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Abstract The rising edge computing paradigm tries to shift some computing tasks from cloud to
devices recently, which reduces the computing load of cloud and traffic load of the Internet. The
things computing system consists of the devices which are physical world oriented with physical
functionalities. It is a great challenge to design a unified system architecture for things computing
system because of the system diversity. The architecture of the modern Web system is an efficient
solution for the diversity issue. However,due to the resource-constrained feature extending the Web
architecture to the things computing system is also very difficult. In this paper, we first introduce the
concept of edge computing system and things computing system, and summarize the challenges
brought by diversity and resource-constrained features of things computing system. Then, a detailed
study of the state-of-the-art technologies, including REST principle, script languages and debugging
technique for extending the Web to things computing system, is presented. Most of the related work
tried to modify the “Uniform Interface” principle to adapt to edge system. We conclude from the
examined literature that things computing system is a massive market, but there is still no unified
system architecture which supports both the Web and intelligence. Finally, we present some future
research directions for things computing system including the unified system architecture, efficient

Web technologies, supporting intelligence and debugging techniques.

Key words things computing system; resource-constrained; Internet of everything; representational

state transfer (REST) principles; things device
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Fig. 2 The diversity of things computing system
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Table 1 The Classification of IoT Devices Based on

Memory of IETF
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Table 2 The Comparison of Operation Systems in Things Devices

R2 MHEEBRERZ LR

Operation System Language Minimum Memory/KB Multi-thread Dynamic Memory
TinyOS NesC partial yes
Contiki C yes yes
LiteOS C yes yes
RiotOS C/C++ yes yes
T-kernel C yes yes
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Table 3 The Comparison of Communication Protocols of Things Computing System in Normal Operating Mode
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Communication Protocol Transmission Speed/Kbps
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Transmission Coverage/m Protocol Standard
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Low 100 IEEE 802. 15. 4
Relatively Low =100 IEEE 802.15. 1
Low 100 IEEE 802. 15. 4
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Table 4 The Representative Application Layer Protocols in Things Computing System Based on REST
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Protocol Cache Support Uniform Interface Support Code on Demand
pREST (pico-REST) no Partially support resource operations, add “SUBSCRIBE” method unknown
ubiREST (Pervasive REST) yes Add “INSPECT” method,support abstract URL yes
TinyREST unknown Partially support resource operations unknown
seaHTTP yes Add “BRANCH.COMBINE” methods, add space-time attributes to URL unknown
CoAP yes yes yes
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Lua 5.3.0 print(“Hello World”) ; 4
Ruby 2.0.0 print(“Hello World”) 24
Python 2.7.0 print “Hello World” 8

WA, A SR T Y E WK & (the
computer language benchmarks game)® %} | iR i
& O A LRI KRR S Ol fasta 4% 20 4%
e VA HE RS 4 #% 2. 4 GHz Intel Q6600, # 4
% 4t & Ubuntu™ 17. 04 Linux x64 4. 10. 0-28-
generic, MK ZE R 4N3R 6 frs .

Table 6 The Result From the Computer Language

Benchmarks Game

x6 BEFEEMNXTEANMNKER

Language Runtime/s Merrllory (,T()de
Footprint/KB Size/B

Node. js 9.79 35012 1745
Lua 45.92 2828 1052
Ruby 108. 36 107 984 973
Python3 110. 91 8024 977

Note: The code size is calculated by the GZip compressed bytes
size.

HiZ 6 A0, Lua (9 N A7 5 T &2 e 2 19
Node. js Jiiz 17 8 B fe PR Y. AIHG » 7 A7 ik 58 DR IR



&

e i 45 . Web fIi BERY #3512 58

579

2ot i s b Lua Fodi 6 R otk /5 o HN
w5 .

4 WimiEE R

P s K2 A g i im AN & Ik K2
SR 2 A% Gt A S 28 g R R R R
WE AR EAL L IE R T AE BARAL B AT BEA A
FHEAE 7 G0 AN AR e 1Y) 2 B8 AR BOR i B L X
Tl A2 i e B A 80 3 0o A R 9T B A X BB i £ 1 1
KRS A 1 i A Ry 3 0T 4 o R R
P BE R (f0 55 ROM {5 2R 7E 28 05 2L 2 Fh )y
DN AR I S| R s L W R A Ly T R N 113 1
X T A 4.

D) BB R T AR O L 8 R TR
Ats ZR K 0 R T B T AR TR IR e 6L
ar b aE R T R B AR 7 7 B ARAL B AT
J7 AR R BRI SR B BR AL A R
AT NI I 2 AT T RE R Ry b 328 1 48 A 4 IR R 4
A B4 AN TR) 2 JBRAT B T o DB g 37 45 R 45 o B RRAE
B R 2E S JCWE IO R T FE B ARAL L ) S bR iz
FARBL.

2) BEVFBEAL. 20 ROM f)f B FMIE LA H 2 Ff
7575, ROM {)j B %8 X # & ROMEmulator™® , i %
B RAM LI K B o el i 2 k. 2 i ok et 101 455 15
JrUF # 3 ROM fif 5 28 1 RAM B, B4 7E H #75
B R Ia AT, X R 7 2ok G T R R e A v A
PR B RRHLI AR A5 % 4. ROM {75 BL 283 4 61 %5 o
MCU ZEH 85 111 % F 0 LR 4 o 4 FH 3 A o 280 3K
2> B FE WA, fEZ 5 B X BN In-CircuitEmulator
(ICE)"™™ . & Al LA A 75 2 0 3 28 78 B A5 & G0 1 it
JE AT SR B I R T (a7 PR LR Y i B A 1
S AT B R 0T 6 R A B B0 B 4
4.

3) WERLAR. BI Monitor J#i J7 k", th T ¥ R
32 BR L 3 A 5 20 2B AL ge i R R B 4y 4 s
e BAsbLAngE EALERE R G T8 1, USB
A WL B AT AR J7 2 3 S AR () 00 Jze A i B IR
S AR . X Pl 5 2 H T AR E R A O R A
B R FE RS LiEfTHE
SEARBL. SR X Rl 2T B H bR ERAE R G0 0 R
Py 32 FE . T8 i 25 3% 0n H bR & 58 % U8 JT 8. 4 an
GdbStub ™ F AR X MCU & R 47 W 32 9 3 1) —
Pl R i 1 I & A SR Y o 3 T ARt
T HOR LA

4) 7E 2% 81k (in-circuit debugging, ICD),
TEL P BT A X0 & F LMl . T
BB A EL 4 B A B B2 LG 2B X 4R - B e I
AR IT R A o3 . i DT B 22— 2 R A
FRUEAL B FE AL B2 . 1] 40 Motorola () 15 5%
A 20 (BDMD - 352 RN A5 I3 /N L 1 T TAG 422
RS Hod JTAG 2 —Fh IF 0 A o 3 42 1
PRUSL B 1 KR o3 i A e 1R 8 SR TTAG 33
B0 JTAG TELRFF9R R DI BE R HT 42 T . R KRR T
TEL P Y LA

BT bk 4 AR A 2005 E R
B AR 25 5 09 J7 3 52 I A R L SCRR 65 82 ik T
—FAE PRI BT B BE T 19 28 I R BackC 5
2 AR b AT R AR R A e A e R
J7 U 0 R e B R A B R A ) Y A R
AR AR ST B I L SCHR 68 R T —Fh LT
Rl B A B 3 D T 2 %07 B S s 7 5
SCHRL69-70 45 A 43 B WF 5% 1 W] 386 8 3 46 AR 5 SCik
[71 J3i a4 FH — AN F2 7 85 £f 11 A Telnet Wh a4
Bt , FHLE L Telnet 5 HARMLEAF. & 7 X 4
FB TR AT TR T b e AR T ik
MRGIFH /N DI REZ il ] P 9 JF HORAAIR, i &
Yy 22 e v A b i T &

Table 7 The Comparison of Debugging Methods of the Embedded System
F£7T MARRGARXFELER

Debugging Method Runtime Overhead  Function Support Difficulty Cost Features
Software Emulator high few simple low Unable to simulate timing errors
Hardware Emulator low much hard high Customized for special platform
Monitor high few medium low Require support of operating system and
debug module
In-Circuit Debugger low much medium medium Strong generality
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Fig. 4 The architecture of Smart Web of Things (SwoT)
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