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= Disappearing computer
= Ubiquitous computing
= Pervasive computing
= Ambient intelligence
= Post-PC era
= Cyber-physical systems (CPS)
= Internet of Things (loT)

} information anytime, anywhere
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B 2H|C|E A EQ|0{(Embedded software)
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= integrated with physical processes.

= The technical problem is managing time and concurrency in
computational systems

B Cyber-Physical Systems (CPS)
= integrations of computation with physical processes

= Cyber-physical system (CPS) =
Embedded System (ES) + physical environment
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A/D : Analog-to-Digital converter
D/A : Digital-to-Analog converter

MMI: Man-Machine Interface
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Ubiquitous/Pervasive Z & E!

B Ubiquitous ZA & &l, Pervasive ZA &l
= Information anytime, anywhere
= Ubiquitous computing - 1998 Mark Weiser (Xerox)
« ubiquitous — =X 0| HX|SH=, O{C|Y|L A=
= Pervasive computing — 1999, IBMO| K| 2tst 74
= pervasive — BtQSH=, (M F4A) AHEE=
« disappearing computer, calm computing, interconnectedness
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Mainframes, servers PvC era >3

PC Singularity

1950s 1980s 1990s 2000s 2010s e

AFE QIE{4ll(Internet of Things: l10T)
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= AbE(things) = smart device, connected device
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Jervasive

TEMS | UBIOUITOUS COMPUTING | INTERNET OF THINGS

Pervasive Computing
Low-cost,
UBIQUITOUS Embedded Y
MOBILITY computing low-power

connectivity

1oT Smart material and design loT applications

MULTI-DEVICE
EXPERIENCE

Pervasive computing applications
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= ZtEHSE =2 LED, 7-segment display
= 2Zst Z3: LCD (Liquid Crystal Display)

B QU CIE A[AED Q& AlA-Iel HZE

= Serial/Parallel port
= USB (Universal Serial Bus)

» B/ E0| FH K| (USB 2.09| 42 480Mbps)
= |EEE 1394 (Firewire)

= L& HIO|EHE ?lgt 1% 2IHE 0]~

AME

14

HHIC| = AMAH SIERIO - HERHS EA

B HERF FA
= LAN: O| 4l (Ethernet) (IEEE 802.3 =)
« 2HZS FKRE AZ
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= WLAN: 2M HEQ3
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= PAN (Personal Area Network)
= Bluetooth (IEEE 802.15.1)
= Zighee (IEEE 802.15.4)
B WiFi (Wireless Fidelity) - WiFi Alliance2| &t &# &
= |EEE 802.11 7|Hto| 2 M2 AZA &K ZF AZA(WiFi P2P),
PAN/LAN/WAN td 5& X|&5l= 9| 7=
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Application Software
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Embedded OS

| device driver
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Hardware T~ Sensors

Actuators
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B FA (Factory Automation)
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TYPICAL FLOOR

36




oIH|C|= Az EQ0jo] SX

idcl= sw

ol
Lizﬁa Z2MHM eigjn|c)of
Al X

2200140 A Ol0| 32 Z2AM
Ak 47243000000 & 97%7t bobs= k-
HFE 012/2] 7|7(0) ME

37

UHC|E A ZESQY 0] 7EetZ
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BDM, JTAG, ICE/ FE 99
(on-chip debug)

NFSZ O EA|Z] THY A|AE
(&, 7|et RE2|E| Z8)

-SAEOM T2 T - EF Al2Rol M 2203 HX
- 28 AZEQ 09 cross compile ol Al s
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B SIE9|0f= H|E0| gH=E (recurring cost)
» B2 Aol i
B ATEQ= 138 A A H|&(non-recurring engineering cost)

- H82 759 0
EX o BH U8, DoD Embedded SOFTWARE
|- Sysiem Costs COST —",o
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1880 1082 1084 1088 1688 1000 1962 1984
‘Bource: Software Requirernents: objects, lunctions, states; Davis, 1993,

39

QUHICIE NAHO| S5 S4

B Reactive (HI24)
= QIE ARZO| BHZ310] 2 (A 4H)0] O] R0
» MU FR:
= FIIH A
= HIF7|1H Atd
B Real-Time (& A|Z})
 BEZ SEO| Al J(1I°*0I U=
» FOT A0 CHBM Hol Tl Al ZH(deadline) H | L{O|| X 2| 3H{Of St
o X 2ot L0 % M7t Ldst= Al AH
= AIZHHSF2 Z|CH AlZHE BFOFL| 2L X AIZtE XIFE = US

B Real-Time M 2|7} Real Fast H2|ZE 2|0|5l= A2 Ot

40




MA|ZH A 2RO

OR¥

=
T

B 2 (Hard) AA|ZEAJAE
« M2| 20| deadline H7|= A0 A|AHIO| AlZtSH HBt
£ time-critical £4& Zt= A|AH

o

m Q1Y (Soft) AAIZHAIAE

- H2I%R0| deadine2 §7I= P AIAHO B XL £l ALY
= deadiine 01t AIZt XO[of 2t ZTkel B Moot ezt

41

Zh M 282 of

Process Control (Chemical Plants)

Factories (Automotive Assembly Plants)

Supervisory Control and Data Acquisition (Utilities)

Medical Devices and Healthcare (Medical Robots and Equipment)
Computer Peripherals (Laserprinters)

Automotive (Engine controls)

Telecommunications (Cellphone Infrastructure)

Aerospace (avionics)

Internet and Multimedia (Videoconferencing, IPTV, Skype)
Consumer Electronics (Mobile phones, TVs, set=top boxes)
Military systems (missile guidance systems, radar systems)
Space sysems (platenary rovers, rockets, satellites)
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