Agent Interaction Modeling based on Product-Centric
Data: A Formal Method to Improve Enterprise
Interoperability

Marco Stuit and Gerben G. Meyer

Department of Business & ICT, Faculty of Economics and Business,
University of Groningen, Landleven 5, P.O. Box 800,
9700 AV Groningen, The Netherlands, +31 50 363 {7083 / 7194}
{m.stuit, g.g.meyer}@rug.nl

Abstract. This paper shows how companies can use product-centric data to
locally represent the interactions with and between their partners. An agent-
based interaction modeling language is used to capture these interactions
graphically and formally. Moreover, a formal method is introduced that enables
partners to automatically construct a global interaction diagram from their local
interaction representations. This global interaction diagram improves enterprise
interoperability, since it increases overall process visibility. A simple process
example is used to illustrate the approach.
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1 Introduction

Nowadays, there is an ongoing trend towards collaborative business processes that are
provided by autonomous partners, which together deliver complex products and/or
services in a collaborative network. This is explicitly shown by the emergence of new
organizational forms like the networked or virtual enterprise [18]. The decentralized
nature of cross-organizational business settings is a good match for agent technology
[28, 35]. The autonomous partners in a collaborative business process can be seen as
agents that execute certain tasks locally, while the interactions between the partners
can be seen as interactions in a multi-agent system. To capture these interactions, the
TALL modeling language has been developed [32, 33] (see Section 2). As TALL is
interaction-based, it is suitable for creating a description of the multiple interactions
that occur in cross-organizational business environments. In this paper, it is shown
how these descriptions are built using TALL Interaction Structure (IS) diagrams.

The manufacturing industry is increasingly moving from a supplier-driven to a
customer-driven market. This transition is a great challenge to the manufacturing
process itself since it must be more flexible and robust as well as demonstrate
enhanced scalability [4]. Supply chains are evolving in order to keep in line with these



developments. This is particularly shown by the move from conventional location-
centric supply chains to product-centric supply chains [15], as shown in Figure 1. A
conventional supply chain is based on a systems design that is focused on location-
specific material accounts and transactions between locations. A solution-design that
tracks and controls individual products independently of the location and the
ownership of the product individual characterizes a product-centric supply chain. In
[6], it is mentioned that product-centric integration makes explicit the role of the
product as the coordinating entity in the delivery of customized products and services.
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Fig. 1. Location-centric (left) and product-centric supply chains (right). Source [16].

Product-centric control is the focus of the TraSer project!, in which control efforts
are directed at individual products of the value-adding network. The idea behind
product-centric control is that individual products and components are the basic
entities in the information system rather than orders, production orders, or shipment
batches. In the TraSer approach, each product is labeled with an RFID or barcode,
containing an ID@URI code [17]. With this ID@URI, each product carries a unique
identification number (ID), as well as a reference (Uniform Resource Identifier) to the
location of the database where the product-centric data is stored. In this way, each
partner in the supply chain can access this data, which results in product visibility
throughout the supply chain. A recent survey about product-centric control and
product visibility, as well as their enabling technologies can be found in [24].

The product visibility offered by the use of product-centric control does not imply
process visibility. In this paper, it is proposed to use product-centric data to identify
the multiple interactions between the different partners in the supply network, which
form the collaborative business process. Currently, none of the partners has a global
view of the entire collaborative business process in the supply chain, as each partner
only has data about the interactions with direct partners. To increase interoperability
between the partners, it is considered beneficial to build a global process definition.
By using the product-centric data available in the network, each partner is enabled to
identify the local interactions of and between all the partners in the supply chain. The
identified local interactions can be merged to create a global process definition. This
global process definition increases the understandability and visibility of the supply
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chain for this partner. In this paper, an algorithm is presented that enables partners to
automatically create a global process definition from identified local interactions of
partners. The goal of the algorithm is to build a minimal global interaction
representation where the local interactions are merged when there is no conflict. A
conflict indicates the existence of alternative local views on the same interaction. In
the remainder of this paper, this algorithm is called the global construction algorithm.
The approach presented in this paper assumes a common shared ontology in the
business domain under consideration. Ontology matching is outside the scope of this
paper.

The paper is structured as follows. Section 2 introduces the TALL modeling
language and covers related work. The language is applied to a case example in
Section 3. Next, Section 4 presents the global construction algorithm that enables
partners to merge different local interaction representations. Section 5 applies this
algorithm to the case example. After, Section 6 addresses public and private process
representations in the context of TALL. A discussion is presented in Section 7 along
with directions for future research. The paper ends with conclusions in Section 8.

2 Agent Interaction Modeling

This section discusses agent interaction modeling. Section 2.1 introduces the TALL
modeling language. Afterwards, Section 2.2 motivates and evaluates TALL against
related modeling languages.

2.1 The TALL Modeling Language

A network of organizations (e.g. a supply chain) can be viewed as a multi-agent
system consisting of autonomous agents that are involved in the provision of a
collaborative business process. Therefore, all the partners in a supply chain can be
viewed as agents. In order to capture the interactions between these agents, a new
graphical modeling language named TALL (The Agent Lab Language) has been
developed [32, 33]. In the language, collaborative business processes are conceived as
a structure of role-based interactions through which agents cooperate and coordinate
their work. Similarly, related research considers business processes as a special kind
of social interaction process [36] or as social constructs [21].

The top part of Figure 2 shows the abstract symbols that represent the essential
components of the language. Rounded rectangles represent agents, ellipses represent
roles, and hexagons represent interactions. From a modeling perspective, TALL
distinguishes between atomic agents (human and software agents) and composite
agents (synthetic agent). Graphically, icons that appear in the top left corner of the
agent symbol distinguish between the different types of agents. Circle icons represent
human agents, square icons represent existing software agents, and triangle icons
represent synthetic agents. By playing roles, agents interact with other agents.
Moreover, Figure 2 demonstrates how the symbols are connected to denote that
agents play the roles that are attached to an interaction. The fact that an agent is



playing a role means that the agent has the necessary skills and responsibilities to
perform the required activities.
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Fig. 2. The separation between agent interaction and behavior modeling in TALL. The
Interaction Structure (IS) diagram shows how a collaborative business process is represented as
an interaction tree with agents playing the roles attached to the interactions. Agents bring
explicit behaviors in the form of Agent Behavior (AB) diagrams to perform interactions.

The different agents interact autonomously in order to complete their individual
and joint goals. Autonomy means here that the participants act in empowered roles in
which they can make decisions and take actions on their own. Interactions are related
to other interactions through composition (one interaction being part of another) and
dependency (one interaction must be completed before the other can start). The
Interaction Structure (IS) diagram depicts interactions and their relations in a tree
structure. The sub-interactions or direct child interactions are linked to their parent
interaction by a routing symbol that indicates the process flow of the children. The
parent interaction completes if all sub-interactions have completed taking into account
the specified routing.

In Figure 2, the XORy label indicates an exclusive deterministic OR-split, that is,
only one of the two sub-interactions is executed. If either interaction X-/ or
interaction X-2 completes, interaction X completes. Thus, completion is a bottom-up



process in the IS diagram. Besides XOR, also sequential (SEQ) and parallel (PAR)
routing is supported by the language. Graphically, the (sequential) order of a set of
children under a common parent is read from left to right. A decision rule set is
assigned to the three routing types to enable condition-based execution of a set of
direct child interactions. Graphically, a (non-empty) decision rule set is depicted by
attaching a subscripted letter d to the routing type (as in Figure 2). Decision rule sets
can for instance be used to achieve an exclusive deterministic choice (XORy), or to
make an inclusive choice for N-out-of-M direct children. In the latter case, when
N> 2, the children are executed in sequence (SEQy) or in parallel (PARy).

With TALL, collaborative business processes are addressed in two ways. A clear
separation exists between (1) the composite interaction specification in the IS diagram
and (2) the specification of the agent’s behaviors. The IS diagram introduces a higher-
level notion of process that focuses on inter-agent interactions whereas behavioral
models focus on individual agent behaviors. The agents’ behaviors are modeled using
swimlaned process diagrams named TALL Agent Behavior (AB) diagrams. AB
diagrams are based on the Behavior net formalism [22], which is an extension of the
colored Petri net formalism with the message place type. An agent that is assigned to
a specific role in the IS diagram owns an AB diagram that is used to perform the
specific interaction. The bottom part of Figure 2 shows an example in which Agent X
and Agent Y own an AB diagram that is used to perform interaction X-/. Each AB
diagram represents the internal states of the agent and the activities/events that cause
the agent to change states. Message places enable the flow of tokens between
different agent behaviors in an interaction.

In the IS diagram, AB diagrams appear on a higher level of abstraction in the form
of chevron symbols. A chevron symbol carries an agent-role label and is connected to
the tail of the agent-role connector (as in Figure 2). In this way, a chevron symbol
appears adjacent to its owner agent. Each chevron symbol serves as an abstract
representation of the agent’s local behavior in the form of an AB diagram. References
[22] and [23] discuss in more detail the agent behaviors and how nonaligned
behaviors are dealt with. In nonaligned behaviors, the message places are not
necessarily matched by type name and number like in Figure 2.

The IS diagram is mainly used to increase process understandability and visibility
for analysis and/or redesign purposes. However, it can also support the execution of
the process by acting as a coordination structure for an (agent-based) execution
environment [29]. Such an environment performs the collaborative business process
by coordinating the distributed agent behaviors. In this paper, the focus is on the IS
diagram as a tool for supply chain partners to automatically build a global interaction
representation from local interaction representations.

2.2 Related Work and Motivation

In this section, TALL is compared to existing agent-based modeling techniques and
traditional process modeling languages.

Traditional process modeling languages like BPMN [37], UML [12], EPCs [30],
IDEFO [20], and Petri nets [11] create structured well-defined process models. In
these languages, the collection of tasks or activities in a business process is ordered in



a prescriptive process model that is performed in an imperative way [27]. Such
languages are appropriate for modeling business processes that display complex
flows, but are less appropriate for modeling business processes that involve the co-
operation of several entities [21].

Contemporary organizations are complex collaborative networks [7]. The business
processes of such organizations involve more people that collaborate both within and
across organizations. In such business processes, collaboration instead of task
sequence determines the nature of the working activity. According to [14],
collaborative activity simply does not match in any way the underlying “parallel
flowchart” paradigm of current mainstream process notations and languages. The
development of TALL is motivated by the need for new methods and languages to
model collaborative work practice.

TALL is inspired by the agent paradigm to model collaborative work practice.
Existing agent-based languages include (amongst others) stand-alone languages like
AUML [2], AORML [36], AML [8], and OPM/MAS [34]. Moreover, agent-based
languages are at the centre of well-known agent-oriented software engineering
methodologies like MASE [10], Prometheus [26], TROPOS [3], GAIA [38], and
MESSAGE [5]. Although many of these languages incorporate the same basic agent-
oriented constructs, they are mainly focused on the software development process for
agent systems. These languages are software design techniques that are mainly used
by software architects. Hence, they do not focus on business process specification.

The main contribution TALL makes as a modeling language is that it presents a
process-oriented approach, based on agent-oriented concepts and notations, which is
more useful for business architects and analysts. The language focuses on process
modeling, and can be used outside a software development or system implementation
context. TALL should be seen as a complement to the existing agent-based languages
and frameworks that have proven to be useful for agent-based software development
activities. The main strength of the language is the strong conceptual separation
between global agent interaction specification and local agent behavior specification.
The language is based on the premise that human collaborative work is not about
carrying out steps in a pre-defined sequence, but instead requires a higher-level notion
of process. Therefore, the IS diagram allows general constraints to be put on the
overall process independently of the agent behaviors. In other words, process-wide
behavior can be partially defined at design time and used at run-time independently of
the autonomous behaviors of the agents.

The agent behavior specification is done from a local viewpoint using explicit
process models in the form of AB diagrams. The use of explicit process models is in
line with a process-based approach. In comparison, in traditional process modeling
languages the concept of locality does not exist. Local process variation is lost at the
whim of the business analyst who creates a centralistic high-level model of the
process in order to increase process standardization. TALL models the operational
flow of the process from the local perspectives or beliefs of the agents [31]. In this
way, TALL is also in line with an agent-based approach. For a more elaborate
discussion on TALL’s modeling concepts and notations, and an explicit comparison
with the related modeling languages above and several others the reader is referred to
[32,33].



3  Product-Centric Case Example

This section presents a typical tracking and tracing case from the perspective of one
agent in a supply chain. This scenario is used to illustrate how this one agent can build
a global process definition of the supply chain using local process information (i.e.
interactions this agent has with its direct partner agents) and product-centric data,
which is linked to individual products. The scenario is a simplified supply chain,
based on [9], in which agents have the shared goal of delivering Personal Computers
(PCs) to end customers. The scenario is shown in Figure 3.
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Fig. 3. The simplified supply chain.

In this supply chain, several supplier agents deliver computer parts to a manufacturer
agent, who assembles the computer(s), and ships them to a retailer agent. The retailer
agent sells the assembled computer(s) to a customer. This scenario is focused on the
view of the retailer. The retailer can build an IS diagram of the interactions he has
with his direct partner agents. This diagram is shown in Figure 4. The roles are
omitted in this diagram for clarity reasons. However, the agents are playing their
specific roles as supplier, manufacturer, retailer, or customer. As can be seen in the
diagram, the root interaction of the retailer agent is “Deliver PCs”, which is also the
common shared goal of the whole supply chain. For this purpose, the retailer interacts
with the manufacturer (called “Manufacturer-Retailer”) and with the customer (called
“Retailer-Customer”). In case of the interaction with the manufacturer, the retailer
agent interacts with him to order PCs, and later on to receive the shipments of PCs.
The interaction with the customer is a bit more complex, it consists of a partially
ordered set of interactions, in which a quote is requested, a quote is send to the
customer, and if the customer accepts the quote, an order and shipment of the PCs
follows.
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Fig. 4. The IS diagram of the retailer.

To improve the insight of the retailer agent in the whole supply chain, the retailer
agent can build IS diagrams from the perspective of the other agents in the supply
chain by generalizing over available product-centric data. Table 1 shows an example
of product-centric data of an individual product. However, the product-centric data
only reveals a part of the interactions in which the other agents are involved, as the
product-centric data per product individual only contains information about location
and shape changes including the time when these changes happened. Based on this,
the proposed approach assumes incomplete interaction models.

Table 1. Example of product-centric data.

Product-ID | Time Type Location
123456 10.01.2008 12:34 | Shipment | Manufacturer X
123456 15.01.2008 13:35 | Assemble | Manufacturer X
123456 20.01.2008 14:36 | Shipment | Retailer Y
123456 25.01.2008 15:37 | Shipment | Customer Z

The behaviors used by the partners within the interactions remain private
knowledge, as this approach only reveals interactions with and between partners,
which are extending the product-centric data. Furthermore, confidentiality is provided
to partners as they can decide to either share or withhold certain product-centric data.
The benefits of the proposed approach are maximized in situations where the trust
between partners is high. In such situations, partners feel less inhibition to share



product-centric data (or any other information) throughout the supply chain. Trust
between partners is usually built up in long-term supplier-customer relationships. In
case of complex products, product-centric data of the components of the product can
also be retrieved, at least if the data of the components is stored with or linked to the
product data.

As mentioned before, a partial IS diagram of the manufacturer agent can be built
by the retailer agent, based on the available product-centric data. Figure 5 illustrates
this diagram for the described scenario. Such a diagram can be built by using a set of
simple rules, based on the location changes of the product, as well as the physical
changes made to the product. A physical change is modeled as an interaction, as it can
be considered an interaction between the manufacturer and the product. An example
is the “Assemble PCs”- interaction in Figure 5.
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Fig. 5. The IS diagram of the manufacturer from the retailer’s viewpoint.

Ship HDDs
to Manuf.

This diagram only reveals when products are shipped between agents, when products
are changed, and in which order this occurs. Therefore, an interaction is allowed to
only have one child, since the interactions identified by using the product-centric data
can be incomplete like for instance the “Manufacturer-Retailer’-interaction in Figure
5. The “Customer-Manufacturer”-interaction does not always occur, but only when
one or more of the delivered computers need to be repaired by the manufacturer
agent. Thus, a decision rule set that can check this condition is attached to the SEQ
routing type that graphically appears below the “Deliver PCs”-interaction. If one or
more of the computers needs to be repaired, all interactions occur in sequence. If not,
N-out-of-M children occur in sequence. In this specific example, three out of four
children occur in sequence in the latter case.

In a similar way, an IS diagram from the perspective of the customer agent can be
created by the retailer agent. This diagram is shown in Figure 6. Again, by using the



product-centric data, only the shipments of and physical changes to the product are
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Fig. 6. The IS diagram of the customer from the retailer’s viewpoint.

4  Building the Global Interaction Diagram

This section presents the method for building a global IS diagram from a set of local
IS diagrams. Section 4.1 introduces the global construction algorithm. After, Section
4.2 discusses tool support.

4.1 Global Construction Algorithm

As explained, each agent involved in a collaborative business process can use
product-centric data to identify agent-to-agent interactions. Each agent builds a set of
local IS diagrams (in which each set can be different), representing its own
interactions, as well as interactions other agents are performing. This is considered
necessary, as agents (in a supply chain) are not always willing to exchange their
process definitions. The global construction algorithm is listed in Table 2. The
algorithm is expressed in pseudo-code, which uses set-theoretic notation mixed with
the control structures of conventional high-level programming languages. Below
Table 2, the different parts of the algorithm are explained.

Figure 7 shows the input and output of the algorithm graphically. The algorithm
expects a global IS diagram GI (Global Input) which only contains the root interaction



ip. The root interaction represents the common shared goal of the collaborative
business process under consideration. Furthermore, the algorithm expects a set of
local IS diagrams L/ (Local Input) that are to be merged. Each local diagram is based
on the same root interaction i,. The algorithm returns a new global diagram GO
(Global Output). As mentioned before, the goal of the global construction algorithm is
to build a minimal interaction representation GO where the interactions, from the
diagrams that are being compared, are merged when there is no conflict. Conflicts are
detected by the function CONFLICT (see Table 3 and the explanation below it).

O —o
CONSTRUCT |—GO»
A /Sx A — LI

Fig. 7. Illustration of the global construction algorithm, as executed by every agent.

The global construction algorithm uses some notations from the formal definition
of the TALL interaction diagrams [33]. Here, these notations are explained
informally:

o [is the set of interactions that form an IS diagram;

e [,(i) is a function that assigns a label to each interaction from the set /. Although
interactions can share labels in the same diagram, each interaction is unique. Thus,
interactions with identical labels are completely unrelated when executed;

e RT is the routing type function that assigns a routing type to each interaction from
the set /. The function RT indicates how the direct child interactions are routed in
order to complete their parent interaction. As indicated above, the supported
routing types are SEQ, PAR, and XOR;

e The partial ordering relation <;c /X[ connects parent interactions to their child
interactions. Graphically, a line is drawn between a parent and each direct child.
These lines converge in the routing type symbol that graphically appears below
each parent;

e DR(i) is a function that assigns a decision rule set to each interaction. As
mentioned above, graphically the routing type is augmented with a subscripted
letter d if the decision rule set is non-empty;

e The set R contains all roles that are relevant to the set of interactions /;

e R/ is a function that assigns roles to interactions. Graphically, this is depicted by a
connector line between a role and an interaction (as in Figure 2);

e [p(r) is a function that assigns a label to each role from the set R;

e jydenotes the root interaction;

o children(i) is a function that returns the set of direct child interactions of the parent
interaction i;

o parent(i) is a function that returns the parent of the interaction ;

e /it(i) is a function that returns the height of interaction i.



In addition, some new operators and notations are used in the global construction

algorithm, as an extension of the formal definition in [33]:

1. an operator for the union of two IS diagrams is needed. If IS) and IS, are two IS
diagrams, then the union of IS) and IS, is an IS diagram ISis; U 15 = 1S, U IS, such
that: Iy Un = 1hVUL, < iU« = <nY<p, Rpp\Upro = RIIRy, Rlp;p Uiz =
R;;\U R, The union of the set of interactions and the set of roles includes the
union of the interaction attributes (label, routing type and decision rule set) and
role attributes (label). Hence, if /; and I, are two sets of interactions then the union
of I; and I, is an interaction set I;;\U , = I;\U [, such that: L\ = LU Ly,
RTRTI \URrRR2 = RT] URTZ, DRDRI \UDR2 = DR] UDRZ Slmllarly, if R] and R2 are
two sets of roles then the union of R; and R, is a role set Rz;\U z2» = R;\U R, such
that: Lg;\U g2 = Lgs\J Lg;

2. subtree(i) is a function that returns a segment or subtree of the IS diagram with
root i. Thus, subtree(i) IS (see Figure 8);
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Fig. 8. Illustration of the input (left) and output (right) of the subtree function applied to
interaction C.

3. comp(i) is a function that returns a single component of the IS diagram. In other
words, it returns a subtree (read: diagram) with the single interaction i. In this
regard, a component comprises an interaction, and all its attributes and roles;

4. clone(i) is a function that returns a new interaction with all attributes and roles of i.
In other words, it creates a copy of the component i;

5. dum: I— {TRUE, FALSE} is a function that is used to differentiate between
‘normal’ interactions and dummy interactions. Dummy interactions are introduced
during execution of the global construction algorithm to act as the parent of
identically labeled interactions, which the algorithm cannot merge because of a
conflict. Such interactions are alternative views on the same interaction. This
means all children of a dummy interaction have identical labels. Initially, the
default setting for all interactions is FALSE: V ie [: — dum(i);

6. IH is an ordered set in which all interactions i€/ are ordered according to the
binary relationship R = {(i;, i) | i;e INi; €I A ht(i;) < ht(iy)};



7. elements are augmented with an index GI, GO, or /i indicating that the element
appears in the global input diagram, the global output diagram or in the local
diagram under consideration. For instance, interaction iOGO is the root interaction
that appears in the global output diagram.

Table 2. Global Construction Algorithm.
1: function CONSTRUCT (GI,LI)

2: begin
3: GO =GI
4: for eachlicLldo
5: for each ic IH" do
6: if i & subtree(parent(i)")°° then
7 fnew := clone(i)"
8: GO := GO U {comp(ipey)}
9: <IGO = <IGO o {(parent(i)“a inew)}
10: else if conflict(subtree(i)°°, subtree(i)") then
11: fqum =2 ] €19 A1 =] A dum(j)
12: if —Ji4,, then
13: Tgum := clone(i)GO
14: DR(igum) == D
15: dum(ig,m) = TRUE
16: GO := GO U {comp(igum)}
17: <00 =<2 U {(parent(i)°, igym)}
18: <99 == <99\ {(parent(i)“°, i9C)}
19: <% = < U {(ium 190}
20: fconttict == clone(i)"
21 Comp(idum)Go = comp(idum)GO o Comp(iconﬂict)GO
22: RT(igym) = XOR
23: GO := GO U {comp(iconfiict) }
24: <IG0 = <IGO o {(idulm iconﬂict)}
25: else
26: comp(i)“© = comp(i)“° U comp(i)"
27: return GO
28: end

The global construction algorithm is contained into a main for each-loop (Lines 4-
27) that for each iteration compares GO to a local IS diagram /i € LI. During the
comparison, the algorithm searches for commonalities and/or differences between GO
and /i by comparing (labels of) the interactions in both diagrams. If possible,
interactions in both diagrams are merged and a new global IS diagram is produced
that serves as input for the next iteration. This global IS diagram is compared with the
next local diagram from L/, until all the local IS diagrams have been processed. In the
end, the global construction algorithm produces a global IS diagram GO that takes
into account all the local IS diagrams of the agents involved.

The global construction algorithm first assigns GI to GO (Line 3). Inside the main
for each-loop, an inner for-each loop (Lines 5-26) processes one by one all the



interactions from the local diagram /i under consideration according to the ordering in
the set /H. This means the algorithm starts with the root interaction from the local
diagram /i that has height zero. Next, the algorithm continues with the interactions
that have height one (i.e. the direct child interactions of the root interaction), and so
until all the interactions in the local diagram /i have been processed. In general, three
cases can apply to the interaction i” that is being processed.

Case 1: Interaction i* does not exist in the same segment of GO (Line 6)
The if statement in Line 6 of the algorithm tests whether interaction i should be
added to GO. Interaction i is added to GO when i" is does not exist in the subtree of
its parent in GO. When the condition in Line 6 is true, a clone of i" is created (Line 7),
this clone is added to GO (Line 8) and connected to the correct parent in GO (Line 9).
Figure 9 shows a generic example (without roles) in which the condition in the if
statement is true for interaction D". In the specific example, interaction D" does not
exist in the subtree of its parent in GO, that is, the subtree of A°C. Therefore,
interaction D" including its attributes and roles are added to GO. Each IS diagram
shows a local process view, from one agent’s perspective, that is build based on
product-centric data. In this regard, each IS diagram represents a specific incomplete
part of the overall collaborative business process in the supply chain. Thus, the local
IS diagrams, which are input to the algorithm are assumed to be incomplete.

a0 Lo ! > O
(=) © ()
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Fig. 9. A generic example of a Global Input diagram (GO,4), a local input diagram (li), and a
Global Output diagram (GO,,) that illustrates the case in which interaction D" is added to
GO,.,, since it does not exist in GO,

In Figure 9, GO,;; and /i are the two IS diagrams being compared. Both diagrams
show the incomplete local process perspective or view of an agent. The local IS
diagram of the first agent shows that interactions B and C occur in parallel as part of
interaction 4. The local IS diagram of the second agent shows that interactions C and
D occur in parallel as part of interaction 4. The two agents provide complementary
views that are merged in the output in order to create a more complete representation.
Based on this, it is sufficient to perform interaction 4 once in GO, However,
merging only occurs when the views of agents are not conflicting. Case 2 discusses
how the algorithm deals with a conflict situation.



Case 2: Interaction i exists in the same segment of GO and generates a conflict
situation (Line 10)

If the condition in Line 6 is false, which means i has a counterpart i“’ in the same
segment, the algorithm continues with the else if statement in Line 10. The else if
statement tests whether there is a conflict between the interactions i“ and i". A
conflict is detected by the function CONFLICT that is listed in Table 3 and
explained below Table 3. In general, a conflict means that the interactions being
compared cannot be merged since they are alternative views on the same interaction.
Hence, the global construction algorithm keeps both interactions (i°C and ") in the
global output diagram. A new interaction i, (dummy interaction) is introduced (Line
13) to act as the parent of % and . Since iy, carries the decision rule set of i’
(assigned by the clone function in Line 13), Line 14 empties the decision rule set of
igm- Next, Line 16 adds i, including all its attributes and roles to GO. The algorithm
then assigns iy, as parent interaction of i9° (Line 19). In the scenario in which i“©
already has a parent, Lines 17 and 18 make sure that this parent is detached as parent
of i“” and instead is assigned as parent of iy,,. Any newly introduced dummy
interaction is assigned TRUE by the function dum (i) (Line 15). Together with Lines
11 and 12 this prevents that in a future iteration another dummy interaction is
introduced in GO for the same i°’ and i". Since iy, acts as parent of i““ and ", the
next step is to add i to GO. To this end, Line 20 first creates a clone of i’ named
iconflier- Line 23 adds the clone of i to GO and Line 24 assigns this clone as a child of
igum- Line 21 assigns the union of the components of iy, and i to the dummy
interaction. In this way, the combined roles of its child interactions are attached to
igum- Since the direct child interactions of iy, are different views on the same
interaction, iy, is assigned the routing type XOR by Line 22. The use of a different
routing type than XOR would imply that the interaction is executed more than once.

Table 3. The function CONFLICT.
1: function CONFLICT (sGO,sli)

2: begin

3: if RT(i9%)%° # RT(is")" then

4: return TRUE

5: else

6: X := children(iy")"

7: Y =X"NGO

8: for eachje Y do

9: if ht(j)9° # ht(j)" then
10: return TRUE
11: return FALSE
12: end

The function CONFLICT receives as input, from the global construction
algorithm, the subtrees of i and " (see Table 3). This means that the root
interactions in the function CONFLICT are (the currently being processed)
interaction i in the global construction algorithm and its counterpart i“°. A conflict
arises in two situations. First, when the routing types of i°” and i are different (Line 3
in Table 3) they are considered alternative views on the same interaction. In this case,



the function returns TRUE (Line 4 in Table 3). Next, the function builds a set X that
contains all children of i,” (Line 6 in Table 3) and builds a set Y that contains all
interactions that are members of both X and the set of interactions in sGO (Line 7 in
Table 3). For all the interactions in the set Y, the function then tests whether these
interactions occur on the same level (i.e. height) in sGO and s/i. In other words, the
function checks whether the children of i,” have counterparts in sGO that occur
another level. If this is not true, there is no conflict and the function returns FALSE
(Line 11 in Table 3). However, if this is true (Line 9 in Table 3) then i,"° and i," are
considered alternative views on the same interaction and the function returns TRUE
(Line 10 in Table 3). The latter forms the second conflict situation.

Figure 10 shows a generic example in which the interactions 4°° and 4" are in
conflict because they have different routing types, that is, they are alternative views of
the same interaction. A new (dummy) interaction with routing type XOR and the same
label is introduced in GO to act as the parent of 4°° and A".

D oo D A 5O
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Fig. 10. A generic example of a Global Input diagram (GO,y4), a local input diagram (li), and a
Global Output diagram (GO,ey). The example illustrates the case in which A" generates a
conflict because a counterpart A°C exists that has a different routing type.

Figure 11 depicts a generic example of the second conflict situation. In this specific
example, interactions 4°° and 4" are in conflict because parent interaction A" has a
child D" with a counterpart D%’ that exists in the subtree of 49 on a different level.
Therefore, the same dummy interaction 4 with routing type XOR is added to GO in
this situation.
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Fig. 11. A generic example of a Global Input diagram (GO,y4), a local input diagram (li), and a
Global Output diagram (GOpe,). The example illustrates the case in which A" generates a
conflict because it has a child that occurs in the subtree of its counterpart 4.

Case 3: Interaction i* exists in the same segment of GO and there is no conflict
situation (Line 25)

From here, any line numbers refer to Table 2 again. If i exists in the same segment of
GO but there is no conflict, the statement in Line 26 is executed. In this case, the
components of i“” and i are simply merged since it is possible for them to have
different roles, decision rules etc. Figure 9 provides an example of this case. In Figure
9, parent interaction 4" has a child C" with a counterpart C%? in the subtree 4.
However, in this case there is no conflict between 4°C and A" because € and C°°
occur on the same level in GO,,; and /i. Thus, in Figure 9 it is unnecessary to keep
both 49° and A" in the output by introducing a dummy interaction.

4.2 Tool Support

A software toolset is available to create and modify TALL diagrams, diagram
elements, and properties of these elements using a graphical interface?. All diagrams,
elements, and their properties are stored in an associated database. The current release
of the software tool contains an implementation of the global construction algorithm.
The user can create multiple IS diagrams and merge these into a global IS diagram.

2 The latest release of the software tool can be downloaded from the software section on
http://www.agentlab.nl/



5 Applying the Global Construction Algorithm

This section applies the global construction algorithm to the example case described
in Section 3 in order to illustrate the workings of the algorithm. The retailer agent in
the supply chain can run the algorithm, using the different IS diagrams it has
generated (as shown in Figures 4, 5, and 6) as inputs. Figure 12 shows the generated
output of the global construction algorithm. This global IS diagram shows the process
starting from the supplier, until the product reaches the customer, and afterwards,
when optionally a product is returned by the customer to be repaired by the
manufacturer. Despite its simplicity, this example demonstrates several important
features of the global construction algorithm.

First, this example shows how different views on an interaction are merged when
an interaction i appears in the local diagram /i under consideration but does not
appear in the global diagram GO. This reflects the first case in the global construction
algorithm. An example of such an interaction is the “Assemble PCs”-interaction from
the manufacturer diagram (see Figure 5), which does not appear in the retailer
diagram (see Figure 4). A clone of this interaction is created, the clone is added to
GO, and connected to the same parent in GO (see Figure 12).

Second, this example shows how the algorithm deals with a conflict situation, that
is, the second case in the algorithm. In the example, the retailer and the customer
diagrams both include the “Retailer-Customer”-interaction. The “Ship PCs to
Customer”-interaction, which is a child of the “Retailer-Customer”-interaction in the
manufacturer diagram, exists also, on a different level, in the subtree of the “Retailer-
Customer”-interaction in the retailer diagram. Because of this, the function
CONFLICT returns TRUE since the two “Retailer-Customer”-interactions are
considered alternative views on the same interaction. In this case, the global
construction algorithm keeps both views in the output, and adds a new parent
interaction for both views (see Figure 12). In this way, the ordering constraints of
both views are preserved. Since both views are alternative descriptions on the same
interaction, the new parent interaction is assigned the XOR routing type.

The third feature shown is how the algorithm deals with the third case in the
algorithm. For instance, when the root interactions in the retailer and manufacturer
diagrams are being compared, a conflict does not arise. These interactions have
similar routing types and the children of the “Deliver PCs”-interaction in the
manufacturer diagram do not occur on a different height in the retailer diagram. Thus,
the CONFLICT function returns FALSE and the algorithm executes the statement in
Line 26. This statement merges the attributes and roles of both interactions. This
merging includes the decision rule sets of both interactions, which explains the SEQq
routing type of the “Deliver PCs”-interaction in the global output diagram (see Figure
12).
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Fig. 12. The generated global IS diagram by ¢



6  Public and Private Process Representations

In a business domain where no product-centric data is available, the global
construction algorithm can be used by several partners to build a shared global
interaction model that coordinates (and possibly enacts) the overall collaborative
business process. Each partner can represent its own local interactions that are part of
the collaborative business process in an IS diagram. All local IS diagrams can then be
used as input for the algorithm. In such a business setting, one of the issues is how
much each organization (with its own legal and business boundaries) is willing to
share with its partners. In the design of inter-organizational workflows, ‘local’
modelers strive to keep details opaque as much as possible. This attitude is based on

the argument that organizations in general tend to keep their internal workings (i.e.

process models) hidden. Though, a certain degree of disclosure is inevitable,

especially in collaborative domains, in order to achieve good cross-organizational
business process alignment and interoperability.

In TALL, a separation between public and private process views can be made on
the same lines as the separation between interaction descriptions and agent behavior
descriptions as discussed in Section 2. The agents are involved in interactions that
have shared names, routing types, decision rules and roles, and exhibit behaviors that
show their internal workings. All partners (and their internal agents) can hide their
behaviors and expose only their local interaction structures (i.e. local IS diagrams) to
their partners as input for the global construction algorithm. In this approach, the
agent behaviors constitute private business process descriptions. Interoperability is
achieved by the global IS diagram that is built, using the global construction
algorithm, from the local IS diagrams.

This separation between public and private models only works if the private
process descriptions of all the participants are aligned. Otherwise, a minimal
disclosure of the behavioral touch points (i.e. the messages send and received) and
their sequence is necessary in order to achieve simple alignment [22]. One agent has
to inform the other agent what and when it is expected to send and receive a message
during an interaction. Still, this level of disclosure does not reveal the exact activities
in the private descriptions since only the message exchange points are made public. In
conclusion, the following two views on public and private process representations
apply to TALL:

o if the goal is to have minimal process disclosure, then only the local IS diagrams
are made public for coordination of the overall collaborative business process
using a shared global IS diagram. The agent behaviors are kept completely private;

o if the goal is to have more alignment, the agent behaviors can be made partially
public by sharing the behavioral touch points.

Related work, like [1], separates between private and public process levels and
recognizes the need for an organization to hide parts of its private process
implementation. However, it is also mentioned that too much hiding can be counter-
productive. In [19], the need for a process abstraction concept is stressed in the design
and analysis of collaborative business processes. Such a concept must be able to
represent internal or private processes and at the same time provide a process-oriented
interface to the outside world, facilitating interweaving into partner processes. The
merging of local IS diagrams, using the global construction algorithm, into a global IS



diagram provides such a feature. Other works show how public representations can be
(formally) translated from internal representations [13]. Moreover, modeling
languages like WS-BPEL [25] and BPMN [37] distinguish between public and private
process representations. However, the public (named also abstract) process is a mere
non-deterministic protocol that describes possible message exchanges. TALL brings
an interaction structure that can and should be made public, and has an option to
decide on the degree of exposure of the agent behaviors.

7  Discussion and Future Work

All agents involved in a collaborative business process have their own local,
distributed views. Typically, no agent will have a complete view of all the interactions
that occur in the process. In other words, each agent owns one or more local IS
diagrams. Since interactions may influence each other, it makes sense to build an IS
diagram that shows a global picture of the entire process. This global IS diagram
increases process visibility and the understandability of the agent with regard to the
supply chain. In the presented supply chain scenario, this is the retailer agent. The
global IS diagram provides a more complete description of the entire supply chain,
that is, it serves as a presentation of the multiple interactions that occur in the supply
chain.

Such global models are especially useful when a set of parties interact in such a
way that none of them sees all messages being exchanged, yet interactions taking
place between some parties have an impact on the way other parties interact [39]. The
presented approach only reveals the interactions with and between partners based on
the available product-centric data. Partners do not have to share their behaviors, that
is, their private business processes. In this way, interoperability can be achieved in
situations where the (complete) models of behavior are not shared. Moreover, the
global IS diagram could be used for analysis purposes. This potentially enables the
retailer agent to better align its processes with the processes of its partner agents.

The presented example of product-centric data for the supply chain scenario
contains data about one product individual. Future research intends to investigate how
interaction diagrams can be build using product-centric data that contains data about
multiple products or components with slightly different lifecycles.

The global construction algorithm can be improved by enhancing the CONFLICT
function. First, an enhanced version of the CONFLICT function should, in some
cases, return FALSE even if the interactions have different routing types in the global
and local IS diagram. For instance, the PAR routing type is quite weak in the sense
that it allows interactions to be executed in parallel or in any order. Therefore, it could
be possible to merge two interactions with similar labels but with routing types PAR
and SEQ. Second, the function should, in some cases, be able to merge alternative
views with the same interactions occurring on different heights in the tree. In the
current version of the CONFLICT function, the “Retailer-Customer”-interactions in
the retailer and customer diagram are considered alternative views because the “Ship
PCs to Customer” interaction appears on a different height in the retailer diagram. It is
for instance possible that the “Ship PCs to Customer”-interaction in the customer



diagram is a secondary shipment. Thus, in the output the “Ship PCs to Customer”-
interaction appears twice in the subtree of the highest level “Retailer-Customer”-
interaction. Although it is possible that both “Ship PCs to Customer”-interactions are
the same (i.e. the customer diagram may be based on incomplete product-centric
data), it is considered more important to represent the views of all the agents even
though this can lead to redundant interactions in the output. In line with the goal to
create a minimal interaction representation, future research will investigate an
improved version of the algorithm that reduces the number of (redundant) interactions
in the output. Based on this, a third possible enhancement to the algorithm would be a
“pruning”-feature, which compresses the global output diagram, by removing
redundant interactions. Besides possible redundant views like the “Ship PCs to
Customer”-interaction above, interactions can also be redundant when they have the
same routing type as their parents. Often, the children of a redundant interaction can
be directly connected to the parent of the redundant interaction. Together with these
improvements, a mathematical evaluation of the algorithm in terms of formally
specified properties like termination, correctness, complexity etc. is planned for the
future.

As mentioned in Section 6, the global construction algorithm can also be used in
cross-organizational environments where no product-centric data is available. In this
case, the global construction algorithm can be used to build a shared global
interaction diagram that manages the (distributed) behaviors of all the partners. Such a
global interaction structure could be implemented on a collaborative IT platform and
act as a coordination framework. This line of research is to be explored in more detail.

8 Conclusion

In product-centric supply chains, coordination and control efforts are aimed at
individual products instead of orders, production orders or shipment batches like in
conventional supply chains. The TraSer project is concerned with research into
product-centric supply chains. In the TraSer approach, product-centric data is stored
in a database that is associated to each product individual. Each product contains a
label in the form of an RFID or barcode, which contains an ID@URI code. Besides
the unique product identification number, this code contains an URI (Uniform
Resource Identifier) that refers to the location of the associated database. Product
visibility is achieved in the supply chain when each partner can access the available
product-centric data.

This paper uses an illustrative example to show how a partner can use product-
centric data to build a set of local interaction diagrams in which each diagram models
the perspective of one partner in the supply chain. The interaction diagrams are part of
a novel graphical modeling language named TALL, developed and adopted by the
authors, which models collaborative business processes as a structure of role-based
interactions in which agents play the roles. A formal method is introduced to enable
the partner to automatically construct a global interaction diagram from the set of
local interaction diagrams. In this way, the partner obtains a global view of the supply
chain. The formal method comprises an algorithm that processes and compares all



local diagrams, detects any conflicts, and outputs a global interaction diagram. The
global interaction diagram depicts a minimal representation where the interactions
from the local diagrams are merged when there is no conflict.

By representing all views of the agents involved, the global interaction diagram

increases process visibility and understandability in the supply chain for the partners
that use the presented approach. This benefits process alignment and enterprise
operability in the supply chain.
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