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Please introduce yourself

Any initial thoughts you would like to share?



1.

Workshop Goals

Identify existing leading indicators (useful as-is
and/or useful if adapted) that are published in the
current SE Leading Indicators Guide - perceived to
be useful in model-centric/digital engineering
programs

Share insights/experiences with novel
adaptation/new measures of effectiveness of
systems engineering in model-centric (digital
engineering) programs

Identify areas where potential new leading
indicators could be beneficial to program leaders
in assessing systems engineering effectiveness in
digital engineering programs

PRODUCTS

e Prioritized list of existing
leading indicators that are
candidates for being adapted

e Top 5 proposed new leading
indicators to augment/replace
existing leading indicators

e Insights on what information
program leaders need to assess
engineering effectiveness as
unique to digital
engineering/environments



SE Leading Indicators
Version 2.0 guide

Requirements Trends

System Definition Change Backlog Trend
Interface Trends

Requirements Validation Trends
Requirements Verification Trends

Work Product Approval Trends

Review Action Closure Trends

Risk Exposure Trends

Risk Handling Trends

Technology Maturity Trends

Technical Measurement Trends

Systems Engineering Staffing & Skills Trends
Process Compliance Trends

Facility and Equipment Availability Trends
Defect/Error Trends

System Affordability Trends

Architecture Trends

Schedule and Cost Pressure Trends



SE Leading Indicator
Measurement Specifications

Architecture

Derived Measure Specification

1. Humber of base mesdures failing o mprove over tims
Derived Measure | 2. Combined bese messure soores

3. Certified anchitects
Msasurement 1 Hurmiber
Function 2 Weghted Feeage

3. Nuimiler

Indicator Specification

Indicator Lirse chart depicting base measures &t discrete revies points in time.
Description and
Sample
Thresholds and Organization-gependent experience B neaded 1o identify the threshaids and
Outliers outhiers based on comparison to historc project and Systern perfinmances.

Decision Criteria

Iireesstigabe armd pobeniially ke aarective seion when the Base et 3o
not all improve over time. Al measnes ane experter] o antessd level 3 by the
tirree that design bexgins.

3474 Architecture Trend Specification
Architecture
Information Need Description
Information Evaluates the maturity of an organization with regands o implenentation and
Mid daployment of an architecdtie process that & hesed on an accepted st of
industry standands and guidelines
= Product Quality
Information *  Process Pesformance
Category +  Techrobogy Effectivenss
»  Cushormes Satisfaction
Measurable Concept and Leading Insight
Mieasura ble * 15 the process definition based on industry accepted standards?
Concept = 4 5F using a defined architecture proces through the keadership of osrtified
anchibects?
* Do the architecture work products confiorm o an industry accepted set of
Standands?
Leading Insight | » Indicates whether the aorganizaition has an archibectural prooaess that will
Provided assiet in maturing the system design
= Indicates wihather the anganization has e architectural sidll & in orgder o
axande an architechal procecs
* My indicte Future nesd for different level or type of nesownces | skills
= Indicates whether the sychem definition B maturing
= Indicates sohedul= ard cost grosth risk
Base Measure Specification
1. Comenitrnent
2. Capablity
3. PMars and Produds
4. Pesformance Marcs
Base Medsures | ¢ o openic Direction
£ Inberfacss and Inmteroperability
7. Data
B, Seturity
Measurement Sell-assessment or independent aporasal
Methods
Unit of Each Bade Meatrs has an ascocdabed unitless e,
MEasurement
Entities and Attributes
Relevant »  hssegement Evels
Entities
*  Adsessar contact lorrnation
= Time Interval (2.g., date, Hime, monthly, quarterly, phase, e
o *  Djective svidence that support he asecment kel sekectied
= Dhjective evidence meta-data
*  hssociated attributes (e.g., status, maturity - identified and defined, interval,
milestons, ype, cause, sevesity, &)

Indicator Lack of progress in any Dase measures over Several periods ndicates weakmess
Inberpretation in the architerting proceas.
Additional Information
Felated = Technical Risk
Procegses w  Pleuirenments s
= Hodaing
= Design
Self-assessment is perfonmed by experts with adeguate breath of experience and
AU N prerven judament.
Additional = System architerts must work with leadership, subject matter axperts, and
Analysis stakehokdens to build an integrated view of & systen's structure, Srabegy,
Guidance processes, and infonmation assets to performn the assesement.
»  Aisessment experience will ad in applying the messures in 3 consistent
FRARES.
»  Singulss BGecine are b e svoided whenever peasilile
Implementation | » Feoed the metadats and ecamples of ob jecive evidencs that wupports the
Considerations bate meatre level selacted. [This might ndude anchitecture views, and
produdas, security standands, interface standands, etr.) These data help in
recreating of resvaluating the eassscments during laber project phades.
Wsir af 1 ProgramProfest Mansges
Information 2 Chief Syshems Engimesr
3. OCheef Architect
4. Process Lead
5 Architecture Resiew Bosrd
Dats Collection Sep Appendic F
Procedure
Data Analysis Sea Appendsx F
Procedure

Each of the eighteen leading indicators has a specification, developed through empirical

investigation, for the purpose of providing guidance for implementation and interpretation.
rhodes@mit.edu
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Thinking About How Digital Engineering
Impacts SE Leading Indicators (LI)

Potential approach is to use three categories to analyze how
leading indicators will need to be adapted or newly created

Category 1l Digital engineering has minimal
impact on the leading indicator

Category 2 Digital engineering results in
significant changes and additions
to leading indicators measurement
specification

Category 3 Digital engineering provides
opportunities for novel leading
indicators

Additional Information section
of measurement specification
augmented with descriptive
information

Modify and add information to
all relevant areas of the
measurement specification

Generate new measurement
specification and illustrative
graphics of displayed
information



SE Leading Indicators

Version 2.0 guide
Category 1l Category2 Category3

Requirements Trends

System Definition Change Backlog Trend
Interface Trends

Requirements Validation Trends
Requirements Verification Trends

Work Product Approval Trends

Review Action Closure Trends

Risk Exposure Trends

Risk Handling Trends

Technology Maturity Trends

Technical Measurement Trends

Systems Engineering Staffing & Skills Trends
Process Compliance Trends

Facility and Equipment Availability Trends

Defect/Error Trends :
System Affordability Trends Can we categorize
Architecture Trends these indicators
Schedule and Cost Pressure Trends based on extent of

adaptation needed ?

PSM -9/17/19 rhodes@mit.edu



Category 1



Category 1 Example

Some leading indicators will have minimal Example of adding descriptive information
impact from digital engineering to existing measurement specification

Requirements Validation
: A ted for HSI Considerati
Staff and Skill Trends il

Requirements Validation Rate Trends
Indicates whether expected level Systems Engineering Staff and Skill Trends Information Need Description
of 5E effort, staffing, and skill [ SE Saoline Trends [Tom 1l Understand whether requi are being validated
o e fele It r 4 T I:I ant " SE Stfing Rl (i = Inef:drrnatlon with the applicable stakeholders at each level of the
mix is beingappli ==l - system development.
e based on | —— 1. Product size and stability - Functier] Requirements Vidation Rate Trends
E.l norms for successful 5 ' B e Anformation]] EJK::I:\I::Y relate to Product Quality Informati D: I.::eed Descri ha 7
jects/plans. = ) Category performance (relative to effectivene] psr with the that, across a,
- I I N | fiiciency of validation) s . system o 185.:"'
+ aporshortfall of o I Measurable Concept and | — Ins - Understand whether requirements are being validated with
f egaporshortrall o = 1 . Measurable | The rate and progress of requirements v Need the applicable stakeholders at each level of the system
effort, = ! perien 4| . Concept development. _ _ _
that may lead to inadequate or Provides early insight into level of unders b e and stabilty — Functional Size and
late SE outcomes customenfsser neads: 2. Also may relate to Product Quality and Process
" T - - - e — Leading sIndicates risk to system definition due td Information g ¥ ; ity .
. . .l . Insight understanding of the customer/user need Category gfﬁ;ﬂ:;‘e}(rem“ to effectiveness and efficiency
- L - 1 Provided Indi risk of schedule/cost overruns y
ffing can be compared changes, or user dissatisfaction 3. Product success relative to applicable HST
ted availability In this graph, effortis shown in regard to Measurable Concept and Leading Insight
h life cycleto provide an categories of activities. We can see that Measurable | The rate and progress of requi ictati
arlierindic O O 0 ia = - . nee|
E_"rll ier indication of potential at SRR the data would have shown actual Provides early ineght ko evel of understanding of
FISKS. e E . T customer/user needs:
effort was well below planned effort, and e ehonten 1 1o oy defiition due o nedequete
that corrective action must have been Provided undder\standinf o; th::gslmlrmer.fuser needs
- - . sIndicates ri fcost overruns, post deliv
taken to align actual with planned in the changes, or user dissatisfaction

next month of the proje

PSM -9/17/19 rhodes@mit.edu 9



Requirements Validation
Augmented Msmt Spec (example: HSI Considerations)

Requirements Validation Rate Trends

Information Need Description

Information
Need

Understand whether requirements are being validated
with the applicable stakeholders at each level of the

system development.

Information
Category

1. Product size and stability — Function

Requirements

dation Rate Trends

Stability

Information Need Description

2. Also may relate to Product Quality a
performance (relative to effectivene
efficiency of validation)

Measurable Concept and Leading Ins

HSI
Considerations

Validate with the stakeholders that, across all
system elements, requirements provide significant
coverage for relevant HSI domains.

Measurable

The rate and progress of requirements vg

Information
Need

Understand whether requirements are being validated with
the applicable stakeholders at each level of the system
development.

Concept
Provides early insight into level of underst
customer/user needs:
Leading eIndicates risk to system definition due tg
Insight understanding of the customer/user need
Provided elndicates risk of schedule/cost overruns,

changes, or user dissatisfaction

Information
Category

1. Product size and stability — Functional Size and
Stability

2. Also may relate to Product Quality and Process
performance (relative to effectiveness and efficiency
of validation)

3. Product success relative to applicable HSI
domains

Measurable Concept and Leading Insight

PSM -9/17/19

Measurable The rate and progress of requirements validation.
Concept
Provides early insight into level of understanding of
Leading custgmer/u§er needs: o _
Insight e|ndicates I‘.ISk to system definition due to inadequate
Provided unde_rstandl_ng of the customer/user needs _
eIndicates risk of schedule/cost overruns, post delivery
changes, or user dissatisfaction
rhodes@mit.edu 10




Staff and Skill Trends

Systems Engineering Staff and Skill Trends

Indicates whether expected level
of SE effort, staffing, and skill
mix is being applied
throughout life cycle based on
historical norms for successful
projects/plans.

May indicate gap or shortfall of
effort, skills, or experience
that may lead to inadequate or
late SE outcomes.

Planned staffing can be compared
to projected availability
through life cycle to provide an
earlier indication of potential
risks.

PSM -9/17/19

SE Staffing Trends
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Example Activities
@ Requirements Engineering

% Architecture and Design

Technical Management
V&V

— Planned Total SE Effort

Jan Feb  Mar  Apr May Jun

SRR PDR TIME

July  Aug

CDR

—
\Sep  Oct Noy Dec

Projected

In this graph, effort is shown in regard to
categories of activities. We can see at
SRR the data would have shown actual
effort was well below planned effort, and
corrective action must have been taken
to align actual with planned in next

month of the project.



Category 2



Category 2 Example

Work Product Approval Trends

llustra

Changes would be made to many/all areas
of the measurement

PSM -9/17/19

specification

Architecture Archi
ork Product Approval Trends ; deacors
Need Description Derived Measure T
Eval e ok o regards T T Numbes of base memures faillng 1o Improve over tme
Wark Product Appraval Trends — e B o e 0 8 BOSGACA 84 donipaed o e — L oeiied base Seamre sxvee
o Product Quality Messurement 1 Number
Information |+ prooess Perform Function 2 wegned sverage
o Category + Technology Effectiveness. 3 Number
o = _CQuitomdy Sabistaction _ . Indicator Specification
E Concept and Leading Insight Indicator Line Chart desicting base Mmissures 3 GICrete revien ports in tme.
=4 Messuratic =I5 the progess defintion based On Idustry aCCepied Standards? Deseription and
o Concept © Is S using a defined architecture process trough the adership of cestife [ Somple
o ‘architects? Thresholds and the threshaids and
= + Do the architecture: work products conform to an industry sccepted set of Outliery s bistect mgariion 1o hstorc ot and Systern performance
el standwc) otentaty acton when the
o Leading Insight |+ lndicate: whethes the organzation has an & dutectinal process. that wil Decision Criteria | not afl smprove over tme. All measures are experted b excees level 3 by & =
=3 Provided assist in Mmaturing the System time that des
=] * Indicaes whedhes the organization his the archtectural skl s in arder o Indicator Loch of progress in 7y bisve MsSures Oves Several perios RGeS weskvss
] ensase o archasCal process nthe
= « May indicate future need for different level or type of rescurces / skils Additional
E * Ldtes whether the system oefrgon & matis — i
b oy " — * Requeemerns Ansyss
g Base Measure $ Mg
- : g‘b .Sd' ; rformed by eh bresth of
2 v st & paormad by SXps wih s0uaae =
3 s o s Assumptions | e ociprent.
3 2 E A e Adsitionsl « Sysom sechierts st work Wi =
Basemessures | G Anaiysis Sectiers o bl a eyt viem of o s’ o, Sk,
MVEER OF REJECTIDNS BEFDRE AFFROVAL FOR QUWRTER X 6 Intertaces and Incercpsradiy Guidance RO, 4 ATt A5t D peator the sessmert
7 o + Acemment experence wi ad I 4poing the messires n a consistert
[} Qurity maner
————— = +_ Seoue auessors re 10 be gvouted wheneve copsitie
May be helpful to use a quad-chart Methoss e e Trtemmtation | Bt et ] i o s oircs 5t o
Unit of Each Base Measre has an assocated uniess level e -~ n;r:&:mm. ph m Mn '
or other grapmca-' PfESEﬂ!'EII‘ﬂH e and A ::uudncu1mdua.r\a S project pha
User of 1 ProgranyPropect Manager
:echn.fq'ues to fook at pe.rformance o I | > Ot Svmames s
- Ast ‘contact information 4 Pn Lead
on refated work products * Time inve (e, ke, e, moeeny, iy, shase, ) echmecture R st
- o Objec b selected Dats Collection | Sew Apgenix
tributes * Objective evilonce meta-data Procedirs
o Associsted sitributes (e.g., stistus, 1 u\uw dentified and defined, interval, Data Analysis See Appendix F
miestore type, cause, severty. o Brocedure

rhodes@mit.edu
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Work Product Approval Trends

lllustrates success of work product Work Product Approval Trends

approvals for Quarter X in respect Work Product Approval Trends

to how many rejections there LEGEND

were for work products before it
approval for both internal work

product approvals and external
approvals.

— Expected Internal
Distribution

m External Work Product
Approvals

= — == Expected External
Distribution

ANALYSIS: Investigation of the
internal rejections showed that
30% were related to ...

WORK PRODUCTS APPROVED

As a results of the analysis, it has
been decided that all internal
reviews will now include....

Actual rejections shown with overlay

of expected internal and external
approvals based on historical data

% 5
2 3

NUMBER OF REJECTIONS BEFORE APPROVAL FOR QUARTER X

0 1 4 5

May be helpful to use a quad-chart

Analysis will be needed to or other graphical presentation

understand why rejections are

happening, and graphic could
include breakdown of root causes

as stacked bars, rather than just
single bar.

techniques to look at performance
on related work products

bs@mit.edu 14



Category 3



Category 3
novel or enhanced indicators

e Collaborators working
on second version of
the guide identified
priorities ... but many
were too difficult to
implement under
traditional engineering

e Digital engineering
opens now possibilities
for leading indicators

Stakeholder Priorities for Version 2.0
Actual Version 2.0 indicators

Mew indicators

1. Test Completenes[14]

2. ResourceVolatilimy [ 13]

3. ComplexityChangeTrends[ 12]

4, Defect and Error Trends [11]

5. Algorithm & ScenarioTrends[ 10]

6. Architecture Trends [ & ]

7. Concept Development [ & ]

g. 0% Capabilty Trends[ & ]

g. Productivity [B6]

10. BaselneMgmt[3]

11. SEindex[1] ] Facilities & Equipment Availability
12. Prn:n:lu:tﬂua_lrtl,'[ 0] system Affordability Trends
13. Team Coheson [0] S5chedule and Cost Pressure
14,  End-to-end Deployment [0]



Technical Performance Measurement —
Technical Performance Index

Technical Performance Index

1.000 -
0.900 -

0.800 - ~ == TPI(A)
| | ' ' | — = TPI B)

0.700 - T 1811

0.600 -

0.500 ~

TPI (Al

0.400 -

0.300 -

0.200 ~

0.100 -

0.000

T1 T2 T3 T4 T5 T6
Time Measurements

Index has successfully enabled discussions of

programmatic technical issues, by simplifying
the program details for non-technical settings

while still retaining the ability to drill-down to
lower tiered levels to understand problem
areas with trend data

Technical Performance
Index (TPI): based on the
business’s own defined
mathematics and logic to
calculate an “aggregate”
trend quantifying and
forecasting an overall
system's performance. It
provides a method to
visualize aggregate system
performance achievement
in one graphic. For each
TPI, the deviations of all
the contributing TPMs are
normalized from the
associated thresholds.

17



Priority for Adaptation
Version 2.0 guide

Can we prioritize

_ these indicators
Requirements Trends

System Definition Change Backlog Trend
Interface Trends

Requirements Validation Trends
Requirements Verification Trends

Work Product Approval Trends

Review Action Closure Trends

Risk Exposure Trends

Risk Handling Trends

Technology Maturity Trends

Technical Measurement Trends

Systems Engineering Staffing & Skills Trends
Process Compliance Trends

Facility and Equipment Availability Trends
Defect/Error Trends

System Affordability Trends

Architecture Trends

Schedule and Cost Pressure Trends

based on judgement
of usefulness?

18



Top 5 Desired LI

Stakeholder Priorities for Version 2.0
Actual Version 2.0 indicators

New indicators ~
1. TestCompleteness[14] _
2. ResourceVolatility [ 13] o p
3. ComplexityChangeTrends( 12] ‘*ﬁ\ . ‘
4. Defect and Error Trends [11] u‘@ i S\
5. Algorithm&ScenarioTrends[ 10] y
6. Architecture Trends|[ 8]
7. ConceptDevelopment[6 ]
8. SoSCapabilityTrends[6 ]
9.  Productivity [6)
10. BaselneMgmt[3)
AL SElndsil) Facilities & Equipment Availability
12. ProductQuality[0) System Affordability Trends
13. Team Coheson (0] Schedule and Cost Pressure
14. End-to-end Deployment [0]

PSM -9/17/19 rhodes@mit.edu 19



Potential future activity — use KBP approach

Knowledge-Based Practice Approach
Dr. Chris Orlowski, 2018
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Discussion

What information do program leaders need to
assess systems engineering effectiveness that is
unique to digital engineering/environments?



Key Takeaways/Recommendations

Please note on the attendance sheet if you have interest in engaging in future
leading indicators activity as a reviewer and/or active collaborator
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Contact info:
Donna H. Rhodes

rhodes@mit.edu

rhodes@mit.edu
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Requirements Related Indicators

Requirements Trends

Rate of maturity of the system definition against the plan.
Additionally, characterizes the stability and completeness of
the system requirements which could potentially impact
design and production.

System Definition
Change Backlog
Trend

Change request backlog which, when excessive, could have
adverse impact on the technical, cost and schedule baselines.

Interface Trends

Interface specification closure against plan. Lack of timely
closure could pose adverse impact to system architecture,
design, implementation and/or V&V any of which could pose
technical, cost and schedule impact.

Requirements
Validation Trends

Progress against plan in assuring that the customer
requirements are valid and properly understood. Adverse
trends would pose impacts to system design activity with
corresponding impacts to technical, cost & schedule baselines
and customer satisfaction.

Requirements
Verification Trends

Progress against plan in verifying that the design meets the
specified requirements. Adverse trends would indicate
inadequate design and rework that could impact technical,
cost and schedule baselines. Also, potential adverse
operational effectiveness of the system.

rhodes@mit.edu




Real-world example (defense) of how leading
indicators contributed to effective decisions
By monitoring requirements

validation trend, team was able to
more effectively predict SRR

re ad i n eSS —— gelw Fl;c;,lirenlﬂents

Requirements Volatility: ABC Program -_ﬁirﬁrfed Flctitaments
Initially program selected a 100% — Fegpession
calendar date, but in subsequent 30% 1

lanning made the decision to have 80% -
SRR be event driven, resulting in

new SRR date

60% A
50% A

40% -

Revised date set based on an

acceptable level of requirements
validation in accordance with the 20%

leading indicator 10% |

0%

30%

Volatility Percentage

Had original date been used, it is
likely that SRR would not have
been successful

26 rhodes@mit.edu



Technology Maturity Trends

Used to evaluate the trends in technology maturity trends, including
readiness and obsolescence, of specific technologies that are under

development

May indicate that technology opportunities exist that need to be

examined and may warrant
product changes

May also indicate when a

technology is becoming
obsolete and may be a

candidate for replacement

Gives an indication of when
take action due to
obsolescence risk

Technology Maturity Trends

Technology Readiness Level Trends For Technology X

TECHNOLOGY READINESS LEVEL

Technology Readiness Level Trends For Technology Y

TECHNOLOGY READINESS LEVEL

TIME

Technology Readiness Level Trends For Technology Z

LEGEND

TECHNOLOGY READINESS LEVEL

R TIME

OBSERVATIONS: At CDR we are seeing
that there is again an increase in the gap
between planned and actual for readiness of
Technology X...

ANALYSIS: Investigation the potential
problem with Technology X shows we made a
resource change that has impacted progress
and the corrective action to be taken .....

27
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System Definition Backlog Trends

lllustrates average time to resolve change requests versus what is planned
for program or historical data. Based on historical data and nature of

program, a projection is made for future; In this case, actual data depicted

through Program Period 2 warrants further analysis as it is significantly
over expectations (it is neither to program plan or historical-based
projects) and may not be trending appropriately over time.

Mature organizations should be

able to identify lower and upper
thresholds, as well as average

time (organization’s mean capability),
to resolve.

System Definition Change Trends

AVERAGE TIME TO RESOLVE
CHANGE REQUESTS

System Definition Change Resolution Time

= —‘-"1 e e e e s Ltz Upper Thireshold

e s O i it i i, MGARCApREIRY

Lower Threshold

LEGEND

< Planned Resolution Time

=—& Actual Resolution Time

""""""" Projected Resolution Time

Jan Feb Mar Apr May Jume July Aug Sep Oct MNov Dec -
SRR PDR TIME CDR




Review Action Item Closure Trends

Review actions items may be
technical or management/
communication related.

Large deviations for planned
closure may be indicative of
larger, more complex tasks
ahead or potentially is a sign of
challenging personnel
interfaces.

In either case, indicator reveals

project risk in terms of rework
and/or infeasible schedule.

Positive trends will provide insight
into readiness to move to next

step/phase.

PSM -9/17/19

Review Action Item Closure Trends

High Priority Action Item Closure

June  July  Aug  Sept
TIME CDR

Medium Priority Action Item Closure

EEEEEE

June  July
TIME

Low Priority Action Item Closure

une  July
TIME

Mar  Apr May  J Aug  Sept
R COR

OBSERVATIONS: Actual closures are
lagging the planned closures for the high
priority items. For the low priority items we
are seeing that .....

ANALYSIS: Investigation of the high
priority actions that are not being closed
showed that there is a problem with assigning
closure to subcontractors without an internal
engineer responsible for .....

rhodes@mit.edu

A measurement analyst would be able to
make observations that would require

additional detailed analysis to decide if
corrective action was required,
and the nature of such action.
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Risk Exposure Trends

Risk Exposure Trends

Used to evaluate the risk exposure
over time in terms of cost and
schedule, and in context of the
level of risk.

COST EXPOSURE >

SCHEDULE EXPOSURE
COST EXPOSURE
SCHEDULE EXPOSURE

Indicates whether the program is
1 1 Low Priority Risk Profile
effe Ct |Ve I m a n a I n ro ra m OBSERVATIONS: At PDR we see the high

priority risk profile indicating that cost
exposure is higher than schedule ...

risks as shown by predicted
exposure ratings over time.

ANALYSIS: Investigation of the root cause
of the risk profiles at the time of PDR indicates
that corrective action is needed to .....

SCHEDULE EXPOSURE

COST EXPOSURE >

Graph illustrates risk profiles of _ _
program in regard to cost and

schedule exposure over the life
cycle. In this case, profiles for
high, medium, and low priority
risks are shown separately.

If the risk exposure continues to
grow or not be reduced, customer
satisfaction will be negatively

Impacted due to resulting cost,
schedule, or technical impacts

PSM -9/17/19 rhodes@mit.edu 30



Staff and Skill Trends

Systems Engineering Staff and Skill Trends

Indicates whether expected level
of SE effort, staffing, and skill
mix is being applied
throughout life cycle based on
historical norms for successful
projects/plans.

May indicate gap or shortfall of
effort, skills, or experience
that may lead to inadequate or
late SE outcomes.

Planned staffing can be compared
to projected availability
through life cycle to provide an
earlier indication of potential
risks.

PSM -9/17/19
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[EE=u

O

lllll

lllll

[EEEEE IEEE|
lllllllllll
HHHH S ELLL
llllll

Em=m-
AN
lllll
lllll
lllll
lllll
ammm—-

HOURS OF SE EFFORT

LEGEND

Example Activities
@ Requirements Engineering

% Architecture and Design

Technical Management
V&V

— Planned Total SE Effort
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In this graph, effort is shown in regard to
categories of activities. We can see that
at SRR the data would have shown actual
effort was well below planned effort, and
that corrective action must have been
taken to align actual with planned in the

AEXteMmonth of the

project.




Technology Maturity Trends

Used to evaluate the trends in technology maturity trends,
Including readiness and obsolescence, of specific technologies
that are under development.

May indicate that technology opportunities exist that need to be

examined and may warrant
product changes.

May also indicate when a
technology is becoming
obsolete and may be a
candidate for replacement.

Gives an indication of when
to take action due to
obsolescence risk.

Technology Maturity Trends

TECHNOLOGY READINESS LEVEL

Technology Readiness Level Trends For Technology X

TIME

TECHNOLOGY READINESS LEVEL

Technology Readiness Level Trends For Technology Y

LEGEND
== Plan

R TIME

TECHNOLOGY READINESS LEVEL

Technology Readiness Level Trends For Technology Z
0

R TIME

OBSERVATIONS: At CDR we are seeing
that there is again an increase in the gap
between planned and actual for readiness of
Technology X...

ANALYSIS: Investigation the potential
problem with Technology X shows we made a
resource change that has impacted progress
and the corrective action to be taken .....




System Definition Backlog Trends

lllustrates average time to resolve change requests
versus what is planned for program or historical data.

Based on historical data and nature of program, a

projection is made for future. In this case, actual data
depicted through Program Period 2 warrants further

analysis as it is significantly over
expectations and

may not be trending
appropriately over time.

Mature organizations should be

able to identify lower and upper

thresholds, as well as average
time (organization’s mean capability),

to resolve

System Definition Change Trends

AVERAGE TIME TO RESOLVE
CHANGE REQUESTS

System Definition Change Resolution Time

= Upper Threshold

iy i i _"" Mean Capabilty

Lower Threshold

LEGEND

@ Planned Resolution Time

=——= Actual Resolution Time

""""""" Projected Resolution Time

Jan Feb Mar Apr  May June July Aug Sep Oct Nov Dec i
SRR PDR TIME CDR
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Interface Trends

Used to evaluate trends related to growth, change, completeness,
and correctness of definition of interfaces.

Provides insight into rate of
maturity of system definition

Interface Trends

Interface TBD/TBR Closure Trends

against plan. £

100% TBD/TBR Resolved Threshold

Assists in evaluating stability and

adequacy of interfaces to
understand risks to other activities el

tOwardS prOViding reqUired MILESTONE TIME
capability, n-time and within budget.

CUMULATIVE TBDS/TBRS RESOLVED

©

Can also indicate risks of change to and quality of architecture, design, implementation, verification, and validation, as well as
potential impact to cost and schedule.
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PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

Adapting Systems Engineering Leading Indicators for Digital Engineering

Workshop Objectives

1. Re-initialize a community effort on leading
Indicators in context of digital engineering

2. Gather expert insights and perspectives to
Inform new research on this topic

Open question: should there be Llis for digital engineering and
LIs for traditional engineering, or common indicators?

PSM September 2019



PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

Goals of the Workshop

ldentify existing leading indicators (as-is and/or useful if
adapted) - published in current SE Leading Indicators Guide
-perceived useful in model-centric/digital engineering

1. Share insights/experiences with novel adaptation/new
measures of effectiveness of SE in model-centric (digital
engineering) programs

2. ldentify areas where potential new leading indicators
could be beneficial to program leaders in assessing SE
effectiveness in digital engineering programs

PSM September 2019



PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

Workshop Background

« PSM has been a co-leader on developing prior leading
Indicators and publication of the guide

- MIT, INCOSE and PSM share the copyright

e Initial activity targeted at augmenting the existing guide
for digital engineering

 Need to identify longer term effort and roadmap for
generating, publishing and disseminating a new guide

- Includes usability testing of leading indicators

PSM September 2019



PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

Intended Output

e Prioritized list of existing leading indicators that are
candidates for being adapted

e Top 5 proposed new leading indicators to
augment/replace existing leading indicators

e Insights on what information program leaders need
to assess engineering effectiveness as unique to
digital engineering/environments

PSM September 2019
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