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Addressing Dynamism in E-negotiations by Workflow
Management Systems*

Sarita Bassil†, Morad Benyoucef‡, Rudolf K. Keller§, and Peter Kropf**1

Résumé / Abstract

La technologie des Workflows (Wfs) s’est avérée importante pour le commerce
électronique. Dans le cadre de notre recherche, une négociation combinée (CN) est modélisée
et exécutée utilisant un Wf. La phase de modélisation capture la séquence des différentes
négociations ainsi que les dépendances qui existent entre elles. La phase d’exécution quant à
elle, permet comme son nom l’indique, d’exécuter le modèle. Un système de support pour les
CN (CONSENSUS) est utilisé pour accomplir ces deux tâches. Supporter les modifications
dynamiques du modèle lors de l’exécution devrait augmenter les bénéfices de notre approche.
Dans cet article, nous mettons l’emphase sur le besoin d'un tel support, ceci en identifiant les
aspects dynamiques qui peuvent apparaître lors de la négociation des différents items d'un
package (i.e., l’objet de la CN). Nous utilisons ADEPT – un système de gestion de Wf qui
supporte le dynamisme – pour étudier ces aspects. Ceci nous mène à discuter le modèle de
référence de la Wf Management Coalition, et à proposer une extension “dynamique” à
l’architecture actuelle.

Workflows (Wfs) are a major enabling technology for e-commerce. In our research, a
Combined Negotiation (CN) is modeled and enacted using Wf technology. The modeling task
captures the sequencing of the individual negotiations as well as the dependencies between
them, and the enacting task runs the model. A CN support system (CONSENSUS) is used by
the user to perform both tasks. Supporting dynamic modifications to the model during run-
time should increase the benefits of our approach. In this paper, we highlight the need for
such support by identifying the dynamic aspects that can occur while negotiating the different
items of a package (i.e., the CN object). To address these aspects, we experimented using
ADEPT, a Wf Management System supporting dynamism. This leads us to discuss the Wf
Reference Model of the Wf Management Coalition, and suggest a “dynamic” extension to the
current functional areas and architecture.

Mots-clés : Négociations électroniques, Approvisionnement, Workflows, Systèmes de gestion
de Workflow, Dynamisme
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1 Introduction 
Sourcing is defined by a set of steps related to the pro-

curement of products/suppliers [14]. The main aspects of 
these steps can be summarized as follows: 
• Identification: Identify requirements across divisions, 

develop RFI/RFP/RFQ (Request for Information, Pro-
posal, Quotation), identify existing suppliers, and iden-
tify the procurement strategy. 

• Evaluation: Conduct product category analysis, evaluate 
market dynamics (e.g., economic fluctuations of the 
market), and identify new suppliers. 

• Negotiation: Conduct negotiations, and evaluate supplier 
proposals based on total cost, and possibly on other pa-
rameters. 

• Configuration: Review and align negotiations across the 
supply chain. 
Negotiation is of utmost importance in the context of 

sourcing; furthermore, it is required for effective support 
of B2B interactions. Many negotiation types are practiced 
in B2B markets, some of which are described in [14]. 
Among them, the multivariable negotiation is based on 
multiple parameters beyond just price, but including qual-
ity, delivery, warranty, and financial terms. The multi-
stage negotiation consists of an RFI, an RFP, and an RFQ. 
In this type of negotiation, the buyer creates online re-
quests for bids, the suppliers bid online, and then the buyer 
analyzes the bids [2]. Interactions between buyer and sup-
plier are referred to as a multi-threaded negotiation. Fur-
thermore, the finalization of purchases is not made without 
due consideration of availability/cost of services required 
to deliver these products. This latter negotiation is known 
as a synchronous supply chain negotiation. 

Sourcing – or in a more specific way, e-sourcing (e.g., 
Web-based technology supporting the four steps stated 
before) – is an interesting framework that provides oppor-
tunities for procurement savings. Taking into account the 
number of companies that have been highly successful in 
achieving benefits through B2B sourcing [2], we chose to 
consider a sourcing application as our running example 
throughout the paper. 

The “importing package” example described below 
stems from the area of transportation. In fact, importing 
goods is a quite complex procedure in which a buying 
company is involved in a number of activities/services 
such as the purchase of the goods, the shipment (we will 
also use the term “transportation” sometimes in this pa-
per), the insurance, and the forwarding. These services are 
obviously interrelated and hence, we can imagine a com-
bined negotiation (CN) model as described in [4] to ad-
dress this application. Furthermore, many constraints exist 
as well, which can also be encompassed by the CN model. 
Here are some of the constraints that are likely to be in-
volved: the maximum price the buying company is willing 
to pay for the goods (e.g., unit price), the quantity needed, 

the payment terms (e.g., letter of credit, cash against 
documents, a certain percentage in advance, and the re-
maining percentage on delivery), the delivery date, the 
preferences for form of the goods (e.g., in bulk, packed). 
Regarding this latter aspect, we can imagine for instance 
the importation of cement that could be done in bulk or in 
bags. With regard to the shipping service, which may in-
clude inter-modal transportation, a number of scenarios are 
possible, and an obvious constraint is to agree upon spe-
cific conditions. The supplier can cover the freight ship-
ment and insurance from warehouse of origin to ware-
house of destination. Another alternative is to let the buyer 
cover all charges. In this latter scenario, a constraint is for 
instance to find a truck with a suitable arrival (resp. depar-
ture) time to port of shipment (resp. from port of destina-
tion), taking into account the vessel loading (resp. unload-
ing) time. The buying company could have preferences for 
specific sea/surface shipping companies. It may also spec-
ify the maximum amount to be spent for each shipment 
phase, as well as the total amount for the whole shipping. 
As for the insurance, the buying company could also have 
some restrictions regarding the insurance companies, the 
kind of insurance, the price to pay, etc. Dependencies may 
exist between items. Indeed, a special kind of insurance 
could be preferred while a specific form of goods is con-
sidered. 

Suppose that the complementary (i.e., cannot have one 
without the other) goods and services discussed above are 
negotiable (keeping in mind that the B2B sourcing tech-
niques RFP and RFQ presented above, are negotiation 
types), and that the buying company chooses to engage in 
different negotiations for the goods and services, trying to 
make the best deal with respect to its interests. The differ-
ent negotiations are usually carried out on different nego-
tiation servers. Hence, they are independent of each other 
from the point of view of the negotiation servers. Suppose 
also that the negotiations practiced on each single server 
can be of different type (i.e., obey to different rules). 

The need for a CN support system (CNSS) to solve a 
CN has already been motivated within several papers [4, 
5]. Unfortunately, this solution is heavily based on a static 
Workflow Management System (WfMS). At the moment, 
there are more than two hundred WfMSs commercially 
available. A list of some systems is provided in [16]. A 
WfMS can be defined as a software that manages a work-
flow (Wf) efficiently by tracking and controlling its execu-
tion. It supports the definition, the execution and the moni-
toring of a Wf. The static aspect of such systems comes 
from the fact that the system does not provide functional-
ities allowing the user to change the Wf instance during 
execution (e.g., by inserting a new task, by deleting a task 
already here). 

However, the key to make CN support more effective is 
to ensure that the buying company is working with WfMSs 
that are flexible enough during run-time, to accommodate 
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the various internal (coming from the buying company) or 
external (coming from the supplier and/or the service 
companies, etc.) contingencies and/or obstacles that can 
appear. 

Indeed, while negotiating, the supplier, the forwarding 
agent or even the shipping company can make a new offer 
that might interest the buying company, requiring this 
latter to review (e.g., move, delete, update attributes) one 
or multiple negotiation tasks already planned within the 
Wf model. If a strike reduces the supplier’s activities, the 
buying company may choose for instance to give up the 
CN (i.e., cancel it altogether). Another alternative could be 
that the supplier or one of the service companies goes 
bankrupt. This could be covered by the insurance; how-
ever, it is not always cost-effective to do so, and hence the 
possibility to cancel the remaining negotiations becomes 
desirable. Finally, the buying company may change its 
mind concerning a specific attribute (e.g., the maximum 
price to pay for a specific item such as the transportation). 
It should be possible to re-set the pre-defined attributes 
related to each negotiation task; of course this should be 
done before launching the task. 

The example above illustrates the important role of dy-
namism in e-negotiations, and especially in CNs. In this 
paper, we detail the need for and nature of dynamism as 
required by e-negotiations. Furthermore, we show to 
which extent state-of-the-art WfMS technology is able to 
support such dynamism, and we outline how systems 
should be extended to cope with this need. 

Section 2 of this paper addresses process modeling in 
general and discusses the modeling of our “importing 
package” using a static WfMS. In Section 3, we discuss 
dynamism, first by identifying a number of dynamic sce-
narios in our CN example; then by demonstrating that 
ADEPT [13] – a WfMS supporting dynamism – is fit to 
cope to some extent, with dynamism in CN field; and 
finally by reviewing the Wf Reference Model, proposing a 
certain support for dynamism. Section 4 briefly discusses 
related work, and Section 5 concludes the paper. 

2 Modeling CNs 
2.1 Process Modeling 

The use of CONSENSUS to support the user in con-
ducting a CN has already been discussed in [4]. The sys-
tem includes a WfMS to model the sequencing of the ne-
gotiations (represented as tasks) as well as the dependen-
cies between them. It also allows to specify the different 
attributes (e.g., the maximum price to pay, the delivery 
date, etc.) related to each negotiation. The modeling phase 
(i.e., build-time phase) within CONSENSUS ensures to 
conduct the CN according to a well-thought plan. How-
ever, the enactment phase as it is implemented now, allows 
running the CN, and hence the Wf instance, in a static 

manner, only. The limitations related to this approach will 
be discussed later in this paper. 

Let us consider and discuss in this section the concep-
tual modeling in general. In fact, a model is an abstract 
representation of reality that excludes much of the world’s 
infinite detail. Curtis et al. [7] specify that a model reduces 
the complexity of understanding or interacting with a phe-
nomenon by eliminating the detail that does not influence 
its relevant behavior. However, many essential forms of 
information must be kept to adequately describe a model. 
A number of goals for (process) models are discussed in 
[7], and range from comprehensibility to enactability tak-
ing into account the automation of execution.  

To the extent that automation is involved, process mod-
eling becomes a vital issue in redesigning work and allo-
cating responsibilities between humans and computers. A 
CN is indeed a complex process, and modeling gives a 
visual representation, which is easily understandable by 
humans, and identifies and formalizes all the necessary 
items of the CN. This may be helpful in a prospective 
evolution or modification of the current negotiation items, 
their sequencing and the dependencies between them. 
Modeling the CN also incites to reason about its variables 
and attributes. Further details about modeling, and CN 
modeling issues can be found in [5]. 

2.2 Modeling our CN Example using WLPI 
WLPI (WebLogic Process Integrator) is a WfMS from 

BEA systems [3]. The Studio unit of WLPI is a client 
application that we used to model our running example. 
The CN model is created using a graphical tool integrated 
within the Studio unit. This model is stored in the WLPI 
database, and the Studio unit monitors its execution. A 
Worklist unit is another client application used to create 
and start instances of the CN model. WLPI is considered a 
static WfMS since it does not provide any dynamism dur-
ing execution. 

Figure 1 shows our running example created using 
WLPI Studio. Tasks are the core process activities of a Wf, 
and they evolve through various states (created, activated, 
executed, and marked done) as the Wf progresses. 

In our example, the buying company has to take a deci-
sion regarding the number of negotiations that should be 
launched for the purchase of the goods. These tasks could 
be initiated at the same time, but only one deal should be 
stroke. The next step will be to start negotiations for the 
shipment services. We choose to begin by negotiating the 
sea shipment, and then the two surface shipments (from 
warehouse of origin to port of shipment, and from port of 
destination to warehouse of destination). The reason why 
the sea shipment is negotiated first is that surface transpor-
tation is usually more flexible and available. It will hence 
be easier to schedule the truck arrival (resp. departure) 
time to port of shipment (resp. from port of destination) 
with respect to the vessel loading (resp. unloading) time 
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(than to do it in the opposite way). The insurance and the 
forwarding negotiations are planned in sequence as the last 
two items of our model. (For the sequencing, see Figure 
1.) 

 

 
 

Figure 1. Wf model of the “importing package” in WLPI. 
 

When we fail to make a deal on an item, after conclud-
ing deals on other complementary items, we talk of “expo-
sure”. To avoid exposure, we would have to restart the 
whole process (“Restart Process” task in Figure 1) by 
renegotiating some (or all) of the attributes of the deals 
already made. For instance, if we fail to find suitable 
transportation for a given date (fixed in a previous deal), 
then we could go back and re-discuss the delivery date 
with the supplier. In the worst case, this procedure could 
lead us to breaking our commitments. 

A dynamic Wf can offer a better solution in such a case. 
Indeed, instead of restarting the whole process, a new 
negotiation could be launched for transportation with an-
other shipping company, by inserting this new task into the 
Wf instance while it continues to run. 

The “Restart Process” task is one of the ways that we 
can use to remedy the lack of flexibility during run-time. 
In the next section, we present some other scenarios high-
lighting dynamism, and we try to address one of them 
using a dynamic WfMS (ADEPT). 

3 Addressing Dynamism 
3.1 Dynamic Aspects in our CN Example 

Although it is widely recognized that WfMSs should 
provide flexibility, most of today’s systems unfortunately 
have problems dealing with changes. However, new offers, 
contingencies, and obstacles that can appear during nego-
tiation, may require modifications of the Wf instance. 

Indeed, taking into account our example, an obvious 
dynamic change could derive immediately after negotiat-
ing the purchase of the goods. The supplier can offer for 
instance, to cover the freight shipment and insurance from 

warehouse of origin to warehouse of destination. The buy-
ing company could be interested in this offer, and hence 
decides not to engage in any of the following steps of the 
CN (i.e., transportation, insurance, forwarding). It should 
be possible to the buying company to remove all these 
steps from the instance of the Wf during run-time. 

Obviously, a similar offer could also come from the 
forwarding agent. In this case, the buying company might 
find it interesting to engage in the negotiation with the 
forwarding agent in parallel with the transportation, thus 
the possibility to move (or to delete and to re-insert) the 
forwarding task right after the purchase of goods tasks is 
wished for. In case the negotiation with the forwarding 
agent succeeds (covering the freight shipment and insur-
ance), a next step would be to delete all the negotiation 
tasks related to transportation and insurance. 

Among other possibilities, the two dynamic scenarios 
described above could occur in a real-world importing 
process. Hence, it would be advantageous for a CN to 
allow on-the-fly changes (i.e., make changes while an 
instance of the Wf model is running). 

3.2 Dynamic Modifications using ADEPT 
ADEPT (Application Development based on Encapsu-

lated pre-modeled Process Templates) is a WfMS from the 
University of Ulm [13]. It offers support for some dynamic 
changes, giving the possibility, at run-time, to deviate from 
the pre-modeled task sequence. The ADEPT Wf-Editor is 
a build-time client application for modeling tasks. It fea-
tures a graphical tool that allows visualizing and adjusting 
the attributes related to the different tasks. However, links 
between tasks are defined manually as instructions within 
the specific-format file generated by the Wf-Editor. As 
with WLPI, the Wf model is stored in a database. The 
ADEPT Client monitors the execution of a model, allow-
ing the user to intervene via the Worklist unit, by inserting 
or deleting a task to the instance already created and 
launched. The task to insert should exist in one of the 
instances already created (even the ones related to a differ-
ent Wf model). It is not permitted to define/model a new 
task during run-time. Moreover, a certain number of con-
straints must be satisfied before proceeding to the modifi-
cation steps, and no modification is allowed while a spe-
cific task is running (i.e., its state is “running”). 

We used ADEPT to model and run the “importing 
package”, in order to address the issue of dynamism in 
CNs. Two main criteria were applied to retain this system 
among the few promising prototypes (see Section 4) that 
have recently emerged to deal with flexibility. Indeed, the 
first criterion is related to the interest granted to this sys-
tem within the literature [8, 16], whereas the second crite-
rion concerns its availability. 

Figure 2 shows our running example within the ADEPT 
Client (Monitoring unit), based on the second scenario 
described in Section 3.1. Boxes in Figure 2(a) represent 
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tasks that correspond to the different negotiations of the 
“importing package” as shown in Figure 1. A “start” node 
(S), an “end” node (E), and a “carry out deals” task (node 
C) are added. Two “empty” nodes are used for the and-
split and the and-join of the “purchase (supplier 1 and 2)” 
tasks (nodes S1 and S2). Inserting a task to the current 
instance requires synchronization with tasks that must be 
completed before and after the inserted one. In our exam-
ple, the “forwarding” task (node F) should be activated 
after the two “purchase (supplier 1 and 2)” tasks, and ob-
viously before the “carry out deals” task. The edge from 
node S1 (resp. S2) to node F, and the one from node F to 
node C in Figure 2(b) show the synchronization. Figure 
2(c) depicts the case where the negotiation with the for-
warding agent succeeds; all the remaining negotiations 
related to transportation (nodes T1, T2, and T3) and insur-
ance (node I) are deleted (even the already activated task 
“sea shipment” – node T1), going straight to the “carry out 
deals” task. Note that the two tasks “forwarding” and “sea 
shipment” are activated in parallel; however, the “forward-
ing” task is completed first. 

 
(a) 

 
(b) 

 
(c) 

 
 

 non-activated 
 

 activated 
 

 completed 
 

 deleted 
 

 and-split 
 

 and-join 
 

Figure 2. “Importing package” during run-time in ADEPT. 
Instance state (a) after creation, (b) after moving (i.e., deleting 
and inserting) task F, (c) after deleting tasks: T1, T2, T3, and I. 

 
From our experience with ADEPT, we realized that de-

fining decisions makes our model less flexible to deal with 
dynamic modifications during run-time, since it is not easy 
to adjust a moved2 task (e.g., “forwarding”) with its corre-
sponding decision branch. Consequently, we chose to 
model our CN example without decision branches letting 
the user decide manually whether to go for the next nego-
tiation in the sequence, to delete specific task(s), or even to 
insert new one(s); obviously this should take into account 
the negotiation results (e.g., deal or not, fixed delivery 
date) of the previously completed task. Furthermore, al-
lowing automatic launching of tasks (as a result of a deci-

                                                        
2 We talk of moving a task when we delete a specific task, and insert it in 
a different place. 

sion branch) reduces the opportunities for user interven-
tion, since no modification is allowed while a certain task 
is running. The previous argumentations suggest that in 
order to offer a more flexible model (i.e., model that sup-
ports more dynamic modifications), we need to define less 
automatic tasks, avoiding for instance decision branches. 

In the case of dependent attributes between tasks (e.g., 
an item needs the result of a predecessor item as input), 
ADEPT does not allow to delete the producing task. This 
is perfectly coherent. However, since it is not allowed to 
modify attributes – mainly to delete the pre-affected attrib-
utes to the consuming task – it makes, once again, our 
model less flexible regarding deletion. Although we did 
not experiment this with our running example, we are 
pretty sure that dependent attributes may easily appear in 
CNs. We think that a possible solution could be to permit 
dynamic modification of attributes. 

3.3 Workflow Reference Model and Dynamism 
The Wf Management Coalition (WfMC) [15] has de-

veloped an overall model for Wf systems. This model, 
called the Wf Reference Model, identifies the characteris-
tics, terminology, and components of WfMSs, thus ena-
bling individual specifications to be developed within its 
context. At the highest level, all WfMSs may be character-
ized as providing support in three functional areas [17]: (1) 
the build-time functions, concerned with defining, and 
possibly modeling the Wf process and its constituent ac-
tivities; (2) the run-time control functions, concerned with 
managing the Wf processes in an operational environment 
and sequencing the various activities to be handled as part 
of each process; and (3) the run-time interactions with 
human users and IT applications for processing the various 
activity steps. The WfMC specifies that some WfMSs may 
allow dynamic alterations to process definitions (an in-
stance of the original model) from the run-time operational 
environment [17]. Since the run-time operational environ-
ment is involved within the second and third functional 
areas, a WfMS supporting dynamic alterations could be 
seen, from our point of view, as a system that extends 
these two functional areas by a set of run-time “process 
modification functions” that allow the user to modify in-
stances of the original model with the minimum effort.  

At a lower level, the architecture of the Wf Reference 
Model identifies five interfaces (see legend in Figure 3) 
[17]. These interfaces are related to the Wf enactment 
service, and they are supported by a set of API calls 
(WAPI). Many operations are identified across the five 
interface areas. These operations are gathered within a 
number of groups represented by the 13 ellipses in Figure 
3. 

The “Interface 2” (Workflow Client Applications) is 
defined as the one supporting interactions with user inter-
face desktop functions. Consequently, a possibility to 
allow dynamism in a WfMS is to add to this interface a set 

S S1 

S2 

T1 T2 T3 I F C E

S F 

T1 T2 T3 I C

E

S1 

S2 

C

E
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of operations for the creation, the retrieval, and the dele-
tion of a particular object within a Wf definition, and even 
the retrieval, the setting, and the deletion of a particular 
object attribute. These operations are already covered by 
the current WAPI, and they are gathered within the 
“Workflow definition object operations” group [17]. Fig-
ure 4 reflects the possible group addition (gray ellipse) to 
“Interface 2” to enable dynamism. 

 

 
 

Figure 3. Groups of operations distributed within the five 
interfaces of the Wf Reference Model 

 
 

 
 

Figure 4. Groups of operations related to “Interface 2”, (a) as 
defined by the Wf Reference Model, (b) taking into account 

the dynamism aspect in WfMSs 

4 Related Work 
CNs are a novel negotiation type [4], and CONSEN-

SUS was probably the first Wf-based system to support 
them. Dynamism has widely been recognized as an impor-
tant feature of WfMSs in general, but in our context, the 
inability to deal with it limits the benefits of the CON-
SENSUS approach. 

Currently, many researchers are working on problems 
related to dynamic Wfs [1, 8, 11, 13, 16], however few 
commercial systems provide support for this kind of Wfs 
[10, 12]. 

The first work in the literature that motivated the issues 
of dynamic Wf change was [9]. Ellis et al. showed that 
change to Wf instances could be accomplished dynami-
cally without aborting or restarting tasks already com-
pleted or in progress. 

Recently, Wf prototype efforts have emerged to address 
flexibility in Wf systems. These prototypes include 
ADEPT [13] (already discussed in Section 3.2) and Milano 
[1]. The flexibility of Milano is based on a net-theoretical 
modeling framework allowing three possible categories of 
change (parallelization, sequentialization, and swapping of 
tasks). Ellis and Keddara introduced rather a Modeling 
Language to support Dynamic Evolution within Wf Sys-
tems (ML-DEWS) [8]. Their framework handles various 
change modalities, change composition, ad hoc change, 
participatory change and exception. 

As a final note concerning related work, we would like 
to highlight the fact that dynamism is an important aspect 
in numerous domains other than CN, such as software 
engineering [6]. 

5 Conclusion and Future Work 
In this paper, we mainly showed the need for dynamism 

in CNs. We began by motivating the use of Wf technology 
for the modeling part of a CN. We then pointed to the lack 
of flexibility in static WfMS, and tried to address dyna-
mism by way of a WfMS that supports dynamic modifica-
tions. Finally, we reviewed the Wf Reference Model rec-
ognizing the lack of support for dynamism in the current 
architecture, and proposing an extension for dynamic sup-
port within WfMSs. 

As future work, firstly, we are looking at integrating 
ADEPT into the current prototype of CONSENSUS. This 
will lead to consider user intervention in the “Workflow 
Monitoring and Control Tool” of the current CONSEN-
SUS architecture [4]. As a second direction, a wish list of 
dynamic modifications required for CNs should be pro-
duced. We need to be aware of the shortcomings and limi-
tations of current dynamic WfMSs in respect to the model-
ing and running of CNs. These limitations should give us a 
valuable input for future versions of current dynamic sys-
tems. 

 

(a) 

(b) 
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