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4 Pillars of SysML — ABS Example

Raytheon

Integrated Defense Systems

1. Structure

bdd [Package] Structure [ ABS Structure Hisrarchy ])

2. Behavior

sd ABS_ActivationSequence [Sequence Diagramu

==hlock== ==hlock== ==hlock==
Lihrary;: Anti-Lock Library::
Electronic Comrlind [Biock] Anti-Lack Cortroller [ Basic 1)
Processor
o — d1 : Traction
Detector
==hlock== )
Traction c2:
Detector
m1 : Brake
Modulator
definition use

req [Package] Yehicle Specifications [ Braking Requirement=s ])

Vehicle System Speciﬁcatiun|

Braking Subsystem Specification

Text="The wehicle shall
stop from B0 miles per hour
within 150t on & clean dry
Surface”

==tequirerment== ==reguirement=:=
Stopping Distance Anti-Lock Performance
[d="102" [d="33"

Teut="The hraking system shall
prevent wheel lockup under all
hraking conditions.

{f=(HfIr1 40}

[ e4: Distance Equation 1
Tw=cl Sl }
Vo mfzec

stm TireTraction [State Diagramy interaCti on
[ act PreventLockup [Activity Diagram] ) State
machine
_____ | activity/
:Modulate function
BrakingForce
Tractloss
[ I
J<___' par [Block] Straight Line “ehicle Dynamics [ Parameters U
: thom ot % i M m: kg
I_| I_| I_| fom fiM I_|
e1 : Braking Force e? : Acceleration
Equation E :I Equation

A misecey =MAA}

e

a: mizech?
e3 : Velocity Equation
¥ misec {a=dwidt}

=zderiveRegt==

t:sec[

.

[ ]t sec
e

3. Requirements

4. Parametrics
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Cross Connecting Model Elements

2. Behavior

act Preventlochup [Swimlane Diag rarry

1. Structure

ibd [blocl] Anti-LockControlier
[InErnal Block Diagram]

e 3hoCaten «dS0C3ED

L -:'.T's:!:'le!e:[:'

i :}’m:tiun Detector /
allge ated From
f,jf oo j_:EET a\\oca"e = Tractloss |
/

mi:BrakeM odulator

Tractless
allocatedFrom -
LU VB

JE|II:--::ate::lF_r':ull1l1

acions al: Modu

ate 4]

ai:DetectLoss OF
Trction
allocatedTo

par [Block] Straight Line Vehicle Dynamics [ Yalue Bindings ])

quuty cycle : %

\‘
v.c.Lfriction : N Y

: value
binding

v.mass : Kg

v.b.r.braking force : N

m: Kg

tom | 1% [t n

Vehicle System
Specification

Braking Subsystem
Specification

arequirem ents
StoppingDistance

a e quire ments
A nti-Lock Perfermance

on 3 oean :"}"5_".3'.‘5

text="Braking subsystam
shall prevent wheel lockup

urder all brakng conditions.

b szticfiedBy

sblocks Anti-LokeControl lzr

-

= b.\;\Ve

rify |

3. Requirements

T T,

rf:N |_|

e1 : Braking Force’
Equation E
{f=rthirc] AN}

e2 : Acceleration
:l Equation

A misecty =mta)

.

& mfzect?

[ e4: Distance Equation 1
Twe=clwich
W mfEec

e} : Velocity Equation
Vo mfzec {a=dwidt}

Wi t:sec[
[ [1

:lt:sec:
]

w.position : m

time : sec

4. Parametrics
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Key Considerations for SysML Tool .nf“;":ed".:'f .
Selection ntegrated Defense Systems

» The specific MBSE method employed may leverage specific SysML features, but
may not require other features. It is appropriate to ask the following questions to
emphasize the features of SysML that a successful tool deployment will need to
support.

— Which behavior representations are most important? Activity diagrams? State machines?
Sequence diagrams?

— Will there be a need for item flow representation?

— What kind of need will there be for detailed performance analysis and parametric
modeling? Expression of mathematical equations relating parameters of system
elements may be a very important part of the system development process/method
employed.

— Will there be a need for algorithm specification & development? It may be important to
express information processing algorithms explicitly in mathematical form, using
cogstraint blocks and eventually relating them to specific blocks representing software
code.

— Which architecting principles need to be supported by the tool?

— How will allocation be used? The manner in which allocation is used to guide the
development process may dictate a set of constraints & rules associated with allocation
relationships. By enforcing or enabling these rules, a toolset can improve the efficiency of
the modeling process.
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OMG SysML Tutorial (omgsysml.org)
Water Distiller Example

= Functional Analysis based, not OOA
— Relies heavily on activity diagrams and functional allocation

= Solution to problem focused on activity modeling, flow
allocation, item flows & parametrics

— Heat balance of distiller relies on properties of water flowing through
system

= Traditional UML tools just don’t do these things
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Tool Comparison
For Distiller Example
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method

No tool “fully” implements SysML

Clearly, each tool has strengths &
weaknesses

— Make sure tool is compatible with your

Other tools exist, but not evaluated
RS(X) is tool I'm least familiar with

5 %
() o
z | s 29
8 |8 _|& | &2
a — % ; e~ | 2 D
ST |QT | BT | 39
He|sg|wg |
Activity Modeling full full ted | full
Structural Modeling full full full full
ltem Flows mited | full full mited
Ports/Interfaces full mited | full full
Functional Allocation yes yes yes yes
Flow Allocation none | yes yes yes
Parametrics full full full full
Code Gen/Animation none | none | vyes yes
Requirements full full full full
Distiller Model Source |Steiner|Steiner|Lussier|Steiner
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Distiller Model Organization

Enterprise
Architect
Browser

Project Browser

ER =R
E@MDdﬂ

= [2] PowerstationModed

Ij PowerSkationBeharvior
Ij PowerStationStructure
Ij PoerstationlbemTypes
DistillerModel
g DistillerModel Crganization
Ij DistillerRequirements
Ij DistillerUseCases
Ij DistillerBehavior
Ij Distillerstruckure
Ij DistillerAanalysis

Ij DistillerIkemTypes

Ij DistillervalieTypes
|E| ImportedPackages

@] =&

[

BB

MagicDraw
Browser

Cont.. Inher..| 8 Diag.. [==
e e e

Containrnent

(131 o}
e E E

El--C= Distiller _Exarmple
E Imparted Packages
i g 51 Definitions [SI Definitions . re
l E Yirkual dependencies
--|£| Prafile_For_xporkl
L——_}@ Diskiller
E1-F] Distiller Behavior
E Distiller Requirements
E1-F] Distiller Structure
B Distiller Use Cases
E Enqineering Analysis
E Item Types
: £ Malue Types
.| Tips & Techniques
25 rodel organization
EH-[E] Power Stakion
E Item Types
E1-F1 Power Station Eehavior
E Power Stakion Skructure
Q EfRaotClass
----- @ Code engineeting sets

Rhapsody
Browser

Entire Madel Yiew -

+ Comments
+ I:l Camponents
+-[_] Package Diagrams
-1-[2 Packages
+ ﬁ Behavior
+ ﬁ FlowItemTypes
+ ﬁ PredefinedTypes (REF)
+ ﬁ Requirements
+ ﬁ Struckure
+ ﬁ seCases

+ ﬁ WalueTypes
+-27 Profiles

RS(X)
Browser

Pl *Project Explorer X

[= =F Diskiller
[E Diagrams
= % Models
=-E=1 Diskiller Madel *

£ Distiller Analysis
B3 Distiller Behavior
B3 Distiller Item Types
B3 Distiller Requirements
£ Distiller Skructure
Iil Dlstlller lse Cases

57 [Activities)

57 (Blocks)

B (UMLPrimitiveTypes)
B2 Power Plant Model *
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EA Functional Allocation
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act Distillater [Contesd - Swimlanes /

Distill ster -

Activitd N

gdllocg efctivityPartition

Irt erruptiblefctivit wR egion1

4l locgt edct ivit yPartition »

gdlloca efct ivit yPartition

drain :valve

Ackivity Contro

allocate block

IF o

§ bt : Hest Exchanger | b1 Bailer |
F wbject g | :|
; AT pureHz0fiquid
£ e
;" wobectf o wobjec i lons - -7
! N [ -
E:I ,f - ~ “ P s A N wobjec 1 lowes
< - - H2omiqud —
; e - ~ au
coldD ifty: ™ ’{ecmred'H ﬁ"é{om HotDir: - . £am Steam: . o
HZO[1i uid] 20fiquig  H2olliguid H20[gas] )
. H20[gas]
H20 5
acbjec F ot
a1 :HeatWater a2 :Boilwater
coldDrirty: extern‘ali_
H20[li quid] R L A ~ =7 predischarg e )
__’__—-F” prec!ischarge: Tl __—‘«obj-ec;Flcw R esidue wobjectF lov
o wobjestFlaws Fresidue T *
o= y
I: r -1 Shutd onn I%
edernfal:H eat k ‘/ :I
dischrge:
\ Residque
Search Term: Search: | SysML Allocations hd Run @
ActivityF inal
| | | Fraom Type Frorn Marne Relation To Type To Marne
A Ackivity Boilvy ater allocate block, Buoiler
A Activity SeparateFlow  allocate block TeeFitking
E

= Allocate activity partitions work well, allocation tables are fast & easy

= Flow allocation not possible (object flow to item flow)
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Magic Draw Functional Allocation
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==Continuous==
cold dirty : H20
{stream}

==continuous=>
external : Heat
{etream}

cold dirty

{S’frea

recovered | He

L]
at steam ™20
1stream} 1stream
of3

ofd

act Distil Wigter [ cold dirty © H2O, pure : H20, external ; Heat, dizcharge | Residue 1 [ 6. swimlanes ]) M
==gllocate== ==gllacates= ==gllocate==
condenser : Heat Exchanger evaporator : Boiler drain : Valve
—_ — = — = — = - = = = - - - - = - = - - - - =
pure : H208
a3 : Condense Stea {ztream} ==continuous==
;H afd pure : H20
{etream}

recovered | Heat steatn : H2O
H2O
}\h [] fetream) hat ciity [ qistream)
a1 : Heat Water Istre a2 : Boil Water
) = = )
hot dirty : H2O
{atream} [ ] ]
of? ———'__—'_'__—'__;:_ct;k Heat  pre-discharge : Resid
| {s’friam} {stream}
S
\ .
Z

= Allocate activity partitions work

s Flow allocation works
m Flexible tabular view

dizcharge ;| Residde
1atream}
a4 : Drain Residu | ==continuoLs=:=
|'ﬁ ; ofé discharge : Residue
| {atream}
ots = |
E: pre-dizcharge : Residue
{ztream} |
AN AN
=0 =T T e
Z|Z|5|D
i I
cl|lalald
— [t} [an) =+
i B B
D] D
BE-C Initial Distiller Structure [Distile. ..
El-E= Distiller [Distillzr: :Distiller St
... [H -condenser : Distiller::Di... | e
. [E -drain : Distiller::Distiler ... e
I__r_| -evaporator @ Distiller:: D, e
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Rhapsody Functional Allocation
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act 4 Swimlane Diagram ]

Distiller Behavior (with Swimlanes)

wallocates

wallocates

wallocates

ccontinuouss

«strearmings
al

hx1:HeatExchanger bx1:Boiler drain:%alve
T — —— N |
«continuouss ccontinjous» scantinfouss |
«continuouss recovered: Heat steam| H20 hiPress: Residue | zcontinuouss
coldDirty:H20 [G3s] | loPress: Residue
[Liguid] = |

estreamings
ad

HeatWater

CondenseSteam
“——_______h__

¢continuouss
hotDirty:H20

\_\_\

[Liquid]

estreamings
a2

external:Heat

| Boilvater

evshutdown

//"

cContinuouss
pure:H20

[Liquid]

Action nodes do not invoke activities (no activity hierarchy)

No activity parameter nodes (on diagram frame, or otherwise)

Action pin notation is awkward, pins not reused when action referenced
Can't distinguish control flow from object flow
Tabular view & reports of allocation are available
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RS(X)/E+ Functional Allocation

oio: Distill Water

sallocatedctivityPartition: #allocatedctivityPartition, alocat. .. #allocatefctivityPartitions
Partition : condenser Partition2 : evaporator Partition3 | valve
pure ; H2O
wallocateds pidire

[z Condense Steam

recovered | Heat steam : H20
steam | H20
- hot dirty : H2O i
cold dirty: H2O «alocated» ore-dischar
[z Boil Water
cold dirty : H20 _ pre-discharge | Residue
recovered ; Heat hot dirty : H2¢
external|: Heat «allocated» discharge : Residue
walocateds [z Drain Residue

[z Heat Water
discharge ; Residus
¥

external ;| Heat
3 ¥ 3 ¥ 3

= Non-standard diagram frame/label
= NO unique action names (must be same name as activity), but allocation is unique

= Allocation partitions work (automatically create allocation relationships) to blocks
or parts.
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EA ibd/ltemFlow
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ibd Distiller [Initial Distiller Interna Blo ck Diagram] /

shlocks
Distiller

[l
terin eblocks H20
shlocks
H20
{ T {
- sBlockPropertys

shlpcks Residue
T {

_)
shlocks Residugl dgeOut

T
cin cou «BlockPropertys - «BlockPropertys I_I
condensor :HeaE xchang er feedin ev ap orator :Boiler drainOpt fluidin: i Valve  MidOUt
haut hin steamOut heatln
Iy
1 7 1 (1]
«blocks H20
A«hlock» Heat 1Ot
2]
hegatln F I__)
«blocks H20
[

= Allocation works, but compartments not supported
s Can’t access value properties of item properties (e.g. temp of water into

Heat Exchanger) -> can’t do parametric analysis of distiller example.
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class Distiller [ 2 distiller block diagram (intial allocated) U
maint : H20 msin2 ; H20 siudgel | Residue sludge? ; Residue
= > > =
ditty weater | H20 sludge ; Residue
i in : Fluich o ot : Fluict micldlle : Fluid bottam : Fluid i Fluict out ; Fluid
! Lt v il | Lt
condenser CH evaporator : Boiler CH drain : Valve 3|
allocatedFrom = allocatedFrom= @ a2 allocatedFrom= @ ad
2 al
2 al
b out ; Fluid hin : Fluid {op : Fluid hottom : Heat
! (11 ! (1]
L‘_‘ m&ing : H20
4
maind : H20
> =
_ a1 : Heat purified : H20
El >
o in; Heat

= Diagram frame uses incorrect nomenclature
= Allocation compartment incorrect format
= DOES allow full access to item properties
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Rhapsody ibd/ltemFlow
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ibd 1 Distiller Structure - iternFlows alntern al Block Diagrams
Distiller IBD - With Allocations from Behavior to Structure
Distiller =

allocatedFrom allocatedFrom allocatedFrom allocatedFrom

«ObjectodescaldDity:H20 «0bjectlodeshatDity:H20 «0bjectM ode=shiPress:R esidue &0 bjectt odesloPress: R esidue
V\/;ter_in:H2O Jéx_water_out:H2O \E1ZRESidUE \32:Residue )

cln:Fluid = o =] rCut: Fluid
cln:Fluid ThOut:FIuid Py 20ut:Fluid in:Fluid out:Fluid
L . -
1 I_'h}ﬂ:HeatE}{changer bx1:Boiler drain:%alve
Allocated From Alfocated From Allocated From
a3 a2 ad
Dal
f10ut:Fluid
cCut:Fluid hin:Fluid gln:Heat
[L] T
by stes allocatedFrom
l){_S «0bjectodespure:H20
gln:Heat 5 > P - -
eat_in:Hea ”
[ ™~ }."l‘?tﬁ‘iﬂszo [5]cOut: Fluid
| -
allocatedFrom allocatedFrom
¢0bjectModesexternal:Heat «0bjectModessteam:H20

= |tem flows and item properties fully allocable
— Item flows look weird, but work fine

— ObjectFlows can’t be allocated, but ObjectNodes can.
= Full allocation compartments & callouts
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RS(X)/E+ ibd/ltemFlow
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D Distiller
Connectorl Connector?
Connectors
dirty water ; H2O
witermnflows
witemflows
cin C GEI'I\ midcle bottom
= =
condenser | Heat Exchanger evaporator : Boiler
h out h 51]\ tnﬁ/ bottom1
witemflows
Connector3 :
witemfiows
Connector? |
qin : Heat Connectord
witemflows
[

» |[temFlows incorporated in RSD 7.0.5/E+ 2.0.5.1, but

sludge ; Residus

Connectorg
in nu/tl\
valve : Valve
ql : Heat

purified : H2O

— no icon or name/ltemProperty on diagram, ltemFlow not associated with Connector

= Non-standard diagram frame/label

= Allows Allocation of ObjectFlow to ItemProperty, but not to ItemFlow

— no allocation compartment/callouts on parts
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MagicDraw Parametric Diagram
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class Distiller lzobaric Heat Balance [ compsition of equations ])

==hlock==
: Distiller

maini : H20

te: =
=2valueTypes==

:|s1:

water temp : "C

m rate ;. gmizec

==NalueType==

mass flow rate : gmisec

main2 : H20

==¥alueType==

==constraint==
Single Phase Heat Xfer
Equation
{o rate=rthtc)*m ratels heat}

] []

th: *C

water temp : °C

=="alueType==
mass flow rate : gm/sec

main3 : H20

==MalueType==
mass flow rate : gm/sec

maind : H20

o rate : calizec

o rate : calfzec

5 heat : cali{gm*=C)

==hlock==
:H20

==ValueType==
specific heat : cal/gm

condensing : Phase Change Heat

|_| | hest : calfam

==caonstraint==

Xfer Equation

1 rate=m rate*| hest}

M

==WalueTypes=
latent heat : cali{gm**C)

==MalueType==
mass flow rate : gmi/sec

m rate | gmizec

m rate : gmisec

L]

T 7 7 qtiHeat |
: |
I ==lnit== !
| | dQidt:calories per second 9 i’ﬁ & calfsec
bote e e e e -

==constraint==

Equation

| hesat : caligm
beoiling : Phase Change Heat Xfer
10 rate=m rate* heat}

m [tem properties, value types, units and dimensions fully supported

| Page 16



Rhapsody Parametric Diagram
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par Simplified lsobaric Heat Balance Analysis )

1

water_in:H20 &

whttributes

temp:degC

whttributex

massFlowRate:g_per s

1 cl.equivalent ‘

1

hx_water outH20 &

=l Constraints

1 =r2

whttributes

«Parametric Diagrams

1

htx:SinglePhaseHeatTransferEgn -~

mRate:

tin:degC

tOut:degC

—

_~{qRate = [tOut - U] * mRate ! h}

gRate:

temp:degC

whttributex

massFlowRate g_per_s

1

bx_steam_outHZO B

whttributes

1

condensing. SinglePhaseChangeEgn

gRateical_per s

mRate:y_per s

lhical_per g

>

AN

massFlowRate:g_per s

1

water out:HZO =)

whttribute s

1 2 eguivalent |

1

boiling: SinglePhaseChangeEgn

mRate g_per_s

Ih:cal_per_g

]
{gRate = mRate * Ih}

1 water_in:HZ0

whttributen
gpecificHeat:cal_per_g_per_degC

whttribute:
latentHeat:cal_per g

. gRate:cal_per s

massFlowRate g_per s

heat_in:Heat

whttributes

: ] Canrstraints
- 1=t
[ ]

flowRate cal_per_s

» [tem properties, value types,
units & dimensions fully

supported
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EA & RS(X)/E+ Parametrics
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@ Isobaric Heat Balance

=
distiller.main1::H20
= «BindingConnector» tc:oC
) Connectorl
H20 temp : °C
= «BindingConnector» .
& c ctord mrate : gm/sec
H20 flow rate : gm/sec th:°C  qrate: callsec
>
= «BindingConnector»
Connector2 «BindingConnector» Connectorl
Connector3
qrate : cal/sec
=
etiller main?: H2
distiler.main2::H20 m rate : gm/sec | heat :
H20 temp : °C H20 | heat : calfgm
H20 fiow rate : gm/sec H20 s heat : calf/(gm*oC
om/ «BindingConnector» /(gm*2C)
L td Connector4
Q mrate : gm/sec Theat :
T «BindingConnector»
distiller.main3::H20 Connectors qrete : calfsec

= ol

H20 flow rate : gm/sec H20 s heat : calf(gm*oC)

z 3
«BindingConnector»
Come%om Connectorl
distiller.main4::H20 =
B distiller.q1::Heat B _
H20 flow rate : gm,"secv 2] H o H20 | heat : cal/gm
> Qdot : calfsec

s heat : cal;(ﬁinggﬁs&r&%ﬁtﬁ»

H20 | heat : cal/gm

= Rendering issues on cut & paste

1=

E

distiller.main3.H20 s heat::cal/(gm™*°C)

H20 s heat : cal/(gm™*oC)

calfgm
«BindingConnector»
Connectorl
@
distiller.purified.H20 | heat::cal/gm
«BindingConnector»
Connector2
callgm
= 2
H20 temp : oC
o]

H20 s heat : cal/(gm™*oC)
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EA & RS (X)/E+ Parametrics Integrated Defense Systems

= Both support units, dimensions, value types, constraint
blocks, and parametric diagrams

= Neither support value properties of item properties on item
flows
— Item Flows incorporated in RSD 7.0.5/E+ 2.0.5.1
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SysML Diagrams— Raytheon
a Method for Model Integration ntegrated Defense Systems

= 3 separate hierarchies of Structure, Behavior, and Data
— Usage (internal connection) is documented with separate diagrams

= These 3 hierarchies maintained at Operational and System
level

Hierarchy Usage Cross-Connect

Structure | bdd ibd xact (swimlane), seq (lifeline, op)
Behavior | bdd act, stmy Ibd (itemFlow), seq (msgType)
Data bdd (none) Jﬁ

k| A4

act (objFlow), seq (msg,op), stm

bdd = Block Definition Diagram (no DoDAF) act = Activity Diagram (OV-5, SV-4)
ibd = Internal Block Diagram (OV-2, SV-1, SV-2) seq = Sequence Diagram (OV-6¢, SV-10c)
stm = State Machine Diagram (OV-6b, SV-10b)
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DoDAF Views Horizontally Cross-
Connecting a Complex SoS Model

Structure Behavior Data

OV-2
|. Operational Oov-4

A 1] A A
Command, OpNode OV-5's 1

OV-3
OV-6¢C’s
ll. System
SV-1
IIA. Conceptual SV-2 / ‘S |
Multi-Node System SV-4's
SV-10c’s (generic)

Y Sv-1

1 A
. SV-2 (Std 1,
lIB. Logical Sys2)
Generic Systems (C2, Sensor...) SV-10c’s (system 1) 1

SV-6 ibd (system 2)

IIC. As-Is (eaCh POR) (System 3, 4)) (Sys 3, 4)
POR 1 SV-4's (Sys 3, 4) 1

POR 2 SV-10c’s (Sys 4)

POR 3
lID. To-Be (Future Sys 2) ! §(Future Sys 1) A AFS 1, 2)

Future System/Standard 1 4 1 SV-4’s 4
Future System/Standard 2 SV-6 ibd (Std 1)

Triangles represent hierarchy diagrams (no DoDAF equivalent)

Page 21



Raytheon

Integrated Defense Systems

Allocation Vertically Cross-Connecting a
Complex SoS Model

Structure Behavior Data
l. Operational z : z S A
Command, OpNode
IIA. Conceptual _A Allocationg _\\
Multi-Node System
f(stdl) (std2)
1B. Logical Allocation M Structure & Map

Il. System

(SV-5)

|
Generic Systems (C2, Sensor...) Command (SV-5) :
Allocation (POR 1,2) I
(each POR) (POR 1, :
lIC. As-Is _ 2)
Allocation I
POR 1 I
POR 2 .
|

POR 3 »(FS2)
IID. To-Be AFuture Sys 2) AFUWFG Sys1) (FS1) S ==
:...'

Future System/Standard 1
Future System/Standard 2

Triangles represent hierarchy diagrams (no DoDAF equivalent)
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