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Abstract. In the paper we consider a method for mining so-called “hybrid” UML models, that
refers to software process mining. Models are built from execution traces of information
systems with service-oriented architecture (SOA), given in the form of event logs. While
common reverse engineering techniques usually require the source code, which is often
unavailable, our approach deals with event logs which are produced by a lot of information
systems, and some heuristic parameters. Since an individual type of UML diagrams shows only
one perspective of a system’s model, we propose to mine a combination of various types of
UML diagrams (namely, sequence and activity), which are considered together with
communication diagrams. This allows us to increase the expressive power of the individual
diagram. Each type of diagram correlates with one of three levels of abstraction (workflow,
interaction and operation), which are commonly used while considering web-service
interaction. The proposed algorithm consists of four tasks. They include splitting an event log
into several parts and building UML sequence, activity and communication diagrams. We also
propose to encapsulate some insignificant or low-level implementation details (such as internal
service operations) into activity diagrams and connect them with a more general sequence
diagram by using interaction use semantics. To cope with a problem of immense size of
synthesized UML sequence diagrams, we propose an abstraction technique based on regular
expressions. The approach is evaluated by using a developed software tool as a Windows-
application in C#. It produces UML models in the form of XML-files. The latter are compatible
with well-known Sparx Enterprise Architect and can be further visualized and utilized by that
tool.

Keywords: event log, process mining, hybrid UML model, UML sequence diagram, UML
activity diagram, reverse engineering.

DOI: 10.15514/ISPRAS-2017-29(4)-10

For citation: Davydova K.V., Shershakov S.A. Mining Hybrid UML Models from Event Logs
of SOA Systems. Trudy ISP RAN/Proc. ISP RAS, vol. 29, issue 4, 2017, pp. 155-174. DOIL:
10.15514/ISPRAS-2017-29(4)-10

155

Davydova K.V., Shershakov S.A. Mining Hybrid UML Models from Event Logs of SOA Systems. Trudy ISP
RAN/Proc. ISP RAS, vol. 29, issue 4, 2017, pp. 155-174.

1. Introduction

Nowadays we use information systems everywhere. They are used not only at home
to increase the comfort of our life but also to support business processes. The
complexity of the systems is growing together with the complexity of processes and
tasks. Moreover, a lot of systems interact with each other. There is an increasing
chance of error as the complexity of the system increases. If the system finds these
errors, they are written into so-called event logs together with other information about
system execution. The logs store a lot of information during the work of the system.
On the one hand, manual processing of the logs is almost impossible because of their
size and lack of structure. On the other hand, the event logs are an inestimable source
of knowledge about real-life system behavior. Tools, which help to obtain this
knowledge in suitable form for analytics are extremely useful.

Different approaches, such as modeling, development within the standardized life
cycle, testing, quality assurance (QA), verification, etc., are applied to improve the
system quality and error correction. Using combinations of these instruments (for
example, testing and verification, modeling and reverse engineering with continuous
delivery) gives good results. New tools, modeling tools in particular, help to make the
process more convenient and more effective.

Models are built on different life cycle stages. In the classic approach, an architect
models an information system based on the customer‘s requirements. However, the
implemented system often differs from previously developed models because the
system is developed faster than its models. Developers may sometimes make mistakes
and may need to spend additional time on critical situations and deadlines. This means
that the design and implementation of some components is not completed properly.
When there is no complete model of a system, reverse engineering techniques can be
applied to extract the necessary information from the system and build an appropriate
model. It allows us to obtain models of a real-life system automatically or semi-
automatically. These models correspond to a developed system rather than to an
initial plan and initial models. Such models aim both to understand a
structure/behavior of a real system and to eliminate any inadequacy of a real model
as compared to the initial model. This also makes it easier to fix errors in the system.
There are a number of approaches and tools aimed for this purpose. Most of them
require the source code of a system to perform analysis. It is not always possible
because of different reasons: the source code may not be available to analysts; it is
impossible to get the last copy of code or it can be lost. Moreover, different work
groups can develop different system components which complicates centralized
collection of source code.

Unlike existing reverse engineering approaches that use source code, we propose an
approach that works with system execution traces which can be extracted from event
logs. Our approach can be considered as a particular implementation of Process
Mining [1], a discipline aimed to discover, analyze and improve business processes
and their models. Our approach also includes features that are relevant to software
engineering. Hence, we refer to it as sofiware process mining [2].
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Process mining usually uses process models such as Petri nets, BPMN, Fuzzy maps,
etc. which are produced by applying different algorithms such as a-algorithm [1], [3],
[4], NLP-algorithm [5] or fuzzy miner [6] respectively. However, these models are
not perfectly suitable for software developers. In the software engineering area, more
specific approaches such as the Unified Modeling Language (UML) [7] are more
common. The most common approaches deal with static class diagrams, statecharts,
sequence and activity diagrams considering them as more descriptive than other.
According to UML 2.5, there are two groups of diagrams: structural and behavioral.
In this work we primarily focus on the behavioral group, in particular, on sequence,
activity and communication diagrams.

Modern approaches to the development of information systems make out small
reusable well-defined pieces of code, which are commonly refered to as services.
Systems, using services as a main component, are based on service-oriented
architecture (SOA) [8]. Services from heterogeneous SOA-systems are developed
using different languages, environments and tools, but they work in a single
information space. Mining unified models of those systems is a challenge and has
some difficulties. For example, none of the popular reverse engineering tools works
with all languages used for web-service development [9]. As almost all systems
produce event logs which contain information about interesting system components,
it is possible to build models including all of these components. It simplifies the
process of reverse engineering and allows us to expand its application area.

In the paper, we consider event logs written by SOA-systems. Our goal is to expand
the applicability of UML-based models for SOA-systems by developing new
approaches and tools for mining such models from event logs. UML standard
describes different types of models which suit different modeling aspects of an
information system. Nevertheless, there are situations when analysts would like to
use expressive opportunities of several diagram types. UML 2.5 does not describe
such diagrams, and it does not forbid them either. In our paper, we propose a new
approach to UML-modeling, which includes mining a so-called hybrid diagram that
comprises elements of UML sequence and UML activity diagrams.

To illustrate the proposed approach, consider the following example.

1.1. Motivating example

We consider an event log (Table I) produced by an online banking information system
with service-oriented architecture. The log contains a number of traces corresponding
to individual instances of a business process maintained by the information system.
Our goal is to obtain a UML model that represents some behavioral aspects of the
system from different perspectives [9].

Each row of Table I represents a single event. Columns represent attributes of the log.
Events are grouped in cases (by CaselD attribute); then, cases are represented in the
log by traces. Events are ordered by Timestamp attribute. Different components of
SOA are represented by other attributes such as Domain, Service/Process and
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Operation. Domains contain services and processes while the latter consist of
operations [10].

Table 1. Log fragment L1. Banking SOA-system

CaseID | Domain | Service/Process | Operation Action | Payload Timestamp
user=a,
. . today=23.07.2015, 17:32:15
23 Account | Operations GetLastOperations | REQ client=Maria, 135
manager=Julia
23 Account | CardInfo GetCardID REQ user=a, num=0 ;;03 2:15
23 Account | CardInfo GetCardInfo REQ num=0 ;ZOS 215
date=07/16,
name=MARIA 17:32:15
23 Account | CardInfo GetCardInfo RES GRISHINA, 267
id=15674839
17:32:15
23 Account | CardInfo GetCardID RES res=15674839 297
23 Card Operations GetOperations REQ days=30 ;;:832: 15
23 Utils Calendar GetDate REQ days=30 111(7);32: 15
23 Utils | Calendar GetDate RES | res=23.06.2015 i
. . res={BP Billing 17:32:15
23 Card Operations GetOperations RES Transfer} 513
. op=BP Billing 17:32:15
23 Card OperationData GetPlaceAndDate REQ Transfer 559
. op=BP Billing 17:32:15
23 Card OperationData GetPlace REQ Transfer 563
res=RUS 17:32:15
23 Card OperationData GetPlace RES SBERBANK 57‘1 ’
ONLAIN PLATEZH
. op=BP Billing 17:32:15
23 Card OperationData GetDate REQ Transfer 575
. o 17:32:15
23 Card OperationData GetDate RES res=20.07.2015 589
res=RUS
. SBERBANK 17:32:15
23 Card OperationData GetPlaceAndDate RES ONLAIN PLATEZH, | 601
date=20.07.2015
. . _ 17:32:15
23 Account | Operations GetLastOperations | RES res=succ )
user=a,
. . today=23.07.2015, 17:40:18
25 Account | Operations GetLastOperations | REQ client= Maxim, 345
manager=Julia
17:40:18
25 Account | CardInfo GetCardID REQ user=a 408
25 Account | CardInfo GetCard REQ num=0 iz:240: 18
25 Account | CardInfo GetCard RES res=no cards 411;;40: 18
25 Account | CardInfo GetCardID RES res=error }1;)40: 18
. . _ 17:40:18
25 Account | Operations GetLastOperations | RES res=no bounded cards 523
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By applying a method [9] to the example log, we obtain a UML sequence diagram as
depicted in Figure 1 representing the overall process. The diagram contains all
possible details (excluding operation parameters) of the behavior of the system as it
is represented in the event log. Along with regular messages which connect two
different lifelines (depicted as vertical dash lines), the diagram also contains a number
of self-calls represented as labeled loop arrows, e.g. GetCardInfo, GetCard. These
self-calls are not important for studying the model from a more abstract perspective.
In contrast, they are important when modeling the process of the individual service
or another SOA component.
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Fig. 1. Usual UML sequence diagram mined from event log L1.

Thus, we propose to hide these calls on the general model with giving a reference to
another diagram. Note, that the hidden calls are restricted by one lifeline only. So,
using UML sequence diagram here loses its meaning, since only one agent is
involved. Therefore, it is convenient to model such behavior by using UML activity
diagrams, another type of UML diagram. Figures 2, 3 and 4 illustrate this idea and
represent a hybrid UML diagram combining the best features of two different model
types.

A distinctive feature of SOA, which is considered, is that processes call other
processes and services while services do not call other participants. To demonstrate
this feature, it is important to show the interaction between one selected service and
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its direct services-neighbors which the service communicates with. A UML
communication  diagram  suits  this purpose. Example diagrams for
Card::Operations and Card::OperationData processes from example event
log are depicted in Figures 5 and 6 respectively. We can see that these processes are
called by other processes and call both different services and themselves.

We developed a tool that builds hybrid diagrams of UML sequence and activity
diagrams automatically. Moreover, the tool is able to build a UML communication
diagram for a selected SOA component.
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Fig. 2. UML sequence diagram with hidden self calls. High-level diagram of a hybrid UML
diagram.

act Aceount:Cardinfo -

GetCardinfo

Fig. 3. UML activity diagram with an activity inside Account::CardInfo service.

160



JassiioBa K.B., Illepmakos C.A. Merton aBroMaTnueckoro noctpoenust ruopuasix UML mozeneii Ha ocHoBe
skypHanoB cobsituit COA-cucteM. Tpyowr UCIT PAH, Tom 29, BeImL 4, 2017 1., cTp. 155-174.

act Card:-OperationData
H GetPlaceAndDate H GetPlacs H GetDate J%'(:)
end

start

Fig. 4. UML activity diagram with an activity inside Card::OperationData service.

1.2. Related work

Reverse engineering of behavioral UML diagrams is not a new area. There are a
number of works [11], [12], [13], [14], about building the UML diagrams based on
static source code analysis. Besides, there are some CASE tools [15], [16], [17], [18],
which can be used for reverse engineering of sequence and activity UML diagrams.
There is also a plug-in [19] for NetBeans development environment that is able to
build different types of behavioral models from Java source code.

However, all of the methods and tools mentioned above use static program analysis
(getting models from source code without execution) for their work. As it was
considered earlier, source code and all of its versions are not always available for
analysis. Hence, these tools and methods are useless in this case. Furthermore, none
of these tools is able to infer models from the code written in most popular languages
used for developing SOA information systems. Moreover, SOA architectures are
often developed with various programming languages. For example, some modules
can be written in C#, whereas others can be developed in Java; they can interact with
LAMP service, so a single CASE tool cannot produce models for that system. Mining
diagrams from event logs solves this problem.

sd Card::Operations.

Account: | Card:Operations. Utils::Calendar

Fig. 5. UML communication diagram for Card::Operations service.

sd Card::OperationData

Fig. 6. UML communication diagram for Card::OperationData service.

In [20], [21], [22], approaches to building models based on execution traces are
proposed. One related work [20] analyzes a single trace using meta-models of an
event log trace and a UML sequence diagram (UML SD). The trace includes
information not only about invocation of methods but also about loops and conditions,
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which makes easier recognition of fragments such as iteration, alternatives and
options. However, logs of information systems do not usually include this
information, so it is necessary to modify the source code to apply this approach.
There is a description of the mining UML sequence diagrams method based on several
execution traces in [22]. The authors propose to use a labeled transition system (LTS)
as an intermediate model to present one trace and an algorithm to merge LTSs built
by several traces. After that, the LTS is transformed into a UML sequence diagram.
Moreover, LTS can be used to build a Petri net that can then be converted into a UML
activity diagram [23]. This conversion possibility can be used to apply different
process mining algorithms for receiving a UML activity diagram. The approach to
mining hierarchical UML sequence diagrams is proposed in [9] (see Section III-D).
In [24], the authors describe a framework which allows not only behavioral but also
static UML diagrams to be built. Their framework generates execution traces by itself
from Java source code. After that, the framework is able to build UML activity
diagrams from traces, but it requires source code for its work.

Process mining proposes to use three abstraction levels for mining models for web
services interaction [25]: workflow, interaction and operation. At the operation level,
only one service is considered in order to look at its internal behavior and
functionality. At the interaction level, they consider not only one selected service but
also its direct callers and callees. Finally, the overall services interaction is covered
at the workflow level. We apply all of these levels to service-oriented architecture in
the paper.

Furthermore, research on service mining was described in [26]. The author builds
different Petri nets for different services (considered at the operation level) and then
combines them by places. Thus, he builds a generalized model which refers to the
workflow level.

The rest of the paper is organized as follows. Section II gives definitions. Section III
introduces our approach to mining hybrid UML models. Section IV contains a
description of tool implementation. Section V concludes the paper and gives
directions for further research.

2. Preliminaries

P(X) is the powerset over some set X; A is a set of all possible string labels.
Definition 1. (Event log) Let e = (a4, a,, ..., a,) be an event, where a; is an i-th
attribute and n is a number of them. E is a set of events. 0 =< ey, e,, ..., €, > is an
event trace where ey, e,, ..., e is an ordered set of events. Log = P(E) is an event
log which is a powerset of traces.
Definition 2. (UML Sequence Diagram) A UML sequence diagram is a tuple Ugp, =
(L,T,A,P,M,Ref,F), where:

e Tis aset of moments of discrete time, which determine a partial order over

diagram components.

e Lisasetofnamed lifelines. L = {l = (4, t)|1 € A, t € T}
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e A is a set of activations mapped onto lifelines. a € A:a = (I, t, t,), where
lE Lty t, €T, t, <t,
e P c Aisaset of message parameters.

e  Ref'is a set of interaction use (ref fragments) which group lifelines and hide
them interaction. ref € Ref : ref = (L',A), where L' c L,A € A

e Misasetof messages.m € M:m = (ay,t,A,a,, type), where a;,a, € AU
Ref,t € T, € P,type € {call,return}.a; = (l1,t11,t12),a; =
(12' l21' 122): tll < t21' tll < t12't21 < t22
e Fis a set of combined fragments of the diagram. F = {(frag, M")|M' <
M, frag € {alt,loop, opt, par}}
Figure 1 represents an example of UML sequence diagram. A /ifeline is represented
as a vertical dashed line with its name at the top. An activation is represented as a
rectangle on a lifeline, which takes and emits messages (represented as arrows).
Message can be call and refurn and they contain text parameters. Messages inside
one fragment are ordered by time. Fragments contain a number of messages and can
contain other combined fragments. They are able to show alternatives, loops,
parallelisms and other control structures. Another type of fragment, ref fragments,
refer to other diagrams. Such diagrams can be both UML sequence diagrams and

UML activity ones.
Definition 3. (UML Activity Diagram) A UML activity diagram is a tuple Uyp =
(N,E,NT), where:

e NTisasetof node types. NT = {control, object, executable}

e Nisasetofnodes.n € N:n = (4, type), where 1 € A, type € NT

e Fisasetofedges. e € E:e = (ny,n,), whereny,n, € N
Figure 3 represents an example of a UML activity diagram for Account: :CardInfo
service. Different node types have different meanings. Control nodes represent
different behavioral elements such as start, fork and decision. Object nodes represent
data (input and output) of an action. Executable nodes represent steps (actions) of the
modeling activity. There are three named executable nodes and four control nodes
(start, end, decision and merge) in Figure 3. Different control nodes can impose
limitations. For instance, start nodes cannot have incoming edges, end nodes cannot
have outgoing edges, decision and fork nodes can have only one incoming edge but
several outgoing ones; the opposite is true for merge and join.
U,p is a set of all possible UML activity diagrams Upp.

Definition 4. (Hybrid UML Diagram) A hybrid UML diagram is a tuple Uy, =
(Usp, AD, ), where:
e Usp=(LT,A P, M, Ref,F)isa UML sequence diagram.
o AD c Uy,
e f:Ref — AD is a function which maps ref fragments from a UML sequence
diagram onto corresponding activity diagram.
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Figures 2, 3 and 4 illustrate an example of a hybrid UML diagram. Figure 2 is a UML
sequence diagram and represents a high-level diagram. It refers to UML activity
diagrams (Figures 3 and 4) using ref fragments.

Definition 5. (UML Communication Diagram) A UML communication diagram is
atuple Ucp = (Lep, Mcp), where:

e L.p C Aisasetofnamed lifelines which represent interaction participants.

e Mp is a set of messages. mep € Mep:mep = (I, 15, 4), where [}, 1, €
Lep, A €A
Figures 5 and 6 provide examples of UML communication diagrams for two different
services.

U.p is a set of all possible UML communication diagrams Up-

Definition 6. (Hybrid UML Model) A hybrid UML model is a tuple Ucp =
(Uyp, CD), where:

e Uyp is a hybrid UML diagram.
L CD c uCD.

Figures 2, 3, 4, 5 and 6 represent a hybrid UML model built for example event log
L1.

3. Mining Hybrid UML Models

The authors in [25] propose definitions of three levels of abstraction: operation,
interaction and workflow. The levels are used for consideration of web service
interaction. It motivated us to use different types of UML diagrams which
demonstrate features of these levels. In the following sections, we consider which
UML diagrams suit each abstraction level and why.

3.1. Operation and workflow abstraction levels

Operation level of abstraction shows what is happening inside one isolated service.
Activities outside the service are not considered at the operation level; the only
process participants are services. Using a UML sequence diagram leads to a large
number of self-calls and “snowball models”. It makes the diagram less readable and
less understandable. A UML activity diagram suits this purpose since it allows us to
demonstrate the complex relationships between operations inside a single participant.
Figure 3 shows an example of a UML activity diagram for service
Card: :OperationData.

A business process, provided by services, is represented at a workflow abstraction
level. There are a lot of participants, so it is useful to use a UML sequence diagram
for this level. The diagram is suitable to present not only a sequence of business
process actions but also participants of this process and their interaction. An example
for event log L1 is depicted in Figure 1.

To bind different abstraction levels, it is necessary to connect them. Our proposal is
to use hybrid UML diagrams to represent and connect operation and workflow
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abstraction levels together. A UML sequence diagram is used to represent a business
process at a workflow abstraction level. The diagram contains special objects, ref
fragments, which make a connection to corresponding UML activity diagram. Every
such activity diagram models the behavior of a single service. An example of
considered hybrid diagram is presented in Figures 2, 3 and 4.

Input : an event log Log;

an attribute name with REQ/RES value Agg;

a set of attributes for mapping onto lifelines Ay;

a set of attributes for mapping onto message parameters
Ans

a case ID which defines trace for which it is necessary to
build model caseld;

a set of regular expressions for merging diagram
components Lrg ;

Output: Uy ps = (Ugp, CD) — hybrid UML model;

begin

/* Split event log into several
parts */
Logy, Log, < splitEventLog(Log, AL, ArR);
/* Build activity diagrams using
a-algorithm [3] */
AD <+ buildADsAlpha(Log,);

USD —
buildsD(Logy, AD, Lrg, AL, Ay, ARR, caseld);
CD <+ buildCDs(Logy, AL, ARR);

return Uy,

Algorithm 1. Building a hybrid UML model Uy

3.2. Interaction abstraction level

This level shows interaction of one selected service or process with its nearest
neighbors. For a given service, its nearest neighbors are caller and callee services. A
UML sequence diagram does not fully suit for representing this level as well as an
activity diagram. In the former case, a UML sequence diagram contains a time
perspective on which no relation can be mapped. Thus, this leads us to have a “blind”
diagram. In the latter case, it does not support multiple participants which is important
for this abstraction level.

We propose to use UML communication diagrams for depicting processes occurring
in SOA system at interaction abstraction level. An example of such a diagram for
Card::Operations and Card::OperationData from an event log example is
presented in Figures 5 and 6.
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Input : an event log Log;

a set of attributes for mapping onto lifelines Ay ;

an attribute name with REQ/RES value Agp;

Output: Log,, — a part of an event log which contains
interaction between different services;

Log, — a set of event logs (parts of initial event log).

Each of them contains events related to an individual

service;

Data: f:K — P(V), where K is a set of keys and

P(V) is a set of value sets;

begin
/* Get lifeline names from an event
log */
K + getLifelineNames(Log,AL);
for o € Log do
o 0
/+ stack - stack with nested
events x/
stack « 0;
for i + I to |o| do
e+ ofi];
f(getLifelineName(e,AL)) «
f(getLifelineName(e,Ar))U{e};
if isRequest(e, Agr) = true then
€prev + stack.peek();
if
i=0\/getLifelineName(e, AL)! =
getLifelineName(eprey, Ar) then
| o' o' Ufeks
stack.push(e);
if isRequest(e, Arr) = false then
| stack.pop();
| Logw + Log, U{o'};
for k € K do
| Log, « Logo U{f(R)}:
| return Log,, Logo;

Algorigm 2. Splitting of an event log into
several parts splitEventLog
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Input : an event log Log; a set of UML activity
diagrams AD which Ugp will be refer to;

a set of regular expressions for merging diagram

components Lrg a set of attributes for mapping onto

lifelines Ay ; a set of attributes for mapping onto
message parameters A,,; an attribute name with

REQ/RES value Agpg;

a case ID which defines trace for which it is necessary to

build model caseld;

Output: Usp = (L, T, A, A, M, Ref, F) — UML
sequence diagram referring to UML activity
diagrams;

begin

/* Get lifelines from event log */

L + mapLifelines(Log, AL) ;

if caseld = () then

isAlt < true;
caseld
L getCaseIdOfLongestTrace(Log);

else
| isAlt « false;

/* Get trace with case ID which is
equal to caseld %/
o + Log[caseld);

for i + I to |o| do

e« ofi];

while isRequest(e, Arr) = true do

if isAlt = true then

/* Look for differences
between corresponding events
in other traces, add found
events to diagram using
combined fragments x/
findFrames(Log,caseld,e,Usp, Ay, ARR);

else
/* Get a message parameter
and add its message to
diagram */

| mapMessage(e, Ay, M, A, Ref);

| iei+1;

while isRequest(e, Agr) = false do

if isAlt = true then

| findFrames(Log,caseld,e,Usp);

else

L mapResponseMessage(e, Ay, M, A, Ref);

| ieit+1;
if LRE! = () then

/* Merge components of the diagram
using regular expressions x/
| changeDiagramUsingREs(Usp,LrE)

| return Usp;

Algorithm 3. Building a UML sequence
diagram buildSD
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Input : an event log Log; Input : an event log Logy;

a current event e; a set of attributes for mapping onto lifelines Ay ;

an attribute name with REQ/RES value Agg;

Output: CD — a set of UML communication diagrams
for each service;

a UML sequence diagram

Usp = (L, T, A, A, M, Ref,F);

a set of attributes for mapping onto message parameters .
A begin

an attribute name with REQ/RES value Agp; /* Iterate through lifeline names

5 S TR (participants) from an event log */
a case ID which defines trace for which it is necessary to for | € getLifelines(Logw, Az) do

build model caseld; Lep « {1

Data: T'ree is a tree with interaction operands Mcp + 0;
o for o € Log do

begin for i (~g1 to |o| do
equalCases « 0; e+ ali;
/* Look for corresponding not equal if il =0\ getLifeline(e,Ar) =1
events in other traces, group case then
IDs with equal events into equalCases U « getLifeline(eprey, AL);
x/ if ' ¢ Lep then
notEqEvents L el U{ll};/ i
findNotEqEvents(e, Log, caseld, equalCases); L Mep « Mcp UL, 10}
if notEqEvents! = 0\/ ifil=0A

isLastTrace(e, Log) = true then getLifeline(eprev, AL) =1 then
I + getLifeline(e, AL);

/* Look for operand where it is it ¢ Lop then
necessary to add events */ n.

X Lep + Lep U’}
toAdd + findOperand(equalCases, Tree); Mep + Mop U{Q, 1, 0));
addMessagesToFragment (e, equalCases, L

toAdd, Tree); if isRequest(e, Arr) = true then
= ’ g | Corev €
else L -
if Tree = () then Ucp + (LCD,MCDV_A);
L Tree < newNode(equalCases); L €D + CDU{Ucn};
if isRequest(e, Agg) = true then | -refum OD;
| mapMessage(e, Ay, M, A, Ref);
else Algorithm 5. Building UML communication
L mapResponseMessage(e, Au; M, A, Ref);  diagrams for each service buildCDs

Algorithm 4. Looking for differences
between corresponding events in other
traces findFrames

3.3. Building process

Figure 7 represents a workflow diagram of a hybrid mining process. The scheme
contains the following tasks (see Algorithm 1):

e An event log is split into several parts. The workflow part of the log refers
to services communication. Such communication is represented on a UML
sequence diagram at workflow level. The operation parts consist of events
referred to activity only inside a specific service.

e A UML sequence diagram is built from a workflow part of an event log using
the method proposed in [9] (see Section III-D) extended by a number of
necessary ref fragments used for connecting with corresponding activity
diagrams.
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e UML activity diagrams are built from the operation parts of the log
independently using one of the process mining algorithms which produces a
Petri net. For instance, a-algorithm [4] or inductive miner [27] can be
considered here. Then, Petri nets are converted into activity diagrams by a
simple translation routine. This conversion is rather trivial since UML
activity diagrams are initially based on Petri nets [7], [23].

3.4. Mining UML sequence diagrams

To mine a UML sequence diagram we use a method proposed in [9]. There, we
propose an approach to mining UML sequence diagrams with different levels of
abstraction. It consists of three steps. The first step of the approach is mapping event
log attributes onto UML sequence diagram components. There are two functions for
mapping attributes onto lifelines and message parameters. The smaller the SOA
element we choose for mapping onto lifelines, the lower the abstraction level we
receive.

Hybrid UML model

UML CD Miner
UML
@ communication
diagrams
Workflow
rid UML diagram
part UML SD Miner TErE T e

UML
| 1 sequence
Event log diagram

Petri Net Miner

Operation rt umL
pparts *‘*@ come | activity

diagrams

Fig. 7. The workflow diagram of a hybrid mining process.

The second step is set to build a smaller model by applying regular expressions for
merging similar messages and lifelines on a diagram. For example, we have two
messages with the following parameters: GetPlaseAndDate, op=BP Billing
Transfer and GetPlaseAndDate, op=Retail. They differ in op value, thus, these
messages can be combined into one message with the following parameter:
GetPlaseAndDate, op=.*. After the merging, a derived model becomes more
generalized and its size decreases in width and height.

To demonstrate the hierarchy of calls, which is important for SOA, a hierarchical
diagram can be applied. Thus, the third step of our approach contains a way to present
a complex model by using hierarchical UML diagrams. UML standard [7] allows us
to divide the model into some parts and connect them by means of interaction use (ref
fragment) and gates.
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4. Tool Overview

This section presents a brief overview of the software tool implementing the proposed
algorithm.

4.1. Event log

The tool requires an input event log to be presented in definite format. We use simple
CSV text files to represent event logs. An event log should contain a number of fields
that are mapped onto mandatory attributes, namely CaselD, Timestamp and Activity.

4.2. Tool implementation

The tool is implemented as a Windows application written in C# programming
language. The tool allows users to configure main parameters such as regular
expressions, hierarchy and type of output diagram (regular UML, hierarchical or
hybrid). Regular expressions are applied for merging diagram components. It is
implemented as shown in Figure 8. The GUI allows the user to set the type of diagram.
The perspective of the diagram (a mapping attributes onto diagram lifelines and
messages) is set as it described in [9].

The output of the tool is an XMlI-file containing a model and a description of
diagrams. It can be visualized by Sparx Enterprise Architect [15].

g UML Models Miner - o

Regular expressions:

GetPlaseAndDate, op=* Add
Diagram type

Simple Hierarchical Hybrid

Fig. 8. GUI to set a type of the diagram and regular expressions for merging its components.

5. Conclusion

This paper introduced a new concept of hybrid UML models and proposed a method
of mining them from event logs of SOA information systems using a service mining
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approach. Our method can also be applied to other types of UML diagrams. The paper
discussed approaches to mining diagrams at different abstraction levels.

Our method builds models by using only event logs. This is an advantage over some
reverse engineering techniques because the source code is not always available. The
proposed method includes mining hybrid UML diagrams that represent workflow
abstraction level on UML sequence diagrams and operation level on UML activity
diagrams. Moreover, we proposed to build UML communication diagrams to show
interaction abstraction level with regards to the service mining approach.

Generally, control structures in system*s behavior lead to a presence of a big number
of nested combined fragments within a UML sequence diagram. It makes the diagram
less readable and less understandable. Although UML activity diagrams have no time
perspective in contradistinction to sequence diagrams, the former show alternatives,
loops and parallelism more clearly. Since there are also a lot of event logs which are
not produced by SOA systems, we are going to expand our approach to mining hybrid
UML diagrams from event logs of more broad types of software architecture in the
future.
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MeTon aBTOMaTU4eCKOro nocTpoeHmsa rmopmaHbix UML-
Mozaerien Ha OCHOBe XXypHaroB COOLITUM CUCTEM C CepBUC-
OpPMEHTUPOBAHHOMN apXUTEKTYpPOW

K.B. Jlasvidosa <kvdavydova@edu.hse.ru>
C.A. lllepwakos <sshershakov@hse.ru>
Hayuonanwvuwiii uccnedosamenvcxuil ynusepcumem Bvicwias wikona 5KoHoMuxu,
nabopamopus [IOUC ¢axyremema KkomnvromepHvix HAYK,
101000, Poccus, 2. Mockea, yn. Machuykas, 0. 20

AHHOTanMs. B naHHOH cTaThe MBI NpeAnaraeM METOJ aBTOMATHYECKOTO MOCTPOCHUS TaK
Ha3bIBaeMbIX «rHOpUIHbIX» UML-Mozeneii, uTo oTHOCHTCS K 00JIacTH M3BJICUECHHS U aHAIIM3a
npoueccoB I10. Moaenn cTposiTCst Ha OCHOBE TPACC MCIIOIHEHUS, MPEICTABICHHBIX B BHIE
JKYpHAJIOB COOBITHH, CHCTEM C CepBUC-OpHEHTHPOBaHHOH apxutekTypoil (COA). B To Bpems
KaKk W3BECTHbIE TEXHMKM OOpaTHOH pa3pabOTKH OOBIYHO HCIOJIB3YIOT —HCXOITHBII
MpPOrPaMMHBIN KOJ, KOTOPBIM YacTO HEIOCTYNEH, Hall MOAXOA paboTaeT ¢ >KypHalamu
COOBITHH, 3aMUCHIBAEMBIMH OOJBIIMHCTBOM HH(OPMAIMOHHBIX CHCTEM, M HEKOTOPBIMU
9BPUCTUYECKMMM NapameTpamu. Tak kak otaenpHblid kinacc UML-nmarpamm npencrabisieT
TOJIBKO OJJHY TIEPCIIEKTHBY MOJENHN CHCTEMBI, MBI IIpe/ylaraéM CHHTE3HPOBAaTh KOMOWHAIHIO
HecKoNbkHUX KiaccoB UML-mmarpamMm (I1ocie1oBaTebHOCTH M JIEATEIBHOCTH), KOTOpPHIE
paccMaTpHBAIOTCSl COBMECTHO C JUarpaMMaMH KOMMYHHKAIMH. DTO IO3BOJISIET HOBBICUTH
BEIPA3UTEIBHYIO CHIIy OTHCIBHON «THOpHIHOW» nuarpamMMbl. Kakaplii kiacc amarpamMm
MIPEACTaBIIsICT OJMH U3 ypoBHEH abctpakumu (workflow, operation u interaction), KOTopble
0OBIYHO UCTIONB3YIOTCS IPU PACCMOTPEHUH B3auMoaeicTBus web-cepsucos. [Ipennaraemeprii
AJITOPUTM COCTOMT U3 UETBIPEX 3TAINOB: pa3/elICHUE )KypHaNa COObITHI Ha HECKOIBKO YacTei,
nocrpoenne UML aumarpaMm nociaeoBaTeabHOCTH, AESATENBHOCTH M KOMMYHMKalMi. Mbl
TaKKe TpeIaraeM HHKAICyJIMPOBaTh HEKOTOPbIE HE3HAUUTENbHBIE MM HHU3KOYPOBHEBBHIE
HMMIUIEMEHTAIMOHHBIE JIeTAIN (HAIpUMep, BHYTPCHHHUE ONEpaliil CEPBHUCOB) B HATPAMMEI
JNEeATeIbHOCTH M COCJUHATH WX ¢ 0Oojee  BHICOKOYPOBHEBEIMH  JHarpaMMaMy
TIOCJIEIOBATENFHOCTH € HCHOJB30BaHMEM «interaction use» ¢parmeHToB. UTOOHI pemIuTh
npobiieMy GoJibImUX pa3MepoB cuHTe3nupyeMbix UML nuarpamm mociemoBaTelnbHOCTH, MBI
npepnaraeM O0OOOMIAIONIYI0 TEXHHKY, OCHOBAHHYIO HAa PETYJIAPHBIX BBIPAXKECHHAX.
IIpeioxkeHHbIH TOAXOA OLEHEH C HCHONb30BaHHEM pa3pabO0TaHHOTO MPOrPAMMHOTO
HUHCTpYMeHTa B Buae Windows-IpHIoKeHns, HAMUCAHHOTO Ha si3bike C#. DTOT MHCTPYMEHT
crpour UML monenu u coxpansier ux B Buge XML-¢aiinos. Takue ¢aiiinsl COBMECTUMBI C
XOpOILIO H3BECTHBIM HMHTPYMEHTOM IIPOECKTHPOBAHUS IPOIPAMMHON apXHTEKTYphHI Sparx
Enterprise Architect, B KOTOpOM CHHTE3HPOBaHHbBIE MOJEIIN MOT'YT OBITH BU3YaJIH3UPOBAHEI H
OTPEAaKTHPOBAHBI.

KiroueBble cjioBa: jxypHall COOBITHIA; U3BJICUCHUE M aHAIU3 MPOLECCOB (process mining);
rubpuaasie UML mMonenu; auarpamma nocnepoBaresnsHoctd UML; inarpaMma esiTeIbHOCTH
UML; obpatHas pa3paboTka.
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