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Overview

= Why Is RAM often overlooked until late In
the lifecycle?

= What is LML?
* How does LML help enhance RAM?

* What processes and tools work with LML
to enhance RAM?

= Summary
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Why Is RAM often overlooked until
late In the lifecycle?

« RAM analysis requires details to estimate
uncertainties in estimated values and
requirements, which takes time and money

* As such, it often is not addressed at all until
the detailed design phase

- However, RAM should be part of the overall
scenario analysis at the very beginning of the
concept development phase

So what happens? Someone arbitrarily
assigns the number of “9’s” needed. 4 7_ SP=C

3 INNOVATIONS



© 2013 Systems and Proposal Engineering Company. All Rights Reserved

Example “Requirements” for

Fi re SAT From Applied Space Systems Engineering, p. 113

* Reliability: “The FireSAT spacecraft shall have an
on-orbit lifetime of at least five years”

* Availability: “The FireSAT spacecraft shall have an
operational availability of 98%, excluding outages
due to weather, with a maximum continuous
outage of no more than 72 hours”

« Maintainability: “The FireSAT spacecraft shall
require the removal (or opening) of no more than
ten fasteners (panels) to replace any Line
Replaceable Unit (LRU) ... during pre-launch
ground operations”

Where did these come from? Were they the
result of analyses or are they just best guesses? °
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Lots of metrics to take into account

" Commonality Modularit y Standards Based RMT

» It'snotjust oo
the RAM
metrics - R
it's all the
“illities”

« How can we
capture and
. ’ " ; h : : ' bir Wion insertor
t ra C e a I I FIGURE 5-37 Com ~|:mvl-—,—-ij—_.:,-_.d Metrics for Architectural Assessments. We use 1he metrics to assess a v, tectures. Thes: ':""']‘i‘
from the Architecture Trade-off Analvsis Methad (ATAM) Business Drivers (Figure 15\ or Quality Attribule Requirements e
6). Middlaw IA 1 lay [ software | yst reliabi Y tainability. and | bi |
nachine intertace: B buitt-in test

these . .y
From Applied Space Systems Engineering, p. 189

metrics?
A SP=0C
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What Is LML?
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Lifecycle Modeling Language (LML)

* LML combines the logical constructs with
an ontology to capture information
— SysML - mainly constructs - limited ontology
— DoDAF Metamodel 2.0 (DM2) ontology only

« LML simplifies both the “constructs” and

ontology to make them more complete,
yet easier to use

» Goal: A language that works across the
full lifecycle
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Documentation Entities

Statement/
Requirements

Primary Entities Primary Entities

 Action Functional Phvsical Model * Asset/Resource
* Input/Output Model ysicativiode » Connection

| ||

Parametric and Program Entities

Characteristic/

INNDVATIONS
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LML Taxonomy Simplifies and Enhances the
Semantic Schema Elements

 Action  Location
« Artifact — Physical

— Resource — Virtual
 Characteristic * Risk

_ Measure « Software Interface
e Connection « Statement

— Logica| — Requirement

— Conduit — Decision
e Cost e Time

* Input/Output

A SP=0C
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LML Relationships P
Needed Between the Classes

rovide Linkage

* decomposed

by/decomposes

. Location . .
itic | Connection i * orbited by/orbits
. ) Asset Characteristic B . (Orbital, . S ent y
Action Artifact (Conduit, Cost Decision Input/Output . Risk )
(Resource) (Measure) Logical) Physical, (Requirement)
- - related to/rel
Virtual) related to/relates
—
decomposed by* (ecr(;:::wr::sb) enables enerates causes (Geihit=)
Action relafed to* Y references p( roduces]y specified by - incurs results in grec . located at mitigates traced from occurs
p(seizes) resolves (verifies)
causes referenced by
decomposed by* referenced b defines protocol for incurs i mitigates (i)
Artifact referenced by relafe d to* v referenced by specified b v ; efer:nce d b ficed b referenced by referenced by located at referefce db source of occurs
g Y Y Y results in u traced from
resolves a
y (verifies)
d b bl
(copzumedby) decomposed by* enaves causes (satisfies)
Asset performs 8 X . made "
(el ) referenc orbited by ied by connected by incurs e - located at mitigates traced from occurs
(Resource) p(seized by) related to* . resolves (verifies)
tisfi
gt N decomposed by* . enables causes (sa = =)
Characteristic ) references 5 . incurs N - located at mitigates spacifies occurs
specifies N specifies related to* specifies ) results in specifies ” N
(Measure) specifies specified by* specifies . specifies resolves traced from specifies
specifies (verifies)
Connection X decomposed by* causes (satisfies)
N defined protocol by . - o N enables -
(Condult, - references connects to specified by joined by’ incurs results in transfers located at mitigates traced from occurs
Logical) related to* resolves (verifies)
causes incurred by
enables
i i d d by* il i
Cost incurred by U incurred by lncurred 5 incurred by CCCTEREEE 5 incurred by incurred by located at |nc§J{red by (etiEie) occurs
references specified by related to* results in mitigates traced from
resolves (verifies)
causes
enabled by alternative
bled by bled by bled by bled b dat Ived by
an enabled by Snablecey made by Gielatdiar enabled by en? el decomposed by* enabled by e_"? SC0Y enabled by ate r_e,so ey,
Decision references result of incurs located at mitigated by decision due
result of responded by . result of related to* result of traced from
result of specified by result of result of occurs
result of result of
resolves
causes (satisfies)
| d d by*
Input/Output greer:ri::dbby references - specified by transferred by incurs r:’s‘zll: :isn ecr:gf::eto . v located at mitigates traced from oceurs
i resolves (verifies)
Location (s
(Orbital, locates decomposed by* locates (satisfies)
locates locates locates " locates locates locates locates - occurs
Physical, specified by related to* mitigates traced from
Logical) (verifies)
caused by
aused by caused by caused by d by*
caused by C ,u i/ caused by .a‘u > / caused by u e enables caused by G caused by
Risk mitigated by M mitigated by ieaedy mitigated by InNCurs mitigated by mitigated by e ClzermreEe] mitigated by oceurs
1S & Y references 8 i resolved by 3 i mitigated by 3 5 i/ 3 Y mitigated by related to* £ ¥ mitigated by
resolved by resolved by ) resolved by results in resolved by resolved by
resolved by specified by resolved by resolved by*
resolved by
references
tisified by i It tive of located at
(satisfied by) (satisified by) (satisified by) (& |s! !e v) (satisified by) }n.c.urs aiternative o (satisified by) oc.a edal causes occurs
S traced to sourced by traced to ity traced to (= iy aEtites traced to (B i) mitigates deEeeEe (satisified by)
(Requirement) . Y o traced to o traced to traced to ) traced to B traced to* o i —
(verified by) traced to (verified by) o (verified by) o ) (verified by) 3 resolves (verified by)
(verified by) (verified by) (verified by) results in (verified by) related to* —
di I d b
ate resolves occurred by
d by d b d d by* T
Time occurred by occurred by occurred by occu‘rre i occurred by occurred by decided by occurred by occurred by ccc_u rre ¥ (satisfies) ecomposed by D VA I [:' N 5
specified by mitigates N related to*
occurred by (verifies)
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LML Action Diagram Captures
Functional and Data Flow

1.5

Exit Criteria

1.6
Optional Action 2 in 1.7

Synchronize
Information

1.3 Actionin

Parallel
Action
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Uses Common Diagrams for Every

Class

« Physical Block (Asset)
Diagrams

— With option for icon
substitution

« Interface Diagrams
— N2 (Assets or Actions)
 Hierarchy Diagrams

— Automatically color coded
by class

« Time Diagrams
— Gantt Charts
— Timeline Diagram
« Location Diagrams
— Maps for Earth
— Orbital charts

12

Class/Block Definition
Diagram

— Data modeling

Risk Chart

— Standard risk/opportunity
chart

Organization Charts

— Showing lines of
communication, as well as
lines of authority

Pie/Bar/Line Charts
— For cost and performance

A SP=C
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How Does LML Help Enhance
RAM?

A SP=C
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How does LML help enhance RAM?

« LML was designed with all aspects of systems
engineering across the lifecycle

e LML provides:

— Asset/Resource entities, Asset Diagrams, and
Characteristics/Measures entities to capture physical
information about the system

— Action entities, Action Diagrams, and Input/Output to
capture and model processes

— Action Diagrams can be simulated to include
Resource use

« Assuch, LML can support the analyses needed to
derive key RAM metrics, such as mean time
between failures (MTFB)

ASP=C
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Example: Modeling for Reliability

« Use of
redundancy
to enhance
/ \ | reliability
N P / » Modeling
multiple
\ / computers

that “vote” on

'''''''

Asset Diagram

a value

A SP=0C
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Example continued

 Functional

> Zavggz'?g:.i mo d € I
equivalent using
Action Diagram
4 « Timing provided

Sorec, for each
computer can
be a random
distribution, as
can failure

modes

A SP=0C
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Simulation of Example

ntt Chart DI hars
Title Duration 2'.2_‘-[.'-1 PM 01:07:45 PM I C;:.‘-l.'é M I

DeltaP 1 0 seconds

Deta P 4 0 seconds

DeltaP 2 0 seconds

DeltaP 3 0 seconds

Delta P & 0 seconds

1 Detect Position 1 seconds

2a Determing Position Correction with Computer 1 0.08 seconds

20 Datermine Position Correction with Computer 2 0.1 seconds

2c Determine Position Correction with Computer 3 0.08 seconds

2d Determing Position Correction with Compulter 4 0.1 seconds

28 Determing Position Carrection with Computer & 0.1 seconds

3Vole on Results 0.5 seconds

4 Comredt Posibon 0.3 seconds
i ]
a a v

 Discrete Event Simulation of the Action Diagram
can show the random nature of timing

« Sensitivity to failure modes can then be identified
and mitigated

A SP=0C
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Monte Carlo simulation of Action
Diagram supports reliability analysis

uuuuuuuuuuuuuuuuuu

222222222222

mean standard deviaton . mean

» Executing the model with random time |
distributions provides way to derive key metric
requirements

A SP=C
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FireS

T Failure Mode Hierarchy

FM
Loss of
FireSAT
Mission
FM.Bus FM.Pay FM.Report
Loss of Bus? pLaO;.SOgé? Report Failure
FM.Bus.1 FM.Bus.2 FM.Bus.3 FM.Bus.4 FM.Report FM.Pay.1 FM.Pay.2 FM.Report
Loss of
lﬁ%ﬁec:; Iﬁ)[sjscg_f communication prlc_n%suslsci)gn? Report Failure Loss of focus? chglsirfg? Report Failure
FM.Bus.1.1 FM.Bus.2.1 FM.Bus3.1 FM.Bus.4.1 . o
Loss of Loss of > f
™ cower > atitude. ™ C&DH Fails? Tank failure? o I S I e ra rc y
generation determination
FM.Bus.1.2 FM.Bus.2.2 FM.Bus.3.2 FM.Bus.4.2 C O l I l ‘ S fr O l I l a
L i L i L f
— p%suieor ™ attitude ™ command ™ Valve failure?
storage control? uplink? ° f n t .
FM.Bus.1.3 FM.Report FM.Bus.3.3 FM.Bus.4.3 °
| » Lossof 5 | » Lossof T
power Report Failure telemet > Engine
management downlink? Faifure?
.
FM.Report FM.Bus.3.4 FM.Bus.4.4
f > Lossof > Transducer
Report Failure el failura?
FM.Report EM.Bus.4.5 I
_)Report Failure > R%g}lﬂatgf
allurg

19
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FM.Bus.1.1
5 et

O generation

capability?
[

Level 3

20

FM.Report

(o]

slura%e
capability?
N
3 & management or

Report Failure

FM.Report

Report Failure

B

FM.Bus.1.3
Loss of power

distribution
capability?

No

Yes

Yes
,—‘Repm Failure

FM.Report

No Failure

FM.Report

Action Modeling for FMECA

Level 1

FM.Bus
@
& Loss of Bus?

S-

FM.Pay

FM.Report

Report Failure

FM.Report
Yes

| > Report Failure

Loss of
Payload?

DECOMPOSED

No No Failure

-
[=]

Level 2

Report Failure

FM.Report
Yes
Report Failure
Yes
FM.Bus.2
Loss of
ADCS?
DECOMPOSED FM.Bus.3
No o Loss of
communication
o data?
DECOMPOSED
No

FM.Report

Report Failure

Yes

—I_’Repor( Failure
FM.Bus.4

e Losso
O propulsion?
DECOMPOSED

Mo

FM.Report

No Failure

« Modeling
failure
modes with
Action
Diagram

A SP=C
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Execution of FMECA Model

21

Loss of FireSAT Mission Total Simulation Duration

13.07ms 7.0025320086ms 13.07ms 7.0025320096ms

aaaaaaaaaaaaaaaa

Monte Carlo simulation shows notional failure distribution
for mission

Realistic probability can now be used to assess the potential
impacts of these failure on the systems

A SP=C
7 INNOVATIONS
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What Processes and Tools Work
with LML

« We use a “middle-out” process that
begins with functional analysis (scenarios)
and derives the functional and
performance requirements via simulation

 Tools require both discrete event and
Monte Carlo simulations of the LML
Action Diagram

22 “\ ( NNNNNNNNNNN
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“Middle-Out” Process

Requirements Analysis

- Functional Analysis

Synthesis

_ 1] System Analysis
Context and scenarios and ContrOI

must include RAM
concerns

8. Derive Assets
9. Allocate Actions to Assets

/// 10. Prepare Interface Diagrams

. Identify Existing/Planned Systems 14. Provide Options

Error detection& = A& FEEHIDNTLEUYIQIIIC ATIATYSLS:
recovery should include
failure modes analysis

Constraints and existing
systems should include
RAM information

16. Generate Op ional and System Architecture Graphics, Briefings and Reports

Demonstration plan /

should include RAM- Time >
related scenarios

A SP=C
7INNDVATIEINS

This implementation of the middle-out approach has been

23
proven on a variety of architecture projects
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Action Modeling with Innoslate

Mew Exisiting

=5

— —

Action InputiQutput

—

-} - o
Parallel or

-

- LDOP] —SINC)—~

Loop Sync

Action Diagram
RM.1 Fire SAT Design
Reference Mission (DRM)
ayloa:
The DRM for FireSAT is similar to other Imua{zauon
scientific earth observation missions. < v,
Normal operations are preceded by a

RM.1.5
Perform

& Download as ~ U Auto Layout

RM.1.4

€«———————— Maneuver to €————
Mission Orbit

RM.13 RM.1.
Perform

Spacecraft <

Initialization

FireSAT
satellite
. .
P - N ~ .

2

RM.1.1

Eloym(u €—— Launch mto <€
Parking Orbit Spac

series of spacecraft and payload
commissioning steps and followed by

Initialized
Payload

disposal at the end of the mission, years .“,

in the future 3

RM.L.6

o
8 Continue
S Operations?

Continue Ops

Cease Ops

Conﬁngsn(g
RM.1.7
¢ Determine
g Operanon
Type

Normal

RM.1.8
Perform
Contingency
Ops

RM.1.9

Perform
Normal Ops

RM.1.10

> Transmit
Update

Expended
)7
.
¢

Platform Payload
Telemetry Telen'leI:r]«r
nd .- Pa '\uid

RM.1.11
Perform
Deorbit
Manuever

—®

Corr— |

Action Diagrams for functional modeling can be simulated
using discrete event and Monte Carlo techniques

24
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Summary

« LML provides the necessary language
entities to capture the RAM-related
information

« The accompanying tool must implement
the language and have the capability to
extend it to meet any specific needs

* The process used should emphasize all
the “ilities” including RAM



