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The Outline
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1. Concepts

2. Analysis Transforms
a.Power
b.Latency
c.Resource
d.Weight

3. Common Issues
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Concept: Model Organization Layers

Global Product Data Interoperability Summit | 2022

Management |

« CONOPS
+ States & Modes
+ Command signaling
and sequencing

o- S | - ] « Failure analysis

Digital Shadow Works Meta-Model[ "~ Artifact Generation
= S P
= SEE=e= ey
T Layer 1 (What Models) - Model Use Separation for PLE & System of Systems

Layer 2 (Content Relations) Define how content in model will fit together.

Layer 3 (Consistent Look & Feel)
Layer 4 Analysis tools that allow us to interact with and make better use of the model.
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Concept: Meta-model Building Blocks
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.....

Abstraction & Relations

.....

System Context Modelin =
*  When building System of Y i =3

System models, understanding Logical Modeling e
abstraction levels is key. o Y/

* Rule for content linking from any =
model must be consistent.

caternctyous
DSW_Capability
IBemen

Design Modeling

Support for Analysis ey ————
» System Modeling provides AFSIM Mission e Functional
requirements V&V and analysis Models & Use M
odels Models
visibility. Cases
+ Logical Modeling enables rapid Lonical = |
assessment of proposed_ - Electrical Reliability Strugcture T
components, SWAP, Reliability, Models Models Models
Cost, and reuse across a family
of Cyber Change
svstems Software Hardware Resource Security Analysis
ysStems. . . Models Models Models Models Models
» Physical Modeling enables rapid (FACE/HOST)

detailed understanding of
resources and system design.

Abstraction Layers, Content and Analysis are interlinked in a Domain of Discourse, a fit to purpose Meta-model.
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Analysis: Cyber-Physical Transforms Focus
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FVL Domain of Discourse Value Stream

Life Cycle Supported

Abstraction Level

Enabled Capability

Tools Integrated

Technique Enabled

Open Source / Standard

Metrics

Physics Based Simulation

Design & Sustainment
Mission

Mission Simulation, Physics Predictions

AFSIM, SyDECAR, Stars & Stripes,
DSW_Profile

Design of Experiment (DOE), Permutations
of Experiments, Design Values integrated
into Simulations

2" e
Jython

1. Reuse of differing aspects of a simulation
2. Mapping of design values to system
requirements to support verification thus,
building credibility into the simulation

3. Ability to evaluate system change — how
the change propagates, and impacts cost

Statistical & Al Enabled
Analysis

Cyber-Physical Analysis

Design & Sustainment Sustainment

Logical & Physical Logical/Physical

Cost Prediction, Intelligent
Optimization, Reliability

Architectural Analysis, Airworthiness,
MOSA Change prediction, Hazard &
Fault

OSATE2, DSW_Profile R, DSW_Profile

Resource Utilization,
Latency, SWAP, Bus Load, RMF, Fault

Pareto Optimization, Cost
Predictions, Estimate Variance

Tree, FHA Reductions, Statistical
Forecasting
=
OSATE2 £ | thon B

1. Reuse of differing aspects of a
simulation

2. Mapping of design values to system
requirements to support verification
thus, building credibility into the
simulation

3. Ability to evaluate system change —
how the change propagates, and
impacts cost

1. Uniform process for conducting
trades

2. Streamlines trade study review
and approval

3. Provides a standard set of
evaluation criteria to select from
4. Provides a persistent
environment where trades are
easily revisited

Governance & Product Line Model
Configuration Management Integration

A

Requirement Based V&V

A

Component Import/Extraction

DSW_Profile, FAF 4.0 DSW_Profile, FAF 4.0

Integrated Models, ATAM
Change Assessment, V&V

FGE= Open,
Voo s ) N

HarDware OPEM SYSTEMS TECHNOLOGIES
1.Correspondence rules to
enforce relations between
elements within an
architecture description or
between elements in differing
architecture descriptions

2. Realtime correspondence
rule enforcement with user
notification

3. Direct contract deliverable
alignment with customer.
Controlled transparency

Digital Backbone, FAF

1. ASoT-driven Product Line
Engineering

2. Resource Consolidation

3. Product Line Visibility

4. Modularized Design Reuse

.
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Object Constraint Language (OCL) For Package And

Element Relations

Global Product Data Interoperability Summit | 2022

E-CaFVL_CNI < = 1 prms— — - —
A N DSW_Operational_Scenaric DSW_Capability stereotype: .
-/ Relations [Bement] |Bement] DSW_System _Node [éen::";f“
. . Blement]
£ 10. Scenario View ¥ ¥ L :
BB 20 Logical View wstereatyper estereciypes f T
DSW_System _Use_Case | RS DSW_System_Function
;/ Relations [Bement] [Activiy) aatesoly peo astereotypes
. DSW_System -— DSW_Logical_Data
E-CalLogical_Elements ™ —J [Bement] R [Bement]
-[7] Data_Connection_Types estereaiypes ! ”
DSW_Operational_Performer |
L1 Logical_Bus [Bement] astereolypes =
— stereoly pen
[ Logical_Components ¥ ) |: vty Lo - k' osw Logicalintertace
[ Logi \7D it T 1 [Elar | [Interface]
ogical_Data wstereatypes e
. r DSW_Operational_Role '
[ Logical_Interfaces P [Bement] HEELhE) - - - aslereolypes
esources - = DSW_Quality_of_Service_Palicy
b R - —— DSW_ Lﬂ‘:;:l";:]m ponent
(== 1]
[ Subsystem_Group e
L= Subsystems
stereotype:
[ System_Nodes i
[ Systems L [Bement) i
) —>collect (oclAsType (Element) ) ->asSet ()

=] tlLoglcaLMode\stiagrams [ sunion( (
-[] Freedom_570_Subsystem_Data_Connectio - 5

[ Freedom570_Electrical (

Ij—_l Freedom570_Logical_Decompositions Pp.oclIsTypeOf (Digital Shadow Works Profile::System Form::Logical::DSW Logical Component)

[ Interface_Allocation_Matrix and not (p.oclTskindof| . _ - — - -

[ Logical_Subsystem_FElectrical_Connections and not (p.oclIsKindOf

[ 5v-2_System_Resource Flow - ) >E?J;J:?CC(OC1ASTYPE(DJ.Q:Lt

i 7] SV-4_System_Functionality_Description

B[] 30. Process View

B[] 40. Development View

B} £ 50. Physical View

B Glossary

B Legends

Element::allInstances () ->select(p |

:allInstances () —>select(c| c.oclIsKindOf(Digital Shadow Works Profile::System Form::Logical::DSW_Logical Component)
and not (c.oclIsKindOf (AADL SEI Profile::AADL SEI Example Element)) —Rer

( and not (c. oclIsKlndOf(Dlgltal Shadow Work :DSW_Example Element))
Package::allInstances( -

—-This is a ric wa

S

(p.name="Logical @
ox

(

1, for meta types don't use.

. nanespace-38 (a.type. oclIaTypeOf(Dlgltal Shadow_Works_Profile:: Sya‘tem_E‘orm: :Logical: :DSW_Logical_Component))

not (p.oclIsTypeOf or (a.type.oclIsTypeOf (Digital Shadow Works Profile::System Form::Logical::DSW_Logical Bus))
. Vali i - - —
= El Validation ) or (a.type.oclIsTypeOf (Digital Shadow Works Profile::System Form::Logical::DSW Conceptual Resource))
. Violati . dMemb: - - - -
F—_I Package_Violations Lo or (a.oclIsKindOf (Port)) —- Use

-1 Logical_Elements

not m.oclIsKindof ( or (a.oclIsKindOf (DataType)) —-
- .
[ Scenario_Flements o o . or (a.001TaXindof (Diagram)) —-
£ in_Violati t 1 £ A
=] ETlacefC‘hanL.|o\at|on‘s‘ pet = Offf'fypeo f or (a.oclIsKindOf (Connector)) -
=] |=__| Logical_Decomposition Realizatior E

not m. DclIsTypeOf( )

[} Invalid_Logical_Component_Relations
8l Invalid_Subsystem_Relations

.-l Invalid_System_Relations

-] Power_Analysis

B-F1 Weiaht Analvsis

)
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end Interface_Module;

from S face Module

system Interface_Module

Analytically Equivalent Logical & Design Models

Global Product Data Interoperability Summit | 2022

«block»
«AADL_Systemm

«AADL_SH_System»
«DSW_Logical_Component»

«blocks
«AADL_Process»
«AADL_SH_Process»
«DSW_Logical_Components

Interface_InfraSoftware

interface_InfraSoftw are

«block»
«AADL_Process»

«AADL_SH_Process» interface_Waveform

Interface Module

«DSW_Logical_Companent»

Interface_Waveform

features
interface_processor_1394: in out data po._ ,
interface_Xcvrl_Fiberfth2: in out data port ;
interface_1080BaseKX_3: in out data port ; --
interface_audio2_1394: in out data port ;
interface_Xcvr2_Fiberfthd: in out data port ;
interface_Xcvrl FiberEth3: in out data port ;
interface_Xcvrl_FiberEthl: in out data port ;
interface_Xcvr2_FiberEthé: in out data port
interface_1080BaseT_1: in out data port ;
pwrDgtl_interfaceIn PlusS_15: in feature ADS_Integr:
interface_100@BasekX_1: in out data port ; -- f
interface_audiol_1394: in out data port ; --
interface_Xcvr2_FiberEth7: in out data port ;
interface_i2c: feature group ; -- from Sy
interface_Xcvrl_Fiberfthe: in out data port
interface_lvds_rs232: in out data port ;
interface_1000BaseT_2: in out data port ;
interface_1000BaseKX_
interface_1008aseT_3 H
pwrDgtl_interfaceIn_Plus3_4: in feature ADS_Integrated_CNI_Mode:
interface_Xcvr2_FiberEthS: in out data port ; -- from Syshl

properties
SEI::NetWeight => 1.2 kg;

PowerBudget => 3.6 W applies to pwrDgtl_interfaceIn_Plus5_15;

PowerBudget => 3.0 W applies to pwrDgtl_interfaceIn_Plus3_

WeightLimit => 2.0 kg;

«block»
«AADL_Memory »
«AADL_SB_Memory »
«DSW_Logical_Component»
Interface_Memory

interface_Memary
— e

«block»
«AADL_Device»
«AADL_SH_Device»
«DSW_Logical_Component»
Interface_Device

interface_Device

-—

«block»
«AADL_Processor»
«AADL_SH_Processor»
«DSW_Logical_Component»
Interface_Processor

interface_Processor
e e

OSATEZ2

Concern Types

[ Logical

|[Memory

gpp_dram_t1042

«blocks
<AADL_Memory»

gpp_dram_a53 «<AADL_SH_Memory»

[] Physical «block»
[] Process/Standard «AADL_System»
e  «AADL_SH System»
O coyver «DSW_Hardw are_C
—_——
[] System Context Use Freedom 570_ACAIC
[] System Function ™
System Form
[] External
o
e o
|[MPSoC_Processor |
! [
«blocks
] «AADL_Processor» blel. | _ = _ = =
rogrammablelLogic .
|| e prm [oevice
| ProgrammableLogic |
| «block»
1 «block» | 1 A‘X\E»;\LDLSﬁDeSéce»
«AADL_Processor» « _SH_Device»
| «AADL SH Processors £MOOMexRS ' | |«DSw_Hardw are_Component»
«DSW_Processor» TrustedSwitch
|
| ArmCortexR5 |
1 «block»
| | «AADL_Device»
| «blocks | | «AADL_SH_Device»
«AADL_Processors «DSW_Hardw are_Component»
| «AADL_SH_Processor» QuadCoreArmCortexA53 T | GpsDisciplineLogic
«DSW_Processor»
1 QuadCoreArmCortexA53 | 1
~ e — — = = 1
o — e m o _ I
|Processor | |
| «block» | |
«AADL_Processors
] «AADL_SH_Processor» nxpQorlQ1042QuadCorePow erPG -
«DSW_Processor» /— e iietics
| NxpQorlQ1042QuadCorePowerPC | Vi e
\ )

Approved for Public Release; NG22-1638; ©2022 Northrop Grumman Systems Corporation

gpp_nvram_t1042

«DSW_Memory»
GPP_DRAM

<AADL_Memory»
«block»

|
|
|
~

pp_nvram_a53  «AADL_SH_Memory»

chronometer,

oscillator

ieee1394_1

ieee1394_2

fiberBhernet10GBitXcvr2

user_data_nvram

fiberBhernet10GBitXcvr1

tgifFpga

filters

cleanup

ticCpid

gi
et «DSW_Memory »

GPP_NVRAM

«block»
«AADL_Memory»

| fpoa_config_flash | «AADL_SH_Memory»

<DSW_Memory »
FPGA_CONFIG_FLASH

«block»
«AADL_Memory»
«AADL_SH_Memory »
«DSW_Memory »
USER_DATA_NVRAM

ablock»
<AADL_Device»
<AADL_SB_Devicen
«DSW_Hardw are_Component»

Chronometer

«block»
«AADL_Device»
«AADL_SH_Device»
«DSW_Hardw are_Components
Oscillator

«block»
«AADL_Device»
«AADL_SH_Device»
«DSW_Hardw are_Component»
leee 1394

«block»
«AADL_Device»
«AADL_SB_Device»
«DSW_Hardw are_Component»
FiberEthernet10GBitXcvr

<blocka
«AADL Devicen
«AADL_SH_Device»
«DSW_Hardw are_Component»

TgifFpga

«block»
«AADL_Device»
«AADL_SH_Device»
«DSW_Hardw are_Component»
Filters

«blocks
<AADL Devicer
«AADL_SB_Devicen
«DSW_Hardw are_Component»

Cleanup

«block»
«AADL_Device»
«AADL_SB_Device»
«DSW_Hardw are_Component»
TleCpld

_— — _T=====
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-- from SysML Interface Module (6fc4f@83-5e2b-4a25-9b33-a64242208dea8)
IbandPA : LBandPA freedom 570BackPlane : RadioBackPlane DR OB R system Interface_Module
pw rDgtl_ibandPAIn_Pluss_15 : Pow er - pw Dgt_BpOut_lbandPA_Plus5_15 - Pow er pwrAnlg_PsOut_Plus®
o features
pw rDgl_IoandPAIn_Miuss_15 : Pow er B pwDgil_BpOut_lbandPA_Minus5_15 - Pow er interface_processor_1394: in out data port ; -- from SysML interface_|
T Pow er T vrAnly Boh_Minusd Power _ DrAI0_PS0uHinuso :i.nterface_Xcvr'l_Fiber‘Eth%: in out data port ; -- from SyslﬂL interfacd
= = P~ == = Pow er :].nterface_lBB@BaseKX_S: in out data port ; -- from SysML‘Jnterface_le
pw rA nig_lbandPAIn_Plus9 - Pow er « ow tAnig_BpOut lbandPA_Flus9 : Pow er pwrAnig_Bon_Pus15: Power _ pwrAnig_PsOut_Pus1s: interface_audio2_1394: in out data port ; -- from SysML interface_aud
Fower Pow er interface_Xcvr2_FiberEth4: in out data port ; -- from SysML interfacg
pwrAnlg_IbandPAIn_Wlinuss - Pow er B pw rAnlg_BpOut_lbandPA_Minuse : Pow er interface_Xcvrl_FiberEth3: in out data port ; -- from SysML interfacg
Power e interface_Xcvrl_FiberEthl: in out data port ; -- from SysML interfacq
pw rAnlg_lbandPAln_Pus15 : Pow er « pw rAnlg_BpOut_lbandPA_Plus15 : Pow er interface_Xcvr2_FiberEthé: in out data port ; -- from SysML interface
pw rA ig_lbandPAln_Minus15 - Pow er Pn:” purrAnlg_BpOut_lbandPA_Winus 15 : Pow er R interfacc?_leeeBaseT_lr in out t:.lata port ; -- from SysML interface_l0¢
Power pWIDGI_BpN_Plis3_4 Power _ pwiDgiLPsOU_Fus3_4 Power pwrDgtl_interfaceIn_Plus5_15: in feature ADS_Integrated_CNI_Model: :Re
andPS: LBandPS | by it nandPein Flucs 15 - Fower . oDl BpOut_IbandPS_Flus5 15 - Fowsr Power :E.nterface_leegBaseKX_l: ‘in out data port ; -- from SysML‘inter‘face_le
. gL BEh PLES_15. Pomer pneDat POt P 15 Forr J'.nterface_audml_t!.394: in Dl:lt data port ; -- from SysML 1ntE|:"Face_aud
Dw IDGH_IbandPSIn_Winuss_15 : Pow er < pw DgIl_BpOut_IbandPS_Minuss_18 : Pow er — P interface_Xcvr2_FiberEth7: in out data port ; -- from SysML interfacd
Power interface_i2c: feature group ; -- from SysML interface_i2c (9cc54f774
Dol lbon i, P’ A Power — v D0 BpOUIoan®PS s 4 Powex o DgILBpi_Winus5_15 Pow ergg DGt PsOul_Minus5_15: Pow er interface_Xcvrl_FiberEthe: in out data port ; -- from SysML interfacd
i nig_ibandpSin_Pusa- Fawer " 1l Bp0ut IbandFS. Flusd P ar Fower interface_lvds_rs232: in out data port ; -- from SysML interface_lvdg
Pow er owrDgl_Bpin_Plusg - Power  _ pwrDgtl_PSOUL Plusg - Pow er interface_l1@6@BaseT_2: in out data port ; -- from SysML interface_leg
pw rAnlg_bandPSin_Plus15 - Pow er < pwrAnlg_BpOut_lbandPS_Plus15 : Pow er Fower interface_18@@BaseKX_2: in out data port ; -- from SysML interface_14
pw rAnlg_lbandPSin_Minus15 : Pow er o pw rAnlg_BpOut_lbandPS_Minus15: Pow er EW DG BPNFUstS  Fower < EN DG FSOM PLe1S: Power interfacg_lBBGBaseT_S: in OUt-data port ; -- from Syshl inter{ace_lee
= = < — = Fow er pwrDgtl_interfaceIn_Plus3_4: in feature ADS_Integrated_CNI_Model: :Res
Fower interface_Xcvr2_FiberEth5: in out data port ; -- from SysML interfacq
transceiverd : Transceiverd | o, oot transcievertin_Puss_15: Power o D rDgH_BpOUt_amctr1_Pus5_15 Pow er pu DO Eon Minusts: Power_q PHIDLASOUHnusts: Fower properties
Power Fower SEI::NetWeight => 1.2 kg;
pw Dt transcievertin Minus5 15 Power o PWIDGLBPOUL AT Minuss 15 Pow er SEI::PowerBudget => 3.8 W applies to pwrDgtl_interfaceIn_Plus5_15;
Power - .
pw rDgtl_transciev ertin_Plus3_4 : Pow er . pwrDgH_BpOut_amctrd_Plus3_4 : Pow er SBL :POEPBUgt = 5ot I Gl Eo [rlEEl A e [FIEE 6
P~ SEI::WeightLimit => 2.8 kg;
pw rAnlg_transcieverdin_Plusd - Pow er PWrANIQ_BpOUL_amctri_Plusg ; Pow er end Interface_Module;
Power

. Begin with AADL tagged content (SysML).

1
2. Validate SySML before transform (OCL) Computing Electrical Power for radioBackPlane

C ity: 400 W
3. Execute Transform to AADL (CAMET). szsgfﬁng.o W 3.0 W from faPS, 3.0 W from raf
4
)

. Run ana|ysis (OSATEZ) Budget: 114.8 W 4.0 W for transceiver1, 3.5 W fo
Read Analvsis int del ** radioBackPlane power budget total 114.8 W exceeds capacity 40.0 W
. ea nalysis Into moaei. ** budget total 114.8 W exceeds supply 109.0 W

Important to Validate the SysML before the transform into AADL where errors can be difficult to debug.
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Logical Latency Analysis Example
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« Latency Analysis Requires both the
e connections and the underlying sequence to
o pomp— be modeled.
« The IBD communication can contain more
internal wiring at different levels of abstraction.
B » Sequences Contain as Source, N Flow
e s diagrams and a Skink Sequence Diagram.
» Sequence Lifelines can reference other
o v s Seqguence Diagrams to handle abstraction
evels.

Latency analysis with preference settings: AS-MF-ET-EQ-DQL

mission_Computer : Mission_Com puter Hﬁp—msson—mmuter—um

p_comms_system_in

=7
Communications_System : Communications_System

«AADL_Flow » N ‘ ‘ <AADL_Flow » i ‘ ‘ «AADL_Flow » N Latency results for end-to-end flow "AircraftSystem_Flow' of system 'AircraftSystem.impl
mission_com puter : Flow_Source comms :Comms System_Flow mission_computer_sink : Flow_Sink
= p T — ‘sy = — & — Result Min Speci Min Actua Min Meth«Max Spec Max Actu: Max Meth Comments

> (bus digital_backbone) 0.0ms 0.0ms queued  0.0ms 0.0ms queued  Ignoring queuing time of 0.0ms
_ (bus digital_backbone) 0.0ms 0.0ms sampling p0.0ms 0.0ms sampling protocol/bus
’U connection mission_Col2.0ms 2.0ms specified 10.0ms  10.0ms  specified Using specUsing max specified protocol latency subtotal 0.0 althou:

T
| 4 | 1 device mission_Compui 1.0ms 1.0ms specified 5.0ms 5.0ms specified
I 1

I

I

process Communicatior20.0ms  20.0ms  specified 100.0ms 100.0ms specified
connection Communica 3.0ms 3.0ms specified 15.0ms  15.0ms  specified Using specUsing max specified protocol latency subtotal 0.0 althou:
device mission_Compui 1.0ms 1.0ms specified 4.0ms 4.0ms specified
Latency Total 22.0ms 27.0ms 109.0ms 134.0ms
Specified End To End Latency 100.0ms 500.0ms
End To End Latency Summary
Minimum specified flow latency total 22.0ms less than expected minimum end to end latency 100.0ms (better response time)
Minimum actual latency total 27.0ms less than expected minimum end to end latency 100.0ms (faster actual minimum response time)
INFO Maximum actual latency total 134.0ms is less or equal to expected maximum end to end latency 500.0ms

Latency flows across multiple levels of abstraction.
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Logical Resource Analysis Example
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Detailed Workload Report: for Processor Communications_Sysf

ibd [Biock] Radio| IEEE1394_Bus | |Jsaun.mmq4m }‘mmnznmw
3_audsa_1_1394_lemal 13_audio_2_1394_internal e CO m po nel B u d get Actu a I
frontCoverDigitalCCA : FrontCove rDigitalCCA
process Cc 83.000 M 0.000 MIP process AircraftSystem_impl In
3_audio_1_1394 13_audso_2_1304 - -
con_scuc Jutor 1994 con_aca sz 1304 process Cc 1.987 GIP 0.000 MIP process AircraftSystem_impl_In
Total 2.070 GIPS

7777777777777777777777 AADL _Act Il‘/.m\s:\u( _Bi i ing»
>

Detailed Workload Report: for memory Communications_System.freedom570.pro
R i <BADL_ Acual Comecton_Bugngs | ComponeiBudget  Actual
o senseng 54 Communic 120000.0 120000.0 INo actual. Added budget to total.
- A poe T B Communic 1393000.(1393000.C No actual. Added budget to total.
brocessor ) s o ibd [Block] Interface Module [ Interface_Logical_Resource_Utilization ]) -|- t I 15 13000 000 KBYt
y - ota . e
g =y J . PLANDINE, —— — fariac Wamors iwtace Hamory - — — — LALLM, B Resource Analysis primarily deals with the
lprocess: | .
SRR o | i allocation of software to hardware and the
n_acnipi_acnip3_1304 |
interface_lnfraSof!wlare :Interface_InfraSoftware interface_Waveform :Interl‘ace_Waveform | resources necessary tO SucceSSfu"y hOSt that
| | software.
I I . .
! ! It also deal with the throughput associated
«AADL_Actual_Processor_Binding» . «AADL_Actual_Processor_Binding»
DbAclual Wocessor_binding» %|nterface_Frocessor:Interface_Processor |¢ _— e = = = == = 9 With a bus for bus Ioading anaIySiS.

GPDIS_2022.ppt | 10
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Logical Weight Analysis Example

Global Product Data Interoperability Summit | 2022

Weight Limits are
assigned to System and
Device Block.

If a weigh limit is specified
it will use the cumulative
weight of all internal
blocks.

Analysis also indicates
where slack is and if no
weight was entered for a
block (System or Device).

Each element in the
decomposition chain can
have a limit and its own
weight.

B0 Systems
- ,9 Relations
(3 External_Systems
Etl Internal_Systems
,% Relations
E-C3 Communications_System

E

H-- ,% Relations

------- @ Communications_System_Latency

------- [o] commssystem_flow_latency_budget

------- o
------- [ERCommunication_System_Weight_Limit (by m42727)
H-— CommsSystem_Flow

------- [ rfSubsystem : FVL_CNI::20. Logical View::Logical Elements:
------- B vuSubsystem : FVL_CNI::20. Logical View::Logical Elements
------- [Pl freedom570 : FVL_CNI::20. Logical View::Logical Elements:
------- [Pl backUpRadio : FVL_CNI::20. Logical View::Logical Elements
------- [Pl icsVoip_Subsystem : FVL_CNI::20. Logical View::Logical El4
------- [P fiberEthernetBus : F\VL_CNI::20. Logical View::Logical Elemd

------- p_comms_system_in : AADL_Profile::AADL_Data_Port
p_comms_system_out : AADL_Profile:: AADL_Data_Port

Warning! ds101Bus: [L] No net weight plus subcomponent weight or no gross weight

Warning! antenna_System: [L] No net weight plus subcomponent weight or no gross weight
Warning! mission_Computer: [L] No net weight plus subcomponent weight or no gross weight
Warning! gpsins_System: [L] No net weight plus subcomponent weight or no gross weight
Warning! backUpRadio: [L] No net weight plus subcomponent weight or no gross weight
Warning! vuSubsystem: [L] No net weight plus subcomponent weight or no gross weight
Warning! icsVoip_Subsystem: [L] No net weight plus subcomponent weight or no gross weight
Warning! rfSubsystem: [L] No net weight plus subcomponent weight or no gross weight
frontCoverDigitalCCA: [L] Sum of weights / gross weight is 0.050 kg (no limit specified)

IbandPA: [L] Sum of weights / gross weight is 0.100 kg (no limit specified)

transceiverd: [A] Sum of weights (1.200 kg) is below weight limit of 2.000 kg (40.0 % Weight slack)
transceiver3: [A] Sum of weights (1.350 kg) is below weight limit of 2.000 kg (32.5 % Weight slack)
processor2: [A] Sum of weights (1.350 kg) is below weight limit of 2.000 kg (32.5 % Weight slack)
transceiver2: [A] Sum of weights (1.350 kg) is below weight limit of 2.000 kg (32.5 % Weight slack)
processorl: [A] Sum of weights (1.350 kg) is below weight limit of 2.000 kg (32.5 % Weight slack)
interface: [A] Sum of weights (1.350 kg) is below weight limit of 2.000 kg (32.5 % Weight slack)
transceiverl: [A] Sum of weights (1.350 kg) is below weight limit of 2.000 kg (32.5 % Weight slack)
processor3: [A] Sum of weights (1.350 kg) is below weight limit of 2.000 kg (32.5 % Weight slack)
IbandPS: [L] Sum of weights / gross weight is 0.100 kg (no limit specified)

ERROR: freedom570: [A] Sum of weights (17.300 kg) exceeds weight limit of 9.900 kg
Communications_System: [L] Sum of weights / gross weight is 17.350 kg (no limit specified)
AircraftSystem_impl_Instance: [L] Sum of weights / gross weight is 17.400 kg (no limit specified)

Weight analysis can be done at multiple levels, all rolling up.

GLOBAL PRODUCT DATA
 INTEROPERABILITY
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Round Trip Results Back To Requirement

Global Product Data Interoperability Summit | 2022

* Analysis is imported

Element Type: | Requirement Scope (optional): | Filtered FVL System Performance Spec Filter: /™~

back into the model. ,

NonFunctional
Trace

Id Text 7 Analysis Analysis Status Functional Trace Use Cases Key Interfaces Logical Systems

R R Proximity Cluster 73 System Resource () Relay data accor( 2] IF-TacticalDatalink-ARC-220 () AircraftSystem

« Simple macros to + bassr
import and then
C re ate ap p rO p ri ate ]_E] Payload Weight Burn 2 Analog Data Con C© Manage commur 8] IF-AircraftSystemsMonitoringS/ B Antenna_System

22 Configure Commr C© Automatic netwe 2] IF-AirGroundRadioCommunice = DACU

e | e m e n ts i n th e 2 FVL-PS_35.1 The System shall XXXX. [2] 1F-AreasOfinterestService (] AircraftSystem
domain of discourse.

== Bandwidth On Demand S & Implement Comi C© Manage commur 2] IF-AirGroundRadioCommunici =3 Antenna_System
& Encryption  Perform real-tim 8] IF-AircraftSystemsMonitoringS = DACU
3 |FVL-PS_35 The System shall XXXX. @3 Monitor Commur < Manage degradal 2] IF-AreasOfInterestService ) AircraftSystem
@ IF-SystemTimeService
* Results are 3 I Tocticloaaink ARC 220
4 |FVL-PS_63 The System shall XXXX. Aircraft Weight Test O Aircraft Weight Test:02/07/2022 [ AircraftSystem

populated in the
general RTM table.

Analysis and Analysis Results are Tied into the Domain of Discourse
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Issue: A Block For All 500 Data Values Or Duplicate 500 Blocks?
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° T k f th I B Cameo e A e 19.0 - Archite ement_Example.mdzip [C ents\FVL\FAF\FAF 3.0 - 20210514\READ Project Usage:
ake 1rom the exampie B
. . File Edit View Layout Diagrams Options Tools Analyze Collaborate Window Help
provlded to the rlg ht_ We Can @ @ Create Diagram Import / Export 3.0 Architecture Model XMI % = = H - @, (@ &0 - &
'R Containment | g Structure | & 7' Zoom Documentation B NoticeGPR | 5] Flow Specifications | |55 HLA Air Vehidle | [0} avsReplansn¥ ) msRouteReplanPath X
see that the example uses the T P = e 5 TN =Y= P P
e o~
. =2 = wQ [ES] Specification of Primitive Type 500 X
block name for the value while o2 ]
+powerAccess_1 : Architect| Specification of Primitive Type properties
I3 ” - +powerAccess_2 : Architect Specify properties of the selected Primitive Type in the properties specification table. Choose the Expert or All options from the Properties drop-down list to see more properties.
other “routePlanLatency” allow powercss 3 e
+powerAccess_4 : Architect
f h H h d EJ-CIMLA Mission System
or the entry Into the tagge 2 Reltons
i [64]| MLA Mission System =
Val ue d ire Ctl E-— msRouteReplanPath ® R 500
y- - i}l msRouteReplanPath /g—g\ A =] i o abe Properties:| All o
. = = X
[0l routePlanLatency Documentation/Comments tive Type
500 Navigation/Hyperlinks e ~
. : E :repl:l;lllequesl ” 2?_9; itn Diagrams Qualified Name Architecture_Refinement_Example::MidLevel Arch::MLA Air Vehicle::MLA Mission System::n
routePlan ributes -
N Owner — msRouteReplanPath [Architecture_Refinement_Example::MidLevelArch::MLA Air Veh..
« To be enable automation and - e TR e efnement ol v
£ synchCall [E] Template Parameters Cameo Enterprise Architecture 19.0 - Architecture_Refinement_Example.mdzip [C:\Users\M42727\Documents\FVL\FAF\FAF 3.0 - 20210514\RE
simplicity of rule checkin o Heekiot
p y g [ This is a flow path in thel Relations : File Edit View Layout Diagrams Options Tools Analyze Collaborate Window Help
- B-—» msThreatAlertPath Tags : H N " H H ~ AB
i i Create Diagram Import / Export 3.0 Architecture Model XMI - - -
th ese need to be Conslste nt 6 +outputData : Architecture §/| Constraints E ® O3 2 port/ Bxpo % 2 D = m ‘Q’ ‘@ GB é
" G +powerBus : Architecture_Rf Traceability EEE Containment %E Structure E ’,quum Documentation £55| NoticeGPR | $4]| Flow Specifications | | £ HLA Air Vehide | 0{ avsi
G +inputData : Architecture_R Allocations Containment 2 8 x| : : _evelArch::MLA
B G MSInputData Language Properties s = : B B -
B G MSOutputData B2 B Q Specification of Time_Range routePlanLatency LevelArch::MLA A

1 1 E-CIMLA MS Analysis -+powerlntoBus_2 : Architec|
b N e Ith e r d u p I I Cate b I OC kS +powerAccess_1 : Architect| Element tagged value specification
+powerAccess_2 : Architects Select a tag and dick the Create Value button to create new value for it.

named 500 or pointing all @ oz A

+powerAccess_4 : Architect

analysis at this one 500 block @

are appropriate, hence the "% meRautRepinpath R Tags

i planPath [0 routePlanLatency Profile: | <ALL>
m©

tagged value approach is |, e ot o [l ~ (81

Navigation/Hyperlinks [~ «Time_Range»

= +replanRequest

p refe rred = +routePlan Attributes & max = 500
" - reply Operations @ min=0

- Ly gynchCall Template Parameters - (&) units = ms
L synchCall nner Elements =] «ValueType»

[ This is a flow path in the|

BJ-—+ msThreatAlertPath

- G +outputData : Architecture |
a

Relations O quantityKind : InstanceSpecification[0..1]
O unit : InstanceSpedification[0..1]
Constraints
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Issue Resolution: AADL_SEI Profile, CAMET & Python

CAMET will parse any
stereotypes beginning with
AADL , base AADL profile
inherited to AADL_SEI types
that allow tagged value
entry (In most recent
version of CAMET this
profile is now provided)

Output will have fields and
brackets such as shown
here.

Post CAMET transform add
in of a python scripts to
remove extra characters.

Global Product Data Interoperability Summit | 2022

conn_vusubsystem_fiber_eth®: port freedom57@.j9_acaic_FiberEth@_ext <-> icsVoip_Subsystem.j9 icsvoip_|
flows
CommsSystem_Flow: flow path
p_comms_system_in ->
conn_fvlcomms_freedom57@ ->
freedom570.Radio_Flow ->
conn_freedom578_fvlcomms ->
p_comms_system out; -- from SysML CommsSystem_Flow (4e4dlcBe-al7f-4e8f-8233-33f2a26c8f76)
properties
SEI::BandWidthBudget => [rate => 7.7. units => KBytesps; ] applies to conn_vusubsystem fiber ethe;
Latency => 80 ms .. 480 ms applies to CommsSystem_Flow;
end Communications_System.impl;

connections
conn_fvlcomms_freedom578: port p_comms_system_in -> freedom570.p_freedom57@_in; -- from SysML conn_f]
conn_freedom570_fvlcomms: port freedom57@.p_freedom570_out -> p_comms_system_out; -- from SysML conn,
conn_vusubsystem_fiber_eth@: port freedom570.j9 acaic_FiberEthe_ext <-> icsVoip_Subsystem.j9_icsvoip.
flows

CommsSystem_Flow: flow path
p_comms_system_in ->
conn_fvlcomms_freedom576 ->
freedom57@.Radio_Flow ->
conn_freedom578_fvlcomms ->
p_comms_system_out; -- from SysML CommsSystem_Flow (4eddlc@e-al7f-4e8f-8233-33f2a26c8f76)

properties
SEI::BandWidthBudget => 7.7 KBytesps applies to conn_vusubsystem_fiber_ethe;
Latency => 80 ms .. 400 ms applies to CommsSystem_Flow;
end Communications_System.impl;

GPDIS_2022.ppt | 14
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Issue: What To Do When Failures Occur?

Global Product Data Interoperability Summit | 2022

=] Power -
L&l 00. Analysis Scope -
) i piagram: :allTnstances () ->select (d|
H e @l Radlo_EIectrlcaI d.oclIskindof (AADL_SEI_Profile::AADL Power Analysis)and
Elrl_—l 10. MinimalElements not (d.name='Example FreedomRadio_Electrical')

------- {2l Missing Budget Component

------- £al Missing Capacity Component

------- £al Missing Conceptual Power Resource
------- £al Missing Supply Component

£-[7 20. Supply

------- £8l MissingAADLSEIPower =
------- £8 MissingAADLSEIPowerValue&Units
------- Al MissingPortDirection

------- £al MissingPowerPort

------- £al MissingSupplyOfPowerDataBlock
-] 30. Capadty |

As Errors were encountered in jjjjjjj% SudgetSideQuiportissingDirectionValue (| Wewseetmns rrotres s ey
issingAADLSEIPower
CAM ET or OSATE’ OCL RUlES ------- Ca MissingAADL’.E,E[PowerValue&Units
------- LAl MissingCapacityofPowerDataBlock IR
were COI’]S'[I’UC'[ed tO ensure | @ - fAl MissingCapacityStereoTypes (( ‘ .
SySM L had needed data / iy DE EESg:;’:SIdEII'IPOﬂMISSII’IgDIrECtIOI'IValUE ) ( p.direction.oclAsType (BADL_Profile::"Base Data Types"::PortDirection).oclAsType (EnumerationLiteral) .name='out")
i« avamnla the | - £8l MissingAADLSEIPower L
elements In thls example the ------- @ Missing AADLSEIPowerValue&Units
rule to ensure port directionsare | -~ %miSSi"QEUft%%tO;?OWSfDataB'ﬂck NOTE: Directions must be out from supply in on bus
. | A ISSINgHO0 Irecton . .
set correctly is examined. L3 MissingPowerport and out the in at the consumer. If incorrect for any of

the ports in any block OSATE will throw an error
when analysis is run.

OCL ensures data in SysML is valid and complete, to know your transform and analysis will work.
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Issue Resolution: OCL As A Search Tool

Global Product Data Interoperability Summit | 2022

H --This Script will return any Power Analysis port that port represents a Supply Components
[l:l--- tl Power -- that hasn't been designate with a "Direction of Out" in the AADL_Feature tagged values.
N -- To resolve these error ensure the tagged value has its direction set to Out.
H . Diagram::allInstances()->select(d|
[._]-" E OO. Aﬂﬂl}"SlS SCODE d.oclIsKindOf (AADL_SEI_Profile: :AADL_Power_Analysis)and
f not (d.name='Example_FreedomRadio_Electrical’)
Lo H H --Context is a reserved work use quotes to delimit it, and type cast to Block
@l RadlD_EIECtncal )."context"->collect(oclAsType(SysML: :Block))
- --Narrow to designated supply components
|—.£|'" tl 1 O_ M |n|ma| Elements .ownedAttribute->select(a| a.oclIsTypeOf(AADL_SEI_Profile::AADL_PA_ SupplyComponent))

--Navigate to the Undelying Part Types, Then Check its contained elements for a

[i_:l... tl 20- Supply -- AADL_SEI_Power that is also designated a AADL_PA_SupplyComponent

.type->collect(oclAsType(SysML: :Block))
--Narrow to power ports

- [Al MissingAADLSEIPower -ownedenber->select(
-2 Missing AADLSEIPowerValue&Units
= E MissingPortDirection (by M42727)

--Containted ports MUST be the following type: C
(e.oclIsKindOf(AADL_Profile: :AADL_Feature)) and

---Containted ports MUST be the following type: AADL_SEI_Feature
(e.oclIsKindOf(AADL_SEI_Profile::AADL_SEI_Feature)) --and
--Containted ports type MUST be the following type: AADLExample_Electricity
--Must Coerce to Port to access type field. Then compare names.

pwrAnlg_PsOut_Plus9 : FVL_CNI::20. Logical View: | T(eroclasType(Port) type.nanesponer ) ~-and
- m MiSSIﬂgPDWEI’POFt 2—Need to access direstion with is part of the AADL_Feature set so typecast appropriatly

.0clAsType(AADL_Profile::AADL_Feature)

- m MiSSIﬂQSUppl}"OfPDWETDHtH BIDCI{ --Eliminate any elements that the out direction set to out.

--Note: Accessing the Feature need to typecast again to PortDirection, and then to an Enumeration to access the name.
--Note: Spacing in profile names have to be enclosed in double quotes to reference them, hence "Base Data Types".
--Note: Build in a check for empty to disqualify before exeuting subsequent checks...

The OCL Query on the right when used in the smart TR '(”:fdirectm_mmmw())

package can identify ports from the previous diagram ( prdirection-oclAsType (DL Profile:"Sase Data Types! Portoirection) oclAsType(Snunerationtiteral).nene=0st')
with the incorrect value type. The context is important )

and relies on a clear understanding of the Domain of

Discourse as well as the SysML/UML relations.

I_l

)
)

Queries build on one another to add context and identify elements that result in broken AADL generation.
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Extending Concepts To Other Types Of Analysis
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. lef_erent types of Anglyss need data Logical Mass Analysis Example
defined differently, this can be
«stereotype»
represented and extended as more \ e Dsggm%m
types of analysis are required. HLogea —
[] Analysis/Stan \ AA%-SE’-DM;’SS -
. ] E] Cyber ata i ﬂe ~ «ster‘:aos Se»em
« The Domain of Discourse of extended ] System Gantert Use | iy
. [ ] System Function —p |+units : AADL_Mass_Units
to incorporate both the format of = [ systemForm T
. . . m\ «sterectype»
required data but also its location to  } DS Logleal Component
elements.

 These relations are encoded into OCL, enabling automated enforcement that guarantees
logical element without a mass would be flagged. This prevents data errors when exporting to
an underlying analysis engine (R, AFSIM or AADL)

All Analysis Algorithms require data and data structures.
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