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F/A-18 Advanced Weapons Lab
Software Development Team

“Fleet Products Developed Utilizing 
Measurement”

Claire Velicer & Sharon Juarez
F/A-18 Software Development Task Team
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What We Do

The Advanced Weapons Lab, China Lake -- where Sensor 
/ Smart Plane / Smart Bomb combinations are developed, and 
wired together to test their real-world, real-time performance 
- including full-scale, in-lab mock-ups prior to flying..
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AWL PRODUCTS
• System Configuration Sets

– Additions to, and modifications of, nearly 12 
million lines of software code

• Acquisition Products - stand alone RDT&E 
projects

• Weapon Integrations
• Fleet Response 

– System problems and new, unpredicted threats
• 7 Foreign Military Sales customer 

requirements
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WEAPONS INTEGRATION
ACQUISITION PRODUCTS

ADVANCED SYSTEMS
FOREIGN MILITARY SALES

WEAPONS INTEGRATION
ACQUISITION PRODUCTS

ADVANCED SYSTEMS
FOREIGN MILITARY SALES

WEAPONS INTEGRATION
ACQUISITION PRODUCTS

ADVANCED SYSTEMS
FOREIGN MILITARY SALES
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Task Team
Lead (TTL)

Project 
Task 

Lead (TL)
Project TL

SMS STL

Project TL
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SWDTT Organization
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SWDTT Mission

• The F/A-18 Software Development Task Team 
(SWDTT) will: 
– Provide leadership and expertise in software 

development and systems engineering to our 
customers. 

– Produce high quality and defect free 
products that provide our customers 
with expanded capabilities to 
accomplish their missions. 

– Provide challenging and meaningful work, while 
promoting the personal and professional growth of 
our workforce. 
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F/A-18 SYSTEM UPGRADE
LIFE CYCLE
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Operation for E/F Aircraft
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SYSTEM LIFE CYCLE
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FOOTNOTES: aE/F EMD PCA is tied to LRIP II; SOR is Governments portion to FRD CDRL ; SOF is the contractor deliverable item as part of the FRD CDRL; SDP is 
NAWCWD’s System Development Plan; TP is NAWCWD’s Integration Test Procedures document used with the MTP.
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OT   
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Pre SCRB

Subsys
Int. &
Test

Verification
ValidationDesign Fleet
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Requirements Development
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Proj A Proj B     Proj C Proj D
Schedule MC SMS MC SMS  MC SMS  MC SMS

Total OFP Size in SLOCs 26659 3 0411 1385 23715 172 1 40519 N/ A
3 6534 36241 34701

Development  Time  ( mont hs)
System Req Analysis  (preSCRB-SCR) 7 2
System Design                  ( SCR-SDR) 7 6

Subsystem Prel-Design   ( SDR-PDR) 8 8
Subsystem Design             ( PDR-CDR) 7 5
Subsystem Dev. Test          ( CDR-TRR) 2 3
Subsystem CSCI                (TRR-BRR) 1 1

System Dev. Test               ( BRR-SQR) 13 9
System V&V Test             ( SQR-OTRR) 7 7
System FOT&E                  ( OTRR-RR) 6 4
Total development     ( SCRB-BRR) 25 23

Total System     ( preSCRB-FOT&E)  45 45 47 44

Man Power Resource
Leads 1 1
SSE 3 4
STE
Support

Total Average Personnel 9 .1 9.42 7 .42 12 .67 N/ A

Total Man hours 59719 6 1819 50858 81299

Man Hours per SLOC 2.24 2.03 2 .14 2 .01 note: not  com

MDA's Man Hours per SLOC 2 .8 2.8 2 .8

COCOMO est. Modeling
Man Mont hs=3 .6( .001*SLOC) to1 .2 185.06 0 216.74 5.3216 160.82 6.9 1 305 .84

Productivit y = SLOCs /  Man Mont hs 144.06 140.31 260 .26 147.47 24 9.2 0 132 .48

Schedule = 2.5(Man Mont hs) to .32 13.29 0 13.98 4 .27 12 .70 4.6 4 15 .61
note:schedule is only SSE ( SDR-BRR)

Activity
J

1993 1994 1995 1996 1997

JA

SCRB
Requirements Analysis
System Design
Preliminary Design

Detailed Design
Code/CSCI Test
System Design (B3)
Preliminary Design (B3)
Detailed Design (B3)
Code/CSCI Test (B3)
Development Test
V&V
OTRR
FOT&E

Schedule

Cost,  Schedule &
Lessons Learned

Product Quality
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SCS REQUIREMENT 
VOLATILITY
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Why Metrics Matter to Us
Project Management and Improvement
• Project Management

– Understand where our projects are
– Are we on schedule?
– Are we on budget?
– Is our productivity as planned?
– What is our estimate to complete?

• Why Improvement 
– Better quality products to the fleet sooner
– More value for the $ to the warfighter

• How is our production process performing?
• Where are our major costs?
• Where are the escapes in our process?
• Where can we improve?

– If you can’t measure it – how do you know you’ve made it better or not?
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Level 5 Metrics Overview
 
 
         
 
 
 
Software Project 

Planning 
 
Initial Plan based 
on “Best Guess” 
 
Subsequent Plans 
based on data 
collected in 
SPT&O 

Quantitative 
Process 

Management 

Software Project 
Planning 

Quantitative 
Process 

Management 
Historical metrics 
are analyzed to set 
goals and 
acceptable ranges 
for productivity / 
performance in 
future projects 

Software Project 
Tracking and 

Oversight 
 

Product size, and 
development 
productivity 
metrics are 
collected and 
compared to the 
plan established in 
SPP.    
 
Metrics collected 
here are used for 
future SPP 
activities. 

Level 4 Level 5 Level 3 Level 2 

Software Project 
Tracking and 

Oversight 

Integrated 
Software 

Management 
Metrics from All 
Projects are 
combined and 
used for SPP, and 
to spot problems 
in this project 

Peer Reviews 
Peer Reviews are 
held, and 
performance/ 
productivity 
metrics are 
collected 

Software 
Product 

Engineering 
Defect metrics 
from Peer 
Reviews and 
SARs are 
collected 
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Planning 

Software Project 
Planning 
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Software Project 
Tracking and 

Oversight 

Integrated 
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Management 

Peer Reviews 
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Product 

Engineering 
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Management 

Peer Reviews 
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Product 

Engineering 

Software Quality 
Management 

Defect / 
Requirement 
metrics are 
analyzed to set 
goals and 
acceptable ranges 
for Software 
Quality in future 
projects 

Software Quality 
Management 

Defect 
Prevention 

Metric and causal 
analysis is done to 
spot potential 
problems and take 
corrective action, 
before the 
problems can 
occur 

TTL, TL, STL 

MUG / PMCG 

SSE, STE 
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Activity Name
J ASONDJ FMAMJ J ASONDJ FMAMJ J ASONDJ FMAMJ J ASONDJ FMAMJ

1993 1994 1995 1996 1997

J ASONDJ FMAMJ J ASONDJ FMAMJ J ASONDJ FMAMJ J ASONDJ FMAMJ

SCRB

Requirements Analysis

System Design

Preliminary Design

Detailed Design

Code/CSCI Test

System Design (B3)

Preliminary Design (B3)

Detailed Design (B3)

Code/CSCI Test (B3)

Development Test

V&V

OTRR

FOT&E• Planning:
– Archive and use historic data
– Compare historic data to cost model
– Developed procedure for:
– Impact statement
– Preliminary based on SLOCs
– Final estimate based engineer looking             

at SSDD
• Tracking:

– WBS tracking earned value
– Close work package based on quality

Repeatable Method of 
Planning and Tracking
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Project Management 
Metrics
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Project Management 
Metrics

Project 1

Itemized Requirements List

Project 1

Itemized Requirements List
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Project Management 
Metrics
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Quantitative Project Management

Inspection 
logs

Preparation Rate 
(pages or SLOCs

per hour)

Inspection Preparation Rate should be no greater 
than 200 SLOCs/hour or 20 pages/hour. 
Terminate inspection if this has not been met

Inspection 
logs

Defect DensityRe-inspect packages when Major Defect Density 
exceeds .02 defects/SLOC (20 defects/KSLOC) or 
.2 defects/Page (20 defects/100 Pages)

Inspection 
Summary / 

Excel

Defect Density 
(Defects found per 
KSLOC or per 100 

pages)

Track actual defect density against expected per 
life cycle phase, explaining or taking corrective 
action on any inspections where the defect 
density exceeds the Upper Control Limit (UCL) 
calculated on historical data.

Defect Removal

MS Project / 
Excel / Time 

Tracker 3

SPI, CPITrack SPI, CPI and explain and/or take corrective 
action for indices below .75 or above 1.5

Performance
By Project

MS Project / 
Excel / Time 

Tracker 3

SPI, CPITrack SPI, CPI and explain and/or take corrective 
action for indices below .5 or above 2

Performance
By SOR

CollectionMetricGoal
Area

Quantitative Process Management and Software Quality Management Goals

• Set for each project

• Recorded in the 
Software Development 
Plan

• Monitored on a regular 
basis
– Statused formally 

once a month in 
project status 
report

• Evaluated by Metrics 
Utilization Group to 
determine appropriate 
thresholds
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Examples
• Cumulative hours burned on a project was 

below the threshold set in the goals
– Action taken evaluate each 

individual SOR and see 
which ones were on/off plan

• Change in requirements? 
• System not maturing?
• Impacts approved to 

program?
– Re-plan where necessary

• Update estimates for 
affected SORs

• Adjust cost and schedule
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Examples

– Can work be re-scoped?
– Is productivity what was 

expected?
– Productivity –

• Plan for average engineer 
• Do you have some with 

outstanding productivity 
numbers? Can you utilize 
this to make up schedule?

• Maximize the use of your 
work force

Staffing Issues 
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Proj 2 Milestones

Proj 2 Compressed
Effort

Proj 2 Sysgens

Proj 2 Milestones

Proj 2 Compressed
Effort

Proj 2 Sysgens

Project 2 Schedule

These are three late requirements
That we were able to accommodate 

• Very good estimate
• Could make the right engineers available
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Formal Product Inspections
What are Inspections?

Peer reviews of software, test, and 
documentation products during each of the 
software development phases

Why do we perform Inspections?
Find errors early in the process when errors 
are less costly to fix
Correct non-defects that may lead to 
maintainability problems
Used for process quality control
Ensure that a quality product is being 
developed

Who is involved with Inspections?
Customer, TL, STL, SSEs, STEs, Human 
Factors, SQA, SCM (potentially any SWDTT 
member)

What type of defect data is collected?
Time spent on review (prep rate)
Severity of Defects: Major or Minor
Class:  Wrong, Missing, Extra, Unsure 
Types: Clarity, Complexity, Data, and many 
more

Inspections remove defects earlier and cheaperInspections remove defects earlier and cheaper
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Learn and Learn and 
Improve from Improve from 

DefectsDefects

FORMAL DEFECT REMOVAL 
PROCESS

FORMAL DEFECT REMOVAL 
PROCESS

We use peer review and testing defect data to determine
maturity of product and process control

FRDFRDFRD

Software Inspection

System
Design

Software InspectionSoftware Inspection

SystemSystem
DesignDesign

Software Inspection

Subsystem
Requirements

Software InspectionSoftware Inspection

SubsystemSubsystem
RequirementsRequirements

Software Inspection

Software 
Design

Software InspectionSoftware Inspection

Software Software 
DesignDesign

Software Inspection

Source Code

Software InspectionSoftware Inspection

Source CodeSource Code

Development
Test

DevelopmentDevelopment
TestTest

Subsystem
Integration

Test

SubsystemSubsystem
IntegrationIntegration

TestTest

System
Integration

Test

SystemSystem
IntegrationIntegration

TestTest

FOT&E
Temp Test

“Software Annex”

FOT&EFOT&E
Temp TestTemp Test

““Software AnnexSoftware Annex””

data drivendata driven
checklistschecklists

StatisticalStatistical
ProcessProcess
ControlControl
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Defect Types
 

T y p e  K e y  Q u e s tio n s  
1 . C la ri ty  1 .1 . D o e s e a c h  c o d e  b lo c k  h a v e  a  u n iq u e  la b e l th a t m a tc h e s  th e  f lo w  c h a r t?  

1 .2 . D o  c o d e  b lo c k  c o m m e n ts  m a tc h  f lo w  c h a r t b lo c k  c o m m e n ts?  
1 .3 . A re  th e  sc a lin g  c o m m e n ts  c o rre c t?  
1 .4 . D o  th e  ro u tin e  h e a d e rs  m a tc h  th e  ro u tin e  h e a d e r  te m p la te ?  
1 .5 . A re  d e sc rip tio n s in  c o m m e n t f ie ld s  a c c u ra te  a n d  c o m p le te ?  
1 .6 . A re  th e  c o m m e n ts  c o n s is te n t a n d  c o m p lia n t w ith  th e  F M S  R e le a sa b ili ty  G u id e lin e s  

(P h ra se  T ab le )?  
2 . C o m p le ten ess  2 .1 . A re  a n y  b lo c k s fro m  th e  flo w  c h a r t m iss in g  fro m  th e  c o d e ?  

2 .2 . D o e s th e  c o d e  im p le m e n t th e  d e s ig n ?  
2 .3 . H a v e  ta g s b e e n  in se r te d  in  a c c o rd a n c e  w ith  th e  R e le a sa b ili ty  G u id e lin e s?  

(S O R  R e le a sa b ili ty  M a trix )  

3 . C o m p le x ity   

4 . C o n s is te n c y  4 .1 . I s  th e  e x is tin g  m o d u le  sc h e m e  fo r s a v in g  re tu rn  a d d re sse s  c o n tin u e d ?  
4 .2 . D o  Ju m p  in s tru c tio n  m a tc h  flo w  c h a rt  la b e ls?  
4 .3 . I s  th e  n a m e  o f a  n e w  S Y S P R O C  in  th e  h e a d e r  a n d  fo o te r   (C M S )?  
4 .4 . I s  th e  h e a d e r  b lo c k ’s  O P T IO N  fie ld  se t -u p  c o rre c tly   (C M S )?  
4 .5 . A re  p a ra m e te rs  m o d ifie d  b e fo re  b e in g  sa v e d ?  

5 . C o n s tra in ts  5 .1 . D o e s th e  c o d e  a d h e re  to  th e  c o n s tra in ts  id e n tif ie d  in  re q u ire m e n ts  a n d  d e sig n ?  

6 . D a ta  6 .1 . A re  a ll  d a ta  p a ra m e te rs  in  th e  p a ra m e te r  d a ta b a se ?  
6 .2 . D o  S to re /L o a d  fo r  m u ltip le  in s tru c tio n s  a c c e ss  c o r re c t n u m b e r  o f  w o rd s?  
6 .3 . D o  p a ra m e te rs  o f le s s  th a n  1 6  b its  u se  th e  c o rre c t m a s k ?  
6 .4 . A re  th e  p ro p e r te m p o ra ry  (V V x x x x )  v a r ia b le s  b e in g  u se d ?  
6 .5 . D id  y o u  e n su re  th a t th e  s ig n  b i t is  n o t in a d v e rte n tly  o v e rw r itte n ?  
6 .6 . C a n  th e  d a ta  b e  o u t o f  ra n g e ?  

7 . E rro r H a n d lin g  7 .1 . I s  d iv is io n  b y  z e ro  a v o id e d ?  
7 .2 . I s  th e re  a n y  o v e rflo w /u n d e rflo w /u n w a n te d  tru n c a tio n  d u rin g  c a lc u la tio n  o r  sh i ft in g . 

8 .
 F u n c tio n a l
i ty /L o g ic  

8 .1 . A re  l i te ra l  in stru c tio n s  u se d  w h e n  lo a d in g  v a lu e s le s s  th a n  1 6 ?  
8 .2 . A re  o v e r flo w /u n d e rflo w  c o n d itio n s a d d re sse d  d u rin g  c a lc u la tio n s a n d  b it sh i f tin g  

( sc a lin g )?  
8 .3 . A re  th e  sc a le  v a lu e s  u se d  d u rin g  o p e ra tio n s c o rre c t 
8 .4 . A re  th e  re g is te r/p a ra m e te r  u sa g e  fo r  A Y K -1 4  a rith m e tic  o p e ra tio n s c o rre c t?  
8 .5 . A re  th e re  a n y  re g is te r  c o n flic ts  b e tw e e n  ro u tin e s  a n d  th e ir  c a lle r s?  

9 . In i tia l iz a tio n  9 .1 . A re  In itia l  e n try  v a lu e  o f  re g is te rs  sa v e d  w h e n  n e c e s sa ry?  
9 .2 . I s  th e  S ta c k  p o in te r  p ro p e rly  in itia le d  b e fo re  th e  ro u tin e  c a ll . 

1 0 . In te rfa c es  1 0 .1 . A re  th e  R e g iste r s  c o rre c tly   lo a d e d  p rio r  to  in v o c a tio n  o f  a  m a th  s u b ro u tin e . 

1 1 . T B D  1 1 .1 . I s  th e re  a n y  p o rtio n  o f  th e  c o d e  th a t h a s  n o t y e t b e e n  d e te rm in e d ?  

1 2 . N ew /C h a n g ed  1 2 .1 . H a v e  a n y  n e w  re q u ire m e n ts  su rfa c e d  th a t h a v e  n o t b e e n  a d d re s se d ?  
1 2 .2 . H a s a  re q u ire m e n t c h a n g e d ?  

1 3 . R eso u rc e  
M an a g em e n t 

1 3 .1 . H a s th e  c o d e  b e e n  w r itte n  to  c o n se rv e  sc a rc e  re so u rc e s?  

1 4 . S tan d a rd s  1 4 .1 . H a v e  a ll  s ta n d a rd s b e e n  fo llo w e d ?  
1 4 .2 . D o e s th e  s ty le  c o n fo rm  to  p o lic y , p ro c e ss , a n d  p ro c e d u re ?  
1 4 .3 . H a v e  F M S  ta g s fo llo w e d  th e  R e le a sa b ili ty  P ro g ra m  P a c k a g e  U se r’s  G u id e ?  

1 5 . T e s ta b ility  1 5 .1 . I s  th e  c o d e  te s ta b le ?  

1 6 . T ra c ea b ili ty  1 6 .1 . I s  th e  c o d e  tra c e a b le  to  th e  d e ta ile d  d e sig n ?  

1 7 . N o n  C o d in g  1 7 .1  I s  th e  p a c k a g e  c o n te n t c o m p le te ? . 
 

• List of Defect types unique 
to every phase and 
subsystem

• Refined by metrics 
feedback from past 
inspections

• Used by engineers to 
categorized the defects 
found in during Product 
Inspections

PSM Conference    24
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Sample Inspection Log
Proj 2Proj 2

Proj 2Proj 2
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Defect Type Distribution
19C B2 MC Coding Defect Types
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19C B3 MC Coding Defect Types
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Subsystem Phase Package Size Unit Size limit

Prep. 
Rate (per 
hour)

Major 
Defect 
Density

MC System Requirements pages 50 20 0.2
System Design pages 50 20 0.2
Preliminary Design pages 50 20 0.2
Detailed Design pages 50 20 0.2
Code SLOCs 500 200 0.02

SMS System Requirements pages 50 20 0.2
System Design pages 50 20 0.2
Preliminary Design pages 50 20 0.2
Detailed Design pages 50 20 0.2
Code SLOCs 500 200 0.02

SRMS System Requirements pages 50 20 0.2
System Design pages 50 20 0.2
Preliminary Design pages 50 20 0.2
Detailed Design pages 50 20 0.2
Code SLOCs 1000 400 0.02

EOPT System Requirements pages 50 20 0.2
System Design pages 50 20 0.2
Preliminary Design pages 50 20 0.2
Detailed Design pages 50 20 0.2
Code SLOCs 1000 400 0.02

ADVSYS System Requirements pages 50 20 0.2
System Design pages 50 20 0.2
Preliminary Design pages 50 20 0.2
Detailed Design pages 50 20 0.2
Code SLOCs 1000 400 0.02

OTHER System Requirements pages 50 20 0.2
System Design pages 50 20 0.2
Preliminary Design pages 50 20 0.2
Detailed Design pages 50 20 0.2
Code (Assembly) SLOCs 500 200 0.02
Code (HOL) SLOCs 1000 400 0.02

Package Size Table

• Recommended Package size 
by processor by phase

• Recommendation is results of 
metrics analysis 

– Defects/page
– Prep rate 
– Major Defect Density

• Moderator is responsible for 
making inspection pass/fail 
determination

– Thresholds are allowed to be 
crossed with justification

– Failure requires rework and 
re-inspection
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Metrics Analysis

• This is a sample from 
Project 1 Build 1 CDR

• Plots Defect Density
• Plots Prep Rate
• Looking for outliers

– If found need an 
explanation why or 
should re-inspect

19C Build 1 Process Stability
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Project 1 Build 1 Process Stability

Normalized Prep Rate
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Defect Types
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Metrics Analysis
• Defect Density vs Package size

– Very controversial with team
– This dictated a procedural change 

to smaller package sizes
– Issues with institutionalization

• Engineers were meeting the 
package size

• Packages were too small from the 
perspective that the subdividing of 
design material was causing 
continuity errors to be missed

• Resulted in education that 
package size was a guideline and 
engineering judgment should be 
used to not only make 
manageable sized packaged, but 
logical engineering segments in 
each package

Defect Density vs Package Size
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Metrics Analysis

• Adequate Prep Rate
– Helps indicate quality of 

review
– Cancel review if prep rate 

not met
– Not cost effective to over-

prep

• Guidelines for prep-rate 
were established based 
on performance 
analysis of previous 
inspections

 Defect Density vs Prep Rate
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Metrics Analysis
• Project 1 Build 1 Coding metrics sample

B1 CODING Major Defect Density vs. Package Size
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Metrics Analysis

• Root cause analysis
– Cause of most errors
– What changes can you 

make to “prevent” that type 
of error

• Escapes
– Phase error found in 

versus phase error 
introduced

– Can measure errors that 
have escaped from the 
previous phase

– Determine impact of 
escapes on quality

19C Build 1 MC Code Defect Types
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Key Elements of Software Production

Maturing OrganizationMaturing Organization

Maturing Product QualityMaturing Product Quality
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Challenges
• Process Institutionalization

– The people aspect is the most challenging
– Have to earn their buy in and trust

• They perceive metrics as more work –
• The quality of the data is only as good as 

they give you

– Have to demonstrate how their investment in 
providing quality data makes a difference

– Many times charts/progress are only briefed 
up the chain to management – absolutely 
have to brief charts on a periodic basis to 
team to demonstrate 

• What’s been measured
• How changes have achieved goal
• How changes have not achieved goal and 

new plan

– Plan for resistance – but have a vision of 
where your measurement plan will lead 
your organization

For example
Peer Reviews were added to the engineering life cycle. 
This was perceived by the software engineers as more 
work
Peer Reviews added to the lifecycle improved the quality 
of the product delivered to the AWL
The payoff came in less integration testing during D&D 
and V&V

This graphic illustrates how Peer Reviews impacted 
product quality at the end of the product lifecycle and 
convinced the engineers to embrace the Peer Reviews
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$3.6 Million   Cost Savings

Demonstrated Results

Defects Found in System 
Integration Testing

1990 1993 1996

D
ef

ec
ts

 p
er

 K
SL

O
C 22.62

3.48
2.18

Proj A Proj B Proj C

Defects Found in System 
Integration Testing

1990 1993 1996

D
ef

ec
ts

 p
er

 K
SL

O
C 22.62

3.48
2.18

Proj A Proj B Proj C

Proj 1 OFP SAVES  $3.6M
578K

422K

2.6M

Less
Rework

Process
Efficiency

Hourly
Rate

Proj 1 OFP SAVES  $3.6M
578K

422K

2.6M

Less
Rework

Process
Efficiency

Hourly
Rate

CProj 1 OFP SAVES  $3.6M
578K

422K

2.6M

Less
Rework

Process
Efficiency

Hourly
Rate

Proj 1 OFP SAVES  $3.6M
578K

422K

2.6M

Less
Rework

Process
Efficiency

Hourly
Rate

C



18

PSM Conference    35
Approved for Public Release 265SPR-07.06

Moving Forward
Make process improvement cultural

“Steps” must be concurrent
“Steps” must be sustained

• Five Steps

– Education and 
Training

– Process 
Compliance

– Self-Assessment 
and Gap Analysis

– Translation into 
Engineering 
Concerns

– Improvement 
Initiatives
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