AR RE
RIENMR SRR
T 8

FRERIZEAKRZFHTENZERR
S ST = M

2021FF



nﬁ&ﬁwsg$£*

Nz

v 1'|'%m5}kﬁﬁ1¢mu

VIR RS IREEXK

v UC{a=FIRIEXIREE
OiEIMER . dmia B
OiRIMEIIE : BeeitEES

“ BNK R AR R

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu




)N FEBZELX G

»/ University of Science and Technology of China

OF A2
2002-Z4 v EAKHHAESE . UCSBiFRI 5% (2015-2016)
HRim: SRAEZEEEETEZAA

CCFﬁ:% *@%é/\é;ﬁ CCFHAMT®(E£4ELR, YEAMRFRFFAHRES

4R, IEEESZ4 R, ACMBRZA R, CCFE%4 . ACM TODAES, ACM/IEEE
TCBB IET CDT%ﬁH—N%é— IHZAEERRaRMAFES. BRE AKX,
ﬁ%i—§-§51¥§ﬂ%§iﬁ@$ﬁu/é FEAHF R B, £TPDS. TC. TCAD. TSC.
TVLSI. TCBB. TACO. MICRO. RTSS. SPAA. DATE. FPGA% & K-F5 K15+
Fr N LR ZRLI008 K, BEXLFRKEFZHHR (Taylor & Francisiiik) , ¥k
ACMT E#HEZXIRL (2BLEWL) , DATE 2015% 4IP3 %, CODES+ISSS 2018
RERIRL, TERRFAE. BREFESELHAFE,

Mail: cswang@ustc.edu.cn
£ W: http://staff.ustc.edu.cn/~cswang

“ BNK RS

R -



mailto:cswang@ustc.edu.cn
http://staff.ustc.edu.cn/~cswang

HNZIBIPAT 48

=g

=ilE
gyingxue@mail

31U
zes18119713525@mail

E3
wj980828 @mail

[‘*@ﬂé&aﬁ g

University of Science and Technology of China

hzy ustc@mail



EXZR 7T

OiFfZER:
2021: https://enszhou.github.io/cod/

BBE%:
QQE%: 486313994
O _EiR At =
1~15W 3C103:F— (6,7)
1~15W 3C103:A= (6,7)
O3c88: SKIEEEID, HERSEE

“ BN RS

R -



https://enszhou.github.io/cod/

1. SEISRIE): SB4RZESE14R, BRIRERITNEER (B

w N

O ¥Rz L k%2

and Technolog

[¢HRk[RIBEI0EAN)

—FEAM_E18: 30~21: 30) , EEFa{EE— A

[BER;
SCISQQEYE: 20214HBEFRIBESEIE (1039193953) ;
EIRIEEE: ¥JFi&BVerilog HDLHIEDAIZITERERY

FZ, BlRFISKCIEFEIIECRIEEE—EEHE
Ad, E%&hﬁ&ﬁﬂﬁ&%ﬁéﬁ'

4. FFE

BRFRSENESEINHIr, PlER—ERDHFERZF

HAHERFPGAZIHIRTEN, AESINNRZERRS
HEIFEXR (QQ: 2763382562, FHil:
13866102077) .

“ BN RS

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu




T RHBEFITE Q) temzasxs

O A computer is a device that can be instructed to carry out
arbitrary sequences of arithmetic or logical operations
automatically. The ability of computers to follow
generalized sets of operations, called programs, enables
them to perform an extremely wide range of tasks.
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Strong

CS61C

Basic computer
organization, first look
at pipelines + caches

WCE=EFIHT
F B A TN R
B, (BE R
MIPSALBESS TR &R
LRIy

Prerequisite

BR,
/O Bk

CS 258
MIPSAbEE A8 I SEBLA “ 347"
UAK R IRAFRfE R G Parallel Architectures,

Languages, Systems

Computer Architecture,

First look at parallel
architectures

Digital Logic Design

" CS 252 |

Graduate Computer
Architecture,
Advanced Topics

CS 19477

New FPGA-based
Architecture Lab Class



CS152 Computer Architecture and

Engineering

D ﬂ*a. ORC(;(/)\,\r: ll);J/\TTEIRON
. . . AND DESIGN
v Computer Organization and Design: The ol e
Hardware/Software Interface, Third Edition '

by David A. Patterson and John L. Hennessy.
O &EH

v' Computer Architecture: A Quantitative Approach,
Third Edition )
by John L. Hennessy and David A. Patterson.

« This is a more advanced text, used in CS252. It is
available for occasional supplementary reading.

O sEiEsEH
v' See MIPS run )
by Dominic Sweetman, Morgan Kaufman Publishers.
e Provides an in-depth, easy to use guide to the

MIPS instruction set, including special attention
to processor control.

v MIPS RISC Architecture, Second Edition
by Gerry Kane and Joe Heinrich, Prentice Hall.

« This provides a complete reference on the MIPS
instruction set and has very nice treatment of __ _
pipelined design. " HRNK RS R E

.
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Real hardware

Xilinx Virtex E
+ 43,200 “parts” +655,000 RAM bits
* Write Verilog to “wire”parts.

Download CPU machine

DRAM
code using TFTP

Xilinx Virtex E
FPGA

W 2=
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SUZHOU INETITUTE FOR ADVANCED STUDY OF USTC
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O XEXBEWE—FH LTI (HEVRERZIRIT) ARHETE
, HErEREZEEXL—SHR.

O +ENEHRR T HRIENL, ET77XRERIT. GeNgitiEs /L
PNERGr, AR ITIRSG . FFLUEITIRE R TE+HRES

O 50 HREE—R, T RXAEZRZRANMEN SRS, MBEHEIE
EEMJLITREARSEZRL. WHESXEAMN, ZIMR: “FEHE
. BEXITREEE, BAKXITERNILE”

O 4 MN—RENZER FEEF I RIT (MBRAMESEBEAZT) ,
2IDEBRITIRIT “MER/NAES” ALY, BI5<SEHACPU (
single cycle CPU) , ZJEHACPU (Multi-cycle CPU) , LA EZI&
[ESEIRKE (pipe line) 32{IMIPS CPUFACache.
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Computer Science 152/252:
CS152 Computer Architecture and Engineering
CS252 Graduate Computer Architecture

Spring 2020

TAs: Albert Ou and Yue Dai

CS152/CS252 Lectures: Monday and Wednesday, 10:30am-12:00am, 306 Soda Hall
CS152 Discussion Sections: Friday 12-2pm DIS 101 155 Kroeber / Friday 2-4pm DIS 102 3109 Etcheverry
CS252 Reading Discussion: TBD

CS152 Course Info Welcome to the Spring 2020 CS152 and CS252 web page. This semester the undergraduate and graduate computer architecture classes will be sharing lectures, and so the course web page has
been combined.

C8252 Course Info

CS152 is intended to provide a foundation for students interested in performance programming, compilers, and operating systems, as well as computer architecture and engineering. Our goal is for
Resources you to better understand how software interacts with hardware, and to understand how trends in technology, applications, and economics drive continuing changes in the field. The course will cover
the different forms of parallelism found in applications (instruction-level, data-level, thread-level, gate-level) and how these can be exploited with various architectural features. We will cover pipelining,
superscalar, speculative and out-of-order execution, vector machines, VLIW machines, multithreading, graphics processing units, and parallel microprocessors. We will also explore the design of
memory systems including caches, virtual memory, and DRAM. An important part of CS152 is series of lab assignments using real microprocessor designs implemented in the Chisel hardware
description language, and running as simulators and FPGA emulators hosted in the Amazon cloud (FireSim). These simulators will give you an in-depth look at a variety of processor architectural
techniques. Our objective is that you will understand all the major concepts used in modern microprocessors by the end of the semester.

CS252 is intended to provide essential background for students intending to pursue research in computer architecture or related fields, and also provides preparation for the Berkeley EECS computer
architecture oral prelim examination. An important part of CS252 is reading and discussion of classic architecture papers, as well as a substantial course project.

Course Calendar with Handouts

Note: Tentative, schedule subject to change!

Readings Readings N
Week | Date Lecture 5th Edition 6th Edition Assignments / Handouts
Wed Jan .
1 2 L1: Introduction, Early Machines PPTX PDF Ch. 1,App. A Ch. 1, App. A
Fri Jan 24 | CS152 No section
Mon Jan L2: Simple Machine Implementations, Microcoding
27 PPTX PDF
Mon Jan . . .
27 CS252 No Readings Discussion
2 | Wed Jan Pialin
29 L3: Pipelining PPTX PDF App. C.1-C.3 App. C.1-C.3 PS 1 (PDFE, DOC)
Lab1
FriJan 31 | CS152 Section 1: Microcode, Lab 1 Overview PDF Worksheet |
— Handout 1
Blank microcode table
Mon Feb 3 | L4: Pipelining Il PETX PDFE App. C.4-C.6 App. C.4-C.6
\é"ed Feb || 5. Memory Hierarchy PPTX PDF App. B.A-B.2, Ch. 2.42.3 App. B.1-B.2, Ch. 2.4-2.2
3
Web Feb . . "Design of the B5000 System", Lonergan, King, 1961
5 €©S252 Readings Discussion, 380 Soda 1-2pm "Architecture of the IBM System/360", Amdahl, Blaauw, Brooks, 1964
FriFeb 7 | CS152 Section 2: Pipelining review PDF Worksheet 2
T T
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THE HARDWARE / SOFTWARE INTERFACE

O (Computer Organization and Design—The HW/SW I/F)

v David Patterson and John Hennessy, 4th Ed, 09, COD ,

v “Design an ISA that is appropriate for a given application, i ]
taking into consideration key computer organization design
principles”

« CPUMICache3®, MEMAI/O%§
- SEUFMERE T —L SR A EComputer architecture 4t

O “Computer organization and architecture: Designing for
performance” (COA) o

v Dr. William Stallings(Independent Consultant)
 1996%E4hf
« 20057k
« 2010%88ky (EH-FHRR) , 2012589k (EEFhy) , 20155810k
v’ 8hEi{Rorganization, fS{Rarchitecture
- CPU#ICache§§, MEMFII/OF T EHLARIRE

i K, 2008
v &EWilliam Stallings 7t"f1P&H 3

LAWilliam Stallings 4th A#EZR, 7£OS. VM. HITAIEBEFARS
+ CPU#FACacheds, MEM FI1/05&
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COD : Patte r Son and Hennes Sy o University of Science and Technology of China

O “COD: The Hardware/ Software Interface”
v 1st Edition, 1994
v 2nd Edition, 1997
v 39 Edition, 2004, #B%%[EIF

e Covers the revolutionary change from sequential to parallel
computing

v 4th Edition, 2009, 2011ER4kE1¥
e the switch from uniprocessor to multicore microprocessors

e make parallelism a first class citizen(spread parallelism
throughout all the chapters)

v 56th Edition 2013 2016 ARMER

e moves forward into the post—-PC era with new examples, exercises,
and material highlighting the emergence of mobile computing and
the cloud.

e This generational change is emphasized and explored with updated
content featuring tablet comouters,’cloud infrastructure, and the
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B University of California at Berkeley in
1977

B Design and implementation of RISC I,
first VLSI RISC Computer, foundation of
the SPARC architecture, used by Sun

B |leader of Redundant Arrays of
Inexpensive Disks project (or RAID)

m Chair of the CS division at Berkeley
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University of Science and Technology of China

Turing Lecture

A New Golden Age for Computer Architecture:
Domain-Specific Hardware/Software Co-Design, Enhanced Security,
Open Instruction Sets, and Agile Chip Development

John L. Hennessy and David A. Patterson

Turing Lecture

BRNARARIEER
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HEVWRRGFESINMC: HE. PLEFNHE by David Patterson

David Patterson
UC Berkeley and Google
December 5, 2018

Full Turing Lecture:
https://www.acm.org/hennessy-patterson-turing-lecture

| like to thank you all for getting up

1 ATEZEE 4 Acrndames &= 2= 2% w0 SEAR BB AV >

https://www.bilibili.com/video/av46710093/ N A mmRwE
https://iscaconf.org/isca2018/docs/HennessyPattersonTuringLecturelSCA4June2018.pdf
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Designing for Performance
Tenth Edition

WILLIAM STALLINGS

Digital Design and
Computer Architecture
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DEEP LEARNING

for computer architects

7
tg BALSEN F-E°

wor &2 x| . .
A A . | T RRIMAS hn‘l#ﬁ# ‘ Imnfxmmas | ESNETHNS

if% )u IR ; » ,
JGTRUR / [ S $THE | ETEm %&B’J E
= »> %h - Wik - B8 %f**ﬂ 1111"5’731‘}? E&

P
"wins

COMPUTERS ¢ RN § b ! nER W
AS COMPONENTS | 5 ! AL ”

B RG% % 0 RS &%

(W3h%)
BER RN

ADVANCED
COMPUTER

ARCHITECTURE LT LT -1 wATRREEY

Parallelism, Scolobility, Programmability

KAI HWANG & NARESH JOTWANI

1
Synthesis Lectures on Computer Architecture, https://www.morganclaypool.com/toc/cac/1/1

Computer Science 152/252: CS152 Computer Architecture and Engineering CS252 Graduate Computer Architecture Fy——
http://www-inst.eecs.berkeley.edu/~cs152/sp19/ Archiigcture
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AL AL CEX

Course SChedu I e University of Science and Technology of China
Lecture Topic Read BEFORE class Keypoint
1 MEL CHP1 - CcoD4

2 R CHP2, JH#t=

3 MIPS-RISCVAL B E: (ELJEMA. Z WD | CHP4

4 MIPS-RISCVALEEZE (/K ZR) CHP4

5 F 5 CHP4

6 Cache CHP5

7 SRAM, DRAM CHP6, JHEEI%E COA9%E %

8 ROM, SDRAM JE Y &=

9 M CHP6, JHHIUE

10 REAT CH5

11 A I AT SETE CH6, JHEEPUE

12 RS2k CHe6, =&

13 /0 CH6, EEF i

o RNEEAFHIT, NI EGEMMLIRIT! _

‘ BRNARARIEER
‘ EMBEDDED SYSTEM LABORATORY
A SUZHOU INETITUTE FOR ADVANCED STUDY OF USTC
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University of Science and Technology of China

Lec Topic Read BEFORE class Keypoint
CODS =
1 5 (A CHP1
P8 o B MR A
2 B4 &%, LHREF T CHP2 8 8 HF
RISC 18 i M=o
3 RSCREX (EFH. 28 H) 4.4 £ @8 8 cops
EHBEITM (EESZH, BIEF) | MR C
RISCREE (RALK) 4.5.
oK% E R 4.6 4.7 4.8
ZR85 HMT 4.10. 6.4
B5F5 qf 4.9 8.4
6 SRAM, DRAM, ROM, SDRAM 5.2+ A.9 EFONE
Cache F 12 5.3. 5.4 4.3
Cache Controllers 5.9
517 5.2 FONE
BT 5.7
FHESEHITEH 5.5+ A.9 FONE
7 5% BE=%
8 1/0 FAE TinyCompute
9 AR cpURT(ZRAEH, MEF) FN/NIT
10 BEAER CHP3 BEEAE
11 T8, Hi7, EASN, K CHP1. CHP6

o NEEHT, AEFEREIIGRIT!

BRNARARIEER

EMBEDDED SYSTEM LABORATORY
SUZMOU INSTITUTE FOR ADVANCED STUDY OF USTC
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OR=EHF: 70%
VEAEREIK: 65% (FE)
v{EM: 30%,
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University of Science and Technology of China

O #EER:
2021: https://enszhou.github.io/cod/
2020: http://home.ustc.edu.cn/~leedsong/
QQEf: 486313994

O Fi#
Fi#8: cswang@ustc.edu.cn

O B4
=18 caihaoyu@mail.ustc.edu.cn
=S gyingxue@mail.ustc.edu.cn
BRI zes18119713525@mail.ustc.edu.cn
s wj980828@mail.ustc.edu.cn
=8 kd193104@mail.ustc.edu.cn
B3O hzy ustc@mail.ustc.edu.cn

O _LifadaEite=
1~15W 3C103:F— (6,7)
1~15W 3C103:F= (6,7)

O 3c36: REEEIT, HEtSGE

“ &As&iﬁﬁ% ‘33?2.55.
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v HA0%IES
v %HHE/ FERRSEI (M)
/KZESCIL (1%(F)
O Xilinx ISE (Vivado) Vivado 2016.2, Verilog HDL, Nexsy4-DDR

SCEGHR
v’ Verilog HDLIgiHiEA
v BEHE

v FPGAEHIGIE Digilent Nexys3 FPGA: Spartan-6 FPGA

O SCHRAERH
EREES S Fea(1)
FURBERSINSHL(1E)
EfFeatESiHEES (1)
FitssS BaEhlas (23)
SEHACPUIRLT (2/E)
Zairit (33)
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SEISQQEF: 20214HpEREEESEIE (1039193953) ;

EIRIREE: YFigBVerilog HDLFIEDAZITEEAY

A%, ElnFlEkEifEdiEiciRiEEe—ERM

A9, IZIEBL?#ZE&JEIE&E?S%E’IE'

4. AZHARRFSENECIEI, BLUEIR—EBn BRI
HAEMRFPGAIGZITHISZEN, =S MPRZERRS

HEIFEXR (QQ: 2763382562, FHil:
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Prof. Samuel Finley Breese Morse

Born April 27, 1791
Died April 2, 1872

Morse developed ‘lightning wires'
and 'Morse code,’ an electronic

.~ The patent No. 1,647 was applied
for in 1840. A line was constructed
hetween Baltimore and Washington
and the first message, sent on

May 24,1844, was

"WHAT HATH GOD WROUGHT"
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Paper tape
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alphabet that could carry messages.
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