23 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2016,27(7):1757-1771 [doi: 10.13328/j.cnki.jos.004834] http://www.jos.org.cn
O [ b I8 ARAH T ST RS A Tel: +86-10-62562563

ProMiner: % 4 14 FR IR 3 B9 W [5) — BUE AR IS HEZE
A% T B gAYk 5 B kEY]

'HERITE RS HEHRI R AR R, LilE 200241)
2L AT A T S S W (R RIS K2, B 200062)
WIWAE#: R4, E-mail: lhxu@cs.ecnu.edu.cn, http://www.ecnu.edu.cn

H E EERIRgHRAFLEAE Y A TR N F R EE A TR A AT S AR 09— B A A AR
KRR B AT A B AR R LB R K A RL 69 3R TT R St A2 T AT AR A R E DA B A T AR
G B % K IARIL R G2 feAe TN A 20 09 28 TARAD 69 3K 77 ik R ReA M AR AD 2 T AR AL 6 —BOM i R A
BAE A TAA B & AR G152 RAEA A RIS B E A, R K IEAK T B E e T A e) B E A,
SR G AR T AR 4G X ik ) — MR IR AT T R, T —E A TRAESR ProMiner, i@ i 3B A AEA! 5 XA
B R —5 04 R G MRk B B R ATARER b 5 2 RIEAT A G R BL A 3R 4, SN R T oA T AR R TARA A 4G Kb
B A 1E 4 (LTL) AR X, VA 3 AF S AR A Ao X 2D ) 3R 5] 49 — BOMEAS BE . 52 36 45 R A 9 ProMliner T A 20 & AR R AF AR
Fa XA 18] 6 R — BT A R T ABAS AR 69 R bR KM LT B S0 G AER 5 AR A 18] ) A1) — BUHEAR ), A
R T — AR A 2k, LK KRS T A T4,

KA —EBARI AR K T AR 6 K & B A 1T 4

HREZESES: TP31I

TS A R B AR IR, E I R SL A, FE 4, K B ProMiner: 3 45 M 9K Bl 19 0L 1) — BRI A 50 AE B2 K 1R 4% 41 ,2016,27(7):
1757-1771. http://www.jos.org.cn/1000-9825/4834.htm

B35 A% Ge XJ, Wang L, Xu LH, Guo J, Zhu HB. ProMiner: Bi-Directional consistency checking framework based on
system properties. Ruan Jian Xue Bao/Journal of Software, 2016,27(7):1757—-1771 (in Chinese). http://www.jos.org.cn/1000-
9825/4834.htm

ProMiner: Bi-Directional Consistency Checking Framework Based on System Properties

GE Xu-Jun', WANG Ling', XU Li-Hua', GUO Jian?>, ZHU Hui-Biao’

!(Department of Computer Science and Technology, East China Normal University, Shanghai 200241, China)
%(Shanghai Key Laboratory of Trustworthy Computing (East China Normal University), Shanghai 200062, China)

Abstract: Model-Driven development is currently a highly regarded software development paradigm among software developers and
researchers, and model-based testing techniques are usually applied during the development to ensure the quality of software systems.
With the growing size and complexity of software systems, maintaining the consistency between software models and their
implementation become more and more challenging. While traditional model-based testing focuses on ensuring the software
implementation comply with its designed model, this work addresses particularly the situation where the implementation is modified

while software models are left outdated due to workarounds or other unexpected changes during development. The paper presents an
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automated consistency checking framework, ProMiner, which extends traditional model-based testing with mining software properties that
represent the identified inconsistencies as linear temporal logic (LTL). Experiments show that this extended consistency checking
technique effectively helps software designer to narrow down the specific locations of software models that need to be updated with
respects to its running implementation.

Key words: consistency checking; model checking; model-based testing; linear temporal logic

KEERAT 22 0 o 1 5% 3R 45 ¢ A 1 R V) 68 P A 2050 v SR A A 3 R A ik s T [ 2 R D vk P B
AR TR A A3 38 UF 3o (0 KA A58 B s SCSIETI, DAT e, B S TR 5 G ARG 7 [ A58 B 2 ) () — B80T B A I s ¢ % 8 %5
THRARTE R AN T FR . o T AR — M 0 T R T R 407 K, o — SO A M 5 R A A B T A 2R (1 L A
SR TR AL 1 3R 7 7 (model-based testing)®], B 55 MABE RS b 2 a3t % 138 I 491 (abstract test cases), T
WA B B AR A 5 3 AT T AR, 8 i A 28 00 3 P 9] 2 15 2 0 o ke A A 5 AR g — Bk
H2 B A RTINS 2 A 2 RE AL SR I R Ut 70 5 R R R % 5 o R o 7= AR 1R 7 SR
ARTE L LA TE E AR R ER, S B e BT AR e TR RS L AN TR R TR . R AT R G
TR B B AR BT b R e SR 58 43 0 LR A P 0 A % et R A (1 AR it B A AR AR i X —
TR A SR BESE N T8l B 3 J5 VL 58 B AN BEORIE i B 5 ARAD 1Y) — B Ll 1 oL R, 7% 22 W) I % 4 A
A ASE B P T T, CRAIE B A S B 5 S B as AT AR 1 — B
H A% b3 e 80 A e 5 R R BT LAy R 4 2K,
(1) N LA 3 AR EE N o A 38 WY BBl X b 07 2 PR 2 45 SR 52 Nk DR 38 s i 5, T HL e 2 oo
PEAR BB, T AR &K

(2)  JeAERLEIL AR A i a8 s O R SRl D A B s I A e A B G A B 4%
Gy AT — BUPE RSN ) B B AR 3K P g 0 e 48 (1) ST AR T B 4

(3) AR TGS T AR O T L 1 2 SR A L I 2 R R AN i L g g OCL; B A 1Y)
YRR E & e B B — 21 4 £ (graphical consistency conditions, fAiFX GCC).{H A&, X Fi 5 2 52 H1
FEL AR g IR A, 368 5 5 BV 1) — 28R 2 SR AL 1 e s

(@) TR IR TAPL J UL 5 ik, — SO A 25 A 25 5 S B, ) B ) DA ik — 50 A LA 40 g A ) 4
e 31— 2 % Ak 7R SR P B I 8 AR R B U 1) TR SRR A T e AT AR A TR AR
J8 G PR A v Sk B TR I g v, AR T DA — S R bk S AR S T 2R AR e )
[ P E Rk o AN e BN R A= A= EI L

DT AL A R A I A AR B R b R A PR A — Bn) R A SO A% St 1) AR TR A A T v AT
JERH T R T RGN A — BUEA 4 R (extended consistency checking), Jf 528 T — B PEAS K HESE ProMiner,
PLIE B4R JL i 2K

(1) [ I 2% eS8 AN S BRas AT 2R A i 58 ) 45 0005

(2)  HERAMLE A7 A — BT, I 5 R LS J K T AR

(3) & AR AT LAINHE et 5 I BB A LA AL R AR B, BA YR/ N A IR 35 5

(4)  ATIG I FEAS B TS g b B 24k 75 5 0 B T P 56 K

ProMiner 4% 4t (13 T8 54 (¥ R 7 vE AT 5 A B R IR A A 2 15 SE B ig AT AR A — B R4t T,
M 2% VEI 738 4 (linear temporal logic, fif Bk LTL) 13 15 4B, m] LA L B2 FH 1 B0 28 A0 0010, 55 B sz 07 A 82 o 1
ANUCFR 43, I FLTE 5 G B Y F) 48 SO 2 b 4R SR A5 18 02 15 D % 1E T A —30A) #8. ProMiner JC 75 2%
BN CHEAT IR 5 ARSI — SO AL, 7T DA At gk > A B TR LR Z R B AN EE 1 BRT
ProMiner T SCKF (1) P Ff— BV A 56 S F2, ProMiner 75 HHh 23 il 49035 7 A5 TR B I 55 R E R e 1k Jo 1 4 .

T YAIE ProMiner [ R0HE, AR 0 F 5 22 A M SRR (0 2 B Tk 30 H ——22 ThRg 4 e -~
FLZI0H O Tk S 1SO-7816 ARHE 1) — AN SEHL, & 78 % 7 VAL SE BRI A Hh K AN R [l I, A1t T 3o 24
A~ Event-B 7 B ) 4 55 ARG -4 H] ProMiner 3JEAT LTL AE i, LA — 25 M 51256 kAT #h 78, A I #4615 ProMiner
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55 e P AR . 3R ATT A - ProMiner REE A F) IR [) PN 3R BB 1 90% F9 A — 2, JF H AR e LTL 23 2 56 g
A RO BT e N PRI BT (B D AR5 3 790 3 4 79 b FRATTHS B AR 38 ProMiner 1452 B AR AT S8 75 L.

A 2
C i~ T (s
“Wg;ﬁgm Zgmm | femEm SET B
BRI 45
v |
BORZ PRI | gz Lol gmus IR > B
— R 1’

Fig.1 Two different processes for consistency checking

BT WRNR [ — B A e A
1 HARHER

ProMiner SZIL T 40T 5 G048 B [A) X 1) — BS0PE RS 36, ARG T~ 3R GeAQRS AT 28 TR B4 iyl 5 v, [ It
AT DL T S R G I R G AT — B AR IS S5 AR G I T R G 1) — B K 5 U7 ¥ AH B ProMiner
TEWR R b A QRS S B A — Bk ik o LTL T8 2, DA A Y B ) A 3
ProMiner Bl BE Sz 8L T 1K 2046 B EE 5 Event-BU' VR H:JT U5 IDE Rodin!'12 | Event-B B840 5 T H ML
(machine). 3% %5¢(context). il X % (proof obligations) A ¥ ft.(refinement), JoA% 0 Ky EFIRSIER RAE IS
HahHl.iZ B sh L s 7 RGAT WIS 0 RIR Machine:=(State,Event), th 1] DL $5 — S8 3 3R 2 40 M i i A A8
A BT 1.
o State IREN—HREBRGIREW Variable S — AMEZ W 5, h State:={varl=valuel;var2=
value2;...}var JAE 54 value B
o Event Fifh A —HMNRKRGORSIEH IR Event W[ R/8 N Event:=any (var) where (condition) then
(action) end, = A X S var 4E 1T B 5 A44E condition N W AT action; 5 5], X} 454> Event-B #1175
B —ANEE I 1K) INITIALIZATION € Event, % 7152 ({41 4 4.
Ty AME AR H IR FRAT 4R 10— SO A 56 5 1k AR BR TR 2 (97 5 ProMiner 1 nJ DAg™ &g T~ I Ath fief
FIEM GRS LB F .
1.1 EAXiRiE
fn EJTiR ProMiner BEALEE T 4% 40 (1 2 AR AR5 6, AHE T AT R I BL I 2 TS0 BRIs 1T R 4R
AR 1 5 1m0 A W ] B, 7 28 AR QA T b o R v, el T A8 R4 Qs ) A R 2 AN B 3 A A AR Ak 1% — 3
AT W R R S AT 1, B U — B E A IR 2 B A SRR A IR IR AR T 22 kAT
[ 2 2 ProMiner T 7E J BE 1) 6 A2 L.

TR 1]
BB~ PSR P 481 28 W W AT WREA TR 25 L 48— BUrER
_____________________________________________________________________ g —n |

S HALHILTL LTLgep ST LTLZE AP R ProMinerd/” Ji

Fig.2 ProMiner overview
2 ProMiner I3 A R FE
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ProMiner WE 04 T AL G025 TRERY () — BUVEA 96 75 32, S)CRLHE T 28 0 LTL AR GEPE B9 e JL4LPT 245
MU B s . R B PATHRAE . SR A8 BOay e ds . LTL s, | 5, ProMiner RS P4 1Y
A IR 915 4R i AR S T n DA RAT . At SR 25 50 1 A A6 o5, ) A4 ol e A 28 00 P A ot 5 757 U, 2 e
FAEREIY EACRSAS—BUITE K LTL 2 3000 BATRT A6 o0F T 28 52 2% (il D e A Bt A — g A0S B B (FAT)

Ty R AR T 22 (R H A DA s A 50 3k AR R Tl SE MR AR — % LTL A= pee Ja M vl BUdE ks LTL A XH T
B R A T H AR BB IE B OB b i — B %0 B vl e 7 2 2 UGS AR, LAORIE T AN — S0 24 R e
P E A RS B 3 2

AT AR 2R ProMiner AT J B FATTIZ HLAE ] — AN ] 5 1K) HEL ORI RGEAE A B 5 i R GUR — A
AKAEAM G R LN RES S5 F IR AU TP« K i B, 70 55 5 5 P U R T TR/ P LA AR ZK MBI 7K AR S T
P A 53 A0, 3L 2005 2 A T0 /K Bk 14T IF I AT IT BT %A% 0y e e AR 5 — AN T s ik

Machine:=WaterBoiler

State:={cap € {open,close} ,switche {on,off} ,water_heighte {0,1,2,3}};

Event:={INITIALIZATION,cap _open,cap close,switch_on,switch_off,water _add(int),water _pour(int)};

Invariants:={!(switch=on and water_height=0)};

A INITIALIZATION 24} )5 ,cap=open,switch=off,water_height=0;water_pour/water_add W1 ZHHAE N {1,
2,3}, LT BRI B 4 cap==open;switch_on WITHI B 544 W2 water!=0.

Al B¢ 1) B T A5 R 1) A J7 V5 e e A 1 A 8 BRAEE R I 90 1) A B R AT R T K R T R
ProMiner, 3X P /> 2 B[R R Ay 5 2 0 B4 SRR A (R B0l S Fr
ProMiner %1% Event-B #5704 A= i 4l % I 5k FH 49 Event-B #5870 J2& %o Bl S # R 48 (FDIR AT B8 14T 0 6,
ProMiner A= i (145 A~ B 481 BV GE 9 T-A50 70 v s S — e AT 642, B TestCase=list((INITIALIZATION,state),
(event,state),(event,state),... I A0 3, B, — 20 B (fi & S F, R G 2R RS — U Al e k3.
LAHT SC BT IR HK A 2R 4824 61, ProMiner AE i 1 03K H 451 1] LA :
TestCase=list((INITIALIZATION,{cap=open,switch=off,water_height=0}),
(water_add(3),{cap=open,switch=off,water _height=3}),
{cap_close,{cap=close,switch=off,water_height=3}),
(switch_on,{cap=close,switch=on,water_height=3}).
1ZH AR T B AT R (0 — 4 AT BR AR B R R 1) — R A R A e 30 5 BURPIR S AR A
IR WTAARARAS) (BN K K R A8 A 3), (R A7 i, A 1 IR AS 28 0 50, (H1 FF HL U T 5%, ML YIRS A8 20 TF).
ProMiner ) [ 30 AL IR 1] 25 J % 2 25 T JF U T Event-B MBTU 2T % 1), 06 52 GOtk AT #4241 A 7] %
AT A e . T R A BRI B o A e A A T AR T A R R R R A, A
LR 7 o 2 18 78 70 T AT IO R RS AT B B A2 I B 3 o R 4R 78 o5 i N B AR I B BA T o i 8 2 o S A
W T OUR XA 0 & O 2 LB INA B E WA /T ReAT 8 T v A P B ke B2 55 )7 AL
TR IA) A 56 B 1T K5 Event-B MBT A2, 0 T SE A A — B4 I8, ProMiner I A 1) AN{H 12 3%
PAT B AR RS T B 1 fik S A1 B0 T B 2 A RSB S5 1 R e B ORFS B0 3¢ 8 2K, I 7] I 58 K
PR 23577 30 BT 3 TR 1) xml 4% 20
T3 A0, AR AR RIS AT I3 g T A7 52 B 1K 2 800 A 2 KRN L B 248 2 5 S I S 0 2 HIME
YO PR OR I o 4 S B 2 3 SR AR AR IE BN B R Event-B MBT MU IS HUIRAE TG I TP 25 1 Al Al
ZE(H. B0 W, BOK BT P10 water addliwater pour WITIEZE 7 {1,2,3}, MR A4 B FUEUE 1,100 24K 45 3
DU A B TR 2K, 2 B 20 v RE 7 AR — B B AR H T 2 O 1) B R T AN B 78 % ProMiner Uil 5 H /&
AL HL A 4l A B 4t W 3K e i A 1) S tH IS — B R U AT IR I X R G IR X e B A B AR A
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522 BN 8,78 o 52 2 R AR, X AR ProMiner Sy 77147 ik AR AR F 00 1R xR I A 7 i R RIS ) 2
K95 R P4 1 — A et

(test_case 1)

(event name="“water _add”)
(value)1{/value)

(event)

(state)

(variable name=*“cap” value="open”/)
(variable name="switch” value="off”/)
(variable name=“water height” value=1/)
(state)

Fig.3 The format of test cases
B3 st s s

ProMiner 4 S FR R 32 ZEAR A8 P A X Ik
o AR ICIBASE R EOG LR D2 A LA B S LS BURR S

add BAFRS SO 1 BRI TR — U AE A AR — 403 AR A s 81 e, 2 K S 8 A I Ve
PRI £1,2,33 40 m A\ B 0 BBl (fH 2 78 BB SE BB L 5,20 1,...,100 B AT LG B BE ML 56 0 ok 5 43 S ).

o /A E XIS T

DA 2B Jl 2 43 0 IX 28 5 s SR 3 A e 2 4 i ol F 9, LS B 4R BT 2 A — 3K

Az B A 0K DA R 1) 7 AR R 0 03K 0 S At B R S R 1 2 B Y R, LA R 2 )
DA 8], P ICEAT AT R 45 SR BT T 75 45 B 25 B 5 7 nT DUIE 62 10 7 B TR IR EAT i R B A AR
BN 7 A — ARSI LR, A VF 2 UOEAR. A I B AT R B IR BE 3 s e 2% AR B 9532 %1 ProMiner
of 2R 5 5 At M (V0 ORS A FE R BT 4 BB T IO 5 P L BhaE A, DR 4 3 P o 1 AR R R BB Bt
LA A Sy — AN Wik FH R 4, v AR 1 L A0 155 ke s 2 45 168 T i ) .
1.3 i A BB AT

ProMiner & T — 424 s A S AT FR IR AR ZE (F TS 30 I B H il AR E T CH32Ff), i LAz A AY
e AR s 1R R A8 AL 12 R AR AT S R, FE A I AT 1R 5 AL DL S N sl 90 AH [ xl A% 2 L AR A
ATRARAE 4 From G0 R U, 35 TR (R0 7 V2 /1 AT B 5 S0 ek S 03 T 480 5 0 R 4 P A0 22 T o A
BRG] Event FH State 5 QR )2 17 945 T 28 508 I AAC SR 2R SOIR A 10 48 5 PR R 36 R, I T A6 45
i1 5 D3R 81 A0 AR A5 2 AT AT I mT M 4 ol T I P i G B B AR IR 0 R A B R N AT I A TR Ui SR P R
R IT AR AN A [F), 7R PAT X Ll G I 9 B o 75 2 — 58 N CHRAER . H P 728 & ProMiner H)IX — ZhRE, 3
BT — A OB ) State 5 ARHE H (AR B 1R DG 2R, LA RSB (K] Event 554085 Hh (1 ok BB
PAT e BEISKT R O R T

map(string,string)PRunner::state(){
if (water_boiler.get _cap_state()==CAP_OPEN)
state[“cap”|="open”;

else

state[“cap”="“close”;
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voidPRunner::run_event(string next_event) throws Exception {
if ...

else if (next_event=="cap _open”){water_boiler.cap_open();}

}
& LI RATI N cap FF IR SRS water_boiler X G cap FBRINX KR, LA KA ) cap_open 5
5 AR F water _boiler 3% ' cap_open() 7 ik N NV R R,
[ 1
— Ak |

7 Y
. RTHE -

LAy~ Rk

T REHE
¥ v
~ R
— —&ILH
~ v |

gt ek A8 K% e

Fig.4 The execution flow of test cases

K4 AT

ProMiner AR 3 U3 FH 14 vk AR HS He B0 - B g6 e R B R R B R S R A (R A T E
B AR 2 A W AL B AT B R B TR R T A evenr Z JERI A R HIL T ATFETUHN State
B AT R — 20 2 J5 8 2 B %20 BT 46 0 fl g B 1F 55 31058 PR AR 9 $RAT &5 FORAE 0 I8 I3 451 o 1) — AN 3T
B, AT &5 R 1 xml w] LU SN 00 R 00 A X R L AR AT 2 AT I R AR 1 B R T R
ProMiner £E#k /b F 77 S FD RIS BT R 5 &

1.4 MikZE R 8 sh b3

ProMiner 1] Lo #% 17 30 3o 9058 481 2 i o 7= 28 0003 P 48] 2 FL AT &5 SRR AT LU 5. Ll o 8 R B N A
S 4 1 00 P A0 0 0 490 (0 AR AT 45 S T AR 25 R0 F 9 B AT P T 2R AR I S — B0 1 Bl
I, P 38 4 2 Y AN — B ProMiner (1A — SS0R I 25 L 302 ik T 1 R — 3501 40 R0 4y J8HEAT 1.

ProMiner ¥ X253 IR 45 T R0 1) — B0 56 . 4 1 55 -1 A5 20 1y 0 3k )y v I, 5 4 48 0 3 g 32 A 28 AR,
ProMiner & H U2 9] 15 $HAT 45 SR — B0 43, HRAR 8 5138 SR — B0 AR g a4 2 a4 5 & 7t
51 147308 3ok 155 DA R AN — 50 HE L0 87 S RIT, o R A K 481 8 WA I AR B ST B D T AR AR 24 o 4k
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it LS U 7, 0F HLAZ ) b — 20 o = A g I A 90, A2 00 AT A Sl A 0t DU, 56 BT 5 AR A2 7 S A —
AT, T AT 32 4 ProMiner XL G R J7 V4 IO 9 R ORI iy S H B 8 48 ANAE O T AL

PEhoxs b ad AR Ge R U7 ik 19 i€ ProMiner LU % B4 79l 2 Ab A8 T Lk ] U] TR 2 ARG ) — Sk
Ao 56 T ] B I 45 SR R AR e R AS AT R 1 B AR 55 1N DU ) B AT S5 A S T AR
(I FRZS (RO R Ze M b0 0 S5 49 9T DL 25 AN — B0 AR I 2 TR 2 1 I 491 55 A0 AR J2 T 1) 2 P AT 4
FIEA PSP AT e B o AN PR A B A AN [ s oy 3 A ISR AT I 03X 497 2% M B S AN 1T
BARATIERAT RIS DL K 4 JTR).

[A e, ProMiner  HE X a8 gl A2 X 00 F A0 RTAAAT &5 SREEAT L A0 4 B X &5 AR 43 SR S e A AR Y & SE Brds AT
AR R G LA — B A3k Le R (X B MU A 5 AT 25 SR B T A% AR R SRR TestSuite):

define Step pair(Event,State)

define TestCase list(Step1,Step2,...)

define 7estSuite list(TestCasel ,TestCase2,...)

initializeMismatch={}; conditionMismatch={}; stateTransitionMismatch={};

procedure testResultCompare(TestSuiteTSModel,TestSuite TSCode)

foreach TestCaseTCModel in TSModel and TestCaseTCCode in TSCode do

foreach Step SModel in TCModel and Step SCode in TCCode do

if (SModel.event==Initialize and SCode.event==Initialize and SModel.state!=SCode.state) then

initializeMismatch.addMismatch(SCode.state); /IR —3L

else if (SCode==null) then //#£_b— 35 TR [P0 rh AT 45 R 25 Pe Il il e, G 1) 2 P

conditionMismatch.addMismatch(SModel .event,lastStep.state); //iT# A A —3L

else if (SModel.state!=SCode.state) then

stateTransitionMismatch.addMismatch(lastStep state,SModel.event,SCode.state); /ARZS AR —E

end

lastStep=SModel

end

end

end procedure

LB B ProMiner & X H T4k 3 A —BUK AT e & AR X LR E B R EOARE ACRS BE o, FL e T A
BIAT B4 LGS S5 AT B 5 RIS IEAR —BUH I | —20 lastStep & 4R AH (1.

o WIARMA —BAEWI G JERERL S AR State AN IF):
(Model::INITIALIZATION=Model.state=state1)&(Code::INITIALIZATION= Code.state=state2)&(statel!=state2);

WI9E A A B AN — BUR B AR w1 A 46 (8 B E A [F) 38 1 10, 490 4 7 oK 3 R G0, an ARV FE R 8 RS T
cap==close, I8 A it AR R A —BLX KA — BURDOS LA ] 5.

o KMEA B Event fEARRE A A AN &

Jevente Eventt-(lastStep.state € Model::event.condition)&!(lastStep.state € Code::event.condition);

ZAEAN—EUL AR AT rh JEAS ST RS AT 25 A1 AN (7] T 38 15 FR) 2 365 58 R GUIRES R IR AZ R A — 37
TE2 3B AR R th o VEHEAT (I A8 TOVEAE AR J2 54T ) e FRoK A R 4 b i RARK Hh B T (A —
15 switch_on ¥EAE RIS E water_height!'=0, & BSMNUHLE T water_height W55 T 3(JR BRI KA Ge 1 ) 4 78
=B G P AT LR L T B I water_height==1 WITTH& F AT T switch_on WIEEAE R4 ProMiner 1
TR 12 AT LR, 2 DU P A PAAT 2 o o, AT R 28 300 25 2R 15 s 00 3 P 4610 1180 A TRD . 2R AL ) 5 Ao AN il
FR T 15 1S 2 A kg LR S

o REBEA B Event MPAT R RAR:
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Jevente Eventt-(lastStep.state& Model.execute(event)=Model.state=state1 )&
(lastStep.state& Code.execute(event)=Code.state=state2)&(statel=state2);
AT G RA—BOE th TIEBAGAT h EA AT 2B, XA — 2 FERGAE R 2 IR T AT 5
B € IEH 5,18 R GUIRS LA I — B e S UF 3R 58 Evens IS AT &5 RAR A iAE Hok 2 R 4,
R JZ AT REH I T XA — BB S H0E 2 D SR K S ED6 K, B water_add/water_pour 124
TR RIAT G water_height B2 0,220 3ARIETAT A ST R AEL, XFA—B0n] g fe =& h i %
s (1.
5 AMELAS RRE 1) 2 - et IR 90 O AN e AR o 24 o, A0 sk S A7 7 A AR X A R 3 o A A AN — B
B AR P Sz B T R R AR A LS AE A L0 ProMiner LA BT I A Ak T b s e 8 LU ORI 5T 7P, 3.1
23 7% JESE 45 5 AR v AR ) 00 FH 461 R R e AR Hh S B I 7] oA 78 25 IR R A — B
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A g B OIR 2 o 1308 SCR 3 AR — 801 i, ProMiner BT AL R0 LTL f45 500 DL R B (AR S22 L3R 1),
Table 1 Results from LTL optimization
F 1 LTL A4 g Rontl

JIRLTL A JE ILTL
Wik G([INITIALIZATION]= G([INITIALIZATION)=
A X{cap=close&switch=off&water_height=0}) X{cap=close&switch=off&water_height=0})

%t G!({cap=open&switch=on&water_height=3}=e(switch_on))&
A3 G!({cap=open&switch=off&water height=3}=>e(switch_on))
G({cap=open&switch=on&water_height=0}&[water_add(1)]=
X{cap=open&switch=on&water_height=3})&
G({cap=open&switch=on&water height=0}&[water add(2)]=
X{ cap=open&switch=on &water_height=3})&
G({cap=open&switch=on&water_height=3}&[water_pour(1)]= G({cap=open&water_height=0} &[water_add(1)]=

G!({cap=open&water height=3}=e(switch_on))

X{cap=open&switch=on&water height=0})& X{cap=open&water height=3})&
WA G({cap=open&switch=on&water_height=3}&[water_pour(2)]= | G({cap=open&water_height=0}&[water_add(2)]=
s X{cap=open&switch=on&water_height=0})& X{cap=open&water_height=3})&
o G({cap=open&switch=off&water height=0}&[water _add(1)]= | G({cap=open&water height=3}&[water pour(l)]=
t X{cap=open&switch=off&water_height=3})& X{cap=open&water_height=0})&
G({cap=open&switch=off&water_height=0}&[water_add(2)]= | G({cap=open&water_height=3}&[water_pour(2)]=
X{cap=open&switch=off&water height=3})& X{cap=open&water height=0})

G({cap=open&switch=off&water_height=3}&[water_pour(1)]=
X{cap=open&switch=off&water_height=0})&
G({cap=open&switch=off&water height=3}&[water pour(2)]|=
X{cap=open&switch=off&water_height=0})

o FIHAA—EL
G([INITIALIZATION])=X{SCode.state}).
2 O B R AR TR A A — BT,y T R IR A BT AR 4K i IR A AR AR R % RN AR A 4 A S T TRE — 20,
ProMiner it i _Fi& LTL A, & N S JEAE INITIALIZATION Jo Al I H R — MRS A SCode.state.
o MR

«+ ProB i/} 7" LTL ) —AJr &5 LTLe 1 24 B4k 4 5U.LTLe 7 LTL ¥ 3ERN_E§ ) T X Event [f)3Z £ ProMiner 77 L i il P HLI
Fiffi 2| T LTLe ¥ R #64r .2 L http://www.stups.uni-duesseldorf.de/ProB/index.php5/LTL_Model Checking
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G!({lastStep.state}=e(event).
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o CIRABHEA

G({lastStep.state} &[event|=>X{SCode.state}).
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JH IR 0 20525 18K AR AL
1.6 LTLEY&EFHAL
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T PR 70 AR i Bk IR 3 Bl LTL 2B, B T84 state &t 2 ANE R BT, ) Sbevent 1] LU Z 245
B AN AR RS B AT DA — 8 B IS 6 [, 50 LTL 76 A B A B %) LTL AU I8 BT A 95 B 3148 5 (1) 8

RIRHA.

{13k LUK 38 2R 48 M9 B B 2 CEARIS T water_add/water pour HIAT NS5 BIA—E, LS HEHZ
b RIS S K BB IK O T T8 I Mg R A A B0 X BLAE W E switcher=on B AT LUSIZK), J& T STk
(RPIRAS AN — 2 ProMiner S 4l 3¢ T AN A BEAE AR UCIRASIT RS o (8 (AR A I 00, 3 16 L1 SR 1K) R Gt i I,
WL VAR, RE T A 3 NB &, XN —BNS water_height £ 5,11 water_add/water pour ¥E/EAS 5 B3k
cap=open, FLAUIR UL T e &A1) LTL A X R S ALES water _height 1 cap T ANUES switch SR 17, 1 T ProMiner
Mg A0 R I 90 A BT 46 3 23 i s T AN AR BRI A A AR 5 1 IR AR A 00 o 28 A0 TR L3 20 R T A 1
B LTL AR & F HAR SRR B AR RN R R T 5 BT R RN AL R switch MBS
B NG R, 33 LTL F AR E NG I RGN TF AW T — DL =,

T SEBRIH bt A & 138 22 TR0 Wt 2 B2 38 227 20 SN AH S 1 DL - JR AR 0 AR 8 . o i e 3
— ], ProMiner [ OLALAR L BUF 3 AP A &I ZA TR LTL 2 200F B 28014 &

1. SRR A7 A% 1) B AR 2 7).

T8 3 2 7 4 DA 491043 20 B T ProMiner Y FH 9] A2 B 24 106 5 753 75 46N BT 1) MR 2% T, 1T R4 LU i
R AR (14 B 245 ] BE /)N

2. WRYE Event ¥4 LTL + A5 it 4.

UHT TR, L 2% O A —B00 o0 T 3 8 FE bl b i+ Event BA—BU= A k%0, 2 /> LTL T A ]
AEdE T A — A — B A B IR B A LTL 72X Event TR 52,08 i R A —BUR AW LTL
T AXAR)GH Event 24 IS EAE b b B ix 887 A A T8 45 b A8 _E3C water_add/water_pour WIHF 1 A—
BB NRE SR A—EE 5 8 water_add(1),water_add(2),water _pour(1),water_pour(2)i%x 4 N~ANFF4E
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CUZ A 3 N IFARREA ).
3. WP ITH bR AN — S0 LTL 1)1 48 LAS 31 v 47 42 f 1) B 4% (]
BRI LTL P& FPRA T A2 R B A — N UETE 0, e LED R 1 IR 5 ) SE /N,
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4. FEEREASTHE R R 3 3 10 I R A R A WAL R SR PR A 0l 2 A AR A SREEAT 5 R ORI 2 e
AR
> State VP& AR BEUE A o FLREAS U A ) HATAZAS — BB BB RS O A — S
AR B B AT RS A S AN R A R
REREXZSHAS IR EmWiZ LTL 2 X i 138 A0 72 4] 7 RE A8 201 LTL 7 =X
toswitch [WEUE R {on,off}, 1T BLERAVEA B AR EE switch [WE,BHE Bswitch FEoR T w178 & 30T LUK
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EAE AT AR 1 A0 T A9 3 B A U = R B AT
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= X{cap==open&water_height=0)F1 G({cap==open&water_height=3}&[water_pour(1)|=>X{cap==open&water_
height=0}) 5 M
G({cap==open&water_heighte {2,3}}&[water _pour(1)]=>X{cap==open&water height=0}).
fEAFE R R LA R e 52 B A B, P BUR B & SR AN B E R BA S 500K,
HH S A 2 )5, %A B 5 A — B R I AR G s WSS R LTL i) i HARAG O R A 5
ST AN TS FE . H AT ProMiner ZESKPrRACEE LTL MZE SAIDLALI, 2023 2% 18, & th L P e s 2 5 7
LR &5 RAEAT AL
ProMiner 42 i) LTL 4522 LA event A %0 10,8045 LTL 1A B/ A3 AE 2 JE 13 B I e & 45 R IE R T
RIGJE I ZRIE event(F1 24T bR Bl A H 1 BO I AT S B A PFITE X3 Bl — 20 S R A — SR W (2 1 4%
PRV SCATAR AR BSOS — U R (12 5 B A58 ST LTL 4 10 A 50t & A 5 FR) 00 5 SR il 3B Ji
46 LTL 2ER 1,3t — 2D 3Rk I REE HER R IE evenr BT JA B2 AFE S LTL 23 35 BRATR RN T A b & 4R 241
AL SR T B, IS 2 SRS A XA A2 J ) LTL AN(E ) AARE B AR AG I, 3wl DAk — 20 5 e it _E 4254t 45 1
JUIR SR RER B O 1L

2 RgRE

L= BAINHT ProMiner HILLM:SE M LR T AR GURR, AR A6 I R 0 S B £ BE A 49 L 5L A 4
ProMiner {£ 2 i i % it 00 H = 8 .
5 /& ProMiner S0 1 4546 ¥ &N A4 S5 1 1 s IR et R L2 AR I 1 AR S B e Al A A AR AR
B — AR T KBy A 3 AN L AT ST A IR F 4G 4, 45 A ALAE 2 RS I xml SO GO 491 2 2R
Jl 4 ) AS B LA AT AR B 1 I8 I S 4 1 23 1
o DR B e L T B SR B TR T Event-B MBT!U2! iy A J5 44485 84 34 L W3 ) 491 4 s 4
Ji 38 2 T ) A F o (0 1 5 1.4 715 T I, e R AR A 4 T Ll 38 1 AR 45 SR 28 g
A R R A9 2 s 1 e A R R FE A
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WK Event Fl State 55 ACHS v 1F)AH G bR BORI AR H5 43 145 346 B, AN Event #BEFEME T — AN AHC B4
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3.1 ZMREBEFRS

TEI%Z DRER RER RG T, SUPE R Goxt Lo 4 AR s i o SQ B MV Y ARG T S0 SCpF R i & 6
FIR AR BB 1 v 77 THI A B 7 A% 1) 3 SR A SE B I R A5 v AR A5 4 5 5 T > A AR 43 S 1 AN AN [ 1 [ BA, A
NP 17 5 L 57 AN — B AR (i T A TR J SR T AT R A R e R 22 5k 5 2 R A, i A U iy ) 32 ke
P37 10 YOEAR T AF BN I R I Bt o AT RO RFAR 28 5 AR ) £ — 3500 0] J5 75 0k %2 ProMiner 7= 2L (1) LTL
B B He b ProB A FH, 35 B s (7 AL 20 55 22 57 357 60350 40, O HLH T RS 360 1 I8 50U I RS 2R 2 15 A A A L T X e
— R T REAR SR S JERALG event S 2% i B P4 i, S BUBE R 6 4% DA R B2 B 44 T
A 504491 A o F T 8 S T 2 3 R DR okt B A1) 2 A A (1 i 19 2 A R ) St AT S0

RE 5 SO 2R 58 o T 1 DR L, M I T BT evene T 8 Xk T LA T A IR A8 1 A S R 2

R HIB 761 4% B 5 T FTAT 55 M BUR 2 BB B R IT RS R 4 4R, A THRAE ] T LTL fRfb 281X
L6 LTL 7 ProB LRIz AT I ) 34)<1s, I AR S 28 ¢ A I 1) 38 Jse R R 5% .
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75 E3& 10 AU IEACHT I FE 7 ProMiner W AIACHS HEAT A — k6, SE 4 5] 55 AN L 500 A AN
—HUR OB

o WIRIREE N TR SO ) BB A AN — BUE 3

o SCAFBUE A HRAESE R AOA — BUACHS PN T SO B S U ) AR A O BES AT

o JHHEAT IR R AT IR BRI A A — 2L

SR, 55 AN W7 SE T AR A CRE A L 265 A58 20 B 28 52 s SRS 3 60 4k ProMiner AR FIf 5 AL A— S, L4 A
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AR, 3 110 5 BN — SR 56 ) 2t I FRATT VR 5 B S o, 25 18 AR J2 1 5 St 37 i B4 o 23k i A= s Bl sl
1 LA e X A8 70 1A — 2L
32 xS

B TR BE R ARG AN BRATEZ A AR R BIB9S 10 B AR, JF AL 3L B SEER T ProMiner. 215
S04 2 R, Water Boiler HIFRATZE b5 Hf 1 o ) 7 1ty 40K o 0780350 LR P63 Life 2 — AN 4L 1 P bl 2R 5 10
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FERAU I P, 1 o AR A S R S BLAR A, 1 Sl At e T 2R ik AR UE P 2 1) — B R 50 T
AL AN — B 17 50, Ay i AN — B T8 1 ProMiner #3628 — B IR AR B LTL.O T R MBI Z W AN
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5 RAE, FRATHIEAT 10 IRIXFEMA—SUEAN.
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33 & it
TR RS2 FRAIAF 2 T AR 2 Fros SR 45 R
Table 2 Experimental results
F2 BN
L AG WO A B KB 5

SmartCard 761 60 55
Water Boiler 18 21 18
Lift 56 29 29

7E S5 FRATT R Z5 R T JL s 2T ProMiner (1 7] 3

(1) VAR P s ] R 00 Ay 3 FH 4910 2 s

(2)  ProMiner A] K52 (W5 R RIAE 55 AARDAT BOE 0%, SRS event IS B B R 0%,
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