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Abstract. Adopting standard business processes and then customiz-
ing them to suit specific business requirements is a common business
practice. However, often, organizations don’t fully know the impact of
their customizations until after processes are implemented. In this pa-
per, we present an algorithm for predicting the impact of customizations
made to standard business processes by leveraging a repository of similar
customizations made to the same standard processes. For a customized
process whose impact needs to be predicted, similar impact trees are lo-
cated in a repository using the notion of impact nodes. The algorithm
returns a ranked list of impacts predicted for the customizations.
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1 Introduction

In this paper, we consider the problem of predicting the impact of a given set
of customizations to a standard business process. We look at the problem from
an IT services providers perspective. IT services providers typically implement
the desired customizations to standard processes offered by ERP vendors for
many companies. In our solution, we assume that IT service providers maintain
a repository of anonymized customizations, each with its associated impact. We
predict the impact of changes done on a standard process by comparing a query
customization with all customizations (with associated impacts) available in the
repository. The set of retrieved customizations are ranked based on closeness to
the query customization.

2 Process Difference and Impact Representations

In this section, we describe delta trees and impact trees, which are both deriva-
tions of process structure trees. A Process Structure Tree (PST) is a hierarchical
representation of business process. PSTs are used to represent both standard
and customized processes because there are established algorithms for detecting
differences between trees [1]. The output of our PST difference detection algo-
rithm is a delta tree. Impact trees are delta trees that have been annotated with
impact information.
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2.1 Delta Tree

A delta tree is a PST difference representation that is annotated with customiza-
tion operations. To create delta trees, we only consider the customization op-
erations insert and delete. We do not consider the move and relabel operations
because their effects can be replicated with combinations of delete and insert op-
erations. Customization tags are labels on leaf nodes of a delta tree that represent
customization operations (i.e. whether a node has been inserted or deleted), and
customization summary tags are labels on interior nodes which summarize the
changes that were made to its descendents. The algorithm for constructing a
delta tree has three phases.

The first phase is a modification of the algorithm by Küster et. al. [7], which
determines the differences between two PSTs and represents those differences
with a Joint PST (JPST). The modification decomposes the move portion of
the algorithm into a series of insertions and deletions. The second phase involves
reducing the JPST by finding the delta root. The delta root is the least common
uncustomized ancestor of all the nodes in the JPST that have a customization
tag. Let � be the least common ancestor of the two customization tagged nodes
that are the farthest distance apart in JPST, J . Thus, � is also the ancestor
of all the customization tagged nodes in that Joint PST. There are, however,
situations when � could itself be a customization tagged node, and thus not the
delta root. When this happens, the delta root is the parent of � in the Joint
PST. Once the delta root, �, is found the subtree J/� becomes the delta tree.
The reduction procedure continues by finding all of the untagged nodes that
are not ancestors of customization tagged nodes and removing them from the
delta tree. The procedure recursively removes all of the untagged leaves from the
delta tree. The last phase in constructing a delta tree is adding customization
summary tags (CSTs) to each interior node. The CST of an interior node, x,
denoted by CST (x), can take on one of three different values:“+”, “-”, and “M”.
Let x be an interior node in a delta tree and v be a descendant of x.

Definition 1 (Insertion Summary Tag). If there exist at least one descen-
dent of x with a customization tag of ′′+′′, and no descendant of x with a cus-
tomization tag of ′′−′′, then CST (x) =′′ +′′.

Definition 2 (Deletion Summary Tag). If there exist at least one descendent
of x with a customization tag of ′′−′′, and no descendant of x with a customiza-
tion tag of ”+”, then CST (x) =′′ −′′.

Definition 3 (Mixed Summary Tag). If there is at least one descendant of
x with a customization tag of “+”, and at least one descendant of x with a
customization tag of “-”, then CST (x) = “M ′′.

2.2 Impact Trees

An impact tree is a delta tree that has user-specified nodes called impact nodes.
An impact node characterizes the effect the set of change operations defined by
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the customization tagged descendents have on a business. There is at least one
impact node in an impact tree.

If a query delta tree matches an impact tree in the repository, then the impact
associated with the impact nodes is the impact predicted for the query.

Definition 4. Delta (Sub)Tree Compatibility. Let r be a node in impact tree R̂,
and X be the set of customization tagged descendents of r. Additionally, let q be
a node in delta tree Q̂ and Y be the set of customization tagged descendents of
q. Subtree R̂/r is incompatible with subtree Q̂/q, if X �⊆ Y . Otherwise, R̂/r is
compatible with Q̂/q.

It should be noted that compatibility is directional. Therefore, if R̂/r is compat-
ible with Q̂/q, it does not imply that Q̂/q is compatible with R̂/r. Based on the
customization summary tags on delta trees, we can determine whether or not a
subtree of an impact tree is compatible with a subtree of a delta tree. Given two
trees R and Q, let r be in R and q and a be in Q. If a is an ancestor of q in Q
and id(a) = id(r), then a is an r-matched ancestor of q.

Property 1. Let Q̂ and R̂ be a query delta tree and an impact tree in the repos-
itory, respectively, created from the same standard process. Additionally, let q
and r be interior nodes in Q̂ and R̂, respectively. Subtree R̂/r is compatible with
Q̂/q, if q does not have an r-matched ancestor and CST (r) = CST (q) or q does
not have an r-matched anscestor and CST (q) = M .

Fig. 1. Impact Tree Representation - Customized Process

3 Impact Prediction Algorithm

Our notion of tree matching is, as such, not new and is grounded in the methods
noted in literature. But, the innovative rubber-banding of sub-trees/nodes as
impact nodes for the customized processes in the repository is what differentiates
our approach. This enables us to apply conditions to prune the search space by
recognizing unfruitful paths. This allows us to speed up the performance. Our
match starts with the basic query delta tree on the left hand side and the impact
trees from a repository on the right hand side.
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Algorithm 1. ImpactTreeTraversal(Q̂, R̂)

r ← Root node of R̂ ;

q ← Root node of Q̂ ;
matched← FALSE ;
if id(r) == id(q) then

matched← TRUE ;

if r is an impact node then

ImpactTreeSearch(Q̂, R̂);

for each child node rj ∈ children(R̂) do do
if matched == FALSE then

ImpactTreeTraversal(Q̂, R̂/rj);

The algorithm to predict impacts for a delta tree Q̂ consists of three steps to
be repeated for all impact trees in the repository.

Step 1 described in Algorithm 1 performs a pre-order traversal of all impact
nodes r in R̂, where R̂ is an impact tree in the repository. For each impact node,
ImpactT reeSearch() (to be described in Step 2) traverses Q̂ searching for a
subtree matching the selected impact node in R̂/r. If such matching subtree is
found, the corresponding subtree, Q̂/q, is annotated with the impacts associated
with r. The algorithm terminates when there are no more impact nodes to be
searched in R̂.

In Step 2, ImpactTreeSearch(), which is illustrated in Algorithm 2, does a
pre-order traversal of Q̂ searching for a node qi in Q̂ such that Q̂/qi and R̂/rj

are a compatible . Step 2 primarily checks the compatibility of the sub-trees and
hands over the actual tree comparison to Step 3. The recursive comparison of
Q̂/qi and R̂/rj will stop under two conditions: (1) all the nodes in Q̂ have been
searched and no compatible subtree was found, or (2) R̂/rj is incompatible with
Q̂/qi.

In Step 3, DeltaTreeSimilarityMatch() is invoked to compare compatible trees.
The algorithm traverses the query and impact tree sub-trees to find similarity.
When matching leaf nodes, only the nodes with the same id are matched. Let
m be the number of leaf nodes in Q̂/qi and let n be the number of leaf nodes in
R̂/rj . Let k denote the number of matched leaf nodes between Q̂/qi and R̂/rj .
Then, the similarity match score M between these two sub-trees is:

M(R̂/rj ,Q̂/qi) = min(k/m, k/n)

Once all the matching is complete, repository customizations are ranked based
on the overall similarity score attributed to the parent query node. The impact
lists associated with each of the ranked repository customizations are the pre-
dicted impacts of the desired customizations in the query process.
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Algorithm 2. ImpactTreeSearch(Q̂, R̂)

q ← Root of Q̂;

r ← Root of R̂;
if CST (q) == CST (r) then

if id(q) == id(r) then
DeltaTreeSimilarityMatch(q, r);
return();

else

for each node qi ∈ children(Q̂/q) do

ImpactTreeSearch(Q̂/qi, R̂);
return();

if CST (q) == “M ′′ then

for each node qi ∈ children(Q̂/q) do

ImpactTreeSearch(Q̂/qi, R̂);

else
return();

4 Related Work

A large number of publications have addressed the problem of process matching,
impact analysis, and tree comparison. However, they differ in domain, goal,
medium, or approach.

We are not the first to leverage the PST representation for detecting the
differences between process models. As example, the paper by Küsteret. al. [7]
detects the differences between PSTs and represents those differences in a JPST,
which is similar to our notion of delta trees. However, their work is concerned
with obtaining a change log when one is not available. The paper by Eshuis and
Grefen [3], which proposes a heuristic approach for matching BPEL processes
represented in Program Structure Tree [5,6], is similar but, once again, the goal of
their work (to find executable services exposing a certain behavior) is different
than ours. The work of Dijkman et. al. [2] compares four approaches to the
process similarity problem using a graph-based representation of process models.
Their work is similar to ours in that they explore the process similarity problem.
However, our approach differs in that we use a tree-based representation. The
authors of Provop [4] present an approach for managing process variants by
constraining the variations to select change operators such as insert, delete,
move and modify. Te main motivation for our work is to improve the overall
discoverability of variations on processes and also to predict the impact of these
variations.

5 Conclusion

In this paper we have presented an algorithm to predict the impact of customiza-
tions made to standard business processes. We assumed that (a) all customizations
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are to the same standard business processes and (b) a repository of such customiza-
tions exists. For a given customized process whose impact needs to be predicted,
we searched the repository of existing customizations to find similar customiza-
tions for that prediction. The algorithm presented takes advantage of two charac-
teristics of our problem domain (a) the set of operations to customize a standard
process is constrained, and (b) not all changes result in impact worthy of consider-
ation. Together, these characteristics limit the scope and speeds up the runtime of
the algorithm.

For future research, we would like to explore if given a desired business im-
pact to be achieved, could we predict the customizations that need to be made
to a standard process by analyzing customizations with similar impacts in the
repository. This could help IT service providers in assessing what needs to be
done to a standard process to meet customer requirements.
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