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Inter-Organizational Disruption Management
Based on Flexible Integration with Web Services

Jochen Klaus Speyerer, Andrew John Zeller
FORWIN — Bavarian Research Network for Informat®ystems

Abstract: The current political and economical instabilities once again emphasize
the need for companies to swiftly react to disruptions within their supply network
and flexibly integrate with multiple partners. However, there has only been limited
research into this area in the context of networked organizations. This paper
introduces an inter-organizational approach for gauging the impact of exceptions
once they occur, identifying their root causes and eventually taking action to
remedy them. Depending on the seriousness of each disruption information will be
intelligently disseminated only to those stakeholders requiring to get notified. We
close with presenting a web services-based prototype that has been built at the
Bavarian Research Network for Information Systems (FORWN) describing the
alerting component in more detail.

Keywords: Supply Chain Management, Disruption Management and Controlling,
Flexible Integration, Web Services, Networked Organizations

1 Disruptions in supply networks

1.1 The need for flexible disruption handling

Although most supply chain planning and controllmgdels imply relatively sta-
ble settings, reality proves them wrong. Not orilg tecent terrorist attacks and
natural disasters have wreaked havoc upon the icaieh of supply and distri-
bution structures but also everyday-exceptionstlieebreakdown of a production
line or late deliveries show the need for a comensive disruption management.
To date, supply managers spend up to 60 % of theely working time coping
with exceptions, identifying alternatives and ngtify stakeholders as well as ex-
pediting actions [MuLe02]. Bretzke goes even furthrd lifts up this figure to
80 % [Bret02].

Apparently, the ability to efficiently react to digtions has become a key success
factor for companies to gain or sustain marketeslzend deliver exceptional cus-
tomer service. In their “logistical footprint”, ausly on how to achieve logistical
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excellence, well-known consulting firm Accentureeaproclaims this skill to be a
core capability [Hebe02].

Nevertheless, each supply chain-oriented approashtd cope with network-
specific problems:

1. Supply networks are not stable and subject to ffignaation.
2. Corporations do not participate in only one net &itne but in several.

3. The interrelationship between enterprise and suppbin performance must
be taken into account [LaPo01].

4. Networks do not merely consist of a few big playbut also of small and
medium sized enterprises (SME). Due to an usuastricted budget and
limited know-how these companies cannot afford wedl-known full-scale
software solutions [Spey00].

5. Although companies cooperate in networks, theiruautlependency can still
be characterized as partly competitive (Co-opetifRuKo00, p.52]).

But also technological advances underscore theilplitsss for further research.
The application of web services to typical busingsscesses call for new archi-
tectures and methods of transcorporate integr§ic®p03] and the ability of da-
tabase technology to handle terabytes of datarfostew decision-support ap-
proaches. As Friedrich [Frie02] showed, the appiticaof distributed components
based on ubiquitous Microsoft Office elements #tH SME harvest some of the
benefits of supply chain integration without haviteginvest enormously before-
hand. All these developments prove the technolbgicandation for inter-
organizational disruption management exists butiséarther improvement.

Thus, no monolithic framework will satisfactorilylfill these specific require-

ments. Instead, the approach will have to allowcfampanies to flexibly integrate
into multiple networks and, if necessary, into was electronic marketplaces. To
fill this need, the Bavarian Research Network fdotmation Systems (FORWIN)

is developing a web services-based decentralizetesythat identifies disrup-

tions, evaluates their impact on the supply chaid disseminates information
only to those stakeholders who need to be informed.

1.2 Internal vs. external disruptions

Before getting into details, it is necessary taifyfahe terminology used through-
out this paper. Unfortunately, the applicationtod termdisruption does not seem

to be clear-cut. It can correspond to either théadien of a value from its target
or whatever causes this deviation. Therefore, weuse symptom for any meas-
ured deviation andoot cause to refer to the source of the symptom whereas the
term disruption encompasses both. If supply chaimsounter disruptions they
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usually do not know whether they are facing a sympbr a root cause before
conducting a thorough analysis.

Date Crisis Disruption Example for impact

October | Hurricane Mitch in Destruction of bananaDole Food Company, Inc.

1998 | Honduras, Guatemalglantations, damagingunable to deliver, struggled
10% of worldwide hard to find alternative sup-
crops pliers. Stock-outs at retalil
sites

September Earthquake in TairPower outages and | Inflexible product configura

1999 |wan destruction of product tions and little inventorie
tion sites and equip- | stiffed Apple’s assembly
ment interrupted sup- lines
plies to PC component
manufacturers

oy

September Terrorist attacks ohlncreased internal set Ford had to close down 5
2001 |World Trade Centercurity measures, plants for a number of days|

and the Pentagon | tighter controls at bor} due to lack of production

ders. International materials

shipments extremely

delayed
August | Flooding in EasternDamaged equipment| Train service to major cities|
2002 | Germany and infrastructure, interrupted for a number of
destruction of product weeks due to destruction of
tion facilities tracks and feeder wires.

Meissen, manufacturer of
fine china, closed down prot
duction. Volkswagen was cut
off from supplies and had tq
run Dresden plant under ca+
pacity

Table 1: Overview of recent crises

On a high abstraction level we can distinguish leetwdisruptions due to net-
work-internal problems and those caused externalig latter ones include labor
strikes, natural disasters and political upheavdigortunately, the past few years
have withessed a multiplication of these. Apartrfrihe devastating legacy these
incidents left on most countries involved, econamiéll have to shape up again
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and acknowledge the fact that dealing with disangtiand instabilities seems to
have become a part of business life. Table 1 gvesef overview of recent crises
and some of their effects [MaSu02].

Other disruptions external to the network can henébon the demand side. If,
e. g. the customer all of a sudden decides nouyothe ordered product after all
or, more general, patterns of consumption charigestipply chain partners will
have to adapt but probably will not be able to ggpkrapeutic measures to fight
the root cause.

Network-internal exceptions occur in direct funaspe. g. production, transporta-
tion, shipping, or indirect functions like planniagd information management. In
a manufacturing environment it is also necessaghterk whether or not the criti-
cal path is affected. A typical example for disiaps in this category is a retailer
experiencing stock-outs because of a specialty mackt the manufacturer’s be-
ing out of order.

Here we also have to distinguish between exceptiaesirring executing a proc-
ess or planning it. If for any reason target valaed schedules have been errone-
ously computed the execution process will make ithpression of being dis-
rupted, although the root cause is to be foundanmpng.

2 Disruption management

2.1 Previous work on disruption management

Previous research on disruption handling and sumblgin coordination has
mainly adopted three distinct approaches:

« intra-company handling of disruptions
« decentralized management of supply nets and tratsspo
e Supply Chain Event Management

Readily available literature on disruptions focusasrescheduling job-shops and
optimizing production activities within a single ropany [BeMe96; Pati02;

Wild95]. Although detailed analysis and useful gigi is provided, these ap-
proaches do not and, due to their very nature, ataimcorporate supply net-

specific problems.

New concepts for decentralized management of n&svasually employ agent
technology to represent independent decisions ofbpavating enterprises
[GaWa02; Kreb02]. Although publications in this @neeach from more generic
methodologies [WoCi99] to concrete applicationsagénts in marketplaces con-
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testing in optimization tournaments [DoK+02], thajor shortcoming is either the
lack of exception handling capabilities or the nmgsof an overall framework for
disruption management.

Only recently have commercial software vendors 8kP®, Vigilance®, Inc. and
SeeCommerce® begun to conquer the market potdytiaffering so-called Sup-
ply Chain Event Management Systems [KnicO1]. Theldionary idea of these
systems is to support the required transcorporatésidn-making process in case
of disruptions all the way from diagnostics to rigas deployment of long-term
therapeutic measures [LeAm02; Mert02]. However, traggilable systems so far
merely transfer the idea of workflow managementatoetwork of companies.
Each activity gets a status assigned that a céa@&M system monitors by com-
paring it against a network schedule. In case gfdaviations an alert is issued
[Niss02; WiLa01]. Unfortunately, diagnostic and rdageutic modules still seem to
be underdeveloped.

2.2 Symptom-to-therapy cycle

Reactions to problems in supply networks can beggd according to two fac-
tors: their solution orientation and their abil@fsupport identification of the root
cause. This classification leads to the 4-quadpantfolio presented in Figure 1.
Starting in cell | it is possible to move to eittgradrant 1l or 1ll. Having con-
ducted all analyses necessary, the motion endslin\¢ a full-scale therapy of
the problem.

11 Vv

gl = . .
% 2 Diagnostics HW[> Full Therapy
(]
o}
: /N £
0] L o
8 I [l
° Symptom
3 Visualization ~E> ymp
o Relief

low high

Solution-oriented

Figure 1: Disruption management portfolio
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Visualizing processes within the entire supply ohaiilds the foundation for all
subsequent activities from diagnosis to full-sahlerapy. In our case, visualiza-
tion consists of:

e Alerting
* Performance measurement
« Information screening

While alerts take care of acute, unexpected ocooe® within the supply chain,
performance measurement focuses on long-term di@iuaf network functions.
So far, commercially available SCEM products soklgk to alerting. For an in-
depth problem analysis, however, this seems tmbenarrow. Whereas the first
two points focus on reacting to what is alreadyuatio happen, information scan-
ning retrieves information from external sourcesg(ecurrent weather condition at
destination, actual waiting times at cross-bord@ckpoints) and is supposed to
detect problems ahead of time to give networksaal ls¢art in proactively steering
clear.

A viable disruption management system must measumg and short-term per-
formance using a defined set of metrics and be tbldentify possible excep-
tions. A fictitious example could be a soaring lid@vn rate of trucks. In addi-
tion to collected (historical) disruption data, gystem would have to analyze past
performance and other metrics like maintenance rapdir costs, frequency of
shipments, distance between locations etc. Basetthisdarge data pool similar
patterns can be discovered and assessed.

Moving to quadrant Il, the focus shifts to takingians. Having identified disrup-

tions, measures need to be taken to steer clghesé problems. However, to al-
leviate any problems caused by disruptions comgamee to deploy emergency
actions as soon as possible and thus do not havéintk to consult with the ma-

jority of partners, provided the node experiencding exceptions is not the focal
orchestrator.

Despite this possibility for a quick remedy, thisagrant does not include a thor-
ough analysis of the root cause. Sticking to thevehintroduced transportation
example, actions taken would include finding a hegystics provider to fill in for
the lost shipment.

To find out more about the underlying causes ofdiseuption, the system needs
to conduct a diagnostic study. Employing both Ioéeign performance measure-
ment data and alerts concerning current disruptipnssible root causes are re-
trieved from an expert system and matched agamstsymptoms presently ex-
perienced to come up with a likely source of thebpem (Figure 2).
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Root Symptoms

Causes

U One cause may be related to multiple symptoms.
0 One symptom may be related to multiple causes.
U The entire list of symptoms, causes and their relationships is usually not known.

U If the accuracy of a diagnosis can be improved by collecting more symptoms the
system will have to examine the existing data of the network in detail.

Figure 2: Relationship between root causes and mpt

The overall target of any disruption handling sgsie the identification and even-
tually the elimination of the problem’s root cau3éis is where decision support
systems (DSS) come into play. Here, diagnosticstaadpeutics have long been
a major research topic [Pupp91], but so far moshe$e systems did not fit satis-
factorily into an enterprise or networked enviromtin@Val +02].

Having alleviated the symptom and conducted thgraiatic analysis, the last

missing step is to move to a full-scale therapyer€fore, the effect of any coun-

teractions on the supply net needs to be simul&aded on these results the or-
chestrator might engage in therapeutic measurescandude the symptom-to-

therapy cycle. These therapies are usually of g steategic nature and have a di-
rect impact on the underlying structure of the meky In most cases, inter-

organizational processes will have to undergo ligdes non-performing partners

will have to be replaced.

To guarantee a close integration of manual and adatipnal activities, it must be
possible for a human decision-maker to get involaedll times. Contrary to the
aim of most classical expert systems, the unstabte often unpredictable envi-
ronment of networked organizations forces decisiopport to not solely rely on
mathematical algorithms to calculate solutions lteraatives [BeR+02]. We thus
do not only rely on expert systems but the intéoacof the described core com-
ponents.
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2.3 Impact Analysis

After disruptions have been recognized and repadiethe central reaction sys-
tem, it is important to gauge their impact on thére chain. Not only should the
actual problem be considered in this analysis,abat the question if a series of
small exceptions might add up to a major deadl@e#i(2].

Depending on this impact other participants of sbpply net will have to be in-
formed. The basic idea at this point is not toehsimate any unnecessary informa-
tion to stakeholders not readily needing it butéad supply it to them right at the
moment they require it [DaGl02]. Thus we need tffiall incoming alerts ac-
cording to their impact.

In other words, if a truck breaks down and will dree day late, the goods, how-
ever, will not be needed for another two days,dy&em must only inform those
parties scheduled to receive them. Otherwise theank would face an informa-

tion over-flow and thereby reduce the quality ofidmns made [WeK+01]. Con-

trary, should the system detect the ultimate custdminfluenced in any kind all

upstream stakeholders will require this information

The graph theory and its implementation in inforioratsystems [SedgO01] repre-
sent an easy way to bring the impact analysisv&a If the time buffer at a certain
node overcompensates any delays at upstream-leleloms, the disruption will
not affect finished goods and delivery to the udtiencustomer. Of course, other
factors like capacity and budget constraints ofviddial echelons also have to be
considered to evaluate the big picture. Anothduérfce of utmost importance is
the classification of the affected clients. Applyian ABC evaluation [MeS+03],
re-solving problems concerning A-clients must beegithe highest priority.

Moving one step further the impact analysis wildte likelihood of certain dis-
ruptions to better evaluate what really might happethe overall chain. There-
fore, time series of disruption data are employedaticulate the odds of each ex-
ception. The impact analysis now checks the redgrteblem against these typi-
cal disruptions, ranked by their computed probshbilrigure 3 demonstrates this
principle.
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Impact analysis
Ranking of
Series of metrics disruptions
Network model
@ Causal model

On-the-fly node information

Disruption occurred report ) )
— _ ' Process flow simulation
| [

[> One single disruption may not look harmful at first sight, but once we take
other disruptions that are particularly likely to happen into account, the joint
force of both problems might bring down the network.

Thus the impact analysis needs to check the current disruptions against a
ranked list of “usual suspects”.

Figure 3: Gauging the impact of multiple disrupson

2.4 Flexible integration using web services

The problem with most traditional supply chain nggraent systems is their in-
herent need for a time consuming and costly integraf the software used by all
participants in the supply chain. Unfortunatelys tbetback can lead to other prob-
lems. Once the incorporation of the different systehas been accomplished the
nodes are coupled in a very tight way which leadsa tigid formation of enter-
prises rather than a flexible, agile and looselypted network. Especially for
SME the decision to step in a supply chain andctb&ts associated with it are
most likely irreversible and the installed systeam therefore thwart the ability to
form new partnerships with other companies.

For that reason, one goal of the approach of usiagveb services architecture to
share data across the network is to overcome timtianed problems with mono-
lithic systems. In case a disruption occurs, a iptesseaction could be to query
Universal Description, Discovery and IntegrationD@I)-registries in order to
find potential suppliers for a substitute. With thelp of the Web Services De-
scription Language (WSDL), companies can expose sgply chain functional-
ities, as well as the expected format and semaspects. Web services might be
seen as an advancement of the componentware appnshere functionality is
encapsulated in software modules (information yiiThe possibility to seclude
methods can be utilized to continue to use alreadjlable legacy systems. An-
other advantage of web services is that they bugddn widespread and well-
known standards and protocols like HTTP or XML. tRatarly in the area of
transportation web services can be combined with developments like smart
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phones or Personal Digital Assistants (PDA) to kjyiceport breakdowns or de-
lays and to receive immediate instructions on howeact to the disruption.

Cap Gemini Ernst & Young conducted a survey in J20@2, in which 108 com-

panies were asked to give their opinions regarttiegpotential use and fields of
application. Figure 6 shows the goals which denisiakers plan to achieve with
the introduction of web services. Of special int¢t® us are the mentioned im-
provements in flexibility and the potential easergégration. In addition, market
analyst IDC [IDCO03] predicts that by the year 20dltost 80% of U. S. enter-
prises will be employing web services.

Improvements in flexibility and speed

when adopting to market changes ' =229
Expansion of existing business segments _
through the use of web services ' =245
Flexible integration of _
partners and suppliers ' =234
Reduction of costs ' =241
Improvement of company's reputation ' - 2,50
Don‘t miss new technologies Iy =250
Improvement of business processe: D243

through efficient interfaces

Shown are the Top-Box-Values (1 + 2) of ascale fro m
1 - applies fully to 6 — applies not at all

Source: n = 108 queried, who are "well'partly’ fa___miliar with web services

Figure 4: Goals by using web services (based onGgapini Ernst & Young [CGEY02])

Nevertheless, standards like UDDI or WSDL have g¢osben as a work in pro-
gress right now, and some aspects need furtherlafguents, e. g. security or
transaction management. Because we clearly seatades of web services in the
area of flexible integration, we decided to depllogm in our prototypical imple-

mentation as the foundation for performance andigt®on management.

3 Prototype — from theory to practice

FORWIN is currently implementing a prototype to lisa the above described
functions. Some of the methods, as well as all aging components will be
build using web services technologies. In the fitsfp of the project we concen-
trated on the design of the data model and théyabil discover and visualize oc-
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curring disruptions. In the future we plan to erdethe system. Our goal is to of-
fer functionality that covers all aspects of theoraf mentioned symp-
tom-to-therapy cycle.

3.1 Architecture

The dilemma when we began to develop the prototgpgd be summarized with
the saying: “The best thing about standards is tivate are so many to choose
from.”, which is attributed to Andrew Tanenbaum.tiBcavailable platforms,
Sun’s Java™ 2 Enterprise Edition (J2EE™) and tHeT.W' framework from Mi-
crosoft® have their advantages and disadvantagesfinglly decided to go with
the .NET approach, since web services can be ingiged and used in a very
convenient way. Furthermore, there is no need teeagpon a certain solution
like Apache SOAP or the Web Services Toolkit ofteby IBM.

Figure 9 shows the basic architecture concept®fMET platform for the imple-
mentation and deployment of web services. The Comiranguage Runtime
(CLR) is the foundation of the framework. It offeservices such as garbage col-
lection, type checking, Just-in-Time (JIT) compdatand takes care of the excep-
tion handling. The ActiveX Data Objects.NET (ADO.NE layer is object-
oriented and based on the open XML standard. érsffunctions for manipulating
data in databases using either the structured daaguage (SQL) or preferably
the ADO programming model and has built-in methtmeperate with different
XML data structures. The topmost block represeémsActive Server Pages.NET
(ASP.NET), which include components for server-sigeb forms and web ser-
vices or methods to realize a session and statageament. The source and page
layout can be stored in separate files and the pdempiled instead of being in-
terpreted.
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Other systems Partners Different devices

=

I
Web services technologies (SOAP, UDDI, WSDL) and HTTP,

\ l l Firewall
/4
Web Services U Web Forms
ASP.NET

ADO.NET
(Data and XML Classes)

Common Language Runtime (CLR)

Win32 - Environment

Figure 5: Basic architecture of the .NET-based pypt®

3.2 Data model

Our first approach to design the underlying dataleh®f the prototype was to
simply map the structure of networked organizations a relational schema. Un-
fortunately, this procedure did not satisfy theuiegments of a system that should
be capable of handling disruptions. Besides tha diall involved companies, the
system needs to have the ability of tracking tlwevfbf goods and information
among them over long periods. Therefore the dagabasst provide relations for
storing process flows and the actual position witthiem. One could think about
this part of the model as a workflow engine. Thifedénce to traditional work-
flow management systems is that they usually fasusmner-organizational proc-
ess improvements, while the application presenmiddlis paper tries to ease prob-
lems in a supply chain. Figure 6 shows the impaonants of the model. Some ta-
bles of the schema have been omitted for the sidarity (tables concerned with
the storage of different metrics, user master datarisk management).

The model can be virtually divided into two parf$e tables in the upper and
middle parts reflect project and business objattgeneral, while the lower rela-
tions are used to store conditions of the suppiwork during execution of a spe-
cific task. With the object-oriented programmingrgdigm in mind, one could
think about this as the distinction between class®s instances. The following
sections describe the use of the different tallesdre detail.
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The sco_registry keeps every entity of the suppbirt which could be of interest

during runtime of the system. This not only incladbe objects that the applica-
tion is monitoring, but also alternatives which glibbe considered in the case a
disruption occurs, e. g. data of car rental agenaieequivalent products.

activity_use
ID_activity_uses process_steps
I isa ID_process_steps
52500 activity_uses_name . name
1D_seo_registry(FK) activity_uses_slatus subnel
ID_process_steps(FK) | | oo —_— priotity
uses o mplements ID_activity_type(FK)
. is a |D_activity_uses(FK)
8C0_registry /atzaco activity_type . .
.‘D SC0_reqistry ID_seo_registry(FK) ‘ID activity_lype - - enhances
sco_name 1D _activity_lypa(FK) Activity_Name i .
sco_status es uses Activity_Status s2strategy
1D_activity_uses(FK) | / ID_strategy(FK)
) | ID_process_steps(FK) 5.2 strategy
/ paramelers o {ID_strategy
is.a is_a / — |
/ name
I\ i J belongs_to sa
_sco_instance . ai2scol activity_instance . }
| ID_sco_instance (10_sco_instance(FK) | ID_activity_instances ' rT;s"mgy -
ID_sca,_reqistry(FK) | 15 . 1D_actuly,instances(FK) Luses proc_id i :lcrla\twel‘jv(\'\st.)ances‘f}(l
! name

o AMELETS

priority
subnat
status
limestamp

ID_process_stepsiFK) | logs  eventiog event

10_activity_type(FK) '.\D Eventlog event ‘ID Event
ID_Event({FK) evenl_name
ID_activity_instances(FK} avent_saverily

timestamp

Figure 6: Excerpt of the data model used in thégtype

Activities are stored in the activity _use relatidrhe granularity of functions is
arbitrary and depends on the respective situationnormally the tuples represent
an action which consists of several single steptead of an atomic task. Data en-
tered in here does not yet determine a detailedutixa plan or the allocation of
certain resources. The information just generaflgatibes an operation, but does
not say anything about how it is accomplished, daample procurement of
SCrews.

As already mentioned above, the activity use m@hatiolds general descriptions
of tasks. To precisely specify these granular dfmers the activity_type table is
used. Among other attributes which are employechieck the status or reference
further characteristics of an activity_type, eactvthas an unique, human under-
standable name. For example, think of a tuple “Bendrder data” in the activ-
ity _use table. Entries in the type schema coultude “transmission of order data
via phone” or “transmission of order data by maifi.fact, this behavior can be
seen as the implementation of generalization aretiafization used in ob-
ject-oriented approaches.

For each entry in activity_use or activity typepedively a sequence of single
operations can be defined in the process_steps. tAblalready mentioned in the
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first paragraph of this section, the different tasite modeled as a workflow.
Predecessor nodes and successor elements maykee directly, but it is also

possible to represent split and join conditions.avoid redundancy to the extend
to which it seems applicable, workflows can be comb out of smaller ones. The
subnet field shown in figure 6 therefore keepsrerfees to the primary key of the
process_steps relation itself, thereby allowing dpplication to recursively trav-

erse the table. A detailed explanation on how thekflows are mapped into the
database schema is given in [SpSt99].

As soon as a process is executed the involved gubglin objects and the associ-
ated activity _types are instantiated. It is rightthis stage where the transition
from the conceptional phase to runtime happens. ddwe instance and activ-

ity _instance are used to track the progress of aseh. Several attributes like

status, duration or estimated finishing time amgest. Not shown in figure 6 are

the metrics relations which hold measurements xan®le the estimated duration
of shipments or the expected time it takes for gomdbe discharged. It depends
on the type of activity what performance indicatars relevant or needed in order
to monitor the advancement of the process.

Should a divergence between real values and thdefmenined metrics be dis-
covered, the incident will be logged in the evenq table. Depending upon the
amount of exceedence compared to a parameteritaiglehold for each metric,
the severity is determined.

4  Areas for future study

This paper discussed several aspects of disrupitioagpply chains from a theo-
retical point of view. Based on these findings warted to implement functions to
visualize problems occurring in networks. While tmethods needed to check
whether disruptions happening in one entity mayseawouble in other nodes of
the supply net are already in place, there is &titit of work to do in the field of
diagnostics and therapy.

Another interesting facet is the potential incogsmn of externally available data
into the disruption management system. By estahlish continuous information
screening of additional sources it seems possibutomatically prevent disrup-
tions before they occur. Closed mountain roadstdumavy snowfall can be seen
as an example for such external facts. Giving ffstesn access to these types of
information it can reschedule deliveries or rerownsports while parts of the
whole business process may already be in execution.

A lingering question is in how far the human demismaker should be involved
with the system. Following Mertens’ paradigm of tieasonable full automation
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(original: sinnhafte Vollautomation) [Mert95] thesponsible manager must be
given the freedom to choose from a variety of apio

We are keeping an eye on current and future dexsdops around different web
services technologies. Interesting areas thatrapmitant to productive systems
include transaction management and security istkeesnessage signing, secure
data transmission or authentication.

Already planned is a research on evolving techridaesupport the flow of ship-

ping operations and other logistics processes.euitew companies were work-
ing on this subject during the past years. Among®, Microsoft suggested the
XLANG specification [That01] while IBM promoted it¢/eb Service Flow Lan-

guage (WSFL) [LeymO1]. Unfortunately these protscelere not designed to
work together. But it seems that the former contpetiare now joining forces to
work on a common specification called Business &sdExecution Language for
Web Services [BPEL4AWS]. It is a XML-based standhsat allows the description

of business tasks and the modulation of sequentesrder to enable cross-
enterprise business process automation.
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