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Abstract lizing the semantics of human activity, such as policies for
decision making and negotiation among organizations. In
We concentrate on the property that the progression of an environment incorporated with heterogeneous informa-
collaborative work involves communication among partic- tion systems and with advanced transactions, it is important
ipants, and we consider a flexible method for managing to utilize semantics of human activity for managing transi-
transactions utilizing structured messages. In the litera- tions.
ture, advanced transaction models for collaborative work ~ We concentrate on the property that the progression
environment have been proposed. However, since the modef collaborative work involves communication among
els treat work process as a target of transaction, it is dif- participants[2, 4, 10, 11]. Itis helpful for us to apply the in-
ficult to adapt to exceptions or dynamic reconfiguration of formation obtained by communication to transaction man-
processes. In this paper, we argue about examples of hanagement. In order to apply the information to adaptive
dling exceptions in an environment involving workflow pro- transaction management, we use structured messages[3], in
cesses and database transactions, utilizing structured meswhich each message includes a formalized representation of
sages. We use the message transaction model for specifyinthe utterer’s intention.
structured messages. The model has ability of specifying In this paper, we model a framework for adapting trans-
workflow processes and various advanced transactions.  actions to exceptional situations utilizing structured mes-
sages, standing on the several examples in which partici-
pants of collaborative work handle exceptions in a heteroge-
neous environment with workflow processes and database
transactions. We use the message transaction model[6, 7]
for specifying structured messages. The model has abil-

Transaction management technique[5], which is a re- jty of specifying workflow processes and various advanced
markable outcome of the efforts on database managemengansactional models.

technology, has been evolved to various kinds of advanced  since our model is based on messages exchanged in
transaction models[14] in order to avoid the decreasecommunication, it is possible to provide participants an in-
of concurrency caused by long-lived transactions, such aserface for coordinating execution of transactions, and to
those which involve human activities. incorporate the semantics obtained by human decisions to

~ One of the requests remained for supporting collabora-transaction management. The following functions can be
tive work is adaptation to unexpected situations. The realrealized using our model:

world is inevitably surrounded by frequently changing en-

vironment and/or unexpected human behavior. As for pro- @ Participants obtain guidelines for maintaining consis-
cess management technology, dynamic and adaptive work-  tency which is implicitly described in the communica-
flow systems for managing exceptional situations have been  tion context.

proposed[9, 15]. As for transaction management technol-
ogy, a formalization of split/join methods is proposed for

dynamic restructuring of transactions for tree-structured hu-
man activity in [13]. However the formalizations of adapta- e When heterogeneous information systems are con-
tion are discussed, there has been little consideration on uti- fronted with a complicated exceptional situation, the

1 Introduction

e Participants interactively prevent data violation caused
by concurrent transactions.



transaction management system invokes communica-
tion for coordination with proper participants and re-
sources.

This paper is organized as follows: In Section 2, we ©
overview the the message transaction model, and illustrate
several examples of exceptional situations in collaborative
work. In Section 3, we discuss functional requirements for
handling exceptional situations and we model a framework
for adapting transactions to exceptional situations utilizing
structured messages. Section 4 is a conclusion and we sum-
marize the contributions of this paper.

2 Exceptions in Collaborative Work

In this section, we briefly describe the message transac-
tion model, discuss exceptional situations in the message
transaction model, and illustrate several examples of excep-
tional situations in collaborative work.

2.1 The Message Transaction @

In the message transaction model, a message and an in-
teraction during communication are extendedly modeled as
anm-group In an m-group, an utterer’s intention of a mes-
sage is represented by-group classattributes. As in [3],

“propose”, “opinion”, “objection”, and “conclusion” are the
examples of m-group class. An m-group is able to specify
a semantically continuous human interaction by possessing
a child group which is a set of m-groups. An m-group
produces an evemtS), t(S), ¢(S), ora(S) which denotes
a creation ofS, a creation of child group, which we cake-
cution, a successful completion 6fs intention, or a failure
of the intention, respectively. EachaS), ¢(S), ¢(S), and
a(S) is called transactional event. Moreover, an m-group
possesses relative information, caltedource such as par-
ticipants in the m-group or data used in the m-group.
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Figure 1. Examples of M-group Templates for
Book Order

Let us consider an example in which several partici- permitted to have child groups of m-group clagss-

pants cooperate to order a book to a bookstore. We assumgose , book
a bookstore agent(bookstore), two customers(membericel . root

_purchase

, check _library

, commit , or abort

, andcan-

denotes a creation,

and member2), and a supervisor of memberl and mem-commit, or abort of the m-groupook _order , respec-
ber2(supervisor) as participants. Furthermore, we assumdively. When an m-grouook purchase is created,

the following constraints: firstly, the order of a book the m-group template depicted in Figure 1(b) is assigned
needs a supervisor's approval and a check of the book’sto the m-group. Thus, a gradual instantitaion of the struc-
inexistence in their library database. Secondly, if the ture of the message transaction is possible. In case a re-
proposal is approved and after the order is accepted bysource is specified as either a constant or a variable, such as
the bookstore, the order which has been accepted by thdéhe resourcesFrom: member, Resource: li-

bookstore cannot be canceled. In the message transadrary _DB'in check _library , the m-group has to be
tion model, constraints among tasks are describednby ~ assigned the values of the resources.

group templatéFigure 1). Figure 1(a) shows an exam- We assigrtransactional dependenciesilizing two use-

ple of m-group template defined to an m-group of an m- ful primitives < and—, which are proposed by Klein[12],
group classook _order . The m-groupbook _order is and also discussed in [1].



e ¢; < e (precedence) : If both event and eventk,
occur, there; must precede,. There is no constraint
on a possibility of occurrence @ef ore,.

@

e ¢; — ey (Occurrence) : If event; occurs, then event
e> must also occur. There is no constraint on the order
of occurrences between ande..

The followings are examples of transactional dependen-
cies.

CR(S;, S;): (commit root)e(S;) < ¢(S;),t(S;) —
S; can be executed only aft€f commits.

e EX(S1,...,5n): ¢(S;) = a(S;) for any pairi, j(i #
7)-
Only one ofSy, ..., .S, can commit.

AA(S;, S;): (abort dependency)S;) — a(S;)
If S; aborts, thert; must abort.

CC(S;,S;): (commit dependency)S;) < ¢(S;)
If S; commits andS; commits, ther; precedess).

CO(S;, S;): (commit occurrence)(S;) — ¢(S;)
If S; commits, therb; must also commit.

AC(S, ) (e(S5) = a(S) A (a(S:) < e(S))
S; can commit only aftefs; aborts.

CA(S;, Sj): e(S;) = a(S5)
if S; commits,S; must abort.

TE(S;, S)): (terminate)(c(S;) < ¢(S;)) A (a(S;) <

c(.55))
S; can commit only aftef; finishes its execution.

Transactional dependencies have an ability to spec-
ify executional dependencies among m-groups and var-2
ious kinds of advanced transaction models. For ex-
ample, the transactional dependenay'R from pro-
pose to book purchase in Figure 1(a) denotes that
book _purchase cannot be executed befopropose
commits. MoreoverC'C andC'O from book _purchase
to commit in Figure 1(b) denote that brder _accept
commits, therbook _purchase must commit afterward.

AND-group,+-group, andc-group are the specifications
how many and whether m-groups are permitted to be cre-
ated. We omit the description since the discussion of the
specifications is out of scope in this paper.

Arbitrary creations of transactional dependencies may
cause situations such that there exists no sequence of trans-
actional events which satisfy the imposed dependencies.
For this problem, we can essentially apply the sufficient
conditions for deciding satisfiability of transactional depen-
dencies discussed in [8].
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Figure 2. Event Diagram and m-groups of Sce-
nario 1

.2 Exceptional Situations in The Message Trans-

action

In the rest of the paper, we call the situation which is

not assumed in the m-group templates’ definitionexa
ceptional situation Exceptional situations in the message
transaction model are classified as follows:

1. Modification on a child group:

Unexpected addition to or deletion from a child group

leads to an exceptional situation when the modification
is not assumed in the m-group template. For example,
when a new compromise is found in a negotiation be-
tween two proposals, an m-group for compromise to
the child group of the negotiation m-groupis added. If

the addition is not assumed in the m-group template of
negotiation, an exceptional situation occurs.



2. Unsatisfiable transactional dependencies: SIS e e erL  member2 - bookstore L ey

When a history of transactional events does not satisfy approvall
the existing transactional dependencies, an exceptional popose2 | f_ | |
situation occurs, such that a post facto consent is taken, L
or that serial activities are executed in parallel.
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An exceptional situacion occurs when a transaction
does not perform in a predefined manner. An example
is an abort of atomic transaction after that its commit
event has been created.

commit

Figure 3. Event Diagram of Scenario 2
4. Modification on a resource:

When a resource is to be deleted or replaced with an-
other resource, an exceptional situation occurs if the
resource is defined in the m-group template. For ex-
ample, the situation when it is necessary to begin an
argument with the provisional report in place of the fi-
nal report leads an exceptional situation.

2. If book _purchasel aborts, an exceptional situation
occurs sincerder _accept has a dependencyO
to book _purchase as in Figure 1(b).

3. In order to remov€’'O, an agreement with the book-
store is necessary. Moreover, the information of the
removal should be informed to participants of the m-

Modification on an m-group template include the groups which share the resourcemder _acceptl ,

whole or a partial modification of 1-4 . Moreover, a such as the log data of order acceptances.

modified m-group template affects existing m-groups,

and brings a more complicated exceptional situation.  As a result, the participants cancgiropose2

To overcome this problem, an approach of multiple of member2, the system abortsook _order2 , and

versions for an m-group template is necessary, as dishook _orderl continues its execution.

cussed in [9] for evolving workflow schemas.

5. Modification on an m-group template:

] ) ) ) Scenario 2
2.3 Scenarios for Exceptional Situations

Figure 3 illustrates the case where the proppsapose2

Figures 2, 3, 4, and 5 illustrate several scenarios in which Py member2 precedes the acceptaorcier _acceptl by
coordinations for exceptional situations are held among par-the bookstore.
ticipants utilizing m-group templates shown in Figure 6,  During coordinationl  , the participants reffer the
when each of member1 and member2 is to order a similarfollowing information:
book to each other. We assume that the m-group templates
shown in Figure 1 are usually used. 1. If book _orderl abortsproposel mustabort.

2. In order to aborbook _orderl , the members of the
m-groups which share the resourcebimok _orderl

In Figure 2, memberl proposes an order of a new book to ~ should be informed.

the supervisogfroposel ). The supervisor approves the

Scenario 1

proposal, andoroposel commits. Incidentally, mem- 3. The rationale of executingpook order2 . The
ber2 proposes a book which is similar to the book in participants of coordinationl refer the argu-
proposel , and the supervisor induces memberl and ment about creating the m-grobpok _orderl and
member2 to choose one book by holding a coordina- book _order2 .
tion(coordinationl ).

Duringcoordinationl  , the participants refer the fol- Suppose that the conclusion obordinationl is
lowing information: to choosebook _order2 . Then, the participants creates

an m-groupcancel as a child group obook _orderl
1. The m-groufpook _purchasel is already beingex- and the system abortbook _orderl . Moreover,

ecuted, andrder _acceptl hasalready committed. book _order2 continues its execution.
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Figure 4. Event Diagram of Scenario 3

book_order3

Scenario 3

Figure 4 illustrates the case where bgitoposel and
propose2 are not adopted icoordinationl , and a
new book is orderd as a compromise.

During coordinationl , the participants refer fol-
lowing information in addition to the information in Sce-
nario 2:

1. In order to adopt the compromise, the m-group
compromise must be created, become a child
group of coordinationl , and commit. More-
over, the other conclusionghoose _onel and
choose _one2 abort. Since this causes an excep-
tional situation around?X betweenchoose _onel
andchoose _one2, EX must be removed.

As a result, the participants abdybok _orderl and
book _order2 , removeEX, and create a hew m-group
book _order3 as the compromise. Moreover, when an
exceptional situation occurs aroubdok _order3 later,
someone may require the information thatordina-
tionl causes the aborts of bothook orderl and
book _order2 , and the creation dfook _order3

Scenario 4

Figure 5 illustrates the case where an appropriate strategy is

not found incoordinationl is
postponed.
During coordination1 , the following information is

referred in addition to those in Scenario 2 and 3:

, andcoordinationl

1. The rationale of executingoook _orderl and
book _order2 is referred. The participants ab-
ordinationl refer the arguments about creating

book _orderl andbook _order2

de-
Then, the participants

Suppose that the participantsafordinationl
cide to postpone the conclusion.
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Figure 5. Event Diagram of Scenario 4

abortcoordinationl and create a hew m-groum-
ordination2  , which will be executed when the partici-
pants resume the postponed coordination, is created. More-
over, when an exceptional situation occurs arocodr-
dination2 later, someone may require the information
that coordination2 is created as a result of the post-
ponement otoordinationl

In the next section, we analyze functional requirements
and model a framework for adapting transactions to excep-
tional situations by utilizing the message transaction model.

3 Modeling Adaptation of Transactions

3.1 Requirements for Supporting Exceptional Sit-
uations

The following observations can be obtained from the ex-
amples shown in the previous section:

1. (Exception detection)Detection of exceptional situa-
tion is divided to two categories: One is what a par-
ticipant raises intentionally, such as the inductions of
coordinations through Scenario 1 to Scenario4. The
other is what subsequently occurs after other events,
such as 2 in Scenario 1, and 1 in Scenario 3. In the
latter case, a mechanism for detecting exceptions is
necessary. We discussed the satisfiability problem of
transactional dependencies in [8].

(Invocation of communication) In an exceptional sit-
uation, measures against the situations involve com-
munication, such as a coordination or an agreement.
Moreover, in some situations such as 3 in Scenario 1,
the requirementis not to take the measure, but to know
the area and the cost to take the measure.

3. (Rationalization) The rationale of an m-group is re-

ferred, such as 3 in Scenario 2, and as 1 in Scenario



4,

4. (Interactive concurrency Maintenance)When an m-
group is to abort and the m-group uses a resource, the
information should be informed or acknowledged to
participants of the m-groups which share the resource,
such as 1 and as 2 in Scenario 2.

5. (Effect estimation) When a transactional event is to
occur, effects to other m-groups are estimated, such as
1 and 2 in Scenario 1. This means that a simulation
mechanism for handling exceptions is required. Espe-
cially in subsequent exceptions such as the latter case
in 1, avoiding cascade occurrences of exceptions by
estimating costs is important.

3.2 Managing Exceptional Situations with Mes-
sage Transactions

In the rest of this section, we model a framework for sup-
porting adaptation of transactions to exceptional situations.
Suppose thaf is an m-groupe(S) is a transactional

event ofS, andP is a participant of5.

Exception Detection

We introduce the concept @kceptional operationwhich

is an operation causing an exceptional situation to occur. If
an exceptional situation is raised directly by a participant,

the operations by a participants are the exceptional opera-
tions. On the other hand, if raised subsequently after other

@
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events, the original operation and the subsequent events are Figure 6. Examples of M-group Templates for

the exceptional operations.

Invocation of Communication

The first step of this procedure is to deciebeception co-
ordinators who are the participants to the invoked com-
munication. The exception coordinators are the following
participants:

o If the exceptional operations includes an transactional

Exceptional Situations

e If an modification on a resource & is included in
the exceptional operations, then the exception coordi-
nators include the participants 8f

We describe system behavior for invoking communica-

evente(S), then the exception coordinators include the tion for coordination.

participants of each m-group which is an element of

any transactional dependency whose elements include 1. The system displays the exception coordinators.

S,suchag’C(5,...,S,...,5).

e If an modification on a child group is included in
the exceptional operations, then the participants of the
child group are in the exception coordinators.

¢ If the exceptional operations includes an modification
on a transactional dependency, then the exception co-
ordinators include the participants of each m-group
which is an element of the transactional dependency.

2. P selects a proper m-groupy to argue with the dis-
played coordinators. Figure 6 shows the examples of
m-group templates.

3. The system creates, and adds the exception coordi-
nators to participants &f'.

4. The system forbids the exceptional operations to work

before the invoked communication comitts.



Rationalization

We define producef) for the purpose of detecting the ar-
gument for creating an m-group producerg) is a set of
m-groups each element of which is the argument for creat-
ingS.

The followings are the mechanism of rationalization,
whereS’ is an m-group created as the invocation of com-
munication:

1. The system adds each element of an prodi§geo a
resource ofS’. This operation enableS’ to specify
that the participants o’ may refer produces).

2. WhenS'’ finishes its execution, the system adtiso
an element of produce$(’), whereS" is an m-group
which is created as a result or in courcesSof

Interactive Concurrency Maintenance

getSharing(S) is a function for detecting m-group which
shares a resource withl. getSharing(S) is defined as a
union of the following sets, where(S) is a transactional
event onsS:

1. Asetofany m-group’ which has aresourde, where
Ris aresource of, andS’ has not finished its execu-
tion yet.

2. getSharingS’) for S" in 1.

We describe system behavior for maintaining concur-
rency interactively among the transactions which share re-
sources.

1. When an m-groufs is to abort, the system displays
the participants of each m-group which is obtained by
getSharing(S).

. P selects a proper m-groufy to argue with the dis-
played participants, such as in Figure®may select
notice if the participants are less concerned with the
shared resource, and may selegordination ,f
much so.

. The system creaté®, and adds the members obtained
in 1 to participants of’.

Effect Estimation

getEffect(S, e(S)) is a union of the following sets, where
e(S) is a transactional event cf1

1. {e(9)}.

2. getEffect(S,e'(S")), for any m-groupS’ assigned
e(S) — €'(S").

This function provides users a primitive function for es-
timating effect of a transactional eveatS). We plan to
develop an advanced method for estimating effect in our fu-
ture work, such as:

o Navigational queries as the effect simulation. For ex-
ample, for a transactional evet{tS), the rationale and
the participants of the m-groups which may share re-
sources withS are retrieved.

e Temporal queries. For example, the range of the effect
after an event is compared with those before the event.

The procedure described in this section enables partici-
pants to cooperate with other participants who get effected
by entering the exceptional situation. Moreover, when they
want to perform an exceptional operation, participants can
be informed what to pay attention to.

4 Conclusion

We addressed the problem of handling exceptions in a
collaborative work environment, utilized transactions spec-
ified in structured messages, and proposed a method for
adapting the transactions to the situations which do not sat-
isfy the dependencies of the environments.

The followings are the advantages of our method:

¢ Since the method is based on messages exchanged in
communication, the method can easily incorporate the
solutions obtained by human decisions to transaction
management including exceptional situations.

By introducing the concept of producer, the method

provides an interface to utilize context of the argu-

ments for the collaborative work, such as the rationale
of executing an m-group. This leads to giving guide-

lines for the consistency maintenance to human deci-
sions.

By introducing the functiorgetSharing, participants
can interactively handle data violation from concurrent
transactions.

The method can apply to an distributed environment
with heterogeneous information systems. Since the
message transaction model can represent various de-
pendencies in collaborative work environments by us-
ing transactional dependencies. Integrating with the
order-constrained rules for workflow model and the
dependencies for executing various advanced transac-
tion models is possible.
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