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Analysis of the Reachability of Timed UML Sequence Diagrams

GONG Jia-Yu LI Xuan-Dong ZHENG Guoc-Liang
(State Key Laboratory for Novel Software Technology , Nanjing University, Nanjing 210093)

Abstract For real-time systems, UML sequence diagrams describe interaction among objects, which shows the sce-
narios of system behaviour. In this paper,we discuss about the reachability of the composition of UML sequence dia-
grams, which can describe multi-scenarios. We can transform this problem to the corresponding timed automata,but
the corresponding time automata has a large state space and the cost is large and not efficient. For these reasons,to
solve part of the problem of reachability,we adapt a solution based on linear programming for its higher efficiency.
The method of the solution is shown as follows . firstly, we traverse all simple path segments that can reach the given
node to check the reachability; secondly,we traverse the path segments reaching the given node to check the reacha-
bility ,such path segments include all the loops at most once. In this paper,when we try to check the reachability of the
given node,there may be three results: true,false and uncertain,for we haven’t traversed all the path segments. Since
some loops has nothing to do with the reachability, we try to distinguish those loops that have no relationship with the
reachability in order to improve the algorithm.
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X1 O MEEBERRAHFEN K ZMEMBTEARK,
BP & 65/ M,
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AKi<m)FH H e FEETEES ref ) < j<m)F L, T4
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_H?Eﬁﬁﬂ: LTRNE PRANNTTRE TS . P ) EﬁEH‘: ref (v;)
P H ¢ BRAETFEEM ref(v)F  BLIKT<I<m,

BREE A

as e-e' <h

O

£ OO0 http://www.cqvip.com|

A8 T B ERE X (local semantics) B CUD F144 5t
MR EFE—HAEE—ZER, BT FRESNRRHN
HEAXBBRESMEMHEBER.EL—1 CUDSfThHY
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BT LA B B S AT R Y (51 78 . UML A B 7T LA
K4 B #8s 8] B 341 (Timed Automata) , & 148 i 89 8] B 15
RESe 4L Ed 18] & BIMLHEATAC B (B RSk A B 1) B BhML A Y
B OREFEE K, BT B B ERR, BRRIIFE
AENREMETRERNMBRTE.

3.3 £ UML EFFE AR G
3.3.1 Mk IESRRITEEREHERYE
EMT. HEAFFARRLEVANRARR R HRRIE
Mk, MEAF A TN ACERARHTES —
W B2 b T SERE ATk v I FRAVERERIT T A HR
i, B A AR S A T SN RN E, SR
SE=f A FTANFAREHREFE/ETF S TAER
ToEB RAVE— 5 E DR B M IER S ARk, M Bk
AT .
HFANRRPAETENTRERAN, WK BT i
2 AW, LA AR AR R R HTRE W mE2
.
currentpath: =<7 ) ;isReachable : = uncertain;
rei:;; = the last node of currentpath;
if node has no new successive node
then delete the last node of currentpath
else begin
node: =a new successive node of node;

if node=v then
begin

if the path P corresponding to currentpath is such that L
(p)#¢
then begin
isReachable: = true;return true;
end;

end;
else if node 7 _| and node is not in currentpath
then append node to currentpath;
end
until currentpath=);

2 REMPRDAE

MTFHEEANRR AN RAEER, U2
FHEAMEAZSHRA -UWHTT. ARERERRME T
FHEMERZEZHA—KOBRBR . REHITRE.

Xt F—AEEWN CUD S=U,N,succ,ref ,M)F1— 425
ERNTE o, RNBE—METIETTENAE IMAE
FREERELSHERE T KW E currentpath B TiLF
YNTBRS, f1— 2B loopset Al TiC R,

B, BEHETE NEF B3R FBEF A loopset
hOMBRAGTRER RS EERIES SV ENTEE FE
loopset J3 %5, FBLB T LA H RV AT, EHRT WE %
BB AEERROER T BX T &, TR &8 &
BB ITERIEZY ST,

MR loopset A HZE  RARERERRO LB KA
B3k v R R CNE4T R, XN U ARFE
BEFREZHA— WK . currentpath MIHL IR OEEE
R FHN loopset H B BT H TEIRBRIC K unused FE TR FEAR 5
BROFR, YWV KN currentpath PR — B & I
RANY SAFEFNEHEYT & UM LSS FAME
RUBR O M BT RBIK T currentpath P AR B TSR , WA Y B9
TEFFE loopset FARIT N unused . B BF| R FW ST S £
HELE R v, WAMIE currentpath FREMBRBHTHEKE
v EBTXMRBEIN NS ET KCBE currentpath F ,
LR EX BN AR BRI currentpath B —W . 0
RENE, IEXAT R DA currentpath 1,3t B X F A
45 R 2 BB TEIFIE loopset FHRE N used MBI REL T &
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TE currentpath & B AL — U, W2 0T BE A R FEF £
B HE loopset FHFIT K unused , 75 F M IB X S HIN cur-
rentpath B, X AW X BEFAIAHAE R EHETRE
loopset P AT K used XEEZE currentpath Ko MR
RARTLERIEY & v Tk BARMNB AR TE o 9 TTEHE
FRE.

currentpath: =(T) ;loopset: =$;
repeat
node . =the last node of currentpath;
if node has no new successive node
then delete the last node of currentpath
else begin
node; = a new successive node of node;
if node is in currentpath then put the corresponding loop into
loopset ;
if node= | and node is not in currentpath
then append node to currentpath;
end
until currentpath =¢) ;
if loopset =4 and isReachable = uncertain
then begin
isReachable: = false; return false;
end;

B3 ERFHBOERF

currentpath: = (T) ;set all loops in loopset unused;
repeat

node; =the last node of currentpath;

if node has no new successive node

then begin
if the last node of currentpath occurs in currentpath more
than once
then begin
Inode: = the nearest node same as the last node of
currentpath except itself;
set the loop between I/node and node unused in
loopset ;
end
delete the last node of currentpazh;
end
else begin

node: =a new successive node of node;
if node=v

then if the path P corresponding to currentpath is such that L
(PY+#¢
then begin
isReachable: = true; return true;

end
if node 71 and node is not in currentpath
then append node to currentpath;
if node has appeared in currentpath only once
then beg (in
append node to currentpath;
find the loop occurs in currentpath that starts
from node;
mark that loop used in loopset;
end
else begin
Inode : = the nearest node occurs in currentpath
same as node
if the loop starting from /node to node in current-
path is unused in Joopset
then begin
append node to currentpath;
find the loop occurs in currentpath that
starts from node;
mark that loop used in Joopset;
end
end
end
until currentpath =)
if isReachable =uncertain
then return uncertain;
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FU ERFREIEAETENBRIN L. REE a<e—¢
SEEMFEES - MM PTERBALERB RIS, HFE
BAMADSERS W T RZIA.

FB . F— M EMN CUD S=U,N,succ,ref M)l
—MEEHTR v AREL AHRRY DEU.D EHRER
 HEMEEYR C. ENMIE EAESRHR CH DR
R BT L ERERE—BH . KR THEL N T—%
IREETR v HBRERN 0. R L(0)=4. AL ERZ
BB EHNEARESEMEEHR. TRXBRME
R EMEETHERB PO MARES M EHL. M
REFR BB EEMER MAELE a<e—<HEM,
FART - MNHEABEREZBZ B, FAEFNY
BAMAOREET W W EZE IBLFTMABER
BAREITRATZEWE R M B TR E MR m, H Xy
TEFREF LEMAN. 0

RIAMRAMT HEERXBENTESR.

EERTHFARINER L BEEREERIBAE
REXE-ANORNREREAN BEBEAZXIAOSHE,
BARERCHRERDL ST SN RNARB RN R LR
FHERLETENBRANFARELEE a<e—/<HE M,
HEBE Mo NFEBURAERB P, BEHEXIAD
BEET M WP EZE VI LXBENEFREITRENE
AEZ—RKYBBHWLBIRLMN. KRR L
RIMTHR,

MERBH K o2 K

A _A
(- 7S »
Al
T v

HERCER LR, R B H R TS 89 fEFF 1T
i FIEMEER R G TR T XN HHEN T ERE S
HEFBEASYT S0 FE currentpath] ycurrentpath2 i T2 F 4
BB 2, FIPE SR & loopsetsloopset A i TRFMEH . K
loopser BEICFE T ERBINFTHIEA.

BAIR AR RN EERFEELXEGEF A cur
rentpath 1 FIIEL AN B EEHEY KRB UMY & nodel A
currentpathl PRI IE — T S 0 B SBT3 & nodel REEL
PR S MR LAY S SN EDRUNT ST
8 g 8 ORI AN D& AN currentpath 2B 554k R
BEREST R ARG UBY A node2 ly currentpath2 i B
E— MR B YN K node2 N IEAEFT 09 /5 847 &, W B
B node2 . N 4B & node2 G AW A AR ET R v, 74
I a<e—¢<SEM MBHE ¢ W EFE current-
path2sF & ¢ B9 WA cwrrentparhl 1, BB 4 BZA O K
M RTERR A loopserA F1 IR M WTH5 & node2By ja B4
BARAREHFENEET curreniparth2 IR LB ZS B &K
TN currentpath2sh , B E currentpath 5725 i1 R nodel 4 3
MERY SAALERHA v, 3 BRTE currentpach 158, 148
ZIR B KON currentpathl S XBEHE ZF currentpathl J 25,
XEEFTIB BN loopset A 5 Yy 1% FF L R TE Y 25 B] 34 B R BT LA
DA BSTEEE , TU UL SR A TRIF N S A4 Fo 6, E AT LA R F %
BB BHRNERE TR RIES &Y RN T R

£ OO0 http://www.cqvip.com|

loopsetA AZE R ARMNHETTUHEE T ERTA HEET
HERBENIARFERKNETEAESEXNER FHHIX
Z S TR R B DR e KA. Wkl

SEFR .

currentpath] . = () ;loopsetA : =¢;
repeat
nodel . = the last node of currentpathl;
if nodel has no new successive node
then delete the last node of currentpathl
else begin
if nodel is the entry point of a loop
then begin
currentpath?; = {nodel);
repeat
node2 :=the last node of currentpath? ;
if node2 has no new successive node
then delete the last node of currentpath?
else begin
node2 ; =a new successive node of node2;
if node2 = v
then for every asle—¢'<(b of M do
begin
nodea ;= the node including e;
nodeb : = the node including ¢ ;
if nodea in currentpath2 and nodeb in currentpathl
then add the loop with entry point node2 into loopsetA;
end
else if node27 1 and node2 is not in currentpath?
then append node2 to currentpathZ;
end
until currentpath2=1{);
end
if nodel7= 1. and nodel7v and nodel is not in currentpathl
then append nodel to currentpathl;
end
until currentpathl =();
if loopset A=¢ and isReachable = uncertain
then begin
tsReachable; = false;return false;
end;
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