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Gap too large to bridge
in one step

S

(but there are exceptions, e.g.
magnetic compass)

Physics ]
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Application

Algorithm
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Programming Language
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Operating System/Virtual Machine ]

Instruction Set Architecture (ISA)
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2/17/2020

Physics C%)

Programs

Device
Drivers

Instructions
Registers

Datapaths
Controllers

Adders
Memories

AND Gates
NOT Gates

Amplifiers
Filters

Transistors
Diodes

Electrons

Copyright © 2016 Elsevier Ltd. All rights reserved.



What is Computer Architecture?
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— Amdahl, Blaauw, and Brooks, 1964

Instruction-Set Architecture
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ISA: a Critical Interface
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ISAZIRBANEERS

« Memory addressing

« Addressing modes

« Types and sizes of operands
« Operations

« Control

flow instructions

« Encoding an ISA

. %3‘%MISAFEE7§ HY4HIE

ISR TFRSUHEE L (portability)

- ‘JLJJEFB?%N‘EI (generality)
- ¥ FEIRES{ERITIEE (convenient functionality)
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- Digital Alpha(v1, v3) 1992-97

« HP PA-RISC (v1.1, v2.0) 1986-96
« Sun Sparc(v8, v9) 1987-95
«SGI MIPS (MIPS |, 11, IlI1, IV, V) 1986-96

* Intel(8086,80286,80386, 1978-96
80486,Pentium, MMX, ...)
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MIPS R3000 Instruction Set Architecture (Summary)

- IESRE

— Load/Store Registers
— Computational
— Jump and Branch RO -R31

— Floating Point
* COProcessor

— Memory Management PC
— Special HI
LO
3 HESHER: all 32 bits wide
REY OP rs rt rd sa funct
| BY OP rs rt immediate
J B OP jump target
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- 115N 4ERk (Computer Organization or
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- TEINEI (Computer Implementation):it &AM
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SuperSPARC

Floating-point Unit

L2 CC

MBus

DRAM
Controller

1 1
Integer Unit D—D
Inst Ref Data
Cache MM Cache
Store
Buffer

v
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Bus Interface
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L6485 MBus control
M-S Adapter
SBus
SBus |[— SCSI
DMA__ —— Ethernet
SBus —
— | Cards _‘
l

STDIO

—— serial

| kbd
— mouse

—— audio

— RTC
Boot PROM

— Floppy
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FESEELRM vs TR ER

« Architecture / Instruction Set Architecture (ISA)
— Class of ISA: register-memory or register-register architectures
— Programmer visible state (Register and Memory)
— Addressing Modes: how memory addresses are computed
— Data types and sizes for integer and floating-point operands
— Instructions, encoding, and operation
— Exception and Interrupt semantics

« Microarchitecture / Organization
— Tradeoffs on how to implement the ISA for speed, energy, cost

— Pipeline width and depth, cache size, peak power, bus width,
execution order, etc
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B REEIITERES

- IDTHISEIAREXATREINNRS
— Understand software demands
— Understand technology trends
— Understand architecture trends
— Understand economics of computer systems
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T BN R REEIRITITTE

B REESTEENmHIEE:
-Search the possible design space
« Make selections

« Evaluate the selections made

Creativity ____

v Good Ildeas
Bad IdeasY Mediocre Ideas

Good measurement tools are required to accurately evaluate
the selection.
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Complexity Analysis

Imple-
mentation

Benchmarks

SIyanizat
Workloads

Design
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COMPUTER

John L. Hennessy, David A.
Patternson; Computer Architecture:

A Quantitative Approach. Fifth
Edition. mﬁﬁlﬂkéﬁﬁ?ﬂ: 2012
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David A. Patternson, John L. Hennessy,
Computer Organization & Design : The
Hardware/Software Interface, Third Edition. San

Francisco: Morgan Kaufmann Publishers, Inc.
2005
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John L. Hennessy | David A. Patterson

COMPUTER
ARCHITECTURE

ative Approach

John L. Hennessy, David A. Pafternéon;

Computer Architecture: A Quantitative
Approach; sixth Edition.
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David A. Patternson, John L. Hennessy ;
Computer Organization and Design- The
Hardware/Software Interface; RISC-V Edition.
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Digital Design and
Computer Architecture

SECOND EDITION

=
I ]
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Sarah L. Harris
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David Money Harris &
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1. HARISA? 2, EFFRITISA ? 3. ANfEliP(HISA ?
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- 1. EiEEEF 2. 1= 3. EHl=E
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FoT ’—| chapter3- ILP } 1. s5IESHAEAE 2. ohsiBSmAE
3. SSEFENFIHENTREAR 4. SESHAR

5. SRR
SRR T chapterd -DLP | IERSERGEMEAERI—FhR{EDLP, EEESE ‘

1. AEL4ETAEEL 2. SIMD, SIMT

AR FFIT o

chapter5 - TLP

RITERRRR I TRTS R AR TRT, A ¢ ‘

1. Consistency 2 . Coherency
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NRENEEARST

T (Chapter 1, Appendix A, Appendix C)
— ISAs, Iron Law, simple pipelines
FiEFESF (Chapter 2, Appendix B)
— DRAM, caches, virtual memory systems
HESHFIT(Chapter 3)
— score-boarding, out-of-order issue
— SuperScalar, VLIW machines, multithreaded machines

. IR H1T(Chapter 4)

— vector machines,SIMD, SIMT (GPU)
ZI2RFH1T(Chapter 5)

— memory models, cache coherence, synchronization

HRFEIRALIERF RSN (DSA)

— IPU, DSP, GPU
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