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Background

Interface definition is critical aspect of systems engineering

— Many system problems result from inadequately defined
interfaces

— Problems often surface during integration and test
Typical interface documentation include ICD, IRS, IDD, ...
Many different types of interfaces

— Electrical

— Mechanical

— Software

— Man-Machine

SysML must support effective interface modeling
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Complex Interface Challenges

e Example: Airbus A380 Electrical Harness

— Why isn't the Airbus A380 taking off on time? According to
a variety of media, it's tangled in a bunch of electrical wire
harnesses -- 530km of cables, 100,000 wires and 40,300
connectors, to be exact.

Source: Cadalyst magazine article
What Grounded the Airbus A380?
December 6, 2006 By:

http://www.cadalyst.com/management/what-grounded-airbus-a380-5955
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Interface Control Document Example

Interface Control Document NASA 932 C-9B
Aircraft Operations Division February 2011
Source:
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SysML v1.2 Interface Modeling



Connecting Parts W/O Ports

e Connectors can connect parts without ports, but cannot
specify details about the interfaces between bl and b2

ibd [Block] System[ Connecting Parts without Ports lJ

b1:B1 b2 : B2
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Connecting Nested Parts W/O Ports

e Connectors can be used to connect nested parts without
imposing a black box interface specification on b1:B1

— This is sometimes very useful, particularly when outer
block (i.e., b1:B1) is only a logical aggregation of parts

ibd [Block] [ Connecting Mested Parts without Ports J_J

b1 : B1 b2 : B2

c1:C1 c2:C2

c3:C3 cd:C4
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SysML v1.2 Ports

e Specifies interaction points on blocks
— Flow ports
e Specifies what can flow in or out of a block
— Standard ports
e Specifies a set of required or provided interfaces
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SysML 1.2 - Flow Ports

Flow port typed by a flow specification
Flow specification contains flow properties

Flow properties specify types of items that can flow in and out of
Camera block

«flowSpecification»
«block»
Camera Interface
Camera
cCamera II/ O :rf flowProperties
amera Interiace out digital video : MPEG4

out analog video : Composite

in control : Control Data

in shutdown sig : Shutdown

in startup sig : Start Up

in start test sig : Start Test Signal
in stop test sig : Stop Test Signal

Source: FIGURE 6.26 A Practical Guide to SysML
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SysML 1.2 - Standard Ports and Interfaces

e Specify the services that a block either provides or requires

 Provided Interface — specifies operations that a block provides
— Depicted by a ‘ball’

 Required Interface — specifies operations required by the block
— Depicted by a ‘socket’

bdd [ Standard Ports and Interfaces J_J

zghlock=

Lizer Login

1] zirterfaces
User Login
login requests [

loging}
logout()

route requests |:

Foute Managemerit

© 2011 by S. Friedenthal, All Rights Reserved.



Connecting Nested Parts with Ports

* Provides ability to delegate black box interface to internal structure

ibd [Block] [ Connecting Mested Parts with Ports lJ

b1:B1 b2 : B2
. Pl P P2 P2
el : C L sl <]
Bl P - L
SP1 5P

¢3:C3 c4:C4 fg/o—[] o

SP1
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SysML v1.3 Interface Modeling



SysML v1.3 Interface Modeling Requirements

Relay semantics.

— Provide support to model ports that relay items to/from their owning block and/or its internal parts. Include
the ability to define what items can be relayed by each port and how: how a behavior of a block sends and
receives items via its ports, and which connector(s) the items are conveyed from the sender part to the
receiver part(s) (via the ports)

Diversity of system interfaces.

—  Provide support for modeling a diverse set of system logical and physical interfaces, including electrical,
mechanical, software, and operator interfaces, as well as supporting interface modeling paradigms such as
those used by Modelica.

Complex/hierarchical interfaces.

—  Provide support for modeling complex interfaces that include multiple levels of hierarchy via composite port
types and composite connector types.

End compatibility.

— Provide support for specifying compatibility rules between the ports/parts at the connector ends. This includes
constraints on the features of the port type that specify what can be accessed.

Binding to features of the owning block.
—  Provide mechanisms to bind the features of the port type to the accessible features of the owning block.

Layered abstractions.

—  Provide support for layered descriptions of item flows such as messages that include description of logical
data, encoding in bits/bytes, and signal characteristics (e.g., voltage levels, response times, ..)

Access point identification.

— Identification of access points so that identical flow/requests exchanged at two distinct access points can be
distinguished.
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SysML v1.3 Interface Modeling Capability

e Retain capability of v1.2 ports (standard port, flow port)

— However, deprecate Flow Ports and Flow Specification and
replace with new ports

* Provide additional capability
— Nested ports and flows

— Interface specification beyond flows and services to
include more diverse interfaces (e.g. mechanical mating)

— Ability to specify compatibility between connected ports
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Nested Ports

Source: Draft Ballot Presentation by C. Bock

e Ports can be shown with nested ports, recursively
e Connectors can link to nested ports
e Connectors decomposed by typing them by an association

ABlock

THF
HHH

K
B !
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SysML v1.3 Port Types

e Port without stereotype (uncommitted)
e Stereotyped ports

— Full port

— Proxy port

«metaclass»
UML4SysML::Port

r 1

«stereotype» «stereotype»
ProxyPort FullPort
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Full Port

e Similar to a part on a boundary
— Represents a part of the system
e Generally typed by a block

e (Can have behavior and nested parts

— Full ports handle incoming items, operations, and
signals themselves, and can send out items, etc.

1:B1
P «full»
O PP >
ltems, | | €Gereeseeeees
operations, ltems,
signals operations,
signals
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Full Port (cont.)

e The full port c1:C1 in the lower figure is similar to
a part c1:C1 on the boundary in the upper figure

ibd [Block] System[ Connecting to Mested Part1 J_J

b1:B1 b?: B2

c2:C2 cl:CH

ibd [Block] System [ Connecting to Full Port J_J

b1:B1 b2 : B2

afullzs
cl C1r
L

c?:C2?

L1
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Proxy Port

Provides access to/from features of its owning block or its
nested parts to the outside world

— No behavior and not a part of the system
— Serves as proxy for the owner or internal parts

— |tems, operations, and signals to and from the port are
actually going to or from the owner or internal parts

Typed by an interface block to specify which features are
accessible via a connector

bl:B1
A «Proxy»
RN >
D A >» D A >»
ltems, ltems
operations, operations,
signals signals
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Interface Block

e Used to type proxy ports
e Can have nested ports

— But must be typed by interface blocks
e Cannot have behavior or internal parts

«metaclass»
UML4SysML::Block

i

«stereotype»
UML4SysML::
InterfaceBlock
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Port Compatibility

e Definition:
— The ability to connect ports without violating constraints
e Default compatibility between ports

— Based on name, type, direction mapping

— Can conjugate ports to reverse direction of flow properties and
required/provide interfaces

e Connectors typed by associations can assert compatibility
— Among different port types
— To specify protocol interactions via owned behavior of association

— To constrain end types in support of engineering analysis
(e.g. conservation laws)
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Power Plug & Socket Interface

 AC power plugs and sockets are devices for
removably connecting electrically-operated
devices to the commercial power supply.

* An electric plug is a male electrical connector
with contact prongs to connect mechanically
and electrically to slots in the matching female

socket.
4 %h Power plug-380-x281

Source:



Specifying Port Compatibility
with Typed Connectors

ibd [Block] Cortext[ Cortext J_J

: Applicance : Power Source

Typed
Connector

H Plug : Plug IF . Socket IF Socket
Al -
: Plug IF L] 4 | : Socket IF

I

bdd [Package] Connection Specifications [|Connection Specification J_J

zirterfaceBlock= zirterfaceBlock=
Plug IF Socket IF
Al
Ay 1 | 1 Ay
ground ; P3 .. ground ; C3
live : P1 | Association live : C1
newutral | P2 | Block newtral : C2
zhlocks
A1l

Type the connector on the ibd by the association Al
The ports on the ibd are compatible if their types match the ends of Al
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bdd Interface Blocks

alnterfaceBlocks

PluglF

rasiad ports

live:P1
neutral:P2
ground:P3

slnterfaceBlock s

SocketlF

nesled porls

live:C1
neutral:C2
ground:C3

Compatible Port Types

bdd Connection Specification )

«|nterfaceBlock:

P1

fomPropertias
in live:Amps

«InterfaceBlock»

C1

values

s1:SurfaceAl

flonwProparties
out live:Amps

values

s1:SurfaceB1

«|nterfaceBlocks

P2

flowPropertias

«InterfaceBlock»

Cc2

in neutral:Amps

values

s2:SurfaceAl

flowPropartias
out neutral:Amps

values

s2:SurfaceB1

slnterfaceBlocks

PluglF

nested pors

live:P1
neutral:P2
ground:P3

a1

e?

ulnterfaceBlocks
SocketlF

nasfed porls

live:C1
neutral:C2
ground:C3

«|nterfaceBlocks

P3

fowPropertios

wInterfaceBlock»

C3

In-out gnd:Amps

values

s3:SurfaceA2

flowPropartios
In-out gnd:Amps

values

s3:SurfaceB2
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Protocol Interactions

ibd [Block] [ Context ]|

:C1 tC2
CA

[
-

sd [|I'ItEI'=3I3'tiI:II'I]/[ Protocol Interaction U\/

| e |
1 10 i

*| p2:Fs2

L[

p1:Fs1 [*

T
I

e Behavior specified between ends of association block Al
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Constrained Ports to Support Engr Analysis

 Modelica-like interfaces support engineering analysis
— Refer to SysML-Modelica Transformation Specification

* Integrate ibd with parametrics
— Use of binding connectors on ibd

— Binding connector typed by association Al contains conservation laws
— Proxy ports provide access to value properties and constraint parameters

ibd [Block] Analysis Context [ Untitled? lJ

: Component 2 : Component 1
constaints constraints
: Constraint 2 : Constraint 1
[+s] P2 P [e= al «s] p1 p2 [o4]
N, !
A £
A Fi

zcomment:
These proxy ports provide access
to constraint parameters to connect
up analtical components
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ltem Flow End Compatibility

Source: Draft Ballot Presentation by C. Bock

ibd Context )
: Distilled - Fluid
: Radiator Water : Water : : Water
[~ 4 1] Heater [ <€ 1] Distiller
. P1 : P20 : P2i :P3
bdd Port Types )
Fluid
«block» «block»
P1 P2o %
flow properties flow properties
in p1f : DistilledWater out p2fo : Water Water
«block» «block» o
P2i P3 DistilledWater
flow properties flow properties
in p2fi: Water out p3f : DistilledWater

Type of item flowing must be same, supertype, or subtype of a source flow
property type. Cannot be unrelated.

Target flow properties must be the same or supertype of either the type of
item flowing or a source flow property type.
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ltem Flow Decomposition
Source: Draft Ballot Presentation by C. Bock

e Relationship of item flow to sub-item flows is up to modeler
* This example, sub-flows are subclass of composite item flow

ibd Context )

b1: | p1:p1 : EnginePart 02:P2| b2
4 i
c1: A1

EnginePart
\ \ |
Piston | | Crankshaft Cam

«block»
A1

bdd Connection Specification 1)
«blocky «block»
P1 A1 P2
1.1 pgt‘ls‘l 2 1p0|§3 1
p1.1:P1. p2.1: P2,
p12 P12 |2 a2 | 122122
p1.3:P1.3 p2.3: P2.3

«participant»{end=e1} e1InLink : P1 [1]
«participant»{end=e2} e1InLink : P2 [1]

structure

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

: Piston

| i : CrankShaft | |
| ellnLink:P1 p1.2 P22 e2lnLink : P2 |

| : Cam ;
p1.3 [ —<——L1p23
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ltem Flow Decomposition
Source: Draft Ballot Presentation by C. Bock

e Composite item flow composed of sub-flows

ibd Context )

b1: | p1:P1 3E”3ine p2:P2| b2:

cl: A1

«block»

A1
«participant»{end=e1} e1InLink : P1 [1]
«participant»{end=e2} e1InLink : P2 [1]

structure

: Piston |
P11 [ f——— | P21
i :CrankShaft |
efinLink: P1 p12 [ ——<— | p22

i :Cam
p13 [ ———— ] P23

e2InLink : P2
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Logical to Physical Interface Allocation

e Can allocate logical to physical ports and item flows

ibd [Block] Cortext[ Logical Flow J_J

: Computer : Printer

Report
*| pl: Data IF

E

pl: Data IF [«

allocate
allocdte

£ «allocate

ibd [Block] Context [ Physical Flgy

: Computer : Printer

pp : USB IF [ss}—————«>] pp: USB F

EPS

&=
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Tractor-Attachment Interface Example
Source: Axel Reichwein (date: 101030)

Tractor

Attachment

Tractor 3-Point Hitch

Link Arm

Bore Hole




Example with Full Ports

Source: Axel Reichwein (date: 101030)

ibd [Block] TractorWithAttachment [ &ij| Untitled1 U

3-Point Hitch and MountingStructure are
physical parts, represented at the

_| boundary respectively of the Tractor and

_ =< _| Attachment parts
’ \
- - ~ ~
& ~\
: Tractor <<full>> << full>> : Attachment
_ . . 3-Point Hitch - MountingStructure '
| - Mountinginterface

bdd [Package] Tractor-Attachment Interface | @ TractorBlocks U

Mountinginterface

mountingStructure

«block» 3PointHitch
3-Point Hitch

I «block»
1 MountingStructure

«block»

Mountinginterface

34



Example with Full Ports (cont.)

Source: Axel Reichwein (date: 101030)

ibd [Block] Mountinginterface [ Mountinginterface U

Interface described e.g. by BoreHolesInterface
AssociationBlock

«participant» | II | «participant»

| 3-Point Hitch : 3-Point Hitch | / | mountingStructure : MountingStructure

I /

| | upperLinkArm : LinkArm / |
/ |

/

: BoreHole upperBoreHole : BoreHole

|
low erLeftArm : LinkArm |

: BoreHole low erLeftBoreHole : BoreHoIe-

low erRightArm : LinkArm

: BoreHole low erRigthBoreHole : BoreHole




Telescope Interface Modeling Example
Source: Robert Karban (date: 110223)

e Mounting an instrument on a telescope

— Atelescope provides power and mechanical interfaces (among others)
for attaching instruments

— Power interfaces are bundled in Service Connection Points (SCP)
— SCPs are distributed around the telescope’s main structure and dome

— Instruments are mounted with their flange on a rotator flange which is
part of the main structure, using reference pins

— Instrument electronics are screwed to the main structures platform
— The rotator flange, platform, and SCPs are parts of the Main structure

— From the Instrument point of view the Telescope is seen as a black box
with certain exposed interfaces (<<proxy>>)

— There are maximum power and load requirements for instruments



Platform and Rails
Source: Robert Karban (date: 110223)

—




SCP on Nasmyth Platform & Wiring holes
ource: Robert Karban (date: 110223)

N =— |

SCP -A
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Black box view of telescope
Source: Robert Karban (date: 110223)

ibd [Zvystem Context] Observatary [ Observatory U

] s Instrument
: Telescope o
FPrOxYs
< Tull
f: RotatarlB
| iLy o CInstrument Flange L
Ll
il [
| pPF0xY s
Elal uegr _L pni: PlatfarmiB
A Inst nit P |E
T HERE DY, ‘ | . Platformblechanical ProxylE
i
_r FONY e
|__' . Platformiring ProxyIlE
L
i
&= scomments
uncammitted port
=
A
il eleu:t?iu: |
- s2: CEE 717 Socket 2
| SN0 Fe ! 5
14-M ;. Service Connection Point Pr i |
_ﬁj b  2-phase Crx a iJ‘
scpl s SCP A ] U] cEE 7 Plug
I 2-PhazeElectricalFlowlE . 2-PhaszeElectricalFlowlE -rl_
2 BRI Shckel |  CEE 747 Conmection I
L] 7 il
" i
—EJ fCOMMents i',
fechanical 1
compatibility rule
— zComments

|Descriptinn of Instrument interface on the ESC web (with mech drawing

| httpoihweanew eso.orgisciffacilities/paranaliinstrumentsivisfocus!

sl

Connected according
twio 2-phasze Chx
electrical compatikility
rLile

39



Connection External Mechanical Telescope Interfaces to its internal Interface
Source: Robert Karban (date: 110223)

ibd [Elock] Telescope [ Telescope_Instrument ]J
«comments
Inthe interface block | reference the type of the part that | want to exposze.
t iz the =ame type as of the full port inthe telescope.
Thiz iz better than referencing a part becauze vou can re-use the interface block to expoze different parts of the same
type. The one you expose is chosen by "wiring" the reference property of the Interface Block with & connector to the
partiport to be expozed.
, [ : Main Structure
L eproseys 2 | s e
ME : Instrumert ProxylB r
Eproxys y aftlls
i__i|::|mi . PlatfarmlE / & Platfarm Mechanical Intertace = platHB : Platform
=iy L}
~
~
-,
\
e (P4t s =flls
—Lrmf : RotatorlE ™ . : ; x
i____.':-m = or o a . Rotator Mounting Flanoge = rOtHE : Rotator ]
-~ = .I.'
e LComments
pmi, rmf are nested proxy
pors.
sproxys | platA ; Platform |
thi ; Threaded Hule [20] L '.i_
L=
FPrOEYs
il M Instrument ProxylB
| #fulks ctulls
HPFOEY | Rail [2] L . f
pmi - Platformig | [] a: Platform Mechanical Inter face
L sprovys
l | : Platformidechanical ProxylB
i :«prnxy» B
= * PlatformaMiring ProxylB
I"i"l
L] B
| #fulls [ r ot : Rotator
—L #proxys - REPIN [3]
rimf : RotatorlB | (1= sfulls
| T a: Rotator Mounting Flange
T




Connection External SCP Telescope Interfaces to its internal Interfaces
Source: Robert Karban (date: 110223)

ibd [Block] Telezcope [ Telescope =CP U

Ry
15-M . Service Connection Point ProxyIB

: Main Structure

AN

goomment:

= 4qTo expoze the zocket |

would need to add nested
proxy ports in the interface
hlock, or subclass the SCP

-

az ProxviB
Camments
reference properties can have nested
proxy pods.

- = . e
_liwe : ElectricalFlowlE T

15-H : Service Connection Point

ZPrOEYs
14-1 : Zervice Connection Point ProxyIlB

ZRroxys =41 full
=1 : CEE¥I¥ Su:n:ketJ_ a: =CP Ao
ZRroxys »
; E-PhaseEIectricalFEWlE
-
L =3
T—
: Dome

wfull :
a:=cP A

Jj 4-H : Service Connection Point

5/2/2011
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Definition of 2-Phase Plugs
Source: Robert Karban (date: 110223 )

bdd [Packaye] Connectors [ Connectors2_ ProductTree ])

live : ElectricalFlow|E

" L —

: 2-PhaszeElectricalFlowIB

shlocks
2-Phase Plug

live:

neutral : ElectricalFin

pans
ElectricalPin

values
grounded ; Boolean = trues
polatized : Boolean = false
pr: PoweerRating = 16,250

i

shlocks
CEE #/4 Plug

shlocks
CEE 7/7 Plug

parts
earth : Electricalslot

CEE 74 Mech Cnx

vale s
polarized’: Boolean = true{redefines polarized}

COmments
Mechanical

whlocks
zoompat rules

CEE 7/4 Mech Cnx

1

shlocks
CEE 7/4 Socket

Compatibility Rule

1

CEE 7/7 Connection

«hlocks
IEC 2P+E Plug

parts
earth : ElectricalPin

; vales . y
polarized ; Boolean = truefredefines polarized;

1 2-PhazeElectricalFlowIB

#hlocks
sCompat rules

CEE 7iT Connection

1

whlocks
CEE 77 Socket

<hlocks
2-Phase Socket
pants
live | Electricalslot
neutral : Electricalsiot

vakms
grounded : Boolean = true
polarized ; Boolean = falze
pr: PoveerRating = 16,250

T

pats
earth @ ElzctricalPin

42



Summary

Inadequate interface modeling is a source of many system
problems

Robust interface modeling capability is an essential
requirement for SysML

SysML v1.3 capability being extended to include nested ports
and flows, more diverse interfaces, and ability to specify port
compatibility

Will continue to enhance SysML interface modeling capability
based on user needs
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