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Knowledge Based Transactional Behavior

Saddek BensalelnMarius Bozga, Doron Peled, and Jean Quilbetif

1 UJF-Grenoble 1/ CNRS, VERIMAG UMR 5104, Grenoble, F-3804hbnce
2 Department of Computer Science, Bar llan University, Ra@et 52900, Israel

Abstract. Component-based systems (including distributed progmdsmul-
tiagent systems) involve a lot of coordination. This copadion is done in the
background, and is transparent to the operation of the reystée reason for
this overhead is the interplay between concurrency anddederministic choice:
processes alternate between progressing independertlgadinating with
other processes, where coordination can involve multiptdaes of the partic-
ipating components. This kind of interactions appearedasly @s some of the
main communication-based programming languages, whexghead effort of-
ten causes a restriction on the possible coordination. Wétgoal of enhancing
the efficiency of coordination for component-based systemespropose here a
method for coordination-based on the precalculation ofkim@wvledge of pro-
cesses and coordination agents. This knowledge can be aidédpart of the
communication or synchronization that appears in the backgl of the execu-
tion to support the interaction. Our knowledge-based ntkihorthogonal to the
actual algorithms or primitives that are used to guarariteesynchronization: it
only removes messages conveying information that knoveleda infer.

1 Introduction

Component-based systems are a generalization of digdksytstems. In concurrent
languages like CSP and ADA processes allow binary inteyastbetween processes,
often with the choice between outgoing communication ietstl to be deterministic.
Modern distributed systems may involve more general npstiy coordination, e.g.,
robots that need to coordinate temporarily on a certain #8ikle such a system may
reveal a behavioral model that is based on interaction fivies, often in the back, there
are algorithms that are based on more basic primitives ssiesynchronous message
passing or shared variables. Algorithms for obtaining Byowization primitives are
complicated and require nontrivial overhead. Theoretieallts also show some in-
herent restrictions: a well known result on the dinning pédphers [13] shows that a
completely symmetric nonprobabilistic solution canndsex

We present here a method for improving the behavior of syarabuss interactions
by removing some of the overhead for guaranteeing the dmyachronization of com-
ponents based on knowledge calculation. The main prinflased on the observation
that such algorithms need to allow for a very general intésacbut can provide a much

* The research leading to these results has received fundingthe European Community’s
Seventh Framework Programme [FP7] under grant agreemer2d8v76 (PRO3D) and no
257414 (ASCENS) and from ARTEMIS JU grant agreement 20090230 (SMECY)



more efficient behavior for more limited cases. Analyzing slystem before its execu-
tion based on model checking of knowledge properties alltsis utilize the particular
behavior that is actually needed for the implementatiomefdynchronization. Knowl-
edge, basically, refers to the facts that hold in all the glaitates that are consistent
with the current local state of some process. A precalcdlkt®wledge, embedded in
the processes, allows exploiting the easier cases of bmhaxien relevant.

Our method is general, independent of the actual synchatarzalgorithm or prim-
itives used to obtain it. However, the actual implementatbthe method depends on
the specific details of the algorithm. We present its impletatgon on a well known
generic synchronization algorithm calleecore [15].

The paper is organized as follows. Section 2 recalls celllsomata, as the un-
derlying semantic model for synchronizing systems, andottoere protocol, as one
possible solution for distributed implementation of sugtems. Section 3 presents
the key results on exploiting knowledge to reduce the conication overhead for dis-
tributed implementation. We provide techniques for usingwledge independently for
components and coordinators as well as for combining thexcticéh 4 reports exper-
imental results obtained using a prototype implementatatized on top of the BIP
framework [3]. Finally, Section 5 provides conclusions &mniire work directions.

2 Preliminaries

2.1 Cellular Automata

The model of execution that we want to obtain is that of syaclaing systems. To

describe such systems we are using cellular automata. Tddslimvolves several pro-
cesses, represented as automata with transitions labgledtion names, where the
execution of all the actions that share the same name has sgrimhironized by all

processes. Formally, the cellular automata model is defisddllows:

Definition 1. An automatonis atuplé§ A, d,s) where S is the set sfatesA is the set
ofactions d: Sx A— S is the transition relation,gsc S is thenitial state An execution
of an automaton is a maximal sequence of stagesss ... such that for each » 0,
there exists & A such thad(s,a) = s;1.

Definition 2. A cellular automaton is a set of n automag = (S, A8, 5)), i €
{1,...,n}, such that the sets of states are mutually disjoint, and #te sf actions
may have common occurrences (corresponding to interagfion

Example 1.Figure 1 shows a cellular automaton made of three automath &itoma-
ton 4' represents thith bit of a binary counter (here modulo 8). The most significan
bit is represented by the rightmost automaton. Interastare named after the higher
bit that changes during the interaction (egg.corresponds to the setting of bit 1 and
synchronizesa® and 4%, r, corresponds to the reset of bit 2 and synchroniz&s*
and4%). Each interaction involves either org), two (s1) or three é,r») automata.

We denote byS= S x ... x " the set of global states of a cellular automaton.
A global stateg € Sis defined by the state of each automat@nfrom the cellular
automaton. The state of the automat@rat global statg is denotedy]i].
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Fig. 1. Example of Cellular Automaton Fig. 2. Global Behavior

Definition 3. An execution of a cellular automaton is a maximal sequenagadfal
states ggs ... such that:

— gois the tuple made of initial statesi € {1..n},gofi] = 5, - _
— For adjacenttuples gand g 11 there is an action & Ujc(1. A’ such that for each

i € {1..n}, either g1[i] = 8'(gj[i],a) orag A and g1[i] = gj[i].

Itis easy to see that the projection of an execution intoglsiautomaton is a prefix
of an execution of that automaton.

We denote by 2 g if the actiona can be executed from global statand leads
to global statey. This notation is trivially extended to sequences of intéoms, that is
for o = ajay- - - a we denote by -2 ¢ if there exists global stateg, gy, - - - gx_1 such
thatg A o1 22, 02 Ok-1 2, g’. We denote byo|,, the sequence of interactions
obtained by removing frora all occurrences of interactions that are noAin

The set of executions, i.e. global behavior, of the cellalatomaton can be rep-
resented as a labeled transition systdms- (S A, T,do), whereSiis the set of global
statesA = Uicq1..n} Al is the set of actions (or labels),C Sx A x Sis the set of valid
transitions (as defined by Definition 3) agglis the initial global state.

Example 2.The global behavior of the cellular automaton depicted guFé 1 is shown
in Figure 2. Any global statg € {0, ..., 7} denotes the tuple of local stat@g2]g[1]g[0])
obtained from the representationgés a binary number.

Cellular automata are perhaps the simplest model to dessyibchronizing sys-
tems. Nonetheless, this model is expressive enough to limbggher-level frameworks
with similar synchronization-based communication. Intigatar, we focus hereafter
on the relation between cellular automata and the BIP fraorie\8], which will be
used later in section 4 for concrete experiments. BIP (Biendmateraction-Priority) is
a component-based framework which allows the construafdmerarchically struc-
tured component-based systems. In BIP, atomic componentharacterized by their
interface, that is, a set of ports (similar to action namesl) their behavior, that is, an
automaton with transitions labeled by ports. Componemsamposed by layered ap-
plication of interactions and priorities. Interactiongeass synchronization constraints
between ports of the composed components. An interactiarsét of ports, every one
belonging to a different component, that has to be jointlyaesed. BIP provides (hier-
archical) connectors as a mean to structure and express getsractions in a compact



manner. Finally, priorities are used in BIP to filter amonth& set of enabled inter-
actions. Priorities provide an additional coordinatiorcimenism to control the system
evolution. A significant part of BIP systems can be strudtyn@presented as cellu-
lar automata. That is, any BIP system without priorities barequally represented as
a cellular automaton by mapping BIP interactions into datlautomata interactions.
Since a port may be involved in several interactions, BIRn&acomponents can be
transformed into automata by duplicating transitions lathey a port into a set of tran-
sitions labeled by the corresponding interactions.

2.2 Thea-core protocol

The a-core protocol [15] was developed to schedule multiprodaesaction. It gen-
eralizes protocols for handshake communication betwe#s phprocesses. For each
multiprocess interaction, there is a dedicated coordir@ia separate process. To ap-
preciate the difficulty of designing such a protocol, reéadlexample the fact that the
language CSP of Hoare [9] included initially an asymmetanstruct for synchronous
communication; a process could choose between varioumingomessages, but had
to commit on a particular send. This constraint was usefudéhieving a simple imple-
mentation. Otherwise, one needs to consider the situatiamich a communication is
possible between processes, but one of them may have peda@malternative choice.
Later Hoare removed this constraint from CSP. The same i@nsgppears in the
asymmetric communication construct of the programmingulege ADA. The Buckley
and Silberschatz protocol [6] solves this problem for theecaf synchronous commu-
nication between pairs of processes, where both sends eeides may have choices.
Their protocol uses asynchronous message passing bethvegmdcesses to imple-
ment the synchronous message passing constructiTogee protocol solves the more
general problem of synchronizing any number of processasglonly asynchronous
message passing. Alternative solutions for this probleve baen proposed, using man-
agers [7, 1], a circulating token [12], or a randomized athon without managers [10].
Contrarily to other manager-based solutiansore does not need unbounded counters.
The version presented below includes corrections from.[11]

In a-core, the following messages are sent from a participaatimordinator:

PARTICIPATE A participant is interested in a single particular intei@ct(hence it
can commit on it), and notifies the related coordinator.

OFFER A participant is interested in one out of several potentiaitailable interac-
tions (a non-deterministic choice).

OK Sent as a response td @CK message from a coordinator (described below) to
notify that the participant is willing to commit on the inéation.

REFUSE Notify the coordinator that the previo@~FER is not valid anymore. This
message can respond ta@CK message from the coordinator.

Messages from coordinators are as follows:

LOCK A message sent from a coordinator to a participant that haiseseDFFER,
requesting the participant to commit on the interaction.
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Fig. 3. State machines

UNLOCK A message sent from a coordinator to a locked participadicéting that
the current interaction is canceled.

START Notifying a participant that it can start the interaction.

ACKREF Acknowledging a participant about the receipt ®BFUSE message.

Fig. 3(a) describes the extended state machine of a panticigach participant
process keeps some local variables and constants:

IS: a set of coordinators for the interactions the participsuntierested in.

locks a set of coordinators that have sent a pendidGK message.

unlocks a set of coordinators from which a pendidyLOCK message was received.

locker. the coordinator that is currently considered.

n: the number 0ACKREF messages required to be received from coordinators until a
new coordination can start.

a: the coordinators that asked for interactions and subsgiguefused.

The actions according to the transitions are written as regmai> action whereen
is the condition to execute the transition, which may ineladest of the local variables,
a message that arrives, or both of them (then the test sholdéihdthe message must
arrive). We denote the reception of a messitiG from procesgp by p?MSG. The
action is a sequence of statements, executed when the icondiids. The statement
p!MSG means “send messaffSG to processy”. In addition, each transition is en-
abled from some state, and upon execution changes the stairdimg to the related
extended finite state machine. The participant’s tramsstiaccording to the numbering
of Fig. 3(a) are:

. |1IS> 1] — { foreachp € ISdo plOFFER }
. |IS= 1] — {locker=p, wherelS = { p}; lockel! PARTICIPATE ; locks unlocks=0}
. pLOCK — {locker=p; locks unlocks=0; p!OK }
. pPLOCK — {locks=locksU{p}}
locks # 0 A p2UNLOCK — {locker=q for someq € locks q!OK; locks=locks\ {q};
unlocks=unlocksJ{p}}
locks= 0 p?UNLOCK — { foreachq € unlocksU { p} doq!OFFER}
7. p?START — {o:=IS\ (unlocksJ {locker}); foreachq € a do g!REFUSE; n:= |a|; start
participating in the joint action managed locker}
8. pLOCK — {} 9. pUNLOCK — {} 10. p?ACKREF — {n:=n—1}
11. n=0— { LetISbe the new set of interactions required from the currenés}at

gAWNER
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For a coordinator, whose extended finite state machine apjedig. 3(b), we
have the variablewaiting, locked sharedanda, holding each a set of processes, and
n is a counter for the number of processes that indicated st to participate in
the interaction. The consta@tholds the number of processes that need to participate
in the interaction (called, theardinality of the interaction), and the variabbeirrent
is the participant the coordinator is trying to lock. Thens#ions, according to their
numbering from Fig. 3(b) are as follows:

. N< CAp?OFFER — {n:=n+1; shared= sharedJ { p} }

. N<CAp?PARTICIPATE — {n:=n+1; locked= lockedu {p} }

. P?PREFUSE — { if p € sharedthenn:=n—1; p! ACKREF ; shared=shared\ {p}}

. n=CAshared= 0 — { foreachq € lockeddo q!START; locked shared=0; n:=0}

n = C A shared # 0 — {current= min(shared; waiting:=shared\ {current};

current LOCK }

. waiting # 0 A p?0K — {locked=locked U {current}; current=min(waiting);
waiting:=waiting\ {current}; curreni LOCK }

7. waiting = 0 A p?0K — {locked=lockedU {current}; foreachq in locked do q!START;

locked waiting, shared=0; n:=0}

8. p?REFUSE — {a:=(lockednshared U {current, p}; foreachq € o\ {p} dog!UNLOCK ;
p!ACKREF ; shared=shared\ a; locked=locked\ a; n:=n— |a|}

. pPOK — {}

O wN e

(2]

©

We propose to characterize the correctness of the implatiemtby using exe-
cution trace equivalence. We assume that the network isbieliand that there is no
message loss. We say that the interactiatcurs in a distributed execution afcore
whenever the transition 7 in the coordinatoréas executed. The correctnessoetore
guarantees that the executions of the original cellulavraaton and the executions of
its implementation are the same.

3 Knowledge-Based Optimization

Synchronization algorithms suchascore impose a lot of overhead in order to guaran-
tee correct interaction. We want to utilize knowledge ineyrtb reduce the overhead in
coordination messages. Knowledge appears naturallytrtiised systems, as it repre-
sents what a process knows from its obseravtions. HalperMases [8] defined a logic
to reason about knowledge. Van der Meyden [14] introduced#edge with perfect re-
call. Knowledge has been applied to control distributedrdite event systems [16] and
to implement priorities between multiparty interactio2sg]. However, the previous
works assume a conflict resolution mechanism. We propose d&nowledge-based
optimization of such a mechanism, which has not been donleast to our knowl-
edge. Based on [2], we construct a support automaton, whialcontroller that either
supports or blocks actions, based on precalculated kngele€there are two kinds of
controllers here. The first type is for each process of theegysand the second is per
eacha-core synchronizing process. The support automaton fost@isyautomaton can
reduce overhead by calculating when a component can actatimit to an interac-
tion (offer aPARTICIPATE call to a-core), which requires less confirmation messages
than simply declaring its participation (by the alternat®b~FER call). In this case, the
knowledge gathered in the precalculated stage can dissimgpetween the cases when



one has an alternative possibility of coordination or doets While we could benefit
from syntactically distinguishing between these casesdas the code of the system,
the use of knowledge, and in particular, knowledge of pénfecall [14], can distin-
guish the cases where syntactically there can be alteenatiNaborations, but at this
stage of the executions, the alternatives are not available

Let (4%, 42,...,4") be a cellular automaton and = (S,A, T,go) its associated
global behavior as defined in section 2.1.

3.1 Knowledge for participants

Let 4' = (S,A&,4) be a participant. As in [14, 2], we define theowledge with
perfect recallof this participant as the facts it can infer based on itsllbistory. Recall
that we denote by, the sequence of interactions obtained by removing from the
sequence all occurrences of interactions that are nofin

Definition 4 (Indistinguishability of execution sequencesor 4"). Two sequences of
interactionso anda’ are indistinguishable bya', denoteds =; @, iff 0|5 = 0’|

Definition 5 (Knowledge with perfect recall). Let o be a sequence of interactions ,
A' be a participant and be a predicate. After executirgy A' knowsy if ¢ holds after
any executioro’ that is indistinguishable by?' from o. Formally, 2' knows¢ after

executingo if ¢(g) holds for every state g ifig € §30’, 0’ = 0 A Qo <, g}

In order to compute the knowledge with perfect recall of tlaetipipant.4', we
build its support automatotrk; as in [2]. The support automatafg will follow the
execution of observable interactions faf, that is, all interactions i'. The remaining
interactions irlJ' = A\ A' are not observable by. Informally, the state reached if§
after any sequence € A* summarizes all the global states that can be reachetl in
after any sequena® < A* such thab ando’ are indistinguishable byt'. Formally, %
is defined as the deterministic automat&nA', &, so;) where:

— The set of state§ = 25 correspond to subsets of the global st&es

— The transition functiord; is defined asji(s,a) = {¢/ | Ige s, Jo € A*, g >
g andojx = a}. Informally, for any states, its successos through interactiora
contains the set of global statgshat are reached il from global stateg in sby
executing any sequence of unobservable interactions awallgxnea.

— The initial stateso; = {g € §30 € (U")*, go — g}. Informally, sp; contains all
global states reachable fhby executing any sequence of unobservable interactions
starting from the initial global statg.

Example 3.We illustrate the construction above on each automaton e@fbihary
counter example from Figure 1. Fa1°, we havep = 4, since4° observes all in-
teractions. The support automata obtained4band 42 are depicted in Figure 4. Even
if by construction, the stat® might be reachable, we do not consider it. Note thgats
the same agl? up to the name of the states.



The support automaton is used to re-\ N
duce coordination overhead a-core as @
follows. For every4', the support au- 82 79 S2
tomaton% = (S,A, 8, %;) is embedded 51
in the corresponding participant behavior:

For our application, there is no need to K K2
explicitly keep track of the set of global
states corresponding to the states7¢f
Therefore, once the automat&g is con-
structed, states if can be replaced by el-
ements of any arbitrary finite domain. The

participant uses one extra local variabl® record the state of the support automaton.
This variable is initialized asg;. Then, this variable is updated when the participant
executes an interaction (transition 7) and is used to fittersetl S before entering the
activestate (transition 11). The original transitions 7 and 11theeefore modified into
transition 7 and 11 as follows:

S1

;
it

Fig. 4. Support automata for participants
4 and4? of Figure 1.

7. p?START — {a:=IS\ unlocks\ {locker}; foreachq € a doq'REFUSE; n:= |a|; start par-
ticipating in the joint actiora managed byocker, }
117. n=0— { LetISbe the required interactiodss =1Sn{ae Adi(s,a) # 0} ‘ }

That is, the optimization restricts the sending of offer sagms for interactions that
are enabled according to the support automaton. Cleaityréistricts the number of
exchanged messages. Moreover, in cases where no confiits exihe filtered behavior
(such as in the binary counter example, the size ofl $heet is always reduced to 1),
OFFER messages are replaced®ARTICIPATE messages, thus removing the need for
further locking by coordinators.

Example 4.As an example, from the state 1 !, two interactions$ andr,) are
possible. InK; this state is split in two states that separate the case gher@ossible
from the case whene is possible.

Proposition 1. The executions of the distributed implementation with kedge-
optimized participants are the same as the executions afrigmal automaton?

3.2 Knowledge for coordinators

Coordinators of thei-core can also gain information about the global contexeloprd-
ing the offers received from different components. Thanmsy offers are issued by
participants only at the initial state and after every sasfid participation in an inter-
action. Therefore, offer reception provides to coordimasmme (indirect and definitely
incomplete) information about the evolution of the syst&fanetheless, this informa-
tion can be exploited in order to avoid some useless codidmaf thea-core protocol.
For example, a coordinator may detect that some offers azelete (their locking will

1 For space reasons, proofs are not provided here but in theitat report [4].



always be refused) or stable (on the contrary, their lockifigalways be accepted by
the corresponding participant).

The construction of the support automata for coordinat®i® bit more intricate
than for participants. We want to benefit from the same amrdiy constructing a
controller that is based on the precalculation of knowledtymvever, such calculation
can be quite intricate if it takes into account the structfréhe a-core algorithm. The
complication is due to the above mentioned difference irenkzion, that is, offerss.
interactions. The starting point of the construction isdlebal behaviord. Clearly, 4
does not mention explicitly the sending/reception of affey participants/coordinators.
But, communication of offers can still be inferred frafh knowing the behavior of
the a-core protocol. We present hereafter a systematic corigiruihat allows to pro-
gressivelyrefine 4 such that to make visible (relevant) offers communicatimmany
selected coordinator. The construction involves (1) affameration, as response to exe-
cution of (conflicting) interaction, (2) asynchronous offeception by the coordinator,
(3) determinization into a support automaton to be used &g tiordinator.

Let a be a fixed interaction. We construct the support automégohy applying a
sequence of transformations on the global behadier (S A, T, o) as follows:

Offer generation We construct the labelled transition systemd’ =
(S Z{aal--”},T’,go) by replacing labels of each transition, so that they contain
formation about the offers concerniagFor an interactio@’ and a global statg’, we
denote byl (a/,¢') = {i | a,@ € A AT’ € S, &(di],a) = §'} the set of indices of
automata that can participatearafter executing’. Intuitively, this corresponds to set

of offers that the coordinator faa will receive after execution of’. We relabel the

transitiong N g byg {a}%’g/) d if @ =aand byg I(aj) g otherwise. It might be

the case that some transitions hé\as label after this step, which means that they have
no observable effect on tleecoordinator and thus are unobservable.

Asynchronous offer receptiokiVe construct the labelled transition systetff =
(8',{a,0,1,...,n},T”,gg) obtained by breaking transitions # such that there is at
most one action (eithea or offer reception) per transition. Formally, we takg’ =
Sx{0,1,2}", thatis, a state ofl” is defined by a global stageof the cellular automaton
and a vectowr of n integers in{0,1,2}. For any participant, the valuey; gives the
number ofpendingoffers, that is, potentially sent biyand not yet received by the
coordinator. Given the specific behavior of theore, the number of pending offers is
always between 0 and 2. For a given set of indices{1,...,n}, we denote byl the
characteristic vector df that is 1 ifi € | and O otherwise. We define the initial state
9o = (9o, Li(agy))- Transitions inT” are constructed from the following rules, whére
denotes an arbitrary index set:

gy e g-g €T Viel,y<1 Vi >0
(9.0) = (g, 1) (9v) 2 (g v+1) (9.v) = (Gv—1g)

Projection and determinizatiorrinally, we construct the support automatéh =
(S5, {a,1,...,n},04,040) as the deterministic automaton constructed fratnby elimi-
nating® actions which are unobservable. The construction is esdlgrihe same as the
one introduced in section 3.1 for participants and is notatgd here.



The previous construction guarantees that whenever anfadfa participant4' is
received by the coordinator, the actiois possible from the current state of the support
automata. This is stated in Lemma 1.

Lemma 1. For any distributed executioa, its restrictiono|, 1. n) to actions observ-
able by % is the trace of an execution 6.

Example 5.In Figure 5, we present the different steps leading to thesttoation of
%s,. To obtain the automator’, we relabel the transitions . For instance, the

transition 02+ 1 in 4 brings 4° in a state where it can take part &. From the
si-coordinator point of view, this corresponds to receivimgadfer from 4°. Thus,
the transition is relabelled b{0} in 2’. In the non-deterministic automatdti’, each
state is labelled by a coupl@,v), whereg is a global state fron®, andv = vov1

is a vector where; is the number of offers to receive frof'. The dotted transitions
correspond to unobservable actions. Note that we depictgdite half of4”, the other
half (corresponding to states45, 6) shows the same pattern between sté2e%0) to
(6,00) as between statd§,10) and(2,00). Finally, the determinized and minimized
version of 2" is the automator, . It states that between two executionsspf two
offers from4° and one offer fronA! are to be received, in any order.

The coordinator for interactioa observes the offers sent from all participants in
a and computes the set of known stable and obsolete compdferafers). We say
that a component (offerl' is stableat states in X iff for all paths starting as, a
transition labelled by cannot be reached without going through a transition laldedly
a. Whenever an offer fron#l' is stable, the coordinaténowsthat 4' can not send a
new offer until the interactioa takes place. More preciselfl| can only participate in
aand the information received frord' is up to date. If stablea' can be considered as
if it were locked. In a dual manner, we say that a componeriofl is obsoleteat
statesin X iff for all paths starting as, a transition labelled bg cannot by reached
without going through a transition labelled byn this case, the coordinatknowsthat
it has to receive a new offer fro' before starting the interaction. This information
can be used to avoid tentative executions based on obsdfets. o

{1 {0}? @ @ @L
{O}é {s1) *-

{s1} é ?{0} @%
0} {” A2 LD CD—EWD

A" (part of)

?ﬁf
=@

o

Fig. 5. Construction of the support automaton for the coordinatei 0



Example 6.Let us consider the support automaton for the coordinatst of the bi-
nary counter. At stat€, the coordinator may have received two offers frahand.4*
and the default behavior is to attempt execution for intéoacs;. However, the offer
from 4° is obsolete. Using the support automaton, the coordinaiotierefore detect
this situation and silently remove that offer, which avdius execution attempt. At state
D, both2% and 4% are stable and there is no need to lock them before execsiting

The above optimizations are implemented as follows. Thedioator fora fol-
lows the automatorkz when receiving offers (transitions 1 and 2) and executinag
(transitions 4 or 7, from Figure 3(b)). Formally, the cooratior uses an extra variatde
tracking the state of the support automaton. The transitlgh,4 and 7 of the coordina-
tor are modified into transitions 1',2’,4’ and 7’ as follows:

1. n< CAp?0FFER — {n:=n+1; shared= sharedJ { p}; ‘ S:=8,(s, p); update) ‘ }

2. n<CApP?PARTICIPATE — {n:=n+1; locked=lockedU {p};‘ s:=d,(s, p); update) ‘ }
4. n=CAshared= 0 — { foreachq < locked do g!START; locked shared=0; n:=0;

=sisal)

7. waiting = 0 A p?OK — {locked=lockedu {current}; foreachq in locked do q!START;
locked waiting, shared=0; n:=0; }

The updatefunction above is used to modify treharedand lockedsets, given the
current support automaton statas follows:
foreachp € shared

if p € stabley(s) { shared:= shared\ {p }; locked:=lockedu { p} }

if p € obsoletg(s) { shared:= shared\ {p}; n=n-1; pILOCK ; p!lUNLOCK }

Since a component can now be considered as locked eveniiftiae®FFER mes-
sage, it may receive &TART message while waiting to be locked. Therefore, we add
a transition 12 from the waiting to the sync state, as degictd-igure 3(a). We also
modify transition 7 into transition’7s follows:

7. p?START — {a:=IS\ unlocks\ {@}; foreachq € a doq!REFUSE; n:= |a|; start partici-
pating in the joint action managed }p

12. p?START — {a:=IS\ unlocks\ { p}; foreachq € a do /REFUSE; n:= |a|; start partici-
pating in the joint action managed Ip}

Proposition 2. The executions of the distributed implementation with Kedge-
optimized coordinators are included in the executions efdfiginal automaton.

3.3 Combining knowledge for participants and coordinators

Optimization for participants and coordinator can be cambi In this case, the con-
struction of the support automata for coordinators has tboloe on the system obtained
using the support automata for participants. In particule relabelling step depends
on the actual offers sent by participants and thus on thepeu automata.

2 Here we consider onlgewoffers that we need to distinguish from offers sent whenigigent
executes transition 6. This can be done by using a new mesaagefor offers that are re-sent.
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4 Experimental Results

We present experimental results for computing and usingupeort automata for par-
ticipants as presented in Section 3.1.

ExamplesThe first example presented in Figure 6 is a variation of tlsgital
dining philosophers problem. Each philosopher Rhihay eat during the interaction
eat involving its two neighbor forks. Then Phijlalean first its left fork, then its right
fork through interactionslnl; andcIlnR respectively. We denote phNban instance
with N philosophers.

The second example is called Master/Slave. We assume a Nemafsters andi
slaves. Each master wants to perform a task for which it needslaves that it can
chose amongst a pool of sike We denote mdMK such an instance. If the slayes
in the pool of the master then the interactioacdj allows master to acquire slavg,
which brings the slave in statso that it remembers thaacquired it. On completion on
the task, the mastéreleases simultaneously the two acquired slgyesd j, through
therel}bi2 interaction. Figure 8 shows respectively, the behavior asters and slaves.

The third example models a transmission protocol that grages values amongst a
chain of memories. At every time, each memory node storesgesvalue. A fragment
of this example is shown in Figure 9. The rule is to propagetgy) the new value
(from the left) only if the memory on the right has already ieapthe local value.
Propagation steps are implemented as ternary interadiemsted bymv v, v,, which
correspond to the case where memiocihianges its value fromy to vo. As an example,
the interactionmy 1 o in the Figure 9 changes the value in Npttem 1 to O if Node, 1
already changed its value to 1 and the next value (in Ngglés 0. For our experiment,
the memories form a ring, thus the sequence of values seeadbyreemory depends
only on the initial state of the system. Note that propageienabled at places where

\’<)acq’i* mv; 1,0 N
2&% I mv;,1,0
RS SO~
N 4
G Node: (3
Master; Slave; Node;_1 Node; 41 mi1,0

Fig. 8. Master Slave example Fig.9. Three consecutive nodes of the transmission protocol.
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the ring contains two consecutive nodes holding the samgevalle denote by g
(resp. tiN’) an example wittN nodes and one (resp. two) enabled propagations.
Building support automata for participantg/e implemented the support automa-
ton computation for each participant by using analysiss@dithe BIP framework. In
Table 4, we present the results of this analysis by givin@tlegage number of states in
the original automata and in the support automata. Thissgveindication on the size
needed to store the knowledge, and the memory needed foutexeof the support
automata. For the phidinstances, the support automaton of philosophers is the sam
as the original automaton. For the forks, there is only orgitachal state, as shown in
Figure 7. The added state allows to distinguish who acqutedork (left or right)
and to send only one offer accordingly, thus avoiding unedecbnflict resolution.

In the Master/Slave example,

Average number of N“mb;’"‘i’rf]é”é%?c“ons the automaton describing a master
Name Components in 4' N X | Standard  Optimized| IS very generic. The correspond-
gp::gj e o 3 a9 25 ing support automaton contains all
philo5s 10 2.5 3 2261 4448 the possible sequences for acquir-
gﬂ::g? 2 22 3| PP ing two slaves and then releas-
ms232 5 26 3 1491 1504 ing them. In particular, after hav-
mezs® 2 10 U e ing acquired two slaves, there is
ms343 7 3.1 49 | 1278 1265 only one possible release interac-
mt;%““ ; 32 z 20 et tion, thus only one offer is sent. Fi-
tp6 6 3 15 750 1500 nally, in the transmission protocol
‘t’:g ° 3 P Tood example, the size of each support
tpo’ 9 3 28 1497 3725 automaton is much larger since it
p12 12 3 33 749 1513 depends on the number of nodes in

the chain, that is on the sequence
Table 1.Results: average size of original and sugyf values seen by each node. If two

port automaton and performance of the obtaingfopagations are possible, then the

implementation, for each test instance. size of the support automaton is
slightly increased, since the two
propagations may conflict.



Performance of distributed implementatidgsing the BIP component framework,
we built a transformation that replaces multiparty intéicats by thea-core protocol.
We obtain a distributed BIP model representing participamd coordinators commu-
nicating through asynchronous message passing. From tuslpwe generate a set of
C++ programs communicating through Unix sockets. We raolttained code for both
standardx-core and knowledge-optimizedcore on a UltraSparcT1 allowing parallel
execution of 24 processes. In Table 4, we provide the numtiateyactions executed
during 60 seconds of execution (not including initializadi for both standard and opti-
mized version of each test instance. On the dining philospistances, the optimized
version is up to twice faster than the standard version. @rMhbster/Slave instances,
except for one, the performance is the same for both versi@nsthe transmission
protocol instances, we have a speedup of at least two, efaepe tpé example.

In order to evaluate the distributed execution of standaraptimized versions,
we compare the average number of messages needed to perfamtaraction for the
three examples. For the dining philosophers, these avenagéers are shown in Fig-
ures 10 and 11. We can observe a reduction of approximata&ty, mainly because
someOFFER messages from the fork participants are transforme@ARTICIPATE
messages. In turn, this reduces the number of participatask, and thus the number
of messages. For the Master/Slave, the average number shgesneeded to com-
plete one interaction for standard and optimizedore are shown in Figures 12 and
13. Here the number of conflicts depends on the size of the gfathves assigned to
each master. Since there are many conflicts, the number efsagbnt to execute an
interaction is quite big. Recall that on this example, perfance of both versions is
comparable. However, the number of exchanged message leismahe optimized
version, because less offers are sent. For the transmissitocol, the average number
of messages exchanged to execute one interaction for sthadd optimized execu-
tions is shown in Figures 14 and 15. For the non-primed vaessisince there is no
dynamic conflict, each participant sends oRRRTICIPATE messages and each co-
ordinator can directly answerSTART message. This reduces drastically the number
of exchanged messages (6 per interaction, since they au@yanteractions). For the
primed version, in some cases a node may participate in tigceictions and thus send
two OFFER messages, which is still much less than in the original vetsi

35 T T T T T

e OK

. 30 B

Average number of messages needed
for executing one interaction,

Average number of messages needed
for executing one interaction

ms232 ms233 ms342 ms343 ms344
Model

ms232 ms233 ms342 ms343 ms344
Model

Fig. 12. Master/Slave: messages per infjg. 13. Master/Slave: messages per interaction, opti-
teraction, standard version. mized version.



60

60 wmeme OK

- 3 = PARTICIPATE
g . = REFUSE
Sg 50 - q o5 r 7| wmme ACKREF
;g Pt wwwn START
328 e = UNLOCK
25 40 Bl g8 40 1 memmm LOCK
oz 3 mmmm OFFER
8o go
5 30t E £5 3ot E
'’ z€
€3 20 €3 20f g
23
g8 10 q %§ 10
: - -
) 0 < ._-_-_‘-_-__

0

3 6 6 tp9  tp9  tpl2 3 tp6  tp6'  tp9  tp9’  tpl2
Model Model

Fig. 14. Transmission protocol: mes-Fig. 15. Transmission protocol: messages per interac-
sages per interaction, standard versionon, optimized version.

5 Discussion

An architecture for component-based system can provideyapaverful tool for dis-
tributed software development. It assumes some underiyiechanism that provides
support for the components to interact and to choose froerakslternative actions. It
is highly beneficial to develop code at this level, rathenttaconsider the lower level
architecture that uses message passing, or shared vari@pnlehe other hand, obtain-
ing this level of abstraction is expensive: the overheadled¢o allow both multiparty
interaction and non-deterministic choice requires sonmgrivéal amount of lower level
message exchange.

In this paper we looked at a technique to reduce the overtesedixa for supporting
high level architecture for component-based systems, asitihe BIP systems. Observ-
ing a popular algorithm for interaction coordination, tikeore protocol, we remarked
that additional information about the amount of overheadesaa lot of difference.
The coordination protocol distinguishes the case whenetlseno non-deterministic
choice; then, there are fewer messages sent, as an inteatigate in an interaction
is a committed intention. Itis often not known in advance moany conflicting choices
there are: syntactically, there can be several, but atmetihere are quite fewer cases
available (enabled) at each particular instance. Our naeithbased on performing a
preliminary model checking analysis of the system for d&tgesuch situations. When
we find that the local situation admits no non-deterministigice at any possible global
situation, we can employ the more efficient case of comngjtiinan interaction.

This analysis is based on the knowledge of a process, regpadli the possible
global states consistent with its local situation. We apipiy optimization in two cases:
locally at the process level, where the knowledge of thegsscnay be used to transfer
a seamingly non-deterministic case into a committing caise at the level of a process
of the coordination algorithm. The latter case is very pduleas a coordinator pro-
cess has, to some extent, a more global view, having recedepdests from different
processes. Experiments show that rather than using simgreonyless knowledge, we
are required to use history-based knowledge. The reastraisttis the cases where
different instances of non-deterministic choice duringtime, rather than a history in-
dependent case, are the interesting ones. This can beregblaituitively by the fact



that the history independent case actually hides a coditg, @vhere not committing
to an interaction although there are no alternatives shvand been replaced by a com-
mitment to the single possible interaction.

We performed experiments on three different examples. @periments show a
considerable improvement in the number of messages needeel éxchanged. It is
important to note that due to the use of history-based kndydeadditional memory is
needed to encode the possible histories. In the worst desantount of added memory
is quite nontrivial, exponential in the size of the systeor, dach process. However,
our experiments show a much better and balanced memory mtisun. We intend to
conduct further experiments and to apply the knowledgedbéechnique for reducing
message passing in a more aggressive way.
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