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Outline

- Introduction to Cyber-Physical System (CPS)
- Introduction to Embedded System
- Embedded System Hierarchy

- Development Flow of Embedded System

Peking University



Cyber-Physical System (CPS)

+ Definition:

ntegration of computation with physical processes, defined
oy the intersection

Buildings [ 11w

Manufacturing ,E,

Peking University



Cyber-Physical System (CPS)

\/ber-Physical System (CPS)

Peking University




Embedded System

- An embedded system is a —a combination
of a

and periphéral devices—that h,as a dedicated
function within a larger mechanical or system.

Embedded system ‘\
Software ATE—
FPGA/ Memory
ASIC
\J
AD — CPU ey IR s Actuators
Sensors > conversion U conversion
o = sn——
User P, el Aux system
interface Diagnostic (power
port cooling, etc

Electromechanical
Backup and safety

External Source: https://www.heavy.ai/technical-
environment

glossary/embedded-systems

Peking University


https://en.wikipedia.org/wiki/Computer_system
https://en.wikipedia.org/wiki/Computer_processor
https://en.wikipedia.org/wiki/Computer_memory
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Electronics

CPS is A Multidisciplinary Area

" Irsa ) The challenges of working
Small -‘ ’ in a multidisciplinary area
Computer

Network Advanced

Peking University

https://www.bilibili.com/video/BV1ZA411e7Ff/

https://www.bilibili.com/video/BV1N14y1E741/

Connected
~ Industrial System


mailto:https://www.bilibili.com/video/BV1ZA411e7Ff/?share_source=copy_web&vd_source=6cf0dfa923970f85820cbe948ee7aa38
https://www.bilibili.com/video/BV1ZA411e7Ff/
mailto:https://www.bilibili.com/video/BV1ZA411e7Ff/?share_source=copy_web&vd_source=6cf0dfa923970f85820cbe948ee7aa38
https://www.bilibili.com/video/BV1N14y1E741/

Cyber-Physical System (CPS)

- DARPA: Symbiotic Design for Cyber Physical Systems (SDCPS), $8.7M

- NSF: The CPS program aims to develop the core research needed to
engineer these complex CPS, some of which may also require
dependable, high-confidence, or provable behaviors, $32.4M

- HEE RV AN BERYERAS T SEGNEMEIES %

| = |

,!M f-ﬁ( ysical Systems,CPS)Eﬁmi'l'l FEHIRAR

Bﬂiﬁ SK BR @mamha&wmsugﬁm,ﬁm
ﬁﬁﬁﬁﬁﬁﬁﬁﬁ !*Zﬁsﬁﬁﬂ%&imﬁﬁ Xillﬂiziizitlﬁﬁﬁ‘i}ﬁ

”: e D i AREMERIFREAL ’ ereneE AoANeeD
¥§ Q L20E)
Minict p ‘,’ » ; ‘ -~ D PA RESEARCH PROJECTS AGENCY
S

g’
.“‘

_ -
. . v National
L‘ﬁ:‘f'ﬂ“ﬂm’:’{?u - m 1
— Cyber-Physical Systems (CPS) L Science
N —— Foundatlon
BH RO SHIE, B% ME”

RRCPSIAHIE)E; ElGE 75 5] 1" IR
CPSRZF3ie) . ek 15 R MIZR A TR
AF-RESRAHNAH>RBRA  Geesas
RERARITNS BBREH- KR s
SERAE . RemARR RN 3

33Tk nana w
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Example: Automotive CPS

- Safer Transportation
Reduced Emissions

- Smart Transportation
Energy Efficiency

- Climate Change
Human-Robot Collaboration

Bz IR Ea L IE4EhL

AURRIEDT SR

BIETGERIN HiT X EL BIL L RO ez EERE (RS
Li5TH HUL it44

Peking University



Example: {ZH NS & =S+ IRNES

Peking University

1}
Chang'e-4
COMMUNICATING WITH
THE FAR SIDE OF THE MOON

QUEQIAO RELAY
SATELLITE

EARTH-MOON
L2 POINT,
HALO ORBIT o

- & - -7 //
EARTH -

o .

s L- MOON ;, -~ /

@ '
LUNAR LUNAR L2

NEARSIDE FARSIDE

LANDER &

1

[

1

1

1

\
v
2/

S

GROUND

‘ STATION COMMUNICATION ON THE FARSIDE

- (EARTH) S-BAND, X-BAND, AND UHF
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Power supply

Controller

Example: Lab-on-a-chip

Transporter
outlet

| v
e Uolf
U Reacto Q
Separator é& o

Mixer

Signal lines

- Precise droplet control
- Real-time analysis

\

O v g‘,u}—_ — l 1\;._ = — S
WASTE WEN/TME = _H:EEHOGIQBIN CELL
i :—,»\' -. ,'“t/,-t
o)
SAMPLE
Transporter
@
Source: Lab-on-a-chip: a component view

(7A)

) A0)

i
 MIXING CHAMBERS
= STORAGE

-

MICROCYTOMETER
———
N = e e
. - -

0

~ -F -

!l O O .

O————=-8 6 & &
SAMPLE AND REAGENT INLETS

Peking University



Example: Smart Bandage

a
\\\\ Wireless
smart
bandage

T

Electronic
components

Circuit
traces

Sensing

Stimulation
Fan o

Oscillator

External devices Biointerface circuits

Sensors Stimulation
Power

Q&*
N

E Energy :
! i

PC/smartphone

Oscillator
Resnstors and

________________________

Peking University

Intersection of :

- Material science
- Electronics

Embedded Systems

Jiang, Y., Trotsyuk, A.A., Niu, S. et al.Nat Biotechnol 41, 652—-662 (2023).
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Development Flow of CPS

- Modeling is the process of gaining a deeper understanding of a
system through imitation. Models express what a system does or
should do.

- Design is the structured creation of artifacts. It specifies how a
system does what it does.

- Analysis is the process of gaining a deeper understanding of a
system through dissection. It specifies why a system does what it
does (or fails to do what a model says it should do).

Peking University
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Motivating Example of a Cyber-Physical System

Modeling:
« Flight dynamics (ch?2)
(see Chapter 1 in book) - Modes of operation (ch3)
* Transitions between modes (ch4)
« Composition of behaviors (chb)
« Multi-vehicle interaction (ch6)

Design:

« Sensors and Actuators (ch7)
 Processors (ch8)
* Memory system (ch9)
« Sensor interfacing (ch10)
« Concurrent software (ch11)
 Real-time scheduling (ch12)

Analysis

STARMAC quadrotor aircraft (Tomlin, et al.) 2EE iCe'f%'nngg; ?‘];ebbeehgi/\i”oorr (E;Chhllélg))

ZHRET A - Verifying safe behavior (ch15)

- Guaranteeing timeliness (ch16)
« Security and privacy (ch17)

Peking University
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Design of STARMAC Design

RS232

LIDAR V
URG-04LX l .
115 Kbps PC/104 WiFi

10 Hz ranges USB 2
Pentium M ﬁ 802119"‘
Stereo Cam Fi 1 480 Mbps
irewire
Videre STOC 1GB RAM, 1.8GHz < 54 Mbps

30 fps 320x240 400 Mbps Est.&oontrol | @ s
GPS | VUART Y
Superstar |l 19.2 kbps 'Y Stargate 1.0 WiFi
10 Hz & . CF
. : Intel PXA255 802.11b
UART | 64MB RAM, 400MHz T < 5 Mbps
IMU 115 Kb, UART: _
UART : Supervisor, GPS

3DMG-X1 : :
e m ﬁ:n[;(g);t:;g ...........................................................................
Low level control
Ranger I2C r. PPM

13 Hz Altitude

'ﬁ"ﬂgr Beacon ESC & Motors
Ini- . Tracker/DTS . :

. Timing/ Phoenix-25, Axi 2208/26
10-50 Hz Altitude | 20 1 Hz

Peking University



Think Critically

- Any course that purports to teach you how to design
embedded systems is misleading you

- The technology will change, rapidly!

- Qur goal is to teach you how things are done today, and why
that is not good enough.

Courtesy: UC Berkeley EECS149

Peking University
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Outline

- Introduction to Cyber-Physical System (CPS)
- Introduction to Embedded System
- Embedded System Hierarchy

- Development Flow of Embedded System

Peking University
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Historic Perspective:
Embedded System Depends on IC Technology

“ EAXERARLL

HHENRIARRE

Apple Macintosh Acorn Archimedes & ¥ —

[T BoERR ZEER
1 MIP b33 10 MIP 4bFia3 200 MIP 4b# 2%
... RISC#

BRARRABZH X (AT 58)

— L2 LAY R A AR G0N SE B

Tektronix TDS7000
Digital
Oscilloscopes
4
2

Nixvue Digital Album

Market Moving to 32 bit and ARM

32 Bit Microcontroller Market stem Level Design Activity

B Core based Designs %
§
4
i
2
1
[}

2001 002 200
Source: SIA, November 2000 Source: Gartner Group, November 2000

&
!
c
2
i
]
=
]
=

“ARM Is the leading c: chitectu nd expected to remain number
omico January 2001

1.3. SERATUH MBI P ERFIIR 1

RISt E&%H‘J%ﬁ&‘fﬁ% U‘FS?@
0 fifiEsR s
o EfEREO

o WmAmmRE [
o wETEED R

L3 1B AKX R Gk 09 B R EH

LR B A RN X E R
o > IR B

> Lt Ak £ % (RTOS)

>BAE R B AR e (AP])
> . A2

1.3.2 g #h#2 FFBootlLoader /43

Peking University
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Historic Perspective:
Embedded System Depends on IC Technology

getEaH
13 N =i 3
S e et RGN BUHEEE g 2025207
1965487 1965-2000 2000-2007 2007-2017  2017-2027
T

#3|5: %35 o Sttt o M2 FnFET T RS
- EENA - B3O ASnmT% FinFET 758 (2016)
- RtE - EIEHEH LR @o07)  (011) (019

or | EinegT (2002) ETF LT
350nmIZ 1 IS SRS
4 (1995) (1999) CoWoSith
L KSR A
sy (1985 (2019)
DRAMIZA Ef(1974) . o 4nm 800
s TTPURE nm .
ﬁgﬁéﬁgg@os e IBM TrueNorth ﬁ_;%jmégg F{%%{zlé%‘su 5 IR FAERA
Aeppragy PR (1963) 4G KERHESA | (2017 . 3 &y
= '(TS%E)EE” (2009)  (2014) G (2022) ISR
/N . . — e
B PRAMPY#E v iPhone B 21002848 sz L
o = == i =1 ) =]
BN TS (2000) SO GA(2015)  GPUR017) . ieiEmEs
% E/NARDSP (1984) (1993) 0D . EgEs
LIS HAKbit AT e T
TR g ORAMIE v (1979) e 231N F: 251N F: 251N F: ARSSH=
s (1065 (1970) E1M4-bitk (1985) - Web1.0/20 - EHEFH - FitE
(1952) 4%3%5(5@‘;:15) - FILEIRSS - BOEEHER - REFS
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K210 Architecture

CPU x2

s BETITHMERIOOMHz, FEHEMIFPU (BEEZR)

KPU x1: 8122 /2% NE 28
- EI k. BE

APU x1: iEZAMESR T
« Beam-forming. P&EX#£. FIR. FFT
. 5L RIESHRTMBUE, 160N

SRAM x1: 8MB

« HA2MBAKPUE H, FIS6MBHAAEFNERLIELA
DVP x1: #E#Rk#ENQ (83 A)

« N RGB565. YUV422

« 4 RGB565. RGB888. YUVA22MIYH =

« XFENERADFEER1920+1023
DMA x6: 6 NBIE

Peking University

TSMC 28nm

DMA

DAV

JTAG

AES

OTP

FPIOA

KPU
CNN Accelerator

Accelerator

GPIO

UART

w
A,

RTC
S
12C
Timer

WM

=

DT

SHA256




K230 Architecture

CPU

KPU

DPU

VPU

BRI

RE&EO

Peking University

eEEN
CPU 1: RISC-V %338, 1.6GHz, 32KB I-cache, 32KB D-cache, 256KB L2 Cache, 128bit RW 1.04"' /&
CPU 0: RISC-V #1288, 0.8GHz, 32KB I-cache, 32KB D-cache, 128KB L2 Cache
FRFINTS #1 INT16
BTIFLEIEEE: Resnet 50 = 85fps @INT8 ; Mobilenet_v2 = 670fps @INT8; YoloV5S = 38fps @INT8
3D EMARESIEE, FRASHIFERRF1920%1080
H.264 #l H.265 (RISBAHEBRA S HEL 1540964096
{EFBaRIEAE: 3840%2160@20fps
fBFaaR1EAE: 3840*2160@40fps
JPEG (BfiFFDER: IFEA 8K (8192'8192) H¥AE
SIERA3M MIPI CSI(1x4lane+1x2lane) X 3x2lane
1B% MIPI DSI, 1x4 lane & 1x2 lane
B HEE 19207 1080@60fps
5x UART
5x12C
6x PWM
64 x GPIO + 8 x PMU GPIO
2xUSB 2.0 0TG
2 x SDxC: 5D3.01, eMMC 5.0
3xSPI: 1x OSPI+2 x QSPI

WDT /RTC/ Timer

K230 Block Diagram

High Speed PMU Subsystem
unglsS fz.o Storage Subsystem CLK&POR RTC
DDR3L/LPDDR3/LPDDR4 | SRAM 2MB | | SDMA/PDMA |
x16b/x32b A —
5D/eMMC 1600/2133/2667/3200Mbps Decompression 2D Engine Power on Enable
HC x2 500MBps input 0SD/CSC
SDR104/HS200
Al Subsystem
SPI OPI RISC-V CPU1 RISC-V CPUO -
DRT200 C908@1.6GHz C908@800MHz KPU Al 2D Engine
o INT8/INT16 Affine/crop/resize/
X ONNX/Pytorch/TensorFlow/TVM Padding/CSC/shift
32KB I/D L1 32KB I/D L1
SP1 QPI x2 256K8 L2 128KB L2 FFT
SDR100 4096 FFT/IFFT ‘ ‘ SRAM 2MB
Low Speed Multi-Media Subsystem Security Subsystem
UART x5 MIPI CSI [ AES/SHA/RSA/ECC
3x2 Lane
x4 + 1x2 Lane Video Subsytem . " SM2/SM3/SM4
12€ x5 HaB4HEVC N Vecolai
;nco:er Zii(o]?)s 1 Graphic layer TRNG oTP
PWM xd sp ecoder ps CSC/Gamma/Dither 160Mbps 32K
X
2K@30fps JPEG Encoder/Decoder 1080P@60fps
ADG DWA\Down Scale\HDR\CSC\AWB Up to 8K Sysctl
\BPR\LSC\CPROC\AF\AE
12b@1Mbps
Timer x5 TS x1
GPIO x64
3D SL Depth Engine MIPI DSI WDT x1 CRP
720p@34fps 2.5D GPU Engine Tx4/1x2 Lane
Codec/I2S 1080P@10fps Mailbox

21



KPUEITEIRREF I MLE

o WLZE A\ BE T jE [feature mapR T AR AKF 320256, A/h\F4x4
Stensorflow X 3 M EEEHEMEINHWCHRE, KPUXIFHEIEHEHE R INCHW

300301 -~ 303 Physical data layout
/ NCHW, NHWC, and CHWN layouts
lo20021 - o023 5

000001 -~ 003]| 027f6317 ~ 319 [2:0] (a] [a:2] [a:3]
- e NCHW: [ooo[oo1]oo2]oo3]o04] .. Jo18]019][020] .. [318][319[320] .. [ .. |
039
016017 =~ 019 =0
W [b:0] [b:1] [b:2] [b:3]
620621 - 623
NHWC: [000][020] .. [300[001]021] .. [283][303]004] .. [319][320][340] ... |
624625 =~ 627
|340 341 - 343
320321 -~ 323] 347p6637 ~ 639
324325 -~ 327 [c0][c1] [c:2] [c:3]
359 CHWN: [000[320[001][321] .. [003[323[004[324] .. T .. [019[339]020[ .. |
336337 -~ 339 =y

Peking University



KPU

© XFRVEE HSR

ksize stride required tensorflow padding

1*1 1 samemgvalid

3*3 1 same

3*3 2 HiRaiSfeature mapFafipadding—F8, AEERATpaddingZs={Avalid

« XFrMdepthwise — 4%

Input ¥Wolume (+pad 1) (TxTx3) Filter WO (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
[:,:,0] w[:,:,0] 1 0] [ 0

X :, wl[:,:,0] of:,:,0]
offoffoJo o o o N E -1 -0 [L]o -3
ksize stride required tensorflow padding e E]r 2 20 o |t T 311
offogrfr o o o =1)|-1{0 -11 0 4 =31
0 1 1 0 1 0 0 :,1] wll[:,:,1] ]
3*3 1 same o N O 8 N W [0 g 1 10 -1 6 —4
00 2 0 1 5 0 |I-1 =1 |08 =1 -2 -3 4
3*3 2 HiHaIGfeature mapFapadding—E, AEEFRATpadding/5 = Fvalid 00 0470 o e L HEE
. N wll: 272] wll:
=i, 1]
ofo oo o 1 101
oLt 7 0 1 ]t O )d
° i?%al\]poo“ng ) 711 2 o -1 0 -10
SR Eee Y Bias (1x1x1) Bias bl (1xlxl)
0N IO EZRN RISS-EA NiN () b}, :,0] bl[:,:,0]
ksize stride required tensorflow padding 02 071 2 ! 0
4] 0 0 0
2%2 1 same 0 Jfo o 0 00 ol .
offzqo 2 072 0
2%2 2 WM feature map size2ksizefUEEES, samemvalid; BMvalid o o P
) . an ! . 0 2 0 2 0 0 0
4%4 4 NERfeature map sizeEksizeA9EEE, samegvalid; F/Mvalid 0001120
0 0 0 0 0 0 0

Peking University 23



KPUTI{EiREE

TR ERINGERZ R A ERFIMAINE B R FE /R B8R AK210TiEFTRIME T

© XFFRVIIZAEZR

* Tensorflow. Caffe, Paddlepaddle

- B

* 8bit. 16bit

© XFFRIRIE

* Conv2d. DepthwiseConv2d. FullyConnected. Add. MaxPool2d. AveragePool2d. GlobalAveragePool2d.
BatchNormalization, BiasAdd. Relu. Relu6. LeakyRelu, Concatenation, L2Normalization, Softmax.
Flatten. ResizeNearestNeighbor

Peking University 24



HEflF: MWPEEitiEs

= 243
TN J:|l < «  BPU, DSP # CPU KA XIS EAHHES

{E5ER CV 5|5
HEVC/JPEG FE{F 4753

Video input Engine Advanced Security Connectivity

MIPI CSI-2 RX

Parallel

0 8P ' caNFD EI‘]EEB SRRt RIRITRY 1/O &2 0

Video output Dual-core ISP Hel ning Jual-core lockstep MCL PCle 3.0 Bi#{5S4&0
5P IREEFILLRI UK R(TSN) o SERE L RS IR B RZIFHPTP)
2% CAN-FD EOMHEERETTETERAREN

HEVC /MJPEG

Codec .
MAMD/Hyperflash

i X -Q100 Grade 2 - e
16nm FInFET = 27X27mm HFCBGA AEC-Q rade e A EINEER S EE R

BB, WEHRDINEE
METTEM 1/0 B0
ARM {E1EX, Ff4Cryptoili&5| %

Peking University



Outline

- Introduction to Cyber-Physical System (CPS)
- Introduction to Embedded System
- Embedded System Hierarchy

- Development Flow of Embedded System

Peking University
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Embedded System Abstraction

\ synthesizable

\ actor-oriented \
performance
mode six \\Llnuk processes
1 threads task-level models

\ VHDL programs

VHDL programs

standard '\
cell
~ designs
FPGA configurations
x86 programs
‘\Aﬁ&h'ps \ \ .
mlcroprocessors

silicon chips

Peking University

The purpose of an
abstraction is to hide
details of the
implementation below and
provide a platform for
design from above.



Embedded System Abstraction

Sometimes it is too hard
to isolate layers:---

silicon chips

Peking University
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K210 Hardware (Revisit)

Peking University

CPU x2

s BETITHMERIOOMHz, FEHEMIFPU (BEEZR)

KPU x1: 8122 /2% NE 28
- EI k. BE

APU x1: iEZAMESR T
« Beam-forming. BEX#£. FIR. FFT
. 5L RIESHRTMBUE, 160N

SRAM x1: 8MB

« HA2MBAKPUE H, FIS6MBHAAEFNERLIELA
DVP x1: #E#Rk#ENQ (83 A)

« N RGB565. YUV422

« 4 RGB565. RGB888. YUVA22MIYH =

« XFENERADFEER1920+1023
DMA x6: 6 NBIE

TSMC 28nm

DMA

DAV

JTAG

AES

OTP

FPIOA

KPU
CNN Accelerator

Accelerator

GPIO

UART

w
A,

RTC
1S
[2C
Timer

WM

=

DT

SHA256
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K210 Hardware (Revisit)

Peking University

FPIOA x1: 17Tl wIZIOMES
o BT E NI ThEE B B4 M IO F

GPIO x40
UART x4

« #EFEFEAUARTL, UART2, UART3, E4FKiX5Mbps
« EFUARTOX AT R

SPI x4
* SPIO. SPI1. SPI3Amaster, SPI2Aslave
« SPIREEEHIMNLASH, SPIOBEERE
« Masterft$hiE FIA80MHz, slaveRt§hiE BFIA30MHz

125 x3
© BM2SKRE S E AR
* 12507] IXE#EEIAPU

12C x3
ERE8 x3, WDT x2, RTCx1
FFT x1, SHA256 x1, AES x1

TSMC 28nm

JTAG

AES

oT

FPIOA

P

KPU
CNN Accelerator

APU
Audio
Accelerator

GPIO

UART

SP

RTC
S

12C

Timer

PWM

WDT

SHA256
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Software for Embedded Systems

Application Program

Application Programing
Interface

Operating System

Driver

Peking University
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Software for Embedded Systems

Example: FT2232H

Application Program

Application Programing

Interface Single chip USB to dual channel UART

(RS232, RS422 or RS485).
- Single chip USB to dual channel FIFO.
Operating System : ﬂ_Til;eC\a/vise Single chip USB to dual channel
Single chip USB to dual channel SPI.
: - Additionally Single chip USB to dual
Driver channel 12C.
Single chip USB to dual channel Bit-Bang.

Peking University



Software for Embedded Systems

Application Program

Application Programing
Interface

Operating System

Driver

Peking University

Example: FT2232H

The device allows for configurable |/0
drive strength and slew rate, and it
incorporates a highly integrated design
with a built-in +1.8V LDO regulator for
VCORE, power-on-reset (POR) function,
and an on-chip clock multiplier PLL.

33



Software for Embedded Systems

N R

Application Program R0 A
AR
L)

Application Programing
Interface

N/ IER G

= A
Oy

BHEa

Operating System

OS: %/ M1T/ BN IEFEHITXE

Driver

Peking University



Outline

- Introduction to Cyber-Physical System (CPS)
- Introduction to Embedded System
- Embedded System Hierarchy

- Development Flow of Embedded System

Peking University
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Type | - Compilation Work Flow

Multiple machine code pieces

TS One piece of executable block
Assembly

Compiler Assembler Linker

DIEEE

Machi d
achine cote Hardware

Peking University
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Type Il - MicroPython + Bare Metal Program

- MicroPython was created by Damien George, with initial
release launched on May 3, 2014.

- |t is actually a program that runs on MicroControllers, and is
itself written in C language.

Proper Python with hardware-specific modules

MicroPython is a full Python compiler and runtime that runs on the bare- from machine import Pin
metal. You get an interactive prompt (the REPL) to execute commands L
. diately. al ith the abilitv di t scriots § the built # create an I/0 pin in output mode
immediately, along with the ability to run and import scripts from the built- p = Pin('X1', Pin.OUT)
in filesystem. The REPL has history, tab completion, auto-indent and
paste mode for a great user experience. # toggle the pin
. . . L p.highQ)
MicroPython strives to be as compatible as possible with normal Python p.low()

(known as CPython) so that if you know Python you already know
MicroPython. On the other hand, the more you learn about MicroPython
the better you become at Python.

VIN: 3.6v - 10v power input
( 58

In addition to implementing a selection of core Python libraries,
MicroPython includes modules such as "machine" for accessing low-level
Micro Python pyboard

hardware. 4% PYBV1.0

connect BOOTO to 3V3 and press RST to enter DFU mode

micropython.org

Peking University 37



Type Ill - OS + Python

Raspberry Pi1 0S

Your Raspberry Pi needs an operating system to
work. This is it. Raspberry Pi OS (previously called
Raspbian) is our official supported operating
system.

Based on Debian Linux distribution

Peking University
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Software for Embedded Systems

FLEINASAB 20HHLC80F R IU
K, Bl—EEMResT KL
NiRtFRE, MNREBRINEE
& "2 “B=="4HXF TRTOS
(VxWorks), B5S5XFRRIER
A PHF—TE NN 128 MBHY
ZEEFN T E&EZONER

Peking University 39



Real-Time Operating System (RTOS) Example

@
a
CLAN A~ KERNEL LIBRARIES SECURITY SUPPORT PARTNERS COMMUNITY ENGLISH ¥ Download FreeRTOS

Download FreeRTOS

Download the latest FreeRTOS and Long Term Support (LTS) packages below.

The FAQ describes the difference between individual libraries and library packages, and provides links to individual library repositories.

FreeRTOS 202212.01

Package containing the FreeRTOS Kernel, FreeRTOS-Plus libraries and AWS loT libraries, along with example projects. Source code is
also available on GitHub. Separately, the latest FreeRTOS Kernel can also be downloaded from here.

Download

FreeRTOS 202210.01 LTS

Package containing the FreeRTOS LTS libraries, which includes the FreeRTOS kernel and loT libraries without example projects. See
the LTS Libraries page for additional details. Source code is also available on GitHub.

Download

Peking University

~as of 2023
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https://www.freertos.org/

Real-Time Operating System (RTOS) Feature

Regular OS

Complex
Best effort
Fairness
Average Bandwidth
Unknown components
Unpredictable behavior

Plug and play

Peking University

Real-Time OS (RTOS)
Simple
Guaranteed response
Strict Timing constraints
Minimum and maximum limits
Components are known

Predictable behavior

RTOS is upgradable
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oftware for Embedded Systems

Application Program

Application Programing
Interface

Operating System

Driver

Peking University

S

NVIDIA.

CUDA Runtime API

APl Reference Manual
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Development of Embedded Systems

- FF AR
- IDE (Intergrated Development Environment) : X F KR E—/EN
—NEESmE. mELEiEE. B, TEEE MKKESINEEE R
- 12181 (On-Chip Debugging, OCD)
- EFIJTAGHIICD (In-Circuit Debugger)

- AR URIE (A0QEMU)

- THEE R (F&1R)
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Hardware/Software Codesign
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