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Approach to Modeling and Executing Context-aware Services of Smart Home at Runtime
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Abstract:  As the infrastructure supporting smart home evolves, smart home has entered a new stage featured by intelligent services. A
large number of complex and heterogeneous smart devices cooperate with each other, and make up plenty of intelligent and integrated
smart home applications, in which context-aware services can be regarded as typical representatives. The context-aware services aim to
provide accurate services to users according to their contexts. Developers usually design and develop these services based on scenario,
and face huge challenges from device and demand variations. They first have to be familiar with the APIs provided by smart devices and

then build the program upon them according to functional and nonfunctional requirements of services. In order to customize and develop
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these services more efficiently, this study proposes an approach to model and execute context-aware services at runtime, which introduces
the knowledge graph into development process. First, concepts and relations of context-aware services are defined in the concept model of
knowledge map. Second, runtime instances of concepts and relations in knowledge map are used to represent the knowledge of user’s
context. Third, knowledge reasoning based on the runtime knowledge map is implemented to perform device functions automatically.
The proposed framework is evaluated on a prototype system, and the results show that the proposed approach can model and execute
context-aware services at runtime and LOC (lines of code) is reduced by 90%.

Key words: runtime software architecture; smart home; context-aware; knowledge graph; software adaption
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Fig.1 Overview of approach to modeling and executing context-aware services of smart home at runtime
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Fig.2 Concept model of knowledge map for context-aware services of smart home
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Table 1 Concepts and their attributes in concept model of knowledge map for smart home
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IR 5% (context) (UName,LName,CType,CValue, {Ruin,Rmax })
£ (device) (DName,LName, {Key;,Keys,...,Keyn})
i % (service) (DName,LName,CType,Effect,Status,SValue)

BUSHRLE E T AT B, R4 JAI. R B, RS LRSS R, E 2 fios.
AT (X 2 oy ORI UL RS C. 4 DY RS S Sy TR B LIS (U —"25C) I /" U &40
HEBE C PR A FE A (D2, ) KR B 4% D $2 LSS ST (S —MM 5 C) Ko ik 4SS HIK M MIFAES C (1
AR, 5 (S —102 5 C) Ko iS5 S FI R AR s BRBE C HRPIR AL PR AR (S —F2 5 C) R k45 S MK BRI HA 85
C IR E (S —2995.C) RNk %s S FH R EUAEIABE C (PR,

3 BEERBIFEBFMARSFMIRE LGRS ITREESZ

SRR SR I R L % 3R S s B e K A BT IR 55 R R B R, BT S L R R S Ks
AT I AR 3%, ST T P i S A AR L L AR B K e 3 S5 ER WL )20

© TEBREEEEIEDT  htp/ www. jos. org. cn



W2 F R EESERL R A EATI RS PATF 3301

3.1 #HEEREHIAEITREE

AR S A e X TR P BB & RESR R B R P S ST R F L E s
RO A8 S0, 200 Tl A AR 4 A1 B 40 S TNGR 2SI 481 8 2 5 3 35 S IR S 1R 0 ) T 2

FF R A (R A DG I 0 455 T 1) 37 3 OSB3 e AR s MR S 01 5 380 i U 4 OIS OC 3R L TR G5 X6 52 T A 1 5%
A RGAT R T b RARIALE . /. IRBE. R AR S5 50 W =5 4. 181 17 3% S 1 B R e it 7 R/
I A A B A (L, L, L) MRS SE B 15 2 BE U 4% B e R T R S B & £ 4 {D),Dy,...,
Dn}~ HARMEMR S 4E S {S1,S0,- - ,Sn ) LI 55 MR 45 1R DRI O 22 MR 25 0 B T AL I B A 40 AR 4% 1At id T RoAdk 3%
AP ES (ULUs..  Unt s e E S (T, T, Tt LA P BUR I IR B S 824 {C),Co,..,Ch )
FRMIEMEES L. APES U, BEES C. WEES D RIS ES SMHEA N I NS 9261, [F 1,
ARSCAE ] SM@RT T HL U3V it 28 il 15 46 AR 522 07 25 8 1038 A 7 I ASE 700 5 30 3o 38 47 I A 28 5 B0 A 250 22 ) 284 e 4t
e R0 ST A 25 B AT A ),

U 7 S 48] (A RV R A 3 PSR 43 59 2 List. Get 1 Set. Lt List 227 3 HUi% 2 MR &5 1) T A S 461
AL Get 2 7 15 HIUNE &SI 481 1) JB 44 {1, Set 27 "5 N KB 2 S 481 £ JeB AL DA T A A e VR PR A S 4 e 1
My 5 SRR S RO [ 25 5 SRR 512 481 110 A 7 8 A 4 480 ), D, 2% 2.

Table 2 Mapping rules for model operations of concept instances

R 2 ML LB AL 35 A 1S R

Location User Context
List*L—{Ly,Ls,...,Ln} List*U—{U;,U,,...,Un} List*C—{C,,C,,...,Cn}
List Get Lj.properties— Get Uj.properties— Get Ci.properties—
Li.properties Uj.properties Ci.properties

Get Ci.UName—C;.UName
Get C;.LName — Get U;.LName((3U ;)(U; —= 5C))

Get L+ LName Get U;.UName—U;.UName Get C;.CType—C;.Ctype
Get i 4 Get U;.LName— Get C, CValue -
Li.LBam RTModel(Get T.locati ;
odel(Get Ti.location) Get S;.SValue((35)((S; —™—C,) A (S, Status ="On")))
Get Ci.Ryin—Ci.Rmin
Get Ci.Rmax—>Ci.Rmax
Set — — —
Device Service
List List*D—{Dy,Ds....,Dy} List*S—{S1,5,...,50}
Get D;.properties—D;.properties Get S;.properties—S;.properties
Get S;.DName—S;.DName
Get S,.LName — Get D;.LName((3D;)(D; —"2* g,))
Get D;.DName—D;.DName Get 5;.CType—S;.CType
Get Get Di.LName—D;.LName Get S;.Effect—S;.Effect

Get Dj.keyn—>RTModel(Get Di.keynm) Get S, Status — Get D..Key_((3D, (D —2%_, 5 y)
i N m j i i

Get S,.SValue — Get D, Key, ((3D;)(D; —25)))

Set S, Status — Set D; Key, (3D, }(D; —2*3,))

Set Set Di.keyn—>RTModel(Set Dj.keyn) Provid .
Set S;.SValue — Set D;.Key,((3D;)(D; —==—S;) A (S; Effect =" Assign"))
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o JH S U H B UName FOMER A RSB B HLRPE LName, 5 5 f7 3 Bz AT AR th X 3R T,
(1))@ Pk LName {557 (10— 30, 24320 U; 8 1 LName [R{E R, B 3h 200 T; 18 7 LName {48, Bl
Get U;.LName—RTModel(Get T;.location).
o RIS C UM Uname,CType (FIMF K 1 C A5 B HUR M LName, 555 R I P s i) Uy(U —=
ComJmtE LName fR¥EEM—BL MM C; B LName PER, A3ELEC U; & LName fIE,RI
Get C,.LName — Get U;.LName((3U ))(U; —=C,)) ;JLJi Pk CValue, 5% Rl 45 54 Si( S, —mer—

© EEEES

BEFRIFSERT  https/ www. jos. org. cn




3302 Journal of Software 315 3Rk Vol.30, No.11, November 2019

CoMJEME Svalue fRFFEN—2L, U C; BT Cvalue HMER, AZhE S; JEYE Svalue (1, H
Get C,CValue — Get S;.SValue((3S;)(S;—"™ > C,)) ;3 JmE Rypin FIl Ryrax 2K 11 E A7 R
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SValue, 15 % W 5 4 52451 Dy H1 2 75 I PR BEIRZS 1 o 1 Keyn DRI A9 — 20, 430U S5 A S; JE 1 Svalue
BE I, E SIS N Dy JE Y Key, I8, Bl
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Table 3 Rules for constructing relation instances

R3 ORALBIAIR BN

KA LY i A
X, —teedin,c, Xi.LName=L;.LName
U, —=5, -

DI Provide S] _

Monitor

S;———C; S;.LName=C;.LNamenS;.CType=C;.CTypenS;.Effect="Monitor”
S —reE 5 C, Si.LName=C;.LNamenS;.CType=C;.CTypenS;.Effect="Increase”
S %Cj Si.LName=C;j.LNamenS;.CType=C;.CTypenS;.Effect=“Reduce”
S; Lig")cj Si.LName=C;.LNamenS;.CType=C;.CTypenS;.Effect="Assign”
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Table 4 Rules for knowledge reasoning of context-aware services

R4 NEEERIR S (K T HE R )

UL
1-1 (38)(3C,)(S;—M . C,) = S,.Status = On
Rule ! 1-2 (3S,)((S;.Effect ="Monitor") A (VCJ-)(ﬂsi ﬂ"L)Cj)) = §;.Status = Off
21 (38)(3C))((S, —==5C,) A (C, CValue < C;.Ry;,)) = S;.Status = On
Rule2 | 2-2 (38)(3C (S, —=2C,) A (C; CValue > (C;.Ry;, +C;.Ry,)/2)) = S,.Status = Off
2-3 (3S,)((S;.Effect ="Increase") A (VC; )3S, %Ci )) = §;.Status = Off
3-1 (3S)AC)((S;—*=5C;) A(C, CValue > C; Ry, )) = S, Status =On
Rule3 | 3-2 (3S)AC)H((S;—=C;) A(C; CValue < (C; Ry, +C;.Ry,,)/2)) = S, Status = Off
33 (3S,)((S; Effect ="Reduce") A (VC,)(#S, —2*C,)) = S,.Status = Off
4-1 | (38)EC)((S,—=>C,) A(C,.CValue > C,.Ry,,)) = S;.Status = On,S;.SValue = (C; Ryy;, + C;.Ry, )/ 2
Rule4 | 4-2 | (35)(3C))(S;—=£>C,) A(C,.CValue < C;.Ry;,)) = S;.Status = On,S;.SValue = (C, Ry, + C;.Ry, )/ 2
4-3 (3S,)((S;.Effect =" Assign") A (VC, )(#S, —=%C)) = S, Status = Off

551 AN R Monitor IR 45 & 75 J8 1A B F2 U0 1- 14775 IR 45 56461 S ANER I S 48] € LA % 56 2R S 4
S, —Yom 5 C LI S; R T Status O Ong BN 12,775 IR 45 S; HLJE 1 Effect (#1415 Monitor, 4§ 4T —IR & C;,
AAETERFR M) S, — M5 C, U S; J VE Status [ E 4 OFF. 5% 2 41K il & Increase IR 45 2 45 T /i () 4k B L i
T 2-1 A7 AE IR S5 928 S FIFRIE 9281 Cj LK K R39S, —"2 > C, , H AR BRIR A Cj.CValue /N T~ HL 75 23 2
G R B Cj.Ryin 1,00 S; J& 7 Status B R Ony B 2-2, 47 76 R 5% S48 S; FIERIEE 5] Cp DA KOG R 545
S, — 5 C L HIRBPIRAE Cj.CValue KT~ HU 75 223 2 1978 [ 11 T (1.(Cj. R+ Cj. Ruax)/2 18,011 S; JE PE Status
(FI4E A OFf M 2-3 47 7E R %% S HLJE P Effect 1 4 Increase, X T AE—IRZ C AEIE R R LM S, —==»5C,
W S; @ Status FIME A OFf.58 3 21 ML NIHEIR Reduce MRk 25 /2 15 TT J AR B A 0 3-1 4776 e 2% S 481 S RLER
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i Cy LLR R RS B 5 C HLRBRIR A Cj.CValue KT Cj.Ryay I, U S; Ji 7 Status (K118 4 On; HLI)
3-2AF MRS S S MRS Cp LUK RS S, —4= ¢, HIFBRIRA M Cj.CValue /N T (CjRyint
Cj-Ruma)/2 WU S Jsi ik Status (1E 0 OFf RN 3-3, 77 7E k55 S; HJm Ik Effect f{E 0 Reduce, Xf TE—IR7 C;,
AFEAE R F A S, —Fe 5, ) S; Jm VE Status (FI{E % OFf.55 4 4LHUNHIA Assign AR 45 157 TF i (0t B 72
B 4-1 4770 MR 55 5549 Sy FIREBE 2] C LUK R R 9] S, —2= ¢, AR BDRA{E Cj.CValue KT Cj Ry I,
W) i JE Pk Status 9fEY On HJEYE Svalue JU{EA (Cj.RyintCj Ry /2 U 4-2,47 45 i 55 521 S MR 355 S 451
Cj LLI K R34 S, — 25995 HIRBRIR A Cj.CValue /N Cj.Ryyin I, 10 S; J 1 Status (#14¢ % On HLJiE # Svalue

WA 9 (Cj. Ruin+Ci- R/ 2 U 4-3 74255 S FLURPE Effect AIMEA Assign, % FAE IR A C ARF7EAE K R L4
S, —=C; ) S; Ja P Status [ {E N Off.

5 LHIEFR

THI [7) S B 377 5, P 322 788 e K i DR ) R 450, 0t i R AT VP Ay 1 40 36 I D7 ¥ 0 15 BE 8 S T R K S I B I A
55 WOIE AT I @A 55 AT LR, 5 4 B J v AT 0o b, LR IR 4% T A A R R A T8
51 BHEREIFR

Bl 3 7 B e e 3 s .

Device: SmartLed | [

. N M ) 2 2 ]
Device: Smart water pum £
pump Y > =

Plant : Lily

Plant: Sansevieria

Device: Flower Monitor -
Plant: Cactus/ E ﬂ —Device :Smart Light
&7 -
Device :Smart Light Device: PM2.5 Monitor

Device: Air-conditioning

= — |
Device: Air-conditioning ﬂ O 1% } ]
L] 2 ’Eﬁu ' e | Device: Air2s

Fig.3 Example scenario of smart home
3 BRER R SR

W 4G 3 AN X Al T BN AR G A& DA BT AN R R B A LR S5 L 2 T A B T R e
U BREATAE . PM2.S RN SURI 22 S s Sk 45 A SR G 4 BRI EEIRA, o BRI E . WE . ko
1 PM2.5. 5 fie W £ BB 5 B X A [F) 28 20 1) BAR 55 Rk 24, 32 A48 15 0 (monitor) . 42 =i (increase) . P& (& (reduce) FH It {EL
(assign) % M55, LK 6490 401, % R 2% PR AE 00 SR (v B R B . 4R Ry BRARORGU(E 55 R 45, 2= <AL s R B JR it
PM2.5 (¥ B& A% 45

WA 5 AN RS 5,50 B S BE K B Jack AN Ken DA Ak R R 25 AN SN 1 A 46,55 B 55 % B A7
TAS[R) X 38, H B A A ] (U R BR 2 L2 7490 T Jack F1 Ben BEWS 7 AS ) X 3 7] # 5, B2 SK R 8 i T+ 19°C
FAR T 26°C ot T 20%,PM2.5 MK T 35pg/m?; 8 2 A1 B AE % T, B R FE i T 10°C HAR T 35°C, i 1
20%: il N A B AL &, BRI T 20%, 658 T 90%; H G 1eAi B &, BRI E = T 60%, 65 T
70%.
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Table 5 Smart devices in each locations
5 HDXIEAAEMNE RS

% JT (sitting room) it % (bedroom) BA £ (balcony)
#1 & 2% i (air-conditioning) 1 1 _
I RE LT & (smart light) 1 1 _
PM2.5 Y 4% (PM2.5 monitor) 1 - -
G B (air2s) 1
A6 HEA M X (flower monitor) - _
% GE 7K I (smart water pump) - _
% ¢ LED(smart LED) - _

—__ =

Table 6 Services provided by each smart devices

F6 KEAER AR

i /¥ (temperature) ¥ % (humidity) 5 (brightness) PM2.5(particulate matter 2.5)
e Monitor/Increase/Reduce/Assign - - -
BRI - - Monitor/Increase/Assign -
PM2.5 Wil {X - - - Monitor
SR - - - Reduce
A BRI A - Monitor Monitor -
N - Increase - -
2 it LED — - Increase/Assign -
Table 7 Users’ locations and requirements
F T SH AR SRR SR
Jack(% 5h) Ken(F£3h) F2 2 2% Sansevieria(%/T) A\ % Cactus(FH &) T 44 Lily(FH &
g [19°C26°C]  [22°C,26°C] [10°C,35°C] _ _
% - - - >20% >60%
iR >20% >20% >20% >80% >70%
PM2.5 <35ug/m’ <35ug/m’ — = =

52 BHHRREBFEBRIRESNETHEZESNT
521 IEBRERANN S (I 4T I A
HR I 3 68 5K S 3 S5 0 U A8 s i U R 3 sl ) A 20 9 Ak 4 L 53 5 SR L B XA [R) 2
T 5, AR 37 37 A URURA) e A R ] s S 4, DL 8. L,
o fETE 3 ANLE S, o AN NI m ) 3 AN R
o AETE S AH S, 5 R N s K 5 AN IRSS XS 4 U, T U, 43 XS Y Jack AT Ken, 2L @ 1k LName %
AR IR DX 3, 15 5 26 B IS AT I ASE 24 v Xof BV (1 76 28 e M AR RRAEL 1M — B U, U AT Uss 43 5010 B 2 2% Al
NERH AL
o AETE 12 ANEREESIA], 43 A0S N 55 b 2 IR 25 0 B 8 BURSER SRR AS A5 i Jack (U ) I BIUBR SRS Cyy,
HPrTEX I LName 5 Uy 1))@ PE LName CRHFE I —BGH SR ISR IR EE RZSE 5 65 W Ik 45 S 451
[ & 1 SValue FRFFAH 1) — SRS I L HTE I Z[19°C,26°C].
o AFAE 9 ANV A& T, 3 T N 3 57 b 45 RE A A N A T T ) PM2.5 RIS (D), B JE 7 LName %
AN ITAE X3 g M On_Off Al PM2.5 43 il 5 & Re X A 12 AT W AR T Fh 6 N G 2 D )@ P On_Off F
PM2.5, fRFFE I — %K.
o AETE 21 ARSI, 43 AN R 5 5 e A R A IR IR 45 500 A T BH 5 1 AR RS TN K %(D) B2
BERIR S So, L FTZEX 38 LName 15 D, fJE M LName R F5(E 0 — B IRBDIR 2K B0 8 FE (humidity);
MR 252 214 0% Wl (monitor), 3L JE 74 Status 5% R & 5241 Dy 19JEPE On_Off {R¥FF{E M — 3L 8 1k
SValue 5 XT W ¥ #% 5245 D, B JE 1t Humidity P 5708 i — 2L
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Table 8 Concept instances in the knowledge graph for smart home
F 8 BHESm En AR B R e SE A

1

&

M SE

fir B

(location)

L,:(Lhame:sitting room),L,:(Lname:bedroom),L;:(Lname:balcony)

i

(user)

U;:(UName:Jack,LName:?),U,:(UName:Ken,LName:?),
Us:(UName:Sansevieria,LName:sitting room),U,:(UName:Cactus,LName:balcony),
Us:(UName:Lily,LName:balcony)

(context)

Ci:(UName:Jack,LName:?,CType: Temperature,CValue:?, {Ruin: 19°C,Rpax:26°C}),
Ci3:(UName:Jack,LName:?,CType:Brightness,CValue:?, {Rwin:20%,Ryax:*} ),
C]4:<UName:Jack,LName:?,CType:PMZAS,CVaIue:?,RMm:*,{RM“:35ug/m3 b,

C,1:(UName:Ken,LName:?,CType: Temperature,CValue:?, {Ryin:22°C,Rmax:26°C}),
C,3:(UName:Ken,LName:?,CType:Brightness,CValue:?, {Ryin:20%,Rmax:*}),
Cz4z<UName:Ken,LName:?,CType:PMZ.5,CVaIue:?,RMm:*,{RMax:35pg/m3}>,

C;1:{UName:Sansevieria,LName:?,CType: Temperature,CValue:?, {Ruin: 10°C,Rymax:35°C}),
C;3:(UName:Sansevieria,LName:?,CType:Brightness,CValue:?, {Ryin:20%,Rmax:*} ),
C42:(UName:Cactus,LName:?,CType:Humidity,CValue:?,{Ruin:20%,Ruax: * }),
C43:{UName:Cactus,LName:?,CType:Brightness,CValue:?, {Ruin:80%,Rmax:*})
Cs,:(UName:Lily,LName:?,CType:Humidity,CValue:?, {Ruin:60%,Ryax: *} ),
Cs3:(UName:Lily,LName:?,CType:Brightness,CValue:?, {Rmin:70%,Rumax: *})

B

(device)

D,:(DName:Air-conditioning,LName:sitting room, {Key;(On_Off):?,Key,(Temperature):?}),
D,:(DName:SmartLight,LName:sitting room, {Key;(On_Off):?,Key,(Brightness):?}),
D;:(DName:PM2.5 Monitor,LName:sitting room, {Key,;(On_Off):?,Key,(PM2.5):?}),

D4:(DName:Air2s,LName:sitting room, {Key;(On_Off):?,Key,(PM2.5):?}),
Ds:(DName:Air-conditioning,LName:bedroom, {Key;(On_Off):?,Key,(Temperature):?}),
D¢:(DName:SmartLight,LName:bedroom, {Key,(On_Off):?,Key,(Brightness):?}),

D-:(DName:FlowerMonitor,LName:balcony, {Key,(On_Off):?,Key,(Humidity):?,Key;(Brightness):?}),

Ds:(DName:SmartWaterPump,LName:balcony, {Key;(On_Off):?}),
Dy:(DName:SmartLed,LName:balcony, {Key,(On_Off):?,Key,(Brightness):?})

%%

(service)

S11:({DName:Air-conditioning,LName:?,CType: Temperature,Effect:Monitor,Status:?,SValue:?)
Si2:(DName:Air-conditioning,LName:?,CType: Temperature,Effect:Increase,Status:?,SValue:?)
Sy3:(DName:Air-conditioning,LName:?,CType: Temperature,Effect:Reduce,Status:?,SValue:?)
S14:({DName:Air-conditioning,LName:?,CType: Temperature,Effect: Assign,Status:?,SValue:?)
S,1:(DName:SmartLight,LName:?,CType:Brightness,Effect:Monitor,Status:?,SValue:?)
S»,:(DName:SmartLight,LName:?,CType:Brightness,Effect:Increase,Status:?,SValue:?)
S»3:(DName:SmartLight,LName:?,CType:Brightness,Effect: Assign,Status:?,SValue:?)
S;1:(DName:PMmonitor,LName:?,CType:PM2.5,Effect:Monitor,Status:?,SValue:?)
S41:(DName:Air2s, LName:?,CType:PM2.5, Effect:Reduce,Status:?,SValue:?,})
Ssi:(DName:Air-conditioning,LName:?,CType: Temperature,Effect: Monitor,Status:?,SValue:?)
Ss»:(DName:Air-conditioning,LName:?,CType: Temperature,Effect:Increase,Status:?,SValue:?)
Ss3:(DName:Air-conditioning,LName:?,CType: Temperature,Effect:Reduce,Status:?,SValue:?)
Ss4:(DName:Air-conditioning,LName:?,CType: Temperature,Effect: Assign,Status:?,SValue:?)
Se1:({DName:SmartLight,LName:?,CType:Brightness,Effect:Monitor,Status:?,SValue:?)
Se2:(DName:SmartLight,LName:?,CType:Brightness,Effect:Increase,Status:?,SValue:?)
Se3:(DName:SmartLight,LName:?,CType:Brightness,Effect: Assign,Status:?,SValue:?)
S71:(DName:FlowerMonitor,LName:?,CType:Humidity,Effect:Monitor,Status:?,SValue:?)
S7,:(DName:FlowerMonitor,LName:?,CType:Brightness,Effect:Monitor,Status:?,SValue:?)
Sg1:({DName:SmartWaterPump,LName:?,CType:Humidity,Effect:Increase,Status:?,SValue:?)
So1:(DName:SmartLed, LName:?,CType:Brightness,Effect:Increase,Status:?,SValue:?)
Sgp:(DName:SmartLed, LName:?,CType:Brightness,Effect: Assign,Status:?,SValue:?)

FCR AR 37 5% R0 R 3 R R P O R S, LR 9.
BRI Ken A7 2 7, M 48k 23 S A7 A B DI 2L,
o AFAE 43 LTI 0 NI s R S T AN R X 4, Dy B LName (#4Eh Sitting Room, I

o APAE 12 ASRRE S 0T N 5t A5 R 55 6 B BUBAS R A SRS 0, Uy BUK IR A BRIRZS Cy, 00

Located i
D] ocated in Ll'

U 1 Sense Cl )

o AEAE 21 ARSI 0 R 7 5 % A 6 SR AN [ R 45 490 1,Dy $RAE R S5 Sy, 00 D, — B g
o AEAE 9 NI S F Y 37 B A 25 IR 45 Kk B BE A W DN AH B IR BEIR S E. 90 n,S,, 1 JE M Lname, Ctype
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Monitor Monitor

Cy,.

5 C11,Csy Xt I Je P P AELAR R, HL Si J& P Effect [\1E A MOHitOI‘,'}_]JJ S, C,.,S;,
AEAE 8 A4y S A 0T 0 37 55t v 45 iR 45 0 S R B8 v A N PR S5 R 3. 481 n,Sg, 1¥7)B 22 Lname,Ctype

55 Cay X IV e V(B AH ), HL Sg, JB P Effect HI{H 4 Increase, U Sy, —"** 5.C, .

o AFEAE 3 ACRERARTSIN0F N 5 A S50 B RENS B AR A N A SR AL 1 4,85 1Y JE - Lname, Ctype
15 Cyy,Cyy X I8 VEHIE A 7], H. S5 J8 ¥ Effect {918 Reduce, M S, —*%=C, |5, —Fede 5

o AFAE 6 AW, 6F N8 5t 25 550 B RENS RS A N A AR AR 1 40,05 Y 1 Lname, Ctype

55 Cys,Caz X N J& PEIIALAN [, L Sp3 B Pk Effect ({54 Assign, Ul S,, —29 5C,.,S,, —2599 ,C, .
Table 9 Relation instances in the knowledge graph for smart home
F O RRESE ARG O AR LA
X, —teedn ,c, (Ua,L)(Ca L) D7, LS 11, L1) (S 2L 1), ...
Uiﬂ)Cj (U1,C11),(U1,C13),(U1,C14),(U2,C21),(U,Co3), ...
DiL‘”“)Sj (D1,511),{(D1,S12),{D1,513),{D1,S14),{D2,S21), ..
5, —Hm L, C (811,C21),(511,C51){531,C24)5(871,C42),(S71,Cs2),...
§ —=C, (S51,Ca2)-(S51,C52),(S01,C2),(S01,C ) .-
s —e ,C, (813,C21),(S13,C1),...
s, —= (814,C21),(814,C31),(523,C23),(S23,C33), .-
5 I R L s AR 5 S A7) S 2R S A8 A 3 R R I i S A A 2R 1 4 s
‘:\n_) :i’.,z £ "'h:’: _
™ R PN -
(™ L £ . 5 o R
% ) S el e NI B
3 f_’n H { 5 - 2 . i ¢ E— ‘\.(n‘,... -.‘H.-f ‘J"’ﬁ
S N N e Ay
el R s N LT WA
- ;‘ -,{-f !g .; _;,- igf‘x T l‘; H’ ;; ;f!::"} ;.,_,r \-“\1
3 i-«..;' b '-; - ;:'u;r . —
1*"". —
® i
o i -
Fig.4 Instance model of the knowledge graph for smart home
K4 e oK 0 AR PR S fgi A Y
522 fEEEEEIRSS AT
N T AR RE K S U I i S AR 2R B 7 S SN A R AR LI [ 2 SIS 1 B R B HTIR A
(1) WS LK DO AL E S F S, B Sl g5 S AN R I S
(2)  HBr R R SEH AR AL TS <RI <PRRSEB BRAR S AT S 451

(3)  BEATHIHHERE 4K Rule 1~Rule 4, & $AT (1),
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DL Jack HE N T B S A AR IR FR R 28 AR A A 9], A 4R 4 e 5K S 1 358 B A 45 (R AT 3k 72, a0 R o

o HAEMHITLEIL

A Jack(U ) I B 1S B, 4T“Get U;.LName—>RTModel(Get T;.location)”. 3t ,U;:(UName:Jack,LName:
sitting room). B C,;,Ci5 A1 Cyy MU B AH B, AT“Get Ci.LName—Get Uj.LName”(fffEx & U, —*>C,,
U, —= 5C.U—==,C,).If,C :(UName:Jack,LName:sitting room,CType:Temperature,CValue:?, {Ryin:
19°C,Rpax:26°C}),C3:{UName:Jack,LName:sitting room,CType:Brightness,CValue:?, {Ry;n:20%,Rpax: *}),C14:
(UName:Jack,LName:sitting room,CType:PM2.5,CValue:?, {RMm:*,RMaxﬁSug/m}}).

o JLIRBATHE 2.

HL4f“S;.LName=C;.LNameAS;.CType=C;.CTypenS; Effect="Monitor™”, & I il »56 7 5:49] 5, M 5C 13
F| g, MM ¢, S, MM, Fil S, M ¢, A “S;.LName=C;.LNameAS;.CType=C;.CTypenS;.Effect=
“Increase™”, 1) J& “ 4 i 7 08 R 9L ] S, —"==5C, fF B S, = LC FI S, =L C M S LName=
Cj.LNamenS;.CType=C;.CTypensS; Effect="Reduce””, i iti “ B It " L R 5L ] S, —4* > C,, 3 5 5, 4= 5C, L)
8, —F%e 5,5 # i “S;.LName=C;.LNameAS;.CType=C;.CTypenS;.Effect="Assign™”, ¥4 & “ I {& 5% F& 5 i
g, Al C;, 25§, —2=N ,C Al S, —Asion_, (O

o FHIRHATLE 3.

R 4 « (EISi)(EICj)(Si%Cj): S;.Status =On 7, $i 1T “Set  S;;.status=On—Set D,.Key,=On”,“Set S,;.

status=On—Set D,.Key,=On”F1“Set S, .status=On—>Set D;.Key,=On” ({71 % & D, —2%* g D, % g Fi
D, —Frote g, BT I AR 5 fiE E 45 ) A0 I .

o R EEHPATHIE 1.

B Cp.Chs Ml Cry IR B, AT Get Ci.CValue—>Get S;.CValue—Get Dy Key, (f£7E K & §; —Yomer,
C, A DkF’L"ideﬁj ).JEEF,C:(UName:Jack,LName:sitting room,CType:Temperature,CValue:24°C,Ry;in:19°C,
Rmax:26°C),C13:(UName:Jack,LName:sitting room,CType:Brightness,CValue:30%,Ryin:20%,Ryax: *),Cr4:(UName:
Jack,LName:sitting room,CType:PMZ.S,CVaIue:40ug/m3,RMin:*,RMax:35ug/m3).

o BJAPATHER 3.

MR < (3S)(3C; (S, —=C)) A (C;.CValue > C;.RMax)) = S .Status = On ”, 4 17 “Set S, .status=On—>Set
D.Key,=On"({£-4£ % 5 D, —220% 59 ) BI T i 25 /i A 2.

5.3 AT

T A VR S R T AE S Java TR IR RE SR MRS I E MRS T RIS R . TT R e S R AT
R RS 7 11 5 A SO R EAT LU AL
5.3.1  FRES G SRS RS (0 OT R AR L

ETEAET Java HATIRS TR, TR F W FUARA R R 5 & 104 B4 1, 30 Se L ILAS B Ak, d1 T il
5 G T AR S B O R B b LA RS TR .

ASCAER) SM@RT T LSy 38 8 g 1 408 47 I AR, DL 28— (1 7 0S8 4% 300 4T 5500 1 5 0 I il o )
(SM@RT JEAHS AT LI SCHR[10] F 23K 15 ).SM@RT (supporting model at run time) & —F i A SR B)) {1132 47 I 4K
A Z8 &5 0 0 3 T vk % T LB FE R A3k A 5L 1 (SM@RTlanguage) FIAC ALY 2E f #% (SM@RT  generator).
SM@RT language foVF FH /7 € SUBAT I B4 2R G5 K 1 JO R T e vy I A B Je B 2 s T B AR R GE I 45 4 S ]
I G E VT B 7S B T o B A B S n FR 1 5L BT A H AR R A APLSM@RT generator 7F JG 1
RN Y7 il A2 1R Bl E L BR % 8 Bl AR AR 5 A8 AT I A A 2R ) T R A R, R R AR R SR RS R B B 12
AT ALY Rl IS, R Re B A I AT IR B AR B AIE 1 I AR AR AN IR I Y e 2K I s b S P DR A AN 252 o
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AN TAF &,

5 RE Ve A 384T NS UL Al O 0 20 WY T 1) dp S5 F) A7 45 00 R, T 50 MR 22 S 4810 5 28 E e 5 RT3 R 3%,
4l I 25 o G i A AR 95 1 20 R 4% A 2 e 0% B8 Sl A S A B i 5 R A IR 5
53.2  BARS JEE BEBN IR 45 1 R A LA

10 0 P 5 02 R IR R K 15 5 S R 25 PR AR AT B3R AT LU, He b A AT Java 1B S TT R IR,
B IR S5 B AL FF R AT AR SC 5 kI 3 o T 35 5 S BT 1) 3 ¢ (R AH G G o, B R b ARRS 0 115 47 4,y
s Jack i B2 5 IR 55 Java FEFP ARG AT 20 220 47,30 oh 552 CU HTAH SRAXAD 2 136 7,8 BLE AR A AR 24
84 AT AT BTG BC AT HOH 6 17;Coq & Ken IR T Ik 55 Java #2157 BIARTSAT Y 140 4T, Kb 1R
FAHKACRS 68 47,8 BB AH OCAED S 72 47 AR SCIPE I HT G I EATHCN 6 1T Java 18)7 1-F AT HCY
186 AT, M A SCITVE IS TE EATHO 16 4T, HACHE /b 58 L 90%.

Table 10 Comparison in lines of code of two approaches
F 10 VIR IR IR S5 ARRSAT £ L AL

Basic C;; Ci3 Ciy Gy Cy3 Gy Gy Ci3 Cyp Cy3 Cs;  Cs3 Average
Java 0 220 198 140 220 198 140 220 197 163 188 163 188 186
Our approach 115 6 6 6 6 6 6 6 6 6 6 6 6 16

5 0SS W A 5 2 1 I 55 T R IS TRV BEAT LA Java 1 5 TF RS IR S5 1P 2410 8] 52 40min, HLAEA
I 55 ST T R, T I ) I i 55 508 PR 38 00 T 2 P 098 0K A0 P AR S 75 925 I8, O 8 38 2 516 418 91 ] I ) 52 1 1)
Ty RGBS S g B 1 6 TN IR AR DR 3R, 14 AR e 5% e SR, 38 A T I 95 o B e A 156 5 PR 40 SR 2% A°F,
Pe BB 2 AP 2 TR Smin. R0 T 40K 22 HO8 BE 5K 37 55, 24 8 RE L% 78 70 A4 I (IR 5538 3
R B AR DR T 0 3 55 AT R 45 T, AR ST VA RE 5 KR S B AR LT A i 1)
500

400

I FE IR (min)
(3] v
S 8

100
0
1 2 3 4 5 6 7 8 9 10 11 12
TR 55 H ()
Our approach Java

Fig.5 Comparison in development time of two approaches

5 PIRP VA VIR 55 JT I ) B A
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