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ABSTRACT. In this manuscript, we are interested in the specification and decentralized execution of admin-
istrative workflows. We present a grammatical model to specify such processes by indicating, in addition to
their fundamental elements, the permissions (reading, writing and execution) of each actor in relation to each
of the tasks that compose them. We then present a decentralized and artifact-centric execution model of these
processes, on a Peer to Peer (P2P) Workflow Management System (WfMS). Our execution model allows the
confidential execution of certain tasks by ensuring that, each actor potentially has only a partial perception of
the overall process execution status. In our approach, we propose various stable projection algorithms, making
it possible to obtain, to verify the coherence and to guarantee the convergence of the various potentially par-
tial perceptions. Our algorithms are then coded and tested using a graphical tool to simulate the decentralized
execution of administrative processes.

RESUME. Dans ce manuscrit, nous nous intéressons a la spécification et a I'exécution décentralisée des proces-
sus workflows administratifs. Nous présentons un modele grammatical permettant de spécifier de tels processus
en précisant en plus de leurs éléments fondamentaux, les permissions (lecture, écriture et exécution) de chaque
acteur relativement a chacune des taches qui les composent. Nous présentons ensuite un modele d’exécution
décentralisée et centré-artefact de ces processus, sur un Systeme de Gestion de Workflows (SGWf) Pair a Pair
(P2P). Notre modéle d’exécution autorise I'exécution confidentielle de certaines taches en permettant a chaque
acteur, de n'avoir potentiellement qu’'une perception partielle de I'état d’exécution global du processus. Dans
notre démarche, nous proposons divers algorithmes de projection stables, permettant d’obtenir, de vérifier la
cohérence et de garantir la convergence des diverses perceptions potentiellement partielles. Nos algorithmes
sont ensuite codés et expérimentés a I'aide d'un outil graphique de simulation d’exécution décentralisée des
processus administratifs.

KEYWORDS : Workflow Management Systems, Workflow Specification Language, Artifacts, Accreditation, Pro-
jection, Partial replica, Peer to Peer.

MOTS-CLES : Systéme de Gestion des Workflows, Langage de Spécification des Workflows, Artefacts, Accré-
ditation, Projection, Réplique Partielle, Pair a Pair.




1. Introduction

To easily automate their business processes and incresaisedmpetitiveness, organi-
sations are increasingly interested in workflow technaldiggeed, in its most widespread
approach, the latter reduces the automation of a given éssirocess to its formal spec-
ification (modeling) using &Jorkflow Process Specification LanguggéfPSL) [1, 3].

To automate a given administrative procksse can conceive it as a set of annotated
trees calledarget artifacts representing possible execution scenarios of the saitkpso
(see fig. 1). From this set of artifacts, we will derive an eglént grammar calleGram-
matical Model of WorkfloWGMWf). By associating this model with a list (subsequently
calledset of accreditatiojsnforming on the permissions of each process actor for each
task, we obtain a complete (ready to be executed) speaifiicafithe studied process.

Instances of an administrative process described using WGand a set of accredi-
tations, can be executed in a decentralized mode, PYRWMS-Viewit is a Workflow
Management Syste(W/fMS) whose geographically dispersed instances (peers)tu-
nicate in Peer to Peer (P2P) by exchanging artifeatsfgct-centrig. As a prerequisite
to do so, each peer is configured using the model (GMWf + setakditations) of the
process. From the (global) GMWI, each peer completes itiguration by deriving by
projection a local GMWf according to the accreditations of the locaba¢GMWf pro-
jection). During the proper execution, actors coordinate by exghmanlocally updated
artifacts, to incrementally build one of the target artifachat’s why the workflow exe-
cution process is said to be artifact-centric. On a givem,peeen an artifact is received,
it is projected értifact projection) in accordance with the accreditations of the local actor
in order to meet any confidentiality requirements. The lacabr potentially manipulates
only a partial replica of the global artifact under execntibis actions on it are guided
by his local GMW/f. At the end of its local execution, his upgto the manipulated
partial replica must be integrated into the global artifaging executed. We then merge
these two artifacts that are conform to two different modeds say that we realize the
expansion-pruningf the updated partial replica). When this merging is cornepléhe
process execution continues with the updated global ertifiader execution.
Contributions In this paper, we propose 1) a simjlanguage for Specifying Administra-
tive Workflow Processds SAWTP), allowing to model each administrative procesthia
form of a GMWf to which a set of actors accreditations is ad@@dtable projection op-
erations GMWf projectionartifacts projectiorandexpansion-pruningfor decentralized
execution of processes using a P2P-WfMS-View.

Manuscript organization in section 2 of this manuscript, we give a formal definition
of our language (LSAWfP) and then we discuss its expreses&nThen, in section 3,
we present our model for decentralized execution of adinatige processes specified
using our LSAWIP, as well as its key algorithms. Finally, ppandices, we analyze the
stability of our algorithms (sec. A) and we present a prqietyf a P2P WfMS integrating
our algorithms.

1. These are variable processes of which we know all the cases; that is, the tasks are predictable and the
sequence are simple and clearly defined [8].



2. A Language for the Specification of Administrative Workflo w
Processes (LSAWIP)

2.1. Language definition

In the rest of this manuscript, we designate by the expressid.anguage for the
Specification of Administrative Workflow Proce$§s@sSAWTP), the language that we
propose for processes specification. Also, we reféétammatical Model of Adminis-
trative Workflow Proces@GGMAWTP) as any specification of a business process produced
using the language LSAWIfP. Formally, a GMAW(P is defined d®oves :

Définition 1 TheGrammatical Model of Administrative Workflow Proceg&MAW(P)
W+ of a given business process, is a tripl§t = (G,ka,Lgk) whereinG is the studied
process (global) GMWiLp, is the set of k actors taking part in its execution ang
represents the set of these actors accreditations.

Figure 1. Example of target artifacts for a given process (peer-review process)

2.1.1. Concept of GMWf

The set of tasks of an administrative process and their imrglean be described using
a set oftarget artifacts(see fig. 1). In these, nodes represent tasks to be executedan
hierarchical decomposition (a node and its sons) representrdering. In the artifacts
that we handle, we consider only two types of ordering :sdquential orderingnoted
Xo — Xs15... 5 Xsn fOr @ set{Xo,Xs1 ... Xsn} Of tasks, which describes how the taxk
precedes taskX . .. Xsn that should be executed sequentially and p@jgllel ordering
notedXo — Xpy || ... || Xpn, Which indicates how the tasky precedes task&pi, ..., Xpn
that can be executed concurrently. The set of target asifaan therefore be substituted
by a grammafG (a GMWHf) in which, each symbol refers to a task and, each prtoiu
p is of one of the following two formsp: Xo — X15...¢Xp0rp: Xo — X1 || ... || Xn. In
this case, each target artifacts conform toG and we notd; .-. G. More formally,

Définition 2 A Grammatical Model of Workflot{ GMWf) is defined byz = (§,P,A)
where S is a finite set ofyrammatical symbol®or sortscorresponding to variougasks

to be executed in the studied business process; Ais a particular symbol called
axiom, and P C § x §* is a finite set ofproductionsdecorated by the operatorg™

(is sequential to) and|" (is parallel to): they areprecedence rules A production

P = (Xp(0), Xp(1) - Xp(p))) is either of the form P Xo — X15...5Xp|, or of the form
P:Xo— X | ... || Xp| and |P| designates the length of P right-hand side. Each gram-
matical symbol Xe § is associated with an attribute callesfatus that can be updated
when the task X is executed;statusprovides access (read and write) to its content. A
production with the symbol X as left-hand side is called arddpction.




For some business processes, there may be particular chees ivis impossible to
strictly order all tasks using the two production forms agdgfor GMW12. In such case,
it is neccessary to insert new symbols, knowr(re3structuring symbolsnot related to
tasks, to achieve a correct ordering that meets the formeoalygtions. To take into ac-
count such cases, we adapt the previously made GMWf defirtitiobtain the following
complete one:

Définition 3 A Grammatical Model of Workflon(GMWH) is defined bz = (5,2, Ag)
wherein? refers to the same purpose as in definitios 25 {Ag } UZ U Tsrycis a finite set
of grammatical symbol®r sortsin which, those ofl” correspond tdasksof the studied
business process, while those %, are (re)structuring symbols. Ais the axiom of
grammar.

2.1.2. Concept of accreditation of an actor

Since business processes are generally carried out dedlgcit is necessary for co-
ordination and confidentiality reasons, to clarify the pisgions of each actor on each
process task. In our case, we propose to do this when spegiflye process, using ac-
creditations. The accreditation of a given actor provigdsrimation on the rights (per-
missions) he has on each sort (task) of the GMWIf. The nomanelaf the rights we
handle is inspired by the one used in Unix-like operatingesys. Three types of accred-
itation are therefore defined: accreditation in readimgin writing (w) and in execution
(x).

1. Accreditation in reading (r) an actor accredited in reading on s¥rtmay be not
only informed on the execution of the related task, but he alag access its execution
status. We call an actonaiethe set of sorts on which he is accredited in reading.

2. Accreditation in writing (w) an actor accredited in writing on softis in charge
of the execution of the related task. Any actor accreditedriting on a symbol must
necessarily be accredited in reading on it.

3. Accreditation in execution (xjan actor accredited in execution on s¥ris autho-
rized to ask to the actor who is accredited in writing on itxeaute it.

More formally, an accreditation is defined as follows:

Définition 4 An accreditation4,, defined on the sef of grammatical symbols for an
actor A, is a triplet 4, = (ﬂAi(r),ﬂAi (w)> A (X)) such that, A,y C S also calledviewof
actor A, is the set of symbols on which & accredited in readingda, w) € Ap ) is the
set of symbols on which A accredited in writing andda, ) € S is the set of symbols on
which A is accredited in execution.

2.2. On the expressiveness of our language

Our language (LSAW{P) covers the three workflow conceptuadiefs identified in
[4]. In our case, th@rganizational modefthat expresses and assigns the resources that
must execute tasks) is specified using the co(lph;, L/qk). As for theinformation model
(it describes the data structure being manipulated), iivisrgby the type of the attribute
status’. LSAWfP does not impose any constraints on the type of thitbate and leaves

2. For example, this is true for a process with four tasks A, B,C et D such as: A precedes all the others, B and
C can be concurrently executed and they precede D. Here, the insertion of a new symbol Ssolves the issue and

allows to obtain the following productions: p; : A— SsD, p2:S—B||C, p3:B—¢€ ps:C—eand ps:D — ¢
3. Reminder: each task is represented by a grammatical symbol with an attribute named status (see definition

2)



the responsibility to the designer to specify it; by defatils a string type. Therocess
model(that provides information on the tasks and their sequepdsprovided by the
GMWI (G). Note that it is possible, in our case, to represent all ofirouting between
tasks 6equentialparallel, alternative® anditerative®).

Compared to other languages used in the literatBusifiess Process Model and No-
tation [7], Petri Nets[8], Petri Nets with Object§3] etc.), ours is mainly distinguished
by the fact that it allows designers to statically specify #itcreditations of various actors
with regard to each task.

3. GMAWIP P2P execution model and corresponding algorithms

3.1. Key elements and constraints of the execution model

3.1.1. The execution environment

To execute a given GMAWIP in a decentralized mode, we use plaiely decentral-
ized (P2P) WfMS model (which we cal2P-WfMS-Viey proposing an artifact-centric
execution of business processes specified using graminaticiels. For this purpose,
instances of #2P-WfMS-Vievare installed on the sites of the various actors involved
in processes execution. These communicate (sending/megeequests/responses) by
service invocation.

During the process execution, each peer keeps a copy of ba(ylartifact said to be
under execution, which represents the current processigarctatus. Such an artifact
provides information on already executed tasks, on thasyre be executed and on their
executors. Technically, an artifact under execution isemialized by the presence within
it of buds These indicate at a moment, the only places where coritsiimiare expected.

A bud can be eithennlockedor lockeddepending on whether the corresponding task is
ready to be executed or not. Buds are typetud of type Xe S is a leaf node labelled
either byXg or by X, depending on its statéockedor unlocked (see fig. 2). The local
actions of a given actor will therefore have the effect ofeexting its local copy of the
(global) artifact by developing, through appropriate pretibns, the different unlocked
buds it contains.
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Figure 2. An intentional representation of an annotated artifact containing buds.

3.1.2. Confidential execution of certain tasks

For confidentiality reasons, each actor acts potentiallg partial replica of his local
copy of the (global) artifact. Technically, a partial regait,; of an artifact is obtained by

4. Such routing is represented by several productions with the same symbol as left-hand side.
5. To do such routing, all you need is to include recursive symbols in the definition of GMWf productions.



projection (using an operatorsaid ofartifact projection) of t according to the vievd/ of

the concerned actor: we ndtg = 11 (t). To ensure the effectiveness of the confidential
execution of certain tasks, each actor acts locally thraugpecialized graphic tool (see
fig. 3).

3.1.3. The need of a local GMWf at each site

Since the local actions of a particular actor depend on hisgption of the process,
it is necessary to control them in order not only to preseneepossible confidentiality
of certain tasks, but also to ensure the consistency of lquadtes. To do this, we must
derive a local GMWf on each site, by projecting the global GKAcording to the view
of the local actor GMWf projection). This projection is carried out usiig operator and
the GMWf obtained is note@; = M4 (G).

3.1.4. The expansion operation

Still with the aim of ensuring system convergence, the ¢outions made by a given
actor and contained in an updated partial rem[;%i, must be integrated into the local
copy of the (global) artifact before any synchronizatiotmeen peers. It is therefore
necessary to be able to merge these two artifacts, whicheaegllon two different models.
We find here, a version of thexpansionproblem as formulated in [2].

3.2. Execution model and peer activity

Globally then, before the execution of a given process,gaer configured using its
GMAWIP (Wt = (G, Lp,, L3,)). From the global GMW{ and the viewl/ of the local
actor, each peer derives a local GMWf,; =4, (G). Then, the execution of a case of
the process is triggered when an artifaistintroduced into the system (on the appropriate
peer); this artifact is actually an unlocked bud of the typthe axiomA (initial task) of
G. During execution, peers synchronize themselves by exghgrheir local copies of
the artifact being executed.

After receiving an artifact on a given peer, the latter merijésee fig. 3) with its
local copy (if it exists) and then the result is projectede Plartial replica obtained is then
completed when needed, using the specialized editor.

At the end of the completion, the expansion-pruning of thiaioled updated partial
replica is made in order to obtain the updated configuratfche (global) artifact local
copy. If the resulting configuration shows that the procéssikl be continued at other
sites?, then replicas of the artifact are sent to them by invokireggarvice forwardTd'.
Else’, a replica is returned to the pair from whom the artifact waeviously received by
invoking the serviceréturnTd'.

3.3. The main algorithms of the execution model

The GMAWTP execution model is mainly based on three algorghartifact pro-
jection, GMWf projectionand expansion In this section, we propose versions of these
algorithms.

6. This is the case when the artifact contains buds created on the current peer and whose actors accredited

in writing are on distant peers.
7. The artifact is complete (it no longer contains buds), or semi-complete (it contains buds that were created

on other peers and on which, the actor on the current peer is not accredited in writing).
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Figure 3. Activity of a peer in the system.
3.3.1. The artifact projection algorithm

Technically, the projectioty,; of an artifactt in the view 1{ = 4y, is obtained by
deleting int all nodes whose types do not belongdito In our case, the main challenges in
this operation arefl) to preserve the previously existiegecution ordebetween nodes
of t, (2) to preserve the use of the only two forms of production retdifor GMWf and
(3) to obtain only one artifact after projection to ensure thatitmation of processes
execution.

Our operation is notett. Inspired by the one proposed in [2], we project an artifgct b
preserving the hierarchy (father-son relationship) betweodes of the artifact (we thus
meet challengél)); but in addition, we insert into the projected artifact wheecessary,
new additiona(re)structuring symbolgaccessible in reading and writing by the actor for
whom the projection is made). This enables us to meet cly@l). Figure 4 presents

Figure 4. Example of projections made on an artifact and partial replicas obtained.

an artifact as well as two partial replicag andt,, respectively obtained from the views
7 ={A,B,C} and1% = {A,B,D}. Note the presence i, of the (re)structuring symbol
Si.

The algorithm concretely, to project an artifattaccording to a given view’ (i.e to
find projs = 1, (t)), the following recursive processing is applied to the maden =
Xt1,...,tm| (this notation indicates that is labelled with the symbaoX and haan sub-



artifactsty, ... ,ty) of t (note bypy, the production of the GMWf  that was used to extend

noden; note also that the algorithm described here can returraleaifacts):

Algorithm for projecting a given artifact according to a giv en view.

¢ If symbol X is visible (X € 9/) then :
1. nis kept in the artifact;
2. For each sub-artifact of n, having node; = X; [ti, ...t | as root (of which
pn, is the production that was used to extend it), the followingcessing is applied :
a. The projection oft; according to?’ is done. We obtain the lisprojs;, =

Ty (t) = {ti/,/la.wti,,/l };
b. If the type ofpy,, is the same as the type pf or the projection of; has pro-
duced no more than one artifagp(o js; | < 1), we just replacg by artifactstiq/l .

of the listprojs;;

-7tiq,|

sub-artifact; with a new artifachew t; whose root node ig; = S {ti wo ’ti%} ;

3. If the list of new sub-artifacts ofi contains only one elemeni havingn; =
S {tlvl,...,th/l} (with S a newly created (re)structuring symbol) as root node,
replace in this onet; by the sub-artifact&q/l,...,th/ of n;. This removes a norj

important (re)structuring symbol. |
* Else nis deleted and the result of the projectiqgrdjs) is the union of the projed
tions of each of its sub-artifactprojs = 1, (t) = UL, 1y (4i)

Otherwise, a new (re)structuring symiflis introduced and we replace the

we

To avoid that the previous algorithm produces a forest ineseases and thus meet
challenge(3), we make the following assumptioiEMAWP manipulated in this work

are such that all actors are accredited in reading on the GMWbm @xiom’s visibility

assumption. It should be noted that with our language, all administeagivocesses can

be designed in a form that validates this assumption.
3.3.2. GMWf projection algorithm

The goal of this algorithm is to derive by projection of a gM@MWf G = (S, P, Ag)
according to a view/’, a local GMWIG = (S5y, Py, Ac,,) (We noteGy =My (G)).
The algorithm we propose is as follows:

Algorithm for projecting a given GMWf according to a given vi ew.

1. First of all, it is necessary to generate all the targetate denoted b$; we thus
obtain a seartsg = {t1,...,t};
2. Then, each of the target artifacts must be projected aaqegtdil’. We thus obtain 3

only one copy is kept) of artifacts partial replicas;
3. Then, collect the different (re)structuring symbols appegin artifacts ofartsg,,,

artsg,,. We thus obtain a s, of symbols and a final seirtsg,, = {ty;, ...ty }
(with I < m) of artifacts. These are exactly the only ones that must bécm to the
searched GMW(5,,. So we call themlocal target artifacts for the view/’;

4. At this stage, it is time to collect all the productions thadde it possible to build
each of thdocal target artifacts for the view/. We obtain a se®,, of distinct produc

making sure to remove duplicates and to consequently upldatrtifacts and the s¢

setartsg,, = {tq/l, . ,tq/m} (with m < n because there may be duplicates; in this cfse,

—



tions.

The searched local GMWIG, = (S, Py, Ag,,) is such as
a. its set of symbols isy, = VUS,,
b. its set of productions i®,;
c. its axiomisAg,, = Ag

llustration: Figure 5 illustrates the research of a local mo@gk . such asG,, =
Mqp. (G) with Vec = ey = {AB,C,D,H1,H2,1112,F}. Target artifacts generated
from G (fig. 5(b)) are projected to obtain twocal target artifacts for the vievitc (fig.
5(c)). From the local target artifacts thus obtained, tteedeed GMWHT is produced (fig.
5(d)).

Symbols : o

A,B,C,D,E,F,G1,G2,H1,H2,11,12

Axiom : A
Pi: A—B3D Pyt A C3D (;enemttqn of target
Ps: Gl - H13I1 | Ps: G2 — H23I2 artifacts
Py: F—>¢ Pyo: Hl ¢
P3: 12—>¢ 1
Ps: CHE3F | Py: E—G1|| G2
P;: B—>¢g Ps: D—¢
Pu:il—e Piz: H2 e Initial GMWf’s target artifacts

Initial Grammatical Model of Workflow (GMWf) . e
H'VE(' (G) Projection of each

2 target artifact

Vic = {A B,C,D,H1,H2,11,12,F }
art'; = my, (art;)

Py: C— S13F
P;: B¢
Py:11—>e

Py: S1 82|83
Pg: D—e
Py: H2—>¢

Projected (local) Grammatical Model of Workflow

G Symbols :
[VEC {A,B,C,D,H1,H2,11,12,F} U {S1, 52,53}
Axiom : A
Py: A—B3D P: A C3D 3)&(4)
Ps: S2 5 HI3I | Po: S3— H23I2
Py: F>e Py: Hl —>¢ N
I’Yz :2—>¢ 0 Collection of (re)structuring

symbols and productions
involved in the creation of
target artifacts partial
replicas

Partial replicas of target artifacts

Figure 5. Example of projection of a GMWf according to a given view.

REMARK. — The GMWf projection algorithm presented here only works@MWf that

do not allow recursive symbdis We therefore assume that, for this execution matiel,
manipulated GMAW{P are those whose GMWf do not contain sadgeiisymbolsnon-
recursive GMWf assumption Therefore, it is no longer possible to express iterative
routing between process tasks (in the general case); eixcegges where the exact num-
ber of iterations is known in advance.

3.3.3. The expansion algorithm

Consider a (global) artifact under executibandt,, = 1, (t), its partial replica on
the site of an actof; whose view is?. Consider the partial replid@"le >ty obtained
by developing some unlocked budstef as a result ofA; contribution. The expansion
problem is to find a (global) artifact under executtipnwhich integrates nodes ofand
t,. To solve this problem made difficult by the fact thiaéndt,, are conform to two
different models G andG,, = M4, (G)), we perform a three-way merge [6]. We merge
the artifactst andt,, using a (global) target artifa¢g such that:(a) t is a prefix oftg

8. Itis only in this context that all the target artifacts can be enumerated.



(t <tg) and(b) t,l")aj is a prefix of the partial replica a§ according to?’ (t,lrjalj <1y (tg))-
Our algorithm proceeds in two steps.
Step 1 - Search for the merging guidey: the algorithm is as follows :

Algorithm searching for a merging guide.

1. First of all, we have to generate the setsg = {11, .. .,t,} of target artifacts denoted
by G;

2. Then, we must filter this set to retain only the artifstcdmittingt as a prefix (cri-
terion(a)) and whose projections according®o(t; v ) admitt;}™ as a prefix (criterion
(b)).

We obtain the sejuides= {tgl, e ,tgk} of artifacts that can guide the merging;

3. Finally, we randomly select an elemegfrom the seguides

Step 2 - Mergingt, tq")a‘J and tg: we want to find an artifadt that includes all the con-
tributions already made during the workflow execution. Ttraciure of the searched
artifactts is the same as that gf: hence the interest to uggas a guide. The merging is
carried out as follows :

Three-way merging algorithm.

A prefixed depth path of the three artifacts is made simutiasly until there is ng
longer a node to visit irg. Letn; (resp. nmaj and ntgk) be the node located at thhe
rV.

g
addresan (resp. w; andw) of t (resp. ;)" andtg) and currently being visited. If

nodesy;, Nymaj andn[gk are such thatgrocessing:
Y]
1. nmaj is associated with a (re)structuring symbol (fig. 6(d)) them take a step
7] .
forward in the depth path af)* and we resume processing;

2. Ny, Nymaj andmgk exist and are all associated with the same symxb(fig. 6(a) and

6(b)) theﬁ: we insem,maj (it is the most up-to-date node) intp at the addresy; if
rV.
maj IS @ bud then we Jprune (delete sub-artifatgsgt the addressy; we take a stefp
rV.
forlvvard in the depth path of the three artifacts and we regonoeessing.
3., Nmaj andntgk exist and are respectively associated with symbgl; and X

i

such thaDJ<k # X andXx # X (fig. 6(e)) then: we add, int; ataddress. Thisis an
upstair bud; we take a step forward in the depth paiﬁg ahd we resume processing.
4. ny (resp.nmaj) and Mg, exist and are associated with the same symb(ilg. 6(c)
/V.
and 6(f)) then:Jwe insert, (resp.ntmaj) intot¢ at the addressy; if ny, (resp.ntmaj) is
Vi Vi

a bud, we prung, at the addreswk;Jwe take a step forward in the depth pajth of the
artifactst (resp.t;,*) andtg, then we resume processing.

Note that an upstair bud is a node associated with a procsglsshat has not yet been
executed, and which is revealed during expansion rathardbeng the execution phase
via the specialized editor (this is due to the fact that itssaiated with a symbol that
does not belong to the view of the considered site). Such appdars above other buds
in the expansion artifact (hence its name).
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Figure 6. Some scenarios to be managed during the expansion.

4. Conclusion

In this work, we proposed LSAWTP, a Workflow Specification gaage using gram-
matical models. We then presented a decentralized andartiéntric model of workflow
processes executioP2P-WfMS-Vielv Based on the principles of this model, we pro-
posed versions of its key algorithnme{ifact projection GMWf projectiorandexpansion-
pruning). These algorithms are perfectly usable (proof of theibifity is given in ap-
pendix A). We implemented them in several languages anedédsem with highly satis-
factory results (see appendix B). However, in order to enthat our algorithms produce
the expected results, we have made some assumptions. icufartthe assumption of
non-recursivity of GMWf, which had the direct effect of diity limiting the expressive-
ness of our language. Therefore, one perspective of this,igto propose other versions
of the algorithms presented here, which would incorpoifaesame key principles while
addressing the assumption of non-recursivity of GMWf inesri offer more comfort to
GMAWfP’s designers.
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A. Some properties of our projection algorithms

Proposition 5 For all GMAWfPWt = (G, Lp,, L4, ) Verifying the axiom’s visibility as-
sumption, the projection of an artifact t which is conformitoGMWf (t.-. G) according
to a given viewV/, results in a single artifactt = 1, (t) (stability property ofr).

Proof. Note that the only case in which the projection of an artifaaatcording to a view
V produces a forest, is when the root nodé & associated with an invisible symbxl
(X ¢ 7). Knowing thatt -. G and thatW; validates the axiom’s visibility assumption,
it is deduced that the root node ofs labelled by the axiond\g of G and thatAg € V
(hence the uniqueness of the produced tree). Since thecporj@peration preserves the
form of productions, it is concluded thgt = 11, (t) is an artifact. O

Proposition 6 For all GMAWIPW; = (G, Lp, L4, ) Verifying the axiom’s visibility and
the non-recursivity of GMWf assumptions, the projectioitoGMWIG = (S, P,Ag)
according to a given view’, is a GMWIG,, = My, (G) for a GMAW{PW},, verifying
the assumptions of axiom visibility and non-recursivits®MWf (stability property of1).

Proof. As Wt = (G,Lﬂ,Lﬂk) validates the non-recursivity of GMWf assumption, the
set of target artifactsaftsg = {t1,...,tn}) that it denotes is finished and can therefore be
fully enumerated. Knowing further tha¥ ¢ validates the axiom’s visibility assumption,
we deduce that the saftsg, = {t;; =Ty (t1),...,tq, = Ty (ta) } is finite and the root
node of each artifadt,; is associated with the axioss of G (see proposition 5)G



being built from the sedrtsg,,, its axiomAg,, = Ag is visible to all actors and its produc-
tions are only of the two forms retained for GMWf. In additj@ach new (re)structuring
symbol S€ Sy, ) is created and used only once to replace a symbol that igisibte
and not recursive (by assumption) when projecting arsfaftrtsg. The new symbols
are therefore not recursive. By replacingdg, the view?’ by /U S,, ., we obtain a

new setLﬂq/k of accreditations for a new GMAWf®V¢ , = (Gr,/,[),q(,qu/k) verifying
the assumptions of axiom visibility and non-recursivityG¥Wwf.

Proposition 7 For all GMAWIPW; = (G, Lp, L4, ) Verifying the axiom’s visibility and
the non-recursivity of GMWf assumptions, the projectioaroartifact t which is conform
to the GMWIG according to a given view/, is an artifact which is conform to the
projection ofG according to?’ (Wt .. G, Ty, (t) .-. M4 (G)).

Proof. t .-. G implies that is a target artifact ofs (t € artsg). Consequently,, = 11, (t),
through the renaming of some potential (re)structuringsyis) is part of the sedrtsg,,
of artifacts that have generat@d, =N, (G). We conclude that, .. G. m|

B. Experimentation with P2PTinyWfMS

The algorithms presented in this manuscript, have beendcodelaskell and Java
then tested with satisfactory results. In java, we intraglthese algorithms in the tool
P2PTinyWfMSIt is a tool developed under Eclipand dedicated to the simulation of the
completely decentralized execution of administrativekflows specified using LSAW{P.
P2PTinyWfM%as a front-end for the display and the graphical editingtiféats handled
during the execution of a business process (see fig. 7), dsawel Service-Oriented
communication module built using SON (Shared-data OveXletyvork) [5].
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Figure 7. Simulation of the execution of a process using P2PTinyWfMS.
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