U N |Ve I'S |ty imagination
Programme @ programme

inFJE’JﬂfSEi%%EJﬂJ@ﬂE#ﬁ%%m ﬁ%ﬂ%&%ﬁ%@fm !
AR 25 AU EEIRASES, MBI RE RS IE A

BHEAMERTEHRE LA TIEEREMES B Ea s Ee.
VAN

7.
o TH: RETHEEMHOHETA, 1 PowerVR ‘ %*ji-%/ﬂf (;Ci“r{:CE")
SDK, =EARA, 2EREA/NSERERRE]! o IEEGRET/IFR/FENERE
o EREEETIE ("EE
o WREYE: REFAEFBRHSHEL, TSNS f% f? & (B
AOREES o REIFR

. EEEE

. . B EEZ AENHNEREEEENEMRE
Mt HzEEE AENEREERENSRER . BEZE ("SoC") BEt

M. BURERASSEEEIIME. RS TFEED

SEROHIIREST, AMaESenE, g 0 B0
IEE, ESERRSIERE. « GPU finisEstss
° OxE. Z OxE
. EBHMIRIE. 8 RIS /R ATHE RRATEE
&, RS RIRSIEREEA - EEESERmRAR

R

P REEE ()

Computer Architecture

comurrararnics  BISEI R EIEREE Digital Designand [R5 (VR RE o Lt -1
g (FEE=IR) ## (RISC-V Edition)

Sarah Harris & David
Harris - Sept'21

R ] e 5% e S5 M

lan Goodfellow, Yoshua

Bengio, Aaron Courville

e THE

Digilent Nexys A7 Pumpkin i300 EVK BeagleBone® Black

Nexys A7 B&T Xilinx Artix® - 7 ERRE#EERL i300B SoC, ARM PU#% A35 BeagleBone Black 23kH beagleboard.org A

FPGA, TIAT#EER Western Digital 1.3GHz [EIES8, PowerVR 8XE GPU, &  MCU, EJL Arm Cortex Z2iEERIERS 512MB
RISC-V (g SweRV #kzly, 7 FBEi=rFE Open GL, Open GL ES #1 OpenCL, E[F DDR3 RAM, PowerVR SGX530 GPU fii_kE 3D
TSRS |/O FEEEA B Nerual Compute SDK 247kA, ©aILAsk  EFZMNIESE, microSD <&, HDMI, ZX
e e BiEEmss Al FEREXNNIERTE. 43, USB2.0, PRU 32-bit ffz=Hlz8



HEMRL

HMEERSEHAEETOER . BiEmE. 24FM.

BR=EGE. EAEERAM2%EiEm, ML PDF fOEIE
(PowerPoint / Word) 1812,

(1) (IBEERBER) v2.2 (“2020 Edition”)

BREE TE(ARRNREERRE ASRE SIEBHF BeagleBoard.org
REH BB
TE4H PowerVR SDK
Bqpiee EEERFE R BIRRIEAR=/X
PRSI IR EELIT 10 (@iE: 204,
== Darren McKie, HEERAE PowerVR #&28, OpenGL ES 2.0
Debug, PowerVR jEH#&E
R Chromebook, REFIAR, i PowerVR BB 84, 1UP 18728
BeagleBone® Black Ei#RaStEFES te
HBgE RAHR EATSRIE RS ERR B 3GE, e/ EREP
Bz N EL https://university.imgtec.com/teaching-download/#MG
HEANS
B 0L FI5
T BB AT B 1 NBEIRARNEREREXNNE (APl) RIERFILLER
PowerVR ZEEN B A EERIIEIEMIIRY [ 1-2 aN{aIfsEFE PowerVR SDK 25BN =AIER 2=,
FE RS 1g =R AT EERE oMK, MgERINEIEs
CHY%EH
T ENRR BB ZRE A 2-3 trEEER T ERA TS, NMEEINFENEEE BIAIRIRE,
\iBA# OpenGL ES MISYE/3X X imaE RUESS, ASthA
PowerVR EZZERIZAIFAT
FoENEZSDKsFISZ 3-4 ff# OpenGL ES 3.2 RYTENERZ SDK HR{EFARYEEERLAHT,
\EERRAO{ElER SDK BRE, URIMIERRESKG
]
F\Yﬁﬂﬁ 4-5 SERRWE TR, SIEREERAFIMRERIR£2,
a5 5 CNESES AN ARARFEFEIIRS,, IR, Ieds, AR
& FRRERA
OpenGL ES £ 6-7 28 OpenGL ES 150 ERE B E S AUERARH,
OpenGL ES A2RA 7-8 B ERA R RRR RS R PHYEE
ISERENEREN) 9 BERRLN{AIERSZ cubemap, LARANMEIEREMETERSFIT
Enj
\Vulkan & 9-10 142 Vulkan, B2 OpenGL ES &fTELER



https://university.imgtec.com/teaching-download/#MG

(2) RVfpga:
RNEE EEE RGBT TR

EREE:

3 £ 2021 &, HMASEER=(E—28AR0RE | &0 REB
EISEEBIEARIE, RISC-V EESENNTIERE, LU
Kft CPU BB R &% SoC :&ETHIIBTE.

BARHS:

AREFRE: B(ERETEMESRE. sTEEAAMEEE
AR/ELTRE: ERERERE. RALRRER
EEERE: SoC =851, :RetEas®

/R R

EHEE Fak:

https://university.imgtec.com/rvfpga/

SERERK

&

o EERHRAENIRR A EEE RS ER ISR
(Sarah Harris) &+

s MAMFTBEEXZNERE EFE-FT W
(Daniel Chaver-Martinez) f&+

o fHEE RRHE (AKZY Ltd; UK)

ERrESIR:
RVfpga iwiE:
https://university.imgtec.com/forums/rvfpga/

XEES:
English, f5BE&E5EEHTZ, Japanese, Spanish and
Turkish

\UP IEHRAIRESER—RIIBAHEGE, RIEFHRMR
{ERTLEF. BEREFNEREE TELUNIBERARHEH SoC ¥5

ETIRERS -

KNE TR
(DavidPatterson) 4% 0
REERFDIR

==F

FER- Me#8HF (Sarah Harris) &1
SEERETMENNEF A HEEE AR

FEiz2E

MR STRIMEREUR
ESEN ST NN

BerE &#-F5 T WHET (Daniel Chaver-

Martinez) &+
PRI SR

BEMERE

BEX £ESH ImHEEE
Qamcom Research &
Technology 228]

EFm R R (AKZY Ltd; ZKE{REAZF)

Sponsors and Supporters

LQ:I Imagination ’ ‘ Western DigitaIJ

J \:‘ RISC W

A hunncs

& XILINX

| UNIVERSITY PROGRAM

A National Instruments Company

LA DIGILENT

-~

a
J [r EsperanToJ

@,

BREE

| e)dosip‘\ /

)

ANDES [@Ptmunmm.uﬂn

Ca Imagination


https://university.imgtec.com/rvfpga/

o Xilinx Vivado 2019.2 WebPACK
o f3#R Visual Studio Code
o 1&& Chips Alliance 51 PlatformlO THE, WS RISC-V TH#, OpenOCD, Verilator HDL &
g8, WDWhisper ISS
RS
o Digilent B9 Nexys A7 & Nexys 4 DDR FPGA Bg3$#R
o RISC-V #Z/L)Ed SoC:
- fb: PEEREE SweRV EH1
- SoC: Chips Alliance #9 SweRVolf
. NV Bin | PEBEEIRY GPIO
3 eterars
B0 HENE - IR EEEERELA
- RIENFIHEREFINFIHER - C ‘B EERVEEHG)
: iiﬁ’i m |
L 9 | -BE#BAt Opencore MEBHUSHISEREHISE,
B 1 Vivado B2 ER—ER 1R, AZEBBMFERGERN
- R (BRRERR) ¥eien, FIRBREREEERL,
-3 SweRVolf RTL (Verilog) &3z - C EE=EAME S
Vivado B222, E4 Vivado fIThEsE =Ee | TS
downloading i F&kZ! Nexys A7 FPGA B3 10 ~SPI, 12C, B3 UART
B L. - BE#E#E OpenCore BU{SHIERFIEFaHISS-
B2 C Bz C EESMEmEE)
e C =R B | IRRERIE RISC-V EEE(E
B3 FEfmfET(aRE 11- |- %OEEE
- ¥Ftk . {#F Whisper, SweRV-ISS, #5< | |15 - ETHEREREE (ERVESE. 2R
iR B8, BkEMS )
wEe 4 R - fERgERN{AT R
_RISC-V ABI - PUTHIE S TER(EF
RS - B X TRRIRS I i — Lo
- IR R
B 5 C ESER N
L& C ISR ER BE | BRREMSK RISC-V CISREENEE
16- | - BERRECIEREPEBASERIRIE, BIERENG
=10 I/0 &5 20 GIEPS
- 72CEEEINY GPIO - AIREARERRECK/)N, REEEEIEE
- Nexys A7 I/0 ik - BB IRE= SIS
- CiE=EERRES - BEfi# ICCM &2 DCCM
B 7 RITEEsRE B |+ REIEMEER
- #waE 7 BREENRSES, FANCBEEND Nexys A7 | |21+
MR 7 AoToesaan

Ca Imagination



(3) RISC-V #5545

A, SENBE 95\ B BB AFRISC-V
FEHE . WCREANREBE ) PROE 4R

RISC-V &/

Imagination Techonologies 245 RISC-V {EAFFIRHFHY GPU hRIEI4RIERS, FRLAFRFIR
EEHBHHS EXEREMT, HEEE—EERHARATHE,

fERFM [IUP] REBHEZ=AI—FRSD, FfIEL Digi-Key BF, FRUF—EZIER RISC-V AIRATER.
EEREE, ZRERUREIFIERE.

BEH Richard J. Sikora 5, {FEHEEIER 35 FERANRRFHE S ERIS!

ERRE
- RISC-V: FESRFNE%RFI08E
)
- BiTEE RS M)
- BHAfEREERE
- ZHEHFEFERE:
(1) MPU #2H28814T Linux, f&£F3 Kendryte CPU 7£ Seeed Technologies Maix BiT #x
(2) MCU 4428, {#A SiFive SoC 7 SparkFun RED-V "4I#R"
(3) fER#ERZL- 1E Xilinx BY Fpga E{EFAFEEREEERY [SweRV] EHT #zily, ZEZ=ED UP H#EHAY
[RVfpgal , IIEEREHIFEETEMEBNARE LT RERA.

TEEfAE

https://university.imgtec.com/teaching-download/#RVGuide

2. SparkFun RED-V

'DIGI-KEY ELECTRONICS & IMAGINATION TECHNOLOGIES

RISC-V

By: Richard Sikora

“““““ e

3. Digilént Nexys A-7 4. Cover — Guide to RISC-V

Q3 imagination


https://university.imgtec.com/teaching-download/#RVGuide

(4) Fun with Beagle — Exploring the GPU
£ BeagleBone® Black £#£Z Open CL

The BeagleBone® Black
BeagleBone® Black EHEERFREERIRETEZ—, 24 XREHENFHEAR. B
EHZEEEIRS, BRHaERREABEEN Linux BEREK.

TI (#&=ph{%28) "Sitara™ SoC £ Beagle AVt ZE4E 7 —18 Imagination SGX530 GPU,
ZIBRIALE, HHCKERSD Beagle FAFZKER, &R GPU B—E [REF] . . ERRERESMH
BERBERRNRRERE BRI,

RESRHE T SCRTRRN A0 2%58, 7E Sitara SoC EPRRSHES, (tbEEMAEEFE LELNE
MVFEAR. ROBAGAEERE Beagle FIEEIR,

(BEER B
SFRTER (TEIEATR) HEBHK FAEERAFATLE BeagleBone Black LiEfT, BfWEEH
PRt IR T RO 2.

J&1T Open CL

HHETABEHIR AN SRR BeagleBone Black ZFE—HEBEREEMATHS . bBEE
B TAMEE GPU B OpenCL @R,

o FRAMIENRES T1E SGX530 HiEFTHY OpenCL BEENET,, F05FE GPU LTI Ta1E.

o ZEAEEEE Open CLEEENERN, LANAREEEITIARANIERFAMERATRE.
o ETHIRBIRE GPU LETHISMIRERIER, &2 Beagle Board RISAY!

B Fak
https://university.imgtec.com/teaching-download/#FWB
#BRE

WEFHASLITANZS, https://university.imgtec.com/fun-with-beagle-video/
o EEBTIE

e &) BeagleBone E&

o %% SDK

o fmaz SDK

e #£1% BeagleBone Black OpenCL &&f
e #11T BeagleBone Black OpenCL

o fma% OpenCL &%

e #47 ALSA OpenCL

Q3 imagination



https://university.imgtec.com/teaching-download/#FWB
https://university.imgtec.com/teaching-download/#FWB
https://university.imgtec.com/fun-with-beagle-video/

(5) ERAILERE - [RIEREEE

BEMTE. HEARENERRIE
[HEREE -21 FHEIRER

et
ZarizlA 9 (AERREETHIRERER, BRI
RATLEEHERYBHAERIE, #E Edge Al FIARSE]
EXER AR,

BEZRIRES
EE 82 CS =584

RN, FHREFNZHEEL..

AT SO

SEEED "Pumpkin” i300 board /1R
Imagination NC-SDK E47hiz A

IREEXH

R FE
P21 RS RR REwHR QEEATaETRL-D-
FINEER -BREERE (FEHE)

o RRBREHIR - AR (PE)

E-25

IUP S5f&:miE:
https://university.imgtec.com/forums/edge-

ai/

Module

Unit

Course

Module 1. Introduction
to Edge Al

1. Introduction and Getting Started

Lecture 1: Introduction to Edge Al.

Lab 1: Getting started with the Pumpkin platform
and NCSDK

2. Data acquisition and processing on
the Edge

Lecture 2: Image processing fundamentals

Lab 2: Image acquisition and processing with
OpenCV

3. Introduction to Machine Learning on
the Edge

Lecture 3: Introduction to Machine Learning

Lab 3: Basic Machine Learning on the Pumpkin
board

Module 2. Image vision

4.1mage classification

Lecture 4: Image classification on edge devices

Lab 4: Developing an image classifier on the
Pumpkin board with NCSDK

5.0bject detection

Lecture 5: Object detection on Edge devices

Lab 5: Object detection for autonomous vehicles

6. Image segmentation

Lecture 6: Image Segmentation

Lab 6: Image Segmentation for Security Cameras on
the Edge.

Module 3. Speech and
natural language
processing

7. Automatic Speech Recognition (ASR)

Lecture 7: Automatic Speech Recognition for Edge
Devices

Lab 7: Voice control of an Edge device

8. Natural Language Processing (NLP)

Lecture 8: NLP Fundamentals

Lab 8: Automatic question answering on Edge
devices

Module 4. Advanced
topics

9: Advanced NCSDK and OpenCL usage.

Lecture 9: Advanced NCSDK and OpenCL usage.

Lab 9: OpenCL-based pre- and post-processing
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