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Abstract—Choreography models describe the communica- choreographieshas become an important topic in the en-
tion protocols between services. Every choreography model terprise application domain [1].
can be considered either from a global or from a local In this paper we elaborate on a theoretical result which

point of view. The global model specifies a high-level view e . - g
of the conversation between service components, and can makes such verification considerably more efficient. We

be considered as being interpreted from an observer point Use a framework for modeling message choreographies
of view. The local model is derived from the global model, developed at SAP Research calle@ssage Choreography
and specifies the communication-relevant behavior of each Modeling (MCM)which is in detail described in [2]. In [3]
component. The connection between global and local models i e reported on how these models can be transformed into a
achieved differently by connecting observing steps with #ier f | tati h Event-B. allowing f for-
the send steps or with the receive steps. The consistency of orma repr.esen ation, such as vgn » allowing Qr_ a .or
the global model and the local model can be assured by the Mal analysis, such as test generation or formal verification
local enforceability property: any behavior that the local model MCM models describe the message exchange between
permits is also possible to observe in the global model. exactly two communicating components both on the level of
Another important property of choreography models re- 3 component-neutral observer (global model) and in terms

quires the absence of inconsumable messages, i.e., any 1E8S ¢ yha send/receive events of each of both components (local
ready to be received may always be received. In this paper, we

study the relations between local enforceability and incosum-  Partner model). Global models and local partner models
able messages in case that the local model is obtained frometh  are required to be identical in structure. This property is
global model without modification or further constraints. As a  in line with business requirements (see [4]) and allows for
part of the conclusions, we show that if a choreography model  the improvements of the verification process reported is thi

is free of inconsumable messages, it is also local enforcéaimo paper

matter how the global model is connected with the local one. | . ies for th ificati d rel f
This is a desired result because the mechanical checking nteresting properties for the verification (and relevant

of inconsumable messages is much more efficient than that of this paper) are two kinds of properties:
local enforceability. In case of finite state systems one carheck (1) Local enforceability: any behavior that the local model

the absence of inconsumable messages in a linear time in the permits is also possible to observe in the global model.
f]'ze of the local model, whereas checking local enforceaity (2) Absence of inconsumable messages: the intended re-
as an exponential complexity. . . ) . .
ceiver of a message which is being exchanged is
Keywords-Software Mpdeling, Software Verificatiqn, Message always ready to receive the message.
gﬁrﬂ;eb?gr&pehgéagrgge Simulation, Local Enforceability, Incon- _ The main contribution c_)f this paper is to prove that (2)
implies (1). Moreover, since there are various ways to
connect local and global models with each other [2], i.esdoe
a transition in the global model correspond to a send or
Enterprise application software, i.e. software which supto a receive event in the local model, we show that this
ports companies in their business processes (like acemynti holds regardless of this choice. In addition, this result is
order management, production, etc.), has undergone reassiindependent from whether messages can change order while
changes in recent years which led from large monolithicbeing transferred; in the case that the order is preserveid an
applications to distributed architectures consistingooely  a send-viewpoint is assumed the absence of inconsumable
coupled components. To this end service-oriented architeanessages is even equivalent to local enforceability.
tures (SOA) have been introduced which use asynchronous This contribution is a highly desired result because ab-
messaging as a means to enable loose coupling. This shgence of inconsumable messages can be more efficiently
has imposed a number of challenges, one of which is ta@hecked than local enforceability. Considering finite estat
manage proper (i.e. consistency preserving) communitatiosystems (or finite state under-approximations of infiniédest
among the loosely coupled components. In this contextsystems) it can be verified in linear time (in the size of alloca
formal modeling and the static verification ahessage model) whether an inconsumable message exists. Checking
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local enforceability has an exponential complexity. Ndiatt A global modelG can be seen as a labelled transition
the aim of our paper is to investigate the relations betweesystem LT'S(G) where the transitions are labelled with
the two above mentioned properties in the context of thanteractions. The semantics of a global model can then be
MCM language. However, it is out of scope how these twogiven as the set of all traces &f'S(G). A traceis a finite
properties can be verified using either theorem proving opr infinite sequence of interactior{s, .. ., in,. .. ), which
model checking techinques. corresponds to a sequence of stafes...,s,,...) such
that (sx—1,ix,sx) € = for every i, in the trace. In our
The structure of the paper is as follows. In Section Il example model, the sequené®equest, Confirm, Order)
we formally define choreography models. Then we motivatgs a trace. In order to connect the global model to the
the relevant properties Local Enforceability (Sectiop #ihd  |ocal model, each global trace can be interpreted as the
Inconsumable Messages (Section V). Section V contains thgpservation of a sequence of send events or a sequence of

main result of this paper, namely the inclusion relation ofrecejve events in the local model, depending on whether the
choreographies without inconsumable messages withithosender or the receiver point of view is adopted.

satisfying local enforceability. The special case of mgsesa
preserving order during transfer is covered in Section VI.  The [ocal modelL consists of two communication part-
Section Vil diSCUSSES related WOI’k and Section Vil Con'ners and four communication channels available for ex-
cludes the paper with a summary and an outlook on futurghanging messages. Each communication partner has a con-
work. trol structure identical to that of the global model, except
that each interaction is replaced with either a send or a
Il. CHOREOGRAPHYMODELS receive event depending on who initiates the interaction.

Formally, achoreography model/ = (G, L) is a pair of ~ Formally, the local modeL is a triple (L1, L2, Ch) where
a global choreography modél and a local partner model (1) for each communicating partneP, (k € {1,2}),
L. Ly = (S,50,T, Ex, =) is defined below; and (2°h =

The global modelG is a tuple(S, s, T, I, =) where (1)  {¢hi3, chai, chi3™, ch3i*} contains fourchannels Chan-
S is a finite set ofstates (2) s, € S is theinitial state ~ Nels chj} are exactly-once(EO) channels, which can be
(3) T C S is a set oftarget states (4) I is a finite set S€en as a multiset (bag) of messages sent from Pafner
of interactions and (5)=> C S x I x S is the transiton O Partner P, that have not yet been received at a given
relation. Additionally, every interaction corresponds to a time. Any message in these sets can be received. Channels
certain type of messages, and is associated with a directiofft;x  are exactly-once-in-orde(EOIO) channels that can
of communication. We can use a functioander(i) to b€ represented as first-in-first-out message queues. Qaly th
indicate which local partner initiates Figure 1 shows an head messages in these channels can be received. A further
example of a global model. Every state is represented as gstriction on channels is that any type of messages can be
rounded rectangle. The initial st ar t is in dotted lines, ~Sent only to one of the channels.
and the target stateSt art and Or der ed are connected
to a circle. Every envelope represents an interaction, laad t  For eachLy, the elementss, so, andT" are exactly those
small arrow inside indicates the direction of the interacti  defined in the global mode}. Ej, is a set oeventssuch that,
Transitions are shown by directed lines connecting twdor €ach interaction € I, (1) if sender(i) = k then there
states through interactions. As an example, from the stat$ @ sendeventli € Ei, or else (2) there is geceiveevent
Reser ved, the occurrence of an interacti@n der results ‘1 € Ex. The transition relation= satisfies the following
in the new statex der ed. condition: if and only if(s,4,s’) € = with sender(i) = k

then (s, 4, s") € = and (s, 74, s’) € =; wherel # k.

’ (il SRS The semantics of a local model is given as a labeled
[ “"F_‘ transition systemLT'S(L) = (C, ¢, =) that captures all
e || e r\. possible interleaving behaviors of the model. Eveonfig-
- I Contermy, w«:f-ez uration ¢ € C consists of the local state of each partner
weprocato | Reseras and the content in each channel. In particular, the initial
configurationcy = (so, so,0,0,¢,e) where both partners
Ol 4o are in their initial states and all channels are empty. Given
— .&¥ two configurationse; = (s}, s?, msi?, ms?, mqi?, mq3')
g | g — andcy = (s3,s3, msi?, ms3t, mqi? mq3'). The transition
opaiode (c1,e,c2) € = if and only if, for some partneP, there

exists a transitior(s}, e, s5) such that (1) the other partner
Figure 1. A global choreography model. P; does not move, i.es] = s3; (2) if e = Im andm is sent



to chy; thert ms?’ W {m} = msk’; (3) if e = Imandm is  eventinr|,is!i then thek-th interaction inrg is . Receive-

sent toch{?" thenmqy’.m = mqy’; (4) if e = 'mandm is ~ simulationis similarly defined. The model/ is said to be

received fromehy then msi® = msiFw{m}; (5) if e = ™m sgnd gnforceablépcal enfqr_cea_ble frc_)m the sender point of
ik view) if the following condition is satisfied: For any trace

and m is received fromch;fzi” then mq{k = m.mgy . £ 1 if r lead f' _ h h d evd
Moreover, all unaffected channels remain unchanged. A L, It r leads to a configuration where the send evant

trace of the local model is a finite or infinite path starting ' ehna_bled, then for evei)ry trlaeg of gl tgat Sﬁnd's'(jTU]JateS
from the initial configuration in the labeled transitionym, /- (N€ Interaction must be also enabled at the endrpf In
and can be represented as a sequence of events. this case/ is asend-refinemertf G. Receive-enforceability

For the time being, we limit the number of communication"’m_?r:ece'Ve.'ref'nememlre srl]mllar[y ld:?f'nEdi is both d and
parters to two. If more partners are allowed, then additiona € previous example snown in Figure 1 1S both send an

restrictions are needed to ensure that any communicatioﬁigi:\éilsnforceable if all messages are sent through EOIO

partner may infer its current local state from the exchangeg
of messeages that are visible to this particular partner. IV. INCONSUMABLE MESSAGES
Besides, the above definition of choreography models can be 1o model s is free of inconsumable messages if, in

extended with extra conditions on message contents or Witgny reachable configuration of the local model, the event

additional inhibitors that prevent from sending of message 5 is enabled whenever one of the following conditions is
at certain local states. The details of extensions can hadfou satisfied: (1) a message is in any of the EO channels, or

in [3]. This is however out of the scope of this paper. (2) m is the head message of any of the EOIO channels.
Figure 2 shows a model where bath andi2 are initiated
by a same partner. The execution of the model may incur
In the remainder of this paper, we fix a choreographyinconsumable messagesiifandi2 are both sent to the EO
model M = (G,L). Let us consider labelled transition channel: Consider the situation in which a message sent
systemsLT'S(G) and LT'S(L) as well as the sets of their jmmediately after a messaggis sent. The receiver is now at
tracesT'races(G) andT'races(L). Note that whileLT'S(G) its local states,, and two messages are available to receive.
has a finite number of statef7'S(L) may have an infinite  However, the receiver can only receive the messagand
number of states if there are no restrictions on the channghe messagé2 becomes inconsumable in this moment. On

size. the contrary, if bothi1 andi2 are sent to the EOIO channel,
Note also that theGG and L have different alphabets. the model is free of inconsumable messages.

In order to connect the two models we map the alphabet

of interactions used by~ to their corresponding send and Fs0 L DH o1 H—, DH a2 @
receive events irL. This can be done by either from the boee- 1= —=!
sender or from the receiver point of view. According to it
there are two kinds of local enforceability studied in the

baper. one f“’”_‘ the sgnder point of view and the other from e that our definition of inconsumable messages does
the receiver point of_V|ew. _ . not imply the weaker property that a message oamer

In [2].We hgve defined a notion of local enforceability as e eceived once it was sent. Such definitions were used
a trace inclusioraces(L) C Traces(G). Onthe contrary, i jitferent contexts [5]. The motivation for the stronger
our definition here is stronger than trace inclusion in gaher einition follows directly from architectural decisiongigh
especially for the case of non-deterministic systems. It i$ad been taken for the real systems which are the basis of
equivalent to trace inclusion only in the case of deterniimis - ~onsiderations
systems. Intuitively, a_lpart_ from_trace inclusion, we eXpec |n these systems, as for example the one described in [6],
that each sub-trace it simulating a sub-trace il can  gonices exchange messages through channels and insert
be extended n order to simulate th? whole trace. NOteatrriving messages into queues. These queues are relatively
that the theprgtlcal results presc_an_te_d in this paper hald fosimply processed by the receiving components, namely by
bOt_h determistic and n(_)n-determmlsuc systems. We fdgmal selecting the head of the queue to be processed next. Because
define local enforceability as follows. there is no inconsumable message (according to our strong

Let  be a trace ofl.. We user|; (andr|,) to denote the  yefinition), the component must be able to process this

subsequence of obtained by removing all receive events meggage. |If it cannot do so the protocol or the used channel
(and send events resp.). We define that a trgcen the g faulty.

global modelG send-simulates if, for any k, if the k-th

Il1l. L oCAL ENFORCEABILITY

Figure 2. A send enforceable model with inconsumable messag

Consider the case that we had stuck to the weaker defini-
1 - _ tion. Then the receiving component would need to examine
W is the join operator of two multisets. The dot operator ctewmates

two sequences. Moreover, we abuse the notatiargsm and m.mq for the me_ssages _m the queue one by one and would need
mq.(m) and (m).mgq respectively. to to pick the first processable one. In theory, no message



could ever be erased from the queue since there will always:’ is sent tochis, we first extendr’ to a configuration
be states where each message is picked, and so the length= (sl ;,s;, {m/}, ms?',e, mqg?") by sendingm’, then

of the queue would grow unlimitedly. The higher cost for to the configurations”” =

4
21

(S%+17 Si+1 (Z)a ms;, &g, mQ31) by

processing queues would moreover not be compensated bgceivingm’ immediately. Since no channels other thang;
an easier verification process: the temporal weaker prppertare affected by the evehtri , we havems?! = ms?!, and

would not be considerably easier to verify than our strongermg?! =

safety property.

V. CONTAINMENT RELATIONS

i+1
mq7},. This implies¢” = ¢}, ;. The same result
holds similarly whenn’ is sent toch (5"
Case 2: Assume that the event;.; is !'m where

sender(m’) = 2. Note that in this case} = s}, i.e., Part-

Let SE (and RE) denote the set of send (and receivener p; does not move. Alsas;; must be reached from by

resp.) enforceable models, and/M denote the set of

the interactionn’ in r,. Whenm' is sent toch 3], we extend

models free of inconsumable messages. We show the cop+ tg 3 configuration’ = (s!, s;41, 0, ms2'w{m’}, e, mqg?!)
tainment relations among these classes in Figure 3. We proyg; sendingn’. Since onlychS{ is affected by the eventri ,

each of the (non-)containment relations in the following.

&=

we havems?}, = ms?' & {m’} and all other channels are

unchanged. This implieg' = c; ;. The same result holds

€010

similarly whenm’ is sent toch3]
Case 3: Assume that the event;.; is ?nm where
sender(m’) = 1. Note that in this case; = s;,, and

€010

si+1 = $;. Moreover, since the channetés] and chs]

are not affected by?ni , we havems?' = ms?, and
Figure 3. Containment relations. mqi' = mq}l,. Therefore,¢j,, = ¢ and+ is not
extended.
Theorem 1 AIM C SE): If amodelis free of inconsum- Case 4: Assume that the event;;; is ?m  where
able messages then it is also send enforceable, but not vieender(m’) = 2. In this case,s;+1 = s;. When m/

versa.

Proof: We first show that\l € AIM — M € SE.
Using proof by contradiction, assume that € AIM and
M ¢ SE. Then there exists a trace in L such that
(1) some event mis enabled at the end of; (2) there
exists a tracer, in G that send-simulates; and (3) the
interactionm is not possible at the end of,. Without
loss of generality, we assume theadnder(m) = 1, i.e.,
PartnerP; sends messages. Letr result in a sequence of
configurationsey, . . ., ¢, Where, for each, ¢; results from
the occurrence of the evenrt at c¢;_;. Furthermore, for
eache; = (sl,s?, ms?, ms?t, mql?, mq?'), let s; denote
the state inr, whenc; is reached.

We now construct a trace’ of L such that, during the
constructiony”’ visits a sequence of configuratiodis . . . , ¢},
where each configuration, = (s!,s;,0, ms?', e, mg?'),
i.e., the channelsh{ andch {5 are always empty af, and
the contents of bothhs; and chsl™ in ¢ are the same as
in ¢;. Intuitively, PartnerP; replays its part of the execution
in  and PartnerP, replays the trace,. Note thatr’ may
visit some intermediate configurations between egcand
Ciy1-

In the beginning,’ is empty and we are at the initial
configurationc), = ¢y = (so, so0,0,0,¢,¢).

Now, suppose that v/ has reached c| =
(st 5,0, ms?' e, mqg?t). We extend »/ according to
how r is extended frone; to c¢;y1:

Case 1: Assume that the everd; ; betweenc; and
¢i+1 in ris!'m wheresender(m’) = 1. Thens;;; must
be reached froms; by the interactionm’ in r,. When

is sent tochs;, we extendr’ to the configuratione’ =
(si1,54,0, msF\{m'}, e, mq?") by receivingm’, which is
possible due to our induction assumption that the content of
chs] is same at; and¢;. Trivially, the content ofchs is

still same aic; 1 andc;, after receivingn/, and all other
channels are not changed. This impli¢s= c; ;. The same
result similarly holds whemn' is sent tochs7*

After r’ reaches,, we extendr’ to some configuration
41 Dy sendingm. Since Partner?, does not move in
this step, its local state im;,, is still s;. Moreover,m
must be receivable since both? and ch{5 are empty at
c,.. However, Partnei®, cannot receive it because it is at
the local states;. This is an inconsumable message, which
contradicts our assumption.

Finally, the model in Figure 2 show$/M # SE since it
is send enforceable but has inconsumable messages, if only
EO channels are used.

[ |

Theorem 2 AIM C RE): If a model is free of incon-
sumable messages then it is also receive enforceable, but
not vice versa.

Proof: The proof is similar to that of Theorem 1. We
first show thatM € AIM — M € RE. Assume by contra-
diction thatM € AIM and M ¢ RE. Then there exists a
tracer in L such that (1) some evefimis enabled at the end
of r; (2) there exists a trace, in G that receive-simulates
and (3) the interactiom: is not possible at the end of. We
assume thatender(m) = 1. Let r result in a sequence of
configurationse, . . ., ¢, Where, for each, ¢; results from
the occurrence of the evert at ¢;—;. Furthermore, for



eachc; = (sl,s2, ms!? ms?', mql?, mq?!), let s; denote
the state inr, wheng; is reached.

We now construct a trace’ of L such that, during
the construction,r’ visits a sequence of configurations
Chy - -
tween eachc; and ¢, ;) where each configuration, =
(s}, s, mst2, 0, mq? ¢), i.e., the channelshs] and chsy™
are always empty at;,, and the contents afh {5 and ch{y"”
in ¢, are the same as in. Intuitively, PartnerP; replays its

part of the execution im and Partner?, replays the trace

rqy. The strategy here is the same as the one used in thg2,13,1i1) is not present in the global model.

Figure 4. A receive enforceable model with inconsumablesagss.

., ¢, (again, there could be some configurations be-

Proof: The model in Figure 4 is receive enforceable
but not send enforceable. The model in Figure 5 is send
enforceable but not receive enforceable when all messages
are sent to EO channels. This is because the following
sequence of event®i2,?7i3,7i1) is possible but the trace
]

proof of Theorem 1. However, notice that the conditions on

channels for the configuration$ are totally different.

In the beginning,” is empty and we are at the initial
configurationc) = co = (so, s0,0, 0, ¢, ).

Now, suppose that v/ has reached c|
(s}, s, ms}? 0, mql? e). We extend ' according to
how r is extended frone; to c¢;y1:

Case 1: Assume that the event;;; is !'m where
sender(m’) = 1. In this cases;1; = s;. We can extenad’
to ¢;,; by sendingn’. This is guaranteed by the induction
assumption that the contents o3 and ch¢5 in ¢, are

the same as in;. Note that other channels are not affected.

Case 2: Assume that the event;;; is !'nmi where
sender(m’) = 2. Note that in this case] = s;,, and
Sit1 = Si- Moreover,mslm = ms}f_l and qum = mqﬁl
since ch{s and ch3™ are not affected by sending’. This
implies ¢’ = ¢, ; ands’ is not extended.

Case 3: Assume that the event;;; is ?m  where
sender(m’) = 1. Note that in this case! = s!,; ands; 1
is reached frons; by m’. We extend’ to c;., ; by receiving

Figure 5. A send enforceable but not receive enforceableemod

VI. CONTAINMENT RELATIONS FOREOIO ONLY
MODELS

Now we consider the class of choreography models in
which all messages are sent to EOIO channels.Sfto o
be the set of send enforceable models in this class, and
REgoro and AIM goro be similarly defined. The contain-
ment relations are shown in Figure 6. Due to space limitation
all proofs in this section are included in appendices.

m/, which is possible due to our induction assumption that

the contents of:h ¢ and ch$5™ in ¢; are the same as .

Case 4: Assume that the event;;; is ?nmi where
sender(m’) = 2. In this cases, is reached from; by m’'.
We extend” to ¢, by first sendingn’ and then receiving
m’ immediately. After these two stepa}$e and chsS™ are
still empty and other channels are not affected.

After 7' reaches, the messagen must exist in either

RE

Figure 6. Containment relations for EOIO only models.

ch$S or ch$3™ and is ready to be received, this is because

the contents of these channels are the same as..in
However, since Partnel, is in local states;, the message

Theorem 4 AIM go;o = SEEgo10): If an EOIO only
model is free of inconsumable message then it is send

m cannot be received. This is an inconsumable messagenforceable, and vice versa.

which contradicts our assumption.
Finally, the model in Figure 4 showslIM # RE.
Inconsumable messages occur when both a messaged

Proof: The directionAIM goro € SE goro has been
shown in Theorem 1. It remains to proweF o0 C
AIM gojo. Assume by contradiction that/ € SEgoro

a messag@ are sent. In this case, one partner is at the locabnd M ¢ AIM goio. Then there exists a trace of L

states; and unable to receivé,, while the other is at the
local states, and unable to receive. Both messeges are
then inconsumable.
[ ]
Theorem 3 §E ¢ RE and RE ¢ SE): A send enforce-

that results in a sequence of configuratieps. . ., ¢, such
that a messagen is ready to be received but cannot be
received atc,. Supposem is sent by Partner”; at the
configurationc;. Let r; denote the prefix of- that ends
atc;. Lete; = (s}, s2,0,0, mgl?, mg?') for eachi.

279

able model is not necessarily receive enforceable, and vice Let r|; denote the projection of on the execution of

versa.

Partner P,. We construct a trace; of G such that it is



equivalent tor|, after replacing every event with its corre-
sponding interaction, i.er;, replaysP's part of execution
in 7.

We now construct a trace’ of L that can be send-
simulated byr;. During the constructiony’ visits a se-
quence of configurations;, ..., ¢, (intermediate configu-
rations possible between eachandc;, ) such that each
¢ = (sh,,s2,0,0,e,q;) wheres), andg; satisfy the fol-
lowing conditions: (*)s}, € {sg,. .., s}} andn; >=n;_1;
(**) let r; be the prefix ofr’ that ends at}, thenr;|; is
the longest prefix of;|; such thatg; is the shortest queue
of which m¢?! is a suffix, i.e., PartneP; should receive as
many messages as possible befdres reached. Intuitively,
PartnerP; replays its part of execution in until the local
state s}, i.e., immediately before the sending of, and
Partner P, replays its part of execution of. Furthermore,
the channekh (5" is always empty at,.

In the beginning;” andr; are empty, and we are at the
initial configurationc{, and the initial states,. The above
properties hold trivially.

Now suppose that’ has reached! Los?

=(s,.,$

n;? 21

(Z)a @7 g, ql)

and r;, has reacheds? where the above properties are

satisfied. We extend, according to how is extended.

Case 1:Assume thats? , is reached froms? by the
interactionm’ where sender(m’) = 2. In this case, we first
extendr’ to a configuration’ = (s} ,s?,,,0,0,¢,q;.m’)

by sendingn’. Then, we extend’ to the configuratiom; ,

by receiving as many messages as possible from the chan

ch$9 by PartnerP;. It is obvious that the property (**) is

The proof of Theorem 2 shows thaliM go;0 C
REgoso. In particular, the example in Figure 4, which we
used to showdAIM # RE, makes no assumption on the
usages of EO or EOIO channels.

Theorem 5 §Egoj0 C REEgor0): If an EOIO only
model is send enforceable then it is also receive enforegabl
but not vice versa.

Proof: Due to limited space, we give only the intuition
of the proof here. Note that, for any tracef L, the subse-
guences | andr|,. preserve the same order of messages sent
by one same partner. So, when the order of two messages
a andb are different inr|, andr|,., they must be sent by
different partners. In this case, we can switch the order of
the sending of these two messages. We repeat this procedure
until we obtain a new trace’ wherer’|,. is a prefix ofr’|,.
This implies that ifr’ can be send-simulated then it can also
be receive-simulated. Note that new order mismatches may
be introduced by switching two sending events. However, the
newly introduced mismatches always occur closer and closer
to the initial configurations. This guarantees the ternidmat
of the event switching procedure.

Finally, the example in Figure 4 showSEgroro #
REEor0. |

VIl. RELATED WORK

In this paper we use the choreography modeling language
MCM [4], [2]. There also exist other choreography lan-

r~tﬁﬁages like WSCDL [7], BPMN [8], or Let's Dance [9],

where the interaction protocols between a set of loosely

satisfied since the order of sending and receiving MesSagedupled components communicating over message channels

in r is preserved inr’. In particular, if ¢, # mq?+1
and s}

MNit+1

#* sjl then PartnerP; is supposed to send some

is described from the perspective of a global observer. The
study of relations between local enforceabiity and incon-

17 ise i .
message at,,,, in r. Otherwise, it should have proceeded gymable messages for these languages remains a matter of

to receive more messages.

Case 2:Assume thats? , is reached froms? by the
interactionm’ where sender(m’) = 1. Then, PartnerP;
must be able to send the messageat s}”. Otherwise,P;

future work.

The semantics of the MCM language is given on the basis
of labelled transition systems. The formal analysis of LTS-
based systems has been profoundly studied in the areas of

and P, will wait for messages from each other that can neveloth model checking [10] and theorem proving [11].

be available, then the tragecannot be possible. We extend

r’ by first sendingm’ and then receiving it immediately.
This results in a configuratioel = (s, |, s7,1,0,0,¢,q).

Then, we further extend’ to receive as many messages a

€o%0

possible fromch 37" to reach the configuratiod ;.

By the end of the construction; reaches the config-
uration ¢j, = (sj,
by P, beforem have been received h#,. Note thatP,’s
execution inr’ does not rely on any messages sentiy
after m. Now we extendr’ by sendingm to the configu-

ration ¢}, = (s}, 1,57,0,0, (m), qx). However, the send-

The notion of local enforceability that we use in this paper
corresponds in some sence to the one proposed in [12], [13]:
"The global model can be mapped into local ones in such a

Sway that the resulting local models satisfy the followingtw

conditions: (i) they contain only interactions describedhe
global model; and (ii) they are able to collectively enfoatie

s7,0,0,,qx) where all messages sent the constraints expressed in the global model.” In our case

local partners use exactly the interactions and conssraint
from the global model. Checking local enforceability means
to check if the obtained local model does not show additional
(undesired) behaviour compared to the global model. Our

simulating tracer; cannot be extended by the interaction notion of local enforceability builds upon the concepts of

m. Otherwise, the message must be receivablébyt s7.
This contradicts our assumption.

trace inclusion and simulation [14]. Note that trace simula
tion is different than the traditional concept of statedshs
simulation as introduced in process algebra [15].



VIIl. CONCLUSION

This paper addresses the formal verification of message
choreography models, as an important type of model for[4] Sebastian Wieczorek, Andreas Roth, Alin Stefanescu] an

modern enterprise applications, at the example of the MCM

approach developed at SAP Research. The relation among

two significant properties of choreography models, namely

local enforceability and absence of inconsumable messages
are studied. We arrive at, among others, an important con{5] Chun Ouyang, Eric Verbeek, Wil M. P. van der Aalst, Stapha
clusion that, whenever a choreography model has no incon-
sumable messages, it is also local enforceable no matter how
we connect the behavior of the global model to the behavior

of the local partner model. This is very useful because the

mechanical checking of inconsumable messages is much less
costly than that of local enforceability: For a model that
possesses a finite state space, the checking of inconsumab[g]
messages can be accomplished by an exhaustive exploration
of the state space of only the local partner model whose

runtime complexity is linear in the size of the state space.
On the contrary, the checking of local enforceability needs

essentially to construct a simulation relation between the 7
traces of the global model and the traces of the local partner
model, which requires in general exponential time.

In future work we will consider various extensions of the
choreography language, including inhibitors and constsai
on message contents, and study their impacts on the containg] “Business process modeling notation (BPMN) speciftmati
ment relations between the two above mentioned properties.
Moreover, we mentioned that our definition of local enforce-
ability is stronger than the usual interpretation of siniolas
as trace inclusion. Therefore, it remains to be an intargsti
subject how our definition relates to other known classes of
simulations. Finally, we will also consider other impoitan
properties for MCM such as deadlock freedom.
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