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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
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῾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

ÅWhich operations take more power and which 

take less
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ѬқѰ ἷҦ ψ

ÅἷҦ ᴴҧּזӭ ὓ Ҭᵘ︡Ҭַײ ѥᴂ

ÅProgrammer -visible states

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
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ἷҦ ֪ײַ

ÅRSICᵘCISCѢ ἷҦ

ÅUhfdoo ɒLurqɓ 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 
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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
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Ҭ

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

Å 3 ἷҦσ ᴧ ֑ᵺᵘ
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Ҽ ӗῌ῾ῶַײἷҦ

Å 3 ἷҦσ ᴧ ֑ᵺᵘ
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Ҽ Ḕ ֪ ἷҦײַ ῾ῶï–ị Ҭ1σALU

ÅALUᾴἷҦ ῾ῶַײ–ị Ҭε ḡởỨῑḪ ײַ ה
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Ҽ Ḕ ֪ ἷҦײַ ῾ῶï–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)
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Ҽ Ḕ ֪ ἷҦײַ ῾ῶï–ị Ҭ1σRegister

ÅRegister Ḕᶇᶼẃ֞ṇ҂ײַ ẢᾩַײMemory
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Ҽ Ḕ ֪ ἷҦײַ ῾ῶï–ị Ҭ1σRegister

ÅRegister Ḕᶇᶼẃ֞ṇ҂ײַ ẢᾩַײMemory
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Ҽ Ḕ ֪ ἷҦײַ ῾ῶï–ị Ҭ1σRegister

ÅRegister Ἥⱴ҇פ Ẹ Ẑ◦ јἷҦ◦ PC/IPײַ
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ᴄἷҦ ῾ῶַײὺӏ∫

ÅἷҦҠMemory Ѧ ᴧεALU αᴴԒᵌו ֞ ѹ ᶵῢ ᴄӹ β
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ἷҦ ᾎὊַײӇ

ÅᾎὊᴴҧḔӳᶇregister ѭḔmemory ỡἷҦԒ
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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
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ἷҦ ῾ῶ ᵣҍἷҦψ

Åᵹᶼ σҼ ἷҦ ἷҦ ὔֹἷҦ ἷҦ
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ҥ ἷҦ σX86 ԏᶙַײCISCἷҦ

ÅἷҦ ẘᴴᴩε ѬᶵῢαᶹᵔῙἷҦ β



ộỳ ץԒḳẊיּ

῀-ҕᶼḘק ︡ҬӋ ῶ

2024Ẉ ḖḘῙ

ѭ σ ḝ
< 22 >

ἷҦ ֪ײַ 1ïҼ ἷҦ

ÅἷҦ ᴴҧּזӭ ὓ Ҭᵘ︡Ҭַײ ѥᴂ
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ἷҦ ֪ײַ 1ïҼ ἷҦσἷҦַײᶉᶌ⁴ẩ

ÅἷҦ ᵌᶹפ ᶉᶌ⁴ẩ ɆҧẌ↑ᵫⱴַײX86ỡMIPSѬ’Ӕ
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ἷҦ ֪ײַ 1ïҼ ἷҦσ Register Mode

ÅSpecifies the contents of a register as the operand
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ἷҦ ֪ײַ 1ïҼ ἷҦσ Immediate Mode

ÅSpecifies the a constant stored in the instruction as the operand
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ἷҦ ֪ײַ 1ïҼ ἷҦσ Direct Addressing Mode

ÅSpecifies a constant memory address where the true operand is located
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ἷҦ ֪ײַ 1ïҼ 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
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ἷҦ ֪ײַ 1ïҼ ἷҦσ Base/Indirect with Displacement 
Addressing Mode

Å ⱴd(%reg) ΎἷḦᶉᶌ
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ἷҦ ֪ײַ 1ïҼ ἷҦσ Base/Indirect with Displacement 
Addressing Mode

ÅѬқѰ Base/Indirect with Displacement Addressing Ḫ ’Ӕ
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ἷҦ ֪ײַ 1ïҼ ἷҦσ Scaled Index Addressing Mode

Åᶉᶌ―ẩσForm: (%reg1,%reg2,s)  [s = 1, 2, 4, or 8]
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ἷҦ ֪ײַ 1ïҼ ἷҦσ Scaled Index Addressing Mode

ÅѬқѰ Scaled Index Addressing Mode Ḫ ’Ӕ
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ἷҦ ֪ײַ 1ïҼ ἷҦσ Scaled Index w/ Displacement 
Addressing Mode

Å ᴿScaleᵘDisplacement σᶉᶌ =  d(%reg1,%reg2,s)  [s = 1, 2, 4, or 8]
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ἷҦ ֪ײַ 1ïҼ ἷҦσ Addressing Mode ’Ӕ

ÅḪ ẐѦᴴ ⱶᶹ Addressing Mode ԉᵂ ở
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< 34 >

ἷҦ ֪ײַ 2ï ἷҦ

ÅֶⱴALUΎḡởḪ Үז
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ἷҦ ֪ײַ 2ï ἷҦ

ÅֶⱴALUΎḡởḪ Үז
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ἷҦ ֪ײַ 2ï ἷҦσḪ ’Ӕ

Å ἷҦ ᴿҼ ἷҦḡở ѥҥֿײַב
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ἷҦ ֪ײַ 3ïὔֹἷҦ

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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< 38 >

ἷҦ ֪ײַ 4ï ἷҦ

Åјѕṕὺӏ OSḽὓεӔḄOSᴴΉᾂregister ԒḲ

ᵷ ԒḲ
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ҥ ἷҦ σ RISC-V ԏᶙַײRISCἷҦ

ÅḡԄấ╟εỴṜ ḃεἷҦ ᶹ
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< 40 >

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
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ᵺ σқѰᾴ∫₯ ῾ῶ
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ᵺ σқѰᾴ∫₯ ῾ῶ

Å∫₯ ẩ ᾛẩ - Ὕ ᵈᵅ♆ַײῑᾇừ₡αὝ instruction/cycle εCPIβ



ộỳ ץԒḳẊיּ

῀-ҕᶼḘק ︡ҬӋ ῶ

2024Ẉ ḖḘῙ

ѭ σ ḝ
< 44 >

ῡCPUַײ∫₯ ῾ῶ╪

ÅᶹῪ ┼ẘ∫₯
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῏ᶡ῞ַײᴄῪ∫₯ ổᶂ

Å5 ∫₯ σFetch Decode Execute Memory Writeback
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σFetchἷҦ

ÅPCὔֹҠἷҦMemory ᴧַײᶉᶌ

ᾺPCẔḾίֺὝҧεjmp῭҈זּ ζ
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< 47 >

҆ σDecodeἷҦ

Å—ὊἷҦַײregister Ҡregister Ѧ ᴧ Ứ өײַ

Ӭ ῳ ᴅ￼Ὕҧ⁪Ẫχopcode regA/Data regB/DestReg
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< 48 >

є σExecuteἷҦ

ÅֶⱴALUᵘו←ᵷ ῺẉΉᾚі ѥἷҦַײPCө
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ᵹ σMemoryὺӏ

ÅṃALU Ὼỡregister ᴧ ῺḔԃMemory εỡҠMemory ֦
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Ҋ σWriteback ὺӏ

ÅALU ῺỡData Memory ᴧַײ Ὼ֑ᵺdestReg
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5 ∫₯ Ḫײַ ’Ӕ

Åӫ ҧіἷҦᶇ5 ∫₯ ѕ
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5 ∫₯ Ḫײַ ’Ӕ

Åӫ ҧіἷҦᶇ5 ∫₯ ѕ

ִḊꜛỗχt0
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5 ∫₯ Ḫײַ ’Ӕ

Åӫ ҧіἷҦᶇ5 ∫₯ ѕ
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5 ∫₯ Ḫײַ ’Ӕ

Åӫ ҧіἷҦᶇ5 ∫₯ ѕ
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5 ∫₯ Ḫײַ ’Ӕ

Åӫ ҧіἷҦᶇ5 ∫₯ ѕ
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5 ∫₯ Ḫײַ ’Ӕ

Åӫ ҧіἷҦᶇ5 ∫₯ ѕ
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5 ∫₯ Ḫײַ ’Ӕ
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< 64 >

ᴄ5 ∫₯ ᴴ ḔᶇқѰ ψ

ÅData hazards : since register reads occur in stage 2 and register writes occur in stage 5 

it is possible to read the wrong value if it is about to be written.

ÅControl hazards : A branch instruction may change the PC, but not until stage 4. What 

do we fetch before that?

ÅExceptions: Sometimes we need to pause execution, switch to another task (maybe the 

RV,/ dqg wkhq uhvxph h{hfxwlrqɚ krz wr zh pdnh vxuh zh uhvxph dw wkh uljkw vsrw
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1σData Hazards

ÅRAW σRead After Write ᾎὊ֖
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1σData Hazards

ÅRAW σRead After Write ᾎὊ֖

ᴅ ↨╙χ│ה֘ ӯ εPipeline Stallζ
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1σData Hazards

ÅRAW σRead After Write ᾎὊ֖

χDetect and Forward│ה֘


