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Abstract 1. Introduction

Collaboration management involves capturing the collabo-  Collaboration managemerivolves capturing or mod-
ration process, coordinating the activities of the participat- eling collaboration processes, coordinating the activities of
ing applications and humans, and/or providing awareness, applications and human participants, and/or providing
i.e., information that is highly relevant to a specific role and awareness by communicating collaboration-related infor-
situation of a process participant. In this paper we propose Mation to participants.

an awareness provisioning solution that allows customiza-  The Collaboration Management InfrastructurgCMI)

tion of the awareness delivered to each process participant.has been developed at MCC to accomplish the following
Unlike existing collaboration management technologies objectives:

(such as workflow and groupware) that provide only a few < manage collaboration processes,

built-in awareness choices, the proposed awareness solu-« provide combined process and situatovarenessand

tion allows the specification of what information is to be support processes in virtual enterprises as well as in tra-
given to what users and at what time. To support this  jitional organizations.

advanced level of awareness, we require the definition of CMI technology development is driven by the require-

awareness roles and the specification of corresponding ents of many advanced applications that are not effective-
awareness descriptions. Awarene_ss roles can be dynamqy supported by existing workflow and groupware technol-
cally created and associated with any process Scope.ggies. To address these requirements CMI provides a so-
Awareness descriptions define what information is to be phjsticated Collaboration Management Model (CMM) and
given to users in an awareness role. Since awareness |’O|e% Corresponding Component_oriented system that imp|e_
are created or become visible when they are needed, thements the CMM. CMM draws existing primitives from
existence of an awareness role also determines the approworkflow and groupware models and introduces new prim-
priate time interval during which the information specified itives for previously unsupported collaboration process re-
in the awareness description can be delivered. This custom-quirements. CMM consists of @ore Model (CORE) and
ized awareness provisioning approach minimizes informa- several specialized extensions of it. CORE provides a com-
tion overloading and allows the combination of process-rel- mon set of process model primitives that constitute the basis
evant information with external information as needed by for all extensions. The CMM extensions include specialized
the process participants. The proposed awareness provi-Process models designed to support coordination, aware-
sioning solution is employed by the Collaboration Manage- N€sS, and services. Tkordination Mode(CM) provides
ment Infrastructure (CMI), a federated system for collabo- additional primitives for coordinating participants and for

ration process management. Throughout the paper we uséalutomating collaboration process enactment. The CM may
examples from the crisis management domain have to deal with coordination processes that may be par-

tially unknown when they start. Thdwareness Model
(AM) is a CORE extension that captures customized pro-
cess and situation awareness. Baevice Mode{SM) sup-

ports reusable process activities and related resources, ser-

"This work was funded in part by DARPA contract F30602-97-C-214, Vice quality, and service agreements, as needed to support
“Serveillance of Complex Events Using Active Agents.” collaboration processes in virtual enterprises. CM and the



coordination capabilities of CMI are described in [8, 7]. SM solutions supporting process and situation awareness. In

and service selection and invocation are discussed in [7]. particular, in Section 3 we outline CMI's Collaboration
In this paper, we describe the CMI capabilities for pro- Management Model (CMM) for capturing collaboration

viding awarenessi.e. AM, relevant parts of CORE, and the processes. In Section 4, we focus on the CORE of CMM

related implementations. We definwarenesss informa-  that provides the basis for developing CMI's Awareness

tion that is highly relevant to a specificle andsituationof Model (AM). AM is described in detail in Section 5. The

a process participant. Because a human's attention is a finit€MI system architecture and the AM implementation are

resource that must be optimized, awareness informationoutlined in Section 6. The conclusion is in Section 7.

must be digested into a useful form and delivered to exactly

the users who need it. If given too little or improperly tar- 2 Requirements and Related Technologies
geted_ information, users_will act i_nappropriately or be Ie_ss Although CMI is a general purpose technology that can
effective. With too much information, users must deal with support many advanced applications [8, 7], in this paper we
an information overload that adds to their work and masks maotivate our work on awareness by focusing on CMI sup-
important information. port for the crisis management domain. Similar awareness
Awareness provisioninigvolves the specification of rel-  requirements also exist in command and control, and tele-
evant information, gathering these information from a run- communications service provisioning applications. The re-
ning system, digesting it into a usable form, and delivering quirements of collaboration processes from these applica-
it to the appropriate process participants. Unlike existing tion domains are discussed further in [8, 7].
collaboration management technologies (such as workflow  The basic objective of a crisis management application is
and groupware) that provide only a few built-in awareness to facilitate the resolution, or at least the mitigation, of a cri-
choices CMI allows the customization of awareness via sis situation. Crisis situations appear in virtually all parts of
awareness specificationdwareness specifications, which  government and economic life. They range from large scale
are provided by process/awareness designers, define whadrises, e.g., natural or economic disasters, military tensions
information should be directed to what users based on theirand contentions, and epidemic outbreaks, to highly local-
roles in the process. Awareness specifications consist ofized crises, like simple accidents. The principal characteris-
awareness roleand correspondingwareness descriptions  tic of a crisis situation is that it occutmexpectedignd that
Awareness descriptiordefine the information that is deliv-  jts exact course is unknown and unpredictable
ered to a user that plays a specific awareness role. Such de- \while the response to an unfolding crisis may have a
scriptions are made from event patterns that not only de-|arge degree of unpredictably, an organization that responds
scribe the desired constellation of events, but also how theto a large number of similar crises will deve|op regularized
information from those events is to be digested. AwarGHESSprocedures and protoco|s for addressing the range of situa-
roles are referenced in awareness descriptions and they argons to which the organization must respond. The specifics
used in delivering customized awareness to process partiCigf these procedures may vary greatly from one crisis re-
pants. Awareness roles do not have to be the same roles useghonse to the next, but the overall structure may have a great
for process coordination. Furthermore, they can be dynam-deal of regularity. A crisis management application must fa-
ically created and associated with any procssspeorcon-  cjlitate the regularization of the crisis response, where ap-
text i.e., any collection of process activities and/or resourc- propriate, but be flexible enough to accommodate the vari-
es. The existence of an awareness role determines the apation in the crisis response that can occur. Users who are co-
propriate time interval to deliver the information SDECifiEd ordinated by a crisis response app”cation must have the
in the awareness description, e.g., when such a role is creatpower to make on-the-spot decisions that affect the evolu-
ed or becomes visible. tion of the crisis response. As a corollary, the users must
To provide awareness, CMI introduces several process-have the relevant information at hand, i.e., awareness, so
oriented enhancements to generic event processing technokhat they can make timely and informed decisions.
ogy. These include process-specific event operators, spe- As an example of dealing with a crisis, consider an epi-
cialized event operators with built-in categorization for pro- demic response. Suppose a group of similar disease reports
cess instances, and event operators that accept process-spig-discovered in a region of the country. The health organi-
cific parameters. zation for that region would start a process responsible for
The remainder of this paper is organized as follows: In understanding the nature of the disease and containing the
Section 2, we discuss some key requirements for awarenessutbreak. The process primarily involves information man-
provisioning that are not supported effectively by existing agement including interviewing doctors and patients in-
technology and provide a critique of related work from the volved, communication with the Center for Disease Control
perspective of supporting such awareness requirements. Iror the World Health Organization, and communication with
the following sections we discuss the corresponding CMI news agencies and doctors involved in containing the out-



break. While the details of the process are specific to thetests conducted to assess the impact of the epidemic. Sup-
particular outbreak, the process involves practiced responspose that if any of these tests is positive, the other tests are
es that are tailored for the situation. not necessary. Providing awareness in this case may involve
Figure 1 depicts a possible course of an information Notifying both the test requestor and those conducting the
gathering process as part of the overall epidemic crisis re-altérnative tests when a positive resultis found. Such highly
sponse. Activities are illustrated by horizontal lines. Some "€lévant awareness provisioning is required to speed the
of these activities are always required, while others are op-°verall process and avoid wasted work.
tional since they depend on current results and decisions Another requirement is to effectively determine the spe-

made by the process participants. cific process participants that must receive each type of di-
gested awareness information. For example, participants in
 Information gathering process | the crisis response process often participate in task forces

| | e
‘Task force on vector of transmission whose composition is unknown before the process starts. In

. . such dynamically composed inter-organizational teams,

Labtest  Labtest | Labtest members play situational roles in addition to their organiza-

: H N ! tional roles. Situational roles are bound to specific subpro-

Lask force on hospital re'ationsi I Media task force | cesses, i.e., they are exist only in a specific subprocess
| Patient interview task force | scope. Suclcoped rolegannot be populated a priori; they

' ! must be dynamically created and removed as needed by the

Local expertise i . ) .
P Local expertise process. For example, an epidemiologist may be the task
= force leader. While the epidemiologist role is an organiza-
ime . .
- Process/activity tional role, the task force leader role is a scoped role and
may exist only as long as the task force process exists. A
Figure 1. Tasks During Crisis Information Gathering task force leader typically requires different awareness than

epidemiologists who are simple task force participants.

The process starts when the health agency becomes Finally, in many situations awareness information must
aware of the outbreak through normal reporting channels. be delivered to process participants while they are playing
The process ends when the nature of the pathogen is underscoped roles. For example, consider again the epidemiolo-
stood and a strategy for containment has been developegist that plays the task force leader scoped role. If the lab
(another process would coordinate containment efforts). tests have been requested by his task force, then notification
Depending on the specific crisis situation, the leaders will of positive results must be directed to its leader. Other epi-
identify certain areas of interest and create task forces to in-demiologists, may not need to receive this information.
vestigate them. For example, a task force may be formedto  From the previous discussion, the following awareness
contact local hospitals and determine the extent of the out-requirements emerge:
break. Another task force may work with those affected to « Cystomizedawarenessnformation is needed to reduce
determine likely vector(s) of transmission. The assignment  information overloading and increase the relevance of
of people is likely to occur after the crisis response process  the information provided to the process participants.

has begun. Depending on the progress of the investigation, « Awareness draws form both process-relevant data and the
task force members may decide to invited external experts external world.

or do further lab tests. However, whether of not to issue an « process participants play scoped roles that may be
additional lab test or acquire additional expertise depends  gynamically defined.

on the collective results of the process. Awareness provi- . awareness information is directed to participants playing
sioning is a means of disseminating such information. scoped roles.

In such a crisis response process there are several basic We are not aware of any existing collaboration manage-
requirements that emerge form the perspective of awarenessnent technology that addresses these requirements. More
provisioning. The first basic requirement is that task force specifically, monitoring inWorkflow Management Systems
members need to be aware of the latest developments thafWfMS) relates to awareness. Currently, there are standard
impact their work, such as the results of a lab test or a monitoring APIs available, such as the process monitoring
change in deadlines that affect them. Therefore, to facilitate API provided by the Workflow Management Coalition Ref-
the effectiveness of the experts involved in a crisis, crisis erence Model [10]. However, unless WfMSs users are will-
management technology must filter out irrelevant informa- ing to develop specialized awareness applications that ana-
tion and present to each participant only relevant informa- lyze process monitoring logs, their awareness choices are
tion in a digested form (to further increase information rel- limited to a few built in options and process-relevant events.
evance). As an example of this, consider the series of labln particular, WfMSs currently assume that participantsin a



process are either “workers” that need to be aware only of to the needs of specific roles process participants play. Fur-

the activities assigned to them, or “managers” that must thermore, CMI allows such awareness roles may be dynam-

know the status of all the activities in the entire process, i.e., ically created as needed.

monitor the entire process. Similarly, groupware tools sup-  To address the awareness requirements of advanced ap-
port only limited roles and corresponding awareness thatplications, such as crisis management, CMI combines an

are specific to the intended use of each tool. For example,advanced processes model with specialized composite

groupware tools for network presentations, such as neT.120svent detection technology. These are discussed in detail in

[4], support “presenter”, “observer”, and/or “hybrid” roles.  the remaining of the paper.

Presenters are allowed to write on the shared whiteboard

and manipulate the application sharing tool, while observ- .

ers can only observe (read) these resources. Users with hy?" Collaboration Management Model (CMM)
brid tools can do both of these and they must negotiate and CMM is an advanced process-oriented model supported
perform coordination outside the scope groupware tools. By CMI. It consists of &Core Model (CORE) and several

Some process oriented systems researchers have usetPecialized extensions of it (Figure 2). The CORE provides
the termawarenesso describe notifications of specific pro- a;}cobmmor; set”of process moﬁel primitives that CO.nStlltL(the
cess activities. Elvin is a general publish/subscribe frame- € basis for all extensions. The CMM extensions include

work that has been used as part of the wOrlds collaboration™0d€ls designed spec:jflcalli/. to suppor_tf_ coordlnatlon,d
system that supports workflows [1]. While Elvin could be 2Wareness, services, and application-specific process mod-

considered event-based, subscriptions are done with con—els'

tent-based filtering, but no other form of customized event
processing is performed. It is unclear if Elvin is used in di-

Application-specific

rect conjunction with wOrld's workflow enactment events. Service

InConcert WFMS [12] is an example of a process-oriented Model

system with e-mail notification of simple workflow condi- Coordination (SM) Awareness
tions, much in the spirit of this publish/subscribe awareness. “f'coﬁﬁl “?X&?l
While the publish/subscribe model admits that a user will

consume the information, these systems provide no mecha- CORE

nism to cater the information for specific roles/classes of us-

ers, nor do they address the issue of combining information Figure 2. CMM: CORE + Extensions

from multiple sources.

The term “awareness” has also been used in many col- The Coordination Model (CM) provides primitives for
laborative systems (not managed by a process specificationgoordinating participants and for automating process enact-
primarily to cover only information about one's fellow col- ment. The Awareness Model (AM) is a CORE extension
laborators and their actions [18, 2, 16]. This limited form of that captures process monitoring and communication of
awareness is sometimes calteteprescencf]. One moti- collaboration-related events. The Service Model (SM) sup-
vation for teleprescence is that it allows users to readily de- ports reusable process activities and related resources, ser-
termine who is available at remote locations so that ad hocvice quality, and service agreements, as needed to support
collaboration may be initiated [6]. However, ad hoc collab- collaboration processes in virtual enterprises. Further ex-
oration is less likely in a process-oriented environment tensions can be introduced to support process evaluation
where the majority of tasks are coordinated by an explicit and prediction, as well as application-specific process mod-
process. Our notion of awareness largely subsumes the noels. Figure 2 indicates this by an application-specific exten-
tion of awareness in collaborative systems both becausesion atop of CM, SM, and AM.
more than just user information would be considered and  The CMM is a procesmeta modelAn important design
because a process model would be leveraged to improve indecision is whether a process meta model provides a fixed
formation relevance. set of modeling primitives or extensibility of primitives via

Our concept of awareness follows in the spirit of Dourish meta-modeling. Meta types for primitives potentially allow
who advocates raising the level of abstraction through judi- more expressive and flexible process models. However, this
cious simplification of the “story a system tells aboutitself” is typically at the expense of increased complexity. The pro-
[5]. His approach is quite similar to our notion of improving cess models of virtually all COTS WfMSs are examples of
the quality of awareness information through improved models that provide only minimal meta-modeling capabili-
contextual relevance. Awareness provisioning in CMI is ties. In particular, process models in this category provide
unigue to our knowledge. CMl is the first process-oriented meta types only for data resources. The dependency and
system that can provide highly relevant information tailored participant resource types are fixed and there is only a single
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Figure 3. Basic Primitives of the CMM

activity state type. At the other end of the spectrum is the ac-der of execution. All parts of a process schema are typed.

ademicMosice WEMS [13] that supports the broad range of Basic activity schemas are restricted to an activity state vari-

resource and dependency meta types. able and a couple of resource variables. Note that the activ-
CMM is driven by the need to develop a reasonable com- ity and resource variables in Figure 3 are generalizations of

promise between the flexibility, expressiveness, and com-the activity and resource primitives in the Workflow Man-

plexity. In particular, as illustrated in Figure 3, CMM pro- agement Coalition (WfMC) reference model [19] and simi-

vides meta types for activity statesctivity statemetatype)  lar primitives used in many commercial WfMSs.

and activities fasic activitymeta type angbrocess activity Awareness provisioning is mainly supported by CORE

meta type). The activity state meta type is required to cap-and AM. These are discussed in detail in Sections 4 and 5,

ture application-specific behavior of activities. The meta respectively.

types for activities can be used to develop application spe-

cific process models. For resources and dependencies4, CORE Model

CMM follows the approach deployed by COTS WfMSs. It The CORE defines the CMM activity states, including
provides resource meta typaegourcemeta type), €.9., 0 poth generic activity states and application-specific exten-
allow for user-defined resource types, and it prescribes asjon, and the CMM resources. An important resource type
fixed set of available dependency typdsiiendenciype). that the CORE provides iscoped rolesThis is a key re-

To allow application modeling, CMM provideshemas  source type in awareness provisioning, since awareness
for activities, activity states, and resources. Schemas are aproles are typically scoped roles. Scoped roles are discussed
plication-specific types that are created from CMM object at the end of this section.
meta types during process specification. Thus, an applica-  Activity states. Each activity schema contains an activi-
tion model developed using the CMM comprises of a set of ty state variable that is associated witheativity state sche-
resource, activity state, and process schemas that are instarmawnhich determines the possitdetivity statesor instanc-
tiated during application execution. Figure 3 shows a high- es of the respective activity schema and corresporstaig
level view of the basic primitives of the CMM, i.e., activity, transitions A transition from one activity state to another
activity state, and resource meta types as well as dependerconstitutes a (primitivedctivity eventEvents enable CORE
cy types, and how they are used to define activity and re-to communicate information about activity execution.
source schema objects for applications. Figure 4 shows thgenericactivity state schema defined

Process activity schemas consist of an activity state vari-by the CORE. It is consistent with the proposed standard of
able, activity variables, representing the subactivities of athe Workflow Management Coalition [20]. Note that a
process, resource variables, describing the resources needddORE activity state schema enumerates possible activity
during process execution, and dependency variables, definstates and state transitions, but it does define how and
ing the coordination rules for the subactivities, e.g., their or- when a state transition occurs. CM enhances CORE'’s activ-



man and program individuals can play (one or multiple)
roles Basic participant resources asgganizational roles
Advanced participant resources aeoped rolesScoped
roles are a cornerstone of AM.

Scoped roles.Such advanced roles can be can be dy-
namically created and exist only within a (context) scope.
Unlike usual organizational roles that are globstoped
rolesare visible only to those activity instances that have ac-

ities and activity states with operations that cause state tran£€ss to the enclosing context resource. Scoped roles can be
sitions. The CORE'’s resources are adopted by all submod-used in the same way within a process specification as usual
els without further extensions. CM and SM are outside the global roles.

scope of this paper. The CM and SM submodels and their Scoped roles are critical in supporting crisis manage-
implementation issues are discussed in [8, 7]. ment applications. Building a task force, for example, may

The generic activity states in Figure 4 capture applica- involve selecting an epidemiologists as the task force leader.
tion independent behavior of activity instances. In addition The task force leader must keep track of the progress of the
to the generic activity states, CORE captuagslication- task force’s work. This is not required for epidemiologists
specific statesf activities. This allows precise modeling of ~that are not task force leaders. Task force-related roles must
the application. Other workflow process models, such asbe dynamically created and assugneq to the.specn‘lc individ-
METEOR [14] allow for the definition of arbitrary activity uals that have been selectgd to participate in the task.force.
states. This can lead to complex process models with activ-In general, these roles are independent from the (static) or-
ities that do not have common denominator with respect to ganizational roles of these people, they are only valid inside
activity states. Therefore, the CORE’s activity state meta the task force, and their Iifetime.is.restricted to th(_a one of
model restricts the definition of application-specific activity the task force. Therefore, associating a context with a task
states to substates of already defined (application-specificforce enables the task force-specific roles to be modeled as
states. This leads to a forest of activity states where the basi¢coped roles. A similar situation appears in meetings: meet-
activity states are the roots of the trees. A forest of activity INg participants can play a different role during the meeting
states together with the corresponding state transition dia-than their organizational roles, e.g., meeting moderator or
gram comprise an activity state schema. Note that state tranPresenter. Again, the introduction of a meeting context con-
sitions must only connect the leaves of the forest. taining scoped roles provides a solution.

ResourcesThe CORE distinguishes four basic kinds of
resource types to be used during an activity execution: data5. AM Awareness Model
helper, participant, and context resources. The data, helper, The AM s an extension to CORE that can provide timely
and basic participant resources are similar to those found inand highly relevant information to participants. Information
many workflow models and WfMS. In particular, the CORE in AM is specified and delivered asvarenesgvents. Such
data resources correspond to the workflow internal and events include activity state changes, resource status events,
workflow relevant data in the workflow literature [13, 10]. and dependency status changes. Furthermore, AM allows
The helperresources are typically programs that provide for the addition of application-specific event types. Aware-
auxiliary resources to implement basic activities, such as aness events can be combined into composite awareness
text editor that is needed for a human to perform a writing events through the use of event operators. Delivery of de-
activity. Helper resources correspond to invoked applica- tected composite events can be directed to users in either
tions of the WIMC standard [10]. global or scoped roles.

In addition to the traditional data and helper resources, In order to motivate the features of the awareness model,
CORE providesontexiand advanced participant resources. we introduce an awareness example that illustrates a specif-
These novel resource types are critical in supporting crisisic awareness requirement from the crisis response domain.
management and many other advanced applications. TheSuppose that as part of crisis response process, we have a
context resourcés a collection of named resources (similar health crisis leader creating a task force to assess the
to a record structure in programming languages). Contextprogress of an epidemic in a particular region. This involves
resources can be accessed only via context references. Thithe invocation of a process that will coordinate the task
enables the association ofszopewith any context re-  force. We will call this process thtask force procesdn ad-
source. dition to specifying the task force members at the beginning

Participant resources are either humans or programs. of this process, the health crisis leader is also prompted for
That is, such resources capture actors in the real world thata deadline for the completion of the task force’s work. At
take responsibility to start and perform activities. Both hu- any point in the process’s lifetime, the leader may change

Suspended Completed

Uninitialized

State transition

B: A is substate of B

Figure 4. Generic Activity State Schema
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the task force’s deadline dues to changes in the external sitdelivery instructions for the awareness events detected by
uation. Suppose that the task force process includes an acADp. The awareness description, awareness delivery role,
tivity that allows task force members to request external in- and awareness role assignment are discussed in more detail
formation. In particular, assume thiaformation requesis in Sections 5.1, 5.2, and 5.3, respectively.

a subprocess with a separate deadline for delivering the re-

quested information. The information request deadline 5.1. Awareness Description (AD)

must be earlier than the task force deadline to allow integra- o ) )
The awareness descriptiofADp) is a composite event

tion of the requested information into the task force’s work. o e .
Suppose that the leader changes the task force deadline aftéiPecification that has been specialized for the processing of

an information request has been made. Providing awarenesB/0C€SS enactment events a process schema@inosite

in this situation involvesotifying the information requestor  €VeNnt specifications a rooted, directed acyclic graph
that the task force deadline has been moved earlier than the(PAG) where the leaves of the DAG are primitive event pro-
information request deadlin&pon receiving this notifica- ducers, the non-leaves are event operator instances, and the

tion, the requestor can renegotiate the request deadline oFd9es are connections, i.e., typegent streamsbetween
cancel the request. Without the capabilities of AM, this no- €Vent producers and the consuming slots of event operator

tification would either be impossible or require significant INStances. Arevent operatois a self-contained, reusable
programming using existing WfMS or groupware technolo- algorithm for recognizing instances of a pattern of constitu-

gies. In Section 5.4, we revisit this example in more detail. Nt €vents and calculating the parameters of the resulting
composite events. An event operaEop may have a type

IntAM, an e;/ertrtl;tc?rr!esgste'.tlofbnarpe-r\]/atlue palrsdcaéled signatureEop(Ty, Ty, ..., T)) - Tgqp, Where the operator
event parametersiat give detail about what occurred. be- consumes events fromproducers with théth source con-

cause events are assumed to be self-contained, an eventf% . .
. i rming to typeT; and produces events of t .Anin-
parameters completely describe the event (e.g., include 910 ypeli P YPEop

: S . stance of an event operator is a running instance of the op-
type, time, and source). This differs from active databases b g b

217 wh " th i tainedc it erator’s algorithm which acts as a consumer of multiple
[21] where events may not be sefi-containe posite typed event streams, call@tputs and produces a stream of
eventis an event that is defined to occur as a result of some

: ) : events called theutput An event operator instance can be
non-empty collection of events called @snstituent events

. . thought of as a computational pipeline that can produce any
Because events are self-contained, composite events SUMumber of output events for a single input event

marize the parameters of the constituent events. Composite i ) L .
During execution of the specification, primitive events

events may be constituents of other composite events. Non- ) . )
composite events, callgatimitive eventscome from well enter the DAG at their associated leaves and flow to the in-

defined event producers—either from the enacted procesé’“tsmts of operators connected to those leaves. As compos-
or the outside world. ite events are generated, they flow to their consumers, which

AM provides an awareness specificatlanauage that is are usually slots of other event operator instances. Compos-
brovi ware pectll guag ! ite events that are output from the root of the DAG are said
used by awareness designers to constawareness sche-

mas Note that anv brocess particinant may be an awarenes to be composite eventdetectedby the composite event
desianer. but thisyrgises serFi)oué ;F()acurit i)s/,sues tha\{\tl are Out‘%pecification. The entire composite event specification is an

esigner, . Y event producer for events produced by its root operator in-
side the scope of this paper. Therefore, we assume tha

- . Stance.
awareness designers are process designers. Awareness o
AM places restrictions on event producers and event op-

schemas define patterns of composite events, describe how > d g
information from constituent events is to be digested, and €rators allowed in awareness descriptions. AM provides a

dictate to whom the result is to be delivered. Formally, an Palétte of event producers and general operators, however
awareness schemSp on process schema P is defined to application-specific event producgrs and operators can be
be a triplet (AD>, Rp, RAp), where ADsis anawareness a_dded as needed _by the appllcatlon. Event pr_od_uce_rs pro-
description Rpis anawareness delivery roland RApis an vided by AM are discussed in 5.1.1. The specialization _of
awareness role assignmeADp is a composite event spec- AM event operators for process support and_ corresponding
ification over event sources visible in the process schema POPerator properties are described in 5.1.2. Finally, the event
Therefore, AQyspecifies awareness information in the form OPerators provided by AM are enumerated in 5.1.3.

of composite events. s a role visible in the scope of pro-

cess P that is resolved at composite event detection time t.1.1. Event Producersin this section we discuss two

a set of users who are candidates to receive the awarenessvent producers that CMI currently implements: activity
information specified in AR. Finally, RAp defines what  state change events and context field change events. Addi-
subset of the users in the awareness delivery role will actu-tional event producers are anticipated and AM allows for
ally receive the information. TogetherpRind RAs act as application-specific event producers.



An activity state change eveid produced each time a plied keywords. An event from the news service would con-
CMI activity changes state. Formally, the primitive event tain a query id that can be related back to the process in-
produceiE,tivity has typel,cyiyvity With the following param-  stance through an application-specific event operator.
eters:

* time— the time of the event; 5.1.2. Specialization of AM Event OperatorsAM event
* activitylnstanceld— the activity instance id of the activ-  operators must support the definition of meaningful aware-
ity changing state; ness descriptions that can be authored by a process/aware-

« parentProcessSchemald the process schema id of the ness designer with minimal effort. To achieve these goals,
activity's parent process, if the activity is not itself a top- all AM operators are have been enhanced to directly under-
level process; stand process instances, process nesting, and to work to-

* parentProcessinstanceld the process instance id of the gether with ease. In particular, AM operators have the fol-
activity's parent process, if the activity is not itself a top- lowing common properties:
level process; » They output events of a canonical event type.

* user— the user responsible for the state change, if any « They replicate their algorithm per process instance.

* activityVariableld— the activity variable id of the activ-  « They may be parameterized based on specific features of
ity changing state, if the activity is not itself a top-level the process schema to which they are associated.

process; Canonical Event Type.Nearly all operators take inputs

* activityProcessSchematd the process schemaid of the  and produce outputs of a canonical event type, dendged
activity, if the activity is a process; associated with a process schemarhe canonical event

« oldStateandnewState— the old and new states. type simplifies the task of the process/awareness designer

Recall from Section 4 that activity states and allowable because it allows more freedom on how operators can be
state changes are defined as part of an activity type's activitycombined in awareness descriptions and it allows for maxi-
state schema. mal event operator reuse. The canonical event type has

Section 4 defined a context resource as a named collecevent parameters for the time of the event, the process sche-
tion of other resources. Contexts are organized into name-ma and instance ids, as well as several generic parameters
value pairs calledields A context field change evef(ar whose meaning depends on the operator that generated it.
context eventis produced each time a field in a context re- For exampleintinfo is a generic information parameter.
source is modified. Because of resource scoping in CMM  Process Instance Replication.Awareness specifica-
process specifications, a context resource may be associatetibns are closely tied to process schemas, but a process sche-
with several process instances. Formally, the context eventma may have an arbitrary number of instances. Each event
produceE gniextas typel gntextwith the following param-  operator must therefore replicate its algorithm for each pro-

eters: cess instance it receives events from. This is necessary so
* time— the time of the event; that events are not mixed across process instances. Because
« contextld— the id of the context instance; the process instance is a parameter on the canonical event

* {(processSchemald, processinstanceld}} a set of type, the operator may simply use that event parameter to
tuples of process schema ids and process instance idsiccess its partitioned internal state. Because all operatorsin
recording the processes associated with this context; an event description are replicated this way, the entire

« fieldName— the field name being modified; awareness description is effectively replicated by process
« oldFieldValueandnewFieldValue— the old and new val-  instance.
ues of the field. Event Operator Parameterization. AM event opera-

AM is open, i.e., it allows for application-specific events tors are actually families of parameterized operators where
to be added to those discusses above. In particular, AM al-the parameters are instantiated per operator instance. Pa-
lows the graceful addition of event sources and event oper-rameterized operators are declared as:
ators from outside the process enactment arena. Such event Eop[py, po, ..., Bl(T1, T2, -y T)) = Teop,
sources may cover events related to information outside thewhere the positional event types consumed and the event
modeled business process or application-specific eventgype produced are as before. The operator is parameterized
from automated systems not directly modeled in the busi- by moperator parameters that must be specified for each in-
ness process. For maximum synergism, external eventsstance of the operator. The parameters, which are specified
should be related to the process via application-specificat design-time, customize the behavior of the event process-
event operators. In the crisis response example, an externahg algorithm embodied in the operator. Usually, the first
event source may be from a news service that has found arparameter will be P, the process schema associated with the
article for which a task force has registered an interest, per-operator instance's containing awareness descripAibp,
haps via an activity that creates a query based on user-sup©ther parameters are usually constants or items associated



with the process schema P, e.g. an activity variable in P.disjunction. In the following paragraphs, we outline the AM
Event operator parameterization increases operator generalvariations of these operators.

ity with only a small increase in complexity. The conjunctionoperator, And[P, copyl(G, ..., G) —
Cp, takes two or moren) inputs of event typ€p and emits
5.1.3. AM Event Operator TaxonomyAM provides fil- an event of typ&€p when an event has been seen on all input

tering, generic count comparisonandprocess invocation  slots. More specifically, the operator generates a composite
event operatorsThese five categories of event operators are event when some input evesei,is seen on each input posi-
described below. tion i, with no constraints on order. The operator parameter
Filtering Event Operators. A filter operator takes a  Copyis an integer 1 < copy< n) that selects the input event
primitive event producer as input and outputs some subsetwhose parameters (except time) will be copied to the output
of those events as specified by the operator’s parameterscomposite event.
Filtering event operators have a one-to-one correspondence ThesequenceperatorSeq[P, copy](G, ..., G) - Cp,
with the available primitive event types. AM provides activ- takes the same inputs as #ed operator. The operator gen-
ity and resource filter operators. Additional filter operators, erate a composite event when an event has been seen on all
such as for event sources external to a process, can be addegdput slots in slot order. Thedisjunction operator,
as necessary. Or[P](Cp, ..., &) — Cp, takes two or moren) inputs of
For example, thactivity filter operator is parameterized —event typeCp as input and merely echoes every input it re-
by a process schema P, an activity variable in that processeives as its output.
schemay, a set of old states and a set of new states. In par-  Count Event Operator. Thecountoperator maintains a
ticular, Filter yerivin P, Av, Stategy, Stategew(Tactivity) — count of the number of input events seen (per process in-
Cp takes the activity state change event tfipg;yiry as in- stance) and it emits that value as thiénfo parameter on its
put, and emits an event of tyf@ only when the activity =~ canonical output eventCount[P](Cs) — Cp, takes the
variable in that process makes a state transition from one ofevent typeCp as input and outputs an event for every input
the old states to one of the new states. Note that the onlyseen. The count operator is most useful when combined
source of events of that typeB iy, the single source of  with the comparison operators, described next.
activity state change events. If the activity occurs in process Comparison Event Operators. The single input com-
schema PgarentProcessSchemaJ)@nd it is an activity as-  parison operator, Comparel[P, boolFuncl](§) - Cp,
sociated with activity variablév (activityVariableld, and takes the event typ€p as input. The operator generates a
the old state of the event is in the Sttategy, and the new  composite event as output when théinfo canonical input
state of the eventis in the sBtateg,,,, then an output event  event parameter (a generic integer value) satisfies the bool-
is generated. ean functionpoolFuncl In this case, the parameters of the
The context filter operator, Filter.onexiP, Cname,  resulting composite event are copied from the input. If the
Fname](Tontexd — Cp. IS parameterized by a process function is not satisfied, the input event is ignored.
schema, a context name, and a field name. It takes the prim- The double input comparisorperator, Compare2[P,
itive context field change primitive event sourtgpextas boolFunc2](G, Cp) - Cp, takes two event producers of
input and outputs events of ty only when thereisaval-  typeCp as inputs. The operator generates a composite event
ue change to the specified field in a context of the specifiedas output if inputs have occurred in both input positions and
name associated with the specified process schema. Notéhe latestintinfo canonical input event parameters satisfy
that the only source of events of that typ&jgex, the sin- the two-parameter boolean functidmolFunc2 In this
gle source of context state change events. If the contextcase, the parameters of the resulting composite event are
event occurs that is associated with process schema P (irropied from the latest input, irrespective of its position.
processSchemaldL)st and the context name matches  Process Invocation Event OperatorThe process invo-
Cnameand the context field name matchi@s|amethen an  cationevent operator is the only operator that allows events
output event is generated. When appropriate, the new fieldassociated with one process schema to be translated into
value is copied to thitinfo output event parameter. events associated with a different process schema. This
As we discussed in 5.1.1 for event sources, AM allows translation is only meaningful if one process instance in-
the addition of filtering operators that can be attached to ad-vokes the other as a subprocess. The process invocation
ditional primitive event sources as needed. For example, aevent operator allows events associated with one process to
sentinel filter operator can be added to filter health crisis-re- be translated to the equivalent event relative to its invoking
lated events as needed to support a specific participant rolgprocess. (Note that in order to combine events from two
in process for managing a crisis. process instances that are not directly related through a sub-
Generic Event Operators.Most event processing sys- activity invocation, the processing must occur in a common
tems define basic operators for sequence, conjunction, andncestor process, with one process invocation event opera-



tor used for every sub-activity invocation involved.) The which contains the task force’s membershifagkForce-
process invocation event operatofranslate[R,oking: Member$ and the deadlineTaskForceDeadlineas fields.
Pinvoked: AVl(Tactvity: Crinvoked — Chinvoking: takes two This context would be passed to thdormation request
event producers as input: one of the primitive activity event subprocess. The information request process creates its own
type and an event producer of the invoked processcontext (nfoRequestContextcontaining, among other
Cpinvoking: The operator parametéwis an activity variable  things, a role for the requestdR¢questgrand the informa-
appearing in the process schefg,oxing that invokes a  tion request deadlineRequestDeadlie The requestor is
sub-activity of process scheni®,okeq- INPUt events are  the member of th&askForceMemberr®le who invoked the
translated only if an input event is associated with an in- information request. The requestor role is created explicitly
stance of the proces$,,  keqthat was invoked through ac- to identify the specific individual that requested the infor-
tivity Avin the calling procesBjnyoking- If this condition is mation. This is necessary because there may be more than
not met, the input event is ignored. (The first event input, one individual playing the task force member role. Re
Tactivity, IS required in order to provide the necessary infor- questorrole is a dynamically created awareness delivery
mation for the translation between process instances.) role that identifies the individual who will receive the dead-
line violation event. Furthermore, tii&equestorole disap-

5.2. Awareness Delivery Role (R) pears upon completion of the information request process,

Theawareness delivery rol@Rp) is a role that indicates e, i_t_is a scpped role. The deadlinf violation awareness
the participants of P who shall receive the awareness event§Pecification is as followsSntorequest _
specified in the corresponding awareness description. An(ADinforequest INfoRequestContext.Requestatentity),
awareness role may be either a global (organizational) roleWhere
or a scoped (dynamic) role visible to P. In CMI, awareness ADinforequest COMpare2[infoRequest, <=](op1, op2)
delivery roles may differ from the roles used for process co- and.:
ordination, but the same specification mechanisms apply, ¢ opl = Filter,oextINfoORequest, TaskForceContext, Task-
regardless of usage. ForceDeadline](Egntexd Which emits an event upon cre-
As we discussed in Section 4, scoped roles allow AM to ~ ation or modification of the task force deadline and
tailor the awareness information for individual process par- * op2 = Filter,geifinfoRequest, InfoRequestContext,
ticipants as needed to fulfill their responsibilities. Forexam-  RequestDeadline](&nex. Which emits an event upon
ple, in crisis management, scoped roles allow the customi- creation or modification of the information request dead-
zation and delivery of awareness to be performed while the line.
process is in progress. We are not aware of any other collab- The implementation of this awareness schema is dis-
oration management technology that currently provides cussed in Section 6.2.
such awareness capabilities.

_ 6. Implementing Awareness Provisioning

5.3. Awareness Role Assignment (R#) In the following sections we discuss how CMI imple-

The awareness role assignmefRAp) allows a specific  ments the awareness provisioning solution that is prescribed
subset of the awareness delivery role to actually receive thepy the AM. In Section 6.1, we outline the CMI system ar-
information from the composite event recognized by the chitecture. Section 6.2 describes how awareness specifica-
awareness description. The awareness role assignment is aions are created in CMI. A description of the mechanism
arbitrary function on the set of users gathered by resolving for gathering primitive events at run-time is provided in
the awareness role that returns a subset of those users. Th8ection 6.3. The composition and processing of such event
function may choose users that should receive awareness inis according to the awareness specifications is discussed in
formation based on their load or whether they are currently Section 6.4. The resulting awareness information delivery
signed-on to the system. Currently, the only implemented to the appropriate participants is elaborated in Section 6.5.
awareness role assignment function is the identity function,
implying that all users in the awareness delivery role willre- g 1 cm| System Architecture

ceive the information. The architecture of the CMI prototype is depicted in Fig-

ure 5. The CMI system follows a client-server approach

5.4. Awareness Schema Example with the CMI Enactment System as the server. CMI lever-

Consider again the problem of providing awareness of aages several COTS (commercial, off-the-shelf) software
deadline violation that was introduced at the beginning of systems, most notably the commercial WfMS, IBM Flow-
Section 5. In modeling these processes, we assume that th®ark [11]. The CMI Client for Participants is a suite of

task force process creates a contekaskForceContext  tools employed at run-time by users coordinated through
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Figure 5. CMI System Run-time Architecture

CMI processes. In CMI parlance, such users are caléad plementation that simplifies the awareness specification us-
ticipants The Client for Participants contains a variant of er interface. The output operator's delivery instructions in-
the traditional WfMS worklist, a process monitoring tool, clude the awareness delivery role and awareness role as-
and a viewer for delivered awareness information. The CMI signment, described in Sections 5.2 and 5.3, as well as a us-
Client for Designers is a suite of build-time tools that in- er-friendly description of the event. Both interior nodes and
cludes the Awareness Specification Tool. leaves may be shared amongst all awareness schemata
The CMI Enactment System is a collection of communi- DAGs in an awareness specification window. The complete
cating agents acting as a single server. The components anget of awareness schemata associated with a process can
their interconnections largely resemble the interrelation- thys be thought of as a single, multiply rooted DAG.
ships between sub-models in CMM. The Awareness Engine A designer creates an awareness schema in three steps.

Ewgrlgnnegg 'r\igggln ?ﬂ; f(l)—:()lvr\?g\lleerrnear:jt;ttli%r;;f;\?erglyel\sﬂs- First, he places instances of the desired operators (as boxes)
) X in the awareness specification window, which always con-

related functionality appears in both CMI clients. . . : .
The CMI v app . ialized . ains distinct representations (diamonds) for each of the
€ awareness engine Uses a specialized Version ol iqiive event sources. Second, he specifies the edges of

CEDMOS. This is a general event processing system and it ) : : . .
is described in [3]. CMI specializations include those de- the DAG through a simple direct manipulation mouse inter

scribed in Section 5.1.2. The CMI Awareness Specification action. Recall that the edges represent a connection between

Tool is also a customization of the CEDMOS composite an event producer and a positional slot of an event consum-
event specification tool ing event operator instance. Each event operator has con-

straints on the cardinality and event types permitted for each
e slot. Third, for operators that allow customization of their
6.2. Awareness Spe0|f|cat|on - ) behavior through parameterization, the designer can invoke
The CMI graphical awareness specification tool is @ 3 gialogue-based operator-specific editor from an operator
bu!l_d-tlme client for de5|gn_e_rs t_hat allows 'ghe creatlon_and instance, thus allowing him to specify parameters that cus-
editing of awareness specifications as defined in Section 5tomize its behavior. A designer can rapidly author complete

The awareness speC|f|(_:at|on GUl tool is a COMPOSIte event, .~ eness schemas without specialized knowledge of event
specification tool that hides much of the complexity of gen- .
pProcessing.

eral composite event specification from the designer. Eac i ) o )
window of the tool has a one-to-one association with a pre- ~ Figure 6 shows atypical awareness specification window

viously specified process schema; all awareness schematt the CMI awareness specification tool. The entire window
associated with that process schema are edited in that winis associated with one process schema having two aware-
dow. ness schemas, one of which is circled. The boxes are event
Awareness specifications in CMI closely resemble the operators. The special output operator (seen here as Output)
awareness schemas from AM. Each awareness schema is@hcodes the awareness schema’s awareness delivery role
rooted, directed acyclic graph (DAG) whose leaves are theand awareness role assignment. The DAG that serves as the
primitive event producers, interior nodes are event operatorsinput to the output operator is the awareness description.
and the root is a specialtput evenbpperator that adds de- Diamonds represent primitive event sources. The dark lines
livery instructions to its input event. This operator has not are event connections between event producers and their
been previously discussed because it is an artifact of the im-consumers. The awareness schema on the right hand side is
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Ao D et Delivery of awareness information to the targeted partic-
B cutpuTs ipants is orchestrated through two CMI components: the
awareness delivery agenwhich is part of the Awareness
Awareness Schema preness ety Rt Engine, and thewareness information viewewhich is
Awareness Role Assignmeht part of the CMI Client for Participants. The awareness de-
livery agent consumes all composite events of the type pro-
duced by the special output operator that was added in the
awareness provisioning implementation. Recall that the
output event operator adds delivery instructions to its input
event. When the agent receives such an event, it resolves the
awareness delivery role and awareness role assignment
from the event's delivery instructions to a set of participants
through an interaction with the CORE Engine. The infor-
mation from the event is then queued for each participant in
the set. A persistent queue is necessary because a partici-
pant is not assumed to be logged-on to the system when he
receives an awareness event. The awareness information
viewer in the CMI Client for Participants is responsible for
________________________ Y registering an interest in the event queue for its user, retriev-
ing event information, and displaying it to him. Issues of
event aggregation, priority, notification mechanisms, and
follow-on actions are under further consideration.
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Figure 6. The CMI Awareness Specification Tool

that of our example from Section 5.4. The constituent event
operatoroplandop2are annotated for clarity.

L _ 7. Conclusion
6.3. Primitive Event Gathering Existing technology for collaboration management typi-
There are two main issues with primitive event gathering cally offers only a few built-in choices for providing infor-

in the AM implementation: (1) the kinds of primitive events mation to the humans and applications participating in a
and (2) the mechanism to transmit them from their source to collaboration process. These typically include some dis-
the Awareness Engine for processing. Primitive event crete choices such as the list of the process activities a par-
sources in CMI consist of activity state change events andticipant has to perform (worklist items), information about
context resource field change events described in Sectiorthe status of specific shared process resources (document or
5.1.1. Depending on the source of the primitive event, a dif- whiteboard status), or information about every activity and
ferent software component may require instrumentation to resource in the process (monitor data). In many advanced
gather it. Activity state change events are gathered at theapplications these built-in choices either overload partici-
Coordination Engine, for example, and context resource pants with information, or the participants have to use com-
field assignments are gathered from the CORE Engine.  plementary tools to gather or communicate information not

The implementation of AM providesvent source agesit ~ Provided. The main contribution of this paper is the ability
for gathering primitive events and delivering them to inter- 0 tailor the awareness information for individual process
ested software components. Conceptually, the event sourc@articipants as needed to fulfill their responsibilities. Fur-
agents in CMI are part of the Awareness Engine, though thermore, in applications that involve dynamic change, such

they are tightly bound to the actual event sources. as crisis management, the proposed technology allows the
customization and delivery of awareness to be performed

. . while the process is in progress. This is accomplished by
6.4. Composite Event Processing supporting (dynamic) context-specific roles. We are not
At build-time, the designer-specified awareness schema-aware of any other collaboration management technology
ta are automatically transformed into one or mdetector that currently provides such awareness capabilities.
agentsthat embody one or more awareness schemas. The The CMI system has been successfully used in a DAR-
resulting agents become part of the Awareness Engine. ThePA-funded demonstration in the intelligence gathering do-
agent(s) consume primitive events, perform the event pro-main. The demonstration involved the specification of nine
cessing, and send recognized composite events, completeollaboration processes with more than fifty CMM activi-
with delivery instructions, to the awareness delivery compo- ties. Some of these processes are open-ended, i.e., they may
nent, described next. last anywhere from 15 minutes to several weeks. CMM ac-
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