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[*===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)
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Typical RISC-V processors

Berkeley
15t Rocket
{Microprocessor)

RISC-Y
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RISC-V ISA
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* HBuns at = 1GHz

2010 2011

Berkeley Raven-1

(Microprocessor) {CPL))

SiFive Freedom

E310

(Microprocessor)

e e e
o

= Runs at 320+ MHz
» Qut-of-Order G4-bit

2017 2018

Berkeley BOOM Western Digital SweRV XiangShan

{(Microprocessor)

SueRY Coe
B e G e

T-Head .
Xuantie C910 Manticore
(CPU) {Floating-Point
Computing)

+ £.11 SPECINtAGH?
« Qut of Qrder 64 hit
* 2.5 GHz, TSMC 12nm

+ 4096-Core
+ Chiplet aRchitecture
+ 9.2 TBPlopss

MIPS eVocore
{CPL)

PSS
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El S
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= 16-Stage Pipeline

= Qut-of-Crder 64-bit

= Up Lo &4 cluslers, 512 cores and
1024 harts

(CPU)

Votex

(GPGPU}

Edge Q
{5G SoC)

EDGE

= 32 cores
= Od-bit RISC-V vector = Out of Ql'del' 51 bit + 4.9 Corefarks/MHz + 7 SPECInt/GHz v+ & peak performance » including 50— custom instructions
Microprocessor * 2.2 GHz in TSMC 45 aim + Out-of-Order 32-bit + Out-of-Order 64-bit af 256 GFlops = Converged 505 + Al compute cores
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] wil A0, &8 94a: anainsa addi x18 x6 8
42 ret gc: 2188893 addi x17 x0 1
‘ - ELH apanan?3 ecall -

File Cdit Help

B0 [ e 1y BE

» - FReglsk
u) l:l \‘ é == 5-Stage RISC-V Processor PR
%ﬁ n Al £ 1002 1 e x5 30 16 <nlacts addi 5 2101 aw i1 00[2) aw 1 Blx2] Mame  Alias Walue

[T
ij}ﬂ: Q Freseior =1 2 WU
ﬂ‘ ﬂ ,& p p I 2 we P TTTITett
x3 .gp et WO
X ¥FCache? A=
E Lo CECHTITTT
I 4} [y
i j:# IVI M I O 7 12 Ry
A o] [Ty
] 51 e -
Displiay bype: | Hex -
Irstructicn memary

BP Addr Stage  Insbruction

Spike (linux)

RARS, emulsiv . Sreer—— ST
GEMS5, RISC-V VP (VirtualPlatform) e — Y
S M PCACH E b Cacti :;:cl:rabe: 11::: ::f 3:::::10-1

Cocdis Jal 21 om24 <fact=




BRI S0 N SRt

Al H o R, /N, D
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




SIS . 15424y

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

llllllllll

EEEEEEEEE

27 XILINX
Spartan-6 2

XC6SLX16 |

CsG324C

40

uuuuuuuuuuu

High-Speed



LIS N R 51k 555-15,

il

(2 )

alsy
—

- BE S (1
» WAFAHES IS (1)
. _Eé_ug;,cpu (1%

FPGA nxeainitan
—Verilog

il
—

Damr Coe

F

W Vbing Cogumat PPOA Bos-be
-~ Wordmy Aumee ML £ oM

-%ﬁ&ﬁ(&i

0
-




alVane

PyMTL3 Overview,

* A Python Framework

At

K

SN

22,
=2

— for Open-Source Hardware Modeling,
Generation, Simulation, and Verification

« f{#& SystemC

Python

S

201

ystemVerilog

» Functional-Level
— Cycle-Level

Simulation [+
Tracing

~— Test Bench

translate

/

— RTL

import &
co-simulate

N\

prototype
bring-up

* italic: passes

PyH2

: i
synthesize

I:':II:Ilill:II:h
O FPGA U

5 ASIC ©

“Yoood”




KN

o+ PREETRIAT
A 1L
/&3l
R E 5 K%

2

7 A7k

_earn to do

_earn to
_earn to

_earn to

ne
pe with others

earn




£
Pre-1990s:

- -
- -
F "

- -
- Fl
ok T Y

L] -
- -
L

Post-1990s:

. LY
0w |
— Z .._.
mwnb H
7 fal I
Nf
NN -_
T | /
— ﬂW\un
»” J:-

CS
SOFTWARE

i
uuuuuuuuu '
\tlt Iir H
-
7
L)
L B
Fy
'y
ooy
C ooy
. A
LY o ﬂn “
e - mm 1
|
I
D.__
w | g
g|
w | =
’
FJ
L \ut
- ttl

LY
llllllll




VAR ME: ©S2013/2023, CE2(416

IEEE/ACM Computer Science Curriculum 2013
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— system architecture
 the organization of the computer at the cache and bus level
— organization/micro-architecture

 the internal implementation of a computer at the register and
functional unit level

Application
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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
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Computer
Organization

*The operational units and
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Application
Application programs Compiler/libraries of macros and procedures Software
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GPU
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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
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- 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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