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PDES, Inc. is an international industry/government/university The AVSI SAVI Program is a collaboration between aerospace
consortium committed to accelerating the development system development stakeholders that aims to advance the state
and implementation of standards enabling enterprise of the art of technologies that enable virtual integration of
integration and PLM interoperability for its member companies. complex systems.

Systems Engineering Interoperability “Integrate, Analyze, then Build”
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Supply Chain Tiers
Multiple Data Formats
Multiple Data Repositories
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IEEE

Systems Are Becoming More Complex

Year

Estimated Onboard SLOC Growth
20 299M
Slope =0.17718 134M
18 #_Interce'pt =_-338.5 61M
Curve implies SLOC doubles 27M
about every 4 years

16
%)
O A330/340: 2M
3 14
n B737: 470K A320: 800K
= B747: 370K A310: 400K
8 12 - B757, B767: 190
[
% /AOOFF: 40K
— 10

v /
/.’ A300B: 4..6K
8
.@ 0.8K
6 T T T T
1960 1970 1980 1990 2000

2020

Software
Base Cost
COCOMO I

$160 B

Assumed
$7.8B «— Affordability
Limit

$290 M
$81 M
$38 M

=¢—| ine Fit
=#—Boeing

== Airbus
=—¢—Unaffordable
The line fit is pegged at 27M
SLOC because the
projected SLOC sizes for
2010 through 2020 are
unaffordable. The COCOMO
Il estimated costs to
develop that much software
are in excess of $10B.

Airbus data source: J.P. Potocki De Montalk, Computer Software in Civil Aircraft, Sixth Annual Conference on Computer Assurance (COMPASS '91), Gaithersburg, MD, June

24-27, 1991.
Boeing data source: John J. Chilenski. 2009. Private email.
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with complex Development
Ecosystems

src: http://fen.wikipedia.org/wiki/File:Gravis_UltraSound_PNP.jpg
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Current means of managing

omplexity have issues
odels

Indeterminate
Change Impact

anufacturifg
gration & Test
gQerformance Simulation
eering Analysis
— Human System Integration
System Architecture Model
(Integration Framework)

— Analysis Models

— Hardware Models
|y) Models — Software Models

— Verification Models

Cost Model
o Safety Model

e Security Model
Reliability Modgel
aintapQabiy

Incompatible
Abstractions

30 April 2014 S-18 / WG-63 Meeting © AVS| 7
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Text Models & Diagrams Text Models & Diagrams
DB’s DB’s

80% 10% 10% 40% 40% 20%

t
60% l 10% t 30% t 30% l 60% t 10% t
50% l 20% t 30% t 30% l 60% t 10% t
10% - 30% t 60% l 30% - 65% t 5% l
10% - 40% t 50% l 20% - 75% t 5% l
20% l 40% t 40% l 20% l 40% t 40% l

« MBD / MBE Impacting Systems Engineering Processes
e Percentages Driven by an Organization’s MBE Adoption & Maturity
» Models exchanges increasing
» Text based requirements will not go away

© PDES, Inc. 2013
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SAVI Objective and Themes

Reduce costs/development time through early and
continuous model-based virtual integration

- Shift to new paradigm —integrated models rather than documents
o Systems engineering in cross-domain context
« Models provide basis for improvements
« Models promote consistency — “absence of contradictions”

- Architecture-centric approach — start with models, but more

« Meld with requirements for traceability
« Facilitate trade studies

- Virtual Integration — early and continuous integrated analysis

 Proof-based (consistency checked — but not all with formal models)
« Component-based (hierarchical models)
 Model-based (annotated models) &

(&)

O
Integrate, analyze ... then build” |

o
3
©

o
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\")
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SAVI Concepts

A Rich Architectural Model is Key

Architecture

centricity enables

generative

technologies to

support analyses

FHA

e Use error

e Spreadsheet

propagations

4

FTA

« CAFTA
OpenFTA

 Use
composite
behavior

e Error rowsV

Markov
hain
 PRISM
» Use error flo

e Error
behavior

SPN/SANs

e Stochastic
Petri Nets and
Activity Nets

e Use error flo

e Error
behavior

FMEA
e Spreadsheet

e Error
behavior

* Propagations

4
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Cross-Domain Linking
Model Explosion
Increasing Complexity

THE MODEL ENVIRONMENT
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Models Across the Supply Chain

TEES

RTES _
SysML | AADL Analysis 3D Solid Correspondence
Enterprise Architect e jor s Geometry Pub-Sub
TN »—L SolidWorks, NX
=J={Sh= Hazard
S%IE%EE Table
Excel
Constraint :
Requirements - Behavior
D%ORS, Excel Fa_%_IAtFLr?_e_ An?JXES'S UPPAAF Markov
| | e FQQEIA Chains
| 1 N | t 13l
SAVI MR/DEL FL o
Standards: PLCS/DEX, STEP, ReqlF, XMI, OSLC, Eclipse e e
Proprietary: Intentional SW, The Mathworks e ——

i ! !

S'KHWHJWLDK Behavior

e Modelica PDM/PLM

h/J - SCADE Proprietary TeaEmC§nter,
s novia,

fey

Windchill

- e

Eurostep Share-A-space®

13
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Requirements Model

Requirement Description
Aircratt shall have a
means to decelerate on
the ground in
accordance with 14CFR

25735

S518-ACFT-R-0009

Aircraft shall have

SBACFTROTD 4 obrake function

Aircrat shall provide an

SIBACFTROTE i skid function.

Aircraft shall have
hy draulically-driven
brake function

S518-ACFT-R-0154

The pilot shall be
S18-ACFT-R0185  allowed to overmride the
autoorake function.

Dernived

14 CFR Part
25735

Derived

Derived

Traced From

Minimum standard
required for aircraft
certification

Technological
improvements in CAT
b autc-landing
capability and market
research, (report
MRS18- XX) about the
customer needs
All weather operation
and stabiltty of the
aircraft during runway

Derived

14CFR
25.735(cK2)

Effect of Failure
Condition on
Aircraft/Crew

Failure Condition
(Hazard
Description)
Loss of
Deceleration
Capability
a. Unannunciated
loss of
Deceleration
Capability

Phase

Landing, RTO,

Taxi See Below

Landing, RTO Catastrophic

b. Annunciated
loss of
Deceleration
Capability

Landing Hazardous

c. Unannunciated
loss of
Deceleration
Capability

Taxi Major

d. Annunciated
loss of
Deceleration
Capability

Taxi No Safety Effect

Classification

See Below

Crew is unable to decelerate
the aircraft,resulting in a high
speed overrun

Crew selects a more suitable
runway,notifies emergency
ground support, and prepares
occupants for runway overrun.

Crew is unable to stop the
aircraft on the taxi way or gate
resulting in low speed contact

with terminal, aircraft, or
wehicles.

Crew steers the aircraft clear
of any obstacles and calls for
a tug or portable stairs.

P LRI Efct ofFailure Condition on I
{Hazard Fhase Aircrat/Crew [
Desciipion) M aterizl

© AVSI
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Publisher/Subscriber Model

— e sa e
= =

| ATA |

Name

z24-xx-101 Elec. Pwr. Sys.
z24-xx-102 Elec. Pwr. Dist.
z24-xx-201 Elec. Pwr. Sys.
z24-xx-202 Elec. Pwr. Dist.

-L

Unit - Wheel Well - L

-R

Unit - Wheel Well - R

z27-xx-101 Rudder Pedal Assembly - L

z27-xx-104 Rudder Pedal Rudder Position Sensor - L

z27-xx-201 Rudder Pedal Assembly - R

227-xx-204 Rudder Pedal Rudder Position Sensor - R

z29-xx-101 Hyd. Pwr. Sys. - L
z29-xx-102 HPS - L Isolation Valve - L
z29-xx-103 Selector Valve - L

z29-xx-104 Accumulator - L

T

T

=

LLLT

[ Publisher ATA | Publisher Name

Connection

Signal

[ Subscriber ATA |

Subscriber Name

224-xx-101 Elec. Pwr. Sys. - L
z24-xx-101 Elec. Pwr. Sys. - L
224-xx-101 Elec. Pwr. Sys. - L
z27-xx-101 Rudder Pedal Assembly - L
227-xx-101 Rudder Pedal Assembly - L
229-xx-101 Hyd. Pwr. Sys. - L
229-xx-103 Selector Valve - L

229-xx-105 Meter Valve - L Inboard
z32-xx-101 BSCU-L

232-xx-101 BSCU - L

232-xx-109 Weight-On-Wheels Sensor - L
232-xx-109 Weight-On-Wheels Sensor - L

224-xx-101_z24-xx-102
224-xx-101_z24-xx-202
224-xx-101_z27-xx-104

z27-xx-101_z29-xx-110
227-xx-101_z29-xx-206

229-xx-101_z29-xx-102
229-xx-103_z29-xx-104
229-xx-105_z29-xx-101

232-xx-101_z29-xx-205
732-xx-101_z29-xx-209
232-xx-109_z32-xx-101
232-xx-109_z32-xx-201

Primary Power
Secondary Power
Main Power

Mechanical Power
Mechanical Power

Hyd. Power (Pressure)
Hyd. Power (Pressure)
Hyd. Power (Return)

Meter Valve — R Outboard Command
Meter Valve — L Outboard Command
Weight-On-Weels Sensor — L Reading
Weight-On-Weels Sensor — L Reading

224-xx-102
224-xx-202
227-xx-104

z29-xx-110
229-xx-206

229-xx-102
229-xx-104
229-xx-101

229-xx-205
229-xx-209
z32-xx-101
232-xx-201

Elec. Pwr. Dist. Unit - Wheel Well - L
Elec. Pwr. Dist. Unit - Wheel Well - R
Rudder Pedal Rudder Position Sensor - L

Manual Meter Valve - R Inboard
Manual Meter Valve - R Outboard

HPS - L Isolation Valve - L
Accumulator - L Bi
Hyd. Pwr. Sys. - L

Meter Valve - R Outboard
Meter Valve - L Outboard
BSCU - L
BSCU -R

© AVSI
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SysML Model
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System & SW Architecture with AADL
ES AADL - ARP4761/advz .
File Edit MNavigate Search Project OSATE Anal}rses Run  Window Help
- Eigi@ iy ~ic W W W W W W W W W W W Generate Excel Report Import Lattixfile Generate DSM Matrix  Export AADL int
: S . ' ] B & ilink h|& "'EIE”ET&Y:;_," g w | et

Quick Access E”l%lh‘l‘u’ &0 Team Synchronizing [

& AADL Navigator 52 @ | E;@ ¥ =8
v |=| hydraulic.aadl |=| main.aadl &3
4 [z » ARP4TEL [examples master] . 3 e
4 Gy > advanced = = system implementation main.impl T
i subcomponents
+ lfy commeon functional : system functional::main::Aircraft.basic;
4 [ = functional wbs_impl : system impl::wbs::wbs.ima;
4 = imv properties
= hydraulic.imv -- We bind the WBS physical components to functions N o =
4 [ = whs -- 0On the physical components, we have to E?'.P:_lLI!.\.;;,- dETlne bindings propaga’
" -- and on the function, we define processor bindings. Right now, we make use'—
£y command-control.aadl -- of the processor binding mechanism to bind functions with their associate
5 » generic.aad| -- runtime component.
5 > main.aadl Actual_Processor_Binding =» (reference (wbs_impl.bscu)) applies to functis
eleciricalasdi Actual Processor Binding =» (reference (wbs_impl)) applies to functicnal.:

m

Actual Processor_Binding =» (reference (wbs_impl.blue pump),reference (wb:

: Actual Processor_Binding =» (reference (wbs_impl.power),reference (wbs_im =
|5 = hydraulic.aadl A m | b

generic_functions.aadl

> main.aadl|
£ throttle.aad| *main_main_impl_Instance.imv i3
5) WESFunctionalErrorLib.aadl

# 2 &(=45(00|Q0|d0|d 2% ;4

| Decotsraty Basic_imstance
”I fomErncincal .
e’ Soyctensosnrel —
Hcch hasic usmmc DecelerateAircraft_basic_Instance F’ = W mramr=m—
AT bomydraie: sy
anrunchion
fromElectrical E niormamon |
framHydraulic !
fromAlent =
framStaenng tromElectrical
fromStatus Hombeydrauke SO eraLns
fromilert fromAlen
no\SIc(nu;\\\. A =
- ‘\.‘ bomStates :
‘\
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Architecture Fault Model

# Java(TM) Platform SE binary Window Help g é Ao @8FH $ O 2 = 4 Eus 100%EF Tue 7:41 PM Brendan Hall Q :=

%_ AADL - 01.07.01 - Meter valve standard/hyd_meter_valve.aad| - OSATE2 l | (=] é "9
File Edit Mavigate Search Project OSATE Analyses Run  Window Help ;
i~HE el & DR i VYWYV YWVYVYeW [ o® QB a
Generate Excel Report  Import Lattix file  Generate DSM Matrix  Export AADL into LDM h| | @| = .%. h ﬁ A IS v| A A :

Quick Access [ i<} | %IMV %
DL Navigator &2 | = <fg> ¥ = 8|8 *hyd_Meter_V... =] *hyd_meter_v.. &2 | whs_assembly... BrakeMLGErro... WBS_Supplier... WBS-Error-Li... wheel_assemb... ™) = &8 |5 Ig.

e . B e e e R L e e ] O-
= 00,01 - Commem error library | - o= k
% 00.01 - Commom 518 properties annex emv2 {** = &
|2/ HydraulicBusesHavePressure.lute = use types hydraulic_errorlibrary,current_driver_bus_errorlibrary,hyd_meter_valve_errorlibrary; Ia] %
2/ S18properties.aad use behavior hyd_meter_valve_errorlibrary::metervalveerrorbehavior; E a8
& 'b; 01.01.01 - Tube segment standard error propagations = . F)
> = 01.01.02 - Tube tsegment hyd_bus_in: in propagation {hydraulicerrors}; i
» =5 01.02.01 - Accumulator standard hyd_bus_in: out propagation {hydraulicerrors}; ¥ =
» 122 01.03.01 - Check valve standard metered_hyd_bus_out : in propagation {hydraulicerrors}; (=]
» 25 0L04.01 - Isolation valve single coil metered_hyd_bus_out : out propagation {hydraulicerrors}; a
> b; 01.04.02 - Isclation valve dual coil | . TODO check with Rizzi here {Wﬁ
> bu 01.05.01 - Selector valve standard r hyd_ret : out propagation {hydraulicerrors}; = ?
> =% 01.05.02 - SelectorvalveWithCommon hyd_ret : in propagation {hydraulicerrors}; &
- (25 01.05.02 - Selector valve standard 3 port i
s b= 01.06.01 - Wheel brake actuator standard f1 L
= ows ;
4= 0.1.0?.01 - Meter valve stam?lard - local failure modes 0
I=| hyd_Meter_Valve Errerlibrary.aad ell : error source hyd_bus_in{lost_pressure} when mechanically failed{meter_valve_leaking}; \
\=| hyd_meter_valve.aad| _ ecl : error source metered_hyd_bus_out{no_pressure} when mechanically_failed{meter_valve_stuck_closed}; :
> 122 01.07.02 - Meter valve electrical single coil e02 : error source metered_hyd_bus_out{pressure_error} when mechanically failed{meter_valve_stuck open}; ' X
» 25 01.07.03 - Meter valve electrical dual coil L 1 ail L ?

g - -- operational failure propagations

g bu(]l.(]?.(]al-Meter\ralvemechamcal B -- when operational faults propgate through components < &
> buOE.Ul.Ol-Busstandard nfl : error path hyd_bus_in {hydraulicerrors} -»> metered_hyd_bus_out; a
» =5 02,0201 - Processor standard bpl : error path metered_hyd_bus_ocut {lost_pressure} -»> hyd_bus_in; @
> 125 02.03.01 - Power supply standard end propagations; L
> 125 02.04.01 - 10 Driver standard =
» &9 020501 - Memory standard component error behavior = = — ] N -

> 22 02.06.01 - BSCU IMA single channel
4 [55 02.06.03 - BSCU Federated single channel --
|=| asic_error_library.aadl propaFations

giel bscu_components.aad|

- ] n
2l _bhern arear likrane aadl |
Writable Insert
/"
< -
D e ISt bnefokreede  itLeve BNt Yaranen Miedfen  Twmws  YdiedBe . .
~J_ T Jseems — roAre Pated rates weoary  erteg Werk
S~ L Sak Pavicad Warlang Wariang s fakure caes puryioad Taneton Sundy Stancty Bt Racowery Causes Pavicad Tareton  Workr
1 s Werkrg Wk Werkrg
: dabeed  weew fabre Faied [ iatre, B
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Requirements Exchange
Inter-Model Dependencies
Inter-Model Consistency Checks

USE CASES
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Motivation SAVI Concepts Statm

AVSi |= =

R e e RE s TR L

I{/Ianufacturin} *LMechanical]

Test & ,

B Each group has /
views/models of the . s .)pul W = inconsistent -
airplane % Possible Problems

B Relations/Dependencies exist between < Not Valuable

the views/models used
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AVSI [z

A

Mechanical]]

- P
[ Industry wide, 50% of requirements will change between CDR and delivery into ]

/ 7 v

Ov’:.‘ W The SAVI Repository stores the links
B When an element is changed, links and relation-ships

Test & are traced to find affected elements Structures

——— [:m—

B Each dependency must be identified, tracked and checked throughout the life cycle
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Inter-Model

Solid models

BSCU

Hyd power
supply

= _-Accumulator

wiuve

"~ R whes| Wellline 145 Dxt
Accumil sar et

By HPS-Led} [t
By wrheel wel Line 1<6> [Def
-y wheel Wl Line 1¢7 [Def
-y vwheel Wl Line 18 [Def
8y \wheel Well Line 3¢8 (Def
-y Meter Valve Inboard<3> (D
By Wwheel Well Line 3<3> (Def
By Wwheel Well Line 210> (De
By Manual Meter Valve Inboar
% Cannection Box<3> [Defau
-y wheel Wl Line 2¢3 [Def
% Hyd Pressure Sensor Inboa
-y Meter Valve Dutboard<2> |
By Wwheel Well Line 3¢11> (De
By Manual Meter Valve Outho.
By Wwheel Well Line 312> (De
% Connection Boxgd> [Defau
% Hyd Pressure Sensor Outb,
-y whesl Wl Line 2¢4 [Def
- Electical Pawer OR Gate<
- Bulkhead Cannector<11s (]

Consistency Checks

File FEdf View Popedt Diagram Element Took Anabzer Edemions Seftings Window  Help

R L 50 0 LB D6 B <dteut>

2 B HEADARE & g 008 b toma adl

-] b (B CWES, ksl IOWES o] camaled 12172013 13117 FM modied. 3202013 105027 AM._34% 1051 » 1650
Ao A

& v ox

A K- B - gl - L3 F P Detam o = W7 - O S35

T B Bt
+ liga Model
» (] CWEs

i [Biex] CIE N [V, )

Functional Models
(AADL — SysML)

T owEs

Bl sblocks BSCU

@l sblocks CMDAIMeterValve
i “blocks CWES

i blocks CWBS Imgl
i “blocks Delayl

& -block- Delay2

& -block- Delayd

i sblocks Pedal

B <blocks Selectoiahe
B sblocks Vabees

@ «hincks Wheel

{ir

R Prosect Browses | R Resurces

[gi e v St o
General Settings
[l cwes
93 cwas
il shlocks RSCU
Hl sblocks CMOASMeterishe
Wl sblocks CWES
i@ «hincks CWES Impl
i “block Delayl
i blocks Delay?
i blocks Delayd
@ “block- Pedsl
& «block- SelectorValve
il shlocks Vabeer

F
-
A
b
i

gty

B blocks Wheel

i Froject Browser |l Ressurces

[B2i e o &t s
= Genweral Seltings

4 B sathage | 73 cEy, B owns imed |

’
b || eroperties | B otes

© AVSI

23




DEMONSTRATIONS

S




DOORS Ree|lFs 9.5 lmngor

10 Sferg-A-Soace 7.7

User: John.Russell@honeywell.com (Honeywell) Id Context: Honeywell, Honeywell Fu’ ]

[ Requirement Version I Versions [ Identifiers I Classifications I Uszed In I Time Roles I Properties I Traced b;

_134_h4708631-29f8-4ea9-9f98-b8da6fad 233F

<@

A
m =
i3
i
T 7} _121_3ccrb
i} _13_0Obless
~) Sﬁ:} _13_cdfsefa
T 071 _130_cosaf
) 7} 131 ceze0
~) i} 132 cBBl4
) i} 133 cob1z
i} _134_ba7os
) i} _135_sfe56
0 136 47221 =
) i} 137 _eesd1
i} _138_506fa
£} 139 dat7c
i 140 dszob
i} 141 27bs1
i} 142 77735
i} 143 p423f
i} 144 5970
i} _15_097bch
i} 15_so3gfc
15 azcatd
i} 16 _6dzcha
i} _17_19f933
[ {7} _20b436ff-3
i} 22 bdz23és
i} _24_477des
i} 26 7fsebo
i} 31775623
i} _42_cessge
i} _47bassoz-
i} 63 cds17a
i} _e4_a00327
8 1ae077d
i} 85_11bd3c
i} _86_32da3z
i} 87 219ae9
E i} 88 b3zdes
71 ma arsAce
[ | »
L
Y Ot

* id Name Value I} Start Date Role Application Context

7 ReqlF ForeigniD ReqlF.ForeigniD 134 12/12/2013 1:22:13 PM Actual [/ICNCRE//IGNCRE] /IGNORE

7 ReqlF.ForeignCreatedThru ReqlF.ForeignCreatedThru Manual Input 1201272013 1:22:13 PM Actual [/IGNCRE/ /IGNORE] /IGNORE
The car shall be assembled from

7 ReqlF.Text ReqlF.Text modules by 1 person in 1 working 1201272013 1:22:13 PM Actual [/ICNORE/ /IGNORE] /ICNORE

day.

noyun SN

7% _12 d3c7e3.. Verif.. ;
) Details

{7} _125_7s28a.. Indic..

~<_: Tracing Relationship

{3 _130_co84f.  Syste.

{3 _131_cc2e0.. Relia.. D

i3 132 c8814.. ..| 5 -

o)

B {7} _133_cob12.. Modu.. {=
: Start-date 2013-12-12

% _134_ba708..
b 134 | _'l< End-date o

B % _135_5f656.. Failur.. {=<

A

S S S e AN N S Parent {3 _135_5f6561b1-abb3-4743-9b2f-cde=84d5f666  Failure modes /IGNORE
3 _136_47221.. i,
L 138 I I — ..|< | Child 3 _136_47221792-b7a1-45c1-a455-134bf67d821f  /IGNORE

)
)

Bl {3 _137_es8d1.. Fuel . <
b 137 1| 1 ok

3 _138_506fa.. {=

3 _133_dad7c.. {=

< J L
| Matrix: Tracing Relationship -

© PDES, Inc. 2013



POC Cornosrisor Too

Comparison Viewer by Eurostep - View: Requirement/Criticality

O
Medium DOORS import

O
Signal rerouting
rive Controler - Rev 001

)
Disengage during Warp Drive operstichl0]

Low

O

Jefferies Tube Interface
O

Safety Owvemride Functicn
O

Thermsal cperating range
O

Cisengage during ION propulsicn

\ High O
MTBF requirements

T

Requirements Impao:

.
ineering support

Req2.1
w001 O Functional

Regh
w001 O Safety

Req3.
Functional

Reqgl
w001 O Functional

Regd
w001 O Safety

Reg?
w001 O Systems Engineering

Req2.2
w001 satety

Reqf
w001 O Systems Engineering

RegZ

oot O Functicnal
Req2

w001 O Functional

Reg1
w001 O Systems Engineering

Warg Drive Contraller -
2

Medium

Rev 002

Low

\ High

differances. in requirements. versions I

Warp Master Control
O

MTBF reguirements

Reguirements Import

O
System Engineering support

RegZ.1
DOORimpurt w01 O Functional
Reg5
C w01 O 5::
Signal rerouting ety
2.2
7 a1 Q Feqd' 1
Disengage during Warp Drive Dptanatio}'l13 unctional
Reg8
¢ w01 O Feqr_'f 1
Jefferies Tube Interfsce uncicnal
Regd
. w001 O 5::
Safety Override Function ety
s Reg3.2
Disengage during ION propulsion V002 Safety
Reg?
= \0130‘1 SEq Engi i
Fhermial opersting range ystems Engineerir
e Req3.1
Iid um Warp Speed w001 Safety
Z Req2.0
e wmo Safety

Reqf
w001 O Systems Engineerir

Req2
w001 O Functional

Regi
v001 O Systems Engineerir

General Need for Comparisons of Versions — POC Discussion Topics

*What are the use cases?

*What input formats should be supported?

*How will this approach fit for large datasets? — human factors will be a major consideration

*Are there better approaches?

ReqlD/Requirement
Name/Criticality

Requirement Name/ReglD
Line/Reqguirement Mame
ReqlD/Requirement Name/Version
Traced From/Source
Document/Requirement Name
Requirement - sorted by name
Requirement/Criticality

Line: 9

name: Signal rerouting

Version: v001

ReqlD: Reqgd

ParentiD: 0

Description: The solution

shall provide easy physical

and logical access to

anyone named Scotty to

reroute output signals to be

used for or controlled by

other ship functions

Criticality: Medium

Release: undefined

TracedFrom:

SourceDocument: Script

Guidelines

Type: Safety

© PDES, Inc. 2013
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TEXAS ASM ENGINEERSMG EXPERIMENT STATION

Type *
Identifisr
Narme

Version Identifier

Value
whbs_assembly_single_channel

whbs_assembly_single_channel

whbs_assembly_single_channel, , wbhs_assembly_single_channel

Context
SAVI
SAVI
SAVI

Identifier
o

whs_assembly_single_channel

Version Mame

Description Quantity Start Date End Date Role Identifier

whs_assembly_single_channel ‘ ‘ | ‘ ‘

Version Description Application Context

=3 1093

=@ 1094

=3 1095

=3 1096

=@ 1097

=@ 1098

=@ 1099

=3 1100

=@ 1101

=3 1102

2013-12-

04 Actual {5 mirrorbrakeline 2

14:05:19

2013-12-

04 Actual 55 brakeline 2
14:05:19 i

2013-12- e

04 Actual ﬁ mirrorbrakeline
14:05:19 )

2013-12- e

04 Aclualﬂbrakeline
14:05:19 )

2013-12- ﬁmirrorsensor
04 Actual wire to meter valve
14:05:19 outboard
2013-12- ﬁmirmrsensor
04 Actual wire to hyd sensor
14:05:19 outboard

2013-12- P :
04 Aclual%SEnSDrWIFETD

14:05:19

2013-12-

04 Actual
14:05:19

2013-12-

£ sensor wire to
hyd sensor outboard

:{:;'Emlrrorsensor
04 Actual wire to hyd sensor

14:05:19

2013-12-
04 Actual
14:05:19

2013-12-

inboard

ﬁsensor wire to
hx;d sensor inboard
£ mirrorsensor
Actual jyire to meter valve
inboard
2013-12-

meter valve outboard

mirrorbrakeline 2

brakeline 2

mirrorbrakeline

brakeline

mirrorsensor wire to
meter valve
outboard

mirrorsensor wire to
hyd sensor outboard

sensor wire to meter
valve outboard

sensor wire to hyd
sensor outboard

mirrorsensor wire to
hyd sensor inboard

sensor wire o hyd
sensor inboard

mirrorsensor wire to
meter valve inboard

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann

MechanicalAsDesignedAsPlann
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e User: savi.user@savi.com (WORLD) Id Context: WORLD, World Qp ]

_9Q2zcE-pEeDiQIMVbeU-0Og
Owner SAVT (SAVT)

Creation date 2013-12-04 13:11:06

Breakdown Element Version l Versions | Actors I Identifiers | Uses I In Breakdowns

Identifier

B P _9Q22cE-pEeQiQIMybel-
Cg

m
oh

<
<
<
<
<
<
<
<
<
<
<

o

Version Name Description Quantity Start Date

2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:.01
2013-12-04
14:11:.01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:.01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01
2013-12-04
14:11:01

End Date Role Identifier

Actual i _95M3E-pEe0iQIMVbel-Og
Actual ﬁ _98)zBE-pEeQiQIMVbeU-0Og
Actual ﬁ _S95NeUU-pEeQiQIMybel-0g
Actual { -95Qnok-pEeOiQIMybeU-0g
Actual { -950FYk-pEeDiQIMVbeU-Og
Actual { 950sck-pEeOIQIMYbeU-Og
Actual m _9SKbEBE-pEeCiQIMVbel-Og
Actual i 95M3Qk-pEeOiGIMVbeU-Og
Actual ﬁ _S95KbAE-pEeQiQIMYbell-Og
Actual ﬁ _SSLCEC-pE=CiQIMYbel-Og
Actual ﬁ _S95Lpl0-pEeCiQIMVDeU-Cg
Actual {i 95QnpE-pELDIQIMYbeU-Og
Actual { 95594k-pEeOIQIMYbeU-Og
Actual m _95Tk8U-pEeiQIMVbelU-0g
Actual m _95dVak-pEeQiCIMYbell-Og
Actual i _95cudk-pEeDiQIMVbel-Og
Actual ﬁ _S5WoRE-pEeCiQIMVbeU-0g

Actual { _95Ydck-pEeQiQIMVbel-Og

© AVSI

Version Description Application Context A

rightMLG

ext_hryd_bus_blue
green_isolation_valve
accumulator
blue_isolation_valve
selector_valve
int_hyd_bus_green
int_tyd_selected_alt
ext_hyd_bus_green
int_hyd_bus_blue

acc_seg

leg_subassembly
inboard_meter_valve
hyd_valve_assembly
int_hyd_norm_meter_actuator
int_tyd_nor_meter_manual
inboard_manual_meter_valve

outboard_manual_meter_valve
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&Y hitp://savishare-a-space.com/Share-A-space/browse/BxternalWindow?external TargetAction= TreeTable/Initl egacy8iselected Objectld= ahf'l"d]"43—F‘fEB—AHQE—SEEI:'—4’]6463]’hfd39_31135:Ijaran1Namc—5=[U]:EY. ERMALROUTEEParamValue

Identifier Version Name Description Quantity Start Date
B2 Vo001 Aircraft Level  |Aircraft Level
5110-0 Functions Functions
2013-12-05
| 00:00:00
2013-12-05
"= |00:00:00
2013-12-05
=& | 00:00:00
2013-12-05
B " 00:00:00
a 2013-12-05
H*"a | 00:00:00
2013-12-05
00:00:00

Bl =g

db

2013-12-05
00:00:00

2013-12-05
=g 00:00:00

db

2013-12-05
00:00:00

2013-12-05
ag . 00:00:00

=8 00:00:00

She. | 200000

8 000500

8 | | 0000:00

ag 2013-12-05

DE

E'E

db

00:00:00
2013-12-05
00:00:00
2013-12-05
00:00:00
2013-12-05
ELa 00:00:00
2013-12-05
. 00:00:00
2013-12-05
"= 00:00:00

db

End Date Role

Actual :

Actual :

Actual :

Actual :
Actual
E

Actual

6110 0.8.1.1.1

P

Actual:

GilD 0.8:1.13

o

Actual -

EIID 0.8.1.1.5

e

Actual -

EIID 08112

Actual :

Actual :

Actual :
Actual :

Acrual{
Actual{

e
Actual

Actual :

Identifier

36110-0.8
[ 16110-0.8.2
36110-0.83

36110-0.81

=3
]
]
=
]
3]

ilD 08114

2]

.

=
1

=
1

==

16110-0.1

§6110-0.2

16110-022

Actual | §6110-0.2.3
16110-0.2.4

Actual |} 6110-0.2 3

16110-0.2.1
i6110-0.3

}6110-03.2

36110-0.3.1

Name

Provide Control on the Ground

Control Direction

Landing Gear Extension & Retraction

Control Speed

6110-0.8.1.1 Decelerate aircraft on the ground (stopping

on the runway)

Remowve Forward Thrust

Provide Primary Stopping Force

Transfer Stopping Forces to Structural

Integrity Components (i.e. Landing Cear}

Provide Secondary Stopping Force

Provide Structural Integrity
Provide Stability & Control

Control Roll

Automatic Flight Control & Guidance

Flight Control Augmentation

Control Yaw

Control Pitch

Provide Control of Energy
Control Lift & Drag

Control Thrust

-

E

Version Description Application Contex

vDo1 Provide Control on the Ground

w001 Control Direction

w01 Landing Gear Extension & Retraction

w01 Control Speed

Decelerate aircraft on the ground {stopping

vao1 on the runway)

voo1 Remove Forward Thrust

vioo1 Provide Primary Stopping Force

Decrease Lift/ Create Drag/ Enhance Braking V001 Decrease Lift/ Create Drag/ Enhance Braking
Effectivenass

Effectiveness

Transfer Stopping Forces to Structural

ool Integrity Components (i.e. Landing Gear)

wO0O1 Provide Secondary Stopping Force
w01 Provide Structural Integrity

voo1 Provide Stability & Control

voo1 Control Roll

w001 Automatic Flight Control & Guidance
w01 Flight Control Augmentation

w001  |Control Yaw

w001 |Control Pitch

w001 Provide Control of Energy

w001 Control Lift & Drag

ool Control Thrust
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& User: savi.user@savi.com (WORLD) Id Context: WORLD, World &) »

Reguirement Version l Versions | Identifiers I Traced by |

518-BSCU-R-0001, v0D1, The BSCU shall be designed to Functional Development Assurance Level A based on the catastrophic classification of "Inadvertent braking due to BSCU".
Description
Owner

The B5CU shall be designed to Functional Development Assurance Level A based on the catastrophic classification of "Inadvertent braking due to BSCU".
SAVI (SAVT)
Creation date 2013-12-05 11:52:24

Requirement

{7} 518-BSCU-..
i} s18-BSCU-...
i s18-BSCU-...
{7} 518-BSCU-...
i i s18-BSCU-...
2 518-BSCU-...
;

H

i s18-BSCU-...
{7} 518-BSCU-..
i} 518-BSCU-...
{7} 518-BSCU-..
{7} 518-BSCU-...

w001

w001

w001

w001

w001

w001

w001

w001

w001

w001

w001

w001

w001
w001

w001

Matrix: Tracing Relationship

The...

The...

The...

The...

Mo...

BSCU. .
BSCU...

BSCU..

BSCU..

BSCU...

Each...

Each...

Each...
Each...

The...

W

[} 518-WBS-..

0
i

—

-

v

8
h

1 S18-WBS-..

el

= = = = = = = = = -
1 : |: 1 : 1 : [ : 1 : [ : 1 : |:
L] v w L] w L] w w L] {- -
[1u] o o [an] o om o o o I
£ £ =2 = =2 = = = =
| | | ] | | | | |
w0 0 0 © M| | Mo | |
— 4 -4 =4 = =4 A = =~
W w w Liy) wl L)) w w m
= T T frin e
| § E E E G § E O
B R = LI LA
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“This Ain’t Your CAD Model Data Exchange”

THE CONCLUSIONS

mes| AVS|




Lg” DES, Inc.” Key Takeaways

m Systems Engineering use cases expose a new
layer of complex interoperability requirements
— Multi-domain
— Subsets of shared properties data exchange

— Relationships (not exchange) of dissimilar properties
» Consistency
» Traceability
» Dependency
» Association

m Not a “zero sum game” for tool providers
— Interoperability is the opportunity to participate

© PDES, Inc. 2013
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Model Repository/Data Exchange Layer

TEES

Leverage Most Important Requirements |
e Architecture models  Protect IP
e Existing tools * Process Neutral
e Existing IT systems * IT Independent
e Existing repositories « Standards Based
e Clear Ownership
* Auditable

e Secure Access
 Flexible Content

i

SAVI MR/DEL e =
Standards: PLCS/DEX, STEP, ReqlF, XMI, OSLC, Eclipse
Proprietary: Intentional SW, The Mathworks

PDM/PLM

TeamCenter,
Enovia,
Windchill

Eurostep Share-A-space®

© AVSI 35


http://www.plcs.org/plcslib/plcslib/data/PLCS/concept_model/Class_Diagram__PLCSConceptModel__Top-level_concepts.html
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Inter-Model Consistency Checking

o Consistency between two models exists when the
dependence relations between those two models are satisfied
— Some dependence relations can be detected automatically
« Some tools are using patterns to assist

— Some dependence relations will (always) require manual
identification

— Fidelity of consistency is proportional to the effort put into
consistency modeling

 Dependence relations exist between entities and attributes

— The output of one parameter in a model is the input for another
model

» |EEE floating point radar altitude in feet

 NOT radar altitude on one side and barometric altitude on the other
« NOT feet on one side and meters on the other

30 April 2014 S-18 / WG-63 Meeting © AVS| 36
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Future STA-V?I

SAVI Version 1.0B - Objectives

e Mature and extend SAVI VIP capabillities to
Include initial fit and behavioral capabilities

— Extend WBS example system to include behavioral
and fit characteristics (add antiskid and autobraking)

— Exercise fit and behavioral aspects of the WBS
model-based example

— Carry out consistency checking for the expanded
WBS Model

 Implement an 1ISO10303-239 (PLCS) DEX (or
DEXes) into the SAVI Model Repository/Data
Exchange Layer (MR/DEL)

30 April 2014 S-18 / WG-63 Meeting © AVS| 37
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Summary

o Systems Engineering Model Set
— High complexity
— Cross domain
— Linking subsets of model properties
e Standards based
— Process and tool independent
— Protect Intellectual Property

e PDES & SAVI research and demonstrations



Contacts

John Russel,

Honeywell
[ohn.russell@honeywell.com

Greg Pollari,

Rockwell Collins
gmpollar@rockwellcollins.com
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Don Ward,
AVSI

savipgm@agmail.com

Dave Redman,
AVSI

dredman@tamu.edu
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D& PDES, Inc.® Next Sigos

Prepare results for INCOSE discussions
Coordinate with vendors
Integrate SAVI use and test cases

Install and Test Eurostep AP239 el&e?2
Import / export functions in 2014

Develop smaller, more targeted test cases
with diagrams and hardware references

Test larger datasets with more tools
Coordinate industry XMI test cases
Expand white paper on TDP use &
Interoperability in Systems Engineering
Seek funding for more complete project

© PDES, Inc. 2013



 Progosad Demonsiraiion —

Przse

Tier 1 Tier 2 Tier 3

REQUIREMENTS
«CM / PLM: export / import; status, ORG 1

version, effectivity .
«Safety / hazard, Requirements

ORG 3

«Locking (?) — investigation Management System Requirements
«Linking Requirements with Different (DOORS - Req|F) Management System
Names

(PTC - ReqlF)

- Requirement with 2 names
*Grouping of requirements (both

INDEPENDENT VERIFICATION

scenarios) _ ; Metadata on verification
eIssue tracking (observation — «Artifacts
AP233/239) «Electrical, Mechanical, Software

ORG 3
SysML Tool

«Certification Metadata
*Separation of OEM and
PRIME derivative requirement data
Requirements (Magic Draw — XMI)
Management System

(AP233)

ORG 2 ORG 4

REGULATOR i

-How could they use this? Rt RIS Simulation

-Is there a report we could produce? Management System (Open Modelica — FMI)
- Military / Civilian Airworthiness (TCSE - AP233 / Req|IF)

considerations?

© PDES, Inc. 2013
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