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Application programs

» FIM@BA BT HAL LE K &

Prog Lang/Runtime/OS%

— Jf%i %U: Jf & < 8 =

BRI LR G B

« K ARG, WTEM RS, ARG
o BHEFGE:  RGUHII TRIAT Oy A] S w2 S

Radar
OBJECT DATA V2Xx/vav

Perception Planning, policy,and
decision making

OBJECT DATA
Ultrasound
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R H 3T, e 2 7

[*===SUM.C-==*/ EiERERT
int sum(int a[ ], unsigned len) HiERNEE
{ SR EOESIRSET(IES)

int i, sum=0;

& KT + '_;
tor (i = 0: | <= len—131<4) &M SRS R LEI ST

212 (@5 ) FRRSRER

}

[*-==-main.c---"/
int main()

{

#E% (linker ) FNNNSE

EFENT (F6EEnE )
printf(“%d”,s); SRR

} T HIABHW/O0)

» CIEFTHEHL?




EFI Driver
Dispatcher

Intrinsic
Services

Exposed
Platform
| Interfoce

IR HATVRBICEEF ? #ifhchT

I
I
|
|
I
I
|
OS-Present

| Final OS Final OS
Boot Loader Environment

Rl U AT )
e

|
|
|
|
|
|
|

Secu Pre EFI Driver Boot Transient Run Time I m«]

(SEC) |Initialization | Execution Dev | System Load (RT) Life

(PEI) Environment | Select (TSL) (AL)

(DXE) (8DS) e
. . Platform initialization . . B , i*
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Software
Applications Systems
software software
laTeX oo
Compilers Operating Assemblers
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Virtual File I/0 device
memory system drivers
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IRIEFRIE: CS2013/CE2016

 |IEEE/ACM Computer Science Curriculum 2013

- ARKA%S/I\KU(5/I\‘JZ"TI§7 3//\]27,@:%2/2) Application ::-"1-__51_1-:?
T RS Software [roridy
o FiREoRN Operating ;
. YE%@?*}L%%?E‘EE Systems —
« HFERGAN S S Architecturs S
- BEN5#EE
« DIREZH AL
. ZLHREH e o5
- CEZOj}GégJDE crouts D
° (1% /]—:\“‘{ > = I/\ b4 A |
C MR RGLEH, IEAT AR Greue SEg
¢ ﬁ?/‘j/l\)%}ﬁ\ Devices —@
— system architecture
 the organization of the computer at the cache and bus level Physics %

— organization/microarchitecture

 the internal implementation of a computer at the register and
functional unit level
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COMPUTER ORGANIZATION
AND DESIGN RiSc-v Eomon

L‘ »
— % THE HARDWARE SOFTWARE INTERFACE
i J. .
P

{Computer Organization and Design: The HW-SW I/F)

— David Patterson and John Hennessy, 5th, RVhk, 2018/2020

« CPU#ICachei, MEM. H£k. /055
COD: F AT A BE M. — 262248 I /E Computer architecture 2kt

GFENAREAY , 2nd/3rd, 2008/2020, JE#H &

— LPIWilliam Stallings Ed. 4th AHEZE, ?%%WWFDCOD 3rd
« CISC, AIAICPU, HEOS. VM. 34& HFENE
« CPURfICachedy, MEM. HE£. I/O

“Computer organization and architecture: Designing for

performance” , COA
— Dr. William Stallings (i K H) V3 /e /R K 25%)
« 1996%i4h, 20002550, 2003256k (5K %) , 201058/ (2= &%)
« 2015%510h (HX[FIOhK, 3Ehn—Lefrstkl. B1ho
— The computer system, Arithmetic and logic, The central processing unit

— Parallel organization, including multicore
— The control unit (online! )

— Ed. 8"HiffWorganization, 2 J5{marchitecture
gmdeto(omputer
rocessor

“Guide to Computer Processor Architecture: A RISC-V el
Approach, with High-Level Synthesis” , 2023

STBLADI Rt




Patterson and Hennessy 2018

« “COD: The Hardware/ Software Interface”
— 1st Edition, 1994
— 2nd Edition, 1997
— 31 Edition, 2004, #4 R
» Covers the revolutionary change from sequential to parallel computing
— 4% Edition, 2009, 20114k E %
» the switch from uniprocessor to multicore microprocessors
* make parallelism a first class citizen(spread parallelism throughout all the chapters)

— 5 Edition, 2013 (2016MIPS/ARM, 2018RV64, 2021RV32)

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

 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.

- features the RISC-V open source instruction set architecture, the first open source
architecture designed for use in modern computing environments such as cloud
computing, mobile devices, and other embedded systems.

COMPUTER DRGANIZATION
AND DESIGN Risc-V oimion
o ] TERDVRESHTMRENERALE
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COD5: RISC-V
1. EIMSETZ
2. &4
3. HEEH
4 RISCAL i 25
—~ IR, Z R, RKLE
— 4. CPO
— WAER: COD5 (C.9)
5. 1Efi 2 J2 IR G5 1)
- SRAM. DRAM. FLASH. DISK
— Cache. Cachefz#il#s
—~ ATEEME AR (RS
—~ AT
6. FAT AP A
- T F 2 26 %
— EQ

— COD5: “l/OAHPhEE” !

- 4%\ zj% ?

COD5 (CPU. Cache. fifizzs

. REL MMU) +E (B2 1/0.

B K. PLCISCHF
— B Mt
o DIFEKENL, TERETEAR
— R tTENUEE RS
4%, WAF, Cache, #MF, /O
— =% CPU
- H¥izF. ISA, CPUZH, Hii R4t
N TRISC. /KM &
— P4 CU
o AETILLTRZ, RAHR(E
o ZJEW. WEELSEIL, TR SEI
DR R TERENE: BE/NAFN0
— JEARTG: EBAE, T

FHf: W] Cor 1T

F k. DMA)



Course Schedule

Lec- Topic- Read BEFORE class-
RV64 « i o

1. | it CHP1- B, E e
i 2 4.2, JfRA. p =

20 | FRA R4t CHP2, 5.14. CHP7 « ¢
ILIRRER it - 2.12. 2.13, CODA [f} 3t B4 » BiaHER -
RISC £PFE Mt HfR D P @

3o | RISC #figid g R, 21D 4.4, RV324.5. E o

o i ChEEL, REER) . Bff % Co T 10.24 -
RISC #rHim g (Hiikek) - 45, 4.13- P o
LAKER ' B - 4.6~4.8. 4.13. s o
LR GHFRE), HMT. 4.10. 6.4+ P .
S5 . 4.9 8.4 o

4. | SRAM, DRAM, ROM, SDRAM. |5.2. A9 I p

a Cache~ 5.3. 5.4- 4.3 a
Cache Controllers - 5.9. E .
e 5.2, 511« PN E ., .
AT - 57+ a a
PR A% B AT SR - 5.5+ 5.11. A9 w0 P

50 | B 6.9+ B o

6o |1/O- 1.4, 6.9+ BhHE. TinyComputer «

7o | AR CPU Wi Z K, WiFE/7)d » FN I A o

8o | FAEH: CHP3 - BN B ¢

9o | T JFEFT. JEEAL MCDIFE. | CHP1. CHP6+ P ¢




PR RS RIPDBEN RS

o IRE . 70%
- WiRFiK: 50% (FAH)
—{ENk: 30%, AfAERMA!
— PR ] 10% (H#15%, 1E#E5%)
— RN : 5%
- B G, TinyRS BT
-i%ﬁi-%%¢mi%ﬁ
— . 2~355,
o BT - %%¢w1%ﬁ
o TR =% 1. Internet

° J;Qg\/ﬁﬁlﬁt 30%




BBAG :A1@A@ 36 B? 98 BF 76 97 BB BB-29 CD 21 8@ 3C AA 74 86
PBB6:@1iBd BA 2?2 8A E? 53 FF Al BC-%8 &8 FC 3n 34 68 F5 BA

TR T A4 -

A l‘ﬁ /\ PBB6:8128 8h BE D8 72 BC 20 2C 68-A2 76 77 AB BB 98 8A 26 ..... . eV

“ —a BBA6 8138 1E 99 25 682 A2 BA CA 74-13 3A C4 75 @F 8@ 3E D? [ S T

- \\! BBA6 8148 99 6868 74 68 FE 66 17 99-32 CA EB 86 34 82 22 C4 i S

BBA6 8158 DA E8 @A @6 D? 292 A2 C7-26 DA EA DA EA A2 D2 99 e

MBAG @168 86 3E D4 22 00 75 24 A2-D8 99 BA C? 75 1D BA CB [ . P |

o :@17a B BE D5 FF BE -

o [ak) I gwiE ST AEE10M 2B EHT
— BETFRISC-V{/j E#8Ripes
— ARELK
o fREIIHEIE. SR QL. WASIREEIZD « BIRT i
R e R i i A
¢ SBERLERARTLIID: 107Nk A1 44 5 1
o [fF] T Xilinx ISE, ¥#1t—/TinyComputer
— ARG RL: B CPU. on_chip ram#IJTAG UART
=AM
— MBI EFRCRERF “hello_world_small”;
— BREK:
o RIS RE. S5 EBE. fFESR. B BTt
Y ] 78 i R
o BERLERALHNANID:  “hello_world_small—IIxx”



Ripes

RV32/6417 £ 4 AL G 4

SCFE R Zppl
X FrCache?
S EEMMIO

Spike (linux)
RARS
GEMb5
SMPCACHE

File EdiL Melp

a8 o< >
100

e source code
p‘w

14

0ms -

> OX

Input twpe: = Assembly

C Executable code

View mode:

Blnary ‘= Disassembled

= - m: inenast? auipe x1 810808 -
¥ to tind the $ 17 = 504 14: ffes25e) la x18 -16(x108)
18: RACHRRe T Jal x1 Bx64 <printRwsuler
le: g80aeessd addi x17 x8 18
word y m; apanen?3 wiall
string "Factorial value of *
string * is ° HIROHE2Y <Taclo:
24: ffg1e11d addl x2 x2 ~16
FLH yy112423 sn %1 H(x2)
2c: 80212823 sa x18 B(x2)
v 29, argument ¢ Load argueent from stati b frise29s addi x5 x4 1
1al ra, fact § Jus to t f 4 20024863 hRe x5 x8 16 <nfac!
3u: u1RYS1 3 addi x10 %0 1"
¥ ' t . ac: alalana addl x2 x2 16
v al, 3 48; LTI Jalr x# x1 @
Ta &0, argusent
jal ra, printResult 000000844 <nfact>:
A4: 11150513 Addi x18 x18 -1 I
roz fddffoef Jal x1 Bx24 <Face>
ar, 18 AMNSAII3 addi x6 x18 @
acall 00812503 1w x18 8(x2)
ARAI2ARA Ta x1 R(x2)
81818113 addi x2 x2 16
B e RIRSASA3 wul x10 X108 %6
o4 ra, 80003067 Jalr x8 x1 @
e ad, 0
2441 o, 008Qe8c4 <printRcsult>:
bge | O, B4: HORSH293 addi x5 x10 @
ca: 88852311 add1 x6 x11 @
i a0, Bes 10088517 auipe x18 Bx10809
2ddi 5D, 7 $3258513 addi x18 x18 -104
irx : HRANREYS addi X170 X0 4
< aeaeean) ecall
G wue2851 3 wildi 270 x5 @
ae: aaieesasd addi x17 x8 1
va: CULUUD RS wcall
aa: 1aeaes1y auipc x10 8x18000
dc: fynEn13 addi x18 x18 -112
a0: 00400893 addl x17 x@ 4
94: CLTTTTRS) ecall
94a: anainsa addi x18 x6 8
gc: 09190893 addi x17 x0 1
- ELH apanan?3 ecall =
File Edit Help
8 0L D Dyl 5y BE
= Reglsters
S-SLage RISC-V Processor
31040 1 g #6 20 16 nlacts i 25 1101 v €10 01228 w1 B2} (LT iinhay
LECEEIEE
Lo x1 ra e
2 s T Tel
=3 =] CERNELDIT
x4 Lp CECUENHITT
E 1] CECHTITTT
s 3] LECIBITIT
7 L2 LECUBITITN
£ a0 LECUBITITN
Eul £ A=ARARAARA -
Display bype: | Hex -
Irstructicn memary
BP Addr Stage  Insbruction
- 28 WB  sw ol BieZ)
= 2 MEM sw 10 0x2)
=l L7 Bl il 00 B adding k10 -1
© cydes " O34 D bge xS aD 16 ..
Instrs. retired: 4 38 IF addixidxo 1
L= 25 w3 addix2 2 16
e aa iy Jalrxtt 1 @
Clack rake: 213Hz o4 addl %10 %10-1
mdE

Jal 21 om24 <fact=
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e Xilinx ISE: B &
—Digilent Nexys3-F- &

» Spartan-6 FPGA

« A8Mb i MF it o5
« 100 ~200MHz T}&fz’}%ﬁ% <9§/\>

« RV32 ISAT4%

t °

-20404:35<, VerilogHDL

o HAJH]

° /)lb7j<éjz7

eSS

HAS
CHL GEAE)

?

15 @Y @

2 w2 R o R AR AT A A
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EEEEEEEEE

27 XILINX
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ﬁﬁﬂ%%%ﬁ((tomputer architecture)
Py ol WLHLAs g 5 ISA cati

\ I

« G. M. Amdahl, 1964

‘ Instructlon

« FEFF O Fpalasin SRR A

Architectu

o JEME: B SRR IEAI DI RERFE
— NFYIERHLAR ) 5
» TFEANLAE R (org & impl, tFRp-architecture)
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Computer Architecture & OrganizatiQf

N

KAttributes of a system
visible to the
programmer

*Have a direct impact on
the logical execution of a
program

/

*Hardware details
transparent to the
programmer, control
signals, interfaces
between the computer

Ltechnology used

and peripherals, memory

Instruction set, number of\
bits used to represent
various data types, I/0
mechanisms, techniques
for addressing memory

R

AC/ TN
1/O )
Fhkr R

Architectural
attributes
include:

Computer
Architecture

'

Organizational
attributes
include:

Computer
Organization

*The operational units and

their interconnections
;J; > that realize the
Ee architectural
9l\ iﬂ- B specifications

it
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Application

LETE X

Application programs

Prog Lang/Runtime/O5s

i

Instruction Set Arch

Compiler/libraries of macros and procedures

Operating system

Instruction set (ISA)

Computer

Circuits (implementation of hardware functions)

Computer system organization

architecture

Semiconductor physics

Hardware




SIsD

Mem

Data

o FRIRSENHIE =
- HRRL% (CISC)
— FififE 4% (RISC) AR
- #@trE (Superscalar) e
o« H/KZ (Superpipeline) | o oo T
- ERIEST (VLW — >
U

o FEIFATHATRAE: Flynnir 2Rk

— RS MEZEPET (SIMD) : [HEML,
- ziﬁﬁ/‘%éiﬁw)ﬁ?ﬁ (MISD) : 74k

GPU

AR ZHIER (MIMD) : 2%, ZA0HHE

SIMD

Instruction

Stream

Mem

cu

DPU

Instruction
Streams

DPU

DPU

MIMD

Data
Streams

= cu

DPU

Data
Streams

= CU

DPU

== cu

DPFU

Tt OFT SRk R HILE) -6
— FAIRAVRHEIETR (SISD) : Von Neumann Machlne

$6.3K]6-2

- T

T T

Instruction Single SISD: Intel Pentium 4

SIMD: SSE instructions of x86

Streams Multiple MISD: No examples today

MIMD: Intel Core i7
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Counterexample

— the common case
o I AT E S iy
— PUTHHK ﬁﬁ%
e ERUKESR SR
- ﬁn:t% [ Memory CPU Chip
R A T e
. :J:},L’??Hj“[l( SharedICache
o« 1l RAEIRAL Shared Memory BUS

UK — Arbiter |
o ETUA LB MR Cache(e) |J Cachet) |J Cachels
C C

Core0 orel | oreN
— nlEEdE

Original Model
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JE PLE (Jeannette M. Wing) @CS.CMU, 2006

— “UPEEBE4ERE T EALR S R R RIS ORI i R
AR NBAT AR Vit ENR 22 T B — RV E4EE S

— “UrE B SHEE RN ZEARE AR

THE: HLER4Z1? MoC? FEFHIIE L ? YR ?
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14 > H oy
25 B4

« COD 4= Ez——IIxx
— il Component Based Design

* The block diagram way of thinking

o BRI

“separation of concerns”

— EA: Abstraction/Refinement

- ABC?EEQ-
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o HITREX R ZE A IR AT B AR
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o (IFENLRSGMIR)
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o PUH AL Rapid Prototyping
 Build

 Review Prototype

* Refine & Iterate P
P Production

. TRL T Concept |-
<9

o R =/ NRITHEL?
 [SA, CPU, SRAM, INTR;
« DRAM, Cache, Disk, VM;
 Bus, |/O;
 ALU
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 David A. Patterson@CS.UCB

— B RGEREBORT A B RGUE BRI . BRI RS

Bt 2 BB AR G ZAA BGR R T R S Pr RE Ss

_‘l//[:l”

— FERFPAT R AR T EEARR et 1 HLBGR T H BT R R
TSR RG5!

B University of California at Berkeley in
1977

B Design and implementation of RISC |, (
first VLS| RISC Computer, foundation of
the SPARC architecture, used by Sun

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

B Chair of the CS division at Berkeley
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« 3E[EHUC Berkeley X% “Machine Structure”20124E R EMYE:
http://inst.eecs.berkeley.edu/~cs61c/sp12/

« R[EUC Berkeley X% “Components and Design Techniques for Digital
System”20124E R 2 ¥5: http://inst.eecs.berkeley.edu/~cs150/sp12/

« %[EUC Berkeley k2% “Computer Architecture and Engineering”2012{& 2/ ¥5.
http://inst.eecs.berkeley.edu/~cs152/sp12/

« %[EStanford kX% “Computer Organization and Systems” 2012472/ ¥
https://courseware.stanford.edu/pg/courses/281000/cs107-spring-2012

« E[EStanford K2% “Digital Systems II" {2 K25
http://www.stanford.edu/class/ee108b/

- X[EStanford k¥ “Digital Systems II" 2R ¥
http://www.stanford.edu/class/cs110/

- 3%[ECarnegie Mellon X% “Introduction to Computer Architecture” VR 2R ¥ .
http://www.cs.cmu.edu/~213/

« E[EcCarnegie Mellon k22 “Introduction to Computer Architecture” ¥R 72 M 4.
http:/www.ece.cmu.edu/~eced47/

« 3€[EUniv. lllinois at Urbana-Champaign “Computer Architecture II" &2 M35
http://www.cs.uiuc.edu/class/sp11/cs232/

o EEBRATE T %BE(MIT)“Computation Structures” V2 /¥4
http://6004.csail.mit.edu
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