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Abstract

In this work, a lechaigue o fndepute the releiont aspects of
procesa modeding erd o simadation methoddogy o indroduced
providing with this o mome complete guide for the study of
orpanizational proceases, Onr approach is reinferced with the
description of ita stepa and the derclopment of a aupport toel,
Thir tood allows the automatic mapping of process models,
captured using Hole Activily Diagroms [RADs), to the input
fo o Disersts Fuent Simulador, fryping lo ooeid the ezt
effort in buillding fhe simulabion medels frotn sorateh, and
allpuing the evaluation of proposed procdas fmadel changes
i e infuenced by the rerults of o amulelton sfedy,  The
approgch @8 dlustrated with the soflware provess epgsmple
ISPW-f

Key Words: Process madeling, stmulahon, soffuare proceas.

Resumen

En este teabaie se indroduce wna lécnico gue dndegre foa
gapertos  relewandes  del modelade de procesas pon wna
metodoiogia de simulocidn, con fo cual a0 proves una guia
mas completa pora el esbudio de procesos srganizacionales.
Nuestro enfoque =5 meferzado econ ln descripridn de sus
pusoa y del desarrolls de wne herramienia de soporte. Fala
herramienta permite e mapes ouiomdlico de medelod de
processs, coptunedos con Dingramas Bol Achividad [RAD:),
a la entrmds de un Simulador de Fventos [Haeretos con asfo
trofanide de grtor @ eafuerzo eddma que se era oo cobe en
la conetruecidn de los modelos de simuwlacidn desde nado y
pertmitiendn com esto que loa resuliades del estudio de simu-
lecidn mfiuencien (o evaluaridn de [oe cembios propusstos a
Ins modelea de procesoa. B enfoque e dlustra eon of gjempla
del procean de desorrolle de softwore JSPUW-S,

Palabras Clave: Modelods de procesos, simulacidn, process
de aofirare,
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1 Introduction

Mowadays managers are making critical technical and
buginess decisions to improve their organizasional pro-
cesses,  LThese decisions are based on their undecstancd-
ing of the processes in the crganizations but assume that
these prowesses are ellicient. and well established and that
they are, in praceics, being executed. However this de
cision making can be unreliable if these assnmptions am
nedt enogresct,

Process mislels are used o docitmeant smd support proee-
dures in organieations in A copnsistent amd uniform man-
e, Sudh meodels aim both o ELUpport the an.u.!:m's of
an organization's processes and to aid in the detection of
fundamental problems in achieving the aims of the pro-
cess, A pood process model aims to addeess the three
important aspects in processss: Information Technology
[IT) support of the proces, soclal issues such as staff
training, culturs, ebe, and the process iisell {Kewsbek,
19K7; Warbiows et al, 1809). Here a process bs considerad
ns o group of related tasks, which aee performed by pen-
ple amel an IT system interacting together to achieve the
gonls of an organization. The purpose of process meduls
is to aid the task of addressing the problems found in
one or more of these aspects in organizational processes.
This could be through support for both making simple
changes or some radical redosign of the processes (the
two basic forms of process improvement), Unfortunately,
the models ourrently svailable need to address specific dy-
namic properties [the behavioral aspects, when things are
done) if they are going to be oseful in belping managers
to predict and undesstand the implications of change and
therefore akd o the making of hetter decisions,

Hammer and Champy (1994) describe how over 50 5%
of the companies involved in re-enginesring projects (in-
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novation of arganizational processes) fail to provide the
benefit. expected. One of the main reasons for these fail-
ures, given by several publications {Paul o al, 1998; and
its references), is the lack of tools to evaluate the [ -
designed) process performance before its implementation,
Otherwise, any mistakes arising from the re-enginesring
will only appear once the redesigned processes are il
mented, making them very costly and difficult to eorrect.
Thus, it B necessary to understand and nssess how the
process will behave when changes have besn made before
actually implementing them,

An ntegrated methodology or technique for the analysis
and improvement of processes should therefore include
a phase 1o address the advantages or disadvantages of a
new design or improved procesa. A simulation study ks
thus & key element that hes to be considered,

Simulation technigques are heing widely used to address
many different problems in such diverse aress as sclence,
enginesring, sconomics, ete. Simulation is in practice the
only means of studying situations where it is dangerous,
risky or expensive to experiment with the roal system, It
is alsn used to simulate systema that do not yet exist, to
check if it is fensiblo to build them or to try to improve
their design before they are built.

Simulation can also be considered s a wel for under-
standing the impact of change in organizations. It enables
a more dynamic approach to the study of organizational
processes, It can be used to model & current, & redesigned
or a not yet existing (for process design) process. In this
enanner the behavior of the process can be predicted and
analyzed. Simulation of such complex systems is a way of
promoting the understanding of current processes, and of
any proposed changes to improve their pecformance. Be-
cause of it% usefulness, simulation is usually considerad ns
an mtegral part of the decision meking process {Tumay,
1996), msssting in the prediction of the behavior of these
processes by investigating "what i questions, Theraby
facilitating the undemstanding of possible outcomes pro-
duced by change and verifyving the implementation of the
eystem with a simulation model.

Process modeling i growing in importance &5 an appli-
cation area for simulation, in particular in the evalustion
of the design and redesign of processes (process improves
ment], Even though simulation alone could be used to
capture a process and perform a redesign analysis, a more
detailed analysis of different aspects of an organizational
process has ta be carried out 'in'[l'.i.n]]'_l,". Features such &s
what activities are being performed (fonctional view -
activities well defined ), when and how are being devel-
oped (behavioral view - rubes of the process), whers and
whom in the organkeation are executing them [organim-

tonal view - responsibilities), and the entities prodiced
and/or manipulated by the process, their structure and
relations {informational view) (Curtis et al, 1892) have to
be analyzed to provide a complete process analysis. Some
information corresponding to the views is provided by the
process model [activities, responsibilities, rules, some en-
tities, ete.) and are not given by the simulstion model
(responsibilities, intoractions between agents, ete.). On
the other hand with the simulation model some details
such ns the roles (thmes) and entities are very well do-
fined. Therefore, the information provided by both mod-
els complements sach other providing the details nesded
for a good analysis of the process.

There is a clear increase in the application of siulation
tar the anabysis and design of arganizational processes aned
“we will continue to see the development of specialized
tools that are easy to use and focused on this application
domain™ (Pegden, 1967).

Prooess modeling can be wsed to analyzed static as.
pects of the process such as: duplication of activities and
documents, interactions between agents {communication
and coordination problems), responsibilities not defined,
analyeis of the IT which gives support to the process,
etc. On the other hand simmlation can be used to ad-
dress questions such as: What is the total process cycle
time?, How long do custormers have to wait before being
sarved?, What is the best way to schedule personnel?,
Dottlenacks analysis (location and timing for processing
them]), ete., (Gladwin and Tumay, 1994).

Thus, the application of simulation to organkational pro-
cessad s growing. However, although simulation software
his heen trnproved by simplifring the ml:u:l-a]:ing process,
it is still perceived as & complicated technology by most
managers and enginesrs (Harrel, 1996) and its poten-
tial has not yet been widely recognized in orgenizations
(Hlupic, 1988). A Benchmarking study performed by
ProScl (1987)(Hlupic, 1908), revealed from the analysis
of i) large internationsl organizations, who went through
process re-engineering, that less than 10 % of the com-
panies uead sny form of simulstion tools, Some posaible
explanations of why simulation is not being widely used
a5 4 tool for sknulating process models are {Gladwin and
Tumay, 1994; Lingineni et al, 1995): 4} There are jew
capabiiities for interfuang or connecting simulation soft-
ware and other process modeling tools, b) The required
exportime peceasacy Lo boild models with mest simulation
languages or software is very scarce, ¢ There i1 little sup-
port. foe analysis and the model design task, and d) The
need to use both, the domain expert and the simulation
analyst in the modeling process.

Over the past Frewr VESATS, NEw tocls have been developed
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for modeling crganizational processes bt mostly with-
out addressing, specifically, ther dynamic aspects. Most
of the tooks capture the description of the prooss with
a graphical representation (boxes, arrows, lines, ete),
which shows the activities and goals of the organizational
process. Many of these tools provide some kind of anal-
yuis of the process depending on the technigque (RADs,
IDEF, Worlkflow, ete.) wsed for the process representa.
tion, Most process modeling tools provide the following
characteristics. a)Process caplure, b)On-sereen naviga-
tion of compler procesa, o)Multiple views of the process,
d) Flezitle flow models (Bruce Silver Associates, 1907).
These features and the fact that most of these kinds of
tools are easy o use and comprebensible, have made
them profiferate.

However, few of them have bean integrated with any form
of simulation software| Kettinger &t al, 1997 Lingineni et
al, 1995). As a consequence, if an integrated analysis of
the organizational processes is desired, a dooble offort s
peaded in the modeling process, First, the process has to
be modeled in & process modeling tool, Then the analyst
or declsion maker has to start all over again from sceatch
and model the process using simulation software, even
though most of the process definition has already been
captured with the process modeling technobogy.

To date, littke has besn done in exploring the relation,
both conceptual and technical (technique and tood), he-
tween procesa modeling and simulation to facilitate the
anabysis, understanding and improvement of proceses.
The purpose of this work is to explors this Esue. We are
interested o providing 8 more integral approach to the
analysis of processes. That is, an approach which consid-
ers hoth the static and dynamic aspects of & process,

(hur main aim is to provide an approach to & more jinte-
grated atudy of processes by means of unifying the pro-
ceas modeling and simulation approaches, We need to
be able to extend the understanding of processes, adding
to the usefulness of process models and simplifying the
creation of simulation models,

2 Motivation for our approach

Process modeling can be used to study different, aspects
of & process such as bow many discrete processes exist,
hew they relate to each other, how each proces om-
teibutes to the overall process objectives, who are the
processes owners, ete. (Manganelly and Kbein, 1996). 1t
is also ueeful Az & means for communication and for the
establishmedst of the process baseline, It helps the doc-
umenting of processes and in Anoding meonsstencies in

40

them. Process modeling technigues have fesquently beon
used to analyee, improve and change (re-engineer) orge-
nizational processes ( Kawalek, 1997 Wastell et al, 1964),
However there is a strong need to enhance the analy.
sis of provess models by introducing & technique such as
stmulation as an important part in the analysis and im-
provement of processes. As Kettinger ot al (1997) point
out there 15 a Ili.,p_'h level of paq-ti;:i'plujl;rn of non technicml
stall in the process change peocess [eapture, andlysis, -
provemeatt, redesign of processes and support], therefore
there is also the nesd for mose uses-felendly and batter
integrated process capture snd simnlation tools. Thess
packrges should be designed to allow team membears arsy
participation in process maodeling and improsement, sup-
ported by the visualization of the process by means of
simalation and anlmation: As a Arst approsch to this
kind of analysis, where process modeling and simalation
are nvedved, the study could be performed using inde-
pendent. tools for each aspoct. Nevertheless it would be
p-]'al:'m'abl.c il the two types of techniques are istecfaced
r.r_ugathla:r in & tool faclitating, with this, the generation
of the simulation madeds from the process mcdels,

Simnilation is a technique that provides different features
in support of a dynamic anabysis of processes. Hence, this
is & technique thet facilitates the decision making process
by carrying out different "what i types of analysis, a
tool for diecision making in the management of processes
and in facilitating their analysis,

A workshop was hald o present the results of both pro-
cess modeling and smulating of a case study 1o the UK
health (Martines, 1999). This workshop asked the health
practitioners to compare separate Process and Simulation
Models. The overall comuments were (Kay ot al, 1998):
“hiost Felt that process modsling was effoctive for come.
municating and that the documented process [moded) can
be accessible to more people”, “Most found simulation
easirr to nnderstand because of its Yisual representation
{process animation) and data mollection results {more in-
tuitive])”, *Most felt that both technigues complament
mach othec”, "Simulation gives n good overview of things
happening simultaneously”, "Process tncidels are clear
and give extra detaal", “Simplicity plus detail and focus®.
Thus, onee again the need for an approach and a support
tool which provides both, the process modeling activity
and simuletion mesdeling was clearly evident.

Hence, this motivated to further our research into the
integration of the two approaches to the study of organi-
aatbonal processes. Wi took the main steps of a process
modeling study, and complement it in the phase of anal-
yais with the key steps from a simulation study.
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3 Steps in a Simulation Study

In arder to perform a correct shmulation study it s nec-
essary Lo follinw a series of steps, the basics of which are
the development of a model, implementation, validation,
verification and experimentation with the model {Polla-
cia, 1988},
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Figure 1: A guide for a simulation study.

A puide of the elements, that hawe to be considerad in
a simulation study given by Law and Kelton (1991) are
ilhestrabed in Figure 1 and described naxt:

1. Prohlemn dﬂﬁnﬂinn ared pJ’m'lmn.q' i;r_f the simmndation
study. The prolilem most be well definad, meluding
a description of the system to be mpodeled and is
boundaries,

2. Data collechion. In ocder to determine the valoes and
probability distributions for the system parameters,
fenl data must be collected from the system woder
study.

4. Maodel apecification. In the model definition, it is nec-
essnry to represent aod describe the special features
of the systern (ohjects, their attributes, the aetivi-
ties of thess objects and the possible states of the
syaLesn ).

4. Model validatien. This step is the process of making

pure that tle model represents the real system to

a certain degree of accuracy and it can imitate its

behavior reasonably. It must be done during the

entire simulation study,

b. Modsl implementation and verificatlion, The lan-
guage or tool 1o implemaent the model in & computer
program is selected by the simulation modeler, Then
the abstract model is implemented in this language
or toal,

G. Design of simulation erperiments and analyrnis of
cubput deta. Some experiments must be designed o
observe the model, changing the initial values, model
parameters, inputs to the model, state variables, ate

V. Docurnent, present and tmplement resulls. It i
important to document the assumptions that were
made in the modsl, as well as in the computer pro-
gram. Heports on the simulation and recommenda-
tions on the results of ths most be dommented,

Simulation modeling s undamentally an terative pro-
cess, in e simulation study frst we model, experiment,
run the simulation and obseeve the reaulis, then we go
back to make the necessary adjustments or correctbong
in our model according to the results of owr simulations,
Thus, if these steps (simulation study) are taken aml nsed
together with a Process Modeling methodology in the
process analysis step then a more integrated view of the
proceas can be obtained.

4 Unified Technique for Pro-
cess Analysis and Improvement

(UTPAI)

The Unified Technique for Process Analysis and Improve-
ment [[ITTAL, consists of a combination of some process
modeling and key sbmulation steps. The idea is to take
further the static analyals provided by process model-
ing technbgques and combing it with the dynamic featores
inteoduced by simulation. In this particular case using
Discrete Event. Simulation {DES).

41



AL Martinez G B . Warboys, | Understanding the Dynamics of Process Models: A Unified Approach

e e I =
=
] P

,
i

- | =
¥ i h_F = ¥ i!;.; :-:'-u-
= oo, 3
1= =
SRR I - e\
o B e | :-\.E{ =
PRCT A P s o b GE T

Figure 2; Diagrammatic representation of the Unified
Technique for Process Analysis and Improvement [UT-
PAI). The diagram illustrates the the general and partico-
lar steps followed with this technique. General steps such
a5 process definition, medeling, snalysis, improvement,
enactment and support are represented. More particu-
lar steps such as proces clicitation and capture, process
modeling, preliminary process analysa, proess simuola-
tion, ete. are detailled. It also shows the corresponding
ourkputs in each step, such as documentation (reports)
and mplementation of models in 4 compuater systen.

'_I'hp. main steps of UTPAT together with the correspond-
ing documentation generated in each phase are llustrated
in Figure 2.

The steps are:

* Process Definition. This step involves the pro-
cess elicitation and capture. Here the objectives of
the process should be established together with the
identification of process owners and the intersctions
with other external processes, The first draft ver-
sion of & process model {without too much detail) ks
captured in A process modeling methodology.

* Process Model(ling). Once the process has boen
defined. The detailed modeling of the process should
b completed. This should include the modal using
& structure techoiques {e.g, RAD, RAD models pro-
comses in terms of Roles, the internctions betwean
thom and their activities) and their corresponding
support tool.

# Process Analvala. The proverss analveis involves
several sub steps. First a static anabysis of the pro-
cess model is performed. This & an analysis of the
processes and, the social and technalogical aspects
using methods or techniques from the Proces Mod-
eling area. Onee this analysis has been pecformed,
dedsions can be made as to whether the process
needs to be modified. Based on this decision a more
dynamie kind of analysis might be pq;l[l'l;q'nnd This
1!}':.|a.u|.i.l'.‘ mm.l:,rzﬂﬂ 14 pErEl:lrmm'l 1:].' means of a simu-
lation study {Section 3) of the process model. Ficst,
a simulation study of the “AS 15" process madel =
parformed, Then, simulation of different scenarics
of possible changes to the process “TO BE" (im.
provements). Finally, comparing the results in order
to evaluste the performance of the process model
Thus, experimenting with different conditions and
process definitions until a suitable process model is
found, In Section 3 & possible approach to & simula-
tion study is introduced, These steps could be used
and adapted in this part of the technigue, Although
this approach is not bound to any specifle model.
ing techubpues or tools, the kleal would Be 1o use &
cimilaned []:II.'LH'.'EH nu’h:hﬂinﬂ sl u'll:mll.hi:.:il:‘&-rl:l kol A
tond which facilitates the construction of the simila.
tian model from a process mesdel would eliminste the
double effort made by constructing the simulation
models from scrateh. Thus, the simulation study in-
troduced in Section 3 could still be used by skipping
soune of the steps such as model specification,

* Process Improvemnment. DBasel on the previoas
analyslE the process model could go through some
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small or radical changes, & redesign. The process
model changes also go through the analysis step.
This is to determine if the changes have really im-
proved the process pesformance before proceeding to
the following step, the enactment and support.

* Process Enactmoent and Support. When the
improvement of the process model & satisfactory,
then the enactment and support to the (new or re-
designed) process can follow.,

From Figure 2 it can be ohserved that the analysis and
improvement of & process i85 an iterative process, The
hl:ll!]-'u].ﬂ and simulation has to be pEl'E::lrmn,‘l mfter ALY
change to the process model o ocder G0 ensure that there
raally is an improvement in the real process, The outputs
that result from each process stop in UTPAI (Figure 2)
are also specified. These outputs are documentation and
implementations of some kind, They are brisfly described
next,

& Process Definition

— Process teztuel description. A description of
the process in textual form. This might inclhide
specific forme and some other kind of documen-
tation used in the process,

— Diaft of the proceas madal, The documentation
of the first draflt of the capture of the process

using a given process modeling meathodology.
¢ Process Model(ling)

- Process model,  Final version of the process
model. The process model document should
include all the disgrams from the different
representations used in the prooess modoling
methodology, including a diagrammatic repre-
sentation in structured techniques (eg. RAD
(Ould, 1995), ERADes - Extended Role Ac-
tivity dingrams for Discrote event simulation
to (Martinez, 1999)), and the documents and
forms used in the process,

— Process model in support tool. The process
model captured in & support tool for the specific
techniques used previously,

* Process Analysis

— Process analysis decument, A complete and de-
tailed report of the proces snalysis from the
pa'i_ﬁr. of view of Processes and ther social and
tachnological aspects. This will give the rels-
want information to dechds whetles the process
miodel peeds further analysia to determine if its
pecformances k8 siill satisfactory.

— Plan of the simulation study. This document

should specify the dynamic aspects (metrics)
of the process to be analvzed by means af the
study. Some of the metrics that can be analyed
ahout the transformation of entities are [Man-
ganclly and Klein, 1996): transit time (from
ome activity to another), waiting time (wait-
ing to be processed), service times ete.: Other
type of metrics can be related to the human and
technical resources needed [or an efficient and
effective process, ete. Also, if the study &= only
concerned with particular parts of the proosss,
this should be established in the plan.

Himulation model,  After it has been estab-
lished fromm the process analysis report that the
process needs further analysis and the simula-
tion study plan has besn defined, the simula-
tion mode] should be generated to perform m
study of the different dynamic aspects of the
process model such sz the timing of activities,
res0untes, eic.

Sitnedation sludy report. A report of the dy-
namic stwdy of the process model, The amm of
the study is to verify the process model per-
formance and compare the “as 5' and ‘to be'
processes, It b5 i this study that a series of
“what if” questions are carried out.

Process evaluation, This is a complete report
of the process model performance in general
taring. This = 'I..E]-l:'lll.'_n; ks aweeount the first kind
of analvsis (static) together with the simulation
atudy to decikde if the process needs changes or
if it i5 already performing satisfactory.

= Process Improvement

— New process medel,  If according to the pro-

cess analysis 1t s deckded that the process per-
formance is no bonger satisfactory, the process
model 5 modified. The changes in tha pro-
cess can be simple or radical. These changes
to the model, or the new process model, should
be documented and specified using the process
modeling methodology used previonsly to rep-
resent the original process,

Neiw Process mindel i auppart tosl The new
proces model shoold be captured in the corre.
sponding support tool,

® Process Enactment and Support

— Detasled provess model report. Beloce the pro-

ceRs enactment, a report docomenting all the
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details about the process should be well estab-
lished together with proposals for process sup-
port with IT and the socdal aspect.

— Process enactment and suppert. The implemen-

tation of the support for the process and for en-
actment of it.
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Figure 3: Elements of the Role Activity Disgrams and a
briel desceiption of them.

UTPAI introduces simulation for the study of the dy-
namic aspects of & process in the step of Process Anal-
ysis. Here the experimentation, statistical analysis (for
the initial confizuration and final analysis), and outputs
will degend on the process being anakyeed,

With this technigue, according to the type of process
study being pecformed, there can be more emphasis in
one o more of the specified steps.

To support UTPAL we deseriba how the two conceptual
domains (roles, activities, interactions, entities, servers,

A4

et} relate between them and the feasibility of a support
tool that connects both.

5 A possible supporting tool

In order to support our approach we developed a tool
(Figure 4}. (lur prototype integrates an existing pro-
cees modeling tool with & suitable simulation package. In
this way, we provide not onky a guide but abso the ole-
ments for o technology which supporta it leading to a
position where a more complete and aceorabe approsch
te the analyais and mansgemesnt of processes B8 possilils,
The approach vaed to teanaform Role Activity DHagrams
(RADS)[Halt 1983 Ould, 1995) to Discrete Event Simu-
Intion{Law and lelton, 1991 ) s generic encugh that it can
b uged i oo different context with different simulation
tocde. RAD is a structured technique for modeling pro-
cesses (its notation is illustraced in Figure 3), RADs fo-
cuses the process representetion on the comoepts of rmoles,
their interactions and their constituents activities, as well
a5 the connection with external events(Chuld, 1905}, This
technique allows for a comprehensive approach to rop-
resenting mest of the features of a process (goals, robes,
decisions, ete) and its notation smd concepts are easy
to understand with two minutes of instruction, there
fore [acilitating the communication and understanding
of the process to the people invalved in it (Miers, 1904),
With other techniques one can capture information such
as Inputs and outputs of the process, mechanisms and
controls applied when performing the activities (IDEFQ
(Humt, 1996)} but cannot capture roles, esponsibilities,
interactions and other aspects rebmmnt for an analysis of
the process. The rationale for the use of the RAD no-
tation are the facts just stated and its ability to map to
different paradigms without undue difficulty. The RAD
models can be easily enacted (implemented) by mapping
its alements to the programming language PML (Process
Management Language {Warboys, 1089). In this work
tho mpappang Lo DES will b ﬂtiilﬂIEd and ﬂﬂ"E‘]ﬂT-'ﬂ'] A
fow efforis have beon made at intecfacing prooess madel-
ing and simulation in a tool, however they use their own
nrganteational modeling techniques (Cory, 19496) that are
not easy to understand or others such as IDEF (Lingi-
neni ot al, 1095) that do not provide all the mformation
noeded in the static process analysis and ame not easy to
grasp by non technical staf.

In this tool (Martnez and Warboys, 1988), it is assamed
that process models have been captured in RADs. From
them, the DES models are generated for the WITNESS
simnlation package (ATET Istel, 1994; Thompson, 1585)
which supports modeling in terms of parts (entities),
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Figure 4: Processes, Role Activity Diagrams mnd Dis-
crete Event Simulation Models in terms of their main
concepts. From an existing process (tasks, goals, people,
IT) a model 5 captured in RADs {roles, interactions,
decisions, activities) and then mapped 1o its correspond-
ing simulation model [entities, servers, resources, quewnses,
u-l:l;_:l.

machines {HEH.I'H‘H-}, labsoairs {rﬂﬁl:n&&j, Taiffers iqlmm],
ate, In particular, the basie process Informationm B cap-
tured wsing the Process Modeller Workesntre [PRWW, de-
veloped by the Informatics Process Group of the Usniver-
sity of Manchester] in terns of RADs, The frst mapping
from its elements (activities, roles, decisions, ate.) to the
WITNESS simulation elements {machines, buffers, parts,
ete.] is pecformed [Figure 4), Beeause HADs are pot
time-hased, the technique does not identify the dynamic
properties or attributes of the activities that are needed
for the simulation. Thus, missing information (some sim-
ulation attributes such as cycle times, arrival times, num-
bor of instances for a particulsr element, ete.) for the ex-
perimentation is entered directly via the user interface af
this stage. However an extension to RADs that contem-
plates attributes nesded for DES (ERADes) is under do-
velopment and conld be wsed to gather all the information
neched from the beginning (Martines, 1986]. With this
information the mapping and the foal simulation model
can be generated in the notation of the WITNESS Input
Command Language. The model is generated to main-
tain consistency with the way in which the proces wis
captured in BADs, The model is automatically loaded
into the WITNESS environment and then basic simoala-
Eromn {ru.'n.‘l nni:m.rihi.un:l of the PrOCESs CAn b |.rE|'f|:|u1|:|.-ErI.

The prototype translates a static process model into & dy-
namic sicnulation model that can be used for calculating
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Figure b: Mapping om Role Activity Dingrams to the
elements of the Discrete Event simulation package WIT-
MNESS.

SEFVInE 1‘.|.1:||ER1 .ﬁll.ﬂ.]],".n'.'lll,g I:m:]enﬁd:.ﬂ:, e, Henoe the user
can then plan the similation analysis that s required in
a particular process contaxt.,

The overall structure of the systern devaloped has the fol-
lowing element= 1, Dasic Mapping, A first mapping of
the existing attributes in the RAD model to the WIT-
MNESS sirmmlntor cogde. 2. User Interface. The differsnt
mandeds do ot map divectly from one to the other [recall
that there is a lack of timing related Information on the
RAD model] and the extra attnobotes nesded for the sime-
ulatbon model need explicit capture. The missing infor-
mation in the RAD model is directly ioput 5o that there
is a more complete WITNESS model at the time of the
second mapping. 3. Complete Mapping. After adding
the missing nformation we have a complete mapping snd
henee a -|"..|:||u].1|E1.|°: model. 4. Automatic WITNESS Code
Generator. This is the final system.

From the annlysia of RADs and DES main conoepts,
a basic mapping between the clements of both models
was established, Essentially the elaments of the RAD
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model: roles, activities, decisions and interactions, were
mapped to entities (parts), resources (laboiirs), servens
(machines), and gqueves (buffers) in the smulation model
[Figure 5].

5.1 Ewaluation

The svaluation of the prototype was performed inttially,
with simple models to check the consistency of the map-
ping and the simulation model. Then further evalustion
was made using more complicated models such as the UK
health sector case study (Martnez and Warboys, 1998)
and the ISPWE example (Kellner et al., 1950),

The approach adopted here is llustrated wsing the soum-
ple process developed at the 6th International Softwarn
Process Workshop (ISPW-6). The process is imtinlly rop-
resented in RADs, which reflect the real working process
of the development of software in an organization. Then
from the RADs, a DES model is automatically gener-
ated to perform "what " experiments and the analysis
of some metrics for the planning, understanding, conteol
and operational management of the process during & por-
tion of the life cycle and the devalopment project. Some
typical kinds of analyeic that can be performed wsing the
simulation model are cycle times, staffing requirements,
rework effects, coordination [task depondency) of subpro-
cesses and bottlenecks (queue lengths) in particular arens
of the process.

The prototype performed sn adegquate mapping, which
has one important feature in this prototype, this is the
fact that the strmulation model retains the same structure
that was established in the process moded (Figures 7 and
8). This avoids making the model more complicated by
having to make abstractions of a different: kind and clearly
facilitates the understanding of the simulation model by
those already [amiliar with the process model as repre.
sented in BADs, Thus, the modeler can concentrate on
the experimentation and the facilitating of the communi-
cation process, We have constructed a simulation model

oriented to roles,

This prototype does not sutomate the experimentation
process, This is very specific to the application domain
and the process owner. The mAanager Or process ownes
needs to plan & proper simulation study sccording to the
specific domain and activities for investigation {ie for
process improvemnent or redesign) and following the UT-
PAI stepa.

The mapped simulation model reproduces the behavior of
the process initially model captured using RADs. When
running, the simulation advances through the activities

(events) in & compressed time, animating the RAD pro-
crss model. This gives a general overview of the impor-
tant aspects of the process which are occurring simalta-
nepusly, In contrast with the static RAD process model,
it Is possible to view multiple instances of the process act-
ing together, and thus allowing simulation studies, which
will peflect more closaly the real process, to be performed.

The metrics that can be investigated with the simula-
tion model are: cyvele time, staffing requirements, rework
effecta, wailing times, baktlenecks, nnd coordination of
subprocesses.  Soine expeciments were pocformed with
the ISFW-G process example, in order o investigate how
easy these metrics could be studied given a generated
simmlation mesdel,

f.1.1 The Example Process ISPW-6

The example process B of a nominally genserie pro-
cems eommonly found in organisatbons comcermed with
the development and maintenance of software systems
{Bruynooghe at al., 1994). The focus is on the activities
mesocinted with changes 1o particular units or modules
which compose a single software system. Information re-
lated to the participants’ skill levels is not provided, The
main focus B o the process jtsell and it is [adely well
chefined o o bextoal narcative form. 18 describes easch
task Lo be pecfocied topether with their inputs, outputs,
responsibilities and constraints,

The roles and interactions of the process were captured
in RADs[ A brief description of the RADs' main elements
was given in Figure 3) The role interactions disgram in
Figure & illustratos the complexity of the process, In
particular it depicts the ISPW-6i mmre problem proocess,
which is a relatively restricted part of the software changs
process [Kellner at al., 1990).

The RADs of the ISPW-6i process exaumple are shown
in Figure T and a brief description of the rmle activities
[ollorwes:

# Schedule and Assign Tasks, This is the first
step carried out in this prooess. It imvolves creating
a schedule for a soffware change and assigning the
tasks to specific members of the staff. This schedules
the Modify Design and bModify Test Plans tasks.

» Modify Deslgn. This involves the modification of
the design for A partioular code unit as stated by
the requirements for the change, Ths can alko be
modified ms defined by the feeslback bom the peview
of the design,
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ESPW-6 PROCESS EXAMPLE

Figure §: High level Role Interaction Diagram of the soft-
ware process escample I5PWAG,

# Review Design, Here the formal review of the
modified design is carried out. The review outcome
can be: unconditional approval, mincr changes or
major changres recommended,

L] Mﬂdiﬁ" Code. This involves the il:lphﬂluﬂﬂnﬁm
of the design changes in the current oode together
with the compilation of the modified soures code into
object code. This can also be modified through to
the feedbnck from testing (if additional modifications
are recquiresd),

*# Modify Test Plans, In order to include the test-
ing of the capabilities given by the change of require-
ments. Modification of the test plans and objectives
are carried out,

» Modify Unit Test Package. Here the modifi-
cation of the current umnit test packnge for the af-
fected code unit & carried out according to the new
test plans and objectives. This can also be modified
through to the feedback from testing (if additional

modifications are required].

® Teat Unit. This volves £lee application of the anit
test, package to the modified code and the analysis
of the results. If the souree conde pesds moore modif-
cabbons, the undl tests also weed to be furkher modi-
fhisd. Onee the modifications have besn cacrped ont,

T Resouroe
(Unita) | Allocation
{Labours)
Modify Design 1 E]
Review Design | 1/4 il
Modily Code I 3
Test Unit 1/4 o]
Muodify Unit
Test Packagn 1/2 2
Modify
Test. I'lans 1/4 2
Sehedule rnd
Asalgn Thsks 1/8 1
— e

Table 1: The initial walues assumed for the start of the
simulation of the ISPW.6 process example. The units
of time correspond to ench one of the subprocesses and
are kept fixed during the simulasion, The sumber of hi-
man resources are thes changed in order to perform some
rxperiments with the sirmuslation model,

the unit can be re-tested. IT the unit passes its tests
with an acceptable level, then the example process
has been completed.

When interacting with people to develop & model of the
process, the stal invalved in is execution can identify the
activities that bave to be performed, Thus, the process
can be captured in terms of these activities, the roles
and the interactions carried out. However when simple
data related to the timing of the process 8 required, it
B not &g ensy. In order to have a reliable and real sim.
ulation model, the data should reflect the actual process
as closely ms possible, The simulation models were genes-
ated with reasonable approxcimate times, Thus, the anal-
veis of the expariments was nol exhasstive in statistical
terms. However a global analysis of the sample processes
with respect to their crifical sactivities was possible.

Or assumption for an initial process configuration, tim-
inmg amd resoacree allocation For the sioulation, for esch
cne of the roles involved in the proces is illestested o
table 1. This table shows the total units of time for
each subprocess, In this case the “Modiy Derign®™ and
“Modafy Code” take the longest, 1 wnit of time and also
these roles are being executed by the bigger oumbser of
human eesources, J labours. The values on table 1 ame
used Lo pErEl‘.'lt'l:n the based stmunlation of the sl and
then some experiments changing 1he number of human
resowrces are performed. The seperiment conoentrated
o the analvais of bottlenecks due to the affect of rework
(such &z in the reviews of the design, the test unit plack-
Age, ete, ), the [eek of coordination in some interaciions

q7
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ISPW-6 Process Exsmpie
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and the finite number of resources available to perform
the process activities. In particular we can absarve
the queuing effects in the “Modify Design role, activ-
ity 2 (time series graph in Figure 8) dus to the re-
work originated from the interaction with the “Rewiew
Design™ role, As the number of resources allocated to
the “Modify Design” subprocess and particularly to ac-
tivity 2 is increased, the queue decreases significantly.
This same effect ocours when the review policy of accep-
tance/rejection of designs is changed so that more designs
are accepted without corrections. The starting pelicy is
one where the number of designs accepted with minor
corrections 8 bigger than the number of rejected or ac-
ceptad designs without corrections (this last being the
amallest of the thres),

An interesting point is the coordination of activities
within subprocesses. In this case two sctivities where
bottlenecks are formed because of the lnck of coordina-
tion betwesn subprocesses are, “Modify Unit Test Pack.
age, activity 3 and "Test [nit®, nctivity 2 (time series
graph in Figure 8). Theee two are activities which in
order to continue, need two different documents arriving
from two different subprocesses, It & evident that one
of the two subprocesses feeding each one of these activi-
ties is taking longer to be performed their work than the
other. In the case of "Modify Undt Teat Package” activ-
ity 3 the process causing the bottleneck is the interaction
coming from the "Modify Design™ role. That is, the re-
ception of the modified design. Since the modified test
plans arrive first, there is 8 quews of them waiting for the
corresponding design. The “Modify Code™ rale = ales fod
by “Modify Design”, however the previcus effect does not
occur as the only document needed in “Modify Code” is
the modifled design,

The “Test Unit" role interncts with both the “Moadify
Code™ and “Modify ['nit Test Package”. The experiment
carried out with the nitial configuration shows a bottle-
neck caused by the interaction coming from the “Moadify
Code role (the reception of the modified cods, activity 2).
This is due to the fact that the “Modify Code” subpro-
cess takes longer to perform then the "Modify Unit Test
Package®, As the number of resources (labours) for the
“Modify Code” role is increased the queuing effect dis-
appears. Ancther point highlighted by the smulation is
the effect that the “Modify Design® subprocess has on the
complete process, Experiments were made increasing the
leve] of resources (labours) assigned to this particular role
and the results were very interesting. The labours wers
inceeass up to 5§, but changing the assignation of them
s that there was always one or more resouroes free to
perform other activities when activity 2 of this role was
being executed. This, In general, made the process more

effickert since, as the number of resources parforming the
“Modify Design” role was increased the overall p:rhr—
mance of the process increased, However something very
peculiar happened in the “Test Unit” role. In the case
when there is a free resource (labour) to perform the rest
of the activities and three labours assigned to the main
uFtlﬁmr {modify design, activity 2), then s the simula-
tion established, the quening effect. in activity 2 changes.
The queue that was caused by the interaction coming
from “Modify Code” disappenrs and a queue forms as a
consequence of the interaction coming from the “Madify
Unit Test Package” (the reception of the modified test
package).

The resouree utilization was consistent in the experi-
ments, the resources assigned to the *Modify Design™ role
were the busier, followed by the “Modify Code”, "Mod-
ify Unit Test Packoge”, “Review Design”, “Teat Unit”,
“Schedule and Assign Tasks® and the lastly the “Modify
Test Plana™. With this kind of analysis Important ar-
ens of the process which are candidates for redesign and
tnprovement can be dediesd.

5.2 Overview of the tool

Even though both approaches, process modeling and sime-
ulation, are concerned with similar issues, the type of
information that is gathered for the analysis and repre-
sentation of their models is quite different. AADs do not
capture some of the basic information needed for o sta-
Listical analysis of a process because they are not time
based. On the other hand the simulation model dees not
contain information concerning goals, responsibilities, in-
teractions, ete that should be analyzed to perform pro-
cess improvement, (Ooe advantage of combining process
capture and simulation, la to incresse the probability of
the automatic generation of & simulation model from &
process model whilst retaining the structure of the initial
process model. This provides the capability for initially
generating a RAD model of an abstract view of the pro-
cesm and subsequently adding refinement of the model
a5 more information about the process is being defined
or obtained (Bruce Silver Associates, 1997), Thus intro-
ducing more, but appropriate, complexity to the process
el

COmeoe this detail hierarchy has been obtained it can be
nsed to examine & large model in terms of epecific sim-
nlations of behavior at chosen parts of the process. The
RAD notation allowing for the development of an easy
to understand mode] and the simulation mn.hli,n! the de-
Lailed J.I'l.ﬂp-Ei:LL':m of B-p&dﬂ-l:' parts of the Prooess, The=
combination of the two allowing for a more structored,
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Figure 8: Representation of the ISPW6 process example in the Discrete Fvent simulation package WITNESS,
where it Mllustrates one of the possible states of the system when it is being simulated. The boxes a]:.nt-!r how 1.Im
mapping maintaing the same structure of the process representad in Role Activity Diagrams and the time secies
geaph illustrates some of the quenes forming during the simulation of the process,
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and considerably, cheaper approach to the simulation of
very large processes. Rather than produce expensive sin-
gle level simulations of total processes we percetve the
Jomt approach, as illustrated by our prototype, allows for
& refinement. approach to systems simulation. Essantially
this combines the advantages of abstract models, using
the RAD technique, with the adwmntage of similation of
very concrete models to investigate specific process baot-
tlenecks porformances,

From the experience obiained [rom the devedopment of
the tool, we can ldentify the nesd to modily the RADS
representation in order to introduce all the necessary dy-
namic attribtes at the time of capiuring the proocess
for the generstion of a complete simulation moded. This
extensions have already been made{ ERADES, [ Martines,
1999)). The key is cleacky to introdues the extra seman-
tics in such & way as to not losz the clarity currently
associnted with the RAD notation.

6 Conclusions

We have introducesd] and described a mose integrated ap-
proach towards the understanding, analysis and Improve-
mant of organizational processes,

We defined a technigque thal unifies the use of proces
modeling and simulation (UTPAL]L UTTPAL combines the
main steps of & prooess modeling methodology and adeds
to the phase of analyvsis the use of & dynamic approach
by means of a simulation study, Thus, enabling a more
integrated view and analysis of the proces, includiog the
behnvioral mapect,

UTPAL is a peneric technigque for process analbysis and
improvement. It provides a more complete approach, by
adding to the socio-tochnical and process Analysis the dy-
namic aspects, The last being an important and relevans
aspect in the decision process for the redesign and im-
provement of & process.

UTPAL has not been specifically bound to tools and
methodologies. Thus, when performing a process study,
an arganization could doose their own, However in o
particular work, for the modeling of the process the P
methodology (Warkeys et al, 1900) which provides in-
formation of whal interacts (model od the system), why
{model of the objectives] and the goals are achieve [the
RADs (model of the method)]) has been used, with our
main interest 1o the RAD notation. OPM has heen wsed
in conjunction with DES wsing o commercial tool that
supparts this approsch (WITNESS). This combination
of toaks, methodologies and techniques gave very promis-

ing results.  We developed a prototype tool that gen-
erates simulation models (in WITNESS) automatically
from process models in the RAD notation, bat the con-
ceptusl description of the mapping can be uselul for other
sort of simulation tools, Thus avoiding, the double effoct
of buillding the simulation models from seeatch. This is
one of the major problems that we seck to address pro-
viding the [easibility of building a tool to support UTPAT
in the analysls of more complex contexts. Ohr case stody
does mot use all the steps of ITPAL pevertlaless il es-
tablshes the bases of the kind of analyels that can be
performed and the ides of & support tool for one of the
phases of UTTAL

Frovess modeling and simulation grouped together pro-
vide more information on the different aspects of A pro-
crss refinement, than any single technigue, and in general
they complement each other very well,

IMost, simulation tools cannot capture abstract processes
that have not vet. beon defined in greas detail (informa-
tional aspects for example), Instesd all the process de-
tails haer to be modeled before implementing the process
i the strmulation Locl, One advantage of combinlng pro-
ceay captire and slmulacion s the automatic generation
of & shmulation model from a process model. This com-
himation provides the capability for initislly generating
a misdel of an abstract view of the process and sobse-
quently adding refinement of the model, On the other
hand the process model static representation provides us
with information to perform the proces analy=is and in-
provament such as problems with duplication of activities
and information, responsibalities, coordination and com-
munication and the hasis to develop process support. with
IT such as workfiow [functional view] and information
systens |informational view),
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