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Road Map

• Pervasive Business Processes

• Formalisation of Business Processes

• A “truly” XML-based architecture

Traditional Business 
Processes

• long-lived processes: 
insurance claims, loan 
requests, ....

• handled by workflow 
management system 
as part of ERP system

• coordination, resource 
allocation, analysis & 
reengineering 
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Administration and 
Analysis Tools

Workflow Management System Reference Model

Pervasive Business 
Processes

• Shared communicating processes 
everywhere used for everything in any 
context

• Electronic medical journals, web-service 
composition, standardised work processes? 



Challenges

• Flexibility and Extensibility: One 
language will not be perfect for every 
future application => process languages and 
engines should be extensible and adaptable

• Mobility: Shared process execution on 
mobile disconnected devices, outsourcing & 
distribution of processes 

• Higher-order: “managing the business 
process management”

• Context-dependency: context-aware 
business processes - context={location, 
situation, identity, resources, ...}

Architectures for 
Pervasive Processes?

• New business process languages (BPEL, 
WFDL, ...) based on XML.

• But languages are not extensible

• the semantics is not based on XML

• processes not exchanged between engines

• process state stored in relational databases

Reactive XML

• Persist run-time state as XML

• Describe semantics (execution rules) by 
XML in general rewrite format (~ XSLT)

• General execution engine - no fixed rules!

• Easy to mix data and processes

• Rewrite format based on formal model of 
bigraphical reactive systems (graph rewriting)
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Shared 
Processes, 
Languages
and Data in 

P2P XML Store

Process Language 
Definition Tools

  <REWRITE_RULE NAME="BOOK">

     <RULE_LEFT>

        <room name="$room">

           <person name="hilde"/>

           <status bookedby="none"/>

           <RULE_HOLE NAME="MORE_PERSONS"/>

        </room>

     </RULE_LEFT>

     <RULE_RIGHT>

        <room name="$room">

           <person name="hilde"/>

           <status bookedby="hilde"/>

           <RULE_HOLE NAME="MORE_PERSONS"/>

        </room>

     </RULE_RIGHT>

  </REWRITE_RULE>

<?xml version="1.0" ?>

<r>

  <building name="itu">

    <floor name="itu3">

      <room name="3A07">

        <status bookedby="hniss" />

        <person name="hniss"/>

      </room>

    </floor>

    <floor name="itu4">

      <room name="4A05">

        <status bookedby="none"/>

      </room>

      <room name="4A09">

        <status bookedby="none"/>

        <person name="hilde"/>

      </room>

    </floor>

  </building>

  <positions>

    <pos name="hilde" where="4A09"/>

    <pos name="hniss" where="4A09"/>

  </positions>

</r>

Position server

update positions

book room

PDA of Hilde

PDA of Hniss

book room

A simple Reactive XML example of
context-dependent room allocation

<?xml version="1.0" ?>

<r>

  <building name="itu">

    <floor name="itu3">

      <room name="3A07">

        <status bookedby="hniss" />

        <person name="hniss"/>

      </room>

    </floor>

    <floor name="itu4">

      <room name="4A05">

        <status bookedby="none"/>

      </room>

      <room name="4A09">

        <status bookedby="hilde"/>

        <person name="hilde"/>

      </room>

    </floor>

  </building>

  <positions>

    <pos name="hilde" where="4A09"/>

    <pos name="hniss" where="4A09"/>

  </positions>

</r>

Centralized vs P2P

• Centralized: 
Old well known technology, easy to update, 
expensive to distribute, centrally managed

• P2P:
New technology, expensive to update, easy 
to distribute, no central management



• never update data, aggressive sharing

• ideal for P2P infrastructures

• XMLstore: prototype implementation of 
value-oriented (P2P) XML database 
(PlanX - Henglein, Niss et al)

Value-orientation

cache it at (copy it to) all interested parties. It also means that we have to take special mea-
sures to perform the equivalent of updates on the process. Instead of destructively updating
the value, we compute a new value with references to unchanged parts of the old value. In
other words, we share (parts of) the stored values. This sharing is transparent to the appli-
cation programmer [2]. A consequence of this is that XML Store really stores DAGs rather
than trees. The “newest” value (the current state of the system) is bound to a handle (in
practice through a name service) which can be updated.

From this “value-oriented” perspective, the steps a client performs to realize a reaction
are as follows:

1. Find all posssible redexes by finding all evaluation contexts.
For our example location system, we allow reactions on all (sub-) processes, and there-
fore the XPath expression locating evaluation contexts will simply select all nodes
(//*). Performing this on the process in Ex. 7 will return a set containing all nodes.

2. Match each of the possible redexes against the left hand side of the reaction rule in-
stantiating holes and variables.
Matching all nodes in the process against the left hand side of the “book room”-reaction
rule (Ex. 5), will result in a match between the left hand side of the reaction rule and
room 4A09 with variables $r instantiated to 4A09 and $p to hilde, and the hole [ ]1
mapped to 1.

3. If any match exists, the reaction can be executed by calculating a reactum based on the
right hand side of the reaction rule, and reconstructing the process expression.
Since all data stored in XML Store is immutable, clients cannot simply change the
matched node (the redex) in the process tree to reflect the changes. Instead they have
to build up a new tree. Fig. 2 illustrates this situation. Before the reaction, the process
is as seen in Fig. 2(a). After the reaction, Fig. 2(b), a new process has been built, but
new nodes have only been constructed from the nodes which have to be “updated” (the
reactum) up to the root. On the path unchanged nodes are reused.
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Fig. 2. Reusing unchanged nodes (dotted arrows indicate reuse; bold text indicate the newly con-
structed path).

The handle to the current process will at this point still refer to the old root node p. To
make other clients aware of the new process, the client has to updated the handle to the
new root p′.
Such updates of handles (the only updates possible with XML Store) are done using
an atomic compare-and-swap algorithm, which guarantees that nobody has changed
the value in the time ∆t = [tread; tswap]. By using this facility, we are able to ob-
tain a simple distribution of client updates to the process. Thus ultimately, this is how
coordination is implemented.
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Perspectives of 
value-orientation

• ideal for P2P architectures

• complete historical data (statistics, decision 
making, backtracking, error correction, ...)

• effective sharing

• simple model


