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applicable on avariety of electronic devices (from big serversto small PDAS).

3) Disseminating the results to colleagues, students, companies, and the community at large.

4 Project summary (max. 200 wor ds)

The project will provide an efficient and user-friendly environment for helping people in virtual organizations to perform and coordinate
their work at their current location, time and device configurations.

The project will be based around two existing research groups at IDI / NTNU —i.e. the software engineering and database research groug
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6 Time table for main activitiesin the project

Project period: From: [01.01.01 | Tol31.12.04

2003

2004

2005

Main activities over the project period

2

3

123

Establish aninitiadl MOWAHS system

Experiment with and adjust theinitial system iteratively

Conduct afirst external review

Establish, experiment with and adjust a refined MOWAHS system

Consolidation of results and wrap-up of PhD-theses

Conduct a second external review

Generic knowledge dissemination

Manage workshops on virtual organizations

7 Overall costs (in 1000 NOK) 2001 2002

2003

Personnel costs and indirect costs 1407 2823

2287

1334

7851

Purchase of R& D services

Equipment 50 50

100

Other operating costs 20 130

80

70

300

Project total 1477 3003

2367

1404

8251

Specifications (of costs)

Other operating costs are as follows:
Category 2001 2002 2003 2004 Tota
Seminars/ courses 25 25 50
Travel, project guests 25 25 50
Travel, project participants 20 80 80 20 200
Tota 20 130 80 70 300

The equipment costs have not been specified any further.

8 Finance plan (in 1000 NOK) 2001 2002

2003

2004

2005

Own funding 500 917

917

917

3251

EU-funding

Other public-sector funding

Other private funding

From Resear ch Council 977 2086
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487

5000

Project total 1477 3003

2367

1404

8251

9 Cost code (type of partner, in %) 2001 2002

2003

2004

2005

Commercial participants

R& D Institute sector

University sector

Other sectors

Project total

Notice: Project total for sections 7 and 8 should be the same for each individual year
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B
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Travelling with
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12 Active cooper ation partners

13 Project publication plan

Dissemination of project results and contact with other projects are threefold:

Traditional international contact through conference presentations and university visits.
New, national, semi-annual workshop series on virtual organizations (jointly with other IKT 2010 projects).
New and revised course and lecture material.

14 List of enclosures

The application documents are specified as follows:
Application form, pages 1-3.
Appendix 1) Accompanying letter, pages 4-5. (In Norwegian)
Appendix 2) Project description, pages 6-35.
Appendix 3) CV’sand publication lists, pages 36-46.
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Kjell Bratbergsengen Reidar Conradi
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Vedlegg 1: Folgebreyv til ssknad om
MODbile Work Across Heterogeneous Systems (MOWAHS) for 2001-2004:

MOWAHS foresl s herved av faggruppene progranvsystemutvikling (“ software engineering") og
databasesystemer ved IDI, NTNU. NFR-rammen er pa 5000 KNOK over fire & (977 KNOK i & 2001),
pluss 3251 KNOK (500 KNOK i &r 2001) dekket av kapitaliserte universitetsmidler. Fra NFR sgkes om 1
post-doc og 1.5 dr.stipendiat i snitt per &, med en fordeling pa 2, 4, 3 og 1 personer over de fire arene (dvs.
post-doc overlapp i 2.aret og dr.stipendiat overlapp i 2. og 3. aret). Aktuelle kandidater til slike post-docs er
CAGIS-stipendiater som fullferer i 2000-2001.

MOWAHS kan ses pa som en naturlig etterfglger av deler av CAGIS-progjektet i 1997-2001. MOWAHS
fokuserer pa a stette distribuerte og mobile brukere i & etablere en effektiv samarbeidskontekst, oppa
eksisterende teknol ogiplattformer (immobil PC, portabel PC, PDA osv.). Utpreving og validering vil
primaat skjei studentprosekter ved NTNU.

MOWAHS faller inn under IKT-2010-programmets generelle fagprofil og intensjon. MOWAHS faller
dessuten inn under f@lgende underomrader som prioriteresi denne sgknadsrunden: heterogenitet og
mobilitet, adaptivitet/rekonfigurerbarhet, tjeneste/systemkvalitet (delvis) og komponent-baserte systemer
(litt her ogsa).

MOWAHS sgkes internasjonalt koplet med vart nett av faglige kontakter, f.eks. mot universitetenei Lund,
Grenoble, Aachen, Manchester og Lancaster og Politecnico di Milano. Bl.a. deltar vi i nettverket ISERN
(Int'l Software Research Experimentation Network, initiert av prof. Basili og Rombach) som kan brukes for
a stette validering.

Vi beklager at sgknaden er blitt lang. Dette skyldes at vi for egen del gnsket alage et solid fundament for
videre arbeid. Fratrukket innholdsfortegnel se, state-of-the-art og referanseliste, samt CVer og publikasjons-
lister, er imidlertid prosjektbeskrivelsen pa 14 sider, mot de anbefalte 10. @nsket tidspunkt for prosjekt-
oppstart er 01.01.2001.

Vennlig hilsen
Reidar Conradi / Mads Nygard

Vedlegg "0": Progjektsgknadsskjema pa vanlig méte, 3 sider.

Vedlegg 1: Falgebrev (dette brevet), s. 4-5.

Vedlegg 2: Progjektbeskrivelse, s. 6-35 (inkl. 16 s. m/ innholdsfortegnelse, state-of-the-art, og ref.liste).
Vedlegg 3: CV'er og egne publikasonglister, s. 36-46.
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1. Summary of MOWAHS: MObile Work Across Heterogeneous Systems

Specific IKT-2010 program relevance: heterogeneity and mobility (overall), adaptivity/reconfigurability,
quality of service / system quality (partly), and component-based systems (somewhat).

The Internet now has 400 million users. It is expected to be 3 billion mobile phones world-wide in 2004,
and 1/10 of these will have Internet access and be attached to powerful computers (source: IDC). More and
more companies are therefore working as virtual organizations, where people are distributed over several
locations and time zones. That is, distributed, mobile and partly asynchronous technology enables sharing
of documents and work plans. However, the infrastructure and tools for carrying out projectsin virtual
organizations are immature. We must deal with a heterogeneity of tools, equipments (laptops, PDAS,
mobile phones) and work models. In addition, mobility of devices and partial lack of connectivity require
regular synchronization of such devices against stationary servers and PCs.

A research challenge is therefore to provide an efficient and user-friendly environment for helping people
in virtual organizations to perform and coordinate their work at their current location, time and device
configurations.

The support technologies for the above isin an enormous flux of development. Thus, aresearch project
with 5-6 researchers must pursue alimited set of achievable subtasks. By building on local research in the
EPOS and CAGIS projects over the last 10 years and on recent middleware technologies (XML and
mobile agents), we mean that we have a head start in establishing a functional, innovative, cheap and
flexible technology platform, that quickly can lead to validatable and useful results.

Goals: The MOWAHS goals are threefol d:
G1) Helping to understand and to continuously assess and improve workprocesses in virtual organizations.
G2) Providing aflexible, common work environment to execute and share real workprocesses and
their artifacts, applicable on avariety of electronic devices (from big serversto small PDAS).
G3) Disseminating the results to colleagues, students, companies, and the community at large.

Approach: to iteratively:

-- Define aflexible work environment for virtual organizations using heterogeneous devices, with
support for processes and their artifacts and transactions.

-- Implement atestbed for process support for virtual organizations, using XML-based and maobile agents.

-- Use real scenarios to evaluate the environment, e.g., for software development and remote education.

25% of the work will be spent on formulating requirements and success criteria, and to perform empirical

studies. In al this, own M Sc students will be actively used for implementation and evaluation.

Results — mainly as PhD theses, papers, reports, software, and Web material — and covering the following:

R1) A formalism to define and execute federated and heterogeneous processes, establish and control
workspaces and cooperating transactions, based on XML.

R2) A simple set of tools to support the above, based on agent technology.

R3) A set of scenarios with defined work models, using the above formalisms.

R4) A body of experiences from empirical studies of such technologies, as articles, reports etc.

R5) General presentation material and courses/seminars.

Partners: the software engineering and database research groups at IDI, NTNU. These have together 8
teachers, 12 PhD students and 25 M Sc students. The groups will exploit and enhance their competence in
process support, workspace management, agent technology and cooperative transactions -- e.g., from the
national EPOS and CAGIS projects, and from the ESPRIT projects PROMOTER and PROMOTER2.

Budget and management: MOWAHS s planned for 4 years, with 1.5 PhD students and 1 postdoc per
year financed by NFR -- totally 5000 KNOK (977 KNOK in 2001). Ancther PhD student is expected to be
financed by NTNU. In addition comes involvement of teachers, guest researchers and the surrounding
university environment. Total capitalized NTNU effort is estimated to 3251 KNOK (500 KNOK in year
2001). Two external reviews are envisaged, respectively after 2 and 3.5 years.

Keywords: Virtual organizations, process models, mobile agents, heterogeneous systems, federated and
distributed systems, distributed workspaces, cooperative transactions, XML.
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2. Goals
The MOWAHS goals are:

G1) Helping us to better understand and to continuously assess and improve real workprocesses in
virtual organizations.
Thisisimportant, since the new network technologies enable and create radically different work
modes. We have to assess (i.e. validate) how novel and old workprocesses can benefit from the
proposed technol ogies (from concepts to tools). This gives feedback both to the workprocesses and to
the technol ogies.

G2) Providing a flexible, and (logically) common work environment to execute and share real
workprocesses and their artifacts, applicable on avariety of electronic devices (from big serversto
small PDAS).

Thisis mainly the technological sub-goal to achieve the former, overall goal.

G3) Dissemination and exchange of the knowledge gained, by PhD theses, articles, reports, courses,
seminars etc. — partly by active Web utilization.

This goal will also contribute to an implicit goal: to consolidate and rejuvenate the IDI competencies
in these areas, and for IDI to gain national and international recognition as a competence centre in the
same areas.

Another implicit goal is give our students updated education on these very relevant subjects.

Research activities will have first priority, but practical trials for validation against local end-users (mostly
own students) will have larger emphasis that in the previous EPOS and CAGIS projects.

The next section will describe the planned results, and link them to the above goals.

3. Results
The following results are planned to achieve the stated goals:

R1) A combined formalism to define and execute distributed and heterogeneous processes and their
distributed and mobile workspaces, all based on XML.

This has two parts:

1. A process model formalism to express simple and flexible work processes (e.g., with activities,
roles, agents, and tools),

2. A transaction model formalism to express associated and customized workspaces (e.g., with data,
behaviour, and consistency constraints), seen as cooperating transactions.

These formalisms and their underlying concepts contribute to goal G2 on technology improvement.

R2) A simple and "'low-key'' set of tools (model editors and interpreters) and their joint
tool/platform architecture.

Thiswill be based on recent agent technology (e.g., aglets) and middleware (messaging, CORBA,
RMI/IMS, JavaSpaces etc.), cf. the existing DIAS architecture for CAGIS [WLC99] in Section 6.5.

These tools and their architecture also contribute to goal G2 on technology improvement.

R3) A set of work scenarios and corresponding work models, i.e. process and transaction models,
using the above formalisms.

Thiswill mostly consist of work models of varying sophistication. It will cover scenarios from two
areas: software engineering and remote education. We envisage that these scenarios will evolve during
the project, as aresult from planned experimentation and due to local extension and customization.

The scenarios and more detailed work models contribute to goal G1 on understanding and improving
workprocesses.
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R4) A body of experiences from empirical studies of applying such technologies on the above scenarios.
These experiences will be used for validation and feedback to both the scenarios (R3) and the
technologies (R1-R2).

For the experiments we will use local students, partly working in project groups. Well-known
techniques for empirical studies will be used, but such studies represent anyhow a challenge.
The resulting experiences will be made available as reports, articles etc.

This also contributes to goal G1 on workprocess improvement.
R5) External publications, presentation material, and new courses/seminars.

This material will have the form of reports, articles, course notes, presentation foils, exercises, formal
scenario descriptions (R3), systematic experiences (R4) etc.

A new, Norwegian semi-annual workshop on virtual organizationsis planned, e.g. in cooperation
with other IKT-2010 projects. All this contributes to goal G3 on dissemination.

The above results will be delivered as parts of PhD and MSe theses, published papers, reports,
software (prototype tools and models), and Web material.

It is hard to quantify the economic value of these results on Norwegian IT industry and IT users, since
MOWAHS is meant to be a PhD-type, research project. The potential relevance and usability of these
results are, however, undisputed, and results R3-R4 are relevant for most organizations exploring the new
work modes.

Further, thereis a huge, indirect and long-term benefit by giving more relevant education in and exposure
to novel workprocess technologies to university students.

Lastly, many of the above results may be applicable and relevant to other domains, such as groupware,
business reengineering, workflow management, and mobile and distributed databases.

4. Resources

The effort will roughly be divided equally between the two groups at NTNU. The budget figuresin the
below table arein PY (person-years) and KNOK (1000 kr):

Category 2001 2002 [2003 2004 |SumPY [Sum KNOK
2 PhD fellows, phased 1 2 2 1 6 2482
2 Post-docs, phased 1 2 1 - 4 2118
SUM PY, NFR-part 2 4 3 1 10 -
Wages, NFR-part 907 |1906 |1370 | 417 | - 4600
Seminars & courses 25 25 | - 50
Guests, travel 25 25 | - 50
Participants, travel 20 80 80 20 | - 200
Equipment 50 50 - 100
SUM KNOK, NFR-part 977 2086 (1450 | 487 | - 5000
1 PhD fellow - 1 1 1 3 1251
PhD advisors (2*0.2) 04 | 04 |04 04 | 16 1600
Guest res., part-time 0.1 01 |01 0.1 0.4 400
SUM PY, univ.-part 0.5 1.5 | 1.5 1.5 5 -
SUM KNOK, univ.-part 500 | 917 | 917 | 917 3251

The applied amount from NFR is 5000 KNOK (977 KNOK in year 2001), plus 3251 KNOK (500 KNOK
in year 2001) covered by the university partners. Standard NFR rates (2001) have been applied on annual
wages for PhD students (397 KNOK) and post-docs (510 KNOK) — with a 5% estimated inflation for

2002-2004. Otherwise, an assumed rate of 1000 KNOK per year has been applied for university teachers.

As shown, the two IDI groups each expects to have one PhD student and one post-doc in turns, all covered

Conradi/Nygard: MOWAHS — Mobile Work Across Heterogeneous Systems, page 10 of 46.



by NFR. One PhD student (on cooperative transactions?) will start in 2000, the other PhD student (on
mobile processes?) the following year. Note, that the PhD students will have a 4th year, financed by the
university, to serve as teaching assistants.

The post-docs will be overlapped in year two of the project, in order to achieve early technology
consolidation in the project, and due to local availability of possible PhD-candidates from CAGIS (first Alf
Inge Wang?, then Heri Ramampiaro?). Wang is also a candidate for a de-facto project manager.

Guest researchers (two per year and 3-5 weeks per visit) are al'so included. In addition, one internally
financed PhD student is assumed, plus shares of the time of advisors and guest researchers.

The effect of mobilizing own M Sc studentsis not counted, but is expected to be considerable ("light-house
effect” of afactor 2-3).

5. Background and Previous Work

5.1. Motivation

The dependency of our society on modern information technology is wellknown -- see the European
Union's Fifth Framework Program (www.forskningsradet.no/eu, www.cordis.Iu/ist) and the PITAC
initiative in the USA (www.hpcc.gov). For instance, in April 1998 in the USA the number of email-
messages exceeded the number of phone calls and postal letters. The Internet now has 350 million users.
And it is expected to be 3 billion mobile phones world-wide in 2004, and 1/10 of these will have Internet
access and be attached to powerful computers (source: IDC). UMTS will give bandwidths of 1Mbit per
second between mobile devices.

conferences etc.

Figure 1: Virtual organizations, with mobile and distributed actors.

More and more companies are therefore working as virtual organizations, where people are distributed
over several locations and time zones. Distributed, mobile and partly asynchronous technology enables
sharing of documents and work plans. However, the infrastructure and tools for carrying out projectsin
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virtual organizations are immature. Both the EU and USA therefore emphasize the need for better and
more reliable computer support to better exploit the existing IT infrastructure and available tools.

In such environments, we have to deal with heterogeneity of tools, equipments and work models, as well as
mobility. Smaller handheld devices (laptops, PDAS, mobile phones etc.) make it easier to do work when
moving around, but require regular synchronization against stationary servers and PCs.

A research challenge is to provide an efficient and flexible environment for helping people in virtual
organizations to work where they are in space and time. For instance, how to support and manage mobile
and distributed workprocesses, with executable plans and needed work artifacts, independent of the
equipment (device) used, itslocation and the actual time.

Figure 1 displays the general characteristics of avirtual organization with distributed and maobile actors.
Figure 2 in Section 6.2 shows a more detailed picture.

5.2.  State of the art
Hint: the knowledgeabl e reader needs only to read the summaries at the end of each subsection.
In the end of each subsection, we have added a paragraph on CAGIS and some research trends.

5.2.1. Middleware: Web technologies, Distributed objects, and Agents.
For ageneral introduction to middleware, see Bernstein [Ber96] and the book by Emmerich [EmmQ0a].

The World-Wide-Web (WWW) has provided an easy, although simple way to make information and
associated services widely available. Connected to the Web/Internet, universal Web clients will run alocal
Web browser that talks to a Web server, that again may talk to a database server over a CGl (Common
Gateway Interface) protocol. There are recently several, user-oriented design tools for creating and
maintaining Web pages and corresponding Web sites. The Web relies on the Hyper-Text Markup
Language (HTML) for describing stored and shown documents, but HTML lacks the capability of
speciaization. That is, HTML describes how the data on a Web page is presented, but does not
“understand” what the data represents. The eXtended Markup Language (XML)[H0l98,XML99] is more
flexible, because we can define our own markup elements. This enables us to tailor a document (often a
textual model in some formal language) to our own needs, storing and structuring the data (i.e. document
symbols) aswe like. A plethoraof XML parsers and other support tools have also become available for
free. Lastly, there isthe WebDav [WW98] initiative for collaborative versioning and editing of Web
documents, although the versioning model is very simple.

Wireless Application Protocol (WAP) isaresult of continuous work to define an industry-wide
specification for devel oping applications that operate over wireless communication networks. Wireless
Markup Language (WML) is a markup language based on XML and isintended to specify content and
user interfaces for narrow-band devices, including cellular phones and pagers. WML [WAP99] is designed
to cope with the constraints of small, narrow-band devices: small display and limited input facilities,
narrow-band network connection, and limited memory and computational resources. WML includes four
major functional areas:

- Text presentation and layout.

- Deck/card organizational metaphor: All information in WML is organized into a collection of cards and
decks. Cards specify one or more units of user interaction. Logically, a user navigates through a series
of WML cards. Cards are grouped together into decks. A WML deck is similar to an HTML page, since
itisidentified by aURL and isthe unit of content transmission.

- Inter-card navigation and linking. WML includes support for explicitly managing the navigation
between cards and decks.

- String parameterization and state management. All WML decks can be parameterized using a state
model.

The Object Request Broker (ORB) concept and the Common Object Request Broker Architecture
(CORBA) [OMG97,Bak97] is acentral part of Object Management Architecture (OMA) defined by the
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Object Management Group (OMG). CORBA defines a mechanism that allows software components to
communicate with each other and the system itself. The location of components living on a CORBA bus
(software component bus) istotally transparent to the clients, and the clients can invoke a component’s
methods, both statically and dynamically bound. Static invokation means that the client know the method
name and its parameters. For dynamic invokation, the client will ask the server for information about
available methods. All applications/objects communicate through the CORBA bus, and their interfaces are
specified in the Interface Definition Language (IDL). The CORBA IDL is mappable to programming
languages like Java, C, C++, Perl, COBOL etc. The CORBA services are collections of system-level
services packaged with IDL-specified interfaces, that complement the functionality of the ORB. OMG has
published standards (some rather general) for several services, such as naming, events, lifecycle,
persistence, transactions, concurrency control, relationships, externalization, licensing, querying,
properties, security, time, collections, and trading. The CORBA facilities and domain interfaces provide
component frameworks that specify rules of engagement, common data formats, and architecture
boundaries.

Microsoft Distributed Component Architecture (MDCA) [CRW98] is an architecture that is Microsoft's
answer to the challenges that component software presents the computer industry today. Component Object
Model (COM), Distributed COM (DCOM) [CRW96] and its ActiveX language, and the next generation
COM (COM+) denotes a set of related component object models, that are incorporated into Microsoft's
family of Windows operating systems. The “wrapped" components may exist as binary code, not only as
source code as is the case with CORBA. Theterm ActiveX do not refer to awell-defined technol ogy, but
can be characterized as a brand name. Today, ActiveX are most commonly used to denote ActiveX
Controls, which are components that follow certain standards in how they interact with their clients. COM
is not atechnology for implementing components, but is used to define components and their interfaces. In
addition, COM defines how components and clients interact by providing means for clientsto call methods
in components through a well-defined interface. COM provides transparent access to components on a
single host. DCOM extends COM and makes it possible for components to communi cate across a network.
COM+ makesit easier for devel opers to create and use software components in any programming language
and by using any tool. COM+ also introduces several new services to components, such as publishing and
subscribing, in-memory database with transaction support, queued components, and dynamic load
balancing.

Java Remote Method Invocation (Java RMI) [Mic994] is an interprocess protocol for Java, allowing
Java Objects living in different Java Virtual Machines to invoke transparently each other's methods. Since
these Virtual Machines can be running on different computers anywhere on the network, RM| enables
object-oriented distributed computing.

JINI technology [Edw99,Mic00] is designed to enable users to simply connect any number of digital
devices to the network, creating a“ plug-and-play" community. With the use of JINI technology, the
network itself can be very dynamic; devices and services can be added and removed regularly. JINI
provides mechanisms to enable smooth adding, removal, and finding devices and services on the network.
JINI isbuilt on top of Java, object serialization and RMI, which (as mentioned) enables objects to move
around the network between virtual machines.

JavaSpaces [Mic99b,FHA99] from Sun is based on JINI, and is a framework for dynamic communication,
coordination, and sharing of objects between network resources like clients and servers. In adistributed
application, JavaSpaces technology acts as a virtual space between providers and requesters of network
resources or objects. The virtual space serves as a shared, network-accessible repository for objects. This
virtual space allows participantsin a distributed environment to exchange tasks, requests and information
in the form of objects located in different JavaSpaces. The communication is handled by matching objects
in a Space with template objects; thus there is no need to know the address of a specified host. This means
that JavaSpaces technology provides a novel programming model, that views an application as a collection
of processes cooperating viathe flow of objectsinto and out of one or more JavaSpaces. It differs from the
traditional view where messages are passed between processes to invoke methods on remote objects.

An attempt to apply a generalized, event-based messaging mechanism to facilitate communication in
distributed systems is described in [CNF98]. Events are “reactive’, asynchronous and 1:1, while remote
procedure calls (RPCs) are “active", synchronous and 1:N. One of the first event-based systems was the
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Field architecture to connect “envel oped tools" in a non-obtrusive way, done by Steve Reiss at Brown
University [Rei90]. There is a growing acknowledgement that messaging systems are more flexible and
scalable that RPC-based systems, i.e. that client/server systems imply atoo strict architecture. See e.g.
[CG98] and also the PIE project in 5.2.3.

Mobile agents have become a very popular research topic lately, but is also amuch mis- or overused term.
Many technol ogies facilitate moving objects between hosts. The Aglets framework [L0O98, Lan97,

OK 098, LA97] was developed by IBM's Research Laboratory in Japan, but is not being supported
anymore. |n essence, aglets provide support for running Java programs (code and state) to move around in
anetwork from one host to another. That is, an aglet executing on a host can suddenly halt execution,
dispatch (migrate) to another remote host, and start executing again. There are often misunderstandings
between the terms (active) aglets and (passive) applets. Unlike applets, an aglet also carries its execution
state when it migrates. An applet is only passive code, that can move across the network from a server to a
client. At a(new) client, the applet isinitialized in the context of a run-time process where an interpreter
can execute its code. An aglet can, because it is carrying its state wherever it goes, travel in sequence to
many destinations on a network.

Voyager [Gla99] by ObjectSpace is a product family consisting of an ORB with services, and an
application server where the ORB is supporting mobile agents. Odyssey [Whi96] developed by General
Magic enables developers to create and debug their own mobile agent applications implemented in Java,
and offers support for arranging meetings on particular hosts, and for publication of objects. Jumping
Beans [Ad 99] builds on the Java platform and provides a framework for Java programsto “jump" from
computer to computer. The Jumping Beans architecture is based on a client-server architecture, where
programs moving from one host to another must do this through a central management server. The central
management server has avery strict security system. Thisimplies that the Jumping Bean framework is best
suited for small distributed networks, rather than WANS like the Internet (because of firewalls).
Grasshopper [IKV00] is an agent devel opment platform launched by IKV++ in 1998. It enables usersto
create agent applications enhancing el ectronic commerce applications, dynamic information retrieval,
advanced tel ecommunication services, and mobile computing. Grasshopper is completely implemented in
Java, giving the benefit of highly distributed integration. Bonding and Encapsulation Enhancement
Agent (Bee-gent) [Cor00] is an agent development framework devel oped by Toshiba Corporation. Itis
entirely based on the mobile agent concept. All applications become agents, and all messages are carried
by agents; thusit is possible to build a distributed system using existing applications .

Summaries of recent work on middleware, XML and agents stand in Eliassen et al. [E+99], the two
|CSE'2000 roadmap papers on Software Engineering and Middleware [EmmOQO0b] and on Software
Engineering for Mobility [RPM00], and the ICSE’ 2000 Workshop on Agent-Oriented Softare engineering
[CWO00].

In CAGIS, architectural work has centered on a Distributed Intelligent Agent System (DIAS) [WLC99].
DIAS is amulti-agent architecture supporting mobile agents communicating using KWML, where agents
and Agent Meeting Places (AMPs) are the main components. All inter-agent communication is executed
in AMPs, where system agents offer servicesto other agents. DIAS define three main types of agents,
taken from the CAGIS work on agoras [MDP98] to denote special AMPs:

-- System agents responsible for administration and support in AMPs (registration, un-registration);

-- Participant agents to support for cooperative interaction (coordination, collaboration, negotiation); and
-- User agents (or work agents) created and used by a user, typically a process engine or a search agent.
Thefirst versions of DIAS where implemented in Aglets and Java [PHBN99,HNQO], but we are working
on migrating DIAS to Java and JavaSpaces [ SW00].

In CAGIS thereis aso anovel GlueServer [Wan99,Wan00], being a new middleware for connecting
static (pre-planned) workflow with software agents to achieve more dynamic (on-the-fly) cooperation and
negotiation [Bj@00]. The GlueServer consists of a GlueEngine, a GlueModel, an Agent Interface and a
Workflow Interface. A GlueModel, written in XML, specifies how simple workflow processes involves
interactive agents for handling cooperative and dynamic aspects of the process. A workflow tool will
typically notify the GlueServer the workflow process state. The GlueServer will check this state against the
GlueMoaodel, and possibly invoke agents (e.g. negotiation agents) based on what is defined in the model.
Theresult (e.g. from the negotiation) will be brought back to the GlueServer, and a reaction (also defined
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in the GlueModel) will be sent back to the workflow tool. Typical reactions can be to restart a workflow
sub-process, change a workflow subprocess, halt a workflow subprocess etc. The GlueServer is
implemented in Java, XML parser from Sun Microsystems, and OrbixWEB’s CORBA implementation.

Research trends for Web Technologies, Distributed objects, and Agents:

- What are the proper methods to develop and maintain Web-based systems, now mostly ad-hoc?

- How to exploit ‘light-weight”, XML-based formalisms -- with a plethora of new tools?

- How to formally describe, analyze and configure a distributed system?

- How to guarantee Quality-of-Service, given the high dynamics involved?

- How to present to the user “his" part of the network?

- How to maximize performance in a network using mobile objects ?

- How to ensure security for mobile objects ?

- How to use mobile agents to represent a user requests in a system/network ?

- How to use mobile objects on thin clients in a heterogeneous environment ?

- How to use mobile objects for efficient distributed computation ?

- Reflexive middleware to set up “intelligent" bridges, that modifies themselves according to changed
usage patterns (needs).

5.2.2. Process Modeling Languages and Process-centered Software Engineering Environments
(PMLs/PSEEs)

Within the Software Process community, the research area on how to support distributed, heterogeneous
and partly mobile software processes has recently been popular topic. In [Tia98], Tiako outlines how to
model afederation of Process Sensitive Engineering Environments (PSEEs). In such afederation, large
devel opment projects can be realized by dividing the whole process in to smaller pieces assigned to
distributed teams. The teams work on their own processes using their own PSEES. Tiako describes a
federation process support architecture that aims to support not only the enactment of processes, but also
their definition by compaosition, decomposition and/or federation.

In [BSK95], Ben-Shaul et a. propose the Oz approach to provide a federated PSEE by composing different
instances of local PSEEs. Each instance is devoted to support the devel opment process executed by a
single organization. The different PSEES run autonomously according to their own processes. Interaction
of several PSEEs is accomplished through a common activity called summit, where one site acts as a
coordinator and receives al needed data from other sites. The result is sent back from the coordinator to all
involved sites, so called master-slave federation.

In[BCN"96], Basile et al. take Oz as a starting point to provide federated PSEES, and allows several inter-
organization policies to be implemented and combined. In the paper, various mechanisms and policies for
federated PSEES are discussed, and interaction in such a federation can be characterized by:

-- Geographical distribution, where the organization can be centralized or distributed;

-- Homogeneous vs. heterogeneous processes, Where processes can be the same or differ localy;

-- Homogeneous vs. heterogeneous technologies where same/different technologies can be used localy;
-- Single company vs. multiple companies; and

-- Single nation vs. multiple nations dealing with problems with different languages and cultures.

In such afederation, levels of abstractions are used to differ between areas of concern. The Basile et al.
paper defines four abstraction levelsin afederation:

1) Infrastructure -- typically TCP/IP, DCE, and CORBA;

2) Basic operations built on top of the PML/PSEE as specific process fragments;

3) Inter-organization policies -- directly implemented as constructs provided by PML; and

4) Inter-organization process -- support for definition and enactment of inter-organization processes.

The ESPRIT PIE project (project no. 34840 on Process Instance Evolution in 1998-2000 [CDE"00])
attempts to federate several PSEES by sophisticated and partly reflexive messaging facilities (middleware).
PIE distinguishes between federations of type master-slave (either pre-planned or not) and peer-to-peer (no
master, so pre-planned). PIE will partly use the APEL (Abstract Process Engine Language) [DEA98] to
describe and execute federated processes.

The workflow community has also been focusing on building systems that support distributed processes.
In[YL99], Yoo and L ee describe a mobile agent platform for workflow systems called X-MAS (proXy
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acting Mobile Agent Systems). A workflow system using the X-MAS mobile agent platform has a
centralized coordinator. The workflow model (process model) is defined centrally in aworkflow definition
tool. The workflow management engine realizes workflow instances as mobile agents by asking the mobile
agent platform to create them. If there are any time constraints on agents, this information is stored in an
agent manager in the agent execution engine. The mobile agents (workflow instances) may move from host
to host, and interact with other entities, such as users, databases, and applications.

Endeavors is an open, distributed, extensible process execution environment devel oped at University of
Cdlifornialrvine, and has been licensed by a start-up company called Endeavors Technology Incorporated.
Endeavors is designed to improve coordination and managerial control of development teams by allowing
flexible definition, modeling, and execution of typical workflow applications. XML is used extensively for
implementation. There are five main characteristics of Endeavors. 1) Distribution -- Support for
transparently distributed people, artifacts, process objects, and execution behaviour (handlers) using Web
protocols. 2) Integration -- Allows bi-directional communication between itsinternal objects and external
tools, objects, and services through its open interfaces across all levels of the architecture. Multiple
programming languages are also supported through APIs. 3) Incremental Adoption -- Components of the
system (user interfaces, interpreters, and editing tools), may be down-loaded as needed, and no explicit
system installation is required to view and execute a workflow-style process. 4) Customization and Reuse -
- Implemented as alayered virtual machines architecture, and allows object-oriented extensions of the
architecture, interfaces, and data formats at each layer. 5) Dynamic Change -- Allows dynamic changing of
object fields and methods, the ability to dynamically change object behaviour at run-time, and late binding
of the resources needed to execute aworkflow process. Process interpreters are dynamically created as
needed.

ProcessWeb [Ye096] is asimple Web interface to the ProcessWise Integrator (PWI1) [PMC96] tool
produced by ICL. The work was done in cooperation with the Information Process Group at the University
of Manchester. PWI creates an environment to enable the activities of people in an enterprise to be
coordinated, and integrated with the organization’s computing facilities. A process management system
built using the PWI has a client/server structure, and consists of four main components: User Interface,
Process Control Manager, Process description in the PWI “PML", and an Application Interface. The most
important component of PWI is the Process Control Manager (process engine), which acts as the central
server. Its main function isto interpret the PML description of the process. To ensure that processes may
continue indefinitely, the Process Control Manager has been implemented using a persistent store
technology. However, support for artifacts and workspaces/transactions are missing.

The Workflow Management Coalition has worked out a specification for interoperability workflow

binding in XML [WfMOQ], relying on an earlier, high-level process formalism (Process Interchange

Format, PIF) and a standard, albeit general tool architecture. The intention of this XML specification isto

allow workflow systems -- supporting simple, chained and nested workflows -- to interoperate both

synchronously and synchronously. In practice, this means that one workflow system can exchange data and

operations with another workflow system, independent of their local implementation platforms. The XML

specification describes how information in aworkflow message, exchanged between workflow systems,

should be written. Two types of messages can be used: request and response. A request message is used to

initiate an operation in aremote resource, and/or to provide input to that resource. A response message is

used to send the result of an operation back to its requesting resource, thus providing output. The XML

specification further defines how to specify process context and data, process status, error handling, and

actual operation. Four operations are defined (can be of type request and response):

1) CreateProcessinstance is used to instantiate a known process definition,

2) GetProcessInstanceData is used to retrieve the values of properties defined for the given process
instance resource,

3) ChangeProcessInstanceState is used to modify the process instance state, and

4) ProcessinstanceStateChanged is used to notify that a state change event has occurred.

Process support by XML-based agents seems very popular recently, see work by Dossick and Kaiser on
CHIME [DK99] and the ICSE’ 2000 roadmap paper on Agent-Oriented Software Engineering by Bompani
et al. [BCV00].

Two summary articles on process and workflow technology are written by, respectively, Bolcer and Taylor
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[BT98], and by Cugola and Ghezzi [CG98] -- both with large reference lists. See also the ICSE'2000
roadmap paper on Software Process by Fuggetta [ Fug00].

In CAGIS, we have devel oped the CAGIS simple process modelling framework based on XML
[Wan99,Wan00] and the above-mentioned GlueServer. XM L-based process model fragments are
interpreted by CGI-based process server. A total process model can consist of several semi-independent
process modell fragments, distributed in various workspaces with the ability to move around. Our XML-
based process modelling language is only used to specify simple, structured processes. Theses processes
can however bein a distributed and mobile environment, since these characteristics are supported in
CAGIS simple process modelling framework. For more dynamic and cooperative processes, software
agents are used., although alocal process engine itself constitutes a simple work agent. The previously
mentioned CAGIS GlueServer provide the necessary framework for interaction between process server and
the agent system (DIAS) —see 5.2.1.

Research trends for PMLs/PSEEs:

- How to achieve flexible and non-obtrusive process support?

- How to manage evolving models: e.g. changing user configurations, workspaces, and cooperation/process
models?

- How to design and maintain federated and open PSEES?

- How to provide different views for different user categories. agendas, data structures, data/control flow
patterns etc.?

- How to manage (define, monitor, coordinate etc.) distributed and mobile processes ?

5.2.3. Process support for cooperative work
Cooperative work involves three aspects:

- Communication between involved parties: often low-level control flow.

- Coordination where participants activities are planned, scheduled, and monitored, and where
negotiation and arbitration also is necessary: i.e., mostly high-level control flow.

- Collaboration, sharing and exchanging data and plans: mainly dataflow at al levels.

Cooperative systems and related support are a so categorized according to the time / location (spatial /
temporal) matrix [Gru94]: that is, synchronous / asynchronous and non-distributed / distributed. In
addition comes personal, organizational and cultural variety.

Most of the work in the software process and workflow community (see 5.2.2) has been focusing on how to
make people work together in an organized and model-based way (partly pre-planned). For high-level
processes with little detail, it is possible to make people work in this manner. However, the devel opment of
software -- or creative work in general -- involves people that cooperate closely, improvise and negotiate to
solve problems and do the actual work. These kind of processes are very hard to support by traditional
software process support tools, because the focus will be more at the collaborative and communicative
aspects, rather than pure work coordination [WLCM98].

Computer-Supported Cooperative Work (CSCW) or Groupware isamulti-disciplinary research area
focusing on effective methods of sharing information and coordinating activities, see [EGR91]. Much
CSCW work has been characterized as being synchronous and distributed. We may add an extradimension
to the CSCW typologies, where different kinds of cooperative work are characterized by the increasing
complexity of the process support they need [CC98]:

1. Ad-hoc cooperative work such as brainstorming, cooperative learning, informal meetings, design work
etc. Therelated process support is often implemented by interactive blackboards and awareness triggers,
such asin [DT93] and Ariadne [SD97]. Further, there islittle formal product modelling to explain why
certain people are “related”, and therefore need to cooperate. A simple, Web-based workspace and
document server is BSCW from GmD [B+97].

2. Predefined/strict workflow, in traditional Office Automation styleis often represented by simple
document/process flow. Examples of such systems can be Lotus Notes [Or192], Active Mail [GSSS92] and
MAFIA [LVKRH9Q].
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3. Coordinated workflow, such as traditional, centralized software maintenance work consisting of check-
out, data processing, check-in, and merge steps. There exist several systems supporting coordinated
workflow (mostly as prototypes), e.g., EPOS [C"94], MARVEL and partly Oz [BSK95], and ADELE and
its APEL language [DEA93].

4. Cooperative workflow, such as decentralized software development and maintenance work conducted
in a distributed organization or across organizations. Here (partially) shared workspaces, cooperation
planning -- in addition to evolution and federation -- are the main extra factors from the process point of
view. A system supporting distributed organizations and processesis Oz [BSK95].

Lastly, it must be said that CSCW has had a much laudable tradition for involving social scientists -- such
as psychologists, social anthropologists, and organizational theorists -- in carrying out realistic (or in-vivo)
studies.

Some recent papers on how to use the Internet for carrying out cooperative software engineering were
presented at the 3 Workshop on Software Engineering over the Internet [M+00], held at ICSE’ 2000. See
also the ICSE’ 2000 roadmap paper on Software Engineering and the Internet [BCV 00].

Related work in CAGIS has centered around special agent meeting places, also called agoras in
[MDP98], where standard or specialized agents can meet to help solve or negotiate about a given task.
Such on-the-fly-created meeting places are different than conventional, controlled workspaces with
formally checked-out artifacts. The process support in CAGIS (including the GlueServer, the XM L-based
process tools, and the multi-agent system) can also be viewed as framework for cooperative workflow,
since the focusis on support for distributed processes with cooperative aspects. Our approach combines
CSCW:-like coopeative agents with traditional process support.

Research trends for cooperative work:

- How to provide infrastructures for collaboration?

- How to support mobility in collaboration?

- How to provide collaboration using PDAS?

- What is the balance between forced behaviour (automation) and non-unobtrusive support (e.g. notifiers),
and for what kind of processes?

- How can the CSCW-style workspaces benefit from more formal transaction support?

5.2.4. Novel transaction models

Traditional DBM Ses have a strict consistency (or integrity) concept, related to the data model and
requiring explicit, serializable ACID transactions[Gra81], being short, programmable and server
executable. This means that analysis of application programs can be used to increase concurrency [FO89].
E.g., we may delay locking of certain objects, have special lock types, unlock before final commit etc. In
the “ Extended Transaction model" by [Jab93] it istried to use activity scripts and PRE/POST-conditions
expressed in temporal logic to achieve some lock planning.

For distributed or medium-length transactions, there may be the well-known, two-phase lock-unlock-
commit protocol to establish checked-out, local workspaces. However, software engineering involves
large data sets at the client sites and long update times. Since the scope and sequence of updates are hard to
predict and may involve overlapping/versioned subsystems, traditional locking procedures may cause
intolerable delays. Thus, software engineering needs -- in addition to ACID transactions -- also non-
serializable transactions, often called design transactions [KKB85], being long and interactive. Related
fields, such as concurrent engineering in CAD/CAM and VL SI, have recognized similar needs.

Then what to do? A simple trick, when mutual two-phase locking is not practical or applicable, isto check
out copies (i.e. temporary versions) of shared datain alocal workspace at project start, perform the updates
locally, then check-in and perform final merging / reconciliation / integration. User-defined consistency
constraints are often applied a-posteriori, and should therefore be explicitly expressed.

An analogy is simple re-synchronization (updating) of files, when mobile PCs/PDAs are reconnected to a
central server. We can also mention work at University of Colorado at Boulder on the Software Dock
[HHW99], where a user can specify a (partial) software configuration, and have it shipped (perhaps
incrementally upon changes), and installed locally.
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Another analogy is software configuration management (SCM) [CW97] which implies establishment
and management of local and unversioned workspaces, being checked out from a (logically) central and
versioned repository. Some CM systems, such as ClearCase [Leb94] and ADELE [Est99], allow
distributed and cooperative work, based on product knowledge of checked-out workspaces, but do not yet
support mobile work. Digression: When all transactions in an unversioned DBM S commiit, there is one
canonical and consistent version of the database. In contrast, a versioned database maintains and controls
permanently and mutually separate (Sub)databases!

Back to transaction work: since Moss proposed a nested transaction model [M0s82,Mo0s85] -- though still
ACID, many novel database transaction models have been proposed. However, there are few
implementations and even fewer validations of these models, although work on more advanced transaction
models seems rather popular [BK91,EIm92,Kho93,BJP94,Kim95,Moh94,JK 97,RN99].

Most of these transaction models propose nested transactions, cf. Moss above, Gandalf [Not85], Korth et
al. [KKB88] for CAD, and Marvel [KP91]. Some commercial DBM Ses also provide nested transactions,
e.g.,, DAMOKLES[DGL87], ORION [KGBW90], ObjectStore [LLOW91], ONTOS [AHS91], DEC's
Object/DB [Cor92], and Adele [ECY4].

Grouping of related transactions to better handle update and commit conflictsis reported in Fernandez et
al. [FZ89] and Skarra[Ska89]. To better handle user-defined consistency conflicts among parent and child
or among several children, specia compensating child transactions can be started, as ain Sagas [GM S87]
and Open-nested transactions [WS92].

Thetrend istowards models for cooperating transactions, by allowing pre-commit cooperation among
sibling transactions (i.e. relaxed isolation property), and with special semantics to handle the
aforementioned conflicts. Marvel [Kai90], Nodine et al. [NRZ92], COO [GCC"96] and EPOS [CLH95]
[WLCM98] and ADELE [Est99] all fall into this category. Marvel uses split-join transactions to regulate
the cooperation. COO uses atemporary, shared subdatabase (scratch-pad) for data exchange and
integration work. ADEL E maintains distributed workspaces, but acknowledges that it is not feasible to
enforce mutually consistency or even that alocal workspace has all relevant or updated data. Other models
focus on adoption of transactional workflows [AAA*96,Cic98].

Because of the diverse nature of cooperation [SB92], it is agreed that a single transaction model, that can
support most kinds of cooperative work situations, is not feasible or practical. For thisreason, it is crucial
for such modelsto be extensible and tailorable. ACTA [CR94] and its ASSET [BDG"94] language,
TSME [GHM96] and CAGISTrans [RDP99,RN0Ob] are examples of existing models that address these
issues. ACTA is an axiomatic meta-model used to reason and synthesize new, advanced transaction
models. ASSET is a primitive language developed based on ACTA, and can be used to specify application-
specific transaction models. TSME is similar to ACTA/ASSET, but it also allows configuration of
transaction managers to enforce desired models.

The CAGIS transaction framework, CAGISTrans [Sel00,K KOO,RNOOa), is an attempt to extend the
two former transaction models, ACTA/ASSET and TSME. It achievesimproved dynamics and
applicability by allowing customized transaction models. CAGISTrans supports definition of two kinds of
specifications: a transaction characteristics specification and a transaction execution specification.
The former characteristics specification defines the main properties of the actual transaction: ACID
properties, relationships among the involved transactions, adopted (i.e. user-defined) correctness/
consistency criteria, and applied policy (i.e., rules for what concurrency control mechanisms to be used,
and how and under which conditions to use them). The latter execution specification defines how
execution isto be performed at run-time, in terms of composition/sequence of transaction management
operations (del egate, lock, commit etc.) and of regular access operations (read, write etc.). The execution
specification must conform to the former, and has some fixed (though tailorable) initial operations, while
the remaining operations can be adjusted at run-time.

Research trends for transaction models:

- Isastrict transaction nesting needed (i.e. atree), or should we alow a general graph?

- How can customizable transaction models offer a compromise between strict ACIDity and flexibility
(freedom), but still provide an acceptable degree of data consistency and system reliability?

- What is the coupling between activity models and transaction models, and how to express consistency
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criteriaon the former?
- How can we use agents and other mobile technology for cooperating transactions?
- How can transaction support mobile computing?
- What are redlistic strategies and scenarios for validation?

6. Focus and Approach

6.1.  General position

The overall goal isto provide enhanced, effective and flexible support for mobile work -- with exchange
of both artifacts and process/transaction models -- across the network and on several execution platforms,
being fixed and/or mobile devices (often PCs, possibly PDAs and even mobile phones).

In all this, we have to exercise great caution in establishing realistic goals, both on the research side and
on the prototyping/experimentation side. However, by maximum reuse of past technologies, both from an
accel erating marketplace and from own work in CAGIS and other projects, we will try to achieve fast and
“light" prototypes. Thiswill enable two full cycles of prototyping and validation with feedbacks within a
project period of four years. An initial and revised set of requirements, with operational success criteria
and coupled to realistic and testable scenarios, will “drive" the project.

A sub-goal isto avoid “heavy" prototypes, that come late in the project and which (therefore) may be
difficult or impossible to validate. Too many advanced process or transaction technol ogies (concepts,
methods, languages, models, tools etc.) have reached no longer than the theory stage or at best in form of
an unusable prototype. On the other hand, fast and almost continuous feedback from users are needed when
dealing with technologies for cooperative and mobile work. That is, we are dealing with “Internet time",
where one year islike a“dog year" (6-7 years) in other fields -- and this also applies to university research.
Cf. that the Javalanguage is only 5 years old, and XML 2 years.

Luckily, modern network technol ogies seem to attract students, both to build new systems using the
“hottest" Web/XML/Java stuff, and to serve as the initial users of such cooperative and maobile systems.
Many students already have portable PCs, PDAs and /or mobile phones. Therefore, we will continue to
employ students whenever possible, as demonstrated in EPOS and CAGIS.

In other words, we seek to iteratively:

» Define an efficient and flexible workspace environment for virtual organizations using mobile and
heterogeneous devices, with support for processes and their artifacts and transactions.

e Implement atestbed for computerized process support for virtual organizations.
This support includes concepts, methods, languages, models, tools, mobile agents, and architectures.

e Usereal scenarios to evaluate and further drive the devel opment of the environment, particularly for
the chosen application areas in software development and remote education.

As mentioned, own M Sc students will be actively used for implementation and evaluation, see 6.2 below.

6.2. A possible usage scenario for mobile processes and cooperating workspaces

To get a better understanding of what kind of work processes and computerized support that we are taking
about, we envisage the following, simplified scenario. First comes ageneral characterization, then a coarse
process description.

General characterization:

»  We assume that we have some file-based artifacts containing a C++ program, with a main program M
and two libraries L1 and L2 that mutually call each other. The corresponding files are named: M.cc,
L1.h/L1.cc, and L2.h/L2.cc. Thefileslie permanently in a shared Repository, but may be checked out
for reading or update work.

For asynchronous communication, we use hormal email and SM S-messages on mobile phones. For
synchronous communication, we use a simple chat program, IRC or maybe some simple groupware
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tool, pluss mobile phones.

e Thereisaneed to update both libraries (L1 and L2): i.e. some changes in the interfaces (.h files), but
mostly in the bodies (.cc files). The main program remains unchanged, but must eventually be
recompiled and relinked. Thereisaformal change request (CR) for all this update work.

Changes to requirements, design, test and documentation artifacts are assumed out of scope here.

» To perform the task, there is ateam of three persons. The Manager in Trondheim isin charge of

coordination and final testing/intergration, and has a desktop PC. He isin charge of the shared
workspace.

Programmer-1 isin charge of L1 and has both a desktop PC and a portable PC in Oslo. He has his own sub-
workspace, controlled by a sub-transaction.

Programmer-2 isin charge of L2, and has a portable PC and an advanced PDA. He livesin Bergen, but is
completely mobile. He has similarly his own sub-workspace and sub-transaction.

All persons are networked, but L1 and L2 may in parts be non-reachable.
Overall process description in steps:

1. Thework must first be planned:
First, thereisaninitial, joint negotiation between all three parties to agree upon delivery dates, local

process models and joint work mode (i.e. transaction model). The local model repository will be queried
for suitable, partial models.

A possible overal planisfirst to configure and establish the local workspaces, involving checked-out
versions of L1 and L2. Then, to do the actual work in these, under supervision of the local sub-
transactions. Lastly, to bring the updated L 1/L2-programs together for final testing/integration by the
Manager, thus concluding the overall transaction. All this may sound very conventional, and we will see
what “noise” we may experience in this process.

The agreed-upon process/transaction model may include “awareness triggers’, implemented as specia
agents that interpret parts of the process model.

Thelocal sub-transactions run in two steps: first finish the .h files, then the .cc files.

2. Now thereal w