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Introduction

A crucial thread in enabling model-based systems engineering (MBSE) for next-generation,
complex systems is to analyze system architecture by means of simulations and verify requirements
continuously during design and development phases. The general steps in this iterative simulation-based
design approach are as follows:

(1) Define system architecture (design model)

(2) Create a simulation model

(3) Run the simulation model

(4) Verify requirements using simulation results

(5) Refine system architecture and repeat
However, this process often becomes challenging because: (1) system architecture is often defined by
system engineers and designers who are not simulation experts and may not have the necessary skills to
define and execute simulation models, (2) the communication between system architects and
simulation experts is often document-based and hence laborious and error-prone.

Syndeia, our platform for MBE/MBSE, addresses these challenges by providing capabilities to (1)
generate simulation models from design models using model transformations, (2) maintain a connection
between elements in the design model and simulation model, (3) provide services to compare and
synchronize design and simulation models bi-directionally as they evolve concurrently, and (4) reverse
engineer design models from simulation models for organizations transitioning to MBSE. We are
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introducing a new series of technical notes where we exemplify the detailed use cases in this approach
with SysML for representing system design and Simulink for representing simulation models

In this series we will highlight various capabilities of Syndeia for using Simulink with SysML to
coordinate the simulation-based design process of a system. Over the next few installments we will
outline different scenarios for using Syndeia 2.0 to generate, connect, and compare Simulink and SysML
models. Part 1 will show how SysML block and activity structures can be used to generate basic Simulink
model reference structures, including both atomic and multi-signal ports. Part 2 will describe how to
generate Simulink models from SysML with specific blocks in the Simulink library that are then executed
using a MATLAB script. In Part 3 the reverse will be demonstrated, using Simulink model and block
structures to generate SysML block and activity structures. In all three use cases, we will also use the
connections created during the generation process to compare and identify changes made on either the
SysML side or Simulink side.

In this first installment of the series, we explore the use case where SysML block and activity
structures are used to generate a skeletal structure of Simulink models either as an internal block
structure with part properties, or an activity structure with call behavior actions. This skeletal model
structure, with ports and interfaces defined by the System Engineer in SysML and generated into
Simulink, can then be used by a domain engineer with Simulink expertise to flesh out the functional
design of the simulation model. Meanwhile, persistent connections between SysML elements and
Simulink models have been created by Syndeia, so that as changes are made to either side, we can
compare across those connections to show what changes have been made and whether the ports and
interfaces remain in sync.

Generating Simulink models with atomic signal flows

The first scenario we will explore for generating a skeletal Simulink model from a SysML model
involves only atomic signal flows, represented by SysML value types Real, Integer, or Boolean. This
means that a single signal can flow through a port or activity parameter node, which will map to inports
and outports in Simulink which likewise only allow a single signal of comparable type to flow:

e Real > double
e Integer - int32
e Boolean - boolean

A skeletal structure can be defined in SysML by using either an internal block structure or an
activity structure. We begin here in Figure 1 with an internal block diagram (IBD) to represent an
internal block structure in SysML. The diagram frame indicates the top-level block in the structure,
System. Other blocks, such as PartA, have been used as part properties, i.e. pA : PartA. Further structure
is then nested inside each block with its own part properties as needed in separate IBDs, such as PartA,
shown in Figure 2. As the notes on the different ports in Figure 1 indicate, we have used multiple port
options in SysML (flow ports, full ports, and proxy ports) to show the various possibilities that are both
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allowed by SysML and supported by the tool interface, but the choice of which port type to use may be
influenced by other factors. Ports with compatible directions may be joined by connectors as shown —
when connectors join two ports at the same level, such as pA.outl > pc.in1, the directions (out/in) are
opposite, while connectors joining ports at nested levels, such as in1 - pA.in1, have the same direction.

ibd [Block] System[ System ]J -
. . . . . . afulls . . . afulls
|:_‘Lin‘[ . Real’ in1: Real in1: Real out1 : Real Flow " out!: Real_Flow |
- T T = - n =T - d
: : : Flow ports typed ";"";'Fullpurtstypedbyﬂluck
: : . . : : : . . by Value Type : ' +|with only 1 flow property
I S S A | ;... . |oftypeReal
: : : : ; : ) L . . D . . . . . .
: : : : pB: PartB -~ . : N proxys: : : | eproxys
|:'—|'iﬁ2 *Integer_Flow - - - - - -, _gut! ; Integer - - in2: I|'|t£:g_1::r\i_:| - out2 -Boolean:_Flow 0!-"-2-1-30_0433“-_!'10\'-“[—_3'
w. in1:Integer_Flow . . . : oL T . : . : B Ean
. . . . r. e e P " ) .
"'Z"""T-'..,"'Z""T'l;' _ _ : : : | : : @ : :
X X . . X X X . . . |Proxy ports typed by
" |Flow ports typed by FlowSpecification with St Inferface Block with only 1
only 1 flow property of type Integer : : : : : : - : : - |flow property of type Integer

Figure 1 IBD of System internal block structure with comments indicating different ports and how they are typed

Figure 3 below shows the structure in the containment tree of the System block from the IBD in
Figure 1, and Figure 4 shows the Boolean Flow Interface Block, Real Flow Block, and Integer Flow
FlowSpecification used to type the proxy port out2, the full port out1, and the flow port in2, respectively
(the flow port in1 is typed by the Real value type from the SysML profile). The flow port concept is being
effectively replaced by the proxy port and full port concepts in SysML 1.3, but older models will still be
supported, so we show them here.

E-E System
El- -7 Relations
i i i _ i i i i _ i [E-CB +ph : PartA
ibd Bloc PartafPaall E}-CE +pB : Parts E3-£7 Types_Atomic
"""""""""" e | ErOE4pCiPartc | &3 Bookean_Flow
- out! " Real - 'ouﬂf:'ﬂeal,L - +nt : Real ; [El +boolean_out : Boolean
- - - = — | +n2: Integer_Flow £ Real_Flow
................... - 4outl: Real_Flow fe[A +real_out : Real
: : : : : : : : : : +out2 : Boolean_Flow " -2 Integer_Fiow
""53‘5“3"“ i[E -Hnteger_in : Integer
Figure 2 PartA IBD nested inside System IBD Figure 3 System block with Figure 4 Flow properties in Interface
where PartA is used as part property pA : PartA various ports and port types Block, Block, and FlowSpecification

Activity structures can follow a similar pattern, as seen in Figure 5 below. The diagram frame
represents the top-level activity, Overall Mission, while other activities, such as Mission A, have been
used as call behavior actions, i.e. ma : Mission A. Again, further activities may be used as call behavior
actions inside of these blocks, which have nested activity diagrams of their own. In this case, activity
parameter nodes on the frame (i.e. In1 : Real) are connected by object flows to pins in the same
direction (i.e. aln1 : Real) on the call behavior actions (i.e. ma : Mission A), or two pins of opposite
directions are connected at the same level (i.e. ma.aOutl - mc.cInl). In this basic model the activity
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parameter nodes are typed by SysML value types, i.e. Real, Integer, or Boolean. Pins on call behavior
actions correspond to the activity parameter nodes of the referenced activity.

(‘act [Activity] Overall Mission | DverallMission 1) f : f : f : f : f f f S

avalueTypes — E|I':I1 : Rea:l
In1 : Real

| mc:Mission(li'h

cOut ;Real . [evalieTypes
. . Qut1 : Real

avalueTypes

. : . [ mb:Mission Brh : : . : .
avalugTypes [ | bin1 : Integer _ bOut!: Integer cin2: Integ'eEJ_
In2 : Integer : - ’ - : : : Ml Qut2 : Boolean

Figure 5 Activity structure of Overall Mission for generation in Simulink

In the Syndeia dashboard, Connection Manager tab, shown below, the Overall Mission activity
(left) can be dragged to an empty folder in a local file system repository as shown in Figure 6 to generate
a Simulink model structure.

Syndeia Dashboard (2.0.0) - 5

=% Repository Manag;[/r ‘2, Connection Manager ﬁf Connection Browser r d Connection Summary r}f Comp 41 k¢ B
P7 SysML Model ‘2, Connection Type = Simulink Models w

L

- — by
EHQ Mission C . o (") Reference BT Simulink Models %:;_
"D mel : Mission C1 . Bl || Simulink from SysML =
B me2 : Mission C2 (2 Function Wrap ; . b=

| Basic Models 2
- cOutl (out) @ Real () Data Map g
-3 cIni {in) : Real Wl =

(in) (@ Model Transform

i) cIn2 (in) @ Integer
:EI cOut2 (out) : Boolean
[ Mission C1
[ Mission C2
oy
--D mb : Mission B
--D ma : Mission A
--CJ mc : Mission C
&) In2(in) ¢ Integer
l:EI Qut2 (out) : Boolean
-3 In1 {in) : Real
L Qutl (out) : Real

| Bus Models

| LibBlack Models
[~ | SysML from Simulink

----- 1 Simulink from SysML.zip

S 1, SysML from Simulink. zip

Figure 6 Creating Simulink model structure from activities in SysML

As we can see in Figure 7 SysML structure on the left and Simulink model structure generated
from SysML on the right on the right, Syndeia has generated multiple Simulink model files, one for each
activity. The file extension will be the default set in local MATLAB, in this case it is six, but for older
versions of MATLAB, models with the md/ extension will be created, or for newer versions if the user’s
default setting in MATLAB has been changed to this. If we expand the file, queries are made to get the
structure of the model inside, highlighted here, which has the same name as the file without extension.
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Just as an activity is mapped to a Simulink model, call behavior actions are mapped to model reference
blocks in Simulink, i.e. mc : Mission_C, represented here by a white box. This has been expanded in the
figure to show the nested structure, but it is itself a reference to the Mission_C model in another file,
Mission_C.slx, mapped to the Mission C activity on the left. Likewise, input and output parameter
nodes/pins have been mapped to inports and outports in Simulink, represented by arrows either into or
out of white boxes. Object flows have been mapped to signals/lines in Simulink, represented by plain
arrows.

=% Repository Manager 'E', Connection Manager }ﬁ Connection Browser @le Connection Summary _&t Comparison Result "\b Settin

P" SysML Model 2. Connection Type = Simulink Models
EIEI Basic Modals 11" & Reference -- %) Mission_C.slx
B Activity B} |*a) Mission_C 1.5k
El-43 Mission A {0 Function Wrap Bl %) Mission_C2.sh
"D al: Mission Al () Data Map E} 4| Overall_Mission. slx
:l:l a0ut1 (out) : Real @ Model Transform E'"L:uw
b alnd fin) ¢ Real - &[] ma : Mission_A
B3 Mission Al -] mb : Mission_B
(43 Mission 411 El]:[ mc : Mission_C
Erl-43 Mission A12 [EI---]:[ mcl : Mission_C1
B4 Mission B -] mc2 : Mission_C2
-3 Mission B1 E -3 | eIn1 (IN) : double
El-473, Mission C -2 eIn2 (IN) + int32
B} mel: Mission C1 ~{ = cOut1 (QUT) : double
...:. mc? « Mission C2 E) cOut2 (OUT) : boolean
.;.:| cOutl {out) : Real =3 cInl -=melfciind
.;.3 cIni (in) : Real =3 clfc10utl = cOutl
:.:| cIn2 {in) : Integer =3 mC2fc20utl - cout2
L cOut2 (out) ¢ Boolean -3 €n2 ->me2fc2nl
[-43 Mission €1 3 E In1 (IM) : double
E-43 Mission C2 ] In2 (IN) 1 int32
-3 _ [ = out1 (OUT) : double
B mh : Mission B E) Cut2 (OUT) : boolean
B ma : Mission A - = mcfcOut - Out2
- 2 mic : Mission C = =3 In2 -> mb/bInl
- In2 {in) : Integer - =3 mb/bOutl -= mcfcIn2
-0 Qut2 (out) : Boolean - =¥ mafalutl -» mcfcInl
--&7 In1(in) : Real - =3 Inl->mafalnl
-0 Qutl (out) : Real - - =3 mcfcOutl -> Outl

Figure 7 SysML structure on the left and Simulink model structure generated from SysML on the right

Similarly, the block structure from Figure 1-Figure 4 may be used to generate a Simulink model
structure, with PartA shown expanded to multiple levels in Figure 8 below after the System block was
dragged to a folder as indicated by the arrow. As with the activity structure, blocks map to models in
Simulink (contained in model files of the same name), and SysML part properties map to model
reference properties in Simulink. For flow ports, full ports, and proxy ports as discussed above, where
they are either typed by SysML value types in the case of flow ports, or where their typing block,
interface block, or FlowSpecification has only one flow property typed by SysML value types making it an
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atomic port, the types are mapped to data types in Simulink as explained above. Connectors between
ports in SysML map to Simulink lines/connectors as with object flows above.

Repository Manager ‘=, Connection Manager rﬁf Connection Browser r | &) Connection Summary r}f Comparison Result r'\, Setting

P™ SysML Model

‘=, Connection Type

= Simulink Models

EHF7 Blocks
D Types_»Atomic
Elg Parta
- Connector
-+t Connector
-[F] pAl: PartAl
inl:Real
outl : Real
B Parta1
-+t Connector
- Connector
- F] pAll: Partall
inl: Resl
outl : Real

7 Parta11
-] Parts

E
b
B Parta1
£
£

7 PartC
1 Partc1
e

m

i) Reference

() Function Wrap /’
@ Model Transform j/

() Data Map

Figure 8 Generating Simulink models from SysML internal block structures

- | CreateSystem.log
ﬁ CreateSystem.m
B g PartA.slx
E‘""fﬂ Parta
B[] pAl: Partal
B[] pail:Partail
E in1 {IN) : double
E) outl (OUT) : double
-El in1 (IM) : double
E) outl {OUT) : double
-=3» pAllfoutl -> outl
=3 il -> pAllfinl
-El in1 (IM) : double
E) outl (QUT) : double
- =3 pAljoutl -= outl
=3 Nl -> pAlfinl
B} [*| PartAl.slx
- 'y PartAll.slx
B} [*y| PartB.sh

We can open the newly-generated Simulink models from the Syndeia dashboard to view them in
the native MATLAB environment as shown in the figures below, and arrange the model elements for

visual clarity if desired.

File Edit View Display Diagram Simulation

BEe-E-40P

- @

Analysis

Code

Tools  Help

'k?)v

OveraILMisswon 3

File Edit View Display Diagram Simulation

Ev»

Analysis

iR 1L

Mission_A

aln1 alut1

Missicn_B

Bin1 bOut1

cin1

Mission_C

cOut1

cin2

cOut2

mc

100%

igure 9 Overall_Mission.slx (file from Figure 7)
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Generating Simulink models with signal buses

The next level of complexity that we will explore in Part 1 is to group multiple signals into buses
in order to allow multiple signals on connectors and ports (or object flows and activity parameter
nodes). These will be used to generate Simulink models with bus objects typing the inports and
outports. For internal block structures, this can be done by adding multiple flow properties to the
element that types the port (i.e. Interface Block for proxy port, Block for full port, or FlowSpecification
for flow port as described above for the atomic signal case in Figure 4). Examples of each with multiple
flow properties are shown below in Figure 11. For the equivalent functionality in activity structures,
multiple flow properties should be added to blocks, as in Figure 12, which are used to type the activity

parameter nodes, as shown in Figure 13.
-4y Owerall Mission bus{ Qutl : Bus_1, In2 : Bus_2,

B} Relations
E}EI Blocks - Inl:Bus_1
EJ-C3 Bus Types - In2 : Bus_2
E}E Bus_2 -0 Qutl: Bus_1
{3 +signall: Real BB Activity - Out2 : Bus_1
-~ [F +signal2 : Boolean - Bus Types B} ma:Mission A bus
¢ i-[E +signal3: Integer E-E Bus_1 B mb:Mission B bus
E-E Bus_3 ¢ -[A +signall: Real O me:Mission C bus
¢ -[H +signall: Real i Le[H +signal2 : Boolean {55 Overall Mission bus
: i.[E +signal? : Boolean E-E Bus_2 - 3 outOutl: Bus_1
E-E Bus_1 t.[A +signalt : Real - @& inIn2: Bus_2
--[8 +signall : Real [ +signal2 : Boolean ~ {3 inInl:Bus_1
i [El +8ignal2 : Boolean | +signal 3 : Integer - {3 out Qut2 : Bus_1
Figure 11 Port typing elements Figure 12 Parameter node typing Figure 13 Overall Mission activity with call
with multiple flow properties elements with multiple flow properties behavior actions and parameter nodes

As before, the top-level activity or block can be dragged in the Syndeia dashboard from SysML
Model to a folder in a local file system repository to generate Simulink models. The same types of
models are generated as before, but this time the bus information for each model is stored in a .mat file
of the same name as the model. This .mat file of bus definitions is loaded by the PreloadFcn of the
model. The reason a separate bus file is generated for each model that uses buses is so that the models
may be used modularly from any level, not just the top level. When each model is expanded in Syndeia,
the bus objects are simultaneously loaded into the MATLAB workspace, so that Simulink can show each
bus port expanded with the signals and their types as shown in Figure 14 and Figure 15 below.
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PT SysML Model 2 Connection Type = Simulink Models
EIEI Blocks *|| @ Reference IEI PartC1_bus.shx
El-£7 Bus Types N E PartC_bus
E Bus_3 (2 Function Wrap EI "3/ PartC_bus.shx
& Bus_1 () Data Map B4y PartC_bus
E}g Bus_2 @ Model Transform ED pcl: PartC1_bus
#-[E signall; Real - E in1 {IM) : Bus: Bus_1
-[E signal2 : Boalean EI-E in2 (IN) : Bus: Bus_2
- [F signal3 : Integer L =3 signall : deuble
[]—-E PartA11_bus =3 signal2 : boolean
-] PartA1_bus tee =3 signal3 : int32
[]--g PartA_bus [EI--E) outl (OUT) : Bus: Bus_1
[]"E PartB1_bus [EI--E) out2 (OUT) : Bus: Bus_3
[]--E PartB_bus [}--El in1 (IM) : Bus: Bus_1
[]..E PartC1_bus E E}---El in2 {IM) : Bus: Bus_2
[—]—-E PartC_bus | (| i =» signall : double
-t Conpecter [ ff} Al i i i i b = signal? : boolean E
-yt Conpecter | |} || i i i e ~» signal3 : int32
- 3% Connector []--E) outl {OUT) : Bus: Bus_1
- +F Connector []--E) out2 (OUT) : Bus: Bus_3
-[F] pcl : PartC1_bus =3 pclfout? -> out2
inl:Bus_1 - =3 pclfoutl -» outl
outl: Bus_1 - =3 in2 -= pclfin2 |
- [F] out2 : Bus_3 | - = inl - pcifinl
]E in2 : Bus_2 @ System_bus
[]--E System_bus - B %y System_bus.shx
' 1 | 3 4| rrr b

Figure 14 PartC_bus block and Simulink model shown side by side, with Bus_2 expanded as well

=% Repository Manag;VY a Connection Manager ﬁf Connection Browser r L& Connection Summary r}f Comparison Result r‘\, Settings I

PT SysML Model ‘2, Connection Type = Simulink Models
EIE Activity “|I' & Reference [ Mission_A_bus
-7 Bus Types : B "y Mission_A_bus.shx
E}Q Bus_1 (2 Function Wrap E---AE-, Mission_A_bus
L[ signall: Real || @ Data Map B[] a1 : Mission_A1_bus
..[H signal? : Boolean @ Model Transform EIEl mall : Mission_A11_bus
[}-E Bus_2 - EI-E| al11In1 (IN) : Bus: Bus_1
43 Mission & bus Y signall : double
-~ gl : Mission Al bus b =3 5ignal2 : boolean =
-t alnl {in) : Bus_1 E) a110utl (OUT) : Bus: Bus_1 1
- g@0utl {out) : Bus_1 [—]-E| allnl {IN) : Bus: Bus_1
B3 Mission A1 bus =3 signall : double
[ mall : Mission Allbus = signal2 : boolean
-8 al0utl (out) : Bus_1 3 []—-E) al0utl (OUT) : Bus: Bus_1
&3 allni(jn) : Bus_1 [ | AN AN N S S N St ~» allnl->mallfalilni

-3 Mission Allbos [ |} | =» mallfalloutl -= alCutl
(-4} Mission B bus [—]---E| alni (IN) : Bus: Bus_1

(-4 Mission B1 bus b= signall: double
&
&
&

H--«3 Mission C bus = signal2 : boolean

H-83 Mission C1 bus [}-E) a0utl (OUT) : Bus: Bus_1
H--e3 Mission C2 bus =3 g1fa10utl -= a0utl

(-3 Cverall Mission bus - =» alnl-=alfallnl

Figure 15 Mission_A_bus.sIx shown expanded to multiple levels on the right hand side with source activities on the left
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We can again open the newly-generated Simulink models from Syndeia to view and rearrange
them in the native MATLAB environment as shown in the figures below. This time the ports have a
double-line border to indicate that they are bus ports. In the scenarios we explore in Part 1, the lowest-
level models such as PartC1_bus in Figure 17 have been left empty with only ports in place, so that an
expert Simulink modeler can take the basic architecture built by the system engineer and fill it out with
specific connections and behaviors.

|%&|PartC_bus b - |P&|PartC1_bus

)

. o | PartC1_bus
inl in1 outi
’—b in2 out?
D
. ) pcl

in2

8

inl

C 5
O
(
i)

Figure 16 PartC_bus.slx (file from Figure 14) Figure 17 PartC1_bus.slx (referenced in Figure 16)

To see the bus object that is used to type a particular port we can double-click that port and go
to the Signal Attributes tab, then expand the >> button next to the Data Type field as shown in Figure
18. Click Edit to see and/or edit the signals and their datatypes as shown in Figure 19.

= Bus Editor - Manage Bus Objects in the Base Wurispaa

File Edit Miew Options Help

Signal Attributes

[C] output function call

Minimum: Maximum: = % E +E - [m] % & E_\E\I x Filtar:
[ [
=
Mame DataType  Complexity
Data type: Bus: Bus_2 v << 4 E Base Workspace )
— — signall double real
Data Type Assistant » = Bus_1
= pgus 2 — signal2  boolean real
Mode: Bus_2 - Edit i = B — signalz int3? |
1 . == Bus_3 signal3 in real
Figure 18 Signal attributes and data type for port in2 Figure 19 Base workspace and signals for Bus_2 object

Comparing Simulink models with their SysML sources

Finally, we will utilize the connections created and persisted when Simulink models were generated
from SysML blocks and activities. First, we will compare the connections before changing anything to
show what happens when the models are in sync. Then we will make changes on either side and use the
Syndeia compare capabilities to show the differences across each connection. Syndeia is able to catch
changes made on one side or the other, or changes made to both sides simultaneously, including:

e SysML side changes
o Addition/removal of part properties in a block OR call behavior actions in an activity
o Changing name/type of part properties in a block OR call behavior actions in an activity
o Changing name of block used as part property OR activity used as call behavior action
o Addition/removal of flow ports in a block OR activity parameter nodes in an activity
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o Changing name/type of ports in a block OR activity parameter nodes in an activity
o Addition/removal of connectors in a block OR object flows in an activity
o Rewiring of connectors in a block OR object flows in an activity
e Syndeia side changes
o Addition/removal of model reference blocks
Changing name/type of model reference blocks
Addition/removal of inports and outports
Changing name/type of inports and outports
Changing elements of bus objects typing inports and outports
Addition/removal of lines (block connections)

0O O O O O

Rewiring of lines

In this note, we will show only a representative subset of these changes, but first we show the
comparison of the untouched models. By navigating to the Connection Browser tab we can see all of the
relevant SysML elements and expand them to show both the structural elements and the connections to
elements in repositories. Figure 25 shows two connections selected — one between the Overall Mission
bus activity and the Overall _Mission_bus target, and another between the PartA11 bus block and the
PartA11_bus target, both in the Simulink Models repository. By right-clicking after multiple-selecting
these connections, we can see whether any changes have been made between the SysML elements and
the target Simulink models. This is done by making calls to MATLAB to query the Simulink models and
then comparing the elements returned with the elements in SysML.

=% Repository Manager E Connection Manager ?g Connection Browser uﬂ Connection Summary }f Comparison Result ‘3\ Settings

Type here to filter connections

Source (SysML Element) - | Name - | Type - | Target
l E|Q. Overall Mission bus

e e Generaton: s ol Ac.
b1 mb : Mission B bus
i~ ma ; Mission A bus
C) mc : Mission C bus
l:l:l CQut2 (out) : Bus_1 Go to...
=0 In1 (in) : Bus_1
I:l:l In2 {in) : Bus_2

fs Outl (out) : Bus_1 Compare S5ysML & Target
B0 Blocks Sync SysML -> Target
"EI Bus Types Sync Target -> SysML
E]E PartA1l bus Delete Connection(s)

AP _ITIILILL | WA A Pl ™| _ AN | LAY F'artAll_bus

[Model Generation::Bus Models::Blocks::...
Figure 20 Compare SysML and Simulink for an activity and a block

The Comparison Result tab shown in Figure 21 verifies in this case that all elements are in sync
as they were just created. The different numbers, names, and types of each set of actions, parameter
nodes, and object flows (for activities) or properties, flow ports, and connectors (for blocks) are shown
below the main connection heading, and the comment column gives further details on the status of
each SysML and/or Simulink element.
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g Syndeia Dashboard (2.0.0) - Syndeia_Simulink_Example:

=% Repository Manager r E Connection Manager rﬁf Connection Browser r ‘é Connection SummaV}tComparlsonResult ‘\, Settings

. PartAll_bus

PROPERTIES (Total = 0)
FLOW PORTS {Total = 2)
in1 (IM) : Bus_1

outl (OUT) : Bus_1
COMNECTORS (Total = 0)

mcfcOut? -= Qut2
PartA1l bus
BLOCKS (Total = 0)
PORTS (Total = 2)
in1 (IN) : Bus: Bus_1

outl (OUT) : Bus: Bus_1

LINES {Total = 0)

Figure 21 Compare results for connections queried from Figure 20

Q- Type here to filter connections | Clear | | Export to Excel |
| ConnID = | Source - | Target - | Latest Target - | Comment - |EE N
E"?f d7a... Overall Mission bus Overall_Mission_bus SysML activity vs. Simulink model -

B-1 ACTIONS (Total = 3) BLOCKS (Total = 3) Actions vs, blocks

ma : Mission A bus ma : Mission_A_bus Call behavior action has a correspoding Simulink block.

mb : Mission B bus mb : Mission_B_bus Call behavior action has a correspoding Simulink blodk.
mc : Mission C bus mc : Mission_C_bus Call behavior action has a correspoding Simulink block.

B2 PARAMETER NODES (Total = 4) PORTS (Total = 4) Parameter nodes vs, ports
Inl{n) : Bus_1 In1 (IN) : Bus: Bus_1 Parameter node has a coresponding Simulink port.
In2 (i) : Bus_2 InZ (IM) : Bus: Bus_2 Parameter node has a coresponding Simulink port.
Outl {out) : Bus_1 Qutl (OUT) : Bus: Bus_1 Parameter node has a coresponding Simulink port.
Out2 (out) : Bus_1 Qut2 (OUT) : Bus: Bus_1 Parameter node has a coresponding Simulink port.

B3 OBJECT FLOWS (Total = 6) LIMES (Total = &) Object flows vs. lines
Inl-=>ma.alnl Inl-=majalnl Object flow has a corresponding Simulink line (signal fbus).
In2 -> mb.bIn1 In2 -= mb/bIn1 Object flow has a corresponding Simulink line (signal fbus).
ma.a0utl -= mc.cInl mafalutl -> mcfcnl Object flow has a corresponding Simulink line (signal fbus).
mb.bOut1 -=> mc.cIn2 mb/bOutl -= mcfcIn2 Object flow has a corresponding Simulink line (signal fbus).
mc.cOutl -» Outl mcfcOutl -= Qutl Object flow has a corresponding Simulink line (signal fbus).
mc.cOut? -= Qut2 Object flow has a corresponding Simulink line (signal fbus).

SysML blodk vs. Simulink model

Properties vs, blocks

Flow/fullfproxy ports vs. Simulink ports
Flowfullfproxy port has a coresponding Simulink port.
Flow/fulljproxy port has a corespanding Simulink port.
Connectors vs, lines

Then we make changes to both the SysML models and Simulink files to simulate concurrent

modeling efforts. For the Overall Mission bus activity we may rename a call behavior action (alpha,
Figure 22), and concurrently rename a port in Simulink (Bus1in, Figure 23). For the PartA11_bus block
we may add a new port (in2 : Real_Flow, Figure 24), while concurrently in Simulink we add a Simulink

library block and connect it with new lines (Gain, Figure 25). Then, we compare again (results shown in
Figure 26).

Cwerall Mission bus [ Overall Mission bule

aln1: Bus_1

alpha : Mission .
A bus |'|1

alut1 : Bus_1

Figure 22 Changing call behavior action name

ibd [Block] PartA11_bus{ PartA11_bus ]J

—|

2

. .

Figure 24 Adding new flow port in SysML

int : Bus_1

: putd - :~Elu5_-1: :

.

DveralI_Missinn_bus 4

1

__)"
Bus1in

Figure 23 Changing the name of inport in Simulink

PartA11_bus

O— P

in1 GEain out1

Figure 25 Adding new Simulink library block and lines
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=% Repository Manager | ‘=, Connection Manager | 4 Connection Browser | || Connection Summary " 07 i A, Settings
Type here to filter connections | Clear | | Export to Excel |
Con... = | Source - | - | Latest Target - | Comment - |I]]]
Elwiy d7... Overall Mission bus Qwerall_Mission_bus SysML activity ws. Simulink model -
=50 ACTIONS (Total = 3) BLOCKS (Total = 3) Actions vs. blocks
ma : Mission_A_bus Call behavior action does not have a corresponding Simulink block.
alpha : Mission A bus Simulink block does not have a corresponding call behavior action.
mb : Mission B bus mb : Mission_B_bus Call behavior action has a correspoding Simulink blodk,
mc : Mission C bus mc : Mission_C_bus Call behavior action has a correspoding Simulink block.
=-2 PARAMETER NODES (Total = 4) PORTS (Total = 4) Parameter nodes vs, ports
= Bus1In (IN) : Bus: Bus_1  Simulink port does not have a corresponding activity parameter node.
Inl{n) : Bus_1 Activity parameter node does not have a corresponding Simulink port.
In2 (in) : Bus_2 In2 (IM) : Bus: Bus_2 Parameter node has a coresponding Simulink port.
Outl {out) : Bus_1 Outl (OUT) : Bus: Bus_1  Parameter node has a coresponding Simulink port.
Out2 (out) : Bus_1 Qut2 (OUT) : Bus: Bus_1  Parameter node has a coresponding Simulink part.
E-3 OBJECT FLOWS (Total = 6) LIMES (Total = &) Object flows vs. lines
mafalutl -= mcjcnl Simulink line (signal/bus) does not have a corresponding object flow.
Bus1In -> mafalnl Simulink line (signal/bus) does not have a corresponding object flow.
alpha.a0utl -= mc.cInl Ohbject flow does not have a corresponding Simulink line (signal/bus).
Inl -= alpha.alnl Object flow does not have a corresponding Simulink line (signalbus).
In2 -> mb.bIn1 In2 -= mb/bIni Object flow has a corresponding Simulink line (signal /bus).
mb.bOutl -= mc.cIn2 mb/bOutl -= mcjcn2 Object flow has a corresponding Simulink line (signal bus).
mc.cOutl -= Outl mcfcCutl -= Outl Object flow has a corresponding Simulink line (signal /bus).
- mc,COut2 -> Out2 mcfcOut2 -= Out2 Object flow has a corresponding Simulink line (signal bus).
Hg e4... Partall_bus PartAl1l_bus SysML block ws. Simulink model
E_l--l PROPERTIES (Total = 0) BLOCKS (Total = 1) Properties vs. blocks
Gain ; Gain Property does not have a correspoding Simulink blodk,
FLOW PORTS (Total = 3) PORTS (Total = 2) Flaw ffull foroxy ports vs. Simulink ports
in1 {IM) : Bus_1 in1 (IN) : Bus: Bus_1 Flow full fproxy port has a coresponding Simulink port.
in2 {null) Flaw ffull foroxy port does not have a corresponding Simulink port.
outl (OUT) : Bus_1 outl (OUT) : Bus: Bus_1  Flow/fulljproxy port has a coresponding Simulink port.
COMMECTORS (Total = 0) LIMES (Total = 2) Connectors vs. lines
Gain -> outl Simulink line (signal/bus) does not have a corresponding connector.
inl - Gain Simulink line (signal/bus) does not have a corresponding connector,

Figure 26 Compare SysML and Simulink for a row after changes made on both sides

We can see that new queries have been made to both the SysML and Simulink models as
changes were detected, and we can see exactly where the two models are out of sync, and which side
needs to be updated, if any. As mentioned above, these are only a representative sample of the many
types of changes which can be made to either side and caught by Syndeia compare.

Summary

The intent of this first note has been to illustrate the possibilities for using a SysML model to
generate a skeletal Simulink model using Syndeia, which then preserves and version manages the
connections. The connections created through model transform operations were then used to compare
and catch changes made to either side, i.e. a domain engineer filling out the skeletal Simulink model into
a functional simulation model, or the System Engineer making changes to structure or interfaces on the
SysML side. We have shown that this process can be carried out similarly for either internal block
structures with ports, part properties, and connectors, or for activity structures with activity parameter
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nodes, call behavior actions, and object flows. Furthermore, the signals that flow can be modeled as
atomic flows, or as buses that collect multiple flows.

The following parts 2 & 3 will continue exploring the Syndeia Simulink interface for the case of

o SysML - Simulink executable model including native Simulink library blocks
e Simulink model reference structure - SysML activity or block structure

Further use cases are in the works for Syndeia 3.0, so stay tuned for Part 4 and beyond!

If you are interested in trying Syndeia, follow the instructions here to get a free 30-day evaluation
license and download instructions: http://intercax.com/products/syndeia/download/
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