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EHAEME SLH, BAERGIESBIEIE e
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SO, AR AL . IBLLH AT R
FETREERRE s CHR IR R G TR T
BN %, SCBLT HAE IBM 360 R 51K IIHLF
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U L FHAE [ . 20 thed 70 AR08, 26 DLJR 52
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(D https://www.wired.com/1996/12/esgage/.
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DRI, Bt 0T PR A U8 ) S AR A o PRS2
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it B2 1 R 96 A P 114 o S S R RGN )
HE RAZITAAAE 20 4E A", B 20 4E B —
W R SR, HEA R —UERE RS . F AL
B (20 42 60—80 4E4L ) Y IBM 0S/360, DEC
VMS FIUNIX, N ATHERME (20 20 80 4E48—2000
4F) 4K Windows FIFFUE Linux, LK shiT
R (2000—2020 4% ) 43K Android FISEER i0S J&4 A
BRI AR IRAE RS, P99 T & F SR EE R

(2 http://radar.oreilly.com/2010/03/state-of-internet-operating-system.html.
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228 (AWLY ) @hA3Z 761 T3E (ubiquitous computing )
AR IEAEFF IR o 48 2 BREE A Bt 7E kL Statista &
A BECR® 2019 4F A BRIGE I A9 W T I A £ 3k
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[T/ M 53 - SN iL 73 R g o N L
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RS LA, TACHUSE N 45 2812 7E W B L T
W7 AR B, Rk R R G AT
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(3 https://www.statista.com/statistics/1101442/iot-number-of-connected-devices-worldwide/.
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AR 3 vwos IR BE R G TR, 2408 RO
A7, K RTRERT R A A AR R e
B L2 w4 Hh LK S 7 W e Sl B AR I FS S 4R &
4t AliOS; HE Nl KA T M 25t . N
REZ Ui A E R 419 5¢ OS Fll Open Harmony 45, IHAF,
LT ARZ PRI T R E R SE, A FreeRTOS
RIOT. Zephyr. TinyOS. Contiki. Android Things 4%,
MK LE BT AT A BT X2 TR A S B E R G

AR R G R ML e R iR A R
ERGH AR BBE AR EZ e R ST A Y
Je, TERIRAEH . MLOE . AL E . I
T3 AT TR EARIRR . I AIRER G2 —
KHEBEPRYIRIMERS, BT 20 22 70 FRW R
Hlo BRHL (single-chip microcomputer ) 4, 13175
DL EZEAAF, TE R — D RE R 58 3 I I R T3
BE, TN T M A ] A, PR
(‘microcontroller ) o FfL R AL/ Ml 5 (4t BB RS 7E
FREFARE BA” TR E RN RE, AR
ARG R HARE R G EREZ L, 3T B R S5
M ZAETHET 2. ARG 3 ) s
TR R, JF H S5t R HiacH, HIKT
B R, JFERUES A (R E:) o A
i, WP R G HOBT I OCTE R — 0T, SR
XFCHERE BN AE R LR E -
W-di” FETHRR SR, MISE W EEK” H
by S3—Jr T, SRS SRR A BE ) Y SE—Hh
2, NI GERCH IR M B A e 7 ARRAAE 4 FH ik
POTTAEFRME | AT AR | AR R AP AR S PR B
SESEA . HHWER M ERAE RGEIUIR, HAARA R b1
TR, TETFER . SRR . AP E., Le
PR A8 J5 TETHIHE LA 2 AL RS2 AE TR TR oK
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ARl Ez AT AR BB AR TR X 7 B 44 R
G KBRS . BER BRI - -1 -

Y JhE N B S RO HOR A R A
“Ui " RURAA RS B, AT BT A R 2 R T
RN ISP ERE SR, IO 2 SR RLE N s dh S 2
M iz FETTEIREE NN R R BT Sk 19 2 &l {5
PRk PRI, A BT 2 7R T S R A A
RGN R G DGR, 2238 S BT
S HARRR AR, MR KR
I AR | TR PR A5 7 T BB A

BT X 45 FERT AR R G R SR A R BRI X Z
FEVH Y B, SEE L, H AN A A
RS, W8 VU KPR ERGE—urZ#
1 R DA SR RG], IRl IZAE
EAYEZRYS”  (Ubiquitous Operating System, UOS) .
P AETRAE FR G0 SRR R e T 0 U 1) R R
DAz AE R TF R IE4T .t T2 AT 5 Sk
IR . TZAETH R 1 2 R R iy 5
M, ZTERAE RGNS RS MG S AR R
A AT 1) AN 5] 14 7R 2R b S ) 2 A
ERGE, B, Ref “R—8 i, EHEmiz
FEVRVERGE, N S A7 e AT R FH 30 35 4 i 4 24
PR ERIE RS

MERHUIRIE RO L T RS, DIERIERSEFE
TRIZAEH R M BA EAR AR T 02 AE AR T e A
H, WRRZAEN I RBAT, HAZIERA ., Z4Eh
B, RETE . RBRROAG . REER . AR
EERNRPE SIS L (S W 3 R S o S )
FE CPU Iz . S0mf, FIRENRL, LhJe k. 3K,
HLORET IEMEHEREE SR IARAE R G L5 AL R R 1Y
AR, ZAERIERGARTH T X TR
BT HHIRERG (W RERIERSG ) | THiIn) 45 B8
HY SR e BRGEA FOEIER R
TERGR “BRE™ R 5B DhREAIR, WHFRIGEZ
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X R 5t 3
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(1) thas#Hiamna., 5@8HA0NNITE
Bl B R Re L um AN, 2T S A L T
Mo RERE. MRS, W EREBERS A E
il ke, wrEAl, [RREEAIRRERE . (R &
AIRE . SIRMESEMERT, SO R AR RAS R T
FRPRR . AR TR . A ST R I AE
FFTCAEATERS , INZ R NFER 4 ok i) B2 7=
Wi, ST AR E R G REATHIIE . SR E R AR
il SR R A AR AR e —— s AR Bl . RS
REME RN, BERETEHSHEEHA . ARE
B ORHADNEIRRE S, DAE R PR iz AR R s

(2) B AM L S L ZHERE R E
Dy TR AT RN RS L AR 24N AR
LERN I, TERR S . R R e
SCHFE AR BT | BT St AL . X AL
YRl & 5 ST E IR A RS URG | 1B HAE
PAT . RS54 M SRR T A A RGNS, T
BRI AR  BC IR RY DL A i AR {7 A
“HIET BRRERMEEEGE . AR CTOR” R
PBIESR s JFH., BT ER A SGRFRE 2 2 U
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FIRAE T S ETRT, SCRRZ AR AR, BN
R, T BRSO AR T e (AT) BOR
SFMEREPE, SCRELMRACRD L E TRy X K
AN, B E S R AU A T & TR 3
T BTS2 FE R HZ AT (runtime ) , J7fH7E
TZAEFRSE T SN2 A A B bR & T 35 A s I AR

(3) T E5%A%E. TYHKSHRALENI
RAWIFFIL, RGeS T2 AP O 18 1 5 25 il
PR . A AN Z A 3h B om0 A L, T EBA N
Zag, B Ac CGEF) 7 M “dEg O
B U AT MR, R RS A SRR R4
('security ) FIBRAA (privacy ) o MFEANAIY G402
e R A, RN B R RGN
LEEENE, 2 2 EARRPRE, FHEEA
MWL G RGeS T 5817

AT, N ALYl 2 e T B 08 i 2
ER RN, Bk B R EIF A m . T A
PLY RSz e TR M Sl v . L MR, 27
Bl RGA TR L& T AU A A7l & &, mifr
b I 35 557 1 22 B R A SR AT M A A A 2SR
HARE . B, RO M A ERAE RGO AR AR
& Windows Hl Android AR#E A ZE X GUE# , Tk 52 B
EANRMERGAEBIAEN Z o0k R . ZHERIER S
PR L et RGE I A & [, A B s s
KA RN, X TCHE WA RGBT ST
RIAE R GEARIE AR 1 MERF I D) s PEALIE .
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4.1 REEEHRRIFRAARZFE LAEMREE
MR A . RS, FREEAE RGN
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IR TR b Z 86 TS F e R G fE 2
TH SR BT 22 WA 32 R 2 e, AR T IR
MHEAE RGO E . IR, RERERG N KR
TR E B e, BB T PR 3 I R R R
BAERGE, EMRACIHZE: 20 el o0 4R, &
FLERRE . 245 Unix; #EA 21 25, JFURRIETIF
8 Linux #84F RGN HEA TR B E A 0T & . 18
B e RGO, EN) R AEAZ LU Android TR
T H ( Android Open Source Project ) “AJLfliHEFT — ¥k
Tk TEMSARERG I, ENT R 724
PERGE, FFTEN AR RE R A Oy T ik 2 1
E5] 17 i )

SRR, fEmI BT 6 MG E RS
JRFEIE [, FREDLE TIREE, BERE B TPA%ERE
BAERGAES TR, B R IIn 1 2 FAE.
SR, T E LR R AN, R
FEIE L LU CE AR R bR 3 A R AT 2 s
0, TEARLLS Ty, Wy, mm ARSI
TR B W, T AR TT R AE B R R Ge B P
Rt R
4.2 BFUHERENRERGRETRNTIE

AT, T EIETE R I T o E R 4
TrA R, 20214510 H 18 H, iVl icfe ik
RBCIR R s TR BT 2 U R R SR A T AR 349K
Gelkez 2wl , BUF AU R R Z R G
27 SRR ZIRET AR, AR A R
R HIRIRETEAH | PUE R IRGE PSR G
SO HE SO R RO A N R
TEFECFHARMIAAZ TR E RS, WAL S %

@ http://www.gov.cn/xinwen/2021-10/19/content_5643653 .htm.
(3 http://www.cac.gov.cn/2020-09/10/c_1601296274273490.htm.

I, AT S HRE, AW SR S
KIER 25,

Wesh & AT E AR R, Xt AML il & 12
TR T E R 28 (6], X5 ) BLIBCOR OC 1Yy
R NS E RIS 2 di ki SRS €/ T A
7N, 2019 AEFR EECF A BF LA 35.8 14T,
A= B (GDP) #936.2%, X GDP K 5tk %
$967.7%7; 2020 AE KU L8 B MR 39.2 T4
TE %5 2017 AEHUBELL B Tl Al AR P S A AR |
RO 2R3 5155 44.8% F139% 75 2020 4F
6 J1 4 B i Al A = 1 A AR A 48.7% 5 2020
A BB LB Tl A ol B80T Al R A B R R T
43.5%", BT AL R E oA T G R R R, HER
B T T 1) J5 9 FLIR B AL B2 A5
4.3 MRIKRITZERERAHTENLENS

ZAEBAE R G R AN RSz AR A S
O, SRR R SR &, TR BRI L A
BOAE SRR R o BE LN, RITHE
FEIRDLE, bt R, BN FRIEZ TEAE RGUHTHE
TR SR BAARTT A 3 A7 TERE

(1) An3gambof A= AS 2. WRAWYRE
AR B AR IR I TR E R G I A R . Bl
PR3 ik, BRTRIBR BN AR DA .
BN ORI E RGO R, T
RGP . RGF-6 . FFR AR T A
Fo BEHRBIIT, INSRIZ AERRAE R G S M BF
RNAREFAR R AV, BOFEA IR, fTHR
Gei e NA B IR SERY . R PR R F R H AT A
RS SUEH, SRE 2 a A . BHIT B Tk AR 4R

(©) http://www.caict.ac.cn/kxyj/qwfb/bps/202104/P020210424737615413306.pdf.
(D http://www.stats.gov.cn/ztjc/ztfx/ggkf40n/201809/t20180904 1620676.html.

® http://paper.ce.cn/jjrb/htm1/2021-07/19/content_446797.htm.
(9 http://theory.people.com.cn/n1/2021/0906/c40531-32218188.html.
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(2) AFFRMELIE AL WO, LT
L BRI A AT R PR, R
L5 1 3 P A R 7 S IR X, sl IR
FEX R . S AT i, PhREHESHRAE R 5
HBARMBAEH; TEZILRGR . &, /K
B FFRT R AT Mo F L w25, TR
Refb iz & M5 BN B PR R BT R A2, @
HAERRA . Atktifl . EEE R iz R A R
Gi R AR IR IR

(3) RBAT LRSS IAFAE S KR 2G5 BEH
T LORERO . B EWOT . B A E R
AT SR, R IEAT A3, S R i ) £ 7
W Gl BRI ENZERERGAS, SHXAT
M ATUAR B S | bl A

202149 H, EXK HARFF RGBS AR
TERE ) “ZAEERAE R G A SR L,
A 9 ] R AR 4R AE 2R e S OHAE S B R 55K
PRA T 1732 76 T3 5 048R 2R 5o B8 B AR A
FESCHTE . 20214 11 A, Tk AR BALER & A T
ORI AR BEORIR S R SRR, R
ZAEBAE R G SR RS, WIS th 2 Ry S
THIR BRI E SO R AEBAE R GOT ARG AL
ARBFFE” V. K W NTESR 2 A R G507 1h)
J5 . BIFFJR T X i M R A B I R SR, IRAE
WTACKAE B HEARRETI b, FF& T Ty
PGS FERE RS W (XiUuos) ™', #5Hh
PR Tl ALY TR BE LR RN R AT, JF U
B R HRCR .

HT T G0 o B LR 2 A S L R 55 7
T BT IR R Gk R BRI SR . AR

WA BEGNE . SEA. HENY, 1E
DR R T, JBREIH A L8G4, —E
AT AT S B B R G A R R HE R T

SE
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Ubiquitous Operating System: Toward the Blue Ocean of
Human-cyber-physical Ternary Ubiquitous Computing

MEI Hong"”" CAO Donggang” XIE Tao'
(1 Key Laboratory of High Confidence Software Technologies (Peking University), Ministry of Education, Beijing 100871, China;
2 Advanced Institute of Information Technology, Peking University, Hangzhou 311215, China;
3 Advanced Institute of Big Data, Beijing, Beijing 100195, China )
Abstract In response to the new patterns and scenarios of future human-cyber-physical ternary ubiquitous computing, a new kind of
operating system named Ubiquitous Operating System (UOS) is emerging and under exploration for further development. The human-cyber-
physical ternary ubiquitous computing has many new features, such as open and dynamic environment, diverse requirements, and complex
application scenarios. New ubiquitous applications pose special demands on ubiquitous sensing and connection, lightweight computing and
artificial intelligence, dynamic adaptation, feedback and control, natural human-computer-interaction, etc. To support these new requirements,
a software definition mechanism is in need to flexibly control hardware, data resources, platforms, and applications. This article briefly reviews
the history of operating system development, summarizes operating systems’ law of 20 years, and deems that the new era of ubiquitous human-
cyber-physical ternary computing has come and created a blue ocean of operating system development. The article analyzes the ubiquitous
computing paradigm and application requirements, defines and explains the concepts of ubiquitous operating system, and discusses the
technical challenges faced and opportunities for innovation. Finally, the article shares some insights and thoughts about the development of

operating systems in China.

Keywords  ubiquitous computing, Ubiquitous Operating System, human-cyber-physical system, software definition
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