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

Journal of Software,2015,26(4):747-759 [doi: 10.13328/j.cnki.jos.004751] http://www.jos.org.cn
O [ b2 I8 ARAF T ST RSP A Tel: +86-10-62562563

— R FF A ERE TR LB L — RO T A5
Bog' g EEu 2ER°

(MR IR K T HENURN: SRR B LR BT 210016)
P LA B AR ] K S 30 3 (R o K 2), 7T 95 R 210093)
PR fERRRELER2EBL AR M 510006)

WIRE#: 852, E-mail: zhouyu@nuaa.edu.cn, http://cs.nuaa.edu.cn

B B —EMREEARTSORE TR R R EAARR A R PR R A TG0 A T B RS TIRA LM
%434 3% Z (architectural description language, 8 #& ADL)% 4 #4078 (L 24T AT 691842 32 8 —FY AT H A R B R
KT8] B ST R R IR ACRAT AT 89 7 5, 7T I AFxT SR AT e B ) Bt . B AESF A B R BT EAFRA
A E B R AR S sS04 35 T AT BT 1) ) SRR M =T AL R LA AR AAS ) T B4 s i (e L2 AT — B
MEE B L IR RE T PR T ik 09 RO

KR LRI B FhAL— B AR R A0 RS

RECESES: TP3II

e s A S R 0 A L, B AR R, SR AR N TR RO BE N SR AR e AL — SRS I UV R 2441 ,2015,26(4):747-759.
http://www.jos.org.cn/1000-9825/4751.htm

G35 #%38: Zhou Y, Huang YK, Huang ZQ, Wu WG. Towards an approach of consistency verification for online software
evolution in open environments. Ruan Jian Xue Bao/Journal of Software, 2015,26(4):747-759 (in Chinese). http://www.jos.org.
¢n/1000-9825/4751.htm

Towards an Approach of Consistency Verification for Online Software Evolution in Open
Environments
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*(College of Information Science and Technology, Sun Yat-Sen University, Guangzhou 510006, China)

Abstract: Consistency assurance mechanism is of particular importance for online software evolution. Different from traditional
approaches based on attributed graph grammar or architectural description languages, the paper investigates the problem from the
behavioral perspective and proposes a novel verification technique based on hierarchical timed automata. The approach can directly
support the modeling of temporal aspects as well as the hierarchical organization of composed systems in open environments. To make it
feasible for consistency verification, this paper also proposes a flattening algorithm, translating the model into a set of synchronized serial
timed automata so as to be fed into third-party tool-set. An example is presented throughout the paper to illustrate the new method.
Experiments are carried out to complement the discussion and demonstrate the feasibility of the proposed approach.

Key words: online evolution; timed automata; consistency; model checking
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o SHNAITPRELES,
o Sy NIRRT,
o 0:S—>{BASIC,COMPOSITE,INIT} j& 5 7 i 5, 1% oA BUR (0] — AR I 28 80, BRI 2 B A HE S AR 2
(BASIC). B IRB(COMPOSITE) . WIHHARASUINITY;
o C it (clocks)EEr;
o Inv EREMIAEZ XKL
o REMREFIAZX MR BES QTP R, 7050 2 [F 35 B A2 kR 56 o)A 22 5
o TREMBES NES SXMxCCx2%S T4, ICHK t IR hrid 4 ¢ = s —280 5,
EX 2. FIRAB I AZHYEE L =TT H(FE, p), 51,
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H ML A T HE 2 ROC R X T IE AR, 12 o H0R ] 25 4R

A R 1 B0, P L5 3 () = p(s)u(US N p(si)j RIS s BT AU I ) E1 SO 4 .
e ()

T VPR AR, B AT e ARG ARG B IR] 8 BIHLAR & rb KR R 4R Y SR E B IX S B B T
E RIS Preaf(5)={A'| A" € P (SINYS' € A", (s V= D) } X 52 A IR A5 B0 66 A, JLU R L B 7 3 22 1k B 22 AN 1TE 200K
A0 I, AT e SCUE PR ) 28 $ (source restriction function)F B 5 [R il 8 $ (destination restriction function).J R
il B8 RN b B 1 BR 53 ) 8 SR srit—S R trit— SRS ¢ W o — M E E FPREE S S . T H & REN 7
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( . req(x) [ listed has(x) order(msg) aOk' ﬁ iz I
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change notFound itemMgr
repeat
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— start(msg)? L
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Fig.1 Order process scenario illustration
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Fig.2 Hierarchy decomposition illustration (part)
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Fig.3 Partial state transition after evolution
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Fig.4 Partial evolution illustration
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.
3 ELIEIE

TTRTERATTN AT AT 56 F, 56 F I R T 43 A vE Ak B IR A AL I RIS TR AN A S R AR IX 3 N4,
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JPIFIA] B SR & AT 8 e B2 UCOT ATV AR 5 7R — B0 30 1E i 2.
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K% 20,78 UPPAAL 1 AN 8] B SIWUIRN template IRASTT BFRN location A% B 1EE 4y Jy UL JLAN 38,4
IR P AR R 7R I 535 1 s,

(1) BP0 ZE G A S AL M A — NI I ) 8 S AL FH SERAE — NI B I 1) B BB EER R—
DA E 3L (root automaton) i F, A N H 7 I —A location, 7K HokRiC 4 inactive;

2) EHIGE—ADNHEANEERE S MER LN inactive TREAS INIXLE T AR A FTERARI IR,
fl ke B AR T ¢ B AT R S AOIRES S AR S IR AR T B ERAR AR B b il
AHINARES 15 W AE_E— BRI N inactive IRZSFR LA PVIAIRE;

(3) AL RN A S HLZ 0 ) FFAT AT AL AR S IR — DR F Ay 78 4 i1 (broad-
cast channel) [ & H 8 (FH Vb ac); 10 8 JLAR N (19 7R 07 I 18] 5 Zh AL A BN inactive TRE& B ERIA
HINIRES A 200510 4 %) Rl 8 7 (0 832 R AR (M 24530,

(4)  BFRSREAS AR SN ] 5 B0 I — A4 R AR, T R T 52 A IR A B8 R I A 958 B 1) sy
HOAE A EEAS RS I I 1) e B 225 ORI 2 e B 00 ) AR 97 78 0 ) Rl 2R Y O
K L BE BRSO RS H A 78 012 R 3 2R R 252 2K 7Y

(5) AL BRAEAN NG N 5] [ L R s 0 AR AR A A5 L B B e A% BB D R 1 ep s i R 0)
TS FR) NG5 6 ) 9 B L R Y inactive IRZS.

B JZCERA

BN ML) N ) B B LAY

i b - TR I 1) E S AL

begin

T<«; Hashmap map;
forall the 4,eM.F do
create atemplate #; add locations and transitions based on 4;.S and 4.2}
if A#Aroot then
add 4; inactive location in ¢; mark A; inactive as committed,;
T<TU{t}; map.add(A,t);
forall the 4,eM.F do
forall the seA,;:SAo(s)=COMPOSITE do
forall the 4;€ p(s) do
temp<—map.get(4;);
forall the in_tre {incoming transitions to s} do
add transition trans from 4; inactive to the entry location in temp;
augment the action of trans with broadcast channel;
if s is initial then
default entry location in A4; is marked as initial in temp;
else
A; inactive is marked as initial in temp;
map.update;
T.update;
forall the A,e M .FAA#Aroot do
temp<«—map.get(A4,);
add join location 4; join in temp;

mark A; join as committed;
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forall the ¢e UA _M_FZA,. do

forall the sesr(t)Ao(s)=COMPOSITE) do
forall the 4;e p(s) do
temp=map.get(4,);

add transitions # from each locations generated by 4;:S to 4;_join in temp;

add transitions #' from A4;_join to 4;_inactive;

associate ¢t with channels, guards and clock resets based on ¢;

map.update;
T eUA/EM.Amap.get(Ai)
end

3.2 —EMHEIE
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o R FIE R, FRA A B AR G AL XA (R 5 R 7 SRR R R A AR I A B B T i B

S EE AR, AN S — BAE THUSIRZS, T CTL ik oy

P2:A)((orderMgr.found)—(itemMgr.boughtvitemMgr.available)).
FRAE 4R 02 P AL S, JRATIE B AT I R G e e UPPAAL IS A5 2 3 AN IFAT IR 1E) B
SNHLUNE 5 P, 33 R A RIS AL BbR 2 B AL, R A e, S AN 41 1
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getlte pNotify

O
v
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(c) payMgr %} . Template
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available start Xr,;}served bought
— o () __pOk?
clk2:=
clk2<=20
timeout!
clk2>20
C€

itemMgr_inactive

(b) itemMgr %} . Template

aCancel

Fig.5 UPPAAL models after flattening
K5 UPPAAL WitV i€ Ja &R Gl
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AR 2R G824 0 A A2 FRAT B 5 1 R AR GEEAT 1 90 UE, e BB A I Y 2R 0 A I P R B0, R
GAT AN F i ARG R LA 2

BN R BRATAEAL 5 K 2 SR HEAT U6 UE, S I 45 RO BRI AL 55 2 AN PR L, AR 1 A @ A A iR
S5 S A BRATT A B by T i PR A A A 55 IR IE I R SR S S R e R L AL R I
M) AN AR 2, 25 T SO e 28 A 3 T H T Tt T RSB I (AR A b F0 I ) 285600 20 43 i) 191 B [l 81 m] 5 52
R T2 B AT s B 7 it AL T RT 4 SRR (R payMgr pSucvitemMgr.available); i W42 1] F 2
HUAT R BL:— BAR TRXFERPRZS, 1T payMgr.pSuc TSGR IE pOK) TR L 30— 0 4 R I HL 4.
FEIK 1R R RS DR 2 1R I TR 42 A £ B ) AELAROR & SR A 5 T SR AN — SR 6 D, o o 28 A1 3 ek e o
7 58 FATARI, B3R 3 ) AR 28 1L DAIE 2 A A0HE R DR 25 B 50OA I 25 O BE VT A2 AN 45 B A RLE T 4 T JRAT T AR A
TR 78 ot IR & [F) 20 i R ey i DA R T 50k AR R B 22 e s A T PR AR 20 2 B A 8 s it b 3 A4 1 i, i A
Oy TR BRI T o I T R, 365 i S N A A8 o R A5 e I T SRS /N 1 0 2R D I ) B PR AB U 9
BT (payMgr) WEL 6 JT7n (U 7 el #1893, BATDRE % B oSG A 7 AT T F0B ik, 247 08 55 ik A
ML —2

/ payMgr \

Fig.6 Revised design of payMgr
6 M payMgr 5yl

I T BRAT DX Y A R AT A TR T ey AR 6 FRATTHEAT T U K TR S RS AT O
4 UPPAAL MRV N FEEXT EIR A4 A AT T 90 UF . 58 S0k oF G, R S R 5 A 75 Sk — 2RI,
AL & 4% R ((payMgr .setup,payMgr.clkl) (itemMgr.available,itemMgr.cIk2)) FIAT Jg I 123 A2 2 = PERIVE P 2Kk
7 7T UPPAAL " Abid 2 B A HUS A, B T AR AL Sk IR A UE IR 45 4k T AR IR 5 RS A Re B 46, R 5 2
AH IR R B 454 v B A s S AL 1 P P B 45 B D 2 80 (5 AL 25 AL 5 R I 55

pFail

pNot!

encrypt paying
ay_x

order_inactive

evolve_m?

pFail

order_inactive
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Fig.7 Evolution model after revision
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S —F T AR T M R E I — B E T ik 755

H T 2R JE I AT R, AT X 12 5 401 2R SR FH S A TR T U K i R R I S (Rl
N),SEB A BE N 3G T 88 IR RS o IV FE IR A7 i 2% 18] LA S 3o ik o 5 I 1) SE e R A A1 & 2 PC ML & N
i5-2.4GHz AL FE35,4G P47, 40T £ Windows 7 %V UPPAAL A, 4.1.15 “E RIS ALHT Ak 5 LA
AR ) S S B W 1 b FRATTR S R B A SR AR AR 1 RN AR A T AL AR
Eit I N = B A T S P o i o T N A A D o B B b 2 1/ R A SO S TTB U e L 507 N YA
UPPAAL 23 754K B S A5 2 J5 45 10300 UE, BRI 0, 3 498 v ke PR 50 A0 S RS B o I Tv) B 2% ) VI 6, A2 48 70 2% ()
T3 T 8 e B (6 48 ) S A9 W IR O A A AR R G B S BRI AT S, T A AR LR LB iR
43 5l B TR P 2 R s (BEH , N=number of items,R/V=residential/virtual, NC=not concluded,OM=out of memory).

Table 1 Summary of experiments data

R1OKEHR NG

Before evolution During evolution After evolution
States R/V(]\rr/}g;ory Time (s) States R/V(Ira%r;ory Time (s) States R/V(]\n/}e];r;lory Time (s)
1: P1 108 9.6/29.5 0.02 26 9.6/29.7 0.01 23 9.5/29.4 0.01
1: P2 112 9.7/30.1 0.02 374 9.9/30.4 0.02 208 9.7/29.7 0.02
2: Pl 204 9.6/29.6 0.02 31 9.6/29.7 0.01 28 9.5/29.5 0.01
2: P2 212 9.8/30.3 0.02 818 10.5/31.3 0.02 388 9.7/30.1 0.02
4: P1 1 068 9.7/29.7 0.03 44 9.9/30.1 0.01 41 9.6/29.6 0.01
4: P2 1100 9.9/30.5 0.03 5210 10.2/30.7 0.03 2 044 9.9/30.5 0.02
8: P1 58 668 13.5/36.6 0.39 82 9.8/30.2 0.01 79 9.7/29.8 0.01
8: P2 59 180 13.8/37.1 0.39 334970 24.7/55.6 1.73 115 804 17.3/43.5 0.55
12: P1 2174940  204.9/417.9 16.6 136 9.9/30.3 0.01 133 9.8/30.1 0.01
12: P2 2179036  206.0/420.1 16.5 12 938 948 851/1710 92.3 4345780 398/803.2 30.1
14: P1 19328 508  1779/3584 171.5 169 9.9/30.3 0.01 166 9.8/30.2 0.01
14: P2 19344892 1796/3605 181.7 NC OM NC NC OM NC
Before evolution During evolution revised After evolution revised
States R/V(]\Ir/}g;ory Time (s) States R/V(Ira%r;ory Time (s) States R/V(]\n/}e];r;lory Time (s)
1: P1 108 9.6/29.5 0.02 312 9.6/29.7 0.02 208 9.6/29.5 0.01
1: P2 112 9.7/30.1 0.02 326 9.9/30.5 0.02 216 9.7/29.8 0.01
2: P1 204 9.6/29.6 0.02 600 9.7/29.7 0.02 400 9.6/29.5 0.02
2: P2 212 9.8/30.3 0.02 626 9.9/30.5 0.02 416 9.8/30.3 0.02
4: P1 1 068 9.7/29.7 0.03 3192 9.9/30.1 0.03 2128 9.7/29.8 0.03
4: P2 1100 9.9/30.5 0.03 3290 10.1/30.6 0.03 2192 9.9/30.6 0.03
8: P1 58 668 13.5/36.6 0.39 175992 17.2/42.6 0.92 117 328 16.4/42.5 0.62
8: P2 59 180 13.8/37.1 0.39 177 530 17.5/43.1 0.91 118 352 16.6/43.0 0.64
12: P1 2174940  204.9/417.9 16.6 6524 808  434.4/875.7 51.4 4349872  320.2/648.4 33.2
12: P2 2179036  206.0/420.1 16.5 6537098  435.4/877.6 51.9 4358064 321.2/650.4 335
14: P1 19328 508  1779/3584 171.5 NC OM NC NC OM NC
14: P2 19 344 892 1796/3605 181.7 NC OM NC NC OM NC

M1 AT LA

4 1

2 5T I BEUE AL R TP AN A L) PR SR RS 19K, i T B Bl (K A2 A8 AR S8R P KRR
A RIS I TR S REAE A I IR T A 4 0% S o

FERI S 2 J P1,P2. LA I e AL s B 25 R 1 K, 3R U RUBEAN T A2 7 A FRPIR 28 45 [ 4 AR
PO T RGEMAE ), 5K 1 OM R NC SRR,

it

B S48 T 312 T 1) B Sl R 55 75 S s A0 i ABOR— BUPE 36 U 77 925, 5 S W A 1) -

AR SCPTHR AR A I AN T B 55 A #5005 2 K 1) A0 R R i DR 8 T A 426 VTR TR AN T 7 ] AL PR R KE
BEMRZSAT 9,32 5 th TFTBOA S5 R 55 M ik P k5 144

BEAR, BATIAE 5 1 R A WO A8 SR A1 DAy JB A I T P i, (BRSS9l L 3100 R 7 22— 5 (K i 4 A% A1
ATV 5] 48 180, R A8 m (B 8 4 P O AN 2 0 i 28 405 8 UE P 5 7 74 436 S i, TR DA g ok 7 B Bl 55
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(itemMgr) ) TIUE AR A VE I 2 i B0 R 55 38 0 J5 A ()20 fiuk A, o At A2 B, 26T I T 46 167 I T8 75 FR B
RS A AT GEVHIE W] AT AE R D B0 JF A7 15 RS 2 PF R AN Wl I (1 AR S — R T SR S0 Hh AR SC
PV [, 2% T RS A T IR A 2 W TN R 14 152 T 2 L SCiR[201];

o FRIRERATIR B S0 PR 2 18] it A% b 5 5,1 G 2 ) 4 SRR R it 44 55 AELING 1) 1 Sl HIURE AR A 0 1
H UPPAAL 5 JfANSCHF I B e s BA TR SEBLL T P RS T — AR T 58 5 A i SR R A7 B
PR, FRAT T T e SR B Tk 2 i, 7 i 1 [ I 0 K S A e AT (L (R 488 A, 70 3K S 0 1 A5 37 B )
G i, AT S BT R AEAN [ AR 25 22 TR] 6 e 3.

AR S i A AAT D — BRI AR, FF AN 18 I 55 T2 1) DR B ML, 5C 47 D w72 e Bl 33023 A i) 25 WL SC
HR[23,24]55 SR AT bR 25 S BERIL 1 488 38 A0 2 358 1, WU AT BEAT A 22 B e 4077 58,20 S xd N8 AN T (R 0IR 2 H
RS MRS R X BT R T — 5 1 5 A P (ERE SRS 2R A0 ] LURN 73 BT A ISR 285 1 4 e A, o A
LA T I s ADL 2505 sUBT AN BE ELE R,

5 tHXIfE

Y F — B 1) BUE ) A5 Ak FE A T A A S 2 1 AR AN [R] A 6T b TR IE 5, bl T e i T PR,
2 52 5 150 5 WS A AR M BRI — AR TAE. BT T JBOA 58 T 1 3 A A0 I 50 b A 31 B B A7
TEAN /D ] 8, FRATT 3 B PO S8 AR 1R S NS A2 PR T RS T i 18 SR (6] 3 S S LIRS 1) 45 M) L&Y
(L5 ED A AT AR CBAT WD Z T T — 2 I 06 R, IR A4 R 45 14 77 T I 20 K0 mT /s AL A7 7E T8 47
SR FEER S AL R, R A S L ) (0 — B B TR I ORI, (B L A B 5 i A I8 X SO R B B
FA = H I8 /D 4 B SCHR[ 715K IS AT I AR 28 45 KA 0 G A by v A 3 2 00 1 [) s e 33k o 81 P T e %o 5 JEARL o g 4
7R 22 285 [N 78 S O 3o IX B 8 A0 i 1000 S — S0k AR T IX Bl il A 8 AR IR 2 2 0] 11 e 254k 0 T34k R0 AT o 2
T3 A2 4 JR) A BRI SIS i A e 2D A TR S22 (1 6 AF R AR 2R 2 R I T P AR A A AR Ak I AL SCHR[9,25-29],
Hor,
o SCHR[O1ZR I M B SV I R (1032 45 45 Ky L R T VR 0 D 1 3 35 A SR s 7 b 6tk B R AGG
SR 7 L RO R AT RS I, A W TR SR a5 (AT e R A g, L R O 2 I (R A
55F, LA 5 R T B 57 26 1) 1 (membership problem), & NP 5% 42 5%,
o SCHR[25]1%3A H Petri-Net EAR L A-AT by, I I 3B R IA RGN 29,88 J5 PR R4S Il 10 ELASE Wl 20 R A A
TR L 1R 1 — B R B 1% 7 TR 5 AR SO B R AT N T B 40 AT (H AL I R 2 FE i () R 2R AL
R AZJT 1A A 25 R AR B IF 2R 48 1) 2 IR AIE
o SUFR[26]4E Y —Fh AR Rl B AR K AL 1T )5 BR3P 40 5 E — ke, IR A e B i AR 44 3 A K e A 1 S
TP — UM I VIE (0] 81 U A A 8 1 0 240 45 R0 B0 IE 1) J80, 5 T R FH 28 =07 T R AT 500 1% T AE 2 TR
J7 AT 5 A 1) £ 8 8 T3 36 E A 50, 2B 1) A A 4G SCHR (29155 3 &8 T4 4Kl 45 8 MR I B vk i
5 WG PR AL R R A 5E A I B X AT AR B TP OABE R AN ear, 3 LN 1 T 304 85
T B AT — BRI
o STHR[27,28] AT A FEXT publish-subscribe 45 45 4] AU 1 A 28 48 AR O i 1t 360 AIE i) 7 e T T F 50
2 18T 1AM FR N XU ) 2 TR B R A R AR 5 SR e ) )R 3 A BBV A A T AR G ) B
FeBU AR TR ASBCR SR T IR R G AR L RS B0 TR R 0 R 2R A R RS S B TR R
KL — B, AR S e B A I R AT O — B
o SCHR[320U A IZ AT I B4 s 428 N T, Sl AT A R A AR SR FH MR A A R T g VR SR B E R GEAT N R
W T SR T TN T A T SR A

6 % i

T TS5 11 28 e A A AT B A MR 55 28 1) 20 285 0 N 0 480 AT 5 1 36 A 2% 9 £ S, 1 4 3R 45 0 AT
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2 B A S NAT B A0 NS A AE 2354 R T 58, B0 TFIBOR B R JAF IR JZ IR I PP SRR AR 2 1 )2
ORI Ta) E B HLI 7 VR0 AR I A R AT SN — Bk 7 A, F 3 I SR AIE 1 1% 7 iR K AT kA AR S
(1 TAF 3 B P AE R G BT SRR BEAE i T IFIOA B R JAE T A Bk By BONUS AT | Bod 5t AN WY, 0
TRBATHY B A R 55, AT A28 1 — SHVE 50 UF 2 )5 2075 M S B B AT JR 00 5 S0 4% 11 IR 45 4 i 1% )
AT A AR SR T AR T AR REAL . [R] I, B £ (R AR A R A A IR 2 BUPE R 8 VR R T AN
4,3 T R T RS HURIAE D 35 A T BEAT AR AL 2% 1F, (52 Xk At f8 AR 5% 5 925 2 T T 1 o, SCRIR (3414t 17—
ANSARRESE L X A 55 T 0 B SEAR PR AR —— BCPE A e L o, TR T4 28 704 2k 1) AR mh o BLSR e A AR SR
FT — T ] 3 e e 1) 05 3,068 V2 IR 18] E ALK B UEBEAT SRR AE AR I AR RATHE R BT 5T TT A T B %
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