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Abstract. So far the traditional process modeling langudges found a lim-
ited use in the hospital settings. One of the neadg®hind this delay has been
the lack of clear definition of the sequence ofvitiés that are carried out in
the hospital. We propose a new modeling language (@ofile of UML Class
diagrams) that captures all the useful features fvarious UML diagrams and
can be used in modeling of the hospitals. Basechemiodeling language, we
have developed an easy-to-perceive graphical dapguage, which allows the
physicians to retrieve directly from the variousspital databases information
they need to better understand the flow of clinralcesses.
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1 Introduction

In 2002, the management professor and renowneamBtter Drucker stated in his
book “Managing in the Next Society”, that “healtare is the most difficult, chaotic,
and complex industry to manage today”, and thaththepital is “altogether the most
complex human organization ever devised”. Sinca,thespitals have made advances
in implementation of the promising health infornoatitechnologies (HIT) in hopes to
achieve major healthcare cost savings, reduce mieglimors and improve health out-
comes [2]. Unquestionable and measurable has hegositive impact of the HIT on
patient safety, quality and continuity of care, dahe patient empowerment [3.4]. So
far however there has been little evidence thatempntation of the HIT is leading to
health care cost savings [4]. One of the reasonshfs lack of impact by the HIT
likely lies in the complexity of the business pregs®wnership in the hospitals.

While both the management and support processedirely controlled by the
hospital management, the main operational clingralcesses which constitute the
core value production of the business has gendpaky owned by the doctors. Since
medical professionals and not the managers caenultimate responsibility for the
patient's outcomes, the management has a limitattaoover the doctors’ individual
bedside decisions. Therefore, a more profound w@roent of the doctors in trans-
forming the processes within their health care oizgtions has been widely regarded
as a factor that is critical for their success [5This is particularly true considering



the fact that up to 85% of all the spending in tieahre is directly or indirectly con-
trolled by the medical professionals [9].

In contrast to the professional managers who hageived an appropriate training
and control the administrative resources (e.ggiafg dedicated business analysts for
extracting process knowledge from the increasinguarn of digitally stored data),
doctors so far have benefitted to a much lessereddgom these advances in HIT as a
tool for better understanding of the patterns aratesnic consequences of the clinical
decisions they make. The goal of our research etelop a business model-based
method for hospital use which would allow doctoosrétrieve directly the ad-hoc
information from various hospital databases whicheeded in building their process-
oriented knowledge for their managerial roles.

For better understanding, we broke down the tas&cbfeving this goal into two
steps. First, we developed a new domain-specifiguage for hospital modeling
which allows doctors and managers to visualizehthepital processes (see Section 3).
Subsequently, based on this modeling language, evelapbed an easy-to-perceive
graphical query language which permits retrievipgcific information needed for the
analysis of a particular clinical process. The guanguage described in Section 4 is
considered to be the basic added value of thisrp&meevaluation of our approach is
given in Conclusions.

2 Related Work

In recent years business processes in hospitaés heen studied for the applicability
of modeling methods used in other industries. B@ale, there are published re-
ports of successful usage of BPMN for describing tfinical process for strictly
selected group of patients with a specific diaghasioncology [10] and the process
in selected department for pathology investigatifiis]. However, there are also
reports suggesting that application of BPMN isidiftt in the specific domain of
health care, since the nature of health care psesdas a multidisciplinary hospital is
inherently complex [12], and that has been theshalsib for the domain-specific mod-
eling in testing [13].

There are works on querying the descriptions ofatiiginess processes without the
underlying data, e.g., work of Beeri et.al. [14hexe the visual query language BP-
QL has been introduced, and the BPMN-Q languagévimd [15].

Beeri et.al. [16] went a step further by introdgcthe BP-Mon — a query language
for monitoring business processes, which allows ubkers defining the monitoring
tasks and retrieving their associated reports ihsualthough the language is simple
enough for IT specialists, it is hardly useabledbgtors in the hospitals. For example,
the specification of reports (retrieved data) reegiknowledge about XML.

Beheshti et.al. [17] introduced a process mining @nerying methodology, where
data are acquired also from the information systEnese data are calléi/ent Logs
and are grouped intolder nodes- a similar concept tslicespresented in this paper.
However, the query language is itself based on SPIARaking it impractical for a
broader use by the hospital staff.



3 Hospital Modeling L anguage MEDM OD

The most-widely known general purpose modeling lagg UML offers at least three
different types of languages, whose elements carsée in hospital modeling.

The first one — UML Activity diagrams (and also tBEMN diagrams) — describes
the sequence of activities to be performed. Howets kind of language cannot be
directly used in the hospital domain because ofldhge degree of variations of the
order how doctor execute various treatment proedurhe sequence of the activities
can only be partially defined here. On the otherdhaertain procedures have estab-
lished protocols and well-defined sequence of &gy e.g. registration of the pa-
tient, or anesthesia used in performing certaiedypf procedures, and these are suit-
able for analysis using the UML activity diagranmhefefore, while the activity dia-
grams can be used in describing some aspects diotg@tal operation, they are not
applicable for the entire process.

The second type of diagrams are the UML Class diagror ontologies (they
largely differ in only one aspect — the former usksed-world semantics, while the
latter exploits the benefits of the open-world setica, e.g., see [18]). This type of
diagrams is very convenient for concept modeling,i® not oriented towards model-
ing the activities. UML allows however perceiving activity, e.g., X-ray investiga-
tion for a patient, as a class. Instances of thisscwould then be defined as certain X-
ray investigations used for specific patients. Rertin this paper we will make an
essential usage of this type of classes.

The third type of diagrams is UML Use-case diagramisich combine the ele-
ments of the class and activity diagrams. Theyril@sactivities called use-cases. It is
also stated that use-cases can be perceived agglaghose instances are concrete
executions of these activities. A very useful aspédhe use-case diagrams is their
capability for interaction between the use-caseh wktending the activity by calling
another activity. In other words, the extensionnpenechanism in the use-case dia-
grams makes it possible to describe specific coflvars having a guard condition
(the extension point name), which are executedndutie current activity instead of
waiting for the activity to complete. This featusa’t present neither in UML activity
diagrams, nor in BPMN, but is very pertinent in ttase of hospital modeling. At the
same time there are no ordinary control flows ie-case diagrams, because use-case
diagrams are a priori dedicated to describing aédridevel functionality.

This all led us to think that a special domain-giiemodeling language is needed
for hospital modeling, which would borrow the maseful features from class, activi-
ty and use-case diagrams. We have developed slactgaage called the &bMoD.
Formally, we can define the B®8MoD as a profile on UML Class diagrams as can be
seen in Fig. 1 (OCL constraints definingesMMoD more precisely are omitted here).
We are however describing the language on exanfpées Fig. 2) for its easier per-
ception by the domain experts (doctors and manpagers

Let us now describe the elements ;DM oD in more detail (see Fig. 2).

Activity._Activity is the central element of theEdMOD language and denotes a
task in time having a start and end moments. Secadlgtit is related to the Action
element of UML Activity diagrams. Examples of Adtivare seen in Fig. 2 depicted
as yellow boxes with rounded corners.
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Figure 1. The UML profile defining thelEDMOD language.
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Figure 2. An example of MEDMOD process.

From the linguistic point of view, we divide Actfigs in three different categories
based on how the Activity name is formed. The fiygte of Activities is the most
common one and conforms to the simple presentiktigdform — “Doctor sets diag-
nosis”. The second type of Activities is formedpassive voice and used in cases,
when there can be different consequences to soewops Activity leading to exe-



cute one of different outgoing flows from it — “lRatt admitted to hospital ward”. The
third type of Activities refers to a greater prazegth some given name, which then
serves as a hame for the Activity — “Clinical presén ward”. These naming conven-
tions are, however, only guidelines for users @ngaand reading the BbMoD dia-
grams and they are provided for better comprehansidhe process. The visual ap-
pearance of Activity does not depend on its lintiype.

Activities can also have attributes of five priméi data types — Integer, Real,
String, Boolean and DateTime. These attributeslmspecified for every concrete
Activity at diagram creation, and different values) be assigned to these attributes of
concrete instances of the Activity at run-time.c®irthere are very detailed codifica-
tors in the medical world for coding every procegudiagnosis or other attributes (see
Health Level Seven International, the global autii@m standards for interoperability
of health information technology [19]), we alsooall using enumerations as data
types. For instance, the Activity “Doctor assigmeqedure” has an attribute “proce-
dure_code”, whose values come from the enumerghicode” (see Fig. 2).

Exactly one of the Activities of every sdMoD diagram is denoted as the Master
Activity meaning that the execution of the diagratarts with this Activity (there can
be no ingoing arrows to this Activity). Master Adty has a slightly different visuali-
zation — a bolder frame (see Activity “Patient estine hospital” in Fig. 2).

Follows. This type of oriented relation can be establighetiveen two Activities A
and B meaning that Activity B can only start affestivity A has ended (the same
semantics as the Control Flow of UML Activity diagns). It is allowed for several
Activities to follow the same Activity — the XOR mantics is implied in this case
meaning that only one of those outgoing flows carekecuted. We denote this situa-
tion by introducing a new diamond-shaped graphétaient seen in Fig. 2. It is also
allowed to have several ingoing flows into an Aitivmplying the OR semantics, i.e.,
the following Activity can start executing when laast one flow has executed, and
several instances of that Activity can arise, ifesal incoming flows executes at dif-
ferent times. It is, however, not allowed to intnod several parallel outgoing flows
from the same Activity. We substitute the paratlieinching of UML Activities with a
more general feature, the composition, by introdgico called Aggregate Activities
and their parts — Component Activities that carxecuted simultaneously.

Composition. A composition between two Activities can be essdtad, if one Ac-
tivity (called the Aggregate) semantically consiefsone or more other Activities
(called the Components). It has an analogy withrétetion “includes” of UML Use-
case diagrams. We have borrowed the notation ébAtigregate part of Composition
(the filled diamond) from the UML Class diagramds@ a composition fork graph-
ical element can be introduced to collect the Camepts of the same Aggregate Ac-
tivity (seen in Fig. 2). For instance, Activity ‘iGical process in ward” consists of two
types of Activities — “Doctor assigns proceduretidBoctor sets diagnosis” (notice a
slightly different visualization — a dashed framéo+ Aggregate Activities in Fig. 2).
Each Component Activity can appear several timésinvthe Aggregate, therefore we
also allow cardinalities to be attached to the Congmt end of a Composition (the
default cardinality is 1).

Interruption. An interesting phenomenon relates the compositiomhat is the
semantics of a Follows-type relation going out frdm Aggregate Activity? It was



stated before that the Follows flow can executennte Activity A has ended. But
the Aggregate Activity can actually never endf iias at least one Component having
a cardinality, e.g., * (many). In this case the Aggate is constantly waiting for new
and new Component instances to born, and only $oroe from outside can decide,
when to stop the waiting process. We must thereftdreduce a new type of control
flow — an Interruption — stating that if there is @autgoing Interruption flow from the
Aggregate Activity A to some Activity B, it meankat the Activity A is suspended,
when the flow is executed (i.e., when the ActiBtyneeds to be started) meaning that
it can no more create new Component instancesa¢birereated Component instances
continues to execute normally). For instance, @ Eithe Activity “Clinical process in
ward” is suspended when the doctor decides to reithasfer the patient to another
ward, or to discharge the patient. The Interruptilonv is adorned with a jagged
“lightning bolt” arrow. Simple Activities can aldme interrupted in similar manner.

Extension. Extension is an oriented relation between two iiéis A and B mean-
ing that Activity B can be called at some time dgrthe execution of Activity A. This
feature allowing us to extend the Activity is alsorrowed from UML Use-case dia-
grams. The call is triggered, when some predefawulition occurs. The condition is
described as an Extension point name and attach#tetExtension. For instance, a
doctor can decide that a “second opinion is necgsgthe Extension point hame)
during the evaluation of patient's medical needghht case another Activity “Patient
consulted by second doctor” is called (see Fig. 2).

Using the four abovementioned elements, one canelafM=DMOD process serv-
ing at least two purposes: 1) the visualizatiorha$pital processes can help doctors
and management of the hospital in performing tteily tasks better; 2) one can use
the graphical process in order to perform queriegheir underlying real data. This is
one of the added values of this paper. To achiegesécond part of the goal stated in
the Introduction, we must first introduce a new aspt of a slice being exploited in
the next section. If we look at theEdMoD diagram from the process point of view,
we can notice that every instance of the Masteiviigtdefine a separate transaction
consisting of those instances of Activities that ba reached from the instance of the
Master Activity (these are called run-time instanae the process modeling world).
We call the set of all run-time instances withittansaction a slice. The basic assump-
tion we make here is that no two slices can evareshny common instances. It must
be notices that certain Activities can have seviasthnces within a slice (because of
loops and cardinalities of type “many”). We usdighdly different visual representa-
tion for this type of Activities for better percépt as can be seen in Fig. 2.

When the process is described, is it very importanthe doctor to be able to see
the run-time instances (both within a slice andr@ayeral slices) with their respec-
tive attribute values from different points of vie@ne idea here could be to export all
slices over some period of time to Microsoft Exaetl then use its features to analyze
the data. The main problems here arise from thietlfeat we can have loops and car-
dinalities of type “many” allowing several run-tiniestances appear for a concrete
Activity. Developing a non-trivial query for thisase may involve serious “Excel
programming” not being possible for a doctor. Tememe this problem, we have
developed a simple process query language thatsisdoon the process diagram that
needs to be analyzed.



4 Process Query Language

The Process Query Language (PQL) has been baskt:oklobD process definition
language. The purpose of PQL is to allow a doatberésted in clinical processes
querying (filtering) runtime data of hospital’'s pesses described usingeEbMoD. In
fact, a doctor should be able to ask questions“litew much did the Dr. Jekyll's
patients cost?”or “Which patients with Pneumonia had more than tweays?”.
This paper describes general ideas behind PQL aed dot touch any implementa-
tion details. We assume that technical problerks, the import of runtime data from
hospitals information system toBAM oD data structures, have been already solved.
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Figure 3. An example of Process Query Diagram describingspital operation.



Asking questions begins with choosing (opening) M&bMoD process diagram,
which describes the process under inspection, Biwgcto thefiltering mode (for
example by pressing on a special toolbar buttod)satting the time interval the doc-
tor is interested in. As a result, a new diagraRrecess Query Diagram is created.
It contains the chosen process description in tlE®@NOD syntax. In addition, every
activity node in the diagram has an indicator (the attabload showing the number of
instances irthe initial dataset- all slices corresponding to the chosen timerate
(see Fig. 3 — an example where the details desthibthis section can be viewed).

Now the doctor can undertake two types of actioshe- carset filtering condi-
tions or retrieve data. Setting filtering conditions can be initiated bglecting an
action node. Typically, the doctor can choose toasfiter on attribute values of the
node. The attribute can be selected, for examplelibking on it. There are several
options for filtering. The first filtering optionsithe comparison operations like
equals, greater thaness thancontains, begins wittetc. The actual list of operations
depends on the data type of the attribute. The gaimeiple has been used in spread-
sheet applications likMicrosoft Excelfor setting simple filtering conditions on col-
umn values. The typical filter input form has bebown in Fig. 4.

Set Filtering Condition 2]
age
| greater than ~| &0
AND CR

‘ Set Filter | |Cancel Filter|

Figure 4. Filtering condition input form — comparison op@aton attribute.

First, the comparison operation is selected (gmater than. Second, a value is
given. If the possible values can be retrieved ftomfixed list (e.g., HL7 codes or
doctors of the hospital), then the input form dfferlist (e.g., via a combo box) the
user can choose from. Following the simplicity pfeadsheet applications, only one
extra comparison operation is allowed here. Usey atose one of the following
options — either both conditions are mandatoryi¢migAND), or at least one of the
conditions must be met (logical OR). Thus, mosthef typical conditions, including
value intervals, can be given using such input fammthe process query diagram a
filtering condition appears as a label in the cgponding activity node. Thus, the
doctor is always aware of filtering conditions thawve been set. Immediately after the
filtering condition has been created or updateds @pplied on the dataset. The fil-
tered dataset contains all instances from thosessliwhich contains instances con-
forming to the filtering condition. As a consequenall data displayed in the diagram
(e.g., the indicators of number of instances) geated. The order, in which filtering
conditions are set, does not matter — they allappdied every time a new condition
has been added or old one deleted.

The second filtering option the data partitioning operations like gettingTop or
Bottominstances based on some attribute. Doctor mayoaskO slices, wherg¢otal
expensesire the largest. She should select the corresporaditivity and choose the
data partitioning optionThe filter input form is shown in Fig. 5.



Set Filtering Condition 2

total expenses

|ltop - | 10

|. Set Filter | |.Cancel Filter|

Figure 5. Filtering condition input form — data partitionilogeration.

First, the partitioning operation is selected (€Imp). Second, a value is given.
When the filter is applied, the filtered datasemtains only instances from those slic-
es, which contain instances with ten largestl expensesalues. It should be noted
that partitioning operations are applied on theaskit retrieved by applying the com-
parison operations. If several data partitioningragions have been set, then the result
is the intersection of slices retrieved by pantitig operations.

If there is a possibility that a slice may contaiare than one instance of the same
type (e.g., if there is a composition with a caatity “many” or flows heading back-
wards), then it is possible to set a filtering ctind on aggregate functions. The filter-
ing conditions may be applied to tBemor Averageof attribute values of instances in
the slice. The filtered dataset contains all instsnfrom those slices, which contains
instances of the filtered type having sum or avenague of the given attribute within
values specified by the condition. For example, dbetor may ask for those slices,
where averageostof “Procedure is executed$ greater than 100. Another option is
to set comparison condition on number of instangitsin a slice using th&€ount
operation. For example, doctor can ask for slickerey ‘Doctor sets diagnosishap-
pened more than once. Setting this condition mapitiated by clicking on the action
node itself (not on an attribute).

As stated before, there are two types of queryttgpmas — setting filtering condi-
tions and retrieving data. The former is explaiaddve. Now let us proceed to the
latter. Although the MDM oD diagram elements cannot be modified in PQL, ussr m
supplement the diagram with additional details. Plossible options appear in the
palette and can be dragged into the diagram, #ttisving data within the diagram.

The first option isthe time interval. It can be drawn between actions containing
date&timeattribute. The time interval symbol appears in diegram. The incoming
arrow denotes interval’s start activity and thegoing arrow denotes interval’'s end
activity. The interval has also a name. In fact,may think of a time interval as of a
derived attribute in the master activity of thecsliwhich is computed as the differ-
ence between interval’'s end activitsite&timeand interval’'s start activitdate&time.
Note that there may exist multiple interval valleause of multiple start and end
instances within the slice. To specify more prdgiske instances the time interval
should be measured between, a conditional expressay be used. For example, if
the doctor wants to measure time betweRactor sets procedureand ‘Procedure is
executed’for those instances, whopeocedure codenatches, she should supply the
conditional expression statirigtart procedure code equals end procedure codé”.
no conditional expression has been supplied, theririterval between two adjacent
(in time) instances of corresponding types is messuOnce the time interval has
been defined, it can be used in filtering condgion



An important feature is the possibility to add meds between instances allocated
in different slices, e.g., between patient's midtimppearances in the hospital. It
would requiregrouping of dices to be introduced. Grouping would allow merging
slices depending of some attribute values, e.dgems surname

The second data retrieving option is the sedgyfr egate functions, which can be
evaluated over the filtered dataset in order t@ioba single number as an answer to
the question asked. They at@ount, Sum and Average meaning respectively the
number of instances within the dataset, the suthefiven attribute values over all
instances in the dataset and the average of tiea gitiribute values over all instances.
They can be applied by dragging the selected fondtiom the palette to the corre-
sponding activity node (fo€oun) or to the attribute (foSumand Averagé. The
result (one number) appears on the diagram asdicator box, which displays the
computed value. In fact, the number of instancesamh activity appears in the dia-
gram by default. However, they can be also remdned the diagram.

The third possible option of retrieving data iEsa of all instances corresponding
to the selected activitypragging corresponding palette element to an agtinitiates
the display of all instances of corresponding typthe filtered (or initial if no filter-
ing conditions are applied) data set. They arelalysg as a table, where each row
represents an instance and columns represent ttiteut values. There is also one
special column containing slice’s ID the instan&tohgs to. Since it is possible to
display severainstancetablesat once, the presence of an ID in each of theishtel
recognize data from the same slice across sewadtdst If the filtering conditions
have been changed, then the content of all tablésnalicator boxes is recomputed.

Thus, the basic steps in querying are:

1. Process Query Diagram is created from @dMoD diagram — the initial da-
taset is determined by initial time interval givienthe doctor and the indica-
tor boxes denoting the number of instances for eatibn appear;

2. Doctor may apply two types of filtering conditiorscomparison operations
on attributes and aggregation functions or datttjmening operations;

3. Doctor may retrieve data into the diagram — aggeegalues (Count, Sum,
Average), which are one number answers, or instaides;

4. Changing filtering conditions immediately reflects displayed data.

The main advantages of the PQL are: 1) the viewlata through “glasses” of fa-
miliar process, 2) the simple and easy-to-percaigans of setting filtering conditions
require no more expertise than using spreadshegditations (likeMS Exce), and 3)
the dynamic response to each step in construcfitimeocomplete query — the doctor
sees immediate reaction to every action. It sherthe learning curve greatly and
encourages even non-experienced users to tryhis o

5 Conclusions and Future Work

To test the practical aspects of using this metlogyowe presented it to a group of
seven doctors working in a hospital. Our primatgliast was to assess the “readabil-
ity” of the designed clinical process model andtled information filtered with its

application by the end-users. After a short ingtouc about the syntax of process



description, available filtering mechanisms andualizing the retrieved information
in data indicator boxes next to each of activitges, doctors were asked to explain
the meaning of the three prepared screenshotsseayineg retrieved data with a use of
the query language. All participants of this testndnstrated that they could accurate-
ly retrieve the question to be asked by applyirg ghoposed querying techniques in
our hospital model. In general, all of the partitipg doctors rated the presented
methodology positively and noted not only the ptédrior this tool to facilitate man-
agement and improve the transparency of clinicatgsses, but also its potential for
research on the impact that certain variables bawbhe treatment outcomes.

We are about to continue developing this proje¢hwivo further steps. First, we
are planning to develop user-friendly graphicatadifor the MeDMOD process mod-
eling and query languages. We have already builtopypes of these editors, which
were used in creating the proof of concept, exanples seen in Figures of this pa-
per. Nowadays, it is a rather easy task to devslogh domain-specific languages
within some of the tool building platforms like GIRA20] or METAclipse [21].

Our second plan is to develop an effective impldaatéon of the query language.
Success of the PQL depends mainly on the effiégreptementation of the query exe-
cution. This task, is closely related to the patt@atching problem [22] in the field of
implementation of model transformation languagése (IMOLA [23], IQuery [24],
etc.), which have already been used in the va@oeias of Model-Driven Engineering.
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