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The Outline

1.Initial Analysis Focus & Concepts
2.Examples of Transforms

a.Power

b.Latency

c.Resource

d.Weight
3. Common Issues
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Analysis Focus

Physics Based Simulation CyEer—PHysicaI Analysis Statistical & Al Enabled Analysis
Management
-
Life Cycle Supported Design & Sustainment Design & Sustainment Sustainment
—
Abstraction Level Mission Logical & Physical Logical/Physical All
.-I
Enabled Capability Mission Simulation, Physics Predictions Architectural Analysis, Airworthiness, Cost Prediction, Intelligent Requirement Based V&V Component Import/Extraction
MOSA Change prediction, Hazard & Optimization, Reliability
A Fault
Tools Integrated AFSIM, SyDECAR, Stars & Stripes, OSATE2, DSW_Profile R, DSW_Profile
DSW_Profile
-l
Technique Enabled Design of Experiment (DOE), Permutations of | Resource Utilization, Pareto Optimization, Cost Integrated Models, ATAM Digital Backbone, FAF
Experiments, Design Values integrated into Latency, SWAP, Bus Load, RMF, Fault Predictions, Estimate Variance Change Assessment, V&V
Simulations Tree, FHA Reductions, Statistical Forecasting
aal
Open Source / Standard - : TREVERIEAL gy
J2 A R a
Ewtron [ OSATE2 ! @ -
‘ . A —
Metrics 1. Reuse of differing aspects of a simulation 1. Reuse of differing aspects of a 1. Uniform process for conducting M@ gzt elefa[e[{a TNl (LR o) 1. ASoT-driven Product Line
2. Mapping of design values to system simulation trades enforce relations between Engineering
requirements to support verification thus, 2. Mapping of design values to system 2. Streamlines trade study review elements within an 2. Resource Consolidation
building credibility into the simulation requirements to support verification and approval architecture description or 3. Product Line Visibility
3. Ability to evaluate system change — how thus, building credibility into the 3. Provides a standard set of between elements in differing 4. Modularized Design Reuse
the change propagates, and impacts cost simulation evaluation criteria to select from architecture descriptions
3. Ability to evaluate system change — 4. Provides a persistent 2. Realtime correspondence
how the change propagates, and environment where trades are rule enforcement with user
impacts cost easily revisited notification
3. Direct contract deliverable
alignment with customer.
! Controlled transparency
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Building Blocks

 Mission Effectiveness

*  System modeling enables AFSIM
mission models to assess

System Context Modeling

capabilities. ] _

+  Logical modeling provides the Logical Modeling
behaviors and properties for mission
modeling. Design Modeling

*  Physical modeling captures
implementation level detail values.

. MOSA Change Management —
System Modeling provides ANITSLMIM;‘EM Requirements Functional
requirements V&V and analysis oaels >¢ Models Models
visibility. ERBeE

*  Logical Modeling enables rapid )

. L Logical
assessment of proposed Electrical Reliability S ot Tl
components, SWAP, Reliability, Models Models ructure ost Viodels
Cost, and reuse across a family of Models
systems.

. i ) ) Cyber Change
Phys!cal Modeling er;ables rapid Software Hardware Resource S Analysis
detailed understanding of Models Y

) Models Models Models Models
resources and system design. (FACE/HOST)

Abstraction Layers, Content and Analysis are all interlinked in a Domain of Discourse, a fit to purpose

4 Meta-Model.




Object Constraint Language (OCL) for Package and Element Relations
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E-CaFVL_CNI «stereotype» stereotyper
) N DSW_Operational_Scenario DSW_Capability
El-.7/ Relations [Bement] j [Bement] :’
<
£ 10. Scenario View Y y
B3 20. Logical View stereotyper stereoype
9 R I t DSW_System_Use_Case - — DSW_System_Function
’ elations [Bement] [Activity]
B=-C=3Logical_Elements ™

[ Data_Connection_Types stereotyper
DSW_Operational_Performer
L1 Logical_Bus [Bement]
[l ogical_Components T
[ Logical_Data stereotyper
. DSW_Operational_Role
[ Logical_Interfaces [Bement]

L1 Resources
[ Subsystem_Group

«stereotype»
DSW_System_Node
[Berment]

!

«stereoty pex
DSW_System

«stereoty pes
DSW_Resource
[Bement]

[ [Bement]
!

«stereoty pex
DSW_Subsystem
[Bement]

/]

«stereoty pex»
DSW_Logical_Data
[Bement]

2

«stereoty pen

astereoty pe»
DSW_Logical_Interface
interface]

N2

: DSW_Logical_Component
[Bement]

A

L1 Subsystems
[ System_Nodes

«stereoty pe»
DSW_Quality_of_Service_Policy
[Bement]

«stereoty pe»

[ Systems
B[ Logical_Models_Diagrams
; [ Freedom_570_Subsystem_Data_Connectio
[ Freedom570_Electrical
[ Freedom570_Logical_Decompositions
[T Interface_Allocation_Matrix
[ Logical_Subsystem_FElectrical_Connections
t- 7] SV-2_System_Resource_Flow
i 7] SV-4_System_Functionality_Description
B £ 30. Process View
B[] 40. Development View
B £ 50. Physical View
B Glossary
B Legends
B[] Vvalidation
EI -[7] Package_Violations
[ Logical_Elements
; [ Scenario_Flements
B[] Trace_Chain_Violations
=] [ Logical_Decomposition
- [@ Invalid_Logical_Component_Relations
Eﬂ Invalid_Subsystemn_Relations
=-[@l Invalid_System_Relations
[T Power_Analysis

)

and not (p.oclIsKindo:
and not (p.oclIsKindO
) ->cellect (oclAsType (Digl

)« —--You must typecase td

not (p.oclIsTypeO,

) . ownedMember=;
=Removes the padl
not m.oclIsKindOf
--Associat

not m.oclIsTypeof
—-Realization arg
not m.
--Data Types are
not m.oclIsKindOf
—-Item Flows are
not m.oclIsKindof

—-Anth

Element::alllnstances () ->select(p |
p.oclIsTypeOf (Digital Shadow Works Profile

two se
t i

e applied and are no

and not

and not
Package::allInstances

—-These

D.namespace—>i

tions any

0clIsTypeOof.

)

(c.oclIsKindOf (AADL SEI Profile::AADL SEI_Example Element)) —-Remove AADL SEI Test Values
(c.oclIsKindOf (Digital Shadow Works Profile::Process:
mponent is allowed to own. ..

are

—-0Only Need a.type to evaluate the underly.

the types that a Logical

and c.ownedAttribute->exists(a|/not (

of Subsystem, 1
c.oclIsKindOf (Digital Shadow Works Profile::System Form::Logical

Resource and Log.

item, for meta

things

::DSW_Logical Component)

:DSW_Example Element)) —--Remove DSW Test Values

(a.type.oclIsTypeOf (Digital_ Shadow Works_Profile::System_Form::Logical::DSW_Logical_Component))

or
or
or
or
or
or

(a.type.oclIsTypeOf (Digital Shadow Works Profile::System Form::Logical::DSW_Logical Bus))
Profile::System Form::Logical::DSW _Conceptual Resource))

(a.type.oclIsTypeOf (Digital Shadow Works .
{indOf feor all ports

(a.
(a.
.0clIsKindOf (Diagram)) —--

(a

(a.

oclIsKindOf (Port)) —- Use

oclIsKindOf (DataType)) -

oclIsKindOf (Connector))

>collect (oclAsType (Element) ) —>asSet ()

g else that 15 NMOE @ Capablity Identify IF &5 an error

B1-F1 Weinht Analvsis

rces the Domain of Discourse as well as

he structure of the model in real-time or as validation rules.




Analytically Equivalent Logical & Desigh Models
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Frohe Dagram s Sz s el

o

L P ™ o

i

= } o

«block»
«AADL_Process»
«AADL_SH_Process»
«DSW_Logical_Component»
Interface_InfraSoftware

interface_Memory

«block»

«AADL_System»
«AADL_SH_System»
«DSW_Logical_Component»
Interface Module

interface_Device

«block»
«AADL_Memory »
«AADL_SH_Memory »
«DSW_Logical _Component»
Interface_Memory

Concern Types

interface_InfraSoftw are

«block»
«AADL_Process»
«AADL_SH_Process»
«DSW_Logical_Component»

Interface_Waveform

interface_Waveform

-- from SysHL LnTertace MoGULe (bTC4TESS-5elD-4al>-YD33-ab424220083%)

system Inter
features

interface_processor_1394: in out data port ;

inte
inte
inte
inte
inte
inte
inte
purD,

interface_10608asekX_1: in out data port ;

inte

inte
inte
inte
inte
pwrD,
inte

properti,
S|

SEI
end Interfac

EI::NetWeight =>

face_Module

rface_1600BasekX_3: in out data port ;

rface_Xcvr2_FiberEthd: in out data port ;
in out data port ;

rface_Xcvrl_FiberEth
rface_Xcvrl_FiberEth

-

rface_

rface_lvds_rs232
rface_1600BaseT_

rface_1600BaseT_3:
gtl_interfaceIn_Plus3_4: ¥
rface_Xcvr2_FiberEths: in
es

e_Module;

n out data port
rface_Xcvr2_FiberEth6: in out data port

in out data port ;

- from SysML interface_acnip_1394 (@7ecdb8a-d2d8-4ada-8
interface_Xcvrl_FiberEth2: in out data port ; -- from SysML interface_Xcvrl FiberEth2 (@b53f94b-e364-
from SysML interface_160@BasekX_3 (9d228ec5-24e5-452f-8
rface_audio2_1394: in out data port ; -- from SysML interface_audio2 1394 (1c@2738e-56c7-4810-9b9
-- from SysML interface_Xcvr2_FiberEth4 (22bf3004-8ded-
from SysML interface_Xcvrl_FiberEth3 (3fed3dae-d33b-
from SysML interface_Xcvrl_FiberEthl (549e2cc6-8ec7-
-- from SysML interface_Xcvr2_FiberEthé (5a73ec3c-d400-
rface_1600BaseT_1: in out data port ; -- from SysML interface_10@@BaseT_1 (61b67682-eb@3-4d25-9bc
gtl_interfaceIn_PlusS_15: in feature ADS_Integrated CNI_Model::Resources
from SysML interface_160@BasekX_1 (86a3b6f8-2a21-4e31-a
interface_audiol_1394: in out data port ; -- from SysML interface_audiol 1394 (9a@a5677-d968-4fd1-8as
interface_Xcvr2_FiberEth7: in out data port ; -- from SysML interface_Xcvr2_FiberEth7 (92aa3168-bbdi-
feature group ; -- from SysML interface_i2c (9cc5477-3271-4a30-824-cf848b2bfels)
interface_Xcvrl_FiberEthe: in out data port ; -- from SysML interface_Xcvrl FiberEthe (abacc33e-cbe-
in out data port ; -- from SysML interface_lvds_rs232 (af5a7fb3-cc69-4d80-blc8-
in out data port ; -- from SysML interface_1008BaseT_2 (b529806-4876-420a-ae6
rface_1600BasekX_2: in out data port ; -- from SyshL interface_108@BaseKX_2 (bagb36cf-262b-465d-b
-~ from SysML interface 1060BaseT 3

interface_Processor

«block»
«AADL_Device»
«AADL_SH_Device»
«DSW_Logical_Compaonent»
Interface_Device

:Power; -- from SysML pw

c750dc16-1800-4ad1-8fa

«block»
«AADL_Processor»
«AADL_SH_Processor»
«DSW_Logical_Components
Interface_Processor

OSATE2

«blocko
«AADL_System»
«AADL_SH_System»

[] Logical
[] Physical
[] Process/Standard
[ Cyber
["] System Context Use
[] system Function
"] systemForm
[ external
—_— - - —_—_— . —- -
|MPSoC_Processor |
I I
«block»
I «AADL_Processor» ) |
«AADL_SH_Processor» programmableLogic
| «DSW_Processors |
| ProgrammableLogic |
| ablockn |
«AADL_Processors
| «AADL_SH_Processor» rmcortexRo '
«DSW_Processor»
| Arm CortexR5 |
I [
| «block» |
«AADL_Processors
| <AADL_SB_ Processor» quadCoreArmCortexA53
«DSW_Processor» I
| QuadCoreArmCortexA53 |
-~ — — = =
= e — — — — — — -
|Processor |
1 «block» |
«AADL_Processor»
] «AADL_SH_Processor» nxpQorlQ1042QuadCorePow erP(
«DSW_Processor»
| NxpQorlQ1042QuadCorePowerPC |
\ J

«DSW_Hardw are_Component»
Freedom 570_ACAIC

«block»
«AADL_Device»
<AADL_SH_Device»
«DSW_Hardw are_Component»
TrustedSwitch

|Memory

| gpp_dram 11042

«blocks
<AADL_Memory» |

I gpp_dram_a53 | <AADL_SH_Memory» |
T

‘gpp_nvram_t1042

«DSW_Memory s
GPP_DRAM |

<AADL_Memory» |
«blocks

gpp_nvram_a53 | «AADL_SH_Memory» |

trustedSw itch

«block»
«AADL_Device»
«AADL_SH_Device»
«DSW_Hardw are_Component»
GpsDiscipline Logic

psDisciplineLogic

<DSW_Memory»
GPP_NVRAM |

«blocks |
«AADL_Memory»

fpga_config_flash | «AADL_SB_Memory» |

user_data_nvram

<DSW_Memory »
FPGA_CONFIG_FLASH | |

ablocks I
«AADL_Memory » |
<AADL_SH_Memory»

|
1
|
|
.

chronometer,

«DSW_NMemory » |
USER DATA_NVRAM

—_—— —- === == /

«blocka
«AADL_Device»
«AADL_SB_Device»

oscillator

«DSW_Hardw are_Components
Chronometer

«blocka
«AADL_Device»
«AADL_SB_Device»

ieee1394_1

«DSW_Hardw are_Components
Oscillator

“«block»
«AADL_Device»

ieee1394 2

«AADL_SH_Device»
«DSW_Hardw are_Components

fiberBthernet10GBItXcvr2,

leee 1394

«block»
«AADL_Device»

fiberBthernet10GBitXcvr1

«AADL_SH_Device»
«DSW_Hardw are_Component»
FiberEthernet10GBitXevr

tgifFpga

«block»
«AADL_Device»
«AADL_SH_Device»

filters

«DSW_Hardw are_Component»
TgifFpga

«block»
«AADL_Device»
«AADL_SH_Device»

cleanup

«DSW_Hardw are_Component»
Filters

«block»
«AADL_Device»
«AADL_SB_Device»

ticCpld

«DSW_Hardw are_Component»
Cleanup

«block»
«AADL_Device»

«AADL_SB_Device»
«DSW_Hardw are_Component»
TlcCpld

_—ee— = = = = —



Logical Power Analysis Example
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IbandPA : LBandPA

pw rDgtl_lbandPAln_Plus5_15 : Pow er

pwiDgll_BpOut_bandPA_Plus5_15

Pow er

Power

IbandP$ : LBandPs

P rDgtl_IbandPAn_Mius5_15 - Pow er < pw rDgH_BpOut_IbandPA_WMinus5_15: Pow er
Power
pw rDgHL_IbandPAIn_Plus3_4 : Pow er P pw rDgtl_BpOut_IbandPA_Plus3_4 : Pow er
~
Power
pw rAnig_IbandPAIn_Pusa - Fow er - pw rAnig_BpOut_IbandPA_Plus : Pow er
Power
pw rAnig_lbandPAIn_HMinusg - Pow er P W rAnig_BpOut_IbandPA_Minus9 : Pow er
<
Power
pw rAnig_lbandPAIn_Pus15 : Power ow A nlg_BpOut_lbandPA_Pus 15 Pow er
Power
DW rANIG_IbandPAIn_Minus18 : Pow er _ purAnlg_BpOut IbandPA_Minus15 : Pow er
<
Power
D IDgH]_IbandPSin_Pluss_15 : Pow er pw DgHl_BpOut_IbandPS_Plus5_15 : Pow er
D Dot_IbandPSin_Minus5_15 : Pow er pw rDgtl_BpOut_IbandPS_Minus5_15 : Pow er
pw iDgtl_IbandPSin_Plus3_4 - Fower pw rDgt_BpOut_lbandPS_Puus3_4 : Pow er
pwrAnlg_lbandPSin_Plusd : Pow er pwrAnig_BpOut_loandPS_Flusg : Pow er

<
Pow er
<
Pow er
<
<
Pow er
<
Pow er
<
Pow er
<
Pow er

<

pw rAnlg_bandPSin_Pus 15 : Pow er pwrAnig_Bpout_IbandPS_Pus1s : Pow er
pwrARIg_lbandPSin_Minus 15 : Pow er pw rANg_BpOut_Iband®s_Minus 15 : Pow er
transceivert :Transceiverl | ny gt transcievertin_Pluss_15: Pow er P pw rDgtl_BpOut_amctr_Plus5_15 : Pow er
Pow er
pw rDgtl_transcieverlin_Minuss_15: Power  DWrDOH BpOut_ametri_Minuss_15: Pow er
Pow er
pw rDgt_iranscieverTin_Plus3_4 - Pow er . pwiDgt_BpOut_amctr_Plus3_4 : Pow er
Fow er
pw rAnig_transciever1in_Pusd : Pow er PWrANIg_BpOUt_amctr1_Ausg : Pow er

Power

freedom 570BackPlane : RadioBackPlane

1aPS : AnalogPowerSupply

pwrAnig_PsOut_Flus9 : Power

Power

pwrAnlg_Bph_Minusd - Power _ PWIANIQ_PSOUL Hinuse : Pow er

Fower

ow rAnlg_Bph_Plus15: Power . pwrAnlg_PsOut_Plus15: Power

Power

pwrAnlg Bpin_Minus15: Power W rAnlg_PsOut Minus15: Pow er
<
Fower

1dPS : DigitalPowerSupply

pw Dgt Bpin_Plus3 4 Power _ pwrDgil PsOut_Flus3 4 Fower

<
Power

ow rDgt_Bpin_Plus5_15: Power _pwrDgt_PsOut_Plus5_15: Power

Power

ow rDgtl_Bpin_Minus5_15 - Pow ergy rDgtl_PsOut_Minus5_15 - Pow er
>
Power

ow rDgtl_Bpin_Plus3 - Pow er

o PWDolPSOUL_Plus9 : Power

Fower

pw rDotl_Bpin_Plus 15 - Pow er

. bWrDgt_PsOut_Ps15: Pow er

Power

pw rDgt_Bpin_Minus15 - Power _ pw rDgtl_PsOut_NMinus15.: Pow er

<
Fower

-- from SysML Interface Module (6fc4f@83-5e2b-4a25-9b33-a6424220deas8)

system Interface_Module

features
interface_processor_1394: in out data port ; -- from SysML interface
interface_Xcvrl_FiberEth2: in out data port ; -- from SysML interfac

interface_l10@@BaseKX_3: in out data port ; -- from SysML interface_l

interface_audio2_1394: in

interface_Xcvr2_FiberEth4:
interface_Xcvril_FiberEth3:
interface_Xcvrl_FiberEthl:
interface_Xcvr2_FiberEthé:

interface_100@BaseT_1: in

out
in
in
in
in
out

pwrDgtl_interfaceIn_Plus5_15:

interface_10@@BaseKX_1: in out data port ; -- from SysML interface_1
interface_audiol_1394: in out data port ; -- from SysML interface_aud
interface_Xcvr2_FiberEth7: in out data port ; -- from SysML interface
interface_i2c: feature group ; -- from SysML interface_i2c (9cc54f77-
interface_Xcvrl_FiberEth®: in out data port ; -- from SysML interface
interface_lvds_rs232: in out data port ; -- from SysML interface_lvds
interface_le@@BaseT_2: in out data port ; -- from SysML interface_le@

interface_le@@BaseKX_2: in out data port ; -- from SysML interface_la
interface_10@@BaseT_3: in out data port ; -- from SysML interface_16@

pwrDgtl_interfaceIn_Plus3_4: in feature ADS_Integrated_CNI_Model: :Res
interface_Xcvr2_FiberEth5: in out data port ; -- from SysML interface

properties
SEI::NetWeight => 1.2 kg;
SEI::PowerBudget => 3.0
SEI::PowerBudget => 3.0
SEI::WeightLimit => 2.0

end Interface_Module;

data port ; -- from SysML interface_au
out data port ; -- from SysML interfac
out data port ; -- from SysML interfac
out data port ; -- from SysML interfac
out data port ; -- from SysML interfac
data port ; -- from SysML interface_l@
in feature ADS_Integrated_CNI_Model::R

. Begin with AADL tagged content (SysML).
. Validate SysML before transform (OCL).

. Run analysis (OSATE?2).

1
2
3. Execute Transform to AADL (CAMET).
4
5

. Read Analysis into model.

Capacity: 400 W
Supply: 109.0 W
Budget: 114.8 W

Computing Electrical Power for radioBackPlane

3.0 W from faP$S, 3.0 W from ra
4.0 W for transceiver1, 3.5 W fo

** radioBackPlane power budget total 114.8 W exceeds capacity 40.0 W

** 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

mission_Computer :Mission_Com puter
= P = P p_mission_computer_out conn_missioncom_fvicomms

(mnamRses ~cor. ian ianr * Latency Analysis Requires both the connections

Latency = conn_mrissioncom_comms_latency_budget}

1

T — and the underlying sequence to be modeled.

* The IBD communication can contain more internal
. (e wiring at different levels of abstraction.
T . « Sequences Contain as Source, N Flow diagrams and
conms_ sy sem_ ot a Skink Sequence Diagram.

* Sequence Lifelines can reference other Sequence

com vk isioncon Diagrams to handle abstraction levels.

{BandWidthBudget = conn_fvicomms_missioncom_bw_budget,
Latency = conn_comms_missioncom_latency_budgety

1
p_

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

«AADL_Flow » — «AADL_Flow » — «AADL_Flow » — Latency results for end-to-end flow "AircraftSystem_Flow' of system 'AircraftSystem.impl’
mission_com puter : Flow_Source comms :Comms System_Flow mission_com puter_sink : Flow_8Sink

u u T
| | |
|
|
|

Result Min Speci Min Actua Min Meth«Max Spec Max Actu: Max Meth Comments

i 1 i device mission_Compui 1.0ms 1.0ms specified 5.0ms 5.0ms specified

> (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

connection mission_Col2.0ms 2.0ms specified 10.0ms  10.0ms  specified Using specUsing max specified protocol latency subtotal 0.0 althou:
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:

1 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

1

1

End To End Latency Summary

WARNING Minimum specified flow latency total 22.0ms less than expected minimum end to end latency 100.0ms (better response time)
WARNING 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.




Logical Resource Analysis Example
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ibd [Block] Radio [ IEEE1394_Bus |

processort : Processort

prbcéssor1_1394 2

processor1_1394_1

processor1_1394_0

conn_acnip1_acnip2_1394

j3_audio1_1394_ext

conn_j3_aydiot_1394

3_audio_1_1394_internal

[3_audio2_1394_ext

conn_j3_auglio2_1394

j3_audio_2_1394_internal

r DigitalCCA : FrontCoverl

j3_audio_1_1394

j3_audio_2_1394
g

conn_acaic_udiol_1394

interface_audio1_1394

conn_acaic_udio2_1394

,,,,,,,,,,,,,, «AADL_Actual_Connection_Binding»
ection_Binding»

interface_audio2_1394
1

interface : Interface Module

il

interface_acnip_1394

acnip2_acnip3_1394

ieee1394Bus : leee1394Bus

>
>

Detailed Workload Report: for Processor Communications_Syst

ComponelBudget  Actual

process Cc 83.000 M 0.000 MIP process AircraftSystem_impl In
process Cc 1.987 GIP 0.000 MIP process AircraftSystem_impl_In
Total 2.070 GIPS

ibd [Block] Interface Module [ Interface_Logical_Resource_Utilization ])

lprocessor2_1394_0

processor2 : Process

conn_acnip1_acnip3_1394

a
- - —
<]
IS
>
Q
g
=
|
)
3
8
@
o
I
=]
|
@
5
a
=
=]
S

interface_Waveform :Interface_Waveform |
T

|

|

|
«AADL_Actual_Processor_Binding»

Detailed Workload Report: for memory Communications_System.freedom570.pro

ComponeiBudget  Actual

Communic 120000.0 120000.0 INo actual. Added budget to total.
Communic 1393000.(1393000.C No actual. Added budget to total.
Total 1513000.000 KByte

Resource Analysis primarily deals with the allocation of
software to hardware and the resources necessary to
successfully host that software.

It also deal with the throughput associated with a bus for
bus loading analysis.

Communication Ports are allocated to Data Buses and Software to Processors and Memory.




Logical Weight Analysis Example
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10

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
- ,} Relations
L External_Systems
Etl Internal_Systems
,% Relations
E-C3 Communications_System

E

-7 Relations

------- @ Communications_System_Latency

------- [o] commssystem_flow_latency_budget

------- [} Communication_System_GrossWeight (by m42727)
------- MR Communication_System_Weight_Limit (by m42727)
H-—» CommsSystem_Flow

------- [Pl rfSubsystem : FVL_CNI::20. Logical View::Logical Elements:
------- [Pl 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 Eld
------- [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.
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Analysis is
imported back into
the model.

Simple macros to
import and then
create appropriate
elements in the
domain of
discourse.

Results are
populated in the
general RTM table.

Criteria
Element Type: Regquirement Scope (optional): | Filtered FVL System Performance Spec Filter: | /™™
# Id ‘ Text ‘ 7 Analysis ’ Analysis Status Non?g':ct;mal Functional Trace Use Cases Key Interfaces Logical Systems
“R R Proximity Cluster 2.2 System Resource C Relay data accor< 2] IF-TacticalDataLink-ARC-220 () AircraftSystem
1 FVL-PS_67 The System shall XXXX.
@J Payload Weight Burn '@ Analog Data Con < Manage commur 2] IF-AircraftSystemsMonitoringS B Antennajystem.
72 Configure Comm C© Automatic netwe ] IF-AirGroundRadioCommunic: B DACU
2 FUL-PS 35.1 The System shall XXXX. =] 1F-AreasOflnterestService (D AircraftSystem
#== Bandwidth On Demand S' & Implement Comi < Manage commur 2] IF-AirGroundRadioCommunic: B3 Antenna_System
7.4 Encryption < Perform real-tim [ IF-AircraftSystemsMonitoringS B DACU
3 FVL-PS_35 The System shall XXXX. 2 Monitor Commur < Manage degradal ] IF-AreasOfInterestService [ AircraftSystem
=] 1F-SystemTimeService
=] 1F-Tactical DataLink-ARC-220
4 FVL-PS_63 The System shall XXXX. Aircraft Weight Test O Aircraft Weight Test:02/07/2022 () AircraftSystem

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?

B

File Edit View Layout Diagrams Options Tools Analyze Collaborate Window Help
o Ta ke fro m th e exa m p I e = @ Create Diagram Import / Export 3.0 Architecture Model XMI % = D = = & @ i &
. . ‘P Containment | B35 Structure | ¢ 7 Zoom Documentation £, NoticeGPR | |E4]| Flow Specifications | |52 HLA Air Vehide | [0{}] avsReplanSn¥ i} msRouteReplanPath X
provided to the right. We can : = am.m. a0
82 B wQ @ Specification of Primitive Type 500 X

+powerlntoBus_2 : Architec|
+powerAccess_1 : Architect
+powerAccess_2 : Architect
+powerAccess_3 : Architect
+powerAccess_4 : Architect
E-CMLA Mission System

,9 Relations

{2]| MLA Mission System

Specification of Primitive Type properties
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.

see that the example uses
the block name for the value
while other

o
[-—* msRouteReplanPath 0B 2
o ¥} 0l msRouteReplanPath Properties:| All v
ro u te P I a n Late n Cy a I I OW fo r [©) routePlanLatency Documentation/Comments
500 Navigation/Hyperlinks ~
H & -replanRequest Usa.ge in Diagrams Qualified Name Architecture_Refinement_Example::MidLevelArch::MLA Air Vehicle::MLA Mission System::n
e e n ry I n O e a gge = +routePlan Attributes e - . . . o
N Owner . — .=+ msRouteRenlanPath [Archjtecture Refinement_Examole::Midl eyelArch::MLA Air Veh...
- ==3 reply - Operations
. < synchcall Template Pare @
Va I u e d I re Ct | y. <L synchCall Inner Element,
-4 This is a flow path in the | - [&] Relations : File Edit View Layout Diagrams Options Tools Analyze Collaborate Window Help
B-—+ msThreatAlertPath Tags i ;P q . : | e . AR
€ +outputbatn - Architecture | Conctraints =g & 3 Create Diagram Import / Export 3.0 Architecture Model XML Bl - © [ = 0 & 6 (V]
G +poverBus : Architecture R{| (B Traceability P& Containment | ‘Fg Structure | 7 I Zoom Documentation £ NoticeGPR | £2] Flow Specifications | |2 HLA Air Vehide | B{l| avsl
° b bI . d 6 +inputData : Architecture_R{|| + Allocations Containment —— - - evelArch::MLA
To be enable automation an & § nsimoos Bl ey Contanmen©© -
w-@ MSOutputData = = [ Specification of Time_Range routePlanLatency LevelArch::MLA A
E-CaMLA MS Analysis +powerIntoBus_2 : Archited|

hitectl  Element tagged value specification

Select a tag and click the Create Value button to create new value for it.

+powerAccess_1 :

+powerAccess_2 : Architech

+powerAccess_3 :
+powerAccess_4 : Architect

E-C3MLA Mission System

22, ¢7 Relations

£4]| MLA Mission System

rc

simplicity of rule checking
these need to be consistent.

rchitects

Neither duplicate blocks
named 500 or pointing all

=== msRouteReplanPath

B »

Tags

S el routePlanLatency

- = +replanRequest

11{li| msRouteReplanPath

500

[0l routePlanLatency

Usage in Diagrams
Documentation/Comments
avigation/Hyperlinks

Profile: <ALL>

o~ <7 - oa =
el =X [BlS| - |88

E = «Time_Range»

. H = +routePlan Attributes ) max = 500
analysis at this one 500 block > rel petions ©min—0
- oy synchCall Template Parameters i =) units = ms
% synchCall nner Elements B «ValueType»

are appropriate, hence the
tagged value approach is
preferred.

B

[ This is a flow path in the

msThreatAlertPath
+outputData : Architecture_|

Relations

Constraints

- (O quantityKind : InstanceSpecification[0..1]
L~ © unit : InstanceSpedification[0..1]
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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.

Initial CAMET output

conn_vusubsystem_fiber_eth@: port freedom570.j9 acaic_FiberEth®_ext <-> icsVoip_Subsystem.j9_icsvoip_|
flows
CommsSystem_Flow: flow path
p_comms_system_in ->
conn_fvlcomms_freedom57@ ->
freedom570.Radio_Flow ->
conn_freedom570_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;

POST Python
connections
conn_fvlcomms_freedom57@: port p_comms_system_in -> freedom57@.p_freedom57@_in; -- from SysML conn_f
conn_freedom578_fvlcomms: port freedom578.p_freedom576@_out -> p_comms_system_out; -- from SysML conn|
conn_vusubsystem_fiber_eth@: port freedom570.j9 acaic_FiberEth@_ext <-> icsVoip_Subsystem.j9_icsvoip,
flows

CommsSystem_Flow: flow path
p_comms_system_in ->
conn_fvlcomms_freedom57@ ->
freedom57@.Radio_Flow ->
conn_freedom57@_fvlcomms ->
p_comms_system_out; -- from SysML CommsSystem_Flow (4e4dlc@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;




Issue: What to do when failures in the AADL analysis or transform N ORUMMAN

occur?

-] Power

£ [& 00. Analysis Scope

- @ﬂ Radio_Electrical

E-[7 10. MinimalElements

------- £al Missing Budget Component

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

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

B- [ 20. Supply

------- £al MissingAADLSEIPower

I N ([ E@ MissingAADLSEIPowerValue&Units
I £a MissingPortDirection

------- £a MissingPowerPort

------- £al MissingSupplyOfPowerDataBlock
=~ 30. Capadty

\ 3
L

As Errors were encountered in e pertssnaDiecton e )
CAMET or OSATE, OCL Rules :::% E:22:Egéjpitﬁiﬁg”ﬁ;ﬂ“;;f;ﬂ'f
------- m MissingCapacityStereoTypes
We re ConStrUCted to ensu re ....... m SuppIySideInPortMissingDirectionValue : E:jiizzz:jzzi;::ﬁ;zE;\;Dzn:rofile::“Base Data Types"::PortDirection).oclAsType (EnumerationLiteral) .name='oOut")
E- ] 40. Budget ) -
SysML had needed data/ | °H e eAOLSPoner B
elements_ In thIS example the ------- L2 MissingAADLSE[PowerValue&Units . ' .
rule to ensure port directions L esnaudge oDtk NOTE: Directions must be out from supply in on

....... [al MissingPowerPort

bus 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.

are set correctly is examined.

Use OCL to ensure the data in SysML is valid and complete, know your transform and analysis will work.




Issue Resolution: OCL as a search too
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&+ Power

E+ 3 00. Analysis Scope

@ﬂ Radio_Electrical

- £ 10. MinimalElements

=1 20. Supply

= [ 8 MissingAADLSEIPower

-~ [l MissingAADLSEIPowerValue&Units
=¥l MissingPortDirection (by M42727)
E pwrAnlg_PsOut_Plus9 : FVL_CNI::20. Logical View!
EEI MissingPowerPort

- [ MissingSupplyOfPowerDataBlock

The OCL Query on the right when used in the smart
package can identify ports from the previous
diagram 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.

--This Script will return any Power Analysis port that port represents a Supply Components
-- that hasn't been designate with a "Direction of Out" in the AADL_Feature tagged values.
-- To resolve these error ensure the tagged value has its direction set to Out.
Diagram::allInstances()->select(d|

d.oclIsKindOf (AADL_SEI_Profile::AADL_Power_Analysis)and

not (d.name='Example_FreedomRadio_Electrical’)

--Context is a reserved work use quotes to delimit it, and type cast to Block
)."context"->collect(oclAsType(SysML: :Block))
--Narrow to designated supply components
.ownedAttribute->select(a| a.oclIsTypeOf(AADL_SEI_Profile::AADL_PA_ SupplyComponent))
--Navigate to the Undelying Part Types, Then Check its contained elements for a
-- AADL_SEI_Power that is also designated a AADL_PA_SupplyComponent
.type->collect(oclAsType(SysML: :Block))
--Narrow to power ports
.ownedMember->select(

e |(
--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.
--(e.oclAsType(Port).type.name='Power') --and

)

)
--Need to access direstion with is part of the AADL_Feature set so typecast appropriatly
.0clAsType(AADL_Profile::AADL_Feature)
--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...
-sselect(p | not
(
( p.direction->notEmpty()) and
( p.direction.oclAsType(AADL_Profile::"Base Data Types"::PortDirection).oclAsType(EnumerationLiteral).name='0ut")
)

)
)

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
* Different types of Analysis need data Logical Mass Analysis Example
defined differently, this can be csterectypen
represented and extended as more Concern Types e
types of analysis are required. — o e g
* The Domain of Discourse of extended o | [Dgtgt,_;)ef | e

to incorporate both the format of
required data but also its location to
elements.

[ ] system Context Use
[] System Function

‘Wm/
ternal

/

P

aitnoutes
+mass : Real [1] = [Bement]
+units : AADL_Mass_Units
1.%
«stereotype»
DSW_Logical_Component
[Bement]

—_—D
»

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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