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Abstract: Internet of things (IoT) is developed to sense and control physical environment. Its control of physical environment is based
on the sensed information and the users’ requirements. Therefore, sense-execute model (SEM) is the core module in software architecture
of ToT. In order to finally achieve the goal of developing IoT software guided by software architecture, this paper is dedicated to refining
SEM in a physical-model driven software architecture (PMDA). The refined sense-execute model is called R-SEM. R-SEM divides the
component of SEM into subcomponents according to the features of IoT and the procedures of physical application. Each subcomponent
illustrates the functions of a port of a component of SEM, and is expressed by the communication sequential process (CSP).
Synchronization between ports of component and subcomponent is illustrated by the pipeline operation of CSP. The interaction between

subcomponents is illustrated by CSP as well. R-SEM is verified by the process analysis toolkit (PAT). The result of the verification
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validates that R-SEM keeps the properties of SEM, namely deadlock-free, nonterminating and divergence-free, which is necessary to
guarantee valid interconnections among physical applications. Since R-SEM not only refines components in SEM but also keeps the valid
properties of SEM, PMDA can be finally used for guiding software development in IoT.

Key words: Internet of things; sense-execute model; component; communication sequential process; process analysis toolkit
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SRM ZESLILUI T (¥ Ly BE MR 1 SEN IR 31 I Pocn req 15126 1 IBE N 75 3R A5 TS0 AR 18 200 75 SR AT B A5 8 0 U
AR FR R I S AR A5 81 S LR R 75 SR 0 0 B 8 A SR AR SRS R SR IR EN BEUR I B AR AL Bh A B T
it SRM.H CSP # SRM P EZSCHLM Dy RERI G 0 Ul (K S AT H AT recv_datareq R WU SEN (#3501

Pyen req 1535 MR 3K A5 5, A1 sr_preq R 7n SR B I8 75 SO R 1) 4 R 58 575 oK, A upd_sr RN A B
AN VHEE IR A A R CSP O A SRM AT A 7R
PSRM =recv_datareq—sr_preq—upd_sr—>PSRM.
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T et G AN B A S A sr_preq R s Y B B IR T K, FAE upd_sr RN FHT ) BE VYR, AT sense_data
TR A SEN I3 1 Poen oy MY BRARE B rh SRR (156 A1 B, 2 send_data 5750 5K 5 B 10 I A B ik
Y5 FIIF SEN FI3 11 Poen pro- I CSP T HIFF SR (14T R8N

PSR=sr_preq—upd_sr—sense_data—send_data—>PSR.
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Fig.6 Refinement in component SEN
Kl 6 SEN {3k k5
3.5 YIEHIRAEMH4EIKEE

B A A A (PROYIEIE 3 1 Poro dara TR HFIAE SEN [RB SN BRI 55 1 Prrg exe M1 HAT 141
(EXE) R IE A HE .
B BT A B SR e LA A e DR o TR R e AT A R A3 W 2, T I R3S 1 )
o TSR R P AT T AL B FRATT S A 43 A AR E PRO e Sk JE 0 B0 11 T Ak TR AR B S R S BILH #4 14 PRO (DK
A KA S 140 B Ak B A (PRO) N B BL G P AN T 44 41 T b 22 7 ¥4 14 (DP) 4k 3 7 #4) 44 (DI). X AT 44
#Féu\%uwj PRO ¥ 4w H i 4k 1 ) e
P BESEILAN N BT AR O 2 SEN R 3 14 18R AN EIHE B A% B T 5 T AL 3R D5 3 6 g R AR S A O 1)
F; *Eﬁazﬂbﬂ)ﬂuzﬁ?ﬁinéiﬁﬂPT«*A&iﬂ A B AT DAL 7 BRI B 15 B0 1

© PERREERSMROT  httpy/ www. jos. org. cn



WP S B P SR B 22 M P 8 R BER 09 KA 1667
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PDP=recv_data—upd rul—sel rul->pre data—>PDP.
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Fig.7 Refinement in component PRO
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PAT R, A sel_esr 7 MG AT 7 SR A EAE BRLEFEHAT B, A send_coninfo 7R 4% 31% Y SKAAT
TG EXE ¥ Pexe pny St 1 CSP 44 TR ST AT AR H
PST=recv_conreq—recv_info—upd_lib—>sel ser—send coninfo—>PST.
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Fig.8 Refinement in component EXE
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e PRR=recv_ereq—laddr—ext paddr—comp_ addr—lreq—exreq—PRR;

e PLR=laddr—lreq—send_inreq—PLR;

e PER=exreq—send oreq—PER;

e PR LR=PRR|PLR;

e PR _ER=PRR|PER.

PR R 36 T F PAT B4R A8 HukFE 2 77 & AR AN b I FIAS S B P 50 AH S O BIE T8 R /E PAT
RN

e #assert PR_LR deadlockfree;

e #assert PR_LR divergencefree;

e #assert PR_LR nonterminating;

o #assert PR_ER deadlockfree;

e #assert PR_ER divergencefree;

e #assert PR_ER nonterminating.
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Assertions
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Fig.9 Result of verification about interaction inside the component RDI
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