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ABSTRACT 
Continuous Process Improvement is touted as a feature of many Business 
Process Management suites. Usually this means the provision of analytical tech-
niques for measuring performance. These include Business Activity Monitoring, 
Balanced Score Cards, real-time measurement of Key Performance Indicators and 
the capture and analysis of event streams generated by the running system.  
Some BPM suites provide a what-if simulation capability which allows the evalua-
tion of changes to the system. This leaves the task of coming up with proposed 
solutions to the user, an often daunting task. 
In this paper we describe an automated, goal-driven technology for process im-
provement. By focusing on the common characteristics of business processes in 
typical BPM applications, we have developed an integrated set of algorithms for 
generating and evaluating proposed solutions. The user specifies the desired goals 
in terms of performance or cost or KPIs. The algorithms run until the goal is 
achieved or no further improvement is found. 

INTRODUCTION 
Business Process Management Suites frequently include an analytics component 
for collecting and analyzing the log events generated by the process execution en-
gine(s) and a simulation component that allows the exploration of alternative sce-
narios where the resourcing and/or the processes and/or the workload are al-
tered in an effort to improve the overall performance of a complex business 
process. 
The analytics offers a window in which one can explore what has happened or 
‘will’ happen. Process improvement experiments are suggested by the analytics 
data and evaluated by the new data they generate. It is often the case that OLAP 
technology is employed to allow an analyst to rapidly explore the data and from 
the exploration come up with suggestions for improvement which can then be 
tried out (evaluated) using the simulator to generate new data. 
The improvement process can be characterized as the following set of steps: 

1. Analyze the historical (or simulation) data to determine where improvements 
are needed. If the evaluation is satisfactory, stop. 

2. From the data, come up with an idea for improvement. 
3. Create a simulation scenario incorporating that idea and run a simulation. 
4. Evaluate the results to determine whether it has resulted in improvement 

and repeat the cycle. 

Step 2 in the improvement process is typically a challenging manual step. In this 
paper we describe an approach to automating the entire cycle described above.  
The optimization technology is intended to be used to improve the performance of 
a Business Process Management System. We provide a brief overview of the ele-
ments in such a system. Data collection and analysis is critical in Process im-
provement.  We describe log events which are the source of the data and a brief 
overview of Analytics. Simulation plays a critical role in evaluating alternatives. 



We provide
vides meth
Level Agre
and shift a
timizer. It 
user. The 
the optimi
ther impro
sis method
Finally we 

BPMS OVER
A Business
for collectin
gine(s) and
narios. 
We have ad
business o

A stream o
• Wo
• BP
• Su
• ER

The events
• A B

Ma
• An

An Optimi
and simula

• Re
• Pro

e a brief over
hods for imp
eement criteri
assignments t
uses the tech
construction 
ization cycle r
ovement can b
d that we emp
 present a sum

RVIEW 
s Process Ma
ng and analy
d a simulation

dded an optim
operations.  

of log events is
orkflow enactm
PEL  
upply Chain M
RP  Systems (e
s are processe
BAM module 
akes use of a 
n Analytics mo
izer module m
ation, to impr

esource sched
ocesses are m

THE A

rview of Simu
proving throug
ia. It uses cr
to accomplish
hnology in th
 and evaluati
repeats until 
be found. We
ploy in the Au
mmary and o

anagement Su
yzing the log e
n component 

mizer compon

Figure 1

s generated b
ment (BPM sy

Management 
e.g. SAP) 
ed by: 
to display KP
Rules Engine
odule which c
makes use o
rove the busin
dules are alter
modified to imp

AUTO OPTIMIZE

2 

ulation. We re
ghput, loweri

ritical path an
h this. We pre
he optimizer t
ion of alterna
the user-stat

e follow this w
uto Optimizer:
outlook on fut

uite typically i
events genera
 that allows t

nent to make 

1: BPMS Mod

by various exe
ystems) 

PI dashboards
e. 
collects and o
of the analytic
ness operation
red and resou
prove perform

ER 

eview the basi
ing costs and
nalysis, resou
esent an overv
to achieve go

ative scenarios
ted goals are 
with details of
: Critical Path
ture developm

includes an a
ated by the pr
he exploration

recommenda

dules 

ecution engine

s and generate

rganizes the e
cs data, emp
n: 

urces redeploy
mance, contro

ic Optimizer. 
d satisfying S
urce load bal
view of the Au
als provided 
s is automate
achieved or n

f a particular 
h Analysis 
ments. 

analytics comp
rocess executi
n of alternativ

ations for chan

es, which incl

e alerts in rea

event data. 
ploying data m

yed. 
ol risk.  

 It pro-
Service 
lancing 
uto Op-
by the 
ed and 
no fur-
 analy-

ponent 
ion en-
ve sce-

nges to 

 

lude: 

al time. 

mining 



THE AUTO OPTIMIZER 

3 

• Rules are changed to handle emergencies.  
Elements 
Analytics 

• Storage and processing of operations data to provide useful business in-
formation. 

BAM 
• Business Activity Monitoring. Real time depiction of Key Performance In-

dicators (KPIs) and generation of alerts etc. 
Data Miner 

• Statistical processing of business information to extract patterns, detect 
trends and make predictions. 

Event Stream 
• Flow of information packets about meaningful state changes. The log 

events generated by currently running processes are an example.  
Execution Engine 

• Any business process enactment service, including workflow engines, 
BPEL executor, ERP system etc. 

Optimizer 
• A software tool that utilizes the Data Miner and/or Simulator to make 

recommendations for changes to business operations. 
Rules Engine 

• A software system that helps manage and automate business rules. Used 
to detect interesting business situations automatically. 

Simulator 
• Supports what-if analysis of current or planned operations. 

Log Events 
Process execution engine(s) and simulations generate a stream of log events to be 
collected and analyzed by the analytics component.  

• Process events occur at the start and termination of a process instance. 
• Activity events occur at various points in the execution of an activity. See 

next section for details. 
• A timed sequence is associated with two activities, possibly in different 

processes, through which a work item passes 
Figure 1 shows an example of a single log event, WORKFLOWCREATE. Figure 2 
is a list of typical events, grouped by the event category. The timing data asso-
ciated with log events are depicted in Figure 4. 
<XPDLogEvent   

System="MortgageDemo"  

Scenario="Mortgage Lending AsIs"  

Run="8/28/2006 6:29:01 PM"  

InstanceId="6505"  

 ParentInstanceId=""  

 WorkflowInstanceId="6505"  

 Timestamp="2006-08-01T07:00:00Z"  

 SequenceId="281010"  

 ProcessId="Mortgage Lending AsIs"  

 ProcessVersion="1"  
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• Incoming Work (Arrivals). Each scenario must involve work to be proc-
essed.  The description includes information about when the work arrives, 
as well as all appropriate attributes of the work (e.g. region, amount, size) 
that may have an impact on processing. 

• Resources, Roles and Shifts:  As work is routed to activities in a process, 
resources are required to perform the activity.  Resources may be human 
resources; they may be pieces of equipment; or they might simply be ap-
plication systems.  Roles are often used to describe the function per-
formed and the skill required.  Specific resources are then described as 
performing defined roles.  The availability of Resources and Roles can also 
be controlled by using Shift information. 

• Activity Details:  In order for the simulator to reflect the real-world proc-
essing of a business process, additional information is often appended to 
the scenario.  How long an activity takes to process is not defined in a 
Process Definition, but is included in the scenario information (historical 
data collected by the analytics may be the source of this information).  
This and many other details can be expressed as a single integer or a 
complex expression involving the attributes of the work and/or the use of 
statistical distribution functions for randomness.  Other information ap-
pended for simulation might include routing information which tells the 
simulator under what conditions certain routes are taken.  Routing in-
formation can come from rules that exist in the process definition, but it 
is often amended with percentages that, based on historical activity, re-
flect the likelihood of a certain outcome or path. 

All scenario information is typically represented in an XML document. 
A simulation run generates a log event stream – new data for the analytics engine. 
This can then be viewed or extracted for various purposes. 

THE OPTIMIZER 
The Workflow Optimizer contains a collection of simulation based methods to help 
in 

• Improving throughput by reducing 
• activity wait (idle) times 
• activity perform times 
• Lowering Costs by examining 
• the effects of balancing resource utilization by cross training 
• the effects of reducing staff or introducing part-time shifts 
• Satisfying SLA criteria by  
• assigning/changing priorities of certain work item classes 

The Optimizer’s functionality comprises three main areas: 
• Activity wait time reduction through resource load balancing/cross train-

ing.  
• Idle cost reduction through adjusting resource quantities and shift as-

signments; see section. 
• Critical path/activity analysis: locates paths and activities that are ‘criti-

cal’ w.r.t. wait times, perform times and/or costs. 
The Optimizer needs data to decide upon an action. The data come from two 
sources: the scenario document and the data base. An Optimizer action consists 
of making changes to one or more parts of the scenario document. 
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For example, wait time reduction by load balancing changes role assignments, 
and idle cost reduction changes shift assignments; both affect the resources sec-
tion. Altering activity durations affects the activities section and setting work item 
priorities affects both the resources and the arrivals sections. 
After each Optimizer action the altered scenario is simulated; the generated log 
event stream is analyzed and the results published to a set of database tables. 
From those tables the Optimizer’s analysis part extracts the data structures that 
feed all Optimizer routines. There are mainly four kinds of data. 

• Step data: accumulated wait and perform times (gross/net) and costs for 
each step per each significant work item attribute (workflow relevant data 
field of the work item). 

• Execution path data: identifies the process paths for individual work 
items and accumulates step wait times, perform times and costs along 
those paths. 

• Productivity data: utilization (busy, idle) for each resource accumulated 
during the core analysis period set by the Optimizer user. 

• Timed Sequence (TS) data: durations, gross and net, for each Timed Se-
quence per work item. 

The data may be averaged over several simulations to balance random effects. 
The following table shows which data the different Optimizer functions employ. 
Table 1: Data Employment 
Optimizer Function Simulation Data Employed 
Activity wait time reduction through 
resource load balancing 

Accumulated wait times; (Critical) path 
analysis; 
Resource utilization (accumulated 
busy/idle times) 

Adjusting of activity perform times (Critical) path analysis 

Idle cost reduction by adjusting re-
source quantities and shift assign-
ments 

Productivity (accumulated busy/idle 
time) 

Monitoring Timed Sequence durations 

 
There is a special Auto Optimizer mode of operation that allows running the Opti-
mizer on a given workflow scenario without user interaction. All the user has to 
do is to specify a ‘strategy’, a set of preferences and parameters, and then push 
the start button. 
The Auto Optimizer puts the various components of the Optimizer into one, orga-
nized whole – a conceptual map that allows the user to get around in the maze of 
possibilities and approaches and to develop strategies for reaching specific goals. 
In the sequel we use the Auto Optimizer as a vehicle for discussing the Optimizer 
functionality. 

THE AUTO OPTIMIZER 
The Auto Optimizer comprises most of the Optimizer features. There are two main 
groups or general goals that may well be in conflict with each other. 

• Reducing activity wait times caused by workforce shortage (improving per-
formance). 

• Reducing unnecessary costs caused by workforce abundance (improving 
productivity). 
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Wait Time Reduction (Bottleneck Analysis / Critical Path Analysis) 
Wait time reduction [2] is a core function of the Optimizer. Wait times at activities 
are caused by the lack of resources needed to perform an activity at the time a 
work item arrives at the activity. The Optimizer ranks the activities according to 
their accumulated wait times. The top one is considered the current bottleneck 
and its performer (bottleneck role) indicates the skill or resources of which there 
seems to be a shortage (bottleneck resources).  
The search for bottlenecks may take place among all activities of the workflow or 
it may be restricted to a certain subset of activities: the current critical path or a 
timed sequence selected. 
The Optimizer knows three ways of dealing with bottlenecks. 
Role Removal (Specialization) 
Bottleneck resources (i.e. resources that play the bottleneck role) may be set free 
to focus on this type of work by removing other roles of their role assignment as 
long as those roles can be played by other, less busy resources. 
Role Addition 
A bottleneck resource may be complemented by other, less busy resources that 
play roles ‘similar’ to the bottleneck role and may take over the bottleneck role, 
e.g. after some additional training of staff people. There are currently two ways to 
find such similar roles and their resources: 

• The Scenario Document may list explicitly possible complements for the 
bottleneck role. For example, we say – for mere demonstration purposes – 
that  

 <RoleComplements> 
      <Complement Name="Registrar" CanDo="Discharge" /> 
      <Complement Name="Lab" CanDo="XRay" /> 
 </RoleComplements> 
    

• There may be a systematic similarity between roles based on the syntax of 
their names.  

For example, NorthCal:Appraisal and SouthCal:Appraisal are two roles of the Bank 
Loan workflow. They are similar in as far as the required skill – creating an Ap-
praisal Report – is the same; the difference is only with respect to the region – 
NorthCal respectively SouthCal – from where the loan application originates. 
Resource Addition 
If load balancing between resources (role removal and role addition) can no longer 
help, there may still be ‘critical’ activities where the resources that perform those 
activities are unusually busy (‘maxed-out’). Then it may be in order to add re-
sources, i.e. hire additional workforce or buy more equipment. 
Excess Idleness Reduction 
While the first part of the Auto Optimizer tries to deal with the shortage of certain 
types of resources, the other part deals with resource abundance. There are in 
essence two ways of reducing excess resource idleness:  

• adjusting resource quantities and shift assignments; 
• increasing the arriving workload. 
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Availability Reduction 
In the first phase the Auto Optimizer tries to make the best use of the available 
workforce in order to improve the performance of the workflow system. Except for 
adding new resources if absolutely necessary, the actions taken have no effects on 
costs. The second phase, however, explicitly addresses cost issues. It is concerned 
with reducing costs for excess resources. 
The Auto Optimizer has a rather sophisticated algorithm for removing excess re-
source availability[3]. The – degree of – idleness of a resource is measured in 
terms of the time it is available for work and the time it is actually busy. The algo-
rithm tries to reduce resource idleness (idle costs). It looks at resources in de-
creasing order of their idle costs. Depending on the quantity and the idleness 
(time) of the resource at hand, it tries one of the following reduction measures. 

• Set resource quantity to the quantity really needed. 
• Try removal either temporarily by giving it Leave of Absence or perma-

nently, if it was added by the Optimizer itself in an earlier stage. 
• Try part-time work, possibly combined with the idleness of some other re-

source that can perform the same work. 
There are several details and particulars to the algorithm for reducing excess re-
source availability; for example: whether part-time work makes sense (is enabled), 
in what quantity a resource occurs, whether a resource is replaceable, whether a 
resource is on part-time already.  
After each action the altered scenario is simulated again. If no action is performed 
the next resource (ranked by idle costs) is tried until the list is exhausted. 
Workload Increase 
Excess resource idleness may indicate the capacity of the workflow system for 
accomplishing more work. This may be tested by increasing the arriving work-
load. 
Currently there is only one way of increasing the workload: the arrivals of one day 
are added and spread evenly over the period of arrivals. 
Productivity Index 
A simple productivity index and a fuzzy scale allow watching the progress of the 
Auto Optimizer. The index is the – possibly weighted – number of work items com-
pleted during the core period, divided by the sum of resource costs and fixed daily 
costs. The unit cost is defined in the Scenario document; default: $1000. 
Auto Optimizer Strategies 
Various parameters and preferences allow the Auto Optimizer user to define a 
specific strategy. Between sessions the settings are kept in the Scenario docu-
ment. On the Auto Optimizer panel the fields are grouped in the following way: 
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plied only as long as the backlog of unfinished work objects is not greater than 
the given limit (in terms of the average number of work objects arriving each day). 
After each step the Auto Optimizer may return to the load balancing phase of the 
wait time reduction phase. 
Reducing availability can be done by removing resources or assigning part-time 
shifts. Currently there is only one way of increasing the workload: the arrivals of 
one day are added and spread evenly over the period of arrivals. 
Productivity Index 
If priorities are defined for the work items, they may be used as weights in the 
number of work items completed. Fixed daily costs may be added for each work 
item. 

CRITICAL PATH ANALYSIS 
For Wait Time Reduction the Optimizer searches for ‘critical’ roles – skills required 
to perform ‘critical’ activities, i.e. activities that show large accrued wait times and 
hence indicate a shortage of corresponding resources. Here the term ‘critical’ is 
used in a rather loose, informal sense. In the realm of process and project man-
agement, however, there is also quite a powerful, formal meaning associated with 
the term. 
Critical Paths 
In project mythodology, the critical path is the sequence of work in all projects 
which, if identified and managed, always leads to success. Still, many seek the 
magical critical paths of their projects in hopes of making management simple. 
The word critical seems to cause this misconception about the critical path. It im-
plies pivotal importance, something crucial or indispensable.  
In Critical Path Method (CPM), the critical path can be defined in two ways: 

• The critical path in a project is the longest path relative to the time avail-
able to complete it. 

• The critical path in a project is the path with the least project time re-
serves. 

(Cited from [5], p.113.) 
The kind of projects addressed by Project Management techniques like PERT and 
CPM differ in two major aspects from the workflows that appear in a BPMS. 

• The project usually defines a single process like building a submarine or a 
power plant while a workflow defines a process that occurs many times, 
in parallel and in sequence. 

• The project usually knows only sequencing and AND split/joins for struc-
turing the set of basic tasks (steps). That makes it easy to define a path as 
a single start to end sequence of steps. 

A workflow, however, may have – in addition to AND split/join – XOR split/join 
and loops. Each single instance/occurrence of a workflow, i.e. the processing of a 
single work item, when looking at it from hindsight, has the same simple struc-
ture as a project. All choices have been resolved, all loops have been unfolded. 
Only the AND split/joins remain and create a non-sequential course of action. 
On the other side, it is the type of Split that affects the number of occurrences of 
the different paths in a larger set of work items being processed. 
Loops may increase the number execution paths indefinitely and – if they contain 
AND clauses – quite rapidly. The path analysis component added to the analytics 
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proval– in region Washington – is trained to do Underwriting Approval also in re-
gion NorthCal. 
If all possible load balancing had been depleted already, a new resource Op-
tim_1_(Gale) – a ‘clone’ of Gale – would be hired in the resource addition phase of 
the Auto Optimizer, as the average percentage of being busy of all resources that 
can do the most critical step is above the selected threshold of 90% (cf. optimizer 
settings, Figure 3).  
When Steps Are Perform Time Critical 
Currently the Auto Optimizer offers no way of automatically reducing the perform 
time of a critical activity. However, a simple right-click on the step row in the CPA 
step table opens a dialog for editing the activity’s properties, e.g. the perform time 
or a participant reference to specially trained performer. And in the table showing 
the activity’s resource situation, a right-click on a resource opens a dialog for edit-
ing its properties, e.g. its proficiency. 
Another measure may be re-designing the workflow such that the critical activity 
is divided into two parts performed in parallel. Though conceivable in principle, 
no effort has been made to program this kind of change of a workflow definition. 

SUMMARY, OUTLOOK 
The Auto Optimizer puts the Optimizer components into one, organized whole – a 
conceptual map. It orients the user in the maze of possibilities and approaches for 
optimization and helps developing strategies for reaching specific goals. 
There are a few unexplored possibilities worth mentioning. 
Activity wait time reduction has come up with two competing notions: bottleneck 
and critical. It seems that all may be based on critical paths and activities alone. 
Bottleneck search can already be constrained to the respective wait-time critical 
path. In many cases the most critical role (i.e. the top role in the critical activities 
role/resource table) is also the bottleneck role. And if not, the bottleneck may not 
be that critical after all, i.e. on a parallel branch with a lot of slack (time reserve). 
Currently the perform time of critical activities must be adjusted manually. This 
seems unsatisfactory, an unfinished business, and more research is needed. One 
option, for example, is to split a perform time critical activity into two parallel ones 
to allow for more work to be done in parallel. 
The Optimizer uses statistics about timed sequence durations to monitor the ef-
fects of its actions. Watching/monitoring throughput in terms of TS durations 
may seem rather ‘expensive’ (complex); workload/backlog and cycle times, how-
ever, are not fine enough a measure. The TS statistics could serve as an alterna-
tive way of controlling the Auto Optimizer: 

• High ‘goal satisfaction’ stops load balancing; 
• Low ‘goal satisfaction’ stops idleness reduction. 

Another unfinished yet quite promising business is the integration of some com-
mercial workforce management system. With unlimited availability of re-
sources/qualifications, a simulation run can create an ideal pattern of performer 
requirements. This pattern can be fed into a workforce management system to 
provide an optimal schedule for a given workforce. See [6] for an example of this. 
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