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Abstract— With the ubiquity of service-driven applica- specification validation and verification. To keep in pace
tions, the challenging concern remains on keeping their with market volatility and unanticipated requirements
respective software components dynamicallyipdatedand  eyolution of service functionalities dieatures design-
fully consistentas service functionalities and composition ers are thus facing challenging conceptual problems to
behaviours change. Features Interaction tackles this prob . . . . .

o : . develop dynamic and consistent evolving service-driven
lem though only at design-time and in centralized systems . .
and thus do not scale up to service-driven systems, which syst.ems. In banking system§, for. I.nstance, n_eW packages
are by essence volatile, distributed and compositional. To Of different advanced functionalities (e.g. withdrawals,
soundly and dynamically adapting features in such envi- loan/mortgage packages) are increasingly offered mostly
ronments, we propose a specification/validation framework on-the-fly (and online) to attract more new customers and
based on a component-based Petri nets variant endowedreward those already in contract.

with reflection capabilities and a true concurrent rewrite . .
. . . Features Interaction (FI) has been recently coined as
logic-based semantics. We particularly demonstrate how

this framework allows specifying updating and composing a new research fleld. in software-eng_meermg_ for tackllng
features in a runtime and true-concurrentway, with the these problems at different levels, with special emphasis

ability of visual animation and symbolic validation and 0N the conceptual level [13]. The last conference on Fl
verification. [21] surveys most of these recent advances. Nevertheless,
Keywords— Features and services, High-level Petdue to the mentioned complexity and volatility of the
nets, rewrite logic, dynamic evolution, specification aneimerging service-driven systems, existing approaches
validation remain far from tackling features interaction in such
volatile distributed and compositional environments, and

_ . thus suffering from:
The pervasiveness of the internet coupled by the stan-

dardization of plethora of Web-services languages (e.g. The expressiveness of adopted specification frame-
BPEL, WSDL, WSCI)[1] are promoting service-oriented  works, in terms of advanced structuring mecha-
computing (SOC) as the future software development nisms (e.g. inheritance, aggregation, composition
paradigm. Main characteristics of this paradigm include and modularity). Indeed, most of proposals are
the abstraction from concrete services implementation based on temporal and process languages [21],
(using services interfaces), reactivity and full distribu known for their limited structuring.
tion, rapid and unanticipated service requirements evo-e The capabilities of exhibitingconcurrentand dis-
lution and dynamic composition of services. tributed behaviour—as premises for service-driven
With the inability of such XML-based languages in  applications. In this senséjagrammaticalspecifi-
delivering such challenging promises on their own, both cations with graphical animation and formal reason-
academia and industry agree on the need of leveraging ing capabilities seem very crucial.
this technology to cope with early phases of requirementse The intrinsic ability of dynamically adapting or

I. INTRODUCTION
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adding new system features to stay competitiveshen required.
adapt quickly to market changes, satisfy very de-
manding customers, and keep in pace with the
application / technology requirements evolution.

II. THE MULTI-LIFT SYSTEM: INFORMAL
DESCRIPTION

. _ _ To illustrate our approach to features specifica-
Besides that, new emerging formalisms to SOC (eg,npalidation, dynamic evolution and interaction in

temporal-based [24], [20], rule-based ones [12], Petfigmplex adaptive distributed service-driven applicaion
nets based [16], [28], [9]) are still far from addressing,e 4qont throughout this paper a simplified version of
features specification, interaction and evolution, and aAemulti-lift system. We mention that this application has
thus mostly focussing stable application features like thgan, intensively adopted in features interaction research
structure and some restricted behaviors in static manrl%]’ [13], [21], though only at design-time and using
The present paper aims at contributing to overcomgst one lift,

some of these severe shortcomings, by proposing firsin contrast to existing proposals, that directly build
milestones towards new approach to features interactigf formal descriptions, we first present an informal de-
that intrinsically captures the above crucial issues aggription based on semi-formal diagrammatical UML [7]
thus seems very appropriate for specifying evolving angrofiled” class-diagrams. We should point out that other
interacting features in adaptive service-driven applicgiagrams such as sequence diagrams and particularly
tions. The approach is based on a variant of componesgfate-charts could complement this structural descriptio

based Petri nets endowed with reflection capabilitigg;t as we are adopting &NETS for behavioural con-
for dynamic evolution and true-concurrent rewrite 10giceerns they are not required.

based semantics for rapid prototyping via smooth shift

<<service>>

between the base- and the meta-level. This conceptual s Lift
model, referred to as @NEeTs [3], [4], has been be- User of Lift Features
fore mainly applied to evolving concurrent information Fea::zm / :l":(‘tﬁ“:l')o()
SySte ms. Goto(Lift, Floor) Attributes
We propose thus to rigorously specifying and vali- Atributes State-Lift: e, Up, Down]
dating different service functionalities or features be- Teony: Rear oo 105 o
Current_Weight : Real+

ing it simple or complex (by combining different ba-

sic features into strategies to reflect realistic beha\{:-ig_ 1. The Lift and User services as profile UML Classes

iours). On the other hand, with the reflection capabil-

ities, such features can be dynamically manipulated (i&s depicted in Figure 1, each lift is structurally char-

added/removed/updated) without stoping non-concernggterized by the following attributesdentity (as name

features or decreasing the degree of distribution of tee number), for uniquely identifying each lifCurrent

whole running application. floor on which a given lift may be on at a given time. We
The rest of this paper is organized as follows. Thadenote it byCur _Fl oor ; Lift state expressing whether

next section presents the informal running example usitige lift is idle, going up or going down(we denote

UML diagrams. In the third section, we demonstrate hoguch state byt at e- Li f t ). To keep track of directions

to specify, compose and validate features using tbbe Cwhile serving intermediate floors, we add the state value

NETS framework and its rewrite logic semantics. In th&St op”, which can "suffixes” the other state values. For

fourth section, we address the problem of how featurgsstance, Up. St op” implies that the lift is going up

may be dynamically manipulated using a meta-levahd is currently stopping at an intermediate flddgor

constructions over G-NETS component specifications.state (shortly Door ), that could be either operQfen)

We conclude this paper by some remarks and outlying closed Cl osed); and Current weight(shortly W) is

our future work. With the endeavor to attract a widen kg for instance.

audience, we kept the paper presentation at a sufficidime service operations or features acting on such at-

intuitive level, while pointing hints to formal conceptdributes are the following:
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« The lift may be called from the outside (by a user) the form of an equation (Id|attrs;, attrsy) =
at any time. We denote this service functionality  (Id|attrs;)(Id|attrss). In this equation the abbre-

asCal l ed(Liftld, Floor). As depicted in viation attr; corresponds to a state padt;;
Figure 1, the user initiates this functionality through  vl;1,...,aty, : vlg, while - a multiset union
a call operation we denote [§al | (Liftld). operation (see later).

- Being inside a lift, users can trigger the lift to e specify such service structures in a formal way
travel to a specific floor. We denote this lift serysing OBJ- and MupE-like notations [10], [19]. The
vice functionality by ToGo(Liftld, Floor, corresponding OBJ-specification of this general service
Di rection). This triggering operation from thesignature is depicted in the appendix.
user "service” is denoted byGoTo(Liftld, 1) Specification of the lift-service interface structure:
Fl oor) at the lift service side. To apply this @-NETS structural specifications to the

- Besides these observed functionalities, internal oprformal description of the multi-lift system, we first
erations include: the opening/closing of the liftequire some abstract data types.

(through programmable sensors) and the updateNfilti-lift Data signatures. The different abstract data
its weight in consequence. sorts we require for the services signature are the fol-
lowing. To capture different floor levels, we use the sort

] o FI oor s whose elements are natural constants (0,1, 2,
We first present how any application structural aspects

ified USIng G q v th he k). To express the states the lift may be in, we use
are specilied using &NETS, and apply them 1o the ., s,4q ot eF whose elements are constants, namely

runm_r;g gxampl_e. Vée then present system behawoulr%h e or Up, Dwor St op.The doors state is captured by
specification using O-NETS. a data sorDoor , with two values:op for opened and

A. Specification of structural aspects GD-NETS cl for closed. We use a positive real constavix, to

A service signature defines the structure of servidéfine the maximal weight allowed by each lift.

. : The corresponding data specification following the
states and the form of (received/invoked) messadggopted OBJ-like notations is given below under the
which have to be accepted by such component stateameLi f t - dat a. Using this data level and the above

We regard service states as algebraic terms —precisé@fprmal UML-based description, the service signature

. : sponding to the lift can then be described. In this
as tuples— and messages as operations sent or rece@%ﬁeature, with each service operation we associated a

by services. More precisely, SNETS service signatures "message” sort and message operation. Please note that
are specified as follows. all the declared variables will be subsequently used in
the corresponding nets.

IIl. FEATURESSPECIFICATION IN CO-NETS

» States are algebraic tuples of the forii|at,
V1, ey aly 2 vl bsy 2 vy, bsg vl ) obj Li ft_' Data is
Id is an observed identity taking its values from an z;?:ecgggr Re;'; e';at :
appropriate abstract data type (ADT;, .., atr are o0 1, 2,.., k : — Floors.
the internal (i.e. hidden from the outside) attribute op idle, Up, Dw, Stop : — StateF.
identifiers with values respectivelyiy, .., vl;; and ~ op-- - StateF "Stop” — StateF.
L o op op, cl : — Door.
The observegl part of a state is identified by opide U, Dw: —» StateF.
bsi, ..., bsy/, With associate values ag'y, ..vl';. op Wix : — Real + .
o We distinguish between imported / exported anghda
internal messages. Observed messages permit inter-.
fi diff t . . b d attribut service Li ft is
ac .|ng. ifferent services using observe 'a ri .u gs,extending Service-State .
while internal messages allow computation within protecting Li ft-Data .
components. sort 1d. Lift < Od .
. Further, to exhibit intra-concurrency, we propose to SOt TOS0 CALLED LIFT . .
. . . (» the Lift service state declaration x)
split/recombine the above state at need. This processyy (|cur 7 .5t :  Dr: Wy : )i Id. Lift

is axiomatized by an inference rule (see [3]) taking Floors StateF DoorSt Real + — LIFT .
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(* Features declaration *) tions). The transitiorcal | ed corresponds to the case

op ToGo.F @ Id.Lift Floors StateF — GOTO.  \where a called order (from the outside lift) is directly
op Called_.F : Id.Lift Floors — CALLED .

. : . served; That is, a called order is served when at that
(= Variable to use in the corresponding net =) o ) ]
vars L - I1d.Lift . moment no goto order (from inside the lift) exists. For
vars S, D: StateF . this purpose, the symbol reflects the inhibitor arc from

vars W W : Real + .
vars K, K1, K2, K : Floors .
endsrv.

the placeGOTQO. The transitionTgoi nt corresponds to
the existence of intermediate requested goto orders (from
inside) while performing the transitiogof ar. That
B. Specification of features behaviour @o-NETS is, besides the tokedoGo_F(L,K1,S) there should
, , , , be another tokenToGo_F(L,less(K,K1),—) in the
From a given service signature we incrementally con- o _ ,
. . . ...~ . placeTOGO. The transitionTcal | i nt is probably the
struct its corresponding behaviour by associating it'a )
most complex one as it corresponds to the case where
Co-NET, as follows. The net Places are constructed £ ) , _ _
o . ‘ intermediate calls are being requested from outside while
associating with each message generator one ‘message _ N _
. Performlng the transitiormgof ar (i.e. at least a mes-
place. Such places thus hold message instances acfing

on service states. With each state sort we also associate. token adoGo_F(L, K1, 5) from the placeTOG0

one ‘state’ place. Such places hold current service stat%)él.Stsl)' The lift will serves such intermediate stops,

The net transitions, which may include conditions, reerE’%Jt W_'th still the dlrec.tlon ¢ - Up, or Dw) as preflx
eping track of the final destination). As several inter-

the intended effect of each message on service states.(lﬁ%

C mediate calls may be simultaneously requested, we must
distinguish between local messages and external ones,

we draw the later with bold lines. serve thenearestone first, that we denote by a function

We mention on the passage, that similar other higﬁe_ss(K,Kl) we assume defined at the data-level. For

. . . ._~Instance, when goingp, less( K, K1) first tests whether
level Petri nets variants also integrate structured (ofject e, when goingp, less(K, K1) firs S ©

)data and behavior. They include, among others, [Z{J + 1 is requested, if not it then tesfs + 2 and so on

[11], [14], [6], [5] and [25]. Nevetheless, to the best o | K1 — 1. The transitionTgoi nt corresponds to the

. . xisten f intermedi r To orders (from
our knowledge no variant have been applied to featur_%ss'[e ce of intermediate requested GoTo orders (fro

specification, let alone feature dynamic evolution ar{HSlde) after performing the transitiomigof ar . That

i o IS, besides the tokefoGo_F(L,K1,S) there should
composition as we present in this paper. Further, a cofn-

. . -y , B1e other tokens adoGo_F(L,less(K,K1),—) in the
parative studies of G-NETS capabilities with respect to : .
i . . . place TOGO. Finally, the transitionTgonxt concerns
these similar proposals have been investigated in [3].

e . . .~ the two following cases of a goto message. First, it
1) Specification of the lift-service interface behaviour: :
By applying these simple rules to the informal descri concerns performing a non-next goto message 4l.e:

y appying P D = (UpV Dw)) after serving all intermediate requested

tion of the case study, Figure 2 depicts the correspondiﬁg;rs (usingTgoi nt r andTcal | i nt) if any. Second

user-multi-lifts Go-NEeT-based observed and concurren% . .
. . . It concerns performing a ToGo for a next floor (i.e.
behaviour (i.e. triggered by the users).

Kl=K+1VvV K1=K —1) if any. Withe the aim to
This Co-NET-driven behavior is thus incrementally * ) y

constructed by first associating with the state ort t

a place containing the different lifts states. Secor.ld, W'H?ive a complete specification, we also specified intended
the two message sofX0and CALLED we associated internal behaviour of this multi-lift case study as depicte

two corresponding places. The corresponding behaVi(?tl‘i'rFigure 3. This behaviour reflects the opening and
is captured in terms of transitions associated with theél%sing of doors. where the lift car should be either
mes.sages. For !nstanc.:e, .the transitidiski pgo and in an idle or (intermediate) stop state. Second, while
Tski pcal permitto skip (i.e. consume) any called/got(l)he door is open, users can go-in and go-out which

messages from/to the same floor where the lift car $Seans the weight may change. The transitist op
stationing. This transition allows also to delete already

served called/goto orders (performed by other transi‘Used here as read-arc with be eitherUp or Duw.



ID-125 FEATURES INTERACTION IN ADAPTIVE SERVICE ENVIRONEMENT  ID-125

The multi-hft Co—Nets observed specification LET
TOGO (ify | Cur_F : 4, 5t : idle, Dr : Op, Wg : 125) \
(ifj|Cur_F : 9, St : Up, Dr : Cl, Wy : 40) _/_——/“‘/A/ﬂ‘
y 1‘ x4 4
(L|Cur_F : K)
“\\. . ToGo.F(L, K, —) % |
AT . 4 3
Tskipgo A (L|Cur_F : K) _ Ny
—~ | | True 3 Q
L > ; Tskipcal ° S
X Called_F(L, K) | True | -
<) S -
12 ToGo.F(L, K1, ) (L|Cur-F : K, St : idle, Dr : cl) LL I~ T_ =
O ' vV | o -
K Tgofar é &y 8 &
g Q
| (K1 > K +1) |(K1<K—1) | 3 S § 3
— ] S
Goto F(L, K1, Up) , ™ o) 2 -
Goto.F(L, K1, Dw) G5 I
e I
s ~ 7 &
[i ToGo F(L, —, —) v ; o 3
[Ys) CALLED _ Called_F(L, K1) (L|Cur-F : K, St : 8, Dr : cl) P | :
> LA v Tcalled g 5 4] 9
- 1Y 9 S < g’"
4_/ Called_F(I1,5) (K1 > K) (K1 < K) S > >
X e — . 1 A %)
5 Called_F(lk, 10) g1 =
E _Sw CalledF(L, less(K, K1) (L|Cur_F : K,St : S, Dr : cl) [,_“ g
4 = R / v i g1 =
3 ToGo.F(L, K1, S) o Tcallint ~ 5
3 (8= UpvV S = Duw) @
3 K
| .
ToGo-F(L,K1,8)..ToGo_F(L,less(K1,K), —) Lﬁ
» < 3
> < S
E Tgoint S=UpvS=Duw (L|Cur.F : K,St:S,Dr : cl) N
= 2 ToGo-F(L, K1, 5S) T
[}
O
~ l(L\Cur,F : K,St:D,Dr:cl)
ToGo_F(L, K1, S) 1 Tgonext
3] |((D:S:Up)\/(D:S:U;y))V(Kl:K+1vK1:K—1)
§ | (L|Cur_F : K1, 5t : S.Stop, Dr : cl)
CALL GOTO
USER
GoTo(I1,5) . .
The observed user specification

Fig. 2. The Multi-Lift-User Components observed specification

allows the lift to stop at intermediate floors, whiclC. Features validation witlCo-NETS semantics

allows the possibility of performinggo-i o, Topen

and Tcl ose. After that the lift continues its way by ~©One of the main advantage of thed@eTs approach
performing the transitioTcont . We should note that is its operational semantics expressed in rewrite logic
detection of reaching any floor is governed by suitablé8], where each transition is governed by a correspond-

of simplicity. this logic we referred to as @NETS rewrite theory.

The main ideas of this interpretation can be sketched
as follows. To bind each place markingt with its
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The internal multi-lit Co—Nets specitication
(L|St : 8, Dr: cl) L|St : §.Stop, Dr : cl) Mesq
Tstop v k (Id;|attrs;)
St : 8.8 : el i1 Tintra
{L|5¢ tor, Dr Cl i(L\St, S, Dr: cl) (1d;|atrgy < valyy , ...
INTER-LIFT | | >~ ... Condition
(Ify | Cur-F : 7, St : idle, Dr : Op, Wg : 453) ?
MShy MSp,.
y st (Idﬂattrs,f) (Id |attrs;) C{ \ED
(L|St : S1,Dr : op, Wt : W) L|St : S1, Dr : cl) 1=s1 v
Tgo-io |Topen = esy,
I(W/ < Wma) A (S1 = idlev = S.Slup)l (S1 = idlev = S.Stop) k i .
[ Q —
(L|STT ST D op Wi T W) LSt : S1. Dr : op ‘ b The intra component transition pattern
n
(L|St : 81, Dr : op) Tclose :
[(51 = idie v 51 = 5.5t0p) | 2 Fig. 4. A General pattern for transitions
Fig. 3. The Internal Multi-lift Specification (Lift, (L|Cur_F : K)) = (Lift, (L|Cur_F : K))

Tskipcal: (CALLED, Called_F(L,K))®

. . Lift, (L F: K Lift, (L F K
corresponding place we capture them as a paw, mt). (Tgi];tns (?’UOTGO Toé)o F&if ;)C’ur 2

Different tokens withinmt are gathered using a multiset;, ~ F(L, less (K, K1), —))®

union operator we denote hy. To represent G-NETS (Lt (L|Cur_F : K, St : S,Dr : ¢l))

states as multisets over different the pdiss, mt;), we = ((TOGO, ToGo_F(L,K1,S5))®

introduce another multiset generated by a union operat@¥ft, (L| Cur_F : less(K, K1), St : S.Stop, Dr : cl))

we denote by®. That is, a ©-NETS state is describedi f (S = UpV = Dw)

as a multiset of the form(p,, mt;) ® (p1, mt2) ®.... To

exhibit a maximum of concurrency, we allow distributind 9onext (7060, ToGo-F(L, K1, D))®

® over__. Thatis, if m¢; andmt, are two marking parts (Lift, (L|Cur-F : K, 5t = 5, Dr : cl))

in a given placey as(p, mt,__mt»), then we can always = (Lift, (L|Cur-F : K1,5t = §.Stop, Dr : cl))

split it to (p,mt1) © (p, mtz). To exhibit intra-state i f (D=5 =UpV =Dw)V((K1=K 1))

concurrency, we permit the splitting and recombining of These transition rewrite rules governing the behaviour

such state tuple at a need. of lift Co-NETS component can be concurrently applied
Figure 4 presents a general pattern f@-GETs intra- to a given (initial) state marking. As we mentioned

component transitions. It expresses that when messagiéeh state marking is to be described as a multiset of

enter in contact with some (attributes of) states, undée form@(pZ,M( i)). Where M(p;) is the current

eventual constraints on such messages and attributegrking of the placep;. The corresponding inference

the resulting is the consumption of such messages, thées of this ®-NETs rewrite theory and illustration on

creation of new messages and the change of states. how to concurrently applied them can be found more in
Following the above guidelines, the rewrite rule codetail in [3].

responding to this general transition pattern, takes tBe

following form:

Tintra:  (obj, £ A (Id;|attrs;)) ® (Mes ik, ms;x)

Features Composition using StrategiesGo-NETS

In the previous section we presented how deriving

k=1 rewrite rules governing different service features and
(obj7 k2 (Idsk\attrs 5k>—— r (Id“|attrszk>) . . o . .
= how applying them to a given initial configuration.
_1(M66hk,m8hk) i f Condition However, like all Petri nets variants we let undefined

Example: By applying these guidelines for generatinghe order in which different transitions (rules) have to
Co-NETS transition rewrite rules to the lift componentoe fired (i.e transitions are randomly fireable). Although
depicted in Figure 2, the rewriting rules of some selectétich undefined control may enhances parallelism and
transitions (due to space limitation) is given below: true concurrency, we stress its inappropriateness for
Tskipgo: (TOGO, ToGo_F(L,K,.))® features interaction. That is, we argue that imposing



ID-125 FEATURES INTERACTION IN ADAPTIVE SERVICE ENVIRONEMENT  ID-125

carefully chosen control strategies for firing transitionsimplicity of the proposed message algebras but apply it
represents a crucial step towards decreasing undesirabétead on transition rules (using their names as "labels”)
interactions of service features, and also allows detgctias in [8] yet without using the complexity of reflection.
and validating large cases of conflicting interactions We propose thus aTt ansi ti ons_Al gebra” in-

(before completing such detection with some propertgzead of the above message algebra. We give below the
checking). orresponding inference rules for the choice’{’ and

the sequence ) operators; the other could operators
Considering our case study with the above rewriiich as parallelism, loop, ect are to be captured in

rules, for instance, we have to impose that after fifl® Same manner that we skipping as simple exercisel.
' ’ As each ©-NETS transition is usually triggered by

ing the transitionTgof ar, the transitionsTcal | i nt 5t |east one message instance, the associated inference
and Tgoi nt have to be repeatedly and concurrentlgule consists in ensuring the existence of a matching

attempted before trying the transitidfigonxt . Other- Of this transition rule (via a substitution) in the current

wise, if we directly fireTgonxt after Tgof ar then ggé;\'a'igr%tate while enforcing the meaning of each
all intermediate call or goto (from inside and outside) '

will be skipped and thus the whole lift functioning obj TRANSI TI ONS Al gebra is
become compromised. The same is for the transitiorﬁ’é"tei“”g CO‘NETT St”ateT- fvels T labeds T label

. . . . op —+- - 55— |- -||- T labels T _labels — T _labels
TSkI pcal apd T§k| pgp yvhlch hav_e to fired qt the ;s my, ma, sma, sma : Msg .
right time with high priority otherwise they will be vars S, , S, , Si,, Si,, Sry, Srp, Sn : CO-NETS State
interpreted as an effective call or goto (i.e. the lift tdavevars pi, p2 : Places

back each time to serve such fictive calls and goto's!) Vs 71, Triz © Transitions.Rul es
Trly + Trle < (p1,smi1) ® (p2,sm2) ® S = Sr

The approach we are proposing is inspired by twawi th
existing related proposals for controlling rules in rearit 71 = (p1,m1) @ Ly = Ra
logic. The first method detailed in [26], [27] puts HT’Zj i (pzma) 5 L = 1
forward a so-called message algebras inspired from s, — o, (m1) A‘g(?f@ljegl A (p1,sm1) @ Si = S1) V
process algebras operators. It adopts thus operators likesmz = o2(m2) A o2(L2) € Si A (p2, sm2) ® S1 = S)
sequence (denoted as usual by}, choi ce ("+"),

. e . . Trly ; Trle < (p1,sm1) @ (p2,sm2) ® Sy, @ Si, = Sy ® Sry

parall elism("["), etc, on messages appearing in .. .
the left-hand sides of rewrite rules. To capture therr, : (py,m1)® L1 = R:
intended meaning of message expressions based on suéh: : (piémz);@ L2 = Ro
operators,. the approach r.estrlcts rulest to at most on?ﬁ;"j&l(ml) A“;l)(st) € 51 A ov(Ra) € Sr ® S A
message in the left-hand side (called "simpleAMDE).  (, n) @5, = S, ® Si) A
The control itself is enforced through adequate inference sma = o2(ma) A 02(La) € Si, @ Si A 02(R2) € Sry A
rules, taking the rules and the current configuration (i.&2: sm2) © Si; © Si = S»)

the running program as multiset of messages and objeecrfg0

instances). The second approach [8] permits droppinginformally speaking, the choice strategy-() allows
the restriction about the form of rules, and is based @pplying an eligible transition (i.e. with a matching to
the intrinsic reflection capabilities of rewrite logic [17] 3 part of the ®-NETS-marking or state) among at least
That is, to enforce a rewriting strategy using the aboygo transition rules (in our cas@rl; and Trly). For the
operators, this reflection-based approach first transforgigyuence strategy;’j a two transition rules have to be
all concerned rules to their meta-representation and theshuentially applied, that is, after applying the first rale,
apply algebras-like meta-rules system to enforce apyrt of the resulting ©-NETS-marking Trl; (represented
given strategy and then reflect it at the usual base-levg}; the sub-state},) has to rewritten while applying the
Towards controlling ©-NETS transitions firing, we second transition rule.
strive for benefiting as much from these two proposafgpplication to the multi-lift system. One possible
while considering the specificities of EENETS transi- logical strategy consists of repeating the following:
tions rewrite rules. More precisely, we aim to keep th@) eliminate any redundant request from outside and
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inside, that is, first each time perform the transitions
Tski pgo and Tski pcal ; (2) check for the farthest

requested floor from inside, that is, try performing the
transition Tgof ar . When all requested floors are just
next ones (i.e. Up or Down) perform the transition
Tgonxt ; (3) serve any (intermediate) requested floors
(both from inside and outside) while travelling to the
farthest floor selected from 2. That is, perform the
transitionsTi nt cal | andTgoi nt ; and (4) serve this

final destination by performing the transitidrgonxt . 2)

With the above notations, this strategy corresponds to
the following algebra:

[(Tskipgo || Tskipcall) ; ((Tgofar ;

(Tintgo || Tintcall) ; Tnxtgo) + (Tnxtgo))]*
The notation]...]* perform this process repeatedly yet
with the interference of any local behaviour (i.e. the
application of local transitions at anytime and at need).

IV. FEATURESRUNTIME EVOLUTION IN CO-NETS

As we emphasized, existing Fl approaches laok-
time manipulation of features, which prevents adjusting
such features to avoid undesirable interactions and/or

to timely respond to requirements features change. Ing3)

this section, first we present how to incrementally ex-
tend the ©-NETS framework with a Petri nets meta-
level, where service functionalities can be dynamically

adapted to requirements change and thus circumvent the

just mentioned shortcomings in Fl. We then apply this
"evolving” CO-NETS to the running example.

A. A Petri nets-based Meta-level f@O-NETS

The main ideas for building a meta-level from a
given Co-NETS component, we detailed in [4], may be
intuitively summarized in the following:

1) Meta-data for transition dynamics: As any re-
flection technique, the first step consists in rep-
resenting base-level entities as (meta-)data. For
the Co-NETS case, we should recall that each
transition is composed of: (1) an identifier or label,
(2) input inscriptions with their respective places
(as multiset), (3) output inscriptions with their
respective output places (as multiset), and (4) the
transition condition. So it is intuitive to represent
such transition dynamics astaple of the form:

(transition.d:version |

(input-)multiset, (output-)nmultiset,

condi tion)

With respect to the intra-component transition pat-
tern proposed in Figure 4, such tuple takes the
following precise form:

tp
(Trl = i | (obj, IC ) @ (Mesg,IC}),
e

=11

(obj, CT op;) kéé (Mesy,, CTy), Cond.)
Dynamically_rﬁanipulating such tuples: To dy-
namically manipulating such transitions behav-
iour as tokens, we first propose to conceive a
(meta-placeto gather their instantiated forms (i.e.
with concrete places, inscriptions and conditions)
as (metatpkens Besides that, we propose three
places with corresponding transitions to permit
adding, removing or updating any transition be-
haviour as token. We denote such places with
Add- Bh, Chg- Bh andDel - bh as the places for
holding messages for adding/updating and deleting
such meta-tokens with three respective transitions
TADD, TcHG and TbeL for effectively adding,
modifying or deleting explicit (meta-)tokens.
Relating the two levels with read-arcs:As next
step in this reflection reasoning is to allow, on
the one handreifying (bringing up) any ©-NETS
components transitions behaviour (from the base-
level) to this meta-level to manipulate it, and on
the other hand dynamicallyeflecting (bringing
down) any transition behaviour-as-meta-tokens to
a normal M-NETS transition. With the aim to
keep the base-level of thed2NETS components
specification unchanged, we propose just to add
read-arcs from the meta-place to some transitions
subject to change and evolution. For such subject-
to-change transitions, we also propose to enrich
their input/output inscriptions and conditions with
corresponding variables through a disjunction op-
erator (we denote by) as shown in the right-hand
side of the lower part of Figure 5. These variables
with associated (input/output) places are accord-
ingly put into a transition tuple as inscription for
the read-arc relating the meta-place to such non-
instantiated transition.

4) Propagating meta-tokens to transitions behav-
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iour: The propagation or the reflection consists
in selectingfrom the meta-place a given meta-
token—which we refer to as aon-instantiated
and non-existing transition at the base level—and
transformingit to a usual (instantiated) transition
rule which can be used as and with the other tran-
sition rules. Given such a non-instantiated meta-
rewrite rule, we can thedynamically selectny
particular tuple as a behaviour from the meta-place
and derive a usual transition rule.

The general form of rewrite rules for non-
instantiated transitions is as such:

. k Lk
tnw : H@ (pulci)]mr(Pmetm<t : Z|[Z(§1(plalcl)]| L4

i=1
18 (07 OT. TC) = [ (a5 CTII| 1§ TC,
Note the operatol|, separating the read-arc in-
scription from the other inscriptions allows explic-
itly distinguishing between the input/output arcs
and this read-arc inscriptions.
Given such a non-instantiated meta-rewrite rule,
we can then select any particular tuple from the
meta-place and derive a usual rule. This process is
captured by the following inference rule.
With the existence of the following substitutions:
do; € [Ts(p,)]ﬁa ..,HUJ‘ S [Ts(qj)]”,Ela S [Tbool}
The following usual rewrite rule as the newtk
behaviour for the transitiont(—) is obtained.
(1 I8, (e ICDILILE, (45,0, (CT] Lo (TC)EM (P )

TOHIE

i=1

(peo (ICO) = [8 (6,05 (CT]| 1T o(TC)

B. Dynamically manipulating the multi-lift features

With respect to the multi-lift ©-NETS components
we proposed in previous sections, different lift features
can now be dynamically manipulated in an incremental
way, namely runtime addition of new features without
resorting to stopping the running specification, the dele-
tion of existing features, and finally the modification, that
is, the update of some outdated features.

As specific illustration of such dynamic adaptivity of
different features, we restrict ourselves to the following
cases:

inside or from outside. However, we would like at
the same time to let this stationary floor variable,
for instance, depending on rush hours. This of
course cannot be specified using a fixed transition,
rather it should be considered as a token that can
be dynamically updated whenever necessary. For
the simple case, where the stationary floor is to be
the underground (floor zero(0)), such a meta-token
takes the form:

(Reset : 1(TOGO,” ToGo_F(L,—,—)) ®
(CALLED,~ Called F(L,—,—)) ® (Lift, (L|Cur_F
K,Dr : ¢, Wg : 0)),(Lift,(L|Cur_F : 0,Dr

cl, Wg : 0)),(K #0) A (L € List(Lifts))

Avoid unnecessary travel: In our original Go-
NETS specification we allowed canceling any
request from (inside or outside) a same floor
(see transitions Tski pgo and Tski pcal).
Nevertheless, to completely protect the lift from
(kids abuse!) unnecessary travel, we have to
consider the case of requesting (from inside) for
floors without being in the lift car (i.e. theveight

in zero(0)). To do so, we have to consider the
transition Tski pgo as an evolving one, and
introduce its new behaviour as a meta-token. This
behaviour takes the following form:

( T'skipgo : 1(TOGO, ToGo_F(L,K1,-)) ®
(Lift,(L|Cur_F : K, Wg = W)),(Lift,(L|Cur_F

K, Wg : W)),(K1=K)V(W =0)))

o Serving "onboard” first: When a given lift is

nearly full, that is its weight is for instance more
that 2/3 of theWrax, and is traveling far (more than
next floor), it is more practical to skip intermediate
calls from outside. This means that the firing of
the transitionTcal | i nt has now to be subject
to this weight condition change. The corresponding
transition tuple (as new version) takes thus the form:
(Tecallint = 1|{(CALLED, Called_F(L,less(K, K1)))
(TOGO, ToGo_F(L,K1,95))®

(Lift, (L|Cur_F : K, St : S, Wy
WH),(TOGO, ToGo_F (L, K1, 8))®(Lift, (L] Cur_F :
less(K,K1),St : S.Stop, Wg = W)),((S =

Up)V (S = Duw)) AN (W < 2/3Wmaz))

o Stationary floors: We would like to introduce All these features are illustrated in Figure 6 with
a feature that allows for some particular lifts tdC .., CT e and TC,,- as appropriate variables for
travel to a ’stationary’ floor when there is no caltapturing adaptive input inscriptions, output inscripso
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The Petri nets-based Meta-Level Gouverning Runtime Manipulation of Co-Nets Behaviour

DEL_BhV

Del-Bh(T,..) Meta-Place

CHG_BhV

(t, : ny|(obj, ?<I(il|att7‘s,s)) Q? (Mes,,., mes;,.), (obj, ﬁ(ld{ \a,f,f,rs,:h)) ? (Mﬁshl s mesj, ), TCy)

Del-Bh(t, i) . > AN A
il o,

ADD_BhV

’ ’ ’ ’ ’
Chg-Bh(t, i, ®(P;", 1C;V), ®(Q,”, OT},Y), TC ")
7 h ;

(t:il @ (PP ICP), ©(QF, CTP), TCY)
:

Add_Bh(t, ®(PY, 1C}), ®(Q}, CT}), TC") v
i J
| True | ' Md

k (t:kl= = =)

N(tiklm = o)

Y
e 17 [T ™

(t: 1] @ (P}, I1C)), ®(QY, CTY), TCY))
% v bi J J 7

/r ! / ”/r T, ’
(t e § (P;V,1C;7), g@,}’, cTyV), TC V)

(s k11 ® (PY,10)), ®(Q) . OT), TC)))

(t: il (obj, 1Y,

j=h
,k;l (Id;|attrs;) V ICyp,
i= !

Mes;, .
ms; V IC!
msiy V ICH \ » P .
L | (i)

) g@) (M 1c?)y, (obj, CTY, ) ]ég (M cT?), TCY
) les;, IC;7), (obj, CT 5 Tes;, )
imiy ! o 1 J Mes-,p

Mes;,

Mes;, k (Id;|attrs;)
[ i=1 Obj
msiy msi, {
t

(Idj]atry : valy , ...)
Conditions on attribute values
and message parameters

MShy ; msp,. \ 1
i,l (Id;|attrs])

Mes, Mes;, i=1" .
Pattern of rigid transitions |

Conditionv TC'"

mspy V CT;L’I / msp, V CTy
ﬁ1<1d,|att7'szl> V CTgpj O
1= . .

. - M.eshl Mesh,,-
Pattern of Run—time Modified transitions

Fig. 5. The general pattern for handling dynamic behaviour @NETS

and conditions respectively. Note that we are conceimnamework and this feature-oriented approach. Further
trating only on evolving transitions, with all other unfor properties verification purpose, we are recapitulating
changed transitions (from Figure 2) being skipped. from previous work on relating the semantics of this
framework namely rewrite logic with Lamport’'s tempo-
ral logic of actions TLA [15], [2]. Such verification phase
is crucial for logically detecting different inconsistées
V. CONCLUSIONS and unwished interactions of different features.

We addressed the challenging yet very practical prob-
lems of formally specifying animating, validating, com-
.pOSI.ng_ and dynaml(_:a”y eYOIVm_g mterat;tmg fF“atun:"%l] Business Process Execution Language for Web ServiBs,
in distributed dynamic service-driven environment. The = 2003. version 1.1.
proposed approach is based on a tailored integratid?] N. Aoumeur and G. Saake. Concurrent Object Systems Mod-
of component concepts with high-level Petri nets en- elling anq Yerlflcatlon on the Basis of .Maude. and TLA+.
d d with dapti ta-| | d int ted i In M. Wirsing, M. Gogolla, H. Kreowski, T. Nipkow, and

owed with an adap '_Ve me_' a-level and Interpreted in ,, Reif., editors,Proc. of 1st Workshop on Rigorous devel-
true-concurrency rewrite logic. The approach has been opment of software-intensive systems, Berlin, Germpages
illustrated using a variant of a multi-lift system with ~ 43-56, 2000.

an informal description using a profiled UML class-[3] N. Aoumeur and G. Saake. A Component-Based Petri Net
Model for Specifying and Validating Cooperative Information

diagrams. Systems. Data and Knowledge Engineering2(2):143-187,
We are developing a tool supporting the proposed August 2002.

REFERENCES



ID-125

FEATURES INTERACTION IN ADAPTIVE SERVICE ENVIRONEMENT

ID-125

DEL-BhV CHG-BhV

The Meta-Level Gouverning the Runtime Adaptivity of the Lift Compoment

ADD-BhV
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