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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



Making Things Easy and Predictable &

= la Analyze
= Reguirem.

Build Code

CASE Tool Model Checking Code Generation
= | ] | .
'_ = = = =] — | ‘
.:::' i 3_; = i | = I
L 1 ‘:: | e
AN AN 4
Requirements Manag. \ Ig‘

Common
Repository

Integration
of V&V

.....

Al ey WS

Information

A Framework of Collaborative Environments, from SPEC to Implementation.
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RT3 s 0)

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

M L sumisly e rE s R
for (i=0;i<=len-1;i++)

sum += afil; 3 (B ) ARNSRERT

return sum; et —
}
/ / ahdled exception in Test.exe: 0xC0000005: Access Violation.
*---main.c---*
int main() |
‘ |
int a[1]={100 i
int s; #&8% (linker ) F0NZE
s=sum(a,0): EFAT (FhE8nE )
printf(“%d”,s); SRR
} T BABEW/O)

» CIEFTHEHL?
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Pre
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EFI Driver
Dispatcher

Intrinsic
Services

Exposed
Platform
| Interfoce

Final OS
Boot Loades

OS-Presen

Final OS

Environment

F? #iHERChT

:

Rl U AT )
e

Secu Pre EFI Driver Boot Transient RunTime | After ]
(SEC) |Initialization | Execution Dev System Load (RT) Life
(PEI) Environment = Select (TSL) (AL)
(DXE) (8DS) s
. . Platform initialization . . , i—*
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Software
Applications Systems
software software
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/\ systems /\
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Virtual File I/0 device
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» BAZLIR: P RO IR S
— T R RN A HIT B CODA L MRA
» EUIFHOSRER
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» gl CHAEHEITRRT RS
- NMAZH. BREBREHTRE
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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: The HW-SW I/F)
— David Patterson and John Hennessy, 5th, RVhik, 2018/2020 ——

« CPU#ICached®, MEM. &£k, 1/05% AND DESIGN Risc-veomon |
CODW K FHATFMERE /AT — L8 F/EComputer architecture 44 gl 2o

o (IFENIAHBJETEY , 2nd/3rd, 2008/2020, FE¥H K

— Plwilliam Stallings Ed. 4th W#EZE, S 7hFICOD 31
« CISC, A#AICPU, {HFEOS. VM. FHATZENZ
« CPUMICachei i+, MEM. E£&. I/O%
« “Computer organization and architecture: Designing for HRnaRRE
performance” , COA
— Dr. William Stallings (78 X F 3351 B8R £ K2%)
« 1996%4f%, 20004550/, 2003456k (20055K i 4 |
« 2005%57hY, 2010%E8kFN (& &Pk, HTFHD |
- 2012359k SV A,
« 2015%510f% (HSEFR, HEn—eHrEkl. B/ HATHLALIR 5 0k 45 b
— The computer system, Arithmetic and logic, The central processing unit : ﬁmﬁ;

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

— Ed. 8thfifWorganization, X J5{marchitecture




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, 2020RV32)

« 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 « COA9, 10: PICISCHE
1. ENMSSTE B AN
2. :J:EI‘/Q"\ i
3. HE¥iEH
_ s y
4 RISC b 5 5 B E A HENLRSE
_ SEE. A, Rk - %, WA, Cache, #M%, 110
_ B CPO « OS (#Em) (LT
- W&EF: COD5 (C.9) _ =4 CPU
5. FE a8 2 IR 45 1 . HEBIEE. ISA, CPUZH
- SRAM. DRAV. FLASH. Disk SERISC. Sk
— TTEEMEME R — RIS CU
— AT o ARETIALLTHZS
6. FRAT AL BEES o LW REEELLSZIL, LRSI
AL — BLHA I AT
- A
o LRI R TEEENM:. RZRINAE/NO
— COD5: “lI/OAEhkE" ! .
A o ZHf: F Cor 7o

COD5 (CPU. Cache. f#fifizs. 7% MMU) +/F (EZ. /0. . DMA)



Urse Schedule

Lec+ Topic- Read BEFORE class- Keypoint - .
RV1- fE . .

1. | it CHP1 - o o .
B 42, A | - o '

2- | B4 A%, ILgiER it - CHP2, 5.14- | CHP7- B - <
RISC #iA fff=% D a a <

30 | RISCAbFRSS (A, ZFMD) .| 4.4, RV324.5: | - P <
o s CGHE, R, WRER) | sk ce. R 10.24 « ‘
RISC AbFE 25 CIRi/KZE) - 45, 413+ a @ .
TKER ' [ - 46748, 4.13- | » @ <
LRE (FE. 218D, HMT- 4.10. 6.4 : P <
S5 e 4.9 8.4 o '

6o | SRAM, DRAM, ROM, SDRAM. |52, A9 P E o '
@ Cache J51Hf - 5.3, 5.4- 43. a .
Cache Controllers - 59« E E ;

ST 5.2, 5.11- P . o '

REAT < 5.7 a o '
A2 B A S - 5.5. 5.11. A9 ] - a .

7o | Bk 6.9~ = @ .
8. |1/0- 1.4. 6.9 B . TinyComputer « .
9. | A A CPU i ZiTH. BFET) | - B/ T | e '
10+ | FAEH . CHP3 - BV, . '
11 | &l FF{7, 58P0 IEi#E- | CHP1. CHP6- | « o '




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”



File EdiL Melp

- oRE AN
100

1010 source code

saoms 2l D

Input twpe: = Assembly

word )

string "Factorial value of *

string * is *
Iw a9, argueent ¢ Lood arguoent from static cet
jal ra, ract $ Ju to the ‘fact
% W resull to console
v al, A

Tw A0, Argueat
jal ra, primtRezult

C Executable code

m:
14:
18:
le:
RUH
HeReRe2a <l
24:
pLH
2c:
Ju;
4:
ELH
ac:
48

00000844 <nf
4:

20808864 <pr

RSt ?
ffes25e)
LRI
80820083
weRnRn?3

I

ffg1e11d
wy112423
80212823
frfoe29s
20020863
LU CEIE]
alalana
CLLDE LT

act>:

11150513
fddffoef
ARSAIIZ
80812503
ARA12AR3
g1eginy
RIRSASII
goeeanc?

intResult>:

Anipe x10 8x10808
la x18 -16(x18)

View mode:

JAl X1 Bx84 <printResuler

addi x17 x8 18
wall

add1 x2 x2 -16
sn %1 H(x2)
sa x18 8(x2)

addl x2 x2 16
Julr xv x1 @

addi x18 x16 -1

Jal x1 8x24 <fact>

Addi X6 x18 @
1w x18 B(x2)
Ta x1 B(x2)
addi x2 x2 16
wul x1f x1@ xh
Jalr x8 x1 @

Walue
I

HxHURHRIRE

M TITT el
Wl R
RxRIRRRIRD
RxRIRBRIRD
RxRIRRRIRN
RxRIRARTRN
xR

RxRRRARRRT

Irskruction
aw 1 a2y
W H10 0{x2)
addi x5 x10-1
bge xS a0 16...
addixi0x01
addix2 x2 16
alrxg x10
addixi0xin-1

, zero, nfact LLH neasSe293 addi x5 x10 @
[3:H 88852311 add1 x6 x11 @
i ad, zero, Bt 10080517 anipe x18 Bx10808
addl =, @, 18 Te: t3358513 addl x18 x18 =184
irm H CLUREETER) addi X170 20 A
g aoeeasd ecall
o HuB2051 3 addi X0 x5 @
1 A3, A8, - ae: aaieesasd add1 x17 x8 1
jal ra, fact ua: LTI wcall
addi £, a8, 9 aa: 1eeaes17 aulpc x10 8x18000
w20, 8(=0) dc: fynEn13 addi x18 x18 -112
lw ra, a(sp) a0: 00400893 add1 x17 x@8 4
oddi =, 2, 1% 94: CETTTTRS] ecall
mul 38, &8, 11 98a: anelnsa addi x18 x6 8
ret gc: 00180893 addi x17 x@
an: anapan?i ecall
File Edit Help
B O <O Dmm By BE
Reglsters
a S-Stage RISC-V Processor
ackd 10 0 1 e x5 20 16 enfacts w25 210 -1 aw $100[x2) o 1 Blx2) Hame  Alias
= il ra
:‘! w
B e
L tp
x5 0
£t 1
a7 12
Eel )
i) £
Display bypes: | Hex -
Instruction memory
BP Addr Stage
= 0x28 Wi
‘ 2 xze MEM
Consale i Emerutioninfo PR,
S oycles: | 10| o34 1D
mnstrsretired: | 4l 38 IF
[ | 25| o3
wC | o4/ [Eh]
clockrabe: | 213 Hz| o4
[iE2H]

Jol w1 024 =Fact=

Binary ' Disassembled
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w4, g CRIKE, /MDD
T CRAR, /MY
515 ORI, /MY
IE3C CRAR, /NI
—IEUEE IE, 4%
zhive CRAER, /N
%%Iﬁk CRAER, /NI
(ANDT3F/, HHRICER]D

R=tsy
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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
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CHL GEAE)

?

15 @Y @

2 w2 R o R AR AT A A

llllllllll

EEEEEEEEE

27 XILINX
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XC6SLX16 |

CsG324C
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HHEILRS, BIERSE, WIFRA?

TR CRAR”
— RGN mE TR D R, AT
BIIA T, LRI SRR AR L.
— RGN W RS IR MO R
43 19904F{RH!
ARG WRANER (ST G R RS
_ HES: M, SRER, R B A8
- HWHEERSG: Haghlas AN, 2O U RARAEMTFREENDER
- B HET RSN ARG SRR TIHR, LLRGUIRES Z RN ZEERR

- BRBEARG: ANMERSG, XRS5
- E# K HIUBIOMER, CEERTRE . “1+1>27

SRVE: ARERICIFE R TE ONGE R Ab3E R HR & R 26 )
— Most real systems — as the term itself suggests — are complex

— Pt 2R SEZH BN HERRAEH B R
TR AN A Y . ReEANE B R
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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 ?

— Tom Stuart, {Understanding Computation)

B E4E: Jon Bentley, B+ KIfiz—

— “FRAFHMIAIgolE T 2GR E 4
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Computer Architecture & Organizati@

KAttributes of a system
visible to the
programmer

program

/

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

Ltechnology used

*Have a direct impact on
the logical execution of a

and peripherals, memory

Computer
Architecture

'

Organizational
attributes
include:

S
VAN &R
et

Architectural
attributes
include:

Computer
Organization

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

44
Bt

-
R

1/O _
FHE77 50

their interconnections
that realize the
architectural
specifications

*The operational units and




ML vs. T LR R

ﬁﬁm&k,’%%ﬁ(()omputer architecture)
“FREFY a Al DL A e A

« G. M. Amdahl, 1964 Operating
= = 4 L B Y FH =TI — —Assembler ystem , Instruction
° %E}J?J'_\“ #ﬂ?ﬁ*ﬂ%‘ﬁln = %Er%y_\' ) &ﬂ_ T MM — ”0 — Architecture
o B B SR IEMI)ERRHIE | Digital Design |

— XTYIBEAL A B I R
o TFENLAR(org & impl, HFRp-architecture)

— IENUR R G FZ S,
o SBRALE K A A R R

. %fﬁm VVIK%%#EI’JT%F}?E ST i %HIWFEI’JIJJ%, LA
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CODE4E ( “RagE4E” ?

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

* The block diagram way of thinking
« 5. “separation of concerns”

— JZ¥k4k: Abstraction/Refinement ozpfg Q
—ABC%:EQ' Qﬂf@ ﬁ 7'31 AP S —
« CODIET: 1B B ?
— LTS. Automata. FSM, HTM&?H :
—fEE. JREE, WFE, CFG, DFG [

. & + HL TE i ,f+ /A ” 9 Devices @
Physics %
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* Yale Patt@ece.utexas
— Top-down: &T “&it”
« NELBEBZFFIHANTF
o HITREX R ZE A IR AT B AR
— Bottom-up : & T “2:>]”

o (IFENLRSGMIR)

— MIRIEERIMOSERE TR T ah, ZHI].
!@Hﬁ% ﬁiﬂ *j Sl S /R R LS PLEE ) R S
— ZJa, ARVRESHIEE] T R s i
gy, fal s p)TH R AHLLC-3;
— I, LC-3INLESANLIMIE S . CRES . 1A
5, R REATE . I/0

« B (William Stallings) : B4
— M. fEfiE. 1/0. ALU. ISA. CPU

- COD: HWTm4h
— ALU. ISA. CPU. 7#fi. 110
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 David A. Patterson@CS.UCB

— B RGEREBORT A B RGUE BRI . BRI RS
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— 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




HW or SW?

COD

Vo W § SUNGND 10) pESY Eo i PESS 10 MIIN3H
oWy 20U DT 2w sAEy ) peay i W Anyases pesy
L ETDOATD D MU J0SS3001d snuderr "o
oo TV T pue ‘ST ‘siojqusERY ¥
JanVant (umsiH) ST'9 [
P W YT'9 01079 pnojs o1
bWt (=xiomi1an) &9 U JUSI[D WOl S53201 |2]|eled "9
i W 8’903 79
fan Van.| (LoysiH) LT85 [
o 8T'S M ET'S

(s31100u0D ayoe) Hojuan) 21°5 [

(sy=10 awsuadxay|
Jo shewry Jepunpay) TT°S ]

TS T's

Ayoseraiy Asowaw
Bumoydxg ase4 pue 2819 g

9'a o 1a [=

BIEMpUEH O] jouuo] Suddew g

{uoysiH) 9T+ [

(s20e)ed) ST+ I +T°F

(lojuog auadid Sojuan) e+ [

ums |22y ‘j2eed) ZTF 01 0T F

(suondsoxg *spiezey) g+ 01 L%

(ypedeeg paunadid) o°F

[mawgaag Buluadid) 5°F

(uoneaswadw) spdwig) '+ 01 £

(suonuaauon B0 Z°F

[mavuang) T'F

lossaooid 34l ¥

ETaO01 T8

ugisaq 21307 Jo soiseq 2yl g

(foysiH) TT°E [

(sare|ed) OT'E ML E'E

(wseled piomgns) §°¢ 03 9°E

SEMTE

siaandwog 40y JRSWLIUY TS

LT3 013 ]

S2UNIIaLMY 12S-Uonangsy| 9SH "3

(asiH) 122 [

0Z T @ are

(ener @ suapdwod) ST'Z [

FTEOTE

Jandwcny Syl 1o
afenfue] :SUMDNLEY| °F

(fosiH) ZT°T [

LRl BBl 01615/ KR ElEREk bl e (e pbhEhEl ¢

SERBIRBIEIR B B B 3 BRI6 (B RIE] |B B

FFTOTT

ABojouyos) pue
suonIesqy Jemndwod T

S0 EMDIEY

SMO0) AEMYDS

SUMIRG

xpuaddy 20 saydey




w o= = Yypo o
< BN Ew . 9
m_—w_l. JL\TVA k o %..Tj PVUJAD\N ﬂﬁJ\
- Bz ackerel
= "% m=Hls3n =
o s T EL/M\% b
g =40 wWﬁHﬁT ><L_ M &
0 o HTEesS W .
¢ I Kprioeo X
= B\u‘@% =X = KOk
= B¥ ﬂﬁﬁ @EAA? v By
ME” wﬁAu %1%,_..@, Hﬂ_.mu_mnlv Nmms
-+ A _, i@ I_IW S mlAEE
4P \#A% l/w\ o’ \Ii.ﬁmy/\ ﬁﬁ
T . KE T ey
S A s g 2
—e = gl EESK G
T ST pm®alae o
g , ﬂnﬁ/{ R ?/m
IR Ke?2 2208 @
S S DECpien Lo
< K< mi- o IR &
| B S o | S Dt s =
= SmieuEdo SRk
/ — c S~ g - =
ok i B 2 e
; - =D ==z .,nnﬂU 3 =i

A R TS b



FH SRR

« 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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