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55, LUSETRFMEMFIITEXE. BEEEAN
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The International Council on Systems
Engineering (INCOSE) :

TRATEN BIVER. FEAHAHNENRES,
XERREE~R. 8. AR, BE. &K, &,
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System Behavior
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System Capabllity

“igure 4.1. Definition of “System”.
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System Architecture

- RREEPAEM—A S/ PRI EIRARRNEEXEANEENES.
- RREMEERFAHANSHE. SlilZBNXR. SHIRIPXR. UFRESHT
FlERYIEN,
- RRESEFFEZENXR
- BTEREGEHE— RGN, BIRFEBET T &S,
- ROERERXRTRGANR. RitHIRGUER—LRL,

bad [view] MBSA [System] bdd [view] MBSA [System Architecture] ]
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System 1 System Architecture
g integrator| 1.7
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System - ——— — — Evolution
1 I Principle |0
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jomam et x
Organization |- — — — — — stermn Context Evolution gy
Principle has ¥ achieves A 1 I~ — — — — — — —| Organization
contributor |2 "
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L malni » £
sender Design
e Sysiam [ mant 0. | Principle
responder | 1. i =domainBlock«
=domainBlocks e — e —— —— — —— Context
Sy stem — Interaction  |1-"
Element i e e P )
B siction contritutes 1o B 1."  contbauor|2.”
1+ |System Chamcteristic wdomainBlocks o
Systemn Element TESpONGer
. =domainBlock
gender (1. I Systam L
=domainBlock= =gdomain Block= agiomainfiocks Element 1
Systemn Property| |System Behavior| |System Capability Interaction
4 ik I g #*
Fipae 3.1, Befinition of *Sysent. Figure 4.2. Definition of “System Architecture.”

Weilkiens T, Lamm J G, Roth S, et al. Model-Based System Architecture[M]. John Wiley & Sons, Inc, 2015.
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Gap too large to bridge
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Computer Archi_tectu re W/ HW Interface Computer Architecture
(expanded view) (narrow view)
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ARG ERS

BHARIEN : Instruction-Set Architecture
EFRURMNTERZNEN. 8f: SHSHENSaEETTH.
AEFE: BUERIIESIRAYAER., ZEeitLARIESC,
— Amdahl, Blaauw, and Brooks, 1964

SRESAIMES (narrow view)
8 : XSTESEHEERITE (VLS zZzEfREE
(ISA) , LARFZ 55

iI"EBRME (expanded view) :
8 GiZE. BR/E5E. ERNXHE. ISAER. MRS,
ZIEHIEE. VANRESHFE
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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)

- EL‘JE-I;

3/8/20_21 ......

BRI (efficient implementation )
RS A
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tE<S RS A

- 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, ...)

* RISC-V now

3/8/2021 PERIZFRAKRE 16



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
Microarchitecture): ISARZEHECIR

— YPIEH 2R R P RIEL

EimAlE AV ERA R Z BRI F

- TEINEI (Computer Implementation):it &AM

YIIEsEIR

— CPU , MEMORYZFHUWIEEZEN), sARISERRE. BEE, BIR. .

FARBYRS ST,
- a0

=551&hm. BiR. RANREVRERAF

— IS EARPEETEIEIES (Architecture)
— MRERNNASESLIEE & A 2T IRV AESSEIN (Organization)
— BMHRIEE NPT FVRIEEZERI AR (Implementation)
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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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ARG ERS

BHARIEN : Instruction-Set Architecture
EFRURMNTERZNEN. 8f: SHSHENSaEETTH.
AEFE: BUERIIESIRAYAER., ZEeitLARIESC,
— Amdahl, Blaauw, and Brooks, 1964

SRESAIMES (narrow view)
8 : XSTESEHEERITE (VLS zZzEfREE
(ISA) , LARFZ 55

iI"EBRME (expanded view) :
8 GiZE. BR/E5E. ERNXHE. ISAER. MRS,
ZIEHIEE. VANRESHFE
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Computer Architecture

- ITEHUSREH:

- R, SRR R IR VR /R L B — N
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- BRY: Mgt BiR

— Eg., EETIEREX, Y, Z ERISEERE

- Eg. BKAYEiteER, ARHO%K, MA< X
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- R —ABR AN SR — ST BRRTREN, B,
Y AR RARDIEY

3/8/2021 PERIZFRAKRE 23



Difterent Platforms, Different Goals
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Different Platforms, Different Goals
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Partial Sums

EIEENE

>l ™ ” s — Done
] ] J |
Figure 3. TPU Printed Circuit Board. It can be inserted in the slot ~ Figure 4. Systolic data flow of the Matrix Multiply Unit. Software
for an SATA disk 1n a server, but the card uses PCle Gen3 x16. has the illusion that each 256B input 1s read at once, and they instantly

update one location of each of 256 accumulator RAMs.

Jouppi et al., “In-Datacenter Performance Analysis of a Tensor Processing Unit”, ISCA 2017.
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= ML accelerator: 260 mm2, 6 billion transistors,
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T ETARSERITERIESS

 ITHISEI A REREIRT BINRS
— Understand software demands
— Understand technology trends
— Understand architecture trends
— Understand economics of computer systems
- IAWIERE. 88, IRmIZTESFIER
— E—ERIBSARFORARIBREI T
. BPRGAIIIR:
- fMt?ﬁ&UEa%jc%?b‘? EASELES
it A B R EAZ RS Z 0
— %g/\k HERTX Iui%%’#)%%zﬂﬁ

I T
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Problem

Program/Language
System Software SZEEISHENERXNRIZT
SW/HW Interface

Figit HineE R R nlgeltESI

FEMERAKRE
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FREEHLT R

- SCISEIFHIRSE: ETRHER. BEH. B/, FaE.....

— By exploiting advances and changes in underlying
technologyy/circuits

HOnIRSEFRIN R IR &k

— Life-like 3D visualization 20 years ago? Virtual reality?
— Self-driving cars?

— Personalized genomics? Personalized medicine?

- AETSERIF AR SCRRIR)RR

— Software innovation is built on trends and changes in computer
architecture

« > 50% performance improvement per year has enabled this
Innovation
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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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T ENIELER

Complexity Analysis

Imple-
mentation

Benchmarks

SIyanizat
Workloads

Design
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COMPUTER
ARCHITECTURE

John L. Hennessy, David A. David A. Patternson, Jogn L. Hennessy,
Y r Organizati Design : The
Patternson; Computer Architecture: Computer Organization & Design

A Quantltatwe oach. Fifth Hardware/Software Int?rface, Third Edition. San
Francisco: Morgan Kaufmann Publishers, Inc.

Edition. ?nmlﬂkéﬁﬁ?i 2012 5005 g
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John L. Hennessy | David A. Patterson

COMPUTER
ARCHITECTURE

John L. Hennessy, David A. Patternéon; David A. Patternson, John L. Hennessy ;

Computer Architecture: A Quantitative Computer Organization and Design- The
Approach; sixth Edition. Hardware/Software Interface; RISC-V Edition.
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Digital Design and David Money Harris & Sarah L. Harris;
Computer Architecture Digital Design and Computer Architecture;
SECOND EDITION Second Edition; Morgan Kaufmann

Publishers, Inc. 2013

Sarah L. Harris & David Money Harris ;
Digital Design and Computer Architecture;
ARM Edition; Morgan Kaufmann
Publishers, Inc. 2016

=
I ]

AN R ] I Tl
Sarah L. Harris

AU T —
David Money Harris &
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3. WAl EANERSE ?
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Appendix A-jgote |- FRITCPUIBSERIRITORE | EEEIZAYCM
1. HARISA? 2, EFFRITISA ? 3. ANfEliP(HISA ?

Appendi C - BEIHE | mpmmcesm BARES , B RN

RidFERSRET , EEEE

FERS ‘L_] chapter2 - ZHEFES% ~H
- 1. EiEEEF 2. 1= 3. EHl=E
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FoT ’—| chapter3- ILP } 1. s5IESHAEAE 2. ohsiBSmAE
3. SSEFENFIHENTREAR 4. SESHAR

5. SRR
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1. AEL4ETAEEL 2. SIMD, SIMT

AR FFIT o

chapter5 - TLP

RITERRRR I TRTS R AR TRT, A ¢ ‘

1. Consistency 2 . Coherency

| IEREIHT HM T mmirsnsmsnein. mieEs

EFISTEUAIR SRS (Option ) ’_' Chapter7 DSA (Ot 1w e aem iRt P R R A A2 H I
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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
5L /1T (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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BHARIEN : Instruction-Set Architecture
EFRURMNTERZNEN. 8f: SHSHENSaEETTH.
AEFE: BUERIIESIRAYAER., ZEeitLARIESC,
— Amdahl, Blaauw, and Brooks, 1964

SRESAIMES (narrow view)
8 : XSTESEHEERITE (VLS zZzEfREE
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iI"EBRME (expanded view) :
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