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Agenda

m Connecting Flow Properties in IBDs

m Grouping of Ports

m Combining physical connector type and flow
m Re-usable Command and Data Interfaces

m Logical Channels
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Connecting Flow Properties in IBDs

m Aim of the modeling aspect
m Delegation of flows to nested flows
m Benefit of nested port usage

m Flow specs the diagram doesn't tell you what's inside the port on the diagram, but
nested ports gives you a way to show that

m Traditional SysML modeling way
m Flow Properties

m Limits of nested ports
m None
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Connecting Flow Properties in IBDs Example 1/3

bdd [Package] Camera_Structure [ @ Camera_ProductTree] ]J

==hlock==
==physical==

Camera

parts
. ProtectiveHousing
& Mount&ssembly
. Electronicz&zzembly

. MechanicalPowwerSubsystem
. DistributionHarness

- Cameralnterface

- CameraModule <= . Cameralnterface_fs

. Problematic_fs

==FlowwSpecification=»=
Cameralnterface_fs

2ZFowPmpedy=r
analogyideo . Compositetideo{direction = out}
control - ControlData{readOnly direction = in}
digidend . MPEG4{direction = aut}
digideoE | MPEG4{direction = out }

==hlock==
==portgroup==
Cameralnterface

==FlowwPort==dig"/ideos ;| MPEGZ4{direction = out, iz&tomic}
==FlowPort==digWidecs . MPEG4{direction = out, izAtomic}
==FlowwPaort==: ControlData{direction = in, izAtomic}
==FlowwPort== | Compoziteideo{direction = out, izAtomic}

==FloywwPart== ;| Problematic_fs{direction = inout, iz&tomic = falze, izConjugated
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Presenter
Presentation Notes
The interface of the camera is modeled, for comparison, with a flow spec and a port group.
Both have to flows of the same type, MPEG4.
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Connecting Flow Properties in IBDs Example 2/3

ibd [Block] Camera Camera_lnfu:urmatiu:un ]J
==hlock== ==hlack==
==physical== = ==physical=> =
: CameraModule : ElectronicsAssembly
: Cameralrterface
9_*] ;. Compositetideo
lightin - Light : Light =s=hlock== 3 L & MPEG4 digvideod, | MPEG4
- Fol ==hlock== = : MPEGConverter
==opticals> |l ==physical== o
: OpticalAssembly digideoB : MPEG4
| : ContralData
: Wided
cehlocke= i:_l : Image «=pptical=s m . : Cameralnterface_fs
: ImagingAssembly | ==hlock==
: ImageProcessor L
Camera_Content Camera_ProductTree
Presented at the RTF 2009-11-24 page 5
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Presenter
Presentation Notes
When using a flow spec the flow properties cannot be distinguished in the IBD. It is unknown how the flow ports a and b are connected the flow properties.
When using a port group they can be properly connected.
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Grouping of Ports

m Aim of the modeling aspect

m  Group similar interfaces, e.g. information, electrical, optical
m Benefit of nested port usage

m Re-use easier because it is a type

m Nested Ports make it easier to query sets of relationships because they are
grouped

m Traditional SysML modeling way
m  Many different, unrelated flow or standard ports

m Limits of nested ports
m  Conjugation fails
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Grouping of Ports - Examp

le 1/5

whlocks
zphysicals

MonitoringStation

zplf ; Montoringinformationinter face
: Cameralrterface

[ ]

“‘x:a_plf - Monitoringinformationinter face

e
L |

E_:ameraCnntrnl_if, Loginsuppart_if, RouteManadement_if

RouteManagement_if | )| |LoginSupport_if (|| [CameraControl_if (|
+cresteRoutel) +verityLoginDetailz() +getCameraztatuzs()
+ieleteRoutel) +checkCapacity() HestCameras()
+panCamerar)
= - ri' HitCamerar)
S,
o Il - ﬂ
ghlocks
gporgroup:

Monitoringinformationinterface
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Presenter
Presentation Notes
In addition of defining flow ports in a port group, it can also realize an interface and therefore gives a compact definition of the complete flow and service interface.
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Grouping of Ports Example 2/5

ibd [Block] SurveillanceSystem|[ SurveillanceS\,.fstem_lnfl:urmati-:un ]J

CameraContral_if, LoginSupport_if, Routeanagement_if

==hlock== . s
==softwares== L;IS erLogin_if —, ::hl-:n_:k:»:» =
Al L Y ==physical==
|/ spit splf ' | :MonitoringStation
o
,
.  Cameralnterface
RouteManagement_if : ControlData

. Problematic_fs

==hlock== II
==physzical== [
cameras : Camera [1..*] : ControlData J
==hlack==
| ==glectronics==
;. Cameralnterface . Problematic_f= - ADSLModem
|
e
- - I|
T - II
==ERROR==
Conjugation iz applied EVYERNYWHERE
|=]=|
ACME_ProductTree
Presented at the RTF 2009-11-24 page 8
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Presenter
Presentation Notes
A problem occurs when a non-atomic flow port is nested. When conjugating it, ALL its usages are conjugated.


Grouping of Ports Example 3/5

lanld : Ethernet_fs lan1 : Ethernet_fs
" "
==hlock==
==portgroup==
CameraElectricalimterface

==Flovy=pecification==
Ethernet fs

Presented at the RTF 2009-11-24 page 9
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Presenter
Presentation Notes
Similar types of interfaces (e.g. electrical, optical, information) can be grouped for re-use and itself be typed by flow specifications. Flow specifications are used here because their details are irrelevant in this context.
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Grouping of Ports APE Junctlon box Example 4/5

Junction box external interface

cfw  may msZ  noifw

D I:l |:| |:| sJBE2Leus_Flectricallnter

zhlock:
sportgroups
JunctionBox2External_Electricallnterface

— |

s JEZIM_Electricalirterface

Presented at the RTF 2009-11-24
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Junction box
internal cabling

cfw nodfay may Maz
] [ [ ]
LI L] LI L
hlock:
sportgroup:

JB2Zeus Electricallmterface

Wi

Junction box internal
interface fanout

motar enc

e ——

ghlock:s
Zpartgroups:
JB2IM_Electricallnterface

caml camZ cam3camd
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Presenter
Presentation Notes
Similar types of interfaces (e.g. electrical, optical, information) can be grouped for re-use and itself be typed by flow specifications. Flow specifications are used here because their details are irrelevant in this context.
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Grouping of Ports APE Junction box Example 5/5

omb.jb_right : JunctionBox2

: InternalMetrology
camd

im.imcs : IMCS

camerad | CCDImage cam3

. JE2IM_Electricalinterface catm2
: Internaltetralogy_Electricalrterface

carml

camerss | CCDImage

camera? | CChImage

[T [ 77

cameral : CCDImage

diEnc : RuJ45F
divotor  RJ45F

|— zeus : ZEUS

: JunctionBox2External_Electricallnterface

- ZEUS _Flectricallnterface

ccdzeus : CCD5T-10
right

tocdHl

toocodH2
left
ERECE:ZEuaPESEZeuslES msz : JE2Zeus_Electricalinterface waterin eEalEEy
: VME4 SA01 Nty watercint coolingReturn
msy
cwy
Presented at the RTF 2009-11-24 page 11
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Combining physical connector type and flow

m Aim of the modeling aspect
m Define physical connector and flow at border of part
m Hide internals of block
m Benefit of nested port usage
m A single type is defined for both
m Re-use
m Traditional SysML modeling way
m Connect to internal part
m Need several unrelated ports
m Limits of nested ports

m Different flows over a connector (e.g. pin assignment) can only be assigned via
specialization
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Combining physical connector type and flow Example 1/5

ctrl: TCCDControl_fs data ;. TCCDData_f= poveer | TOCDPower_fs
toCaontraller : TCCDITT Cannon 2DA31P
[#1 *
] i tnﬁigmpcézlﬂccmigmpca {Il"_
==hlock==
TCCDHeadcable?
vales
length : Meter =05
tacartraller - ITT Cannon 20DA3 S cooling : TCCDPeltier_f= data : TCCDData_fs
1] (i1
] L toLeftPCE : TOCOLeftPCE -
==hlock==
TCCDHeadcable
vales
length : Meter =05
Presented at the RTF 2009-11-24 page 13
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Presenter
Presentation Notes
Another use of nested ports is the definition of mechanical (e.g. type of connector like RJ45 or Cannon) interface and the flow interface (e.g. how the pin assignment is done on this connector).
This example shows a definition of a cable with a mechanical PCB connector which provides different flows.
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Combining physical connector type and flow

Example 2/5

bdd [Package] MYE | @MVME_CPU_Coment ])

==Comment==

The CPU is used
as an element to
madel variants of
deployment and as
a placeholder for
any kind of CPU.

|
|
|

==hlock==
==glectronics==

Diagram name

MWME_CPIJ_Content

Creation date

Modification date

==hlock==
MVME2T00
parts
: ZB030
:nel 6550 backPlane? : DIN42nnn 96 pin MYME male p2

p1 : DINdZ2nnn 96 pin MYWRE male pl

consale : RS232_fstyCol | RS232_fs tyiTod: RS232_f=s
[+ [*] >

| 4] 4]

A

bus24M6: WME_p1 _f=

==hlock==
==glectronics==

MUIVE_CPU

cPu K

¥
*

bus32i32  WME_pZ2_fs dcO : Ethernet_fs

eth : Ethernet_fs

i

|
geizcl : RJ45 female MYhE

==hlock==
MVMEG100

¥

tyCo2 RS232_fs

Pl DIN42nnn 98 pin MYME male o

buz24M6 . WME_p1 _f=

p2: DIN42nnn 96 pin MYRE male p2

32032 WME_p2_t=

.
¥

Presented at the RTF 2009-11-24
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Presenter
Presentation Notes
This example shows two types of VME CPU boards with the same 96 pin connector but a different pin assignment.
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Combining physical connector type and flow Example 3/5

Pl o Poweerd00% S0 ol Powver230% AC-LIPS
—r@ SCP-3-phasze socket }—@332 SCP-1-phase-socket |—
==hlack==
SCP Part A

==hlock==
SCP

{_msz : SCP-1-phasze-socket e —

ol Poweer 2300 AC-LIPS

==hlock==
SCP PartB

paits
coolartSupply © SCPEelfSealingFluididale
coolartReturn : SCPSelfzealingFluidFemale
airoutlet | SCPSelfSealing&irFemale

lan : Ethernet_fs

Iy
~|Ep1 C BCP-FO-conectar-bayonet [24] I

==hlock==

Presented at the RTF 2009-11-24
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Presenter
Presentation Notes
This example shows the re-use of a 1 phase socket with 230 VAC flow and a 3 phase socket with 400VAC flow.
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Combining physical connector type and flow Example 4/5
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15-M-C: SCP Part C
==junction==

=cp - WLT-SPE-ES0-10000-0013

[':l ==external==

ut3 : UnitTelescope

=

Pl Poweerd00s AC

=1 1 SCP-3-phasze socket

13-hA - SCP Part &

. 32 1 5CP-1-phase-socket

. 53 1 SCP-1-phase-socket

[w]

I

==hlock==
15-N-B : SCP Part B

==hlock== .= |
in: Coolart oolantReturn : SCPSelfsealingFluidFemale

==hlock== Q
oLt - Caakar oolantSupply : SCPSelfSealingFluidMale

==hlock==
Compressedai

“hirQutlet : SCPSelfSealingAirFemale

==hlock=> Q
15-N-C : SCP Part C

lam : Ethernet_fs

ik

pl o SCP-FO-conector-bayonet [24]
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Presenter
Presentation Notes
This is the corresponding IBD, showing a Fibre-optic bayonet connector which Ethernet flow at the bottom, Self-sealing fluid connectors with a coolant flow in the middle, and power connectors on the top.
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Cable is soldered to the head — no need to have extra block for cable —

Example 5/5

==Camment==
For the connection ta the
leftPCE we model the

cahle and define as type
the TCCDHeadcakle

| Coolant

| Coolant

.

toContraller : ITT Cannon 204315
toLeftPCE : TCCDLeftPCE

T

e

left : TCCDHeadcabkle

toController : TCCDTT Cannon 20A31P
toRightPCE : TCCDRightPCE

right : TCCDHeadcakle2

—

==hlock=:=
CCDHead
UIML popectie s
hiouzing
hiouzingy
housingZ

cooling=upply © TCCDCoolingConnector=upply

coolingReturn . TCCDCoolingConnectorFeturn

Presented at the RTF 2009-11-24
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moLnt

[t the rightPCE we

AN

==comment==
For the connector

model only the
physical interface
but not the cahle
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Presenter
Presentation Notes
Modeling cables separately can be avoided by typing a standard port with a “Cable block”. This example shows a CCD Head where the cables are directly soldered on the PCB. Using nested ports gives a compact representation of the block and its interfaces, which can be easily re-used.
Furthermore it shows a cooling connector with the associated coolant flowing through it.
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Reusable Data and Command Interfaces

m Aim of the modeling aspect

Define Command and Data interfaces in one Block

m Benefit of nested port usage

Grouping
Re-use
Extendibility
Consistency

m Traditional SysML modeling way
m Several unrelated flow and standard ports

m Limits of nested ports

None

Presented at the RTF 2009-11-24
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Reusable Data and Command Interfaces Example 1/2

bd [Packane] ControlSystem| @CorﬂrolSys‘tem_lrrterfacesC ]J

Ciagram name | ContralSystem_InterfacesC
shlacks
zphysicals Creation date 1008/08 8:38 AM
Subsystem
Wodification date | 17410 7:31 PM
-
hlocks
wphrysicals
: Informationinterface ControlSystem : Electricallrterface
iRy

¥
" lan : Infiniband_f= lam! : Infiniband_fz
d1: Datas o2 DataB ()

ControlCommands, MaintenanceCommands

lan : Infiniband_f= lan1 : Infiniband_fs
|Contro|l:ummands C-| |Maintenancel:nmmands C-| ehlocks
| [ ] sportaroups
A N Electricallnterface
| ! N
. S
ol : Datad | /  d2:Datab ~
: B “
zhlacks RS
sportgroups ~
Informationinterface \
«FlowSpecification:
I — - _ SCOMMENts Datalnterface?
“|Data and commands can be aFlwPmperton
combined on the same port by o1 : Datat{direction = inout }
__|letting realize the block the 2 ; DataB{direction = inout}
- irterfaces ARND using nested
valueTypes avalueTypes [ — FlowwPors
DataA DataB

Presented at the RTF 2009-11-24
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Reusable Data and Command Interfaces Example 2/2

ibd [Block] Subsystem [ Subsystem_Electrical ]J

Diagram name | Subsystem_Electrical

gCOmments Creation date QI2608 753 PM

Using a FlowSpec the flov properties - . .
cannot be connected incivdually. Modification date | 154610 730 P

Using nested ports individual data ports

can be re-directed ControlCommands, MaintenanceCommands
".l \ '.lI__.'
datal : Dateﬂ.rrterfacﬂ o1 : Datas™ d2: DataB
¥ =1 {
: info |

|
cs : ControlSystem

rightl0 : RemotelOA
rightActuator : ActuatorA

cu : ControlUnit

leftl0 : RemotelDA

leftActuator : ActuatorA

fielthus
II
fd : RemotelOB \
e s : Sensor
N II_J
o
o
E sublsub? ; Interface
S
- #COMmEnts
- - AR The components of the control system connects
E subd sub2  Interface &llinterfaces hetwesn to the actustors or sensors, wsing junction parts
— o subsystems are ot direct connectars
sub? : Sub2System " |collected in one port. The

types must match BUT i
cannat be distinguished
hetvween provided and
required interfaces.
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Logical Channels (credit: Darren Kelly)

m Aim of the modeling aspect
m Define logical channels

m Benefit of nested port usage

m  Grouping of logical channels which belong together
m Re-use

m Traditional SysML modeling way
m Several unrelated flow ports

m Limits of nested ports
® Nnone

Presented at the RTF 2009-11-24
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ibd [System] [ OhjectMonitoringSystem U

The position and angle of a physical object is

<=blocks> = sensed using analog sensors and monitored as
. : PhysicalObject digitally encoded signals using a digital computer.
Loglcal Channels T _ g | This example illustrates the possibility of
Fosition Retation  compbining standard ports and SyML flowports.
E | 1/2 Poszition Rotation
p 7 i : Position i Rotation | — __
<<black=> <<blacks - w<Rationalex> &
. o : RotationS Physical information from the object is sensed
: FositionSens or : ationsens or by analog sensors and converted to voltage
T signals. Flowe ports are used, because there is
oy oY _|no protocal and no command set {and thus also
v - - no provided,/required Interface).
oY v Tizivizy
4 14 4
<<block>> = <<Ratiohale>>
: ConnectionPlate Analogwoltages bundle {could be a multi-care cable
{4 Channels) from the connection plate to the A /D card): a connection
IT| iz made directly from the analog ConnectionPlate across
Bl [4] the boundary of the Computer {rather than expaorting to
- " |the boundary of the Computer and connecting to it).
y -
<<block=> =
4l : Monitoring Computer
Il
L | B
<<hlocks= <<Ratiohale>> << Rationalex> E
<<electronics>= standard port (providing Acquire) acts software application
: ASD Card as container for logical info flows, assigns specific names to
— flowports accepting
| information inputs
T < <Rationales> (= —
simple model: InformationFlow <<hlocks=
and Connection from nested <gsoftare>
: Pall~ flomport represents logical : Manitor Application
| channel. Mo notion of “what !
<<blocks=> - Acquire_ |does flawys. what can flow". / I
<< softnares |
: ASD API connection "via" provided/required Acquire /

o0 : Encading Encodin / |
E- 9 '__:. position : Encoding

cl: Encoding  angle :éngleEncoding
L 1=*] angle : Encoding

<<Rationale>>

Refined caze: itemProperty of
SyshL ltemFlow used to relate
specific angle property of
compatible type AngleEncoding

<<TIP: MD SyshML=> from nested flowpoart.
Logical channels can be
represented as information flow
between flow ports nested within
"standard” software ports angle : AngleEncoding
providingfrequiring interface

<<Rationhale>>
For comparizon the software
application is shown to directly
<<WalueTypess m requiring the Acquire interface
{it could alzo be representing as
requiring via a port).

Presented a.t the RTF 2009_11_24 On combining standard ports and flow port: building blocks and ports for Object Monitor example page 22
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Presenter
Presentation Notes
Finally, logical channels can be modeled by using nested ports. Here an API is represented with a standard port and the nested flow ports represent logical channels.
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Logical channels Example 2/2

bdd [Model] [ @ On combining standard ports and flow part: building blocks and parts far Ohject Maonitor example U

<<blocks>

ConnectionPlate
(4 Channels) E|

< Tystem
ObjectMonitoring5ystem

Farts
:PhysicalOhject
:Pozitionsenzor
: RotationSensor
:MonitoringCom puter
: ConnectionPlate

oY [4]

<=hblock>> |
=electronics=>

<< Rationale=>

Lowv-level polling protocol

represented by provided
ahd required Interface

<<blocks>
Monitor ing Computer

<<hlocks>=
<<softmare=>= -

frarts
CASD Card
CASD AP
s MaonitorApplication
cMonitorApplication
valar

: PositionEncoding

-angle : AngleEncading

CAcquire_
cl: Encoding 1)

&

cz 73

<< Ratiohale>>
The APl for high-lewel access
tothe low lewel AFD card is
reprezented az providing an
Acquire interface viaa
standard port,

Acquire O

values  p

<EValueTypes>
<<«digital==

Encoding

S

==WalueType=>
<-<analogx>

kY

<<MWalueType=>
Pos itionEncoding

<<MalueTypes==
AngleEncoding

<<MalueTyperx>
<<=physical==>
Position

<=ValueTypes=>
<< phyzical==
Rotation

+acquirel iChannel :int ) Encoding
+acquired ; Encoding"[1"

T
|

<<block>> =
<<softnare == = —

MonitorApplication

<

<=TIP MD Syshl=>

Logical channels can be
reprezented as information flow

— |between flow ports nested within

"standard" software pons
pro\tiding,."requir.ing interface

<<Rationale=> E;
Software application
aszigns specific hames to
_|flemports accepting
~ |infarmation inputs

<< Rationale>>
For comparizon the software
application iz shown to directhy
requiring the Acquire interface {it
could also be representing as
requiring wia a port).

<<block>>
“<analog=> Sy {{_NDCK}_} =
Sensar o Phys ical Object
:Ratation
- Position
= =hlock=> < <hlock>>
Pos itjonSensor RotatignSensor
il

i: Position i : Rotation

Presented at the RTF 2009-11-24
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