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Micro-Ops
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vCISC à CPI = ~5-9 (typ)

vRISC à CPI = ~1.4 (typ) 5X faster

Single-cycle execution +Delays for Load, Branch

v Pipeline architecture
v Memory access limited (Load-Store)

Single core, single pipeline
(no instruction level parallelism)
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MCS-8
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MCS-8

RUN STALL

RISC

CISCICU state machine



COMP222

© Jeff Drobman
2021-23CISC/RISC Pipelines
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5 Stages

rinse soap Wash/Wax rinse dry

IF ID/OF EXEC Mem WB

Each stage takes only 1/5 of instruction cycle:  clock F => 5x

ß Setup  à ß Finish  àßWorkà

ALU FPU Ld/St Br

AGU

queue finished

Execution Units
(EU’s)

Address Gen
§ Base + offset

R3ßR1+R2
R format

I format

Upper Lower



COMP222

© Jeff Drobman
2021-23CISC/RISC Pipelines

Hennessy & Patterson 4.5
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I-dec/Op-fetch

I fetch

ALU execution

Write-back

Hardware Interlock
or
Delay Slot (NOP)
(for LOAD, BR)

Instructions

Data

RUN STALL

RISC

Instruction State Diagram

S2

S1

S4

S3Stall

LD/BR:  1 cycle

Context switch
Pipeline flush:  stages 1-3

v Exceptions/Traps
v Interrupts
v System Calls

StatesRISC Stages
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WikiMIPS
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Hennessy & Patterson 4.5MIPS
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LOAD delay slot

Hennessy & Patterson 4.5

Branch delay slot

NOP

NOP

MIPS
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Hennessy & Patterson 4.5Branch delay slot Fill MIPS
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COMP122
© Jeff Drobman

2016-2020Superscalar

EU1
EU2

pipeline1
pipeline2

Th1
Th2
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vSuper- Pipelining
q Split some pipeline stages (4-5 à 8-11)
q Faster clock cycle à higher throughput (mips)
q Affect CPI?

vSuper- Scalar
q Multiple Execution Units (multi-issue pipelines)

§ each EU = ICU+ALU, with shared GR’s
q Hardware + compiler schedules instruction streams

vMulti- Threading
q Multiple control threads (usually 2, same/dif program)
q Programs can allocate code to threads
q Automatic scheduling of control threads
q 2 types:  SMT/superscalar or temporal (interleaved:  coarse/fine)

vMulti- Core
q Classic Parallelism:  multiple copies of the CPU
q Multiple L1/L2 caches (one set per core)

SISD

SISD

Execution
Unit

SISD

MISD

Execution
Unit

MUX

Th1 Th2

Th1

Th2 Th3Th1

CORE 1 CORE 2 CORE 3

temporal

superscalar
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8 Stages
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System Programming Interface
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System Programming Interface
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Hennessy & Patterson 4.5MIPS
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Data Forwarding
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Data Forwarding
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SPARC?
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I-cache

D-cache

L2 cache
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CISC
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Itanium
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Market Segment AMD Intel

Desktop Ryzen 4K/Athlon 3K Core i7/i9
(10th gen)

Laptop Ryzen 4000 Ice Lake

Gaming Ryzen Threadripper
+Radeon Core Extreme

Server/Workstn Epyc Xeon



COMP222

© Jeff Drobman
2021-23AMD’s Zen

v CPU performance
v Power efficiency

8-32 cores5-19B Transistors
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Motherboards & Sockets
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March 2021
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April 2022
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April 2022

Core i9

per Watt
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April 2022

Core i9
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April 2022
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https://www.amd.com/system/files/documents/security-whitepaper.pdf
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Page Table à Valid, Protection bits
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128KB L1 Caches
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16MB L2=LLC Cache



COMP222

© Jeff Drobman
2021-23Apple A14 uArch



COMP222

© Jeff Drobman
2021-23Section



COMP222

© Jeff Drobman
2021-23Fujitsu Microarchitecture

Micro Architecture


