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Abstract change their system goals, or to react to a change of the
system structure by adapting their structure at runtime.
Today, complex, networked, self-adaptive mechatronic sys- An integration between object-oriented modeling tech-
tems which integrate advanced control engineering and niques such as UML and control theory approaches such as
software engineering concepts within a single software sys-functional block modeling is required to enable the devel-
tem are envisioned. These systems adapt their structure®pment of such systems (cf. the OMG effort for the inte-
at runtime to react to detected environmental changes, togration of the software engineering domain with the control
change their system goals, or to react to a change of theengineering domain [20]). Visual modeling concepts which
system structure. To enable the development of such syspreserve where possible the successful control engineering
tems, an integration of object-oriented modeling techniquesand software engineering concepts and integrate them in an
such as UML and control theory approaches such as func-intuitive graphical manner are required as otherwise wide
tional block modeling is required. Thereby, the successful acceptance in industry is very hard to achieve.
visual modeling concepts of control engineering should be In this paper, we present our visual integration of the
preserved, as otherwise wide acceptance in industry, whichcontrol engineering and software engineering worlds. UML
is mainly dominated by control engineers, is very unlikely. 2.0 components and Statecharts as software engineering ar-
In this paper, we present such a visual integration for UML tifacts are integrated with block diagrams the classical con-
2.0 components, Statecharts, and block diagrams develtrol engineering notation within the model-driveneldHA-
oped within theMECHATRONIC UML approach. It per-  TRONIC UML development approach [6, 9, 8].
mits to graphically model reconfiguration between several A first proposed integration suggests to model simple re-
pre-defined configurations with statecharts and instance di- configuration steps which allow to switch between several
agrams as well as to specify the flexible assembly of controlpre-defined configurations by extending UML components
configuration if needed by means of visual reconfiguration and Statecharts. A modular description with an intuitive vi-
rules. sual appearance enables an easily comprehensible specifi-
cation style for run-time reconfiguration. If a more flexible
assembly of the control structure is required, we suggest to
1. Introduction use visual reconfiguration rules to describe required recon-
figuration steps which modify the current control configu-
Jation accordingly.
The paper outline is as follows: We first introduce a case
study in Section 2 and afterwards, we review the current
state of the art and identify several severe limitations when

Today, mechatronic products have to integrate advance
control engineering and software engineering concepts
within a single software system to enable that its elements
operate flexible and self-adaptive within a complex net- . . . .
. . : it comes to self-adaptive behavior and complex real-time
worked environment. Such an integration has to enable P ; . .
coordination in Section 3. Then, we outline and discuss

the elements to react to detected environmental changes, tQ . o
our proposal for the modular visual description of complex
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2. Example

Our application example is taken from the RailCab profect.
In this project, a modular rail system is developed consisting
of autonomous shuttles which apply the linear drive tech-
nology used in the Transrapfdyut use existing rail tracks.

Figure 2. Shuttles building convoys

demand and require a small distance between the different
shuttles such that a high reduction of energy consumption
is achieved. Coordination between speed control units of
the shuttles becomes a safety-critical aspect and results in
a number of hard real-time constraints, which have to be
addressed when building the control software of the shut-
. . ) .. tles. As shuttles may show rather different characteristics
_ The shuttle’s active suspension system and its optimiza-gye to their intent (shuttles for goods or people) or fabrica-
tion is one example for a complex mechatronic system Wejon company, setting up the control structure for the convoy

employ in the following. The suspension/tilt module, de-  ¢oordination requires to flexibly add shuttle specific control
picted in Figure 1, is based on air springs which are dampedg|ements which might be provided at runtime (cf. composi-
actively by a displacement of their bases and three verticalij 4 adaptation [17]).

hydraulic cylinders which move the bases of the air springs The challenges of modern mechatronic systems can be

via an intermediate frame — the suspension frame. The VI'exemplified by referring to the introduced case study: (1) At

tal t?Sk of (tjhe system Is to ]E)I’OVIded'[he bp?ssert:gers a h'?hﬁrst, sophisticated control algorithms have to be modeled
comfort and to guarantee safety and stability when control-y, joqcripe the high comfort control of the suspension/tilt

ling Fhe shuttle’s coach body. In order to achieye th_is goal, yoqule and thus support of CAE tools and their standard
multlp!e_ _feegback controllers are applicable with different block diagram notations and libraries is required. (2) Sec-
capabilities in ma_ltters of safety and comfort. ondly, the hard real-time coordination between the shuttles

In our controlling component, we apply the three feed- ,, the track section’s registry best modeled with a suit-

back controllerseference, absolute, androbust, providing 46 ML variant which supports real-time systems such as
different levels of comfort and requiring different inputs. MECHATRONIC UML is a major concern and requires ap-

The most sophisticated controlieference uses agiventra- a1 CASE tool support. (3) The required integration
jectory z,.; = f() that describes the ',dea' motion of the must further support to model the runtime reconfiguration
coach body and t_he absplut_e acceleraﬁggg_of the coach of the controllers such that reconfiguration steps may ei-
body. Thez,.; trajectory is given for each single track sec- ther be initiated due to local events or due to changes of

tion and is communicated by a track section’s registry to the o ¢ ,rrent state of the hard real-time coordination with the

shuttle. In case the reference trajec'gory is npt available, theexternal world, e.g. when the required reference trajectory
less comfortable controllabsolute which requires only the

. . .. _has been received. (4) Furthermore, some reconfiguration
Z“bs,,s'gnal has to be used. In case the sensor that .prov'de§teps can be realized atomic switchingwhile sometimes

the Z,5s signal fails, therobust controller_\_/vhlch provides technique calledutput fadinghas to be employed. This
the fewes.t comort, but guarantees stability even when onlytechnique fades the output of one controller out, while the
standard inputs are available, has to be applied. output of another one is faded in to avoid discrete jumps

Another considered example is the control of shuttle con-, hich can lead to instabilities when switching between dif-
voys. Whenever suitable, the shuttles reduce the air resiStarent feedback-controllers. (5) Finally, besides the pre-

L%r:]f/%asngsthdu: rigtdel(’jcatEie'Lfengrggu%%nsgmgt'ggfgé’llji'l[[d(')rr‘gplanned recc_)nfiguration, which switches beMeen_ different
y p gure 2. y control algorithms, also more flexible reconfiguration steps

Ihttp://www-nbp.upb.de/en have to be supported to handle compositional adaptation as
2http:/Avww.transrapid.de/en required, for example, in the case of the shuttle convoys.

Figure 1. Suspension/tilt module




3. State of the Art In the mentioned approaches, there is no direct support for
a mapping which assigns to each discrete state a related con-
To discuss the current state of the art and the limitations figuration.
of current approaches, we first discuss block diagrams and Hybrid automata [11, 1] overcome this drawback by sim-
hybrid automata before turning our attention to concepts ply assigning a specific continuous controller to each dis-
which support a decomposition of the models such as hi-crete state, so that each possible configuration is easily de-
erarchical blocks or components. rived from the model without complex analysis. Extensions
Block diagrams [22] are the state of the art approach to such as Hybrid I/O automata [16] further support commu-
specify feedback-controllers which is employed in all CAE nicating hybrid automata. Support for concepts such as hi-
tools such as Matlab/Simulink.Discrete elements can be erarchic and orthogonal discrete states as known for stat-
used in the block diagram to model reconfiguration of the echarts have been introduced for Hybrid statecharts as de-
feedback-controller structure (often using a Statechart likefined in [12].

notation such as Stateflow in Matlab/S|muI|nk) A first ap- A|th0ugh these approaches separate the possible Conﬁg_
proach is to embed the discrete control elements into blockyrations and thus overcome one of the drawbacks of block
diagrams in such a manner, that the discrete block, de-diagrams, the current proposals restrict the possible config-
scribed by a statechart like notation, determines which Oneyrations assigned to a state to read the same inputs and pro-
of a set of alternative controller outputs is let through. Thus, duce the same outputs. Therefore, the interface —especially
atomic switching between the output signals of different the information which input signals are required for a safe
controllers can be directly modeled. To address output fad-application of the controlller— is not present in these models.
ing, an additional generator for the fading functipand a ~ Another limitation, these approaches [11, 1, 16, 12] have in
weighted output fading elemept= g(t)u: + (1 — g(¥))uz ~ common is that they are restricted to the specification of be-
has to be controlled by the statechart. Another option to havior while an integration with an architectural description
model reconfiguration are conditionally blocks which are (similar to UML component diagrams or UML classes dia-
only evaluated if explicitly triggered. Thus, a statechart can grams) is not provided. Therefore, these models can only be
be used to only trigger the required elements of the currently ysed for the specification of single components (in terms of
active configuration instead of blinding out the results of the UML), but a distributed system or a system with a modular,
not required ones. The more formal hybrid bond graphs ap-hierarchic architecture cannot be described.

proach [18, 19] permits to blind out single components by |t s, cajlled hierarchic blocksare employed in block dia-

so called controlled junctions, similar to discrete blocks in grams to decompose the model, the visual complexity and

block diagrams. problems to identify and comprehend the different configu-

From a visual language perspective, both approachesations as well as their relation to discrete control states are
to describe reconfiguration become problematic if all five |55 critical. However, this is only true when the interface

identified challenges have to be addressed. All configura-ot each hierarchic block is static and thus reconfiguration

tions of required block diagrams have to be specified within js restricted to happen only locally within the blocks. If

a single complex diagram. Therefore, identification and s js not the case (not all inputs of a block are always re-

cpmprehensmn of the different configurations becomes VerYquired and not all output signals are always produced), the
difficult. The problems become even worse when it COMeS gjy ation becomes even harder as the hierarchic blocks ef-

to the discrete control elements which describe the SWitCh'fectively hide their details and thus a designer cannot keep

ing between the different configurations. Either they are 50k of the configuration effects which can cross the block
rather unsystematically distributed in the block diagram as jnerfaces. Itis to be noted that in order to address challenge

in the case of hybrid bond graphs or we end up with very (3) e thus either end up in the outlined dilemma that in-
complex statecharts describing the reconfiguration for the¢y mation which is required to comprehend the effects of
whole block diagram. The crucial problem here is that a rgcqnfiguration are hidden or all effects of reconfiguration
consistent design of the different block diagram configura- 4,,e to local as well as external effects has to be modeled
tions and the statechart requires that the designer is able tQyiihoyt a hierarchical decomposition. While in the former
identify the relation between control states of the statechart. ;56 the decomposition becomes a hindrance for compre-

and block diagram configurations. However, the provided pension, in the latter case the complexity of the flat model
notations do not support such an understanding on the vi-

would render any attempt to develop a thorough understand-
sual level. , . ing of the reconfiguration.
The discussion of block diagrams and hybrid bond graphs

. . ini hybri -
showed that there is a strong relation between the system’%n?;?ae:;ggséo?;r;iiﬁ Z@%ﬂi%?&n [pz(inam;gnodM {Zéldg?u
current global discrete state and the current configuration. P Y P

HyChart [10, 24], HybridUML [4], and Ptomely Il [15] pro-
3http://www.mathworks.com vide hierarchical automata models for the specification of




behavior and hierarchical architectural models. In UML here to the visual language aspect. The underlying seman-
[7], the architecture is specified by extended UML classestical integration with block diagrams has been discussed in
diagrams that distinguish between discrete, continuous, and5] and the modular verification of the model consistency
hybrid classes. Also the OMG effort to integrate models has been presented in [8] in detail.
from the software engineering domain with models from  When modeling the software to control the suspen-
the control engineering domain [20] falls into this category. sion/tilt module, we typically begin with a description of
The Systems Modeling Language (SysML) [21] is a first the system’s structure, as depicted in the refined UML com-
proposal to standardize system engineering, which could beponent diagram from Figure 3. The shuttl®snitor com-
integrated with a possible UML 2.0 successor (cf. [13]). ponent communicates with ttRegistry component of the
Like the hybrid automata and statecharts, all class- or upcoming track section to obtain the trajectory. The com-
component-based approaches also assume static interfaceswunication protocol is specified by tiMonitor-Registration
The main improvement in modeling is the introduction of a pattern, as described in [8]. Monitor obtains the trajec-
hierarchical architectural model. The behavior of the com- tory, it stores it in thestorage component. The sensor is
ponents of the architectural models can then be specifieddesigned redundant: Three instances of3besor compo-
by the (hierarchical) behavioral models. Hybrid behavior nents provide thé,,s signal. TheCrossChecker judges all
is specified by adding continuous components in form of a signals and determines if a sensor failed. The triangles in
MATLAB model, a differential equation, or a similar tex- Figure 3 designate so calledntinuous portsWhite ports
tual description to each discrete state of the component.are not always present — their existence is dependent on the
Thus, the same limitations which have been identified for components’ discrete state. Note that the connections of the
hierarchic blocks with static interfaces also apply here. two black ports ofBC are omitted in the example. Their
The preceding discussion highlights that current ap- connections do not change due to reconfiguration.
proaches are not sufficient to address the identified five chal-
lenges from Section 3: HYROOM and Ptomely Il are the

:Monitor _
. . :Sensor . q e
only approaches following challenge (1) and allowing the - b CrossChecker /" Monitor-,
engineers to specify the continuous behavior with the well- g \f‘\e?'s"aw)/

_-=

known block diagrams. None of the discussed approaches
allows an appropriate specification of real-time behavior
(conf. challenge (2)) as their semantics —if defined— assume
to detect triggered transitions and to fire them without con-
suming time which is unrealistic and not realizable. Fur-
ther, they lack of reconfiguration based on local and exter-
nal events (challenge (3)), as such a reconfiguration usually
leads to a change of the interfaces and requires reconfigura-
tion via multiple hierarchical levels, because the feedback-
controller components are usually located on the lowest hi-
erarchical level while the real-time coordination with the
external world is usually at the higher ones. Current ap-
proaches allow just reconfiguration via one hierarchic level ™. . . ; .
without changing the interface. Support for advanced visual trolis specnﬁgd by our SO caIIe@bnd recqnﬂguraﬂon chart
constructs for a simple and intuitive specification of atomic [S’ 3] (see Figure 4).' This hybnd_ reconfiguration chart con-
transitions and fading transitions (challenge (4)) is not ad- sists of the three d|scr_ete Iocat'ORSbUSt' Absolute, and
dressed at all. In addition, none of the approaches permitd=eference, each associated with one feedback-controller.
to handle flexible reconfiguration including compositional Transn!ons that are \{lsuallzed as t_h|(;k arrows are assoc-
adaptation (challenge (5)). Instead, the anticipated recon-ated with a deadline interval;, specifying a minimal and

figuration steps have to be explicitly modeled right like the f_‘ maximal ddurat_lg_n oLthettra]\cnzltlogs, ﬁndff%(_almq[ func_;_
reconfiguration between two control algorithms. ton ff_adei escribing how to fade. such a fading transition
is a visual construct to reduce complexity by omitting an

) . intermediate location associated with a configuration that
4. Structural Reconfiguration performs the fading. The other transitions fitemic
This example shows that thgody Control component
In this section, we present our approach to specify the con-has a dynamic interface, which depends on the current dis-
trol software for the suspension/tilt module which over- crete state. Therefore, we provide a visual description of
comes the drawbacks of the approaches w.r.t. challenges (1)his dynamic interface in form of our so callédterface
to (4), discussed in the last section. We restrict our attentionstate chart(see Figure 5) [8, 5]. This interface state chart

/| :Registry

Monitor Registry
Role Role

Figure 3. System structure

One task of theMonitor component is to coordinate its
subordinated (embeddedody Control (BC) component
which contains the different feedback-controllers, control-
ling the suspension/tilt module. The behavioBotly Con-
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Figure 4. Behavior of the BC component

zAbsFailure

abstracts from the internal details of the behavior and de-
picts just the possible interfaces and the real-time restric-
tions (i.e. the deadline intervals) which describe how to
switch between the interfaces. Especially, when the ac-
cording hybrid reconfiguration chart contains multiple dis-
crete states with different controllers, which have partly the

it is specified that th&ody Control component is in state

Absolute and its input is fed by th€rossChecker compo-

nent. A state change oflonitor to AllAvailable implies (i)

a state change @ody Control to stateReference and (ii)

a change of the structure ®fonitor's embedded compo-
nents, as indicated by the component instance diagram of
the target state. It is to be noted that this relation can also
be employed to check consistent reconfiguration at the in-
terface level as outlined in [8] such that tRedy Control's
interface changes have to respect its interface state chart.
One of the significant properties of this approach is that
control engineersind software engineers can continue us-
ing their well-known description languages and tools: The
control engineer uses block diagrams to specify feedback-
controllers and the software engineer uses UML component
diagrams and statecharts to specify the discrete coordina-
tion. In hybrid reconfiguration charts, both models are in-
tegrated to fulfill challenge (1). Challenges (2) and (4) are
met by specifying deadlines for the transitions [6] and by
the distinction between atomic and fading transitions.

Further, this approach enables advanced modeling of

same interface, the interface state chart provides an abstradeconfiguration via multiple layers, as a change in the

tion omitting much of the complexity of the reconfiguration
chart. This abstract view ddody Control is used for the
coordination withMonitor (see below).

!
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Figure 5. Dynamic Interface of the Body Con-
trol (BC) component

TheBody Control component has to be coordinated by its
superordinatelonitor component, dependent on the avail-
able input signalsz..; andZ,;). Therefore, the descrip-
tion of the behavior oflonitor includes visually the subor-
dinated components (see Figure 6).

The upper orthogonal state of the hybrid reconfiguration

top-level componentMonitor) leads to an exchange of
feedback-controllers which are multiple layers below the
top-level component in the architectural view. The model
and its visualization contain the separated configurations
and a description when and how to switch between them.
By the additional support of dynamic interfaces, our ap-
proach enables reconfiguration, based on local and external
events (challenge (3)).

The visual integration of behavior and structure leads to
models with reduced visual complexity: It simplifies analy-
ses, as the reachable state space and the reachable configu-
rations are visualized in the model: In the example, it is ob-
vious that only the state combinatiorsdgtes of Monitorx
states of Body Contrp[AllAvailable, Reference), (AbsAvail-
able, Absolute), (RefAvailable, Robust), and(NoneAvailable,
Robust) are reachable. Others, e(gllAvailable, Absolute),
(AbsAvailable, Reference), cannot be reached. Inconsistent
configurations, i.e. configurations that do not feed all re-
quired inputs, are detected without complex analyses. Fur-
thermore, errors can be pinpointed to a single transition. As
described in [8] in detail, a combination of transitions in dif-
ferent components guarantees consistent reconfiguration if
the deadlines are not in conflict. For the intervals from our
example, the consistency rulg C d;, must hold.

If we had used standard approaches, like the ones dis-

chart from Figure 6 contains four discrete states, represent-cussed in Section 3, we had to model the coordination be-

ing that both, none, or exactly one of the input signals are

tweenMonitor andBody Control by additional asynchronous

available. The component instance diagrams, associatedommunication, i.e. modeling the implied state changes by

with each discrete state, specify the structure of the embed-sending discrete signals.

ded components: For example, whéonitor is in stateAbs-
Available, representing that just th&,, signal is available,

This would result in the same
reachable state space, but it could not be derived intuitively
and its determination would require additional effort.



when(nextSegment) when(nextSegment)
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Figure 6. Behavior of the Monitor component

5. Flexible Structural Adaptation component, which the leader shuttle has to apply, to the
leader shuttle when it joins the convoy at runtime. We there-

The approach presented in the last section can effectivelyfore suggest to specify the required flexible structural recon-
be applied when the required reconfiguration is local. Then figuration by means akeconfiguration rulesvhere control
usually all possible configurations are well-known at the de- €lements can be determined by parameters which are based
sign time and their number is small. However, specifying On graph transformation systems (cf. [14]). Graph trans-
more flexible reconfiguration which results from the need formations are usually applied for model transformations
to coordinate ad hoc groups cannot be addressed. (e.g. [23]). We will exemplify that they are even an ap-

When, for example, shuttles build a convoy and a leader Propriate visual, model-based description technique for the
shuttle determines the reference positions for all the follow- SPecification of reconfiguration at runtime and that the same
ing shuttles, the control of these reference positions depend&dvantages apply as for model transformations.
on the length of the convoy and on the participating shuttle A cut-out of the behavior of the shuttles fowordinating
types and characteristics. For example, a heavy load shutconvoys is depicted in Figure 7. Note that in [9] is described
tle has to hold a larger distance within the convoy. The how to ensure a safeuilding of convoys. The hybrid re-
leader shuttle of a convoy can respect such individual prop-configuration chart consists of three stat€snvoyleader
erties or requirements only when individual components or represents that the shuttle is the leader shutibeyoyFol-
feedback-controllers are applied to determine the referencdower represents that the shuttle is part of a convoy but not
positions. Using our approach, discussed in the last sectionthe leader shuttle, ardoConvoy represents that the shuttle
would thus be impractical as a large number of possible con-is not in a convoy at all.
figurations (in principle even infinite many ones) have to be  Residing in stateConvoyFollower, the shuttle applies a
explicitly specified. position controller that delivers the current acceleration

In the given example, the different shuttle types are not dependent on its reference positigns and its current posi-
known a priori at design time (recall how many different tion s..,rent- It periodically receives the everdceiveRef-
types of automobiles exist). Thus, each shuttle sends thePos with parametepos[] and stores the new reference po-
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01 :C 02 C | pos[suc]
== prev this.id = id id == suc

pos[prev] poslid]

receiveRefPos(double[] pos)
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Figure 7. Shuttle behavior to control convoys

sition pos[id] as side-effect ir,..;. In stateNoConvoy, the able for real-time systems, we define a worst case execu-

shuttle applies a velocity controller, requiring a reference tion timewcet. The reconfiguration is just applicable when

and the current velocity as input. The latter one is used tothe execution time of the resulting structure is less or equal

determine the current positiguos[id]. When a new shuttle  wcet. Only if the model is designed for simulation purposes,

joins the convoy, it sends an evemiterConvoy with the fol- this can be neglected as the simulation times can be adjusted

lowing parameters: its identified, the component to be appropriately.

used to determine the shuttle’s reference position, and the The example points out that modeling flexible reconfig-

IDs pre andsuc of the shuttles which let the new shuttle in. uration with reconfiguration rules leads to an enormous re-
The reconfiguration rule of the transition (visualized duction of the visual complexity, as not every possible con-

with a dashed border) adds the componertb the shut-  figuration has to be specified explicitly.

tle’s control structure: An instance of a compon€htr is

created that provides th_e characteristics of the leader shut-6_ Conclusion and Future Work

tle such as length, maximal brake acceleration etc. These

characteristics and the current position of the leader shut- ) ) i ) )

tle are fed intoC which determines the reference position We present_ed the_wsual integration of object-oriented mod-

pos[id] as output. A simple implementation of component eling techniques in form of the UML and control theory

C would just add the length of the preceding shuttle and an approaches in form thbk)Ck diagrams within theEbHA-
individual safety margin to the current position of the pre- TRONIC UML approach. MeCHATRONIC UML preserves

ceding shuttle. Pori[id] provides the characteristics of the where possible both the successful control engineering and
new shuttle software engineering concepts for modeling and addition-

Residing in stateonvoyLeader, the shuttle sends peri- ally integrates them in an intuitive graphical manner. This
odically with a periodp € [piw; pu,] the reference po- integration enables us to describe mechatronic units which
ow) Fup

sitions pos|] to the according shuttles. If a further shuttle operate ﬂe>_<|ble and self—adaptlve thhm a complex qet—
joins the convoy, its component is inserted in the structure worked environment by adapting their structure at runtime
between the components pfev and suc. Reconfigura- to react to detected environmental changes, to change their

tion rules for the special cases when a shuttle joins at theSyStem goals, or to react to a change of the system structure.
end or at the beginning of the convoy are omitted in Fig- In addition, a visual interface in form of the interface state
ure 7. Due to lack of space, we omitted also transitions charts permits the cooperation of experts from the differ-
which model that shuttles leave the convoy. If we speci- ent domains while they use the notations common in their

fied a transition, leading fror@onvoyLeader to NoConvoy, dor_lrjr?ln. . i lined i ion 4 has b
the current configuration —eventually consisting of multiple e reconfiguration outlined in Section 4 has been pro-

components— would be discarded and the configuration oftPtyPically realized in form of an integration of the open
NoConvoy would be applied. source CASE tool Fujaiaand the CAE tool CAMeP.

Especially rules which just create new components en- Planned future work includes to also realize the concepts

large the execution time. In order to ensure predictability  4ngp:/mww.fujaba.de
for the duration of the execution time which is indispens-  Shttp:/iwww.ixtronics.de




for the flexible reconfiguration in Fujaba on top of existing [10] R. Grosu, T. Stauner, and M. Broy. A Modular Visual Model
work for graph transformation systems (cf. [14]). Special

emphasis has to be put here on appropriately implement-

ing the real-time processing such that the approach is also

applicable for hard real-time systems and on the verifica-
tion of the reconfiguration rule based behavior. Currently,

(11]

we evaluate the visual languages by realizing the presented[lz]
examples in cooperation with control engineers.
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