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Abstract: User requirements are the fundamental driving force of smart services in Internet of Things (loT). Today, many loT
frameworks such as IFTTT allow end users to use simple trigger-action programing (TAP) rules for programing. But these rules describe
device scheduling instructions instead of user service requirements. Some loT systems propose goal oriented requirement approaches to
support service goal decomposition. But it is difficult to ensure the consistency of different services and completeness of service
deployment. In order to achieve correct “user programming” in 10T systems and ensure consistency and completeness of user requirements,
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this study proposes an environment modeling based automatic approach to generate TAP rules. Based on the service requirements provided
by users, required system behaviors are automatically extracted according to the environment model. After checking their consistency and
completeness, TAP rules are generated, which realizes automatic generation from user service requirements to device scheduling
instructions. The environment ontology of 10T application scenarios is constructed to model the environment, and the description method
of service requirements is also defined. Finally, the accuracy, efficiency, performance of the approach and the time cost for building the
environment ontology are evaluated with a smart home scenario. The results show that the accuracy, efficiency, and performance of this
approach exceed the available threshold, and the time cost in building the environment ontology can be ignored when the number of
requirements reaches a certain number.

Key words: Internet of Things; user service requirement; requirements consistency; requirements completeness; environment modeling
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Fig.2 Simple example of a problem digram
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Fig.3 Concept association diagram of environment ontology
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Table 1 Relations and meanings of concepts in environment ontology
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trigger FF>BIT A FAF 5 R ENBIT
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—_— v— — -—
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(a) Window (b) Blind (c) Bulb

Fig.4 State machine of controlled environment ontology in smart home systems
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Fig.5 Architecture of our approach
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SR 3R IR A AT 2% RO, B 1B P 5 — S5 B 1 R 25 75 oKk, T 980/ T WA M 518 o5 i) T A 2=
32 RGITHAMES

RBEAT NNHER I AP

31 B 3.1 T LRI ARG T R AR B ) ] A — 2% IR S5 T SR Re T R — A 1] 7R L Hh S BT
LARE S 1) P F) A 320 0 4 A B 0T BT s s S A A B S T R AU X 8, £E “IF - (enttity. trigger)
THEN (entity.state)” " entity it /215 R G858 TR 858 ST, B AT T30 A2 il 7830 ) 1 1) A8 43, 3t 45 18] 6 # FRT IR 5% 75 oK
“IF Air.temperature>30 THEN Window.wopen™f#] Air F1 Window ] DL B 255 #e f 1) BR A%, Air A1 Window. H:
UK trigger Al state 5 75 =R 51 F A1 20 3 A 19 I 5 AR 6 87 trigger 75 9 75 3R 1 2648, 3 - 5 75 SR B 51, o7 DL EL B i oAy
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HARR M & R — . L an“IF Airtemperature<25||Air.humidity>25 THEN Window.wclosed”, 5t 7] AH% J9“IF
Airtemperature<25 THEN Window.wclosed” F1“IF Air.humidity>25 THEN Window.wclosed”. Rl it %} 3% Fhf 4 88 5%
F TR SR FRATTHG FEAR AR A 9 ), 23 Tl 2 e Sy Tl R

sk 1IF Airtemperature>30 THEN Window.wopen

104 '
\Te Iy
Leatuts CHC
D= ers
yjen 1) Mire

Bl PPt
fin) K Pl M { Reql

My,
b It“'n""'-'-“!-'.'\,-- 1 {wopen Y

wopenPulse

Hbg A g welosePulse | _ wopenPulse
Window (19:4R A1 l welosed wopen
welosePulse

Fig.6 Schematic diagram of problem diagram generation
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T RAT BPIRAS E L S B = JEATI AR KT 20 0001ux, MR 45 75 5K 1,477 B2 1% A2 9% H ), AT 3 38078 75 A — BRI 5100

MR S5 75 3R B SCH R R AR B B8 S A4 (9 1 3, AR SC % R AN T P M R SR A S8 B I L.

(1) AREATERE A A R 55 5 SR LI i P15 I A2 ok, AT 80 0 S B BA BT A4k o i A7 S A 16 T A7
ARAS T 3 BUF K AN 56 B 490 n 78— 2575 SR, UA 3 ADIRES AT R4S 00, 20 9 B0 A 845 20 AT RS 9 R I
BB Blind.bclosed), ifi i3 A& 7S 5 % (15

(2) JBHA TR A FRM trigger FFEAH 7 o5 B0 B SE A8 14 W] 35 1) 42 56 H 3 SO FE L8 1 00 N o ik
TR Aff b 0 W S A Z A T RDIR 2S00 G0 B 2% F5 SR 73 B EE T Light.brightness>20000 5 Light.brightness<15000 K
KT RLZAR T 4T F A1 S (IR A (2 24 7 B 4L F 15 000lux A1 20 000lux HH 18] 15 Bl i, 2 75 R AR FF b — 5 1 itk
A2 R ARYE — 1 F A AR A SR R E S T O AT BRSSPI AE KT (M IR 55 75 oK o A 1R 3, BRI X% A SE #E 1Y)
3.4 TAPHIIAIE R

TAP U [ 28 B4 P ANBY BE

© TEBREEEEIEDT  htp/ www. jos. org. cn



K F A TR HIEN 4 % TAP AL £ &K 7 % 941

&

(1) A1) R A Bl 2R B AT g R A 0 S % 1) A R, v i R £ ) R AR R R T B 7 SR 51 IR 2
SR 5] I e AR 4 DXL IR BT A A R 2 A5 L A & & HEAT I 4 N
R ) 1) AR B O R THEN BT Y 25 0 B 7 Bl 1) A4S0 Air 2 75 SR 51 A T 2 1A
{temperature>30}">A IF 5L ¥ Py 2%, 11 1] B4Rk Window it B (1 52 7 3R 29 3, ) 22 1 “MI{wopenPulse}” > THEN
B 28, i AR B R 44T 9 IF Airtemperature>30 THEN M.wopenPulse, {H3X /R /& £ 4 (1) TAP F0).

(2) NARGAT NEI TAP LN RGAT A SIS 54 4 IR P BRI 52 4% H HEHAT X RS 7 R A2 i 28 1 TAP
R R A A X R R — AT N SR X R R, B 7 BT wopenPulse Xf 184 open the
window, X A%t B 2 T DL HH 1 £ S B ARt K R 4247 9 ) “M.wopenPulse” £ 4 948 4 open the window, i
AT A7 2] TAP #LI“IF Airtemperature>30 THEN open the window”.

A0

o | PG A2

o . it s
Lyl Air “ilemp.
\\\L‘-.\ / i n’Pl-I&l[“&_:\jrﬂ .H'E({H HT{)‘
="

!\'\T‘-‘ilc“ ] ___‘-‘
i) R ] M i Regl \ y
| i I, ch._ S _E‘_ _-~" | welosePulse close the window
*Wopenp, e { Window |. indo WL

& FY
T . 4 LA
FHAT H: IF A ntemperature=30 THEN M.wopenPulse

rwopenPulse open the window

v v v
TAPHLW): IF Aintemperature=30 THEN open the window 4

Fig.7 Schematic diagram of generating TAP rules
K7 TAP BN A pon & 18

4 XBEZE

T TBE 3R E, RATIF R T TAP B A= i T B, 7T Ll I http://redcps.org/dsigs 5t F 47 U
i) AH 2 AR 4T demo 7E http://redcps.orglexamples#DSIGS 45 Hi A 44 tH — e e 590, 32 TR 3G IR 45 75 SR i e
Ay v 5 P B . IO A WU ARV R e A I A I B9k DA B TAP A= R V.
4.1 RREBFJREIRAEEENEE

P 25 75 SR 5G4y i) i B S A R B BLAR 3.2 W R R BN RAEAT NI S K AR R R kb
RS TR BOR RGN T —%REFHRAMKEEE 3.2 5 Frid R L6 &R ARYE RS 7 K4 i)
T %) ) R4tk R 51 R o e B A 455 A e ) AR R e 42

BADIRIEE 1 R i 28 5 47~3 TAT X RS TR 5 L B8 RIAT AL, 26 9 17~36 13 AT1EH
3 [ 7 5K 69 entity.trigger(W1 5 % 55 R LA entity.trigger, W AEFF R 3T 1 7%), M8 5 trigger A 5% 1 1] A
S, 7RSI HANEE O 14 47~55 16 17 M AL B entity.state, ¥4 5 H A7 56 10 10 S4TSR . 75 SR 0 kAN O AR %
JIR 45 5 SR A 2 B0 n BVE TR PR ANMIEER, K1 5 n AT 9%, TR I A% B9 [ IR ) B2 4% 72 Dl O(n?).

BoE 1 RS Rk ) .

N PTE AR 45 75 3K reqs, A B A K eo;

B H ) 454 ProDgms={prodgm,,prodgms,...,prodgm,}.
. begin
 WIURACEE R i=1, 11 4R 1k 1) B S A ProDgms, #1444k 1] A5 ML ES M 1) 8E 1L
. for reqereqs do /155 45 T SR FE A A — A il 1A
© WIgE 4k i) ] prodgm; (1 & #43, BI Pds;,Reqs;, Int;,Ref;, Con; /1) 4544, 1a) 75 ] () %36 73
#7 req [ entity.trigger H1 % H 5 85¢ &, entity.trigger 55 entity.state;
#+ req ¥ entity.trigger A BLOC R, NN req PN 2 57 3K 7 5l Ab 22 114 B 5K,
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7 ¥ req 1 entity.trigger E 555 &, R E 4 triggers, ¥ 8 — A Bt “&& MR entity.trigger Jl
AN (b g
A g ) A L ) 75 3R Req, K FA N B Reqs; H; /17 r) 7238 Bl rhot) Ja 55 R
: for entity.triggeretriggers do /44 % 7 3K 51 Fl FIAH M. O
10: HRAE entity #4) 7 [ L4538 pd, 7 Pds; I pd; /ARG trigger 74 n] 2 45 4k

11; £ Reql 5 pro Z [A1K) &2 75 5K 51 ref MR 45 trigger [ He b A m Il 4 78 Ref; thids i ref; /1M 8 75
K51 H

12: £ M 5 pro Z [AIF g2 1 int #2495 trigger ) KA IMEL R AE Int HRas N int; /1R g4 1

13: end for

14: R4 entity.state H [ entity A4 & ] BRATR pd’, 76 Pds; NN pd’; /AR entity.state #) 2 jn] fR AT
15:  f£ Req; 5 pd'Z MIMJE T RLA K con M5 state [ 7R MBLG 4 Con; I con; IR TG K
2R
16: fEM 5 pd'Z A EE D int', 7€ eo Tk B state X B [0 & GEAT A, BN B8 0 B & T 2E Ing 1 if
hnint; KRB D S RGAT R

17: A 1A & prodgmi={M,Pds;Regs; Int; Ref;,Con}, K H I A\ ProDgms H; /4 % [ i P

18: i++;

19:end for

20:return ProDgms;

21:end
42 —HEMRNEESTEEMERNEE

FRYEEE 3.3 T4 I —FUM A0 58 BV T8 S BRATTE T 75 3K 10— S0 AR I 55092 R0 5 B PR A 0 0 — B
DA 1) 2 2 R 1 S MR A 1) 8 1 1) 5 SR 5| FH AN 55 SR 2 B 3R T A 1Y (trigger, state) i 48 5 Rl S 44 AH [
[ state XFRZfY trigger & 75A H A, ARSI 6 B — ORI 8528 — B A — 80N R SR A e S AR
(trigger,state) X} H i) trigger A 2 75 % A 5 BN — S, a0 AR PR R 9 75 3R S 15t 45 F

—EOMEARL I SR Y B A SR AN RE 2 Bow HRSE 2 ATHE AT @ 9 (trigger, state) W, 5 3 4TI
entityMap fE/BCEAEAM R . A A A [E ) state %R HT trigger, Hi4E entityMap, 55 4 17~55 17 4T BIFEFAAG I 5E BBl AS
—HE5ERA T 184T~5 29 1T PGSR AR HE BT & trigger #6305 50 — B0 A M i A2 v dn S B 7 AN — 3,
T4 B AN — B0 75 3R R IR [B] false, 5 18 A AN — 80 U ik d 244 0% [1] true. B0 B R I BR S R A 3 AN H 2 4
PRI H AT 5 Bk, TR, BBE 2 R 8] 52 4% & 52 O(n).

AT SRR S FHAE AT trigger &5t N Y state, A 3L 1581 T resolveProDgm BR HCk 4t B BT A 1] i B
I (trigger,state) %, H B AP IR Uik 3 Bron, BVEEE 3 AT U1 B A il R, EE 7 AT ~3 9 AT PR 2
ok 51 R B SR SREL trigger, 38 10 ATECEL TR SR A A L&, FREL state % 75 SR I BCH n, BIE R [ &
F=EH O(n).

BEAARNE LU A MR SR 52 8 G B I & BRI R P 5 S AR IR H 6 AR [F] SAR 1) state XERZEY trigger,
G a8 1 S 6 N 8 B IR R U B P L R P IR IR 4 BTR BVER 2 TR resolveProDgm
PR RN T BT 1 (trigger, state) Xt , 2 4 17~58 6 1T G IR W Uh 1k states, 2 7 47~58 13 1TAR ¥ states FIFR A {4
KRS 5 14 17~58 24 AT IIGIC A I IR AN 58 28 B IR TR R B E N n Bk 4 5 2 7TRRT
resolveProDgm iR £, FL i [ 52 24 FE v O(n), 1T 2 J& G IR &R A 1 )2, 52 UG HE n U, DRI B0 FAT F 1) 52 4%
JE£A O(n).
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&

4.3 TAPHMIM4 B %

HRHE 2 3.4 715 TAP B A 77 vk, BT LAV TF B A g Sy, 3 3 B BB Dy e AR 908 il it 1 75 =R 5 R %o o
e 1 H 1 N 28 B0 28 TAP R trigger; SR F5 AR 1] R I 75 SR £ BRO%t L IR 82 0 A 3 R G AT 9 i B IR TR I 546 4
XT R SR HUI SR B4R 2 R GAT N TAP .

FIE RSB 5 BN 2 4738 BT A R S 00 10 R LSS 6 AT IREUIT A T K 51 KR (1 1) R AT
W5 T AT~5 10 4T PG 3R X L6 i A et B 1 R I AR S TAP Y trigger, 28 10 1T A RGAT A,
11 ATARIE BT table(RI IR 548 2 X B R)FE R GAT N FH R R T8 4 BRI TR FECH n IEN 2 ANMEE,
BRI E 6 1T B R SR AT B0k, [ B, 1% B9 (W et 1) &2 2% B2l O(n).

Bk 2, — SR EE.

N 8L 45 A ProDgms={prodgmg,prodgm,,..,prodgm,};

i HH R A R — B DA RO R — B 1 R K

1: begin

2: map=resolveProDgm(ProDgms); /3 BB A 1] (trigger,state) X .44 HAF JAE map H

3: 4 map WA [ (trigger, state) T 4% FR state (1) S EAT G FE N entityMap; //entityMap J& — > B S B

R W A8 1] SR 1) 44 R A — N R I BE R T IS T8 3R R — AN BE R A TBOZ SE AR K — A RS T LI
FiT A trigger, ¥14H1L entityMap
4: for key eentityMap.ketSet() do /A& I & Bl AN — SR8 35 R — 5

5: lists=entityMap.getKey(key); /llists 17 2 MER AL key AR SRR A [FDIR 4 X R
trigger

6 for list1,list2elists do /5 Pt entityMap w1 it 5 S48 R AR A5 1) trigger

7: for triggerlelistl,trigger2elist2 do /4 trigger MG 2 B E A

8: if triggerl 5 trigger2 MEHEE E4 then //HBTEEA — BB H5A — 5

9: Hrt triggerl 5 trigger2 K TAT1 S BT L state; /B H R H S — B0 FE R @ A

10: return false;

11: end if

12: else if & HEA then /B

13: continue;

14: end if

15: end for

16: end for

17:end for

18:for (trigger, state)emap do /K| 5 B A — 3k
19:  iftrigger P EH 5K AR then /M HEFE S HA—E

20: K% trigger A8 75 BT

21: if "] LLRAT then /78 i A6

22: continue;

23: end if

24: else if ANEEMAL then //HBLE B AS— %

25: % H (trigger, state) X ; // B Hed A — B0 7 R E &0 A P
26: return false;

27: end if

28: endif
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29:end for

30:return true; // 7G4 % 3R [A] L

31:end

3% 3. resolveProDgm:f AT 1] 2, il HX BT T trigger 5 state.
N FR R 4 4 ProDgms={prodgm,,prodgms,...,prodgm,};

iyt :ProDgms i T A (trigger, state) %, 4 o A2 H7E e map .

1: begin

2: FRHX ProDgms HAEAS i i ) 75 5K H AR T BN — DR A regs HY;
3: for reqereqs do /R 7 3K 51 AT 29 SR AL trigger XS B () state
4: WIEA E 7 R B2 trigger, W46 10 715 Fh AL & state; /IFT4E 4L
5: SRULYS req AHZE I iR] @493 (13RO S 75 SR e i) SE A

6 3 HI3REL req 53 L u] BARISE (1K) 51, ic M refy,ref,,... ref,.q,con; //3RBX trigger 5 state (K #k 1%
7: for ref in refy,...,ref,_, do //$RHL trigger

8 IRE ref MIL A TE trigger HH IR ANBL G 1135 L trigger
9: end for

10: K con IS phe, % state=phe; //4XF trigger X M [ state
11: £ map = &N (trigger,state) X ;

12:end for

13:return map;

14:end

5 FEITE

DL RE 2 L RGN 8¢, AR AR SCO7 ¥ kAT VA, 3 B [ DR LA 1) L

(1) AJ7ERAER AR 25 N TS TAP FUUAH B A8 F A SO iR 8 TAP I 245 B i 1) 1
P 2 A 0

(2) A J7ERIYERE Qe 22 750& F ORI HR 402

(3) A5 A Py Ay Sl T 0 42 75 XoF 7 ¥ PR 468 s il g i 2

Bk 4. SERE R G

N B 4 4 ProDgms={prodgm,,prodgms,...,prodgm,}, ¥ 55 A 4k eo;

1 HH R T AR e R N AL D A AT A 2

1: begin

2: map=resolveProDgm(ProDgms); /1 F /> 3t e %

30 B X HERR states, I SR ic & 7 Kb 2 B HIRA,

4: for (trigger,state) emap do

5.  states.add(state); //¥] 4k states, FH AR AR A5 AN 58 B

6: end for

7: if states £ & T MBS AR BT SER AT AIRZS then /78 i R3S 56 B PEAG I
8: continue;

9: end if

10:else if WA W KBIFTARS then /I HHDURE A 525
11 Wi AW R BIRORZS, 1hE s P
12: return false;
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&

13:end if

14:%% map 73 A R SEAR 1) states AT X B trigge SO B E —ANMES BT X &S I E
triggersList ;

15:for triggersetriggersList do /6 J& 1 A~ 5¢ %

16: LR triggers H A trigger 3G F;

17: if JEEBE SR T A THUNAE then /78I J& 1A 58 A

18: continue;

19: end if

20:  elseif YU AE SR TTIEIME trigger then //H I JE A 2%
21: T L VA A W B U, /s s

22: return false;

23: end if

24:end for

25:return true

26:end

B% 5 TAP LR .

N R ) (¥ i) R ] 22 ProDgms={prodgmy,prodgms,...,prodgma}, 3 R #& 4-Xf B table;
it TAP MU A A rules.

1: begin

2: for prodgmeProDgms do /44 &A™ 1] 7 £ 4y TAP K

3: WIta 162 & triggers,behaviour; [/ FAZ R SAT N IF A1 THEN [ 9 2%

4 4 prodgm ) 75 R 51 B N refs={ref, ref,,...,ref,}, 75 R LI N con; /13RI T R 51 AT R LR
5 4> refs P20 1] AT 23 550 A Pds={pd.,pds, ...,pdm},con 43 ) 1] FRATIS A pd.; /13K B i) 451 15k
6: for pdePds do /35 HUEE 56 TAP AL trigger

7: A int NiEREM 5 pd B8,

8: £ triggers AN int IR, A 1k —A>, W AE H * & & EEHE; 113K 1R triggers

9 end for

100 4 int AEE M 5 pd, 30,4 behaviour J int, IS 13RI RS ATH

11: 4 action=table.get(behaviour); /AR I 5 484 Xt HE K KA TAP B o (1145 4

12: 7E rules TS I 75 R (“IF” triggers “THEN” action); //4: B TAP #i01

13:end for

14:return rules;

15:end
5.1 ERMESHR

7RI XA [ IR AT T T — R AR SRR e 7 o AP AR TR TAP AR TR T S
B5 M5 TR R AR TR AR AT — B SR BV IR W AME UG AR R TAP R T TAP ZH 0 i AT
B S TAP MU, 35 b 47 — 8tk . 52 3 AR RIS B o8 T 38 S P 38 S i) 22 5, BRATDSUK L P 4
NPT IR AE T L 8 o rp Tl P R TR AR S I A AT S il — 2 5 T R AH G IR AR, G — 8
)75 3R TRE D7 T M 50 JE B B FONRIF &5 2 . R BE 5 ¥ 524 B E T B TRy
THD (40 22 R0 B O, AR D7 VR 4R TAP 21 3 43 301 43 A AN T B AL, 36 4 e szt AT 3RIBE T 24 2 P A%
6 4.

BATEGANH P W AR BN SRBE 10 &4FR M izgsh stk RS, ek, A &
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FEA S R BN R IR R PN B T D6 2T S R R I, NPT B R AR RA I T O, P
A open A closed IR A, BREACFILT A on Al off R AS, M0 25 18 FR S AT LA cold. hot Al off. 5 F %k
AT, A & A AT 5 TR IR 20, PR (0 Sk DL R SR RPIR S B 3 T AR B b A T 4, B T
AT ENRE T T AR, BATE 5 Rt 175 R A 20 IF entity.trigger THEN entity.state H entity.trigger £ entity.
state FJ AT EE P 250000 T 5 TAP 2H, FRATT 35 S At 11 9 55 K00 00 PR s =X BRI v 1) SI2 4k DL S S FRPIR 34 HUARL, L il
A IR B A A (48 & 06 TR TAP A, BT E & R A1 /)20 IF entity.trigger THEN action H
entity.trigger A1 action (WA 5.0 T W~ TAP 4 124 5 e NS, 35 JRAA ] — 3otk sk i e S HFEE sk
fATTXT B S g% 5 IR HEAT T shas I A g .

FEAE 2R S5 FRA 3 Gt AR T vE L S 7 R A B 1IN T AR 5 3k 28 R P R IR A 5 R SR E
BB S SE REVE AL B I TA), TAP 4L FH 7 9 55 F 0 B A6 3 FR I 18], TAP 2L H N kAT — Bk b5 S st Aar )
FTAE 9 1) (), TAP 28 H /- A8 SO 76 2 i I 18], B g P B Rt JE I — 3k . Se B s R B b A
R ZAFEIM TAP HUII e 28 7E SEBR DS, PN A5 iR B T T SR 7 B st — 8ot se s itk
AT RS 00, DR S U BT ] AR 4, 7 I A FRATT U 3 e U I (] £ S 5 IR LR 2.

M 2 AT LA HH G0 G5 1A D 2 PR A A 25 R 20 2 ik SR 1o T R BRI 5 B AE LT L S AR — EUR
A FE AR W] LUR I AH EE T TAP LTSl kan il A& SO 3% A58 FH AR 5 AT R U ATAS O KI8b T 45 R I B =,
T bR s AN ) B 5 — 47 1T LUR B, TE 18 2 B M 3 2 dE Ll 41, A8 B A 7 V43 20 1K) TAP R 1) 1 ff 5 3
i 5T TAP 202k 6T Ee R v &N LHT 4 47, RIS B B AH D¢ B 508 o7 DIUR I, o 1 A Mk 28 2 R F ol 4], R
EARTTEHETE T3 RACT W] (8] 8 6t TAP 2 42 5 A0 U Py B ) ARLZE 6 b A7 — B, s B v Al
S tuUa AR AR SR AR RERT TAP A it ATT LEZ W 1,5 A TS TAP HUNIAH L,
A5 P A S VAR BT TAP K0t ST A B8 v PR o i 2 A 28 %

Table 2 Result of user study
F2 MEIER

24 B4

bl AL 5 AJ7EA TAP 4] LRl TAP 41
WA Woh PR | WOk WA FH | ROk Roh TR | BK A R
5 B [ 30m 19m 25.0m 23m 9Im 15.8m 30m 15m 22.8m | 32m 17m  21.7m
el Bt 1] 24ms 9ms 16.7ms 13m 5m 9.8m 3lms 8ms 18.2ms| 6m 3m 4.7m
& it 1] 20m 5m 11.5m 24m 5m 15.8m 6m 2m 3.7m 17m 11m  14.0m
S ] 39m 35m 36.5m 52m 28m 41.5m 33m 17m  26.5m | 48m 35m  40.3m
YA -] 24 o4 104 3N 04 124 | 44 1A 254 | 64 1A 324
BHHI AR 44 14 254 4t 24 304 | 54 14 334 54 oA 274
BYFEA—] 04 o4 004 24 04 074 | o4 oA 004 | 34 1A 234
ERUEATEEl 04 04 0.0 M 24 04 1.2 4 0/ o4 004 | 44 o4 174
RAWERZ | 100.0% 90.0%  95.8% 100.0% 78.6% 84.0% |100.0% 83.3% 89.9% | 75.0% 60.0% 66.0%

AT AR M B L TG A TR B 0 S B TR I R A 4 I HEA R T AR T P AR T VR A B
1T TAP AR BRAE T, B AL A P B T 0 LB & 3 S AR AR AT N DA — 30 Se S PR A T i 40 R
1803 bG8 F HE B 26, B LI — LR AE BV R A 20 BB (HIX A SR B VA I e H 2 e AT, 5 A
T AEAH B A A SR 5 v X6 P Sk 1 S B R

BAVE E =B, R —H A A R P 0 S I 5 e 2 HE i 220 T RE A ORI 22 1 O P 22 7 1 i A
H .

K- MBS 0GER 05000 SRR R, S8 RA AR — P 35 0 RS
M trigger WAL E 5 BOEEST, AR 3245 ) SEAR IR AS AU B 52 B0 S 44 19 &8 M AR, X 1) 75 SR B0
T gh LU 82 1T B, e % 55 b 80 v PR VA 28 T S 4 — e P B T B2 I 7 R i S SR R L 2

H o A AU A IR B 2 S R BT B S I 1A B2 A0, RRE 2 SO AR 7 R TR — e iR,
—HENVHPAIES T 12 0 8EE 58 TRRF, W — 4R AR T 30 i A B e R, A ad ) in R
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MR F A TFIREEARGMBEN A% TAP AL A &7 % 947

JEL X s R ) RS 380 B 30T (i) R 3o 3 P58 50 A TR LR 2 T A 2 I () A D) R A e B T 7R SRR S v
E TN R Z IR K AR H At — LU 5 [N 38, a0 A TR 200 . FL A SRS P 0 R 4t 2 R B AL 1) 5 SR I B
55 ONATTE 38 DA AN [, b 2H — 6 i P F) i 24 AE B 2 T V08 1) 1009%, B4 4L 1 5 5 I 1E) R #8 L AR 2k 25
T FRATIR AL T Forh (1 5 B AR 1 3R 0 VA TS B 100% 2 B ARATT AT S I — S5 3 SRR I A i e — ik sk
{H 75 SRAS B HURASR 1900 10, — 42 % L P 5 19 7 SR IF Airhumidity>45 THEN Window.open”, 4 28 i 5 K T
—EBUECN R ) & AL T T IPIRES, IR 1 3 A2 05 S bR A DR e — 26 80 3 s — B0k 5 8 (H A i ik
75 3K M A 24 e A RIS A2 UM Mk A S 2 M1 55 R A B SRR A E 21975 8, Mm%l
A 7E 4 A SR PR 16
52 M &

AATR A STTE R B SRR BEAT MR A AT T 5 S, 3 VA IR 55 7 SR He D 1) R G 5
e EMERIEE . SRR L. TAP AR BUEVE DL RN AT R M e TR A SRR A SCER BT
T 10 ANSEEE, 4% 10 4. 30 %+ 50 % 100 %. 200 %. 300 %. 500 %. 800 %%, 1 000 %. 1 200 %
SRIABATBVE IFAL SR T AL 2% (I ) R ST SR 90 AT 64 2 Winl0 %4, Intel(R) Core(TM) i7-9700k CPU @
3.60 GHZ,32 G RAM.

BEAS S0 A IR 55 5 SRR A A FIRE PP 19 3 A B i) 2 P Al IR 55 5 SR e 46 0y Tl R I S0 DA B TAP AR Bk
I RATAE T 584 IR B IR IR 55 75 3K 2 VP4l — SUPE L 58 BRI A I B30 DA R AN AR I AR U 7R SR 20% KA
H AR — B 5 3R, 20% PRI E 2 S A 56 B 10 55 SR A SR AR A HE A — B0 5 3R 123 1 A 173 (R SR B AL AR B 3 FhAS
—HG I R A R AR R TR I CL 1AL 1AL 12 FIBEERBEHLUAE BORAE AR TR, AEE 5N EEART
B OSSR YEA TSN T P ERELE R W Al 2R, A ST T 10 U IRAT A AE SR TR SE IR 1
B ASTEBEA BN (] 78 #8,0F 10 K45 SR BCF B EAE PRl 45 R .10 HSEIR A — Bl AE P4
W3 3, B & MM RE VA 25 SRt B 8 B .

Table 3  Average number of inconsistency/incompleteness and their distribution in experiments

®3OEEPA L AR E A

(LEN A HCF A AT A
BAM | MEA B S8R BHAH | CRELEE ARG SRMEEAEE 8 5 E AR
10 0.4 12 08 0.3 03 0.8
30 0.8 18 2.6 1.9 1.0 2.2
50 3.8 3.3 2.9 2.8 2.9 4.0
100 73 6.1 7.6 3.7 4.8 10.0
200 10.8 13.9 12.6 9.7 10.8 19.6
300 19.5 20.9 21.1 14.0 13.9 315
500 32.4 314 30.6 25.2 28.1 45.7
800 50.9 54.7 54.1 40.0 39.1 80.9
1000 63.2 66.4 64.8 49.0 51.9 915
1200 81.3 90.9 77.7 61.2 58.5 120.7

HiEl 8 HEa %S AT A A D7 R ik e oL wT P R IR 55 5 SR 3 1) 8 P O B e B0k . TAP BRI —
BRI 535 5 58 B R U 532 ) P IS T A 7 SR 2 B0 o i 1, L R RSB IR R, IR ST SCRA R
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Fig.8 Result of performance analysis
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