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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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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
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. . . AND DESIGN
v Computer Organization and Design: The e L
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 EES=EH
v' See MIPS run
by Dominic Sweetman, Morgan Kaufman Publishers.

« 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.
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O H=H#r
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. ABGES (csilava) SWRFMMERANSEES HBHES) , BHRMTRITXLE
SHY? NI S B RIARIZR 2.

© RERBEZEEORIA? RERIMETREHTRBRENAN? NTERaASSE
B

+ RFWMEEREHAREN? RSB NIRRT, REORENGEL,
BB STRIMT S ELRE R AE .

© BRI A RIFIBGAT B A H—SHEREESS GTENGRLEN: BUSAS
%)

SFEEZH—TEEROTERE, BRTIZR T SPRE AT e

. BREFBHRANRIRE, REEMCOTRRHEERG, ARSI LTI
Bt

© P SIPRAOREEE, TIAEH. BERIEUNE AP LIETT, B RES IR
RS .

vV TR EIF RERRRETN, RNk L RES
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vV 7 IR AL IR SR AT IR AR
o IRRLEMNZIT: CIRIUZZ LT
@iﬂuvl'ifﬂ,;r(:.\: Verilogfh E&x1%iT
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University of Science and Technology of China

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
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O FEXENE—FEH LT GIENRERZEIT) BIARHRIZ
, HFrEREEEL—FER.

O +AENEEBRNRZ T HREN, 1ET77R%1B®IT. BREITESJL
MBSy, AR KITIREG . FTLURITIRE AW T EHE+HXES
O MRS —X, TXRAERMEN SRS, MEHATIE
EHEHAMJLI TREAIAFER . L2 XEHE, ZhiE: “FRIEHE
M. BXTREEE, BARNMEHIIE

O F4 N —RHNZENFREFRRIT (MEBEHESEEAZT) |,
L BT “RER/NARES” BIALU, BEIESEIHACPU (
single cycle CPU) , ZJEHACPU (Multi-cycle CPU) , LA EZFI&
[ESEIRKEZ (pipe line) 32{iRISC-V CPUFACache.

O —I"RTK, MAESHENCCPUEXRMFIRETMERE. B
KRB TRAES (ME2XE) .
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Computer Science 152/252;
CS152 Computer Architecture and Engineering
CS252 Graduate Computer Architecture

Spring 2018
Prof. Krste Asanovic¢

TAs: Donggyu Kim and Howie Mao

CS152/CS252 Lectures: Monday and Wednesday, 2:30-4pm, 306 Soda Hall
CS152 Discussion Sections: Friday 2-4pm / DIS 101 3113 Etcheverry / DIS 102 310 Soda
CS252 Reading Discussion: Monday, 4pm, 405 Soda Hall

CS152 Course Info

Cs252 Course Info

Resources

Welcome to the Spring 2018 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.

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
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 run in the Amazon cloud as F1 instances. 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 .
Week | Date Lecture 5th Edition 6th Edition Assignments

Wed Jan ) . .

4 17 L1: Introduction, Early Machines PPTX PDF Ch. 1, App. A Ch. 1, App. A
FriJan 19 | CS152 No section
gﬂzon Jan L2: Simple Machine Implementations, Microcoding PPTX PDF
gﬂzon Jan CS252 No Readings Discussion

2
Z\fd Jan 1| 5 pipelining PPTX PDF App. CA-C.3 App. C.1-C.3 PS 1 (PDF, DOC)
Fri Jan 26 CS152 Section 1: Microcode, Introduction to RISC-V tools and Lab 1

Lab 1 Overview Microcode Handout

2”;’" Jan || 4 Pipelining Il PPTX PDF App. C.4-C.6 App. C.4-C 6
Mon Jan " . "Design of the B5000 System", Lonergan, King, 1961

3 |29 5252 Readings Discussion "Architecture of the IBM System/360", Amdahl, Blaauw, Brooks, 1964
‘é‘ged Jan || 5. Memory Hierarchy PPTX PDF App. B.1-B.2, Ch. 2.1-2.3 App. B.1-B.2, Ch. 2.1-2.2
Fri Feb 2 CS152 Section 2: Pipelinina review




UCIH=FIRUERZE (L (2022) @S e@aza4%s

Zl-(il:‘SI-CS'I 525ﬁﬁ%$i%*;08252é\# ‘ University of Science and Technology of China

Computer Science 152/252A:
CS152 Computer Architecture and Engineering
CS252A Graduate Computer Architecture

Spring 2022
Prof. John Wawrzynek
TAs: Hasan Genc and Josh Kang
CS152/CS252A Lectures: Tuesday and Thursday, 09:30AM-11:00AM Soda 306

CS152 Discussion Sections: Friday 12-2pm DIS 101 / Friday 2-4pm DIS 102 Soda 310
Links to online content are posted on Piazza.

‘elcome to the Spring 2022 C5152 and C5252A web page. This semester the undergraduate and graduate computer architecture classes will be sharing lectures, and so the course web page has been combined.

5152 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 you to better understand how software interacts with hardware,
1d 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
2 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 desigr
‘memory systems including caches, virtual memory, and DRAM. An important part of C5152 is series of lab assignments using real microprocessor designs implemented in the Chisel hardware description language, and running as simulators and FPGA

nulators 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
mester.

5252A 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
5252A is reading and discussion of classic architecture papers, as well as a substantial course project.

* CS152 Course Info
* CS252A Course Info
* Resources

Course Calendar with Handouts

Note: Tentative, schedule subject to change!

Veek Date Lecture l?te:::‘ilg:iin 2::‘::‘:;“ Assignments / Handouts
Tue Jan 18  |L1: Introduction, Early Machines PDF |Ch. 1, App. A Ch. 1, App. A
Lab 1 PDF
Thu Jan 20 |L2: Simple Machine Implementations, Microcoding PDF Handout 1
1 Blank microcode table
Thu Jan 20 |C5252A No Readings Discussion
Fri Jan 21 (CS152 Section 1: Microcode, Lab 1 Overview Slides Worksheet 1 PDF
Tue Jan 25  |L3: Pipelining PDF App. C.1-C.3 App. C.1-C.3 PS 1 (PDE, DOC)
Thu Jan 27 |L4: Pipelining Il PDE |App. C4-C6 App. C4-C6
[T 27 52524 Readins Discussion “Arcttecute of the B, Syterm 360" Amda,Basu, Braoks, 1963
‘Fri Jan 28 CS152 Section 2: Pipelining review Slides ‘Wcrksheet 2 (PDF)
Tue Feb 1 L5: Memory Hierarchy PDF App. B.1-B.2, Ch. 2.1-2.3 App. B.1-B.2, Ch. 2.1-2.2
rarchu 11 DN Amm B2 Amm Q2 PS 1 due

https://inst.eecs.berkeley.edu/~cs152/sp22/



AERLETHRLAS Q) ¥eAzLLxg

O REHF
v h4hIEEE (CPU)
o BFEFT
s BRIZHEHE
- SRS
o IR
o I=HIEIT
v 9]‘%'314:2%*@ P e
. gg}g,ﬁéﬂg AT a5 F
- RZktRE. R&GH. R&TH
o TFi#sR
- ¥ ORER. #BE
o HWINMIH RS
- 1/030O. 1/088HAR. M
O ARFENER

vV ORANEBEHEN RSB ER A TERE wenma | | = | |e5s| | nows | | enes

o AIER. Bk FESR. | /0RGF /\
vV ORANIERRAIEIR RIS TIE/RIE el Tas | [os as | Man
v TERIBEMEANREIGMN RS REITEE —




%ﬁ *j‘ 5 %% :I:!\, “ University ofScicncc o) I:\)/_\(?i]:A([))N

¥, RISC-V EDITION

<0

O D. A. Patterson and J. L. Hennessy, Computer
Organization and Design RISC-V Edition: The Hardware

Software Interface, 1st Edition, Morgan Kaufmann
Publishing Co., Menlo Park, CA., April 2017.

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

« CPU#SICache’®, MEM#I/Ogg
« SRUFMEE AT — L FR A {EComputer architecture 4
O “Computer organization and architecture: Designing for
performance” (COA)

v Dr. William Stallings(Independent Consultant)

« 19965 4hK
« 20055 7hR
« 2010%E8ky (HFhE) , 2012589k (FEFHR) , 20155510hk :
v’ 8hEf{Rorganization, f§{Earchitecture B

« CPU#FICaches§, MEMZ#I/O5&

v &% William Stallings 7hF1P&H 31
A William Stallings 4th’ A1EZ2, FOS. VM. FHITAEBEFRS
« CPUFICaches§, MEM HI/O5&
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COD : Patte r Son and Hennes Sy : University of Science and Technology of China

O “COD: The Hardware/ Software Interface”
v 1st Edition, 1994
v 2" Edition, 1997
v 39 Edition, 2004

e (Covers the revolutionary change from sequential to parallel computing

v’ 4th Edition, 2009
e the switch from uniprocessor to multicore microprocessors

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

v 5 Edition, 2013 2016 ARMiR, 2017 RISC-VHR, 2020 RISC-VE iR

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 computers, cloud infrastructure, and the ARM (mobile computing
devices) and x86 (cloud computing) architectures.

COMPUTER ORGANIZATION E
& DESIGN

THE HARDWARR / SOFTWARS
INTERFACE

COMPUTER COMPUTER

A . ORGANIZATION ORGANIZATION
MW“IHHM&M@ AND DESIGN
Z FACE
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020185 ACME R 3

v R RE MR EUR T I T & X R G RE R
ﬂﬁﬁz - BIERZILITE . EZHRHTIEID
%4’553&5’%5’]# S EA SRS AR

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 |eader of Redundant Arrays of
Inexpensive Disks project (or RAID)

m Chair of the CS division at Berkeley 2000-2016 Stanford j(‘_é’ﬁfi
2018- Alphabet 3 F#E FH K
RISC-V

THEHE REMH L —A R &R
R & SO BBEAF 0 R it SR %
£, JHERQSENG TR
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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
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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/
https://iscaconf.org/isca2018/docs/HennessyPattersonTuringLecturelSCA4June2018.pdf
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2. HENpEREE v EagrIE
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- BEEH. SEE (4/5%) . ks
- o v ik
-  COD3%EfizR, COD4/5% . BTELS  BER
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—  Cache, EfF. AfF w3k
—  COD4%5Cachelz$lse, 3/5% ‘/%Eﬁ
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Cou Fse SChedu I e & University of Science and Technology of China
Lecture Topic Read BEFORE class Keypoint
1 M CHP1 #:T-copa
2 RN CHP2, JHH L=
3 MIPS-RISCVALEEZS (R, ZJAHA) | CHP4
4 MIPS-RISCVALEE S (Jit7KZR) CHP4
5 5 CHP4
6 Cache CHP5
7 SRAM, DRAM CHP6, JEII= COA9% FL %

8 ROM, SDRAM JE 2 VU B

9 HME CHP6, JEII=
10 A7 CHS

11 FEf 4 1) AT SEE CH6, JHFEII=

12 M2 CH6, FEHE =3

13 1/O CH6, FEH L&

14 g T A0S EE  gn (Raett H R %)

o FEEHIT, AsmEEREIRIGRIT!
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O i SCi i SE il — ME R BRI RV IMIPS 3218 S & CPUF£&
v HA0FKES
v EREIEA/Z ARSI (M)
v IKESEIL (15(F)
O Xilinx ISE (Vivado) Vivado 2016.2, Verilog HDL, Nexsy4-DDR
SCIGHR
v’ Verilog HDLIgiHiEA
v BE(E
v FPGAEEISIE Digilent Nexys3 FPGA: Spartan-6 FPGA
O LIRNELHE
EERSSFE(17)
SHRBIRSISHL(1E)
HiraatESIHEER(15)
FiERS B EdE (23)
ZERACPUIRLT (2F3)
Zarit (3F)

AN N NN RN
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it eI — /1 AR (JEERIELERY) &iE
B{EEATEZNITEINEHRS

O3C1€TH: Vivado 2016.2, Verilog HDL,
Nexsy4-DDRZEELEHR

> SLi— 1ERz=RSHEIF (13)

>SS FiEESAAY (1/)

> = ERFHICPU (1R)
> L8 ZFERICPU (2R)
> SEIGh ifi7kECPU (3R)

> I8N REankt (213)
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O3C1€TH: Vivado 2016.2, Verilog HDL,
Nexys4-DDRA&IREXELEIEFS

> LI — IzRENENA (1)
> LT SESESTEFMESRENE 2 (1/)
> L= ICRMNAER ST (173)
> SEIRPY ZEHACPUILIT (3[)
> L8R H ifRIKE&CPUILLT (3[)

> ZEI67] SEEIT (213)
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O C3EER: IGEEI—1EE AEEEhE, SRR
58) BNENEHEHRS

038 TH: Vivado 2019.1, Verilog HDL-2001,
Nexys4-DDRAEZ RN ELLIEFES

> LIS — =R RENA (13)
> L HFsRESEHEssRENAE (1/R)
> L= iCRiERmSLT (13)
> SC56PY EARFJHACPUI T (13)
> S8 h ZFHEICPUIIT (13)
> SEE87N i/KZ&CPUIEIT (2F3)
> SRt ZEait (3[)
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O AR RiTER—1HEX AFEMEE, SER{ER
A5E) TENEGRS

O3E88TH: Vivado 2019.1, Verilog HDL-2001,
Nexys4-DDRH % 1R

> i — ERBNEMA (1/)
> BT SERESEESRENAE  (18)
> L= iCRiERmSLT (13)
> SEIGPY ERFIHACPURT (2/3)
> B h K& CPUIgit (2R)
> SEBG7S et (3/8)
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2. WFigH Verilog HDLFIEDAIZITEMERES:, EIGFISHE
S HBECIEICIREREE—EEEN, BIESTIHX!

3. WFHFRBIRLIERSGERENRZE, BITERBSCIEHRR
AHEER, £%EM_EFVLABIEHRUMES(viab. ustc. edu.
cn)ZFH, INEHINES, BT,
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CS152 Computer Architecture and Engineering

O = Bix
v RZ BRI EN A SN TERIE, DRI AR
SR
- AEES (WCalava) SRS RANEHES (F28EeS) . BEEWNFAHIT
XLEFESHY? MIMIBRRSEFNEES B 20 InfE R 1E8eY,
o AR BREORHA? TMERNAEEENITRrEERITHEERY? M miEfRa(d
S{F a4,
. EFRMRERERTARER? EREMNUMIIHGHERE? NMIBMRRER, TAFRImIFFIL
i, EERNESHITENRHEEREER AR,
. iﬁ%@%ﬂ\ﬁtﬂ@ﬂﬁi&ﬁ%ﬂﬁ’ﬂ'TEE}E? H—TRIIBREESS (TR EN: Etn
v 5| &FELHF— N TERITERE, BRIERITEqRAIGEYE]
. EREZMIEHRSIGITIE, SERACADTRIGITEHRS, HOTERREH L

RN
BT
.+ PHSERRAORELE, TSN, SUSMIRISCIEEFPGARE 5T, B AL mESE
FRIRISCIRS AT .
v B ENAREMRIRIERMN, TRV AR A RS
%




O ¥Rz L k%2

and Technolog

B MR- E25%8

+ id

q’lﬁlﬂa&?ﬁ*ﬂ(#i‘l‘%ﬁ*lﬁ

R E BT RER

2023FEF

=



and Techn lthl

. : ?i*@ é&£
PRIMEDIR IR -

O 1%%52%355
T%%ﬂﬁf
I:Iéﬁ4 HIRGHREFIZITES, HMEBEEEZE T TEN
ifnfrzr%’:
II%mM%ﬂ%ﬁ:

5 /RETRL L3R o L Ll
\/ASCII, Unicode, UTF-8, GB2312

VS AERNE | S

v Z it 4ahs 21t
vV £ E %D e BB
v BTG

v DNAZRHS




*@ H2EL X

ind Techn lyt(l




FEIRER A ARV B 2 ik

FRBELLXS

University of Science and Technology of China

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
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