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↕ổ҅

Å ӏѝ ֘

Å ӏѝṃᶇ3ῐẔ-4ῐѦ 4ῐѦ -5ῐֳ 5ῐѦ -6ῐֳ

₭ӐўῊ χ3.30-4.20ε3ᵕζιҞ῝іҽ

Å 1⁸labᾩ σ4ῐ10ᾤ-5ῐ10ᾤ

Å 2⁸labᾩ σ5ῐ10ᾤ-6ῐ15ᾤ

Å /ᾉḟὑ︡ҬVerilogט SystemVerilog ֑ᴢ Ԅ∫ ԃ Ҟ

εῑԋ ᵂḘײַ ῴᴟјΪ
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↕ổ҅

< 3 >

¸ CLAB ֘

¸ ׁCLABẈᴶ ᴺṰ Ḅι ᴿӈᵃḙӠ ᶼ₇ẁflẸCLABẇᴵ

¸ ᾨ ᴿӈᵃḙṒỒḡởCLAB Ẋћ ᶼ ẹ ⁯ ιҨԁ

ᵅ LAB￼⃰Ẃ

¸ є⁸verilog ᾉט ῗᵋ ό

¸ CLAB ᾨי Ѧ╟ᵃḙ
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↕ổ҅

Å ӏѝ ֘

Å 1⁸labᾩ σ4ῐ10-5ῐ10

Å 2ѥᶡ︠Үזα50%+50%β+ 1ѥBonusҮזαᴴ2 1ε50%β

Å ᶢ үחώӗḢᾯעᶫεVerilog+TB+SW Referenceι10Ѧ╜ ζכ☼

Å ᶡ︠Ү1זσ ᵆᴑ ו 1D Winogradײַ ⸗

Å ᶡ︠Ү2זσ ᵆє ֨ᾎו ⸗Cordicײַ

Å Bonusүחεַּזᶢ үחҦ ι ֒Verilog+TB+SW Referenceᵙ╜ ζכ☼

Å Ṅ1D WinogradἛṝ 2D Winograd

Å ṄCordicἛṝ ᾟὙ ᾫ ᴹᴪקDFT

Å ὸ֑<=3 Ḫײַ ἒᵒι ᴅ Ҧ ‗љ ộ
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Ẹ— ᶼṇὶ ҈0ῊιӾổּצcos—εᵅ Һscaleᵻ‎ζ
ҿᾟ αpseudo rotations β
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Ӏ᾿ εpseudo rotationsζ

ᶵῢ⁴ᶑ⸗ 2 - CORDIC⁴ᶑ

ÅCORDICᴴҧⱴΎḪ♪ᶹ ᶵῢ ֨ᾎ

Ὅ᾿ ẙ
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13₭Ӏ᾿ ᵅι ѺҨ

1/0.607252941  = 

1.6467602
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The symbol Ὠ is a 

decision operator and is 

used to decide which 

direction to rotate.
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Scaling Factor
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Scaling Factor
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ѬқѰ ◦ ῡ

Åὔֹ⸗ וᶡֹײַ

ᴧᵸ

D Q Ẹׁꜛỗ

ꜛỗ 

Ԅ֧

ї ꜛỗ
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ѬқѰ ◦ ῡ

Åὔֹ⸗ וᶡֹײַ

ꜛỗ ḫӕ1 Ɋίֺ Ѧ ♂

Å ҝ ♂ᵙ ♂ι♂ Ὥ￼ ẙјồ҈⅛₭30sε0.033 

Hz Ὴ ζ

Å 2Ѧ ֧

Å NSlight χ1=ᴇרᵇѭ ♂ψ0=ᴇרᵇ ♂

Å EWlightχ1=Ѡ ᵇѭ ♂ψ0=Ѡ ᵇѭ ♂

Å 2Ѧ Ԅ

Å Nscarχ1=ᴇרᵇῶ ψ0=ᴇרᵇῂ

Å Ewcarχ1=Ѡ ᵇῶ ψ0=ᴇרᵇῂ

Å ֱ

Å Ґ ♂֬Ὥֹᴰ ѦΆᵇẸћҝẸᴰ Άᵇῶ

Å ᵋֱιӠὙẸׁҐ ♂јᴪ
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ѬқѰ ◦ ῡ

Åὔֹ⸗ וᶡֹײַ

ꜛỗ ḫӕ1 Ɋίֺ Ѧ ♂

Å 2Ѧ ֧

Å NSlight χ1=ᴇרᵇѭ ♂ψ0=ᴇרᵇ ♂

Å EWlightχ1=Ѡ ᵇѭ ♂ψ0=Ѡ ᵇѭ ♂

Å 2Ѧ Ԅ

Å Nscarχ1=ᴇרᵇῶ ψ0=ᴇרᵇῂ

Å Ewcarχ1=Ѡ ᵇῶ ψ0=ᴇרᵇῂ

Å ֱ

Å Ґ ♂֬Ὥֹᴰ ѦΆᵇẸћҝẸᴰ Άᵇῶ

Å ᵋֱιӠὙẸׁҐ ♂јᴪ

Å 2Ѧꜛỗ

Å Nsgreen EWgreen

NSgreen EWgreen

EWCar=1, NSCar=0 or 1

NSCar=1, EWCar=0 or 1

EWCar=0, NSCar=0 or 1
NSCar=0, EWCar=0 or 1
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ѬқѰ ◦ ῡ

Åὔֹ⸗ וᶡֹײַ

ꜛỗ ḫӕ1 Ɋίֺ Ѧ ♂

Å 2Ѧꜛỗ

Å Nsgreen EWgreen

NSgreen EWgreen

EWCar=1, NSCar=0 or 1

NSCar=1, EWCar=0 or 1

EWCar=0, NSCar=0 or 1
NSCar=0, EWCar=0 or 1
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ѬқѰ ◦ ῡ

Åὔֹ⸗ וᶡֹײַ

ꜛỗ ḫӕ1 Ɋίֺ Ѧ ♂
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ѬқѰ ◦ ῡ

Åὔֹ⸗ וᶡֹײַ

Step 1 ïḧѲꜛỗẊּ֧נꜛỗ Ὥᶃ

Step 2 ï ⅛ Ѧꜛỗ ӪẊ῭Ὰꜛỗ Ὥᶃ

Step 3 ï⁞Ὧꜛỗ Ὥᶃ֧֒ї ꜛỗᵙ ֧￼ Ẫ

Step 4 ïּ֧נḫ כּ ᶃ

ꜛỗṄᶈ⅛ ѦῊ і״⌐῭Ὰ
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< 20 >

⸗ ᾩẐַײᶡ῞⁭ồ

Å⸗ ѬқѰ ѥᾩ ψ

ᾢᾩ σ ẁ ҧὔֹ₤ ѥӠᴹַײῑᾇᾩ ẫԃᾩ σ₤ ₡ ṃ Ὼᵂ₉ ⁸

2

3

4
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⸗ ᾩẐַײᶡ῞⁭ồ

Åᵂ₉ᾩẐαSynchronous Timing β

ᴿ αᴾ ⸗ βᴦᵷ
αRegisterβ

Setup Time

Hold Time
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⸗ ᾩẐַײᶡ῞⁭ồ

Åᵂ₉ᾩẐαSynchronous Timing β
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⸗ ᾩẐַײᶡ῞⁭ồ

Åᾩ їײַ Ḧ

Skew

jitter

῏ᶏ ֘Ѭὓᾁ ⅜ ᾨָ αnegative ŭβ
ῳᶐừ֙ѭὶᾠ ⌐ ῝ֹ ε⃰ӭṮζ
ᾭὯᵙῊ ѳ ￼ ҅
Cdσcontamination delay α῏Ồᴴ Ả β
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ѬқѰ ἷҦ ψ

ÅἷҦ ᴴҧּזӭ ὓ Ҭᵘ︡Ҭַײ ѥᴂ

│

ᾛӐ ᶫע/

ӌ ‗εὝҧ ζ

ỉӌ ‗

ו ₩ᶒεAND ζ

כּ εᾭḔ/₩Ὁζ

ỉּכḒᵸҭ

Ҭ

︡Ҭ

Ẑ

῾ῶ

⸗

ᵷҬṩ
 ᾳṪ

ⱴỦ ISA (instruction set architecture)

A well-defined hardware/software interface

The ñcontractòbetween software and hardware

Å Functional definition of operations, modes, 

and storage locations supported by hardware

Å Precise description of how to invoke, and 

access them

No guarantees regarding

Å How operations are implemented

ÅWhich operations are fast and which are slow 

and when

ISA (instruction set architecture)

A well -defined hardware/software interface

ѦḧѲḢᵱ￼ / ҭὶᴭ

ҭљ ҭѳ ￼ɒᴃ ɓ

ÅḾ ҭᾟὙᾛӐ ₩ẪᵙḕӴӈ ו￼

ḧѲ

ÅḾḅӍ זּ ᴨ ҭ ◊￼ ὼ

Ҩїԓḳј ISAḧѲ

ÅԏӌḅӍḫאᾛӐ

Åᶈјᵃᶋ῟їιјᵃᾛӐ ẙ￼ồỹ

ÅјᵃᾛӐ￼ו
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ѬқѰ ἷҦ ψ

ÅἷҦ ᴴҧּזӭ ὓ Ҭᵘ︡Ҭַײ ѥᴂ

ÅProgrammer -visible state

ÅProgram counter, general purpose registers, 

memory, control registers

ÅProgrammer -visible behaviors (state transitions)

ÅWhat to do, when to do it

ÅA binary encoding

LVDv odvw 58. |hduv +ehfdxvh ri VZ frvw,ɚ

ɚeh fduhixo zkdw jrhv lq

if imem[pc]==ñadd rd, rs, rtò

then

pc  Û pc+1

gpr[rd]= gpr[ rs]+ grp[rt]

9ȄŀƳǇƭŜ άǊŜƎƛǎǘŜǊ-transfer-ƭŜǾŜƭέ
description of an instruction

Å ᴵ ￼ᴪ

Å ᾭᵸι זּ ᾭᵸιḕӴᵸιίֺḷḕᵸ

Å ᴵ ￼ ѭεꜛỗ Ὥζ

Å ӮҜѱιҜѱῊӧӮ
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ἷҦ ֪ײַ

ÅRSICᵘCISCѢ ἷҦ

ÅɒLurqɓ odz=

Å(instructions/program ) * (cycles/instruction ) * (seconds/cycle )

ÅCISC(Complex Instruction Set Computing) ӔḄX86 ᵫⱴἷҦ

ÅLpsuryh ɒlqvwuxfwlrqv2surjudpɓ zlwk ɒfrpsoh{ɓ lqvwuxfwlrqv

ÅEasy for assembly - level programmers, good code density

ÅRISC(Reduced Instruction Set Computing) ӔḄMIPS/ARM/RISC -V

ÅLpsuryh ɒf|fohv2lqvwuxfwlrqɓ zlwk pdq| vlqjoh-cycle instructions

ÅLqfuhdvhv ɒlqvwuxfwlrq2surjudpɓ/ exw krshixoo| qrw dv pxfk

ÅHelp from smart compiler

ÅPerhaps improve clock cycle time (seconds/cycle) 

Åvia aggressive implementation allowed by simpler instructions 

Å ᶺᴅᵕῼὝҧ‎ᾡᵱɒf|fohv2lqvwuxfwlrqɓ 

Åɰ ɒlqvwuxfwlrq2surjudpɓιӇҦҮјᶽ҃ז

Å ᵸḾ℅ẁיỄᶽ

ÅῶῊҺᾡᵱῊ ᵕῼ ẙ

Å Ὕҧӹ ҃῭☼ ￼Ҧ љ ҭḫא

Åּזᶶ ￼Ὕҧᾡᵱ҃ɒlqvwuxfwlrq2surjudpɓ

ÅḾ ҭ ᴤḄιҦ ṇ



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

2024Ẉ ḖḘῙ

ѭ σ ḝ
< 28 >

ἷҦ

Åԑ Ҭᴴ ︡ҬᴴḪ♪ ᵘԑḲ

ÅProgrammability

ÅEasy to express programs efficiently?

ÅImplementability

ÅEasy to design high -performance implementations?

ÅMore recently

ÅEasy to design low -power implementations?

ÅEasy to design high -reliability implementations?

ÅEasy to design low -cost implementations?

ÅCompatibility

ÅEasy to maintain programmability ( implementability ) as languages and programs evolves?

Åx86 (IA32) generations: 8086, 286, 386, 486, Pentium, Pentium -II, Pentium -LLL/ Shqwlxp7/ ɚ

ÅMIPS RISC-V DUPɚ

ÅᴵҨ ᾦћḳ῏￼ ẑ

Å ᶼ ֧ ớ ￼ ҭḫא

ÅӉו

Å ᴵ ớ

ÅӉẦ

Åᶈ љ ẑ῭Ὰ Ҧᵅι ᶼӠὙᴵ ớљ ҭᴵḫאớ



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

2024Ẉ ḖḘῙ

ѭ σ ḝ
< 29 >

Ҭ

Å Ҭҥֿב ᵷᵘἷҦ ε ở︡Ҭᴴּבὓ ₲ײַ ҥֿב
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Ҽ ӗῌ῾ῶַײἷҦ

Å 3 ἷҦσ ᴧ ֑ᵺᵘ

Å‎ᵻἚ Ҩїᵃ‾ѕ ᶚ￼Ὕҧ

ÅFetchχҡḕӴᵸѧᴨ֧Ὕҧ

ÅDecodeχ ѦὝҧ

Å℅ὝҧῗADDιSUBἆῗԎҤό

ÅExecuteχἚ Ὕҧ

ÅἚ ⸗ḧᾛӐ

Å⅛ѦὝҧ ￼ ѭὝҧᵕῼ
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Ҽ ӗῌ῾ῶַײἷҦ

Å 3 ἷҦσ ᴧ ֑ᵺᵘ

Åᶴתᵸѧ3 Ѯ ￼ ἄ

ÅALUε   ᴅӺζ

Åḷḕᵸ

Åίֺּכ

Å ᶊᶍ ᾭὯᵙίֺỞ εbusζљḕӴᵸᵙI/O ὶ
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Ҽ Ḕ ֪ ἷҦײַ ῾ῶ ï–ị Ҭ1σALU

ÅALUᾴἷҦ ῾ῶַײ–ị Ҭε ḡởỨῑḪ ײַ ה

ÅἚ ֟ז (AND,OR,etc .)  ᾛӐ￼ᾭḔּכ
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Ҽ Ḕ ֪ ἷҦײַ ῾ῶ ï–ị Ҭ1σRegister

ÅRegister ṃALU ῺῂḔᶇ ALUַײᶉᾛ

ÅRegisters available to software 

instructions for use by the 

programmer/compiler 

ÅProgrammer/compiler is in 

charge of using these registers 

as inputs (source locations) 

and outputs (destination 

locations)

Å ḕӴᵸ￼Ὴ Ẃ⅝ᶴתᵸ ỹ

Åḷḕᵸᶈᶴתᵸԓ ώӗ҃ồ ￼ῥῊḕӴӈ

Å ḕӴᵸ￼Ὴ Ẃ⅝ᶴתᵸ ỹ

Åḷḕᵸᶈᶴתᵸԓ ώӗ҃ồ ￼ῥῊḕӴӈ
Å ҭὝҧᴵҨ ҈זḷḕᵸּזּ

љ

Å / Ӕּז ҎḷḕᵸӐѭ

Ԅε◊ӈ ζᵙ ֧ε ‰

ӈ ζ
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Ҽ Ḕ ֪ ἷҦײַ ῾ῶ ï–ị Ҭ1σRegister

ÅRegister Ḕᶇᶼẃ֞ṇ҂ײַ ẢᾩַײMemory

ÅῂḷḕᵸῊ  F = (X+Y) -(X*Y):

Å ADDιMULιSUB ҎὝҧ

Åῂḷḕᵸ

Å ADDχҡḕӴᵸז XᵙYιḕӴ ‛ֹḕӴᵸ

Å MULχԜ₭ҡḕӴᵸז XᵙYιḕӴ ‛ֹḕӴᵸ

Å SUBχז ADDᵙMUL￼ ‛ιḕӴ ‛ֹḕӴᵸ

Åԉ9⁸ Ḕ
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Ҽ Ḕ ֪ ἷҦײַ ῾ῶ ï–ị Ҭ1σRegister

ÅRegister Ḕᶇᶼẃ֞ṇ҂ײַ ẢᾩַײMemory

ÅӔּזḷḕᵸῊ  F = (X+Y) -(X*Y):

ÅҡḕӴᵸז XᵙYֹḷḕᵸR0ιR1

Å ADDχ R0+R1ẊḕӴֹR2

Å MULχ R0*R1ẊḕӴֹR3

Å SUBχ R2-R3ẊḕӴֹR4

ÅḕӴR4ֹḕӴᵸ

Å 3₭ ḕ
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< 36 >

Ҽ Ḕ ֪ ἷҦײַ ῾ῶ ï–ị Ҭ1σRegister

ÅRegister Ἥⱴ҇פ Ẹ Ẑ◦ јἷҦ◦ PC/IPײַ

Å Ӕᶴתᵸ⃰ ҎꜛỗӡỤ

Åḅ ẑ ᾭᵸ/ὝҧὝ εPC/IPζḷḕᵸ

Åіᾰ ֹᶴתᵸᶈ љἚ Ὕҧѳׁ ҡḕӴᵸ ᴨὝҧ

ÅPC/IPḷḕᵸӠּפї Ѧ ᴨὝҧ￼ᶊᶍ
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< 37 >

ᴄἷҦ ῾ῶַײὺӏ∫

ÅἷҦҠMemory Ѧ ᴧεALU αᴴԒᵌו ֞ ѹ ᶵῢ ᴄӹ β

ÅӬ 0x0201ῗR2=R0+R1 ѦADDὝҧ￼ ᵸ

Åίֺ ṄҺῗ

Å ᴨ◊ḷḕᵸεR0 ᵙ R1ζ

Åᵓ ALUӮז│

Å ᴨ ‰ḷḕᵸεR2)
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< 38 >

ἷҦ ᾎὊַײӇ

ÅᾎὊᴴҧḔӳᶇregister ѭḔmemory ỡἷҦԒ

Å◊ᾛӐᾭḕӴᶈҨїѕѦӈ ԓ

ÅḷḕᵸӪ(eg. %rax)

ÅѮḕѧ￼Ӫεeg.  0x0200e8)

ÅᶈὝҧԓ ḕӴ￼Ẃ εᴡᴲɒ ᴏᾭ

immediate ɓζ[eg. ADDI $1,D0]

Å $ ῗẂ ἆ ῗ ᴏᾭ

Å ‰ᾛӐᾭḕӴᶈ

Åḷḕᵸ

ÅḕӴᵸεּיԎᶊᶍὝḧζ
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< 40 >

ѭ∫ἷҦ ῑᵣҍψ

ÅX86 MIPS ARM RISC-V

ἷҦ ᶙ Ԇᴺ ◕ ҥ ᴓᵫ

X86 CISC Intel AMD
ו Ặᶽ ớזּ
Ԓḳớ ḫּזớ

Intel AMD

MIPS RISC MIPS
┼ Ҹק Ἓ
ṝớ ḷḕᵸᶺ

Intel IBM
Oracle

Toshiba

ARM RISC ARM
Ӊו Ӊἄ 
҈זּ ט ᶵ

‛ ᴂѭ
₵

RISC-V RISC RISC-Vᶢ Һ
ḢԅẦ◊ ‟‗
ᴅ ₔớ Ầ

◊Ṫԏ

ᾭ︣Ḳᶽḙ
 ‗ᵙҲў

CUDA RISC Nvidia
ắ Ẋᴧᶴת

ᶃӵᶴת
Nvidia
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< 41 >

ἷҦ ῾ῶ ᵣҍἷҦψ

Åᵹᶼ σҼ ἷҦ ἷҦ ὔֹἷҦ ἷҦ

ÅᾭὯҽ εmovὝҧζ

ÅᶈᶴתᵸᵙḕӴᵸѳ ҽ ᾭὯεז load/ Ӡḕsaveᴪ ζ

ÅԎѧ ѦᾛӐᾭọ ῗᶴתᵸ￼ḷḕᵸεј ᶈѣѦḕӴᵸӈ ѳ ҽ ᾭὯζ

Å Ὕҧ￼ᵅ ‎Ὕḧԏӌᶽṇεmovbιmovwιmovlιmovqζ

Å   ᴅӺALUᾛӐ

ÅԎѧ ѦᾛӐᾭọ ῗᶴתᵸ￼ḷḕᵸ

Å Ὕҧ‎ὝḧᶽṇᵙᾛӐεaddlιorqιandbιsubwζ

ÅίֺὝҧ

Åῂ‍ҭ/ῶ‍ҭ εcmpqιjmpιjeιjneιjlιjgeζ

ÅḒӕ εcallιretζזּ

Å Ὕҧ

Åᴱ OSἆԎҤɒ ɓ ҭӔּז￼Ὕҧεeg. int to access certain OS  

capabilities, etc.)  
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< 42 >

ҥ ἷҦ σX86 ԏᶙַײCISCἷҦ

ÅἷҦ ẘᴴᴩε ѬᶵῢαᶹᵔῙἷҦ β
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< 43 >

ἷҦ ֪ײַ 1 ïҼ ἷҦ

ÅἷҦ ᴴҧּזӭ ὓ Ҭᵘ︡Ҭַײ ѥᴂ

ÅᶈᶴתᵸḷḕᵸᵙḕӴᵸѳ ҽ ᾭὯ

Å Ὕҧ￼ᵅ ‎Ὕḧԏӌᶽṇεmov[ bwlq ]ζ

Å ḊᶊᶍẔ ᶊᶍᶽṇᾯ



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

2024Ẉ ḖḘῙ

ѭ σ ḝ
< 44 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσἷҦַײᶉᶌ⁴ẩ

ÅἷҦ ᵌᶹפ ᶉᶌ⁴ẩ ɆҧẌ↑ᵫⱴַײX86ỡMIPSѬ’Ӕ

X64Ӕּ16זѦ64bitḷḕᵸιḷḕᵸ￼ӉḔ ᴵҨ꜠ Ӑѭ32-ι16-ι

8- ⅝⸗ḷḕᵸ‎ ιҤҪ￼ᵄḔḅї
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< 45 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσ Register Mode

ÅSpecifies the contents of a register as the operandÅἷḦḶḔᵷַײԒḲӏѬὺӏᾎ
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< 46 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσ Immediate Mode

ÅSpecifies the a constant stored in the instruction as the operandÅἷḦἷҦѦַײ ᴎᾎӏѬὺӏᾎ

Å ᴹɋ'ɋ ᴎᾎεẉњᴴҧἷḦⱴױԇ ֹỡᾴױ ֹ
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< 47 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσ Direct Addressing Mode

ÅSpecifies a constant memory address where the true operand is locatedÅἷḦּ₇טὺӏᾎỨᶇӇ Ḕӳᵷᶉᶌẁײַ

Åᶉᶌᴴҧⱴױԇ ֹỡᾴױ ֹ
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< 48 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσ Indirect Addressing Mode

ÅSpecifies a register whose value will be used as the effective address in memory 
where the true operand is located

ӆ҈Ὕ

ÅἷḦḔӳᵷԒḲѬּ₇טὺӏᾎᶇḔӳᵷѦַײῑᾇᶉᶌ

ÅᶃἭᴹ ὓḾᶌ⁴ẩ
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< 49 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσ Base/Indirect with Displacement 
Addressing Mode

Å ⱴd(%reg) ΎἷḦᶉᶌ

Å ḶḔᵷөו ѥẁ εẉⱴ₱ᵘ ῺӏѬḪ ὺӏᾎᶇḔӳᵷ

Ѧַײῑᾇᶉᶌ
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< 50 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσ Base/Indirect with Displacement 
Addressing Mode

ÅѬқѰ Base/Indirect with Displacement Addressing Ḫ ’Ӕ
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< 51 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσ Scaled Index Addressing Mode

Åᶉᶌ―ẩσForm: (%reg1,%reg2,s)  [s = 1, 2, 4, or 8]

Åⱴ%reg1+%reg2*s ӏѬḪ ὺӏᾎᶇḔӳᵷѦַײῑᾇᶉᶌ
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< 52 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσ Scaled Index Addressing Mode

ÅѬқѰ Scaled Index Addressing Mode Ḫ ’Ӕ
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< 53 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσ Scaled Index w/ Displacement 
Addressing Mode

Å ᴿScaleᵘDisplacement σᶉᶌ =  d(%reg1,%reg2,s)  [s = 1, 2, 4, or 8]

Åⱴd+%reg1+%reg2*s ӏѬḪ ὺӏᾎᶇḔӳᵷѦַײῑᾇᶉᶌ
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< 54 >

ἷҦ ֪ײַ 1 ïҼ ἷҦσ Addressing Mode ’Ӕ

ÅḪ ẐѦᴴ ⱶᶹ Addressing Mode ԉᵂ ở
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< 55 >

ἷҦ ֪ײַ 2 ï ἷҦ

ÅֶⱴALUΎḡởḪ Үז
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< 56 >

ἷҦ ֪ײַ 2 ï ἷҦ

ÅֶⱴALUΎḡởḪ Үז

Åᶡ҇ ḦᾎὊṐḼỳ ῠ/ ὺӏ

Å ֹσѢѥὺӏᾎ ї ᾴḔӳᵷ
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< 57 >

ἷҦ ֪ײַ 2 ï ἷҦσḪ ’Ӕ

Å ἷҦ ᴿҼ ἷҦḡở ѥҥֿײַב
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< 58 >

ἷҦ ֪ײַ 3 ïὔֹἷҦ

ÅὔֹἷҦᶉᶌ

ⱴ҇if caseֵᾘ ᴮҧᴢfor while ệ♩ ᴮ

ṄҺᶈᵅ ֫ᾟ ╜ ԓḳ▄Ԅ

If(condition 0) 

XXXXX

XXXXX

XXXXX

XXXXX

else 

XXXXX

XXXXX

while(condition 1) 

XXXXX

XXXXX

XXXXX

XXXXX
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< 59 >

ἷҦ ֪ײַ 4 ï ἷҦ

Åјѕṕὺӏ OSḽὓεӔḄOSᴴΉᾂregister ԒḲ

ᵷ ԒḲ
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< 60 >

ҥ ἷҦ σ RISC-V ԏᶙַײRISCἷҦ

ÅḡԄấ╟εỴṜ ḃεἷҦ ᶹ
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< 61 >

ҥ ἷҦ σ MIPS ԏᶙַײRISCἷҦ

ÅἷҦ ẘᶀḦεּגḽ ᴄαᴄᵔῙἷҦβ

Å3 types of CPU instructions each of which are 32 -bit aligned words.

Å I- type (Instruction)

ÅJ-type (Jump)

ÅR-type (Register)

ÅOpcode

Å 6-bit operation code

Å There are 3 different register 

specifiers:

ÅRD - 5-bit destination register

ÅRS - 5-bit source register

ÅRT - 5-bit target register

Å3 CPUἷҦε ᾴ32₦◕ḽ words
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< 62 >

ҥ ἷҦ σ GPUַײCUDAἷҦ

ÅSISD SIMD MISD MIMD ỴṜײַ

Ẋ

CUDAὝҧ ￼Ṗ₭

Hardware
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< 63 >

ҥ ἷҦ σ GPUַײCUDAἷҦ

ÅPTXᵘSASS

Hardware

SASSὝҧ љGPU￼SM‟‗ῶ ὶḾẔԋ ι ῆ ҭ‟

‗ ḢἄṏјԜᾡᴪ

ҡSASSіἺ ֧‎￼ ῭іṖ￼ ҭ

₩ᶚιҟ҈CUDA C/C++ᴝSASSѳ

CUDA C/C++ẑ ᵅι NVCCҺᵃῊּוἄPTXᴝ

SASSιּזἋѼᴵҨὝḧᴱּוἄԎѧ SASSῗ ᵸ

￼ ҭὝҧ ι ￼SMⱱ љẸׁGPU￼SMⱱ 

јḾẔ￼ ῗј ￼

https://zhida.zhihu.com/search?content_id=124049964&content_type=Article&match_order=1&q=SM%E6%9E%B6%E6%9E%84&zhida_source=entity
https://zhida.zhihu.com/search?content_id=124049964&content_type=Article&match_order=1&q=SM%E6%9E%B6%E6%9E%84&zhida_source=entity
https://zhida.zhihu.com/search?content_id=124049964&content_type=Article&match_order=1&q=NVCC&zhida_source=entity
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< 64 >

ҥ ἷҦ σ GPUַײCUDAἷҦ

ÅPTXᵘSASS

Mapping of PTX to SASS
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< 65 >

ҥ ἷҦ σ GPUַײCUDAἷҦ

ÅPTXᵘSASS


