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Behavior Engineering Methodology Enhancement to
Support Code Generation
Emerson C. Simbolon and Eko K. Budiardjo

Abstract—Behavior Engineering (BE) is a component and
behavioral based system methodology. BE uses Behavior
Modeling Language (BML) to models a system. Formal syntax
in BML supports automated code generation to the built
system. However, no tool exists yet to support it. This paper
propose a method in which makes it reliable to support code
generation. Rational Unified Process (RUP) terminology such
as Workflow, Worker, Activity and Artifacts are used to
familiarize the method to people who already familiar to RUP.
The suported research target is to apply the BE, so a tool is
produced as well to apply the method.
Index Terms—Behavior engineering, code generation,
software engineering

I. INTRODUCTION
Software development reliability has been an important
issue since the emerging of safety in software engineering.
Pioneers such as Dijkstra [1], Hoare [2], and Milner [3]
have raised more concerns and suggested several important
ideas and methodologies to build system with possibility of
minimum error. The idea of reliable software construction
and verification is not a practical subject and targeted to
build critical system. For example, B by Abrial is one of
software methodology for reliable software development [4].
It has been used in many critical software developments
such as Paris Transportation and Peugeot automobiles [5].
The process in B requires deep logical proof. The details of
deriving specifications have made possible to generate the
code automatically. The process starts with a formal
specification through several logical refinements which
yield a reliable generated source code. The formal
specification and logical refinements are expensive, but
paid off by the result of having a reliable generated source
code.
In 2003, Dromey proposed another mechanism to create
a dependable system which called Behavior Engineering
(BE) [6]. Based on BE, software requirements are analyzed
and designed to form an Integrated Behavior Tree (IBT or
only BT). BT has a formal semantic, so code generation is
possible [7].
BT diagram provides a possibility to semi-automatic
check of requirements' consistency, completeness, and
aliveness [8]. Moreover, if the check process produces some
counter examples, it is also possible to trace the counter
example visually from the original diagram. Those features
could lead to another new methodology of software
engineering, which focuses on reliability but maintain
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simplicity and easiness for software engineers in building
critical system.
In this paper, we apply an enhancement to BE to support
an executable and dependable code. It uses ABS model as
middle level representation, while BT as the higher level
and Java at the implementation level. ABS is a semi-formal
language to model system specification abstractly and yet
still executable [9]-[11] Some features of ABS are already
lined up with BT features. For example, ABS supports
parallel system interaction just like BT. ABS ensures
parallel execution aliveness to avoid deadlock and
starvation natively.
The rests of this paper are presented as follow: Section II
describes BE process and how it models a system. Section
III describes environment that is used to conduct the
experiment. Section IV proposes enhancement to the BE
including the example of enhancement result. Section V
evaluates the result of the research and suggestion to future
works. Section VI concludes the research. Section VII
provides future works that will help enhance the current
result.
II. BEHAVIOR ENGINEERING
BE is an integrated discipline that supports a large scale
system development based on components and its behaviors
that exists in that system. BE uses Behavior Modeling
Language (BML) which consists of: Behavior Tree (BT),
Composition Tree (CT), and Structure Tree (ST). Those
models respectively describe behavioral runtime, system
composition, and hierarchical structure of the system. This
paper concentrates on BT.
A. Behavior Engineering Process
The whole BE process described in Fig. 1. First step of
BE is to formalize the requirements. Dromey described the
formalization step as to remove redundant, inconsistent
information, also to split the complex requirements into
smaller and focused requirement [6]. The next step is to
model the requirement using BT. There is one Requirement
BT (BT) that corresponded to each requirement. After each
RBT is valid with respect to its requirements in natural
language, they are integrated into an IBT. The integration
processes are explained by Winter et al. [12]. IBT models
the whole system and is required for further development
steps, i.e. model checking, simulation, and code generation.
B. Behavior Tree
BT is a tree-like structure that consists of Behavior
Nodes (BN). BT models the behavior of the system through
interaction of each component and its behavior. Semantic of
BT is derived from process algebra so it is assumed to be
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saafe and sound when we opeerate two nodees or more to form
a BT [14]. Nodde notation in BT
B is shown in
i Fig. 2.

behaavior type annd operator iss contributed to the runtim
me
proccess. Fig. 3 exxplains the statte of BN execcution.

Fig. 3.
3 State transitionn in BN execution
n [7]

The
T execution process of eeach behaviorr type, operattor,
and edge type aree shown in Tabble I.
Fiig. 1. Behavior enngineering processs[13]

TABLE I: BEHAVIOR NODEE EXECUTION PRO
OCESS [7]

Fig. 2. Node notation
n
in BT[155]
Legend:
A: component, B: behavior, C: operator,
o
D: idenntifier label,E: behhavior
typpe,F: traceabilitty link (with respect to reqquirement numbber),G:
traaceability status (with respect to reequirement changge), H: sign, I: node.

D
T
Tool
E. Software Development
Research
R
in BE
B is collecteed and integrrated to form
m a
Softtware Developpment Tool. The tool consists of BT teext
edito
or (TextBE) [7],
[ BT graphhical editor (G
Graph BT), coode
geneerator [18], sim
mulator [19], and model-ch
hecker [20].

B C,
Information that required in code generration is: A, B,
E,, and I. Compponent inform
mation is needded to generate the
obbject code. Behavior
B
nam
me and its typpe informatioon is
geenerated into the object’s method.
m
Operaator information is
ussed to control the executionn process. Thee node information
is used as the exxecution flow
w.

I EXPERIMEENT
III.

C. Model Check and Codee Generation
Research aboout model cheeck in BT is based
b
on the need
off model correectness before the developpment phase [16]
Thhe model chheck is appllied to a weell-defined model
m
sppecification suuch asSymbollic Analysis Laboratory
L
(S
SAL).
SA
AL is a modeel language thhat is used to model concuurrent
syystem and already
a
suppoort model check, simulaation,
deeadlock detection, and automated
a
teesting generaation.
Trranslation of BT model too SALis alreaady conducteed by
G
Grunske
et al.., [8]. Another verification method is also
coonducted by trransform the BT
B model intoo Alloy [17].
BT transform
mation into SAL
S
defines translation
t
ruule in
vaariable handlinng, inter nodee translation, and behavior type
exxecution. Thesse schemes allso can be useed to transform
m BT
too another proggramming lannguage. In 2011, Emerson used
thhis scheme to
t translate BT to an executable
e
m
model
laanguage that called Absttract Behaviooral Specification
(A
ABS) [18]. Thhrough the trannslation modeel to an execuutable
m
model
the BT model
m
is also executable.
e

The
T experimennt uses enviroonment as sho
own in Table II.
The experiment aims
a
to show tthat the enhan
ncement produuce
inten
nded result too the case sttudy. The exp
periment is not
n
coveering depth evvaluation of m
model-checking environmeent
becaause of the toool is not readyy at the time th
his paper writtten.
Thro
ough the exxperiment wee show the proof that the
t
enhaancement woorks and alsoo discovered many techniccal
things that are neeeded to be aadded. Those technical thinngs
are including the practice off producing Graphical Usser
Interrface (GUI). We also innclude many
y preconfigurred
com
mponent to hellp generate a ready to use implementatiion
codee.
TAB
BLE II: EXPERIMENT ENVIRONME
ENT

D. Behaviorr Runtime Envvironment
BRE is an execution
e
envvironment off BE model. Each
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Critteria

Used
d Technology

IDE
Modeel Editor
Impleementation languuage
Modeel language
Targeeted machine
Operrating system
GUI library

Eclippse
GrapphBT
Java
ABS
PC
Winddows 8
Eclippse SWT
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IV. ENHANCEMENT TO BE
The enhancement purpose is to suggest technical things
that are not discussed previously to achieve code generation.
The enhancement suggests terminologies that used in RUP
such as worker, workflow, activity, and artifacts [21]. The
purpose is to help many technician that already familiar
with RUP to use BE.
The enhancement is not damaging the general concept of
BE. It because the enhancement based on the experiment of
applying the BE concept to a case study and make it more
standardized and well defined guidance. The application of
the methodology considers: work flow, worker, artifacts,
and activity.
A. Methodology Practice
1) Requirement gathering
This phase is the initial inspection to the problem space
of the system. Requirement is acquired through an
interview to the Project Owner. The rest development
processes depend on the clarity and the exhaustive
information of the requirements.
y Artifact produced
Requirements (K1). Requirements are needed for analysis
phase. Its contents are narration of system's problem space.
Requirements should be amended if defects are found.
y Worker
Project Owner (W0). Project owner is the author who has
the big plan of the whole project. She/he should confirm
that the built software is fit to the requirement.
Project Manager (W1). Has task to bridge the gap
between W0 and the development team. Has responsibility
to deliver the project on schedule and to assign job to the
development team.
Requirements collector (W2). Has task to collect and
organize the requirements.
y Activity
Interview (A0). This activity is conducted by W2 to W0
to generate K1.
Organize the requirement (A1). After the requirements
written to a document, W2 should be organized it with
respect to specification of a requirement.Exampleof the
organizationresult is based on the requirements described
by Dromey [6].
R1 There is a single control button available for the use
of the oven. If the oven door is closed and you push the
button, the oven will start cooking (that is, energize the
power-tube) for one minute.
R2 If the button is pushed while the oven is cooking, it
will cause the oven to cook for an extra minute.
R3 Pushing the button when the door is open has no
effect.
R4 Whenever the oven is cooking or the door is open, the
light in the oven will be on.
R5 Opening the door stops the cooking.
R6 Closing the door turns off the light. This is the normal
idle state, prior to cooking when the user has placed food in
the oven.
R7 If the oven times out, the light and the power-tube are
turned off and then a beeper emits a warning beep to
indicate that the cooking has finished.

2) Analysis (F2)
Analysis is conducted through formulation of the
requirements to BT diagram. The focus is to verify the
requirement, remove ambiguity, complete information, and
to preserve both consistency and clarity of the requirements.
y Artifact produced|
Component identification document (K2). This document
consists of list of the components that identified from K1.
Behaviors, attributes, and states are also included in this
document.
RBT (K3). It is the RBT diagram that created with respect
to each requirement.
IBT (K4). The integration result of the RBT.
y Worker
Analyst (W3). The role is to analyze the component, its
behaviors, attributes, and states from K1 and put it to K2.
W3 also creates RBT and the IBT.
y Activity
Component identi fication (A2). W3 identifies
components and behaviors from K1. For example, the
identification result from Oven system is shown in Table 3.
Build RBT (A3). After the components and behaviors are
successfully identified, Analyst builds the RBT based on
each requirement narration. The RBTsare created as much
as the amount of requirements and identified with the same
key of the corresponding requirement.
Build IBT (A4). IBT is an integration of all RBT. IBT
represents the whole system behavior. Winter et. al.
explains how to integrate RBT to IBT [12]. Integration
result of Oven system is shown in Table III.
TABLE III: COMPONENT ANALYSIS RESULT OF OVEN SYSTEM
Id requirement
Identified components
R1

Button, Door, Power tube, Timer, Oven

R2

Button, Oven, Timer

R3

Button, Door

R4

Oven, Door, Lamp

R5

Door, Oven

R6

Door, Lamp

R7

Timer, Lamp, Power tube, Speaker, Oven

TABLE IV: BEHAVIOR ANALYSIS RESULT OF OVEN SYSTEM
Supported
Component
Behavior
Behavior type
requirement
Button
Pushed
State Realization
R1, R2, R3
Door
Closed
Selection
R1
Door
Open
Selection
R3, R4
Door
Open
Guard
R5
Door
Closed
State Realization
R2, R3
1 minute count
Timer
StateRealization
R1
down
Add extra
Timer
StateRealization
R2
minute
Timer
Timeout
Guard
R3
Power tube
On
State Realization
R1
Power tube
Off
State Realization
R7
Speaker
Play sound
State Realization
R7

3) Design (F3)
This phase decides base architecture for the system. The
system is implemented into a well-established language
such as C or Java.
y Artifact produced
525
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Architecture plan (K2). It contains configuration of the
biig plan of eachh component'ss implementattion.
Component interface
i
(K3)). It representts each compoonent
loook. Only com
mponent that visible to useer is needed to
t be
deesigned. The dimension
d
of each componnent design shhould
coonsider other aspects
a
such as:
a relation too other component,
aeesthetics, and ergonomics.
System look (K4). It pictuures the wholee system look.. The
loook is a result of the componnent interfacee placement.
y Worker
System desiigner (W4). The role of this workeer is
deesigning the syystem based on
o analyzed reequirements.
y Activity
(
Design systeem architectuure and impllementation (A5).
Designer has reesponsibility to plan the reealization of every
e
beehavior. Designer also dessign the detaiil needed succh as
libbraries that arre needed for the implemenntation phase.. The
deesigned librarry needs to be fully testted to ensuree the
vaalidity of its fuunctionality.
The design reesult to oven system
s
is as follow:
fo
We will usse "Button" preconfigureed componennt to
reepresent Buttoon and Door component. Speaker needds to
pllay sound, so we need a libbrary to play a sound. Wee also
neeed a library too implement the
t Timer capability.
Design com
mponent interfface (A6). Thhis activity gives
g
cllear picture to
t each compponent look. The look shhould
coonsider what state
s
that the component reealizes to have the
loook. The exam
mple design result
r
of the component
c
Buutton
annd Door are shhown in Fig. 4 and Fig. 5.

mporal logic (A
A7). Verifier identifies eveery
Formulate tem
dition that shoould not or shhould be mett using tempooral
cond
logic. Those form
mulas are ideentified throug
gh requiremennts
and should be satisfied by thhe model beffore the systeem
deplloyment.
Modelcheck
M
IB
BT (A8). Veriifier checks co
orrectness of the
t
mod
del based on the temporal logic formula. Model cheeck
resu
ult is used to
t evaluate aand repair th
he IBT or the
t
requ
uirements baseed on the test case that caussed it to fail.
5) Implementaation (F5)
In
n this phase, every behavioor should be implemented to
meeet the expected behavior inn its execution
n. For exampple,
wheen Speaker reealize ``play"" behavior, itt really playss a
soun
nd when it iss executed. D
Differ with th
he conventionnal
meth
hodology, im
mplementationn in BE tries
t
to foccus
impllementation inn each behaviior and not th
he whole systeem
codee at once.
y Worker
mplementer (W6).Implemeenter has task
k to implemeent
Im
the system
s
based on the designn. Implementter can requesst a
new
w library if there is no existiing library sup
pport the needded
funcctionality.
y Activity
Add
A
technicall detail (A99). Technical detail addiing
purp
pose is to addd chunk of code that satisfiies the expectted
behaavior functionnality. The coode is more co
oncrete than BE
B
synttax and shouldd be executabble. Technicall details that are
a
addeed to Oven syystem behaviorrs are shown in
i Table IV.
Organizing
O
layyout (A10). Too applies the designed layoout
of th
he system. The layout result of the system
m oven is show
wn
in Fig. 6.
TABLE IV: TEC
CHNICAL DETAIL OF OVEN SYSTEM
M BEHAVIORS

(
(a)

Button whenn the door is openned (b) Button whhen the door is cllosed
(c) Button whhen the Oven is coooking
Fig. 4. Thhe design of ovenn button

Component
C
B
Behavior
Tiimer
Tiimer

1 minute
coountdown
A extra
Add
m
minute

Beehavior Type
StaateRealization
StaateRealization

Tiimer

Timeout

Guuard

Sp
peaker

Pllay sound

StaateRealization

Technical
detail
timer_var!
start();
timer_var!
addMinute(1);
timeout_var =
timer_var!
timeout()
sound_var!
play(“resource/
beep.wav");

6) Testing (F66)
Testing
T
ensures that all systtem functionaality run withoout
defeects. Testing is based on the scenario
o that identifiied
through requirem
ments. The resuult is consists of testing dettail
and the status off each scenarrio whether itt is accepted or
uce the failuree.
rejeccted and the reeproduction sttep to reprodu

(a) Button wheen the Oven is “O
Off” (b) Button whhen the Oven is “On”
“
(c) Door in open condition
Fig. 5. The deesign of oven dooor

4) Verificatiion (F4)
Verification is needed too ensure the correctness
c
of the
annalysis result. With verificaation, we cann make sure thhat a
coondition will or not will be met or whether
w
the model
m
allready exhausstive. Verificcation conduccted using model
m
chhecker.
y Artifact prroduced
Verification result. It connsists of the verification result
r
annd the test case to repair thee model.
y Worker
Verifier (W55). Has task too verify the moodel.
y Activity

Fig. 6. Layout result of the system oven
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y Artifact prroduced
Testing scennario (K6). Is
I a documennt in which each
sccenario shouldd be accepteed to mark thhe work as done.
d
Innformation suuch as type of
o failure, repproduce steps,, and
w is responssible to the faiilure is noted in this docum
who
ment.
Teesting scenario of Oven sysstem is shownn in Table V.

applly the methodology descrribed above. GraphBT is an
integ
grated softwarre developmeent in BE, so it
i can be usedd to
mod
del-check, sim
mulate, and geenerate code of a BT moddel.
Grap
phBT is availlable as an oppen source prroject. GraphB
BT
look
ks is shown inn Fig. 7.
Git
G (or alike). This tool is used to track
k change. Gitt is
integ
grated to Eclippse. Collaboraation is achiev
ved through Git
G
Adobe
A
Photoshop (or alikee). This tool is required to
desiign componennt interface.

TA
ABLE V: OVEN SYSTEM TEST SCEENARIO
Scenario
S
Expectation
B
Button
is pushed when
w
Door is
Nothing happenns
open
B
Button
pushed whhen Door is closedd
Start cooking foor 1 minute
annd the Oven is iddle
B
Button
is pushed when
w
the Oven is
c
time
Adds 1 minute cooking
coooking
O
Open
the door when the Oven is
The Door will be
b opened and thee
coooking
cooking ends
a
waiting for 1
Cooking ends after
C
Cook
for one minuute
minute and the Speaker plays a
“beep" sound

ATION
V. EVALUA

A. BT result
The
T
BT that produced byy applying th
he guide (BT
T1)
diffeers with BT that produceed by the paast (BT2). It is
becaause BT1 is bounded by execution pu
urpose. Anothher
casee also BT1 reemoves component User th
hat operates the
t
system and only concentrates
c
oon the system behavior for the
t
execcution purposee.
The
T change of the BT1 aalso makes th
he model-cheeck
proccess different.. To conduct model check
k to BT1, theere
shou
uld be additioonal BTnode tthat has anoth
her property thhat
yet not includedd in Fig. 2. That propertty is needed to
uded to the coode
distiinguish whethher a node should be inclu
geneeration or to model checkk only. In otther words, thhat
nodee will not be generated to avoid self-reaalization but the
t
mod
del checker always
a
knowss that the co
ondition will be
realiized eventuallly.

y Worker
c
the teesting scenarioo and
Tester (W7).. Has task to conduct
filll the requiredd information regarding the test process.
y Activity
Testing (A111). Tester connducts the tesst to the generated
coode of an im
mplemented IB
BT based onn testing scennario.
Teester takes notte about the faailure and reprroducing steps.
7) Deploym
ment (F7)
This is the last
l phase of a system devvelopment. Affter a
syystem is beingg deployed, it is
i ready to be used by user.
y Artifact prroduced
Executable program
p
(K7)).It is the resuulted program
m that
geenerated from
m the implemenntation of BT..
Documentatiion (K8). Thiis document contains techhnical
deetail of the development
d
p
product
such as descriptioon of
eaach componennt and behavioors.
User Manuall (K9). This document
d
is used
u
as a guiddance
too use the produuct.
Release notees (K10). Thiss document iss used to describe
thhe system conddition after deevelopment phhase.

B. Produced Syystem
The
T
producedd system is not validateed is open to
conttributor. The quality
q
of the produced sysstem is based on
the quality of thee developmennt environmen
nt. For exampple,
the combination of Java as thhe implementtation languagge,
S as the moodel languagee, and SWT library, a full
f
ABS
operrated desktopp application is produced. A full criticcal
system is able too be built as long as the environment is
prep
pared well.

VI. CONCLU
USION
BE
B enhancemeent is proposeed, defined, an
nd applied. The
T
expeeriment resullt conclude thhat: BE supp
ports a reliabble
system developm
ment that able to generate dependable codde,
m depends on the
t developmeent
quallity of the produced system
enviironment, BE needs innvestment to
o mature the
t
deveelopment process for com
mmercial use. More advancced
casee study is needded to represent the capabillity of BE andd to
find
d another comm
mon practice iin building sy
ystem using BE
E.
Fig. 7. GraphBT user interfacee
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