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Mission Assurance
Nicholas Torelli

System Complexity Analysis

Red Teaming

Modeling & Simulation Coordination 
Office

Development Planning

SE for Systems of Systems

Program Protection/Acquisition
Cyber Security

SE Research Center

Program Support Reviews
Systems Engineering Plans
Program Technical Auditing
OIPT/DAB/DSAB Support
DAES Database Analysis and Support 
Performance Measurement
Systemic Root Cause Analysis 

Major Program Support
James Thompson

Systems Analysis
Kristen Baldwin

Systems and Software Engineering 
Policy, Guidance, Standards 

System Safety 
Reliability, Availability, Maintainability
Quality, Manufacturing, Producibility 
Human Systems Integration (HSI)
Technical Workforce Development
Organizational Capability Assessment 
(WSARA)

Director, Systems Engineering
Steve Welby

Mission Context

“Weapon Systems Acquisition 
Reform Act of 2009”

AT&L Memo, 14SEP2010
Subject: Better Buying Power: Guidance 
for Greater Efficiency and Productivity 
in Defense Spending

S.454-12; SEC. 103.b.(4): Evaluating the 
utility of performance metrics used to measure 
the cost, schedule, and performance of 
[MDAPS], and making such recommendations 
…to improve such metrics.

S.454-10; d.(1): The development and tracking 
of detailed measurable performance criteria as 
part of the systems engineering master plans…

S.454-10; d.(3):  A system for storing and 
tracking information relating to the 
achievement of the performance criteria and 
objectives specified…

“…Set shorter program timelines and 
manage to them…”

“…remain cognizant of our programs’ 
progress…and identify problems quickly…”
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OUSD(AT&L) Systems Engineering
Major Program Support Directorate 

Program Touchpoints:
• Program Support Reviews (PSR), SE Working Integrated Product Teams (WIPT), 

Technical Reviews, SEP Reviews, PDR/CDR Assessments
• Integrating IPT (IIPT), Overarching IPT (OIPT)
• Defense Acquisition Board (DAB), Defense Acquisition Executive Summary (DAES), 

Nunn McCurdy Reviews
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SE Metrics Goals
“What we are trying to achieve”

• Emphasize quantitative 
understanding consistent with 
Industry practice of system 
engineering

• Make visible relationships 
between system/equipment 
design objectives and 
performance

• Harness and use existing 
information for timely and 
better decisions at the 
appropriate levels

"To measure is to know."
“If you can not measure it, you can not improve it."

Lord William Kelvin (1824-1907)

Metrics

Improvements

Bench-
marks

Projections

Evaluations

Support 
comparisons with 

existing 
experience

Parametric 
projections to 

determine program 
structure (cost, 

schedule, resources) 
relationships

Execution 
to plan

Margin analysis, 
root causes
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Tiered and Time Phased Measures

OIPT

Tiers

PSR/PM

DAB/DAES

SE WIPT
&

Reliability, Interfaces, Integration

Manufacturing, Software, Staffing…

Information needs vary by Tier
• Summary and roll-up information at 

highest tier
• Greater engineering detail and number 

of metrics provided at lowest tier

Metric relevancy based on 
lifecycle phase and events

• E.g. T&E metrics prevalent later 
• Decisions based on time cycles (e.g. 

DAES every 3 months)

Time Phased
Cost, Schedule, Performance, Risk

Funding, Requirements, TPMs
Continuous Program Engagement

A B C
MSA

MDD
PDR CDR

EMDTD O&SPD
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Top Tier: Senior Leadership Level

1. Top level understanding 
of program status

2. Execution to plan
3. Key risks
4. Adequacy of path 

forward to resolve 
risks/issues

Sample Metrics
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Mid Tier: Principal Managers 

• Top level findings and 
recommendations 

• Metric summaries across 
wider breadth of engineering 
and management areas

• Insights on PM incorporation 
of recommendations

• Positive observations

($ in Millions / Then Year) Prior FY10 FY11 FY12 FY13 FY14 FY15 FY11-15 To Comp Prog Total
RDT&E

Prior $ (PB 10) 106.4 6.7 17.2 7.1 0.0 0.0 0.0 24.3 0.0 137.4           
Current $ (PB 11) 106.4 5.0 1.2 6.9 16.9 7.1 3.0 35.1 0.0 146.5           
     Delta $ (Current - Prior) 0.0 (1.7) (16.0) (0.2) 16.9 7.1 3.0 10.8 0.0 9.1               
Required $ 110.0 7.0 17.0 7.0 0.0 5.0 10.0 39.0 0.0 156.0           
     Delta $ (Current - Required) (3.6) (2.0) (15.8) (0.1) 16.9 2.1 (7.0) (3.9) 0.0 (9.5)

PROCUREMENT
Prior $ (PB 10) 0.0 128.3 145.2 133.5 0.0 0.0 1.0 279.7 1707.8 2,115.8         
Current $ (PB 11) 0.0 89.6 104.6 90.0 94.0 93.7 87.0 469.3 1606.7 2,165.6         
     Delta $ (Current - Prior) 0.0 (38.7) (40.6) (43.5) 94.0 93.7 86.0 189.6 (101.1) 49.8             
Required $ 0.0 130.0 144.0 133.0 0.0 0.0 27.0 304.0 1700.0 2,134.0         
     Delta $ (Current - Required) 0.0 (40.4) (39.4) (43.0) 94.0 93.7 60.0 165.3 (93.3) 31.6             

O&M
Prior $ (PB 10) 53.3 3.5 14.5 2.3 1.6 0.0 2.0 20.4 0.0 77.2             
Current $ (PB 11) 71.4 4.2 0.9 4.3 14.2 5.2 5.0 29.6 0.0 105.2           
     Delta $ (Current - Prior) 18.1 0.7 (13.6) 2.0 12.6 5.2 3.0 9.2 0.0 28.0             
Required $ 78.3 12.0 7.0 3.0 2.5 0.0 5.0 17.5 0.0 107.8           
     Delta $ (Current - Required) (6.9) (7.8) (6.1) 1.3 11.7 5.2 0.0 12.1 0.0 (2.6)

TOTAL
Prior $ (PB 10) 159.7 138.5 176.9 142.9 1.6 0.0 3.0 324.4 0.0 622.6
Current $ (PB 11) 177.8 98.8 106.7 101.2 125.1 106.0 95.0 534.0 0.0 810.6
     Delta $ (Current - Prior) 18.1 (39.7) (70.2) (41.7) 123.5 106.0 92.0 209.6 0.0 188.0
Required $ 188.3 149.0 168.0 143.0 2.5 5.0 42.0 360.5 0.0 697.8
     Delta $ (Current - Required) (10.5) (50.2) (61.3) (41.8) 122.6 101.0 53.0 173.5 0.0 112.8

QUANTITIES
Prior  (PB 10) 0 552 681 587 0 0 3 1271 0 1,823        
Current (PB 11) 0 445 467 376 382 379 355 1959 0 2,404        
     Delta $ (Current - Prior) 0 (107) (214) (211) 382 379 352 688 0 581           
Required Qty 0 440 450 376 382 379 332 1919 0 2,359        
     Delta Qty (Current - Required) 0 5 17 0 0 0 23 40 0 45             

DAB/Pre-OIPT/OIPT version 7.7           SAMPLE Investment Program Funding & Quantities

Schedule

T&E

Risks

Cost

Table 1.4.1-1 MOE/MOS 

Measures of Effectiveness and Suitability 
COI Characteristic  Parameter CPD Threshold CPD Objective CPD Reference 

 
EFFECTIVENESS 

 ASW ASW Aircraft 
Performance 

Mission Radius/Endurance - Subsurface 
Attack (per flight profile CPD Appendix 
E.1) 

**KPP 1,200 NM /4-hr on-station 
Conditions: 
-ICAO standard atmosphere 
-All engines Operating 
-JP-5 fuel density of 6.8 lb/gal 
-Unrefueled performance 
-No wind/turbulence 
-Optimal cruise/climb for maximum range 
-No time/fuel/distance credit for descents 
-Max payload/max radius KPP’s are not 
required to be executed simultaneously 

> 1,600 nm / > 4-hr on-sta 6.1 Table 6-1 

Dash speed > 20,000 ft altitude 400 ktas > 500 ktas 6.3 Table 6-3 
Limit load factors +2.2g / -0.5g > +3.0g / -1g 6.3 Table 6-3 
Sustained turn  
radius @ 500 ft altitude 

3,000 ft < 2,000 ft 6.3 Table 6-3 

Critical field length 8,000 ft < 6,000 ft 6.3 Table 6-3 
Crosswind landings 25 kt (dry runway) 

20 kt (wet runway) 
 6.3.1.1.1.3 

6.3.1.1.1.4   
Runway handling Safe runway handling characteristics, 

including minimum control speeds with 
one engine inoperative. 

 6.3.1.1.1 

Symmetrical or asymmetrical loadings Safely controllable with all symmetrical or 
asymmetrical loadings during takeoff, up-
and-away flight, and landing. 

 6.3.1.1.1 

Emergency landings Safe emergency landings following takeoff 
at maximum gross weight. 

 6.3.1.1.1 

ASW Detection/ 
Localization 

Probability  of Detection (Pd) See Classified Annex F  Appendix F 

Search Stores Storage, Control, Dispensed:  
(sonobuoys)  

120 A-size sonobuoys Conditions: 
1) Deployment without depressurizing 
main cabin 
2) Satisfy individual store environmental 
and employment requirements 

150 A-size sonobuoys 
Carry and deploy B-size sonobuoys 
Carry and deploy C-size sonobuoys 
 

6.3 Table 6.3 
6.3.5.4 

Documentation Status

PSR Scorecard

Manufacturing
Tiers Requirement

Manufacturing & Quality

A/B/C      Actual

Planned
AoA?? PSR MS A SRR SFR PDR PSR

SE 
WIPT

*

PMR
*

DAES
*

MS B CDR PRR PSR
SE 

WIPT
*

PMR
*

DAES
*

MS C IOT&E PSR
SE 

WIPT
*

PMR
*

DAES
*

FRP

Schedule
Build to Packages - Engineering Drawings/ 
models starts and original releases B
Build to Packages - Engineering Drawings/ 
models changes (Class 1/2 to product 
definition after CDR after original release) C
Build to Packages - Manufacturing work 
instructions starts and original releases B
Build to Packages - Manufacturing work 
instructions changes (Class 1/2 to product 
definition after CDR after original release) C
Sub-Contractor Qualification tests 
(scheduled and completed) C
Part Shortages, over 30/90 days late B
% Purchase orders released C

Touch labor hours by end item/unit number C
Quality

Delivery performance (contract delivery 
date and actual delivery date for end items) A 
First Pass Yields C
Touch labor hours by end item and unit 
number C
Process control and capability - number of 
processes in control (stable) B
Process control and capability -  number 
that meet or exceed capability index (Cpk) C
FOD Findings, audit results C
Scrap, Rework and Repair hours ( target 
and actual) by end item C
Production rate (achieved and planned) A
# of nonconformances C

Manufacturing Readiness  
MRL number B
Build to Packages - Engineering Drawings/ 
models changes (Class 1/2 to product 
definition after CDR after original release) B

Cost
Hours per shipset (actuals) C
Traveled work (hours by end item) C

Mat Sol Analysis Technology Development Engineering and Manufacturing Development Production and Deployment

Sample Metrics
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Lower Tier: Working Level

Cost
– EVMS Dashboard 
– CPI-SPI
– Variances
– Burn rate 
– Management Reserve

Schedule 
– Tier 1
– Critical path
– Schedule risk assessment
– Late starts/finishes
– FoS/SoS schedules

Threshold Objective

$4,000
$10,000
$70
$20,000
$20,000
$100
$105

$3,7
30$10,

180

$108.5
$21,400
$21,400

$77
$10,700
$4,700

Cum Cum Cum Cum Cum Cum  Cum 
BCWS BCWP ACWP SV CV SPI% CPI%

History for Prior Period 29MAR07 1,837,876 1,791,406 1,860,277 -46,470 -68,871 97.5 96.3
  S0000-P-8A Poseidon Progra 1,974,867 1,924,885 1,992,397 -49,983 -67,512 97.5 96.6
   SA000-Integrated Air Vehic 1,671,809 1,623,313 1,679,023 -48,495 -55,709 97.1 96.7
     SA300-Aircraft Systems 737 403,408 388,458 435,427 -14,949 -46,969 96.3 89.2
     SA400-Aircraft Systems 666,600 665,803 664,956 -797 848 99.9 100.1
     SA500-Mission Systems 601,801 569,052 578,640 -32,749 -9,588 94.6 98.3
   SC000-Weapon System AIT 79,604 79,454 75,441 -150 4,013 99.8 105.3
     SC100-Systems Engineering 13,876 13,861 13,277 -15 584 99.9 104.4
     SC200-Prgm Mgmt/Sys Engr P 5,115 5,014 4,806 -101 209 98 104.3
     SC300-Lean+ 1,479 1,479 1,428 0 52 100 103.6
     SC400-Specialty Engineerin 27,312 27,290 26,878 -22 412 99.9 101.5
     SC500-Configuration Mgmt 8,746 8,746 8,075 0 671 100 108.3
     SC600-System Perf Analysis 11,389 11,377 10,151 -12 1,227 99.9 112.1
     SC700-Data Mgmt 2,999 2,999 2,959 0 40 100 101.3
   SD000-Product Support 41,267 41,090 38,452 -177 2,637 99.6 106.9
     SD100-Tech Pubs 13,578 13,574 13,200 -3 375 100 102.8
     SD200-Support Systems 7,799 7,715 6,732 -84 983 98.9 114.6
     SD300-Training Systems 18,579 18,488 17,673 -90 816 99.5 104.6
   SE000-Test & Evaluation 73,544 72,385 93,540 -1,160 -21,155 98.4 77.4
     SE100-Analysis & Integrati 2,777 2,777 2,500 0 277 100 111.1
     SE200-Ground Test 30,095 29,118 29,077 -977 40 96.8 100.1
     SE300-T&E Support 1,048 1,048 896 0 152 100 117
     SE400-Flight Test 1,909 1,908 1,795 0 113 100 106.3
     SE500-Instrumentation & Da 32,290 32,108 44,471 -183 -12,363 99.4 72.2
   SF000-Program Management 85,727 85,727 84,933 0 794 100 100.9
     SF001-Program Mgmt 10,352 10,352 11,015 0 -663 100 94
     SF100-Finance 45,622 45,622 44,758 0 863 100 101.9
     SF200-Information Technolo 8,965 8,965 8,675 0 290 100 103.3
     SF800-Supplier Management 16,797 16,797 17,360 0 -564 100 96.8
     SF900-Software Council 2,536 2,536 2,112 0 425 100 120.1
     SFE00-Program Independent 1,455 1,455 1,012 0 443 100 143.7
     SFJ00-Affordability 0 0 0 0 0 100 100
   SG000-Production Ops & Qua 22,916 22,915 21,008 -1 1,907 100 109.1
     SG100-Manufacturing Ops 22,785 22,784 20,892 -1 1,891 100 109
     SG200-Quality 102 102 90 0 12 100 113
     SG300-Accountability & Con 30 30 26 0 4 100 116.6

Status Date: 26 APR 2007           Page 1

TREE ID and TITLE

See statements below Tripped at less than .95 Tripped at 10% Tripped at 5%
System Baseline Baseline Schedule Critical Path Cost To Complete Contract Baseline

Indicators Indicators Execution Performance Length Index Performance Performance Modifications Revision
Index (BEI) Index (SPI) (CPLI) [1] Index (CPI) Index

1 1 0.9900 1.0000 1.0000 1.0000 5.00%
1 1 0.9900 1.0000 1.0000 1.0000 5.00%

Contractor is EV Certified ? Yes
All Major Subs are EV Certified ? Yes

Level 3 CAR's - Action Status All CAR's Closed

IBR conducted within 180 days ? Yes
Major Mods anticipated ? No

OTB's anticipated ? No
Is scope fully and mutually understood ? Yes

Does the baseline capture all work ? Yes
Is MR adequate given expected risk ? Yes

An executable, time phased baseline exists ? Yes
           

ITD Total Tasks Completed / ITD Planned Tasks  . 0.9900

SPI  . 1.0000

Current Critical Path Length to complete +/- Total Float
Current Critical Path Length to complete 1.0000

CPI  . 1.0000
Copy appropriate directional arrow into 
color band (row 9 or 10) to indicate TCPI EAC - CPI  . 5.00%
movement from prior EAC.

ITD Contract Mods / Original Base value 5.00%

[2] Current Month BCWS - Same Month BCWS from 6 months earlier/Same Month BCWS from 6 months earlier NA

Group Rating 1 1 L E G E N D S
BEI,  SPI  &  CPI TCPI  &  Contract Mods

Exceptional    Metric  >= 1.04    Metric   <= 2.5%
Good 1.04 >  Metric  >= 0.98 5.0%  >= Metric  > 2.5%

Marginal 0.98 >   Metric  >= 0.95 10.0% >   Metric   > 5.0%
Unsatisfactory 0.95 >   Metric      Metric >= 10.0%

CPLI Baseline Revs
   Metric  >= 1.05    Metric  <= 1.5%

1.05 >  Metric >= 1.00 3.0% >=   Metric  > 1.5%
1.00 >   Metric   >= 0.95 5.0% >   Metric   > 3.0%
0.95 >  Metric      Metric >= 5.0%

Primary Trip Wires Secondary Trip Wires

[1] For Programs that are not Network Schedule driven, use alternate 
CPLI calculation in column  L.
[2] BCWS Comparison is in 6 month increments.  If same month 
BCWS does not exist 6 months previous, use the BCWS from the 
earliest month available

I  N  P  U  T  

Metrics indicative of Buying 
Agency performance.

FY06 FY08 FY10 FY12

MS B
Aug

Award

EUT (Test/Demo)

MS C
FY11FY09FY07FY05

FUE

IOT&E

LRIP FRP

Yearly
FRP

OptionsDown Select - 1 ContractorSystem Integration & Demonstration

SDRIPR 1IPR 2

JROC

Phase 1 Phase  2
PDR

PRR
Program X

Award EOA Start
Aug

DT/OT/LUT Start

All PDRs 
Complete

CDR
FQT

Pre-EDMs Delivered
to Gov’t (28)

EDMs Delivered (260)

Programs

Program Y

Program Z

SDD Phase
LRIP 1

TRR LRIP 2

MS B MS C
ASARC/DAB

LRIP 1 AwardFUE

IT/UT
FT1

IT/UT
FT2

IT/UT
FT3

LUT
IT/UT
FT4

IT/UT
FT5

LUT2 LUT3 LUT4

SDD Contract
CompleteC

4
I
S
R

D
e
v

Test & Upgrades

SoS Integration & Test

Prototypes
Begin C4ISR SIL Testing

First Emulators
Needed

First Brass Boards
Needed

First Prototypes
Needed

Platform Development/Integration/Test

MS C

CDR/
TRR

OTRR PCA

PDR CDR
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0.34
0.46

0.69

0.44

1.33

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

Jul-07 Aug-07 Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08

P
e

rc
e

n
ta

g
e

0

500

1000

1500

2000

2500

3000

T
o

ta
l 

T
a

s
k

s

BEI, current Baseline cumulative Actual Cumulative

0.84
0.73

0.28

0.92

1.56

0.93

0.72

0.34
0.46

0.69

0.44

1.33

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

Jul-07 Aug-07 Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08

P
e

rc
e

n
ta

g
e

0

500

1000

1500

2000

2500

3000

T
o

ta
l 

T
a

s
k

s

BEI, current Baseline cumulative Actual Cumulative

MS B

RFP

C
D
RSFR

SRR

CT/D
T/IT/L

og 
Demo

PDR E
M
D 
A
w
ar
d

MS A

L
U
T

Aw
ar
d 

(2) 

M
S 
C

EMD Down-select
LRIP
Award

4 mo

Contracting

10 mo

Decisions

T&E /
Prototyping
SE / Tech Reviews

TD Source Selection

Contractor SIL standup; use of G

TRAIBR

6

m
o

CDD 
Draft 

/ 
Staff

CPD 
Draft 

/ 
Staff

IPRs; Potential Off-ramps

P
R
R

F
C
A

Lo
ng 
lea
d 
ap
pro
val

*or option in TD contractTDS 
Approval

CDD 
Appro

val

CPD 
Appr
oval

TEMP / SEP 
ApprovalASR 

ApprovalTES 
Approval

TEMP / SEP 
Update

EMD RFP

MDD
ICD

AoA
E
U
T

EMD Phase LRIPBridge
Contract*

Performance 
– KPP/KSA progress
– TPMs
– Reliability growth curve
– TRLs

RIG
HT

Probability of achieving the desired 
effect P(E|D) = 75.6%
CASTFOREM* Analysis, Spring 09

All platforms meet KPP threshold Ao 
85%. KSAs Ao 95% falls short.
The MR weighted mean of all MGV 
vehicles is .096 
LRR RAMT Analysis, Spring 09
Collective 
Tasks/TARs -
455
LBS Tasks/TARs 
- 389
Individual Tasks -
4,769

Training IPT 
Analysis Spring 
09

Threshold protection is being met. 
Low probability encounter threats 
are at some level of red
Analysis of CASTFOREM*, ARL-
SLAD, and AMSAA data inputs, 
Spring 09

Message Completion Rate 
(MCR) = 88.18%
Message Timeliness Rate 
(MTR) = 93.4%
CASTFOREM* Analysis, 
Spring 09Air 

C
-130 - 860 nm (No MGVs) 19 ton 
payload

C
-17 - 2,250 nm  80 ton payload
Sea

J
HSV - 1,100 nm 600 ton payload
LRR Deployment Analysis, Spring 09

* All CASTFOREM 
analysis is based on the 
LSI Urban Assault SoS 
PDR Baseline, May08 
DCB, and Aug 07 URS

Protecting crews and 
passengers from life 

threatening incapacitation 
from: XXmm; XXmm 

against frontal XX degree 
arc; RPG; ATGM; and 

HE/HEAT

The FCS FoS must support 
Net-Centric military

operations. The FCS must be 
able to enter and 

be managed in the network, 
and exchange data in a 

secure manner to enhance 
mission effectiveness. 

65% probability of achieving 
the desired effect, 

given a decision to employ an 
effect Multimodal transportable to 

a 
range greater than 250 nm

Network dependable and 
capable of functioning

degraded, (> 80% static, > 
75% mobile)

Ao >85%, maintenance 
ratios < 0.10 

(except for the Class IV 
UAV <1.1)

90% platform individual, 
crew, leader tasks &
90% collective tasks 

support a mission 
rehearsal up to company 

level

TKPP 2 O

TKPP 7 O

TKPP 6 O

TKPP 5 O

TKPP 4 O

TKPP 3 O

Threshold Metric SoS PDR Baseline Assessment

Evaluation based on the CJCSI 
6212.01 rev D Checklist and 
results from NR Summit show 
threshold levels will be met.
CJCSI 6212.01 rev E under 
evaluation for cost/schedule 
impacts 
Analysis by Capabilities Leaders, 
Risk focal, PM, and SME, Spring 
09

IOC

IOC

IOC

IOC

IOC

IOC

C
S
P

C
S
P

C
S
P

C
S
P

C
S
P

C
S
P

C
S
P

PM
Cur
rent
Stat
us

KPPs are assessed against established JROC measures and criteria for 
MS C / IOC

TKPP 1 OT= 
Thresh

old

O= 
Objecti

ve
IOC

Predicted 
Performance

Net Ready

Net Battle 
Command

Net Lethality

Trans/Deploy

Sust/Reliabil
ity

Training

Survivability

SITL 
baselined 
tasks
to measure 
achievement
of KPP 6 
criteria of 90%
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IOT&E

10% OT
Degradation

80% Confidence
Lower Bound

3840
hours

1040
hours

3200
hours

nmi
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A/C Operating Weight Klb
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Aerodynamic Drag counts
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Operational Availability %
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Electrical Power Util kVA

200 190 180 170 160 150 140 120
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– Risk cube and Burn-down 

curve
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Production
– Build-to-Package completions
– Traveled work
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– First pass yields
– Touch labor hours
– Etc.
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Software 
– SLOC
– Productivity
– Reuse
– Defects

As of 5/10/07Projection at CDR Comment
MS Software P 61.8%A 61.5%

Radar P 97%A 95%
Acoustics P 68%A 64%Late delivery of full functionality for build 2ARecovery plan is in work
MAD P 95%A 95%

Excellent supplier

EO/IR P 91%A 90%Back plane manufacturing and aero loads are sliding scheduleSoftware is showing late to plan due to hardware issues
ESM P= 93.4%A = 93%Software impacted by IDD developmentSoftware is showing late to plan due to Herleysuspension
EWSP P 99%A 99%Working way forward to incorporate ALQ 213

SMS P 70%A 70%Recovery plan in place, Requirements baseline completedIPR scheduled for 5/24/07 (Compressor, SLS, BIT)
NSS P 100%A 100%Software is in maintenance mode (SPR process)

DVR P 100%A 100%Software is in maintenance mode (SPR process)

ICS P 98% A 97%Block 3 development will be delayed due to hardware available oftestSCP 04 will have some impact to SW dev, Functional equivalent delivered to MSIL
HF P 100%A 100%Software dev is complete, early to need date

RTP P 100%A 100%Software dev is complete, early to need date

INMARSAT P 100%A 100%
Software dev complete, on track to replan

Software Test

As of 5/10/07Projection at CDR Comment
P 61.8%A 61.5%P 97%A 95%P 68%A 64%P 95%A 95%P 91%A 90%P= 93.4%A = 93%Software impacted by IDD development
P 99%A 99%Working way forward to incorporate ALQ 213
P 70%A 70%P 100%A 100%P 100%A 100%P 98% A 97%P 100%A 100%P 100%A 100%P 100%A 100%

Software Test

Software Requirements and Development Template
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Sample Metrics
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Materiel
Solution
Analysis

Technology
Development

Engineering and 
Manufacturing Development Production & Deployment Operations & SupportA

FRP
Decision
Review

Post CDR 
Assessment

Phases

Work
Efforts Materiel Development 

Decision

B C
IOC FOC

Integrated Sys
Design

Sys Capability & Mfg 
Demonstration

Life Cycle
Sustainment

Activities Pre-Systems Acquisition Systems Acquisition Sustainment

Assessment (PSR Summary/recommendation tracking, QUAD charts, etc.) 

Cost (EVMS - CPI,SPI, variances,  burn rate, 

Manufacturing (MRLs, Equip/Facilities, Supply Chain, etc.)

Schedule (Tier 1, Critical path, schedule risk assessment, late starts/finishes,FoS/SoS schedules, etc.)

Software (SLOC, productivity, reuse, defects, etc.)

Performance (KPP/KSA progress, TPMs, reliability growth. TRLs, etc.) 

Management (Staffing, Risk cube and burn-down curve, exit criteria,, etc.)

T&E (Schedules, CTPs, MOE/S, retest, verification status)

Reliability,

TRA
TRA

ITR ASR SRR SFR TRR PCA

OTRR

ISRSVR

OTRR
Reviews
Technical

IBR IBR

Time-based Metrics
Related to Lifecycle Activities

Integration

Special 
Interest 
Areas 

Tailored by 
Phase

Post PDR 
Assessment

PDR CDR
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Sample Metrics (Notional)
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Systemic Root Cause Analysis
Top Negative Findings Sep. 2010

Rank Systemic Finding % 
Reviews 

 Staffing – 50%, 4  (%of reviews,  # of Systemic Findings)  
1 Marginal program office staffing 31 
12 Program Office has clear lack of acquisition or specialized expertise 17 
 Management – 77%, 17  
2 Progress is impeded by lack of good communications between Govt and 

contractors 
24 

9 Risk management tools and methodology are not sufficient 18 
 Systems Engineering – 34%, 2  
3 Program has inadequate system engineering process 23 
10 Incomplete or missing a systems engineering plan (SEP) 17 
 Verification – 35%, 4  
4 Test schedule is aggressive/success oriented/ and highly concurrent 23 
14 Testing is incomplete or inadequate 17 
 Budget – 20%, 1  
5 Current program budget is not sufficient to execute the proposed program 20 
 Requirements – 54%, 6  
6 Requirements are not stable 20 
7 Requirements are vague, poorly stated, or not defined 20 
8 Requirements creep 18 
 Schedule – 44 %, 4  
13 Program does not have an IMS or does not have a current IMS 17 
 Reliability –34%, 4  
18 Reliability is not progressing as planned or has failed to achieve 

requirements 
14 

26 Reliability test program is needed; Reliability growth program not in place 14 
35 Reliability currently based on analytical predictions and won’t be 

demonstrated until late in program 
10 

 

Analyzed  in 
conjunction 

with
quantitative 

metrics 
results
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Information to Inform 
Decision Making

SE Metrics Context

Program 
Touchpoints

SRCA

Metrics

AT&L History

C&T Duration (Month) vs Effective 
SLOC

Individual program 
comparison versus 

benchmarks

Rank Systemic Finding % 
Reviews 

 Staffing – 50%, 4  (%of reviews,  # of Systemic Findings)  
1 Marginal program office staffing 31 
12 Program Office has clear lack of acquisition or specialized expertise 17 
 Management – 77%, 17  
2 Progress is impeded by lack of good communications between Govt and 

contractors 
24 

9 Risk management tools and methodology are not sufficient 18 
 Systems Engineering – 34%, 2  
3 Program has inadequate system engineering process 23 
10 Incomplete or missing a systems engineering plan (SEP) 17 
 Verification – 35%, 4  
4 Test schedule is aggressive/success oriented/ and highly concurrent 23 
14 Testing is incomplete or inadequate 17 
 Budget – 20%, 1  
5 Current program budget is not sufficient to execute the proposed program 20 
 Requirements – 54%, 6  
6 Requirements are not stable 20 
7 Requirements are vague, poorly stated, or not defined 20 
8 Requirements creep 18 
 Schedule – 44 %, 4  
13 Program does not have an IMS or does not have a current IMS 17 
 Reliability –34%, 4  
18 Reliability is not progressing as planned or has failed to achieve 

requirements 
14 

26 Reliability test program is needed; Reliability growth program not in place 14 
35 Reliability currently based on analytical predictions and won’t be 

demonstrated until late in program 
10 

 

Performance Across 
Programs

Systemic Root Cause Analysis

• Policy/Guidance
• Education/Training
• Recommendations
• Metrics/Benchmarking
• Best Practices

Domain Management

Information to Inform…

Feedback thru
continuous 

program engagement
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Conclusions

• Corporately we need to…
– Improve our ability to track Execution to Plan
– Provide better visibility to stakeholders
– Provide framework for accurate and timely issue 

identification/prediction
…in order to 

– Reduce cycle time and get required capability to 
warfighter quicker, more effectively and within 
budget
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For Additional Information

Pete Nolte
ODDR&E/Systems Engineering
(703) 602.0851 x120 | Peter.Nolte@osd.mil

Laura Dwinnell
FASI

(703) 602.0851 | Laura.Dwinnell.ctr@osd.mil
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Systems Engineering:
Critical to Program Success

Innovation, Speed, and Agility
http://www.acq.osd.mil/se
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16

SE Products (in Progress)

AT&L History

C&T Duration (Month) vs Effective 
SLOC

Individual program 
comparison versus 

benchmarks

Indicators

-2

3

8

13

18

A B C D

No Deficiency 
Noted
Status Unknown*

Deficiency Noted

Performance Across 
Programs

Systemic Findings 2010; Example - Software
• Software Development Plans do not exist, or lack needed information, outdated - 14% MDAP reviews conducted
• Significant variation in software development estimates – 13%
• Actual software reuse achieved significantly less than planned – 11% 
• Lack of metrics prevent accurate awareness of software activities in each development phase – 10% 
• Software requirements are ambiguous; not fully specified, developed and managed – 10%

Systemic Analysis

Program A

Program B

Program C
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