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Objective

Project Manager's
INCOS E Guide to

ngineering

Systems Engineering
Measurement for
Project Success

A Basic Introduction to Systems Engineering Measures for Use by
Project Managers

INCOSE-TP-2015-001-01

Version 1.0
21 March 2015

This document was prepared by the Measurement Working Group (MWG) of the International
Council on Systems Engineering (INCOSE). It has been approved as an INCOSE Technical
Paper by the INCOSE Technical Operations (TO).
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Provide a “beginners”
guide to project
managers regarding how
SE measurement can
help them manage
projects

— Target audiences

* PMs of smaller projects
that may have no SEs

» SE leaders on larger
projects looking for high-
leverage measures

Publish as an INCOSE
MWG product s ey

annual INCOSE
international symposium

Seattle, WA
July 13 - 16,2015 3



S S O AR

Approach INCOSE
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o Keep it short
e Use PM language whenever possible

 Keep SE measurement in the context of concerns
of project managers
— Technical risk as it affects cost/schedule
— Technical risk as it affects the ability to finish

 Enable PMs to find what they need
 |dentify and explain the important few measures

* Include references to other INCOSE and industry
work
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Outline INCOSE
« Chapter 1: Introduction

 Chapter 2: Measurement in Systems
Engineering

e Chapter 3: Quick Start Guide

e Chapter 4: A Look at Technical Debt

 Chapter 5: Project Technical Measures
Throughout the Lifecycle

e Chapter 6: Case Study
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How is this dlfferent from other Guides? INCOSE
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e The current work is not comprehensive from an SE
perspective

— It seeks to identify high-leverage measures of value to project
managers who might not otherwise ever consider SE measures.

 New guide references existing work and standards

— SE Measurement Primer
» Different target audience
* New guide uses first chapter
— SE Leading indicators
» Reference is made to requirements volatility and defects

— Technical Measurement Guide
 Reference to TPMs, MOE, MOP

— SE Handbook - reference to TPMs only
— 1S0O15939 - identified as an industry reference on measurement
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Chapter 2 — SE Measurement IN‘LE

« Summarizes key concepts from SE measurement
primer: product measures, closed-loop feedback control,
process and resource measures

Systems Engineering
r ---------------------------------
i i
I Resources Work Products
| (e . :
E .g.,Plans, designs, requirements,
| specifications, analyses, hardware,
i software, integration control docs, V&V
procedures, etc.) l

I

i
l Process '
I Resource Measure :
| Measure

]
: I
! Analysis Measurement |
| h gjﬁ
I 1

|
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Chapter 3 — chk Start Guide INCOSE

201574

\\ 1“”‘

|ldentifies questions and answers of interest to PMs

e Why should | measure?
— What gets measured gets done. It's that simple.

e What should | measure?

— You should measure what is critical to your program to be successful.
See Chapter 5 for guidance on measurement selection.

 How do | measure with minimum budget to achieve the most?

— You want to select the “critical few” measures that provide the insight
into areas of highest risk to your specific project.

 What do | do when data are disputed by members of the project
team?

— Let’s go to the expert, Dr. Edward Deming: “In God we Trust; all others
bring data.” In other words, trust the data first. Then ask, “Why are the
data in question?”
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Chapter 3 — chk Start Guide INCOSE
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 |dentifies and explains different project characteristics that
may lead to selecting different measures in Chapter 5

Project .
| | Applicable Factors
Considerations

Measurement Technical . . .
) Size Complexity Stability Schedule
Category Quality
) ) Implement
Conceive and | Architect and . i Operate and
Phase . i and Verify Validate
Define Design Support
Integrate
Development . i Acquirer- Supplier-
Waterfall Agile / Spiral Increments
Strategy Funded Funded
Tools and Manual or Requirements|] Static Model-} Simulation-
Databases Spreadsheet | Management Based SE Based SE
| Software- Hardware- Regulatory .
Product Domain ) i Complex N Commercial | Government
Intensive Intensive Environment
L Primarily . Primarily Experienced,
Staff capability i Intermediate i i
Novice Experienced | new domain

) VTS \.v_.-’
( al INCOSE _
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Chapter 4 — Technical Debt INCOSE

e Guides PM in . All Problem Report Status Aging
Identifying technical .
risks and their B
conseguences using
their language

Problem Reports

e |dentifies some T s s s e
example measures
and how they can be oo ovely B
used to help manage
technical debt e

IN )%L '
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Chapter 4 — Technical Debt INCOSE

 Technical Debt is the promise to complete a
technical shortcoming in the future while
declaring it “complete enough” today.

« What is the Technical Debt Trap?

— Similar to personal debt, the program is explicitly, or
more commonly, implicitly deferring a technical
challenge or risk to the future because you don’t
want, or cannot spend the time and/or money, to
successfully solve a technical challenge before
declaring the task complete.

25 aonniversary
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Chapter 4 — Technical Debt INCOSE

How Is Technical Debt Incurred?

 Fundamentally, there are three ways in which
Technical Debt is incurred.

1. Omission: Tasks unaccounted for within schedule
and/or budget;

2. Wishful Thinking: Tasks declared completed but
not really complete; and

3. Undetected Rework: Tasks believed to be
completed but done incorrectly.

25" anniversary
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Chapter 4 — Technical Debt INCOSE

How to Avoid and Measure Technical Debt!

e To avoid Technical Debt, you will need to apply
three methods:

1. Account for unscheduled tasks

2. Establish measures to provide early warning

3. Providing cost-account manager training for
properly “earning value” (schedule and cost)
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Technical Performances lleasuresn
Appicabla Factors
F =2 Slza Com gl Ity Stab ey Schadula
Quaity
e 10 measures m—— pere— r—
Dafine Dasign mr;dnm Ve rify Validate SUppa It
identified with e o e e
Maapalaer (ReguriFrements)Static Modal | SMEarion-
- - Spreadshest | Management| BasedSE Based 5E
— Link from Quick T | | o [ [ [
Start “Project pecr I ol
. ; Teclm.lcalperfnnnance measirestanbeapphed forselectedtechmical parametas-
C n d r t n 7 toensureadequate progressis-bemg-achieved. Time-based plotsofestmatedor-
O SI e a IO S demonstrated perfonmance are compared with re quired values {mmimmuom or-
. maximum) to help manage the nsk. This-1s-a quantitative formo fa nsk- #—+ Trackthe-
E I n t n h t mitigation plan.-A-planiine-with-decision bounds should be established early-in- progress-of-
- Xp a a IO W a y the program-with required progress-in-achieving the thresholdvalue{e.g..- “notto- selectedtechnical-

exceed™). Fallure to achieve the required progress-converts the riskto-anissus- parameters-

h OW’ Why/be n efit) andma}'.requj.readesiglthange toensuretechnical vomplhiance compared with-

required valuesto-
INCOSE Systems Enginecring Handbook w. 3.2.2
ensure-adequate-

B Example Excel I@OSE INCD“-T”D?;&O;:?:;’.: pmsfelss‘i;g;emg'
spreadsheet or oo S ——

other example ol e i e e =
— Reference il G e

(footnote) to the R AR

literature - o - M & \,.:&"".:&

ELAL L] melF e e

Figure 5-18 TPM Monitoring

I2INCOSESE Handbook-v3 2.2 -httpwww incose org ProductsPubs products sehandboolk aspw-(accessed- Tune-
2014)yand TNCOSE Tachnical- Measure- Guide-(2003)-
http:www. mcose org ProductsPubs. products techmeasurementonide. azspx- (2ecessed-June 201407
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10.

Specific Measures

Schedule — Late starts, late
completions

Problem Report Aging, Peer Reviews

held
Technical uncertainty reduction
Scope change (requirements

volatility)

Technology Readiness/Maturity level

Solution satisfies requirements (%
compliant)

Technical Performance
Counts/stability of system elements
Reliability, Maintainability, Availability
Defect Containment

1.

2.

10.
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Schedule alert — caution about
starting with incomplete data

Delay in closing technical reviews
and issues

Identifies decision-making threshold
(like TPM)

Identifies requirements changes

Identifies technical risk in maturity of
solution

Identifies compliance risk of solution
TPMs

Helps track changes in overall
architecture

Helps predict O&M problems

Identifies effectiveness of problem
identification and resolution

25" onniversary
onnual INCOSE
international symposium

Seattle, WA
July 13 - 16, 2015 15



Chapter 6 — Case Study  INCOSE
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 Example case study for a short project

— Covers both programmatic and technical
measures

— Walks through measurement selection
process

— Demonstrates use and interpretation of
various measures with corrective actions

— Rationale and use of weekly and monthly
measures

— Employs appropriate measures at different
stages of the life cycle

25 aonniversary
onnual INCOSE
international symposium
Seattle, WA



Measures Selection INCOSE
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 Programmatic Measures
— Schedule Performance Index (SPI)
— Cost Performance Index (CPI)
— Risk matrix

25" (’ / niversary
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Programmatic Measures  INCOSE

Program Risk Assessment

Cumulative SPI & CPI
11 E
1.08 g0
' 2
1.06 =—4—SPI Cum | — scC Low Risk
1.04 “ s Medium Risk
' =~ CP| Cum High Risk
x 1.02 A
U
Impact
O 1 p
o ‘/‘ Risk #1 Long lead Risk #2 New Risk #3 Reduced
— 0.98 / times for Software drivers size widget will not
/. components will will be requiredfor  meet power
O . 96 delay integration new components dissipation
/ and test - Schedule and threshold
O . 94 =Due to tight budget only allow for = Reducing the size
schedule, long lead components with of widget package
O . 92 parts could drive compatible drivers will create power
schedule and cost dissipation capability
09 I I I I I [ | =Mitigate through Mitigate through Mitigate through
allowing component software review and monitoring
A pr- M av J un J u I A u g Se, p OC t selection if approval before any  parameter
commercially new compaonents uncertainty measure
available can be selected

Typical programmatic measures used to manage a program
used to manage schedule, cost, and risk.

25" onniversary
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Measures Selection INCOSE
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e Systems Measures

—“Inc
— Reo

nstones” IMS Measure (Weekly)
uirements Volatility (Monthly)

— Req

uirements Verification Percentage

(Weekly during Verification phase)

— TPMs
e Size (Monthly)
e Power Dissipation Uncertainty (Monthly)

Adding finer granular schedule, volatility, verification

progress,

and key technical performance measures

2 5 ersary
IN )%L
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Weekly Inchstones (Cum)

Systems Measures
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Weekly
monitoring
late starts
and stops —
Allows early
Intervention.

Best leading
iIndicator of
a late stop is
a late start!

25" onniversary
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Requirements Volatility

30 (DR CDR
c Requirements Compliance
) o 100% =
0125 = M
% o 920% X
< a asss
O 20 = 80% 1TF
n
2 \\ - 70% -
c o
g 15 g B0% -
o o
= = S0% -
S o
g 10 O 40% 4 mNot Compliant
o "E 30% - BUnknown Compliance
X5 & 20% - -
o DAssessed as Compliant
P 10%
0 T T v . . D':,""
Baseline Mar-15 Apr-15 May-15 Jun-15 Jul-15 Aug-15 e
asefine Mar Pr ay un 5 "9 March April May June July August Sept
—e— Requirement Change % —®— Planned Requirement Changes % Month

Unplanned requirement volatility can create
havoc with schedule and budget.

. . . 25 ey /
Measuring progress with requirements o o Neose )

international symposium

compliance can be used to avoid technical debt. %% 21
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: Widget Size TPM
-4--Actual Size (cm)
== Threshold
——Upper threshold -
——Plan Line
E
&
o
N
7
I
3
B
<
1
0 .
1 2 3 4 9 6 7
Months
: Power Dissipation Uncertainty
—4==Power Dissipation
e = 5 Uncertainty
X .\. ~@—Decision threshold
£x .
g2
o 3m = {iz i1
SE =
g8 :
@ v -
Tk @
Y o
§° 0 5
0 1 2 3 4

Time after project start (months)

Systems Measures INCOE,

Yy 20158
L
,‘\J’\ = Il""fé

Measuring
progress with
technical
challenges keeps
focus on critical
design decisions.

25" onniversary
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Systems Measures INCO E
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200

150

100

Requirements

Requirements Verification

mm Unverified Reqts
mm \/erified Reqgts
—\erification Plan

20 21 22 23 24 25 26 27
Week

Frequently compressed, measuring requirements
verification progress can be used to manage final push to
completion of development phase e

international symposium
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P N
e
_~ \

\y = 5 s ‘___,,/’/ T ~
——— 25h onniversary

annual INCOSE

international symposium
Seattie, WA
July 13 - 16, 2015

Avalilable at INCOSE.ORG within Store

Gandis Toet tha Apphication of
Systems Engincanng & Lars

Infrmstrucies Progmcs (Solt Copy)

Dbl Digwvriianad - Mbasrrisey. Doy

Price: Hot fvallabis for Moo Merbers
Mombay Price: $0.00

Systems Engineanng
Compabences Framivwork Annox
A - Gistle b Cormpetisngy
Ewahsabon (Sofl Cogry)

Dt sl Dipwrisaad - Mbammidary Dy

Pk Kot Avallablo jor Bon Membom
Mambar Prige: 58 00

===
BT S

Syl Engimsning
Compelencies Framework (Soll
Copy)

Degitsl Dermesions - Wawsbatn Diky

Price: Mot Awallable boo Hon blembsrs
Marstses Pijon: $0.00

L

Project Managers Guids To S5E
Masssurament for Progect Success
Depdal Diraslansd - WMassbais Dl

Peicar: Mot Awailabelie besl Rl blaribads
Marmltst Piicn: $0.00

IRCOST Products
ERCSE Pramational Jiems
Teclmizal Pradects

= - i
o o Shopping

e S20h

Thetds B Y AaiTlL ifi o

shepemng da

¢ Marmibariint - Indiidus 1 = L# eopbos - IO MBr g = Lh MHonar Sackity = Lﬂnu-u-l-- Wy Browse Marchasdos w
LT £ LTI SO b il i Rriraashire Pty At T D0 {8 v i
o Mo Wriaed ertend Sharted L SR T P Dt LT B . C ol eraniing b Ha T B B Crpase B vee o - WADT (e rea ] e [ e Bt L e
et 0 W adee BV S ] D D%l i
Gk My To Segrch Producty
18 products found, Mow viswing T af 2 Fage [ categories
=l - EE KN
Chapter Products

e logged in




_._>-<:’

=N X N o

28 Ay INCOSE
anNUa

international symposium .(;()15
Seattle, WA S sl

..h‘;

July 13 - 16, 2015 Ny il

Project Managers Guide to Systems
Engineering Measurement for Project
Success

Questions?



e

1. Schedule — Late starts, late completions

 Delayed starts are leading indicators
for delayed finishes. However, be wary
of starting tasks when necessary data
IS not available, is incomplete, or is
likely to change because rework of
dependent input is likely; “don’t be a
slave to schedule”. For effective
feedback control, the measurement
delay should be no greater than the
measurement frequency. In this case
of weekly measurement, the data
should be available before the next
week begins.

« For all schedule-related measures it is
important to find the root cause of
what is late so that the program critical
path is not jeopardized and rework is
not incurred by immature or
incomplete work.”
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Mumber of Tasks

Weekly Actual vs. Scheduled Starts and Stops

AN

[~

4np2dqn

5
[ =i

ke
hinedn] % M

U O g o U oo o ooo

=]
oS

—— 5tat Vanances (Cum)

—=a—— Stoo Variances [Curr)

Number o' Tashks

— Planned Starts {Cum)

= Actual Starts (Cum)
Panned Stops (Cum)

—— Actual Stops (Cum)

Upper Left:
cumulative tracking
of “planned” and
“actual” starts and
stops, by week,
provides overall
project schedule
stanis.

Lower Left:
Weekly ditizrence
of planned vs.
actual starts and
stops provides
immediate
visibility of
schedule
compliance.
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2. Problem Report Aging, Peer Reviews held INCOSE

Delayed resolution of
problems or review of
technical information may
accumulate more technical
debt and may indicate that
critical decisions are being
delayed, which jeopardizes
the schedule.

Histograms also work well for

these types of counting
measures.

. N I0NES ;. -
-‘ L ;,
\’\ ST A

Below left, PR Aging is depicted with a
histogram showing the number of
Problem Reports in each category of
delay. Below right, the histogram
indicates % of peer reviews held on
time in each program phase.

Number of PRs

8 100
g
7 £ 80
6 c
5 3 60~
4 T <
ﬁ 40
3 E-
5 2 20 -
1 _] [ % 0 i .
0 - —an HE § Phase Phase Phase Phase
>10 >30 > 60 >90 1 2 3 4
days days days days Program Phase

Aging (days)
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3. Technical uncertainty reduction INCOS
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« Unresolved uncertainty carries
technical debt into the decision-
making process. The goal is not to
eliminate the uncertainty, but to
reduce it to a level at which a
decision can be made with
acceptable risk. This applies to
individual technical parameters as
well as to the results of technical | | | | |

. 4 6 8 10 12
reviews. Time after project start (months)

« Trend lines similar to technical
performance measures make the
uncertainty visible compared to
the needed value. In the example,
the uncertainty of Parameter 1
must be reduced below the
decision threshold prior to making
the decision. 25" ONNIVEIsary
annual INCOSE

international symposium

Seattle, WA
July 13 - 16, 2015 28
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4. Scope change (requwements volatility) INCOSE
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e Itis not uncommon to have some
requirements changes during a project. _ . == teboaiomedy

: Requirements Volatility: ABC Program  —— Fevised Fequirements

Project managers need to be aware of —Tot

; — Regression
additions or modifications to requirements e

that (a) affect contractual agreements or (b)

90% -

80% -

change the required effort or resources
necessary to meet project obligations (cost,
schedule, people, laboratories).

 Trend analyses are useful for tracking scope
changes. Action thresholds for change may
decrease over time as the design matures
and the impact of requirements changes
becomes greater. Prior to a system e
requirements review (SRR) the volatility is -
expected to be high, but must settle down
ahead of the SRR. Failing to move the SRR
will incur technical debt and likely rework.
Once the critical design review (CDR) takes
place, most subsequent changes will
increase project costs and lengthen
schedules.

70% A

60% -

50% -

40% -

30% -

Volatility Percentage

20% -

w* o W g g o e

A WA IO \"\,’:f
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5. Technology Readiness/Maturity level

Technical maturity (or technology
readiness) level identifies the technical
debt inherent in the elements of the
solution based on the development
status (e.g., in-production, prototype,
variation on a product family). Most
projects require at least TRL 6
(prototype) before incorporating an
item in a development project.

A quick way to evaluate the state of
the program is to create a histogram
showing how many items are in a
given maturity category so that
appropriate management oversight
can be provided to manage the
technical risk. In the example,
management attention should be
focused on the elements with TRL < 7
and on developing contingency plans
in case any element does not achieve
full maturity according to a
development plan.
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Number of Subsystems or Elements

12

10

<« Minimum maturity

TRL1 TRL2 TRL3 TRL4 TRL5 TRL6 TRL7 TRL8 TRL9

Technical Maturity

25" onniversary
annual INCOSE
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6. Solution satisfies requirements (% compliant) INCOSE
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 The key technical progress
measure for development 100% -

- 6000

:

- 5000

mm Not Compliant [ 4000

- 3000

@M Unknown Compliance

Design

- 2000

Total Requirements

- 1000

% Requirements Satisfied by

programs is an evaluation of the ol
degree to which the design is bie
satisfying the requirements. Any 20 ] =Rk Complinee
non-compliance is an issue that 0% - ﬁ T
must be corrected and indicates a 10% - e Total Requirements
need for rework. Unknown . SRR SFR PDR CDR TRR FCA PCA
compliance is risk of a future TimelPhase
discovery of non-compliance and
Is therefore a form of technical
debt based on uncertainty.
 This measure can be represented
as a time-dependent bar chart
showing progress of technical
compliance until all requirements
are verified.

25" anniversary
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7. Technical Performance

Technical performance measures can
be applied for selected technical
parameters to ensure adequate
progress is being achieved. Time-
based plots of estimated or
demonstrated performance are
compared with required values
(minimum or maximum) to help
manage the risk. This is a quantitative
form of a risk mitigation plan. A plan
line with decision bounds should be
established early in the program with
required progress in achieving the
threshold value (e.g.,
Failure to achieve the required
progress converts the risk to an issue
and may require a design change to
ensure technical compliance.

“not to exceed”).
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INCOSE Systems Engineering Handbook v. 3.2.2

Iﬁ SE INCOSE-TP-2003-002-03.2.2
viaren N - s October 2011
Specified “Not to Exceed” Value
oL W ot Gl el R B e et Bl el il s el
Action Team to Bring Demonstrated
a0 — Back into Spac Variance Predicted Variance
Planned / T | - RS
Value aE bl 1 f
80 — Profile _\ I’ : Estimate
1
70 —]
! g K_ 'A:hlevernent
I to Date
1 I ! ! |
I 1 ; i I
I I - Demonstrated ! | I
1 I Values | ! 1
| I I . I
I 1 ) | I
I I I i I
i I I i
, Estimated | Allocated | Calculated ' Measured !
I Value B Value | Value | Value
T T T T
Proposal Gate Gate Test Delivery
& CSM, Usad with parmission
Figure 5-18 TPM Monitoring
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8 Counts/stability of system elements IN(;OS
Database tools enable managers to more 1 ‘:,\ :’:i“ -

easily count elements of the solution,
whether requirements, interfaces, or solution
elements (subsystems, boxes, wires, etc.).
While the absolute numbers may not be
critical, sudden growth can indicate scope

. . 45
change or increased complexity and & 5
1 an = i = ]
development risk. N _——a— ]
_./ =—#=—Elements

»  Visibility of these changes is provided by ST M—
simple charts of counts vs. time. Project
managers should monitor these measures

—8-—|nterfaces
25

=—i— External Systems

Count

20

for unexpected changes while the design e | gt
should be stable. For example, “External 10

Syste_ms” should bg stable %t Systems” 5 i
Requirements Review, and “Elements” and g o A

“Interfaces” should be stable at Preliminary R (monihs) “« T R O=
Design Review. In the graph none of the
three conditions is satisfied so that the
project manager should investigate root
causes and take corrective action to avoid
additional technical debt from the changing
design. Increasing complexity based on
increasing element and interface counts
may also lead to more risk during the 25" onniversary
integration phase after the critical design onnuol NCOSE
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9. Reliability, Maintainability, Availability INCOS

w2015

\ s
e u"*’

* Once development is nearly complete
the project can begin to accumulate
data on operational performance for
reliability and system availability. The
Verification phase provides a “first 1

¢ > e o —t—t
look” at these system performance 0.95 /H—‘/_‘_
measures that have significant 0.9 74 e
conseqguences during operations and 085 —s—Reliability-Actual
support phase. 007': 1

« Atime-dependent line chart can be 0
used to compare current performance 0.65
vs. operational need or requirement. 06
The need for design or other changes
can become apparent if deficiencies
are other than initial “growing pains”.
In the example below the implemented
design is failing to meet its reliability
requirement even as the system
moves into operation, and root cause
investigation may be required to 25" cnniversary

identify and correct the deficiency. | INCOSE
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10. Defect Containment

Technical debt in the form of rework
accumulates when errors in technical data
are not identified and corrected before the
data is used by other groups (e.g.,
Requirements for Design and Verification,

Design for Build and Verification, Trade-off * Taver
Analyses for Design). The longer the delay 12 | Bz;'dv

in discovering the error, the larger the cost of 10 1| mDesign

the rework' g B Requirements

Histograms of defect containment are a valid
way to display this information (defects
introduced by phase vs. phase in which they
are discovered and corrected).

This measure can be used within a project
for additional spirals, increments, or agile
scrums so that more rigor is applied in
finding defects prior to propagation. The
measure is also useful for organizational
and system process improvement so that
error propagation can be reduced on
successive projects.

Number of Defects by Phase

Pre-Design Pre-Build Pre-Verify Post-Verify
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