On Integration of Textual and Graphical Modeling

Pragmatics in MENGES

Christian Schneider

Real-Time Systems and Embedded Systems Group
Department of Computer Science
Christian-Albrechts-Universitat zu Kiel

www.informatik.uni-kiel.de/rtsys

KoSSE-Workshop, November 10, 2010

Instituf/ / < MENGES

flir Informatik

Chviatlean-Aifrecbis-Linivere il fu Kisd

Christian Schneider On Integration of Textual and Graphical Modeling Slide 1



Outline

The MENGES project
The Setting
Current State

Textual vs. Graphical Modeling

Pragmatics
A Definition
Our Approach
Dynamic Views
View Management

Conclusion

Christian Schneider

On Integration of Textual and Graphical Modeling Slide 2



The MENGES project The Setting
Current State

Textual vs. Graphical Modeling

The Context of MENGES

Setting

» Design of safety-critical controlling systems in the
rail-bounded transportation field

Current state in the business

» Requirements analysis
—— huge amount of text documents, informal

» Design specifications with a proprietary modeling language
—— formalized description of the system logic
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Current State
Textual vs. Graphical Modeling

The Context of MENGES

Setting
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—— huge amount of text documents, informal
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The MENGES project The Setting

Current State
Textual vs. Graphical Modeling

The Context of MENGES

Setting

» Design of safety-critical controlling systems in the
rail-bounded transportation field

Current state in the business

» Requirements analysis
—— huge amount of text documents, informal

» Design specifications with a proprietary modeling language
—— formalized description of the system logic

» Implementation in a model-based way

Most important issue

» No integration of those specifications (derivation, tracing, ... )
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The MENGES project The Setting
Current State

Textual vs. Graphical Modeling

The Aim of MENGES

» Engineers shall be assisted in these tasks, i.e. while

» analysing,

designing,

maintaining,

testing,

verifying,

documenting and

translating systems and their parts

vV vVvV.v. v VvY
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Current State

Textual vs. Graphical Modeling

The Aim of MENGES

» Engineers shall be assisted in these tasks, i.e. while

» analysing,

designing,

maintaining,

testing,

verifying,

documenting and

translating systems and their parts

vV vVvV.v. v VvY

» Domain Specific Languages(DSLs)-+tooling are to be created

» intended to cover the necessary specification parts and
» form a homogeneous development environment
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The MENGES project The Setting
Current State

Textual vs. Graphical Modeling

Kinds of specifications

N

Instances of switches,
running tracks, track
sections, ...

Running Tracks
Neighbor
RSC Switch
T Signal
Types for logical Deployment Types for

Topology

Elements Field Elements

Type Layer Capacities, Type Layer
Distribution

Field Element
Behavior

G

Running Track
Behavior

Field Element
Behavior (Driver)
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The MENGES project The Setting
Current State

Textual vs. Graphical Modeling

Field Element description

1| field element Gleisabschnitt extends Beanspruchbar {
2 statevars

3 reserviert:

4 ( ja,

5 nein );

6 beansprucht:

7 ( nicht,

8 DWeg, // als Durchrutschweg-Element

9 FLR, // im Flankenschutzraumn

10 FWR, // im Fahrweg einer Rangierstrasse
11 FWz, // im Fahrweg einer Zugstrasse

12 DWeg_FLR, FLR_FLR, FWR_FLR, FWZ_FLR, FWZ_DWeg,
13 DWeg_FLR_FLR, FWR_FLR_FLR, FWZ_FLR_FLR )
14 procedures

15 reservieren() = {

16 reserviert -> ja

17 };

18 | }
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The MENGES project The Setting
Current State

Textual vs. Graphical Modeling

Behavior specification - State Machines

© 0O N o o B~ WNN =

L e T T = S S G U
~N o o0 A WNN H O

state machine Gleisabschnitt_beansprucht_SM {
references beansprucht in Gleisabschnitt;

transitions

start nicht --> DWeg, FLR, FWR, FWZ;

DWeg --> nicht, DWeg_FLR, FWZ_DWeg;

FLR --> nicht, DWeg_ FLR, FLR_FLR, FWR_FLR, FWZ_FLR;
FWR --> nicht, FWR_FLR;

FWZ --> nicht, FWZ_FLR, FWZ_DWeg;

DWeg_FLR --> DWeg, FLR, DWeg_ FLR_FLR;

FLR_FLR --> FLR, DWeg_FLR_FLR, FWR_FLR_FLR, FWZ_FLR_FLR;
FWR_FLR --> FLR, FWR, FWR_FLR_FLR;

FWZ_DWeg -—> DWeg, FWZ;

FWZ_FLR --> FLR, FWZ, FWZ_FLR_FLR;

DWeg_FLR_FLR --> DWeg_FLR, FLR_FLR;
FWR_FLR_FLR --> FWR_FLR, FLR_FLR;
FWZ_FLR_FLR --> FWZ_FLR, FLR_FLR;
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The MENGES project The Setting
Current State

Textual vs. Graphical Modeling

Behavior specification - Rule Blocks

© 00 N oo o b~ W N =

L e S O~ = S S O U =
~N OO o0 A  WNN +H O

rule block reserviere references Gleisabschnitt {
rule graph
--> [istReservierungsVorbedingung()] {
-> [beansprucht == nicht] / {
reservieren()
s
-> [beansprucht == DWeg] / {
reservieren()
I s
-> [beansprucht == FLR] / {
reservieren()
I
-> [beansprucht == FLR_FLR] / {
reservieren()
IS
+
+
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The MENGES project The Setting
Current State

Textual vs. Graphical Modeling

Assessment
The textual languages are ...
© formal and compact
© precise in terms of separation of concerns

© easily and fast editable
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The textual languages are ...
© formal and compact
© precise in terms of separation of concerns

© easily and fast editable

® content may be hard to conceive

® they are inflexible:
mostly text = document

®

exploring is laborious

B

the context is missing / get lost quickly
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The MENGES project The Setting
Current State

Textual vs. Graphical Modeling

Assessment
The textual languages are ...
© formal and compact
© precise in terms of separation of concerns

© easily and fast editable

® content may be hard to conceive

® they are inflexible:
mostly text = document

®

exploring is laborious

B

the context is missing / get lost quickly

Question: What about graphical languages?
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The MENGES project The Setting
Current State

Textual vs. Graphical Modeling

A graphical notation of state machines

(" Gleisabschnitt_beansprucht SM

FWZ DWeg ]

DWeg FLR
FWZ FLR

\ N
’ FWZ_FLR_FLR
FLR_FLR J

FWR_FLR_FLR
FWR FLR J

DWeg

’
\\

DWeg_FLR_FLR j
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The MENGES project The Setting

Current State
Textual vs. Graphical Modeling

Assessment - cont'd

Graphical languages/representations may be . ..
© formal and compact
© precise in terms of separation of concerns
easier to concelve

© more flexible
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Current State

Textual vs. Graphical Modeling

Assessment - cont'd

Graphical languages/representations may be . ..
© formal and compact
© precise in terms of separation of concerns
easier to concelve

© more flexible

but ...

®

editing iIs time-consuming

®

exploring is laborious

®)

the context is missing / get lost quickly
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The MENGES project The Setting
Current State

Textual vs. Graphical Modeling

Assessment - cont'd

Graphical languages/representations may be . ..
© formal and compact
© precise in terms of separation of concerns
easier to concelve

© more flexible

but ...
® editing is time-consuming
©® exploring is laborious

® the context is missing / get lost quickly

Consequence?
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A Definition

Bragmatics Our Approach

Dynamic Views
View Management

Pragmatics of modeling languages

Pragmatics of modeling languages deserves more attention
than it has received so far
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A Definition

Our Approach
Dynamic Views
View Management

Pragmatics

Pragmatics of modeling languages

Pragmatics of modeling languages deserves more attention
than it has received so far

Semantics

MENGES Pragmatics
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A Definition
Our Approach

AEITEIEE Dynamic Views
View Management

Pragmatics of modeling languages

Pragmatics of modeling languages deserves more attention
than it has received so far.

» Pragmatics usually concentrates on practical aspects of how
constructs and features of a language may be used to achieve
various objectives (e. g., when to use an assignment).

» Here, focus is on the mechanics of handling a language
(editing, maintaining, inspecting).
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A Definition
Our Approach

AEITEIEE Dynamic Views
View Management

Pragmatics of modeling languages

Pragmatics of modeling languages deserves more attention
than it has received so far.

» Pragmatics usually concentrates on practical aspects of how
constructs and features of a language may be used to achieve
various objectives (e. g., when to use an assignment).

» Here, focus is on the mechanics of handling a language
(editing, maintaining, inspecting).

Pragmatics of modeling languages =4er
practical aspects of handling a model in a model-based design flows
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A Definition

Pragmatics QT Ao

Dynamic Views
View Management

Our Approach ...

» Get inspiration from successful textual paradigms and tools
» Combine best of graphical and textual worlds

» Provide flexible, alternative views of system under
development (SUD) allowing to focus on a certain context
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A Definition

Pragmatics QT Ao

Dynamic Views
View Management

Our Approach ...

» Get inspiration from successful textual paradigms and tools
» Combine best of graphical and textual worlds

» Provide flexible, alternative views of system under
development (SUD) allowing to focus on a certain context

The key enabler:

Automatic, flexible synthesis of graphical & textual views
organized by a powerful View Management
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A Definition

Our Approach
Dynamic Views
View Management

Pragmatics

Our Approach ...

Semantics

MENGES Pragmatics
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A Definition

Our Approach
Dynamic Views
View Management

Pragmatics

Our Approach ...

Semantics

MENGES Pragmatics Liyaiie

Views
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Pragmatics

A Definition

Our Approach
Dynamic Views
View Management

Our Approach . ..

Semantics

MENGES

Christian Schneider

Automatic
Layout

Dynamic

Pragmatics
g Views
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Pragmatics

A Definition

Our Approach
Dynamic Views
View Management

Our Approach . ..

Semantics

MENGES

Christian Schneider

Automatic
Layout

Dynamic

Pragmatics
g Views
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A Definition

Bragmatics Our Approach

Dynamic Views
View Management

Dynamic Views . ..

...on state machines

4 Gleisabschnitt_beansprucht_SM )
FWZ_DWeg ]
/
DWeg FLR_FLR ]
~
FWZ_FLR_FLR
J
)
N\ FWR_FLR_FLR
FWR_FLR J
- J
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A Definition

e Our Approach

Dynamic Views

Recall:

© 00 N oo o b~ W N =

L e S O~ = S S O U =
~N OO o0 A  WNN +H O

View Management

rule blocks
rule block reserviere references Gleisabschnitt {
rule graph
--> [istReservierungsVorbedingung()] {
-> [beansprucht == nicht] / {
reservieren()
s
-> [beansprucht == DWeg] / {
reservieren()
I s
-> [beansprucht == FLR] / {
reservieren()
I
-> [beansprucht == FLR_FLR] / {
reservieren()
IS
+
+
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Pragmatics

Dynamic Views . ..

...on rule blocks

A Definition
Our Approach

Dynamic Views
View Management

s

Gleisabschnitt::reserviere

[istReservierungsVor

V

bedingung()]

[beansprucht = nicht]

'

reservieren()

[beansprucht =+ DWeg]

',

reservieren()

[beansprucht §= FLR] [beansprucht ==|FLR_FLR]

v '

reservieren() reservieren()

Christian Schneider
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A Definition

Bragmatics Our Approach

Dynamic Views
View Management

Dynamic Views . ..

...on rule blocks - resolved

( \
Gleisabschnitt::reserviere

[reservidrt: nein]

V |
|

[beansprucht = nicht] [beansprucht =+ DWeg] [beansprucht §= FLR] [beansprucht ==|FLR_FLR]

' \'4 ' '

reserviert -> ja reserviert -> ja reserviert -> ja reserviert -> ja
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A Definition

Bragmatics Our Approach

Dynamic Views
View Management

View Management

» Provide a (graphical) view of the part under development
» allow to resolve called procedures, ...

» Support interactive browsing
» licking on an element reveals its declaration / origin

» Find mutual references of state transitions and rule blocks
» compute and highlight (un-) covered transitions

» Synchronize open views if model has been changed
» without any user request

» Focus on context in simulation and testing taks
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wEETR

i ICEL ,'.-.'_4‘._-..."'.‘-'- .l
references boangprucht im Gleysabschaibi)

transitions
B mecht <=» OWeg. FLR, FWR, FEZ;
E g -» micht, Dleg FLR, FRZ_DEeg;
1 FLR ««» nichk, Dleg FLR, FLR_FLR, FER_FLE, FWZ_FLRE;
11 FER ==3 nicht, FER_FLR:
12 Pz <=» micht, FEI_FLE, FEZ_DWeg;
13 Cleg FLE sam OWog, FLE, DWeg FLE_FLE;
14 FLR_FLR wen FLR, OWeg FLE_FLR, FWR_FLR_FLR, FWI_FLR_FLR;
15 FEE_FLE «=p FLR, FWR, FAR_FLR_FLR;
1k e _[weg --r DWeg, FNI;
iz FEL_FLE --# FLR, FW2, PA2_FLA_FLR;
18 Cmeg FLR_FLE --r DWeg FLR, FLR_FLR;
18 FER_FLE_FLR --¢ FWR_FLR, FLR_FLR;
24 FEI_FLR_FLE --» FWZ_FLR, FLA_FLR;
i |
22 }
21
fforule block besmspruche FWI references Gleisabschnitt (Fahrstrasse reservigrer
25 rule groph
LB <=x [istBeanspruchumpsyerbedingunall] |
7R “» [beansprucht == micht] ¢ ( L
2 beanupruchen FAE) Y
an }: v
L] ‘._...‘:I-
e mnmum 33
L d=§
? nein 3
B beansprucht: Deanspruchbar, beanigruchi «
4-- { Dweg, £ beansprucht als Durchrutachesg-Elesént
4 FLE, £ epandpricht im Flenkenschutirausn
11 FWg,
12 Fe, A4 beansprucht im Fohreeg slner Tugstroxss
13 DWeg FLE,
14 FLR_FLR,
15 FWE_FLR,
16 FWE_FLRE,
17 DWea_FLE_FLE,
18 FWE_FLR_FLR,
13 FAZ_FLE_FLR.
n FNT_[Weg
b | '
2 proacedures
13 r'i.qrui-rﬂ} - t
1a y reterviert <» jo
Fid -
She beanipruchen(Beanspruchbar ttake) = {
beenspruchl -» state,
] | FesErviert —» nein
| ki
W} o
31

L ¥ =.|
v
: 5 |
£3 reverviers | U Clrnatnchmn_besrupruche_sa 5 | .
.‘1 v Schoi 8l n-‘-‘ -~ .'-:.
I-

(PeE_FLE} (WL AR )

S VD T el
(w2 o)

(P}

53 peansprucne FW2 11| U Clessabsennm_beamspruche SM |

| et |II--I'I'D i =




n

1D sgteinabichnimdi B2

117 LT AR LT S P R TS A | " " [] ¥ -e |
refErFences beansprutht im Eltinmhwku;h g hI g ht g e - .y
eransitions I I In heisahuchnin_Beanigsuein T
richt <e» OWeg, FLR, FAR, FI7 g
_-'Eﬂ ==z nichk, Cleg FLR, FRZ_Dlegi
FLR wo» nicht, DWeg_FLR, FLR_FLR, FER_FLR, rlArl_l;

FER ==» nichk, FRR_FLR;
Fuz <=» nicht, FER_FLR, FEI_DWeg; |
Dy _FLE ~«p OWeg, FLE, DNeg FLE_FLE;
FLR_FLE we» FLR, OWeg_FLi_FLi, Fae_FLR_fiR, Pwa_sff_sue;
FRE_FLE ~=» FLR, FWR, FWR_FLR_FLR:
Fui_DWeq —-» DNeg, FAZ; [ |
FEL_FLE --¢ FLR, PAE, FNI_FLR_FLR;
Cmeg FLR_FLR - DWag FLR, FLR_FLR; I
FER_FLE_FLR --¢ FWR_FLR, FLR_FLR;
FNZ_FLE FIR  --» FWEFLR, FLRFLR; |
} |
ruie plock beemspruche WL reforences G(leisabschnitk fFﬂ'II'HJ'!!t rEservierer
rule groph |
<=x [istBeanspruchumpsyerbedingunall] |
“» [beansprucht == micht] ¢ ( 0 L
beanspruchen FRZ) | I&
b fs
Tl |
: > i
(| gietsabschnitt feldelemente B i v
¥ u .i‘—i } I .-bi |
newn H - | _ ]
btansgrucht: Deanspruchber  besnsprucht « hm |hmm'ﬂ.}‘" # g
{ Dweg, £ bsansprucht als Dnrchrutlchﬂg-il-&lm ."1 g . 7!1--
FLE, ff bpanspriucht im Flonkenschutorausn I ' i
FNg, |
Fe, /' beansprucht im Fohrseg slner !uu-lt':u "!
Difeg_FLE,
FLR_FLR, 0
FNE_FLR,
FNE_FLE, I
DWeg FLE_FLE,
FWE_FLE_FLR, I
FNZ_FLE_FLR,
e lect
% seliection
pracedures
reworvierenl) = |
rELerviert <= Jo
¥ e
bwanipruchenlesnspruchbar stakn) = { (P (P _Dvog ) (PWE_FLE} (FE LR )
beanzprucht -» ttate,
resErviert -» neln
: ki -
—_———. .| havemcue W 0 g Chuabscvm besnpruce sh|

| et IHHD ;

=




TR

| L r————

L L 5 'r.-.'_ 1L ] -_ T TN I e ] s .l E
references boonspricht im Glelsobschnitt;
transitions
rucht ==» OWeg, FLR, FER, FEZ;
g ~=» micht, Dlieg FLR, FEZ_DNeg;
FLE sxz nicht, Dlleg FLE, FLE_FLR, FER_FLE, FEZ_FLR;
FER ==3 nicht, FER_FLR:
Ful <«» nicht, FEI_FLE, FEZ_DWeg;
Dy _FLE ~«p OWeg, FLE, DNeg FLE_FLE;
FLR_FLR ce» FLR, OWeg FLR_FLR, FWR_FLR_FLR, PWI_FLR_FLR;
FNE_FLE -=» FLR, FWR, FWR_FLR_FLR;
FuE_[weg --r DWeg, FNI;
FEL_FLE --¢ FLR, PAE, FNI_FLR_FLR;
Cmeg FLR_FLR - DWag FLR, FLR_FLR;
FER_FLE_FLR --¢ FWR_FLR, FLR_FLR;
FNE_FLE_FLE -== FWZ.FLR, FLR.FLR;
¥
rule bplock beemspruche FWE refarences G(leisobschnitt (Fahritrosse reservicrer
rule groph
«ox [igtBeanspruchumgsierbedingunall] |
“» [beaniprucht == mucht] / k.
beanspruchen PRZ) Y
ks fv

[ Cleisabichnin_Branisrucht T3

!...

P
i
11
12
13
14
15
16
17
18
159
n
21
l-hlj
13
iu
%
o=

)
i ¥

' |
'y
Ml
11

O pleisabachnite feldelemerte B

L1 A=§

nein 3
btansgrucht: Deanspruchbar, beansprucht +
{ Dweg, £ beansprucht als Durchrutachesg-Elesént
FLE, £ epandpricht im Flenkenschutirausn
Fig,
Fe, /4 beansprucht im Fohreeg elner Tugstrozse
DWeg FLE,
FLE_FLR,
FRR_FLR,
FWNE_FLR,
DWeg FLE_FLE,
FWE_FLE_FLR,
FNZ_FLR_FLR,
PN _[Weg
3
procedures \
ety - £ Res0lve procedur
, FELEFViErE <» 8
L]
beranspruchen(Besnipruchbar ttake) = {
beenspruchl -+ state,
FesErviert —» nein
| H
j |

=

S VD T el
(2 vieg)

(WL AR )

T3 beanspeuene TWE 11 | U Clessabschnin_beansoruehe 54|

Writadie

| et |H--I'I'D i = .




-?:?lﬂ

Y

n

refarences boonspr

uwtht im Glelsabschaitk)

R AR A ERE |

transitions
nychi =3 [Weg, FLE, FEE, FET;
E-l?ﬂ ==z nichk, Cleg FLR, FRZ_Dlegi
FLE s=» nichlk, Dlleg FLH, FLE_FLR, FNR_FLE, FN?_FLE;
FER ==» nichk, FRR_FLR;
Fuz <=z nicht, FEF_FLE, FOF_[Weg;
Dy _FLE ~«p OWeg, FLE, DNeg FLE_FLE;
FLR_FLR ce» FLR, OWeg FLR_FLR, FWR_FLR_FLR, PWI_FLR_FLR;
FNE_FLE -=» FLR, FWR, FWR_FLR_FLR;
FuE_[weg --r DWeg, FNI;
FEL_FLE --¢ FLR, PAE, FNI_FLR_FLR;
Cmeg FLR_FLR - DWag FLR, FLR_FLR;
FER_FLE_FLR --¢ FWR_FLR, FLR_FLR;
FNE_FLE_FLE --= FWZ_FLR, FLA_FLR;
¥
rule bplock beemspruche fWE reforences (leisobschnitt (Fahrstrosse reservierer

rule groph
<> [istBeanspruchumpsyerbedinguna(l] (

“» [beansprucht == micht] ¢ (
beanspruchen FRE)
Y

synchroniz

. gheisabsehnite feldelemere B

L1 A=§

53 reverviere | Um Gl s i _bnanipro he_iu ﬁ
-'q " LT i u‘ " .r:

h“"""m"ﬂﬂ!tiuﬁ . P I P !'

nein 3
btansgrucht: Deanspruchber  besnsprucht «
- { Dweg, £ beansprucht als Durchrutachesg-Elesént
FLE, ff beansprucht im Flenkenschutorausn
Fag,
Fe, A4 beansprucht im Fohreeg slner Tugstroxss
DWeg FLE,
FLE_FLR,
FAR_FLR,
FNZ_FLRE,
DWeg FLE_FLE,
FWE_FLE_FLR,
FNZ_FLR_FLR,
FNE_[Weg
3
procedures
13 reworvierenl) = |
y relerviert <= jo
L]
- beanipruchen(Beanspruchbar ttake) = {
beenspruchl -+ state,
FesErviert —» nein
| H
} ju
: ___|¥
.
Wrikadshy

| et |H.HEI |'

=



Conclusion

Conclusion

What did | talk about?
» shortly introduced the MENGES project
» outlined the deployment of textual languages
» motivated benefits/downsides of textual & graphical notations

» sketched an approach on how to integrate them
resulting in much more abilities of handling models
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