adve and K. Gharachorloo. Shared memory consistency models: A tutorial. Computer, 

29(12):66ï76, 1996. 

 

M. Herlihy. Wait-free synchronization. ACM Transactions on Programming Languages and 

Systems, 1991. 

 

D. A. Patterson and J. L. Hennessy. Computer Organization and Design RISC-V Edition: The 

Hardware Software Interface. Morgan Kaufmann, 2017. 

 

A. Waterman and K. AsanoviËc, editors. The RISC-V Instruction Set Manual, Volume I: User-

Level ISA, Version 2.2. May 2017. URL ÷ăăÿĂˁˢˢāøĂòą˅þāöˢĂÿôòøõøòðăøþýĂˢ˅ 

 

 

 
 

http://parlab.eecs.berkeley.edu 

 

  

https://riscv.org/specifications/
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҈  ת 

ɼ ĺĺE. F. Schumacher, 1973 

7.1  

╠ץ  ISA ҹԅ ף ԅ פ פ ̆ ⱴԅѿ֓

ңҩ̂ Ҍ ҈ҩ̃ ᵬ ⁞̆פ ̆ ȂARM MIPS ҹԅ

ף ̆ ԅң פ ̆ARM ₮ԅ ARM Thumb Thumb 2̆MIPS ᾢ

₮ԅ MIPS16 microMIPSȂ ֓ ISA ҹ ⱴԅ ̆ Ӟ ⱴԅ

Ȃ 

 RV32C ԅѿ ̔ פ ѿ ‰ 32 ᵝ RISC-V ѿѿפ

Ȃ ̆16 ᵝ פ ̆ ғ ץ פ ף פ

‗ױ Ȃ Ώ ץ RV32C פ ῒ ױז̆

⌠ ↕ ԍ ῒ ISA Ȃ 7.1 RV32C פ

Ȃ 

 ҹԅ ѿ ↓ ҉ ⌠ ף ̆RISC-V ԅ RVC

Ҭ Ȃפ ̆ ԍץҊ ҈ ̆ ױ ⱳ פ ⌠ԅ 16 ᵝȂ

ѿ̆ ҩ ̂ðэˇðђ̆ĂэˇĂю̆Ăÿ ץ āð̃ ῒז ̕

ԋ̆ פ Ώ῀ ᵬ ӊѿ̕ ҈̆ ̆ ғ ֓ פ

֓ Ȃ ̆ RV32C פ ֓ ̕ѿ֓ פ

Ώ῀ ᵬ ᵝ ̕₃Ӎ ԅ̆load store ᵬ ᶏ ᵬ

Ṑ Ẓ Ȃ 

 

7.1̔RV32C פ Ȃ ᵝ פ c.addi4spn ̆ῒ פ ᵝ Ȃ 

E.F.Schumacher
Ѓ1911-1977Є  ԋ

҅ ᵲЇӀ

ָ Їⅎ

ɼ

Ї ҿ ԑ

қ װ Ί

Ⱶ 100 ӫӐ҅ɼ 
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7.2̔ פ Ώ ῀ DAXPY פ ף Ȃ 

 

 7.3 7.4 ↓₮ԅ ῀ DAXPY RV32C ף Ȃ ױ ԅ ֓ RV32C

׆̆פ ԅ ֓ ᵬ ̆ᵖ ֓ פ Ҭ Ҍ

Ȃ Ҭ ῤ ₮ԅҍ RV32C פ 32 ᵝ Ȃפ A Ҭ ↓₮ԅ 16

ᵝ RV32C פ 32 ᵝ RISC-V פ ῏ Ȃ 

 ᶛ ̆ 7.3 ῀ Ҭ ҹ 4 ̆ Ҋ 32 ᵝ RV32I

 ̔פ

 ðóóø ðёʿćэʿю  ь ø ӓ ю 

ҹԅ 16 ᵝ RV32C  ̔פ

 ò˅ûø ðёʿю     # ̂ ҹ ðóóø ðёʿćэʿю̃ ø ӓ ю 

 RV32C load פ ̆ ҹ ѿҩ ѿҩ Ȃ

ò˅ûø 7.3 Ҭ 4 ҩ Έ └ ̆ c.li פ 2 Ȃ 

 ѿҩᶛ 7.3 Ҭ ҹ 10 ̆ ̔ 

 ðóó ðяʿćэʿðѐ  # a2 ð˱ù˲  

ԅ 16 ᵝ RV32C  ̔פ

 ò˅üą ðяʿðѐ    #̂ ҹ ðóó ðяʿćэʿðѐ̃ ðя ð˱ù˲  

RV32C move פ 16 ᵝ ̆ ҹ ңҩ Ȃ 

Ҍױ  RV32C ̆ᵖ ѿҩ ץ ᴇף

̔ Ӑ╦ ѿҩ 16 ᵝ פ ҹ ᴇ 32 ᵝ Ȃפ 7.6 ⌠ 7.8 ↓

₮ԅ ץ RV32C פ ᵬ Ȃ Ҍ ᴋᵥ 32 ᵝ

RISC-V ⌠ 8000 ҩ ̆ 400 ҩ Ȃ Ӈ Ҭ

5% ᵣ ̆ Ӈ 100,000 ҩ Ҭ cache Ҭ ԍҌ

Ȃ 

 

ָӇҌ ӊ ̙RV32C Ҭ ̆פ ҹῒז פ ף Ȃ

9 1.5 Ҭ Thumb-2 ԍ RV32C̆ ף ҉ ᴨ̆ל ԍ Load and Store 

Multiple ԍ ̂₱ ȁ ᶛ ̃ ῀ ₮ ץ Ҍ ף ȂҹԅḠ

RV32G Ҭ ѿѿפ ̆RV32C Ҭ Ȃױ RV32G ҹԅ ᵞ

ԅ ֓ Ȃפ ԍ Thumb-2 ԍ ARM-32 ISĂᵖ ץ

ңҩ ISA ℗ Ȃҹԅ ң ISĂ ᴆ ңҩ פ ̆ѿҩ ԍ ARM-32̆

ѿҩ ԍ Thumb-2ȂRV32GC ѿҩ ISĂ RISC-V ѿҩ Ȃ 

ᾥ Еҿ־Ӎ ֙ Ғ RV32CК 

ѿҩ ῤ ₃ ̆פ ҹ

Ȃmacrofusion ѿҩᶛ ̆ῒҬ פ RISC-V פ ҹ ⱴ פ

̂ ѿ Ȃ̃ ’Ҋ 1̆6 ᵝ RV32C פ 32 ᵝ RV32I פ ѿ

ⱴԅ ׆̆ ᶏ Ҭ ѿҩ ῤ Ȃ 
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7.2 RV32GC̆Thumb-2̆microMIPS x86-32  

 7.2 ԅ ҩ ISA Ώ ῀ DAXPY ף Ȃ 

῀ 19 RV32I Ҭ̆12פ ԅ RV32C ̆פ ףץ

ρω׆ τ χφҩ ԅρς ς χ τ υςҩ ̆ ԅςτȾχφ σςϷȂDAXPY

ρρ׆ τ ττҩ ⁞⌠ԅψ ς σ τ ςψҩ ̆ ԅρφȾττ σφϷȂ 

ңҩ ᶛ ҍ ԋ 9 1.5 ֲ ѿ ̆ ⌠ ̆ ԍ

̆RV32G ף RV32GC ף 37%Ȃ ⌠ ⁞̆ Ҭ

ѿ פ ץ RV32C  Ȃפ

 

7.3  

 

װ Ḫ  Їᵜ ɼĺĺBlaise Pascal, 1656 

ז ԅ ѿ ̆ Һ Niklaus Wirth ז ԅѿ Ȃ 

 

 RV32C RISC-V ԅ ׂ₃Ӎ ף Ȃᵰ₃Ӎ ץ ױ ҹ ᴆ

ꜛ ᴺ Ȃᵖפ ̆ ױ Ώ ╠

Ȃ ױ Ἕ ҈ ̆ RISC-V ף ҍ ᵬ

̆פ פ Ȃ ң ꜛԍ ᶫ ᵬ Ȃ 

 RISC-V Ṥ ѿ ȁ └ ᴇ ̆RV32C ѿҩ ᶃ ᶛȂ 

 

7.4  

A. Waterman and K. Asanovi ć, editors. The RISC-V Instruction Set Manual, Volume I: User-
Level ISA, Version 2.2. May 2017. URL https://riscv.org/specifications/. 

 

 

 
 

http://parlab.eecs.berkeley.edu 

 

ᾥ ЕRV32C ҅ ԑ К 

RV32 פ RV32IC Ҭ №ȂThumb-2 ҉ ѿҩ ISĂ 16 ᵝ פ

ARMv7 Ҭ ̂ᵖҌ ῃ ̃ Ȃᶛפ ̆ Thumb-2 Ҭ Compare and Branch on 

Zerŏ ARMv7 Ҭ ̆ ԍ Reverse Subtarct with Carry ↕ ȂmicroMIPS ӞҌ

MIPS32 Ȃᶛ ̆microMIPS № Ẓ Ṝӗץ 2̆ᵖ MIPS32 Ҭ↕ҹ

4ȂRISC-V Ҭ ӗץ 2Ȃ 
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7.3̔ ῀ RV32C ף Ȃ12 16 ᵝ ᶏפ ף ⁞ԅ 32%Ȃ פ ץ

ȂRV32C ץ̂פ ò˅ ̃ ҩᶛ Ҭ ₮ ̆ᵖ ⌠

 Ȃױ

 

 

7.4̔DAXPY RV32DC ף Ȃ8 Έᵝ פ ף ⁞ԅ 36%Ȃ פ ԋ↓

Έ └ ҩ ȂRV32C ץ̂פ ò˅ ̃ ҩᶛ Ҭ ₮ ̆ᵖ

⌠  Ȃױ
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7.5̔RV32C ᵬ ̂bits[1:0] = 01̃↓₮ԅ פ ̆ ᵬ ̆ פ פ Ȃrdô,rs1ô

rs2ô 10ҩ ðэˇðђ̆ĂэˇĂю̆Ăÿ āðȂ̂ ԍ[Waterman and AsanoviËc 2017]

12.5Ȃ̃  

 

 

 

 

 

7.6̔RV32C ᵬ ̂bits[1:0] = 00̃↓₮ԅ פ ̆ ᵬ ̆ פ פ Ȃrdô,rs1ô rs2ô

10ҩ ðэˇðђ̆ĂэˇĂю̆Ăÿ āðȂ̂ ԍ[Waterman and AsanoviËc 2017]

12.4Ȃ̃  
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7.7̔RV32C ᵬ ̂bits[1:0] = 10̃↓₮ԅ פ ̆ ᵬ ̆ פ פ Ȃ̂ ԍ

[Waterman and AsanoviËc 2017] 12.6Ȃ̃  

 

 

 

 

 

7.8̔16ᵝRVC פ Ȃāóˑʿ āĂюˑ āĂяˑ 10ҩ ðэˇðђ̆ĂэˇĂю̆Ăÿ āðȂ̂

ԍ[Waterman and AsanoviËc 2017] 12.1Ȃ̃  
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῍   

 

ɼ Ғԋ ֙ ҡ ɼĺĺSeymour Cray 

8.1  

׃ ̆ ᶫ ̆ ױ ӊҹ

Ȃ ѿҩ ᶛ Ȃ ̆ᵖ Ӟ ᵣ ᶏ

Ȃ╠ ᶏ ̆ ᶏ 8 ᵝ 16 ᵝ Ȃ 

פ (SIMD̆Single Instruction Multiple Data)Ȃ

SIMD ∆ ҹ 64 ᵝ № ҩ 8 ᵝȁ16 ᵝ 32 ᵝ №̆

Ȃױ ᵬ ᶫԅ ᵬ Ȃ ᴰ ҩ̂ ̃SIMD

load store Ȃ 

64 ᵝ № Ạ ԍῒ № ֲȂҹԅᶏ SIMD

̆ ⱴ ץ №Ȃ ԍ SIMD ISA ԍ

ѿ ̆ ғ ᵬ ԅ ̆ SIMD Ӟ SIMD

פ Ȃ SIMD SIMD פ Ṑ ISA ҉ԅ

̆ ѿ ȁ Ώ ῍

Ȃ 

ѿҩ ̆ ғ ױ ᴨ ̆≠ Ȃ

ԅ ױ RISC-V Ҭᶏ Ҍ SIMD Ȃ 

8.1̔RV32V פ Ȃ ԍ ԅꜚ ̆ ҩ פ Ӟ Ҍⱴץ ԍ Ӝ

RV64V 

Seymour Cray (1925-

1996) 1976 ҅ү

Ї ҙ

ҟҏ ꜗ

Cray-1

ɼCray-1 ҅

Ї ᶕ ᶕ

Їת Ӥ қ ҏ

ɼ 

 

1997

ᵩ Ѓ M M XЄᶕ

SIMD ɼ ᴂ

1999 ᵩ

S I M D Ѓ S S E , 

S t r e a m i n g  S I M D 

ExtensionsЄ 2010

ЃAVXЄ

└ԋ ɼ

MMX

҅∑ Ҳ └ԋ

Ї Ὺ ҅

‰

ᵩ֥ ᾩ

ᵲ (httpsЕ

//www.youtube.com/wat

ch?v=paU16B-bZEA)ɼ 
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ῤ׆ ҬҬ ױ ῀ ̆ ҬȂ ֓

҉̆ ᾝ ץ Ȃ ̆ ׆

Ҭ ₮̆ ῒ № Һ Ȃ ‗ ̆ Ҍ Ἕ SIMD Ҭ

῀ ᵬ ҬȂ ױ ᴪ ⌠̆ ү װ ᵲ ⅎ

Ї ᵩ ῗ ̔ ץ ᴆ Ҍᴪ ⌠

̆ Ҍץ Ώף ֣ ⌠ Ȃ ̆ SIMD

פ Ȃ ғ̆ҍ SIMD Ҍ ̆ Ȃ 

SIMD ₮ ̆ ISA Ӟ Ȃ ̆ ᴪ

╠₃ ⱴΐ Ȃ ᵰ ῀ԅ ̆ [Hennessy and Patterson 

2011] 4 GȂRV32V ѿ֓ ԅ ISA ⱳ Ȃ ᶏᵰ ԅ

̆Ӟ ױ ѿ Ȃ 

 

 פ 8.2

 8.1 RV32V פ ȂRV32V ̆ ץ Ҍ

פ Ȃ 

 ╠ ⌠ ѿҩ פ ̔ 8.1 Ҭ

פ ԅ RV32IȁRV32MȁRV32FȁRV32D RV32A ᵬȂ ҩ פ ₃

̆ΐᵣ ‗ԍ ᵬ ̂˅ąą ̃̆ ᵬ ѿҩ ѿ

ҩ ̂˅ąĂ Ȃ̃ѿҩ ѿҩ ᵬ x f ̆ ѿҩ

̂v Ȃ̃ ̆ ױ DAXPY ̂ 55 ԓ 5.7̃ ὣ ὥ ὢ

ὣȂῒҬὢ ὣ ̆ὥ Ȃ ԍ - ᵬ̆rs1 ԅ Ȃ 

 ⁞ ӊ ױז̆ ᴪᶏ פ ҈ ᵣȂῒҬ

ѿҩ ᵬ ̆ ԋҩ ̂.sv Ȃ̃Ἕὣ ὥ ὢ ᵬ ᴪᶏ

ᵣȂ ᵣ ԍⱴ ӗ ᵩ ̆ ֓ פ ˅Ăą Ȃ

̂fused̃ӗ -ⱴ פ ҈ҩ ᵬ ̆ ױ

̔˅ąąąȁ˅ąąĂ̆˅ąĂą ˅ąĂĂȂ 

 ᴪ ⌠̆ 8.1 ԅ ȂҊѿ ԅ ӇẠ

Ȃ 

 

8.3 ꜚ  

 RV32V ⱴԅ 32 ҩ ̆ ױ ץ v ̆ᵖ ҩ ᾝ ҩ

Ҍ Ȃ ‗ԍ ᵬ Ғ ԍ Ữ ̆ ‗ԍ

Ȃ ̆ ҹ № ԅ 4096 ҩ ̆↕ ץ ֓ 32 ҩ

Ҭ 16 ҩ 64 ᵝᾝ ̆ 32 ҩ 32 ᵝᾝ ̆ 64 ҩ 16 ᵝᾝ ̆ 128 ҩ 8

ᵝᾝ Ȃ 

 ҹԅ ISA ҬḠ ᾝ ̆ ᴪ ᴪ

̂üąû̃̆ └Ҋ̆ ᶏ ҩ ץ

Ȃ ̂ąû̃ҹ ᵬ ԅ Ҭ ᾝ ̆ ꜛԍ

Ҍ üąû Ṑ Ȃ ױ Ҋ Ҭ üąû̆ąû 8 ҩ
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̂ąÿø̃ Ȃ 

 RV32V ԅѿ ̆ ҍ Ҍ ҍ פ ᵬ

῏ Ȃ ╠ӊפ ױ Ȃᶏ

ꜚ ᴪ⁞ פ Ȃ ѿ ̆ ҹ ҩ פ Έҩ

҈ҩ ̆ 8.1 Ȃ ױ 8.9 ⌠̆ ױ ᴧ SIMD

פ ̆ᶏ ꜚ ⁞ ԅ ץ

ף Ȃ 

 ꜚ ѿҩᴨ ץ ᶏ Ȃ ⱳ ץ

Ữ № Ȃ ̆Ẋ ԅңҩ 64 ᵝ

̆ 1024 Ȃ ֓ №̆ ҩ

512 ̂512/8=64 ҩᾝ ̃̆ üąû ᵝ 64Ȃ ױ ץ ⌠̆mvl ꜚ

̆ᵖ ṿ ̆Ҍ ᴆ Ȃ 

 ‗ ԅ ᵬ ץ ̆ ꜚ ԅ

Ȃᶛ ̆ ץ ӗץ ̆ ᾢ ᵬ ҹ

Ȃ ҩ ⁞ ԅ פ פ Ȃ 

ץ  ąĂôăóòõö פ Ȃ 8.2 ԅ RV32V

ץ RV64V ̂ Ӝ Ȃ̃RV32V Ӟ Ȃ

̆ ᶏ F32 ̆ᵰӞ ⌠ RV32FV̕ ᶏ F64 ̆ᵰӞ ⌠

RV32FDVȂRV32V ῀ԅ 16 ᵝ F16Ȃ ѿҩ RV32V RV32F̆

↕ F16 F32 Ȃ 

 

8.2̔RV32V Ȃ ҈ᵝ ԅ ᵝ ̆ ңᵝ ₮ῒ Ȃ

X64 U64 ֽ ԍ RV64VȂF16 F32 RV32F ̆F64 RV32F RV32DȂF16 IEEE 

754-2008 16 ᵝ ̂binary16 Ȃ̃ ąôăĈÿô ҹ 00000 ᴪ Ȃ̂ ԍ[Waterman 

and Asanovic 2017] 17.4Ȃ̃  

 

 

ᾥ ЕRV32V װ ⅓ ҏҐ  

Ҍ SIMD ѿҩ ̔ ⱴ ᴪ Ҭ

Ḡ ̂҉Ҋ ℗ ̃ Ȃꜚ ꜛȂ

ᶏ ֓ ̆ ҉Ҋ ℗ ҬֽḠ ֓

ȂRV32V Ҍᶏ פ Ṝ ̆

ΐץ ᴨ̆ל ֽᴪ פ Ҭ Ҭ ᴪ

҉Ҋ ℗ Ȃ Ҭ Ҍ̆ Ҍ Ḡ ῃ

҉Ҋ ℗ Ȃ 

ҿԋ ᾭҏҐ ⅓

Ї

ᾭ MMX SIMD

Ҳ ꜘ ɼ

Ї

ҏҐ ⅓ Їᵜ

₴

ᵩ  ɼת

ү load store ת

҅ү 7 ᵣ

ẘ ɼ ԓ

load

ᾣ Ї

ԓ store ∑

ɼ 
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8.4 Load Store ᵬ 

Load Store ᵬ ’ Ữ ῤ Ҭ ѿ Ȃ

Load ץ ąûó Ҭפ ҹ Ữ ᾟ Ȃ

ᾝ ̆ vl Ҭ ԅ ᾝ Ȃ store

ąûó ᵬȂ 

ᶛ ̆ a0 Ҭ 1024̆ғ v0 X32̆↕ vld v0, 0(a0)ᴪ 1024̆

1028̆1032̆1036̆ŀŀ ⌠ ⌠ vl └Ȃ 

ԍ ̆ ֓ Ҍ Ȃ ԋ ץ ᴨᾢ Ữ̆ғ ↓ᾝ

̆↕ ↓ᾝ ӊ Ȃ ᴰ

ąûóĂ ąĂăĂ Ȃ ԍ ąûóĂ ҍ ąĂăĂ̆ ץ ҹᾝ ⌠

ҍ ąûó ąĂă ̆ᵖ ąûó ąĂă Ḡ ԅ ̆ ץ ᶫ

ῤ Ȃ ѿҩ ̆ ԍ ᵝ ̆ᶏ ąûó ąĂă ץ ף⁞

̆ ⁞ פ Ȃ ᶏ ąûóĂ ąĂăĂ פ ңҩ ̆ѿҩ

₮ ̆ ѿҩ ץ₮ ҹ ᵝ ̆ ԍ ᵝ ̆ פ

ԋҩ ̆ ѿ Ȃ 

ᶛ ̆Ẋ ðэ Ҭ 1024̆ғ ðю Ҭ 64 ȂąûóĂ ąэʿ 

ðэʿ ðю ᴪ ҩ ↓ ⌠ῤ ̔ρπςτȟ ρπψψ ρπςτ ρ φτ ȟ ρρυς ρπςτ

ς φτ ȟ ρςρφ ρπςτ σ φτ ץ̆ ̆ ⌠ ąû Ả Ȃ

Ώ῀ ҩᾝ Ȃ 

⌠ ╠ҹ ̆ ױ Ẋ ᵬȂҹԅ ̆

ąûóć ąĂăć ᶫ ᴰ Ȃ ֓ פ ѿҩ ̆ ѿҩ

Ȃ ΐ ̆ ҩᾝ

ᾝ Ȃ 

Ẋ ðэ Ҭ 1024̆ ąю ╠ ҩᾝ Ҭ ֓

̔16̆48̆80̆160Ȃąûóć ąэʿ ðэʿ ąю ᴪ ҩ ↓ ⌠ῤ ̔ρπτπ̂ρπςτ

ρφ̃ȟ ρπχς ρπςτ τψ ȟ ρρπτ ρπςτ ψπ ȟ ρρψτ ρπςτ ρφπ Ȃ Ώ῀

ᾝ ҬȂ 

҉ץ ױ ᵬҹ Load Store ᵬ Һ ̆ᵖ

ῒז Ȃ 

 

8.5 ᵬ  

 ѿ ᵬѿҩ ᾝ ̆ᵖ ԍᾝ ᵬ ӈ ̆

ץ ҉ ץ ֓ᾝ ȂRV32G ᵝ ᵝ 64 ᵝ̆ ׂ

ҩ ῤ ᵬңҩȁ ҩ ῇҩ 64 ᵝᾝ Ȃ Ҍ

ҩ ᾝ Ṑ ̆ ᴆ ֓ ’Ȃ 

 ҍ SIMD ѿ ̆ ԍ ᵬ ᵝ ᵝ ӊ Ȃ

̆ ҩ 4 ҩ 64 ᵝ ᵬ ҩ Ạץ 8 ҩ 32

ᵝ̆16 ҩ 16 ᵝ 32 ҩ 8 ᵝ ᵬȂ 

 SIMD Ҭ̆ISA Ҭ‗ ԅ ҩ ץ ᵬ

ҩ ᾝ ҩ Ȃ ӊҊ̆RV32V ֲ ISA

load Ӥ ҿ

(gather)Ж

store ҿⅎ

(scatter)ɼ 
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ץ ױ ṿ̆ ԍ SIMD̆ ⱴѿṐ ᴪᶏ SIMD פ Ṑ̆

ғ ḱ SIMD Ȃ RV32V Ҍ ̆ ץ

҉ Ȃ 

 

8.6 ᴆ  

 ѿ֓ if Ȃ Ҍᶭ ԍ ᴆ№ ̆ ԅѿҩ ̆ ҩ

ᵬᵬ ԍ ֓ᾝ Ȃ 8.1 Ҭ פ ңҩ ӊ

ᴆ ̆ ᴆ ↕ ѿҩᾝ ҬΏ῀ѿҩ 1̆ ӊΏ῀ 0Ȃ̂

ᾝ ҩ Ȃ̃ ᴋᵥ פ ᶏץ ҩ Ȃ

i ᵝҹ 1 ᾝ i ᴪ ̆ҹ 0 ᾝ Ҍᴪ Ȃ 

 RV32V ҹ ᶫԅ 8 ҩ ̂ąÿø Ȃ̃ąÿðýó̆ąÿðýóý̆ąÿþā̆

ąÿćþā ąÿýþă פ ӊױ ׆̆ ᴆ Ȃ 

 RV32V ąÿэ ąÿю ᵬҹ └ ᵬ Ȃ ᾝ ѿҩ

ᵬ̆ ңҩ Ҭ ѿҩ ҹῃ 1ȂRV32V Ҭ ѿ ąÿĂĆðÿ ̆פ ԍ

ῒזΈҩ ѿҩ ֜ ⌠ ąÿэ ąÿюȂ Ӟ ꜚ ̆

ױ ץ Ҭ ṿȂ 

 ᶛ ̆Ẋ v3 Ҭ Ẽ ᾝ ̆ ᾝ Ȃ

Ҋ ף ̔ 

 vplt.vs       vp0,v3,x0    #  v3 < 0 ᵝ 1 

 add.vv,vp0   v0,v1,v2     # v0 ҹ 1 ᾝ ҹ v1+v2 

ף ąÿэ Ҭ Ẽ ᵝ ҹ 1̆ ᵝ ҹ 0̆ ғ ąэ Ҭ Ẽ ᾝ

ҹ ąю ąя Ҭ ᾝ Ȃąэ Ҭ ᾝ Ҍᴪ Ȃ 

 

8.7 ῒז  פ

 ԅӊ╠ ⌠ ąĂôăóòõö̃̆̂פ ῒז פ

Ăôăąû̆ ̂ąû̃ ҹ ᵬ ̂üąû̃Ҭ ṿȂ

ṿ ̆ Ҭ ױ ∞ ֓ ף ⌠ ץ

̂üąû̃ ̆ ѿҩץ ṿ ׆̆ ▼Ҋ ᾝ Ȃ ̆ҹԅ

ᾝ ̆ ף ĂôăąûȂ 

 RV32V Ҭ ҈ פ ץ ᵬ Ҭ ᾝ Ȃ 

 ̂ąĂôûôòẵ ԋҩ ̂ ̃ ᾝ ᵝ ׆̆ ѿҩ

Ҭ ᾝ ׆̆ ѿҩ ̔ 

 ь ąøýóøòôĂ э ⌠ üąûˇю ṿ̆ ױ ׆ ąĂāò Ҭ ᾝ  

 ąĂôûôòă ąôóĂăʿ ąĂāòʿ ąøýóøòôĂ 

̆ ąя ╠ ҩᾝ 8ȁ0ȁ4ȁ2̆ Ӈ ąĂôûôòă ąэʿ ąюʿ ąя ąю 8 ҩᾝ

ąэ 0 ҩᾝ ̕ąю 0 ҩᾝ v0 1 ҩᾝ ̕ąю 4 ҩᾝ

ąэ 2 ҩᾝ ̕ąю 2 ҩᾝ ąэ 3 ҩᾝ Ȃ 

 ̂ąüôāöỗ ᵌԍ ̆ᵖ Ҭ ⌠

ᾝ Ȃ ңҩ׆ ӊѿ ᾝ ֟ Ȃ

҅ү Ҳ

ⅎ ᵲ

ת Ї Ӎ

ү ҿ

ɼGatherЇscatterЇװ

ת

ԋɼ 
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ᾝ ҹ 0̆↕ ᾝ ąĂāòю̕ ҹ 1̆↕ vsrc2Ȃ 

 # ąÿэ ø ᵝ‗ ąóôĂă Ҭ ᾝ ø ąĂāòю̂ ø ᵝ э̃ 

ь ąĂāòя̂ ø ᵝҹ ю̃ 

ąüôāöôʿąÿэ ąóôĂăʿ ąĂāòюʿ ąĂāòя 

̆ ąÿэ ╠ ҩᾝ 1ȁ0ȁ0ȁ1̆ąю ╠ ҩᾝ 1ȁ2ȁ3ȁ4̆v2 ╠

ҩᾝ 10ȁ20ȁ30ȁ40̆ Ӈ ąüôāöôʿąÿэ ąэʿ ąюʿ ąя ąэ ╠ ҩᾝ ҹ 10ȁ

2ȁ3ȁ40Ȃ 

ѿҩ׆פ  Ҭ ᾝ ̆ ױ ԋҩ

̔ 

 # Ăăðāă ѿҩ ̆ῒҬ Ữ ׆ ąĂāò Ҭ ᾝ ᵝ  

 ąôćăāðòă ąóôĂăʿ ąĂāòʿ Ăăðāă 

ᶛ ̆ ąû 64̆ a0 ṿ 32̆ Ӈ ąôćăāðòă ąэʿąюʿðэ ᴪ ąю Ҭ

32 ҩᾝ └⌠ ąэ ╠҈ ԋҩᾝ Ȃ 

 ԍᴋ ԋᾝ ̆ ≠ץ ąôćăāðòă ץפ ⁞ ⁞

Ȃᶛ ̆ ᾝ ̆ ץ ąôćăāðòă № └⌠

ѿҩ ╠ №̆ ԅѿ Ȃ Ҋ ̆ ңҩ

ⱴ⌠ѿ ̆ ױ ᵬҹ ѿ ᵬ ̆ ⌠ ⁞ ⌠ 1Ȃ ҩ

ᾝ Ҭ Ҭ ᾝ Ȃ 

 

 

8.3̔ 5.7 Ҭ DAXPY RV32V ף Ȃ ₮ ҹ RV32V ᵬ ӈȂ 

 

8.8 ᶛ ̔ RV32V Ώ DAXPY  

 8.3 ԅ RV32V Ώ DAXPY ̂ ԓ 55 5.7̃̆ ѿױ

ѿҩ Ȃ 

 RV32V DAXPY Ạ ѿᴆԊ ҩ₱ Ȃ ңҩ

Ḡ x y №ᾝ ̆ ֓ᾝ ѿҩҩ 8 Ȃ ѿ

פ ѿҩ ̆ ԋ פ Ώ῀ └ ̂ąòõöó̃̆

RISC-V Ҳ V Ӥש

ɼ RISC-V

ҵ Ї ҙ

SIMD Ҳ

Ӏ ᵣ └ Ҭɼ 

ЇV Ғש׃

֒үᵅᾫ⌐ RISC

ЇӤ ү ISA

ᴰ ₴ ɼ 









https://riscv.org/specifications/






















































https://riscv.org/specifications/privileged-isa/
https://riscv.org/specifications/privileged-isa/
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