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The Key to project planning and (@PSEER
control are Lo ALO R ATH

Refined
estimates &

Viable Measurement
estimates as and
the basis of adjustment
during the

Repeatable
Processes

plans if the
project
changes

achievable
plans process
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People, Process, Technology Are (@PSEER
Keys Source CMMI Tutorial Pt

® Everyone realizes the importance of having a motivated,
quality work force but...

® ...even our finest people can’t perform at their best

when the process is not understood or operating “at its
I PEOPLE

TECHNOLOGY

Major determinants of
product cost, schedule, and
quality
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@ SEER

CMMI Repeatable Process Areas of Interest . . o« ar «
Quantitative Project Management

Estimate

Measure Monitor
& &
Analyze Control

line(s) &
IlgfcilrscflllActuals

A Foundation of Risk Management 5



ESTIMATION & PLANNING: an (@ SEER

Estimate Defined wG AL ORATH

* An estimate is the most knowledgeable statement you can
make at a particular point in time regarding:

— Effort / Cost
— Schedule
— Staffing
— Risk

— Reliability

® Estimates more precise with progress

° AWELL FORMED ESTIMATE IS A
DISTRIBUTION

Density
Confidence

Metric Metric



Poor Estimates Effects on @ SEER

PrOjeCtS by A L R A T H
® |naccurate estimates significant impact on project success:

— Poor implementations

— Critical processes don’t scale

— Emergency staffing

— Cost overruns caused by underestimating project needs

®* Lack of well defined objectives, requirements, &
specifications, results in creeping scope resulting in:

— Forever changing project goals

— Frustration: Death Marches

— Customer dissatisfaction

— Cost overruns and missed schedules
— Project Failures

®* Incorrect estimates / bad plans are a root cause of
subsequent program risk

Estimating & Planning are key to software project success
7

© 2008 Galorath Incorporated



10 Step Software Estimation GSEER

Process: )
Consistent Processes = Reliable
E S t | m at es A Arosch Publcations

Software Sizing, _
1.  Establish Estimation, and 10. T{ﬁfguzrr?éi?
Estimate Scope Risk Manggemen’r R—

When Performance is Measured
Performance Improves

Document Estimate

and Lessons
Establish Technical ; Learned

Baseline, Ground
Rules, Assumptions

Generate a
Daniel D. Galorath + Michael W. Evans Project Plan

Collect Data

Quantify Risks and
Risk Analysis

Estimate and Validate
Software Size . Review, Verify

and Validate
Estimate

Prepare
Baseline
Estimates
alorat ncorporated



Estimation Methods 1 of 2

‘@ SEER

Model L L
Description Advantages Limitations
Category
Quick Can obtain an No Basis or substantiation
Guessing Off the cuff estimates : y No Process
answer desired
Usually Wrong
Analo Compare project with past Estimates are based on Truly similar projects must
9y similar projects. actual experience. exist.
. . : Experts tend to be biased;
: Little or no historical . .
Expert Consult with one or more . ) knowledge level is sometimes
data is needed; good for . .
Judgment experts. . . guestionable; may not be
new or unique projects. :
consistent.
A hierarchical . .
. Provides an estimate , ,
decomposition of the . . Need valid requirements.
. . linked to requirements e : )
Top Down system into progressively Difficult to track architecture;
. ) and allows common . : )
Estimation smaller components is used engineering bias may lead to

to estimate the size of a
software component.

libraries to size lower
level components.

underestimation.
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Estimation Methods 2 of 2

‘@ SEER

ey G A L

Model Category

Description

Advantages

Limitations

Design To Cost

Uses expert judgment
to determine how
much functionality can
be provided for given
budget.

Easy to get under
stakeholder
number

Little or no engineering basis.

Equation with one or
more unknowns that

Some basis in

Simple relationships may not tell the
whole story

Simple CER's provides cost / data Historical data may not tell the whole
schedule estimate story
Models are Models can be inaccurate if not
Perform overall usually fast and . : _
estimate using design | easy to use, and properly calibrated and validated,
Comprehensive g g y ' historical data may not be relevant

Parametric Models

parameters and
mathematical
algorithms.

useful early in a
program; they are
also objective
and repeatable.

to new programs; optimism in
parameters may lead to
underestimation.

© 2008 Galorath Incorporated

10




Manual Estimates Human @ SEER
Reasons For Error e AL B AT

®* Desire for “credibility” motivates
overestimate behavior (80%
probability?)

— So must spend all the time to be “reliable”

— Better approach force 50% probability &
have “buffer” for overruns

® Technical pride causes underestimates

® Buy-in causes underestimates

Density

11
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Knowing Software Planning @SEER“
Possibilities Is Critical To Success vesrema T

For a given Size,Technology, Complexity & Probability

Reasonable
Plan Range

Minimum Time

Optimal Effort

SEER Software
Equations

Effort (person-months)

Inefficient

Elapsed Calendar Time (months)

© 2008 Galorath Incorporated



Software Estimation Basic Model & GSEERY
Associated Metrics ve AL o R ATH

Effective Technology Cte __

Development
Technology Legacy, :
Vi Maintenance/
aintenance
+ Specifics & Block Change
Effort People constraints Development
K P Process and/or Process
¥ Block Changes
| Staffa \4_ Defects As Redevelopment
ve complexity & -—‘ Count (Qi Qr)
D Constraints

R

: Size
=== | Delivered (Effective Se
Software | & Total St)

l

Size St Stakehold SoltWare
ize akeholder
ReuseDIT | Requirements | Development

Size Se
(work units)_ StartA Process

Arinish

—_—

Calendar Time

On-going lIterations of
Effort (ACWP or Spent)
Progress (BCWP or Earned Value)
Defects (Qi Qr)

Growth (Sg)
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Avoid “Death Marches” and Failed (@ SEER

Projects By Applying “Brooks Law” pe Ao R AT
12 1

© :

o 10+ Optimal

S Staffing

QL g Unaccomplished

LL

— Work Level

Sl Cost Staffing

g Overrun 4

S|

..__' Schedule

< Slip

5 2

0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46
Elapsed Calendar Time (months)

I Effective Staffing Staffing Beyond Plan B Overstaffed M Understaffed
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Understand Project Total Ownership

Costs Up Front
Most Projects Spend Low During Maintenance

onth

m

staff hours per

N W W
oo O
o O O
o O o

2000 -
1500 -
1000 -
500 -

Staff Vs Maintenance Rigor

|
1 7 13 19 25 31 37 43 49 55 61 67 73 79 85

Time

@ develop
W Rigor vhi+
O Rigornom

ORigorvio
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Use Earned Value TO Quantify @ SEER

G AL OR A T H

* PTog hesig vY@tsia & is what has been
accomplished in a given time and budget,
versus what was planned for the same time
and budget

— A project is generally deemed healthy if what has
been accomplished is what was planned, or more

— A project is deemed unhealthy if accomplishment
lags expectations

®* Definition: Earned value = budgeted value for

the work accomyllshed (what youL%otegotr what

alt
It Cgst Yo 3 /Budget $ y/Budget
EV / EV

Time = Time = 16
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What To Measure: Multiplicity of (@ SEER
Metrics
1. 0Obvious: Status / Trend Metrics: e.g.

productivity, defects removal rate, cost,
schedule

2 . Most important for improvement:
Effectiveness ( 5 max)

— “What we are doing that we should not do” e.g.
number of delivered critical defects

— “What we are not doing that we should do” e.qg.
number of defects that got past inspections

— These metrics may change over time as we
Improve

17

© 2008 Galorath Incorporated



The Hawthorne Effect: (@ SEER

People Respond To Being
¢ Goal: Find optimum for productivity I924 to 1927

easure

® Increase, No Control Group; Three departments; all
showed an increase of productivity, whether illumination
Increased or decreased.

®* Increase, Control group =change in lighting;
experimental group got sequence of increasing light. Both
groups substantially increased production, no difference
between groups

® Decrease, Control group got stable lights; other
sequence of decreasing levels. Both groups
steadily increased production until the light in experimental

group got so low they protested
and production fell off

® All back to original: Productivity went up

b= e

. i:;jf;#:'r-.ilurirl-.
. Taylor
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Manual Estimates: Human  ‘@PSEER
Reasons For Error (Metrics
Can Help)

Desire for “credibility” motivates
overestimate behavior (80%
probability?)

— So must spend all the time to be “reliable”

— Better approach force 50% probability &
have “buffer” for overruns

® Technical pride causes underestimates

() Buy

Density

Metric



Theory of Constraints @ SEER

QL\JNehS![:i'OI’?S Regardin th/atluhe S
(SHRER S SIY Ry o the technology:

2. What limitation does it diminish?
3. What rules helped us to accommodate the limitation?

4. What rules should we use now?
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Example Benchmark Versus an
Estimate.. Why Are We So
Expensive?

C

ey G A L

SEER

| Scatterplat Plus
B File Edit ‘iew Chatt Optians Window Help

===
[=]=]x]

NEH®@ &2 SLYHB

Ready

Development Effort Months (Effort Months) (Log)

4000 —

100.0—

10.0—
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Example Benchmark
Estimated
Performance
Compared with
industry

Development Effort Months vs Effective Functions

Effective Functions (Effective UFPs) (Log)

Data Points
©  Historical Data
A Curent Estirnate
g Crosscheck - Histary

Trend Lines

Histary Trend {mean)
F=033
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Defects and Growth Impact (@ SEER
Software Process R

ey G A L

Track defect
discovery and
removal rates

pefens Data Analyzer against expected
2000 rates

%% Defects Tracking

1600 A

Heath and Status Indicator
shows status and trends from
the previous snapshot a00 -

1200

Bazeline Defects Inzerted
Baseline Defects Rernoved
Aptual Defects Reparted
Agtual Defects Rernoved

Thresholds are user definable

LI s s e e e s g g B s s s e e e e s e e | L)
5 705 10405 108 408 FOE 1008 \

%% Health & Status Indicator : \

Increased defect
reporting rate
shows a
worsening trend

gihedule Tirne Cost Size

ariange ariange ariange Growth

Analyst Support Sy... BETTER WORSE
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arametric Project Monitoring & Control GSEER

L O R A T H

Provides Performance Measurement aspects of ANSI/EIA- STD 748
Adds Performance Measurement
(Earned \_/alue)_ me'ghods to ndes ey
parametric estimation model oo | Foenom] o on
Accepts progress & expenditure 200 - o
inputs 150
Provides cost, schedule, and time T e e M
variances '
. . ﬂ D'mzua 305 405 505 05 TO5 S05 9405 10405 " [Date
Provides cost, schedule, & time
indices
Performance-based cost & schedule
Estlmate at Completion
N . tOI‘S Data Analyzer
Barned Fost size Duf;f;;;?ng 141 A5 of 9716,/05 - Design Review -
95+ Eaned Valug =~ ——— *
PO 1 Actual Spet —
TE-+ Homedns Flan —
Forecost End Dotec 306,048 -
O
351
19
| Plan
I:l.2-tl5 5405 405 11405 2406 506 s406 11408 2407 EO7 3407 11407 2408
Months
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Example Benchmark Versus an
Estimate.. Why Are We So
Expensive?

C

ey G A L

SEER
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Maintenance Phases / Activities (@PSEER
IEEE Et Al...

Problem ID Analysis

Reverse
Engineering

Implementation

Regression Test Acceptance Test Delivery

ment Metrics Are Apphicable-dn-Addition To Maintenance Me



Why Total Lifecycle (@ SEER

Measurement matters
® NIST Study

— Software defects cost U.S. almost $60 billion annually

— 80% of development costs software developers
identifying and correcting defects

®* CHAOS Report (Standish Group)
— Canceled projects cost $55 billion dollars

© 2008 Galorath Incorporated
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Software Maintenance Is Often A
Series of Block Changes (@D SEER

&w G A L O R A T H

Hardware
= Software (in theory)
Software (in practice)

Change Change
Change Change Change 59 6
\ 1 2 Change ™ 4

3

Software (in theory)
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Software Maintenance Critical @ SEER
Success Factors (Source IEEE) ooy

Functionality: Preserve or enhance functionality
Quality: Preserve or increase quality of system

Complexity: Should not increase product complexity relative to the size

Volatility: should not lead to increase in product volatility

Costs: Relative costs per maintenance task should not increase for similarly scoped tasks

Deadlines: Agreed upon release deadlines should be kept and delays should not increase

User Satisfaction: Increase or at least not decrease

Profitability: Be profitable or at least cover its costs

© 2008 Galorath Incorporated



Why Maintenance Is Hard (@ SEER

* May not have had maintenance as a goal

* System may not have been fully tested

* Documentation may be inadequate
* Maintenance staff may be inexperienced

* The tendency to produce quick & dirty
fixes

®* Process or language experience may have
left a mess

The "but | only changed 1 line syndrome"

© 2008 Galorath Incorporated



Software Maintenance Metrics Are GSEER“

der w G A L O R A T H
® Software Maintenance treated as A Level Of Effort Activity

® This Means You Can Maintain Software With A Larger Or Smaller
Staff Depending On Your Desires / Budget

Maintaining A Car Maintaining Software

High Maintenance: Go By The | @ Fix emergencies

Book (Regular Oil Changes, @ Provide new functionality as needed
Etc.) @ Adapt as necessary

@ Software may not degenerate over time

Nominal Maintenance: Go @ Fix emergencies

Partially By The Book (Less @ Provide some required new functionality
Frequent Oil Changes, Etc. @ Adapt when there is time

Low Maintenance: Go Slightly | @ Fix only emergencies and small adaptations

By The Book (Add Oil When @ Software will degenerate over time
The Low Oil Light Goes On

30
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Sources of Software Errors (@ SEER

&w G A L O R A T H

sources of software errors (source IEEE transactions)

Design Related

Other

Language & Ervironm

Fequirements & Spec

Software Maintenance Effort Allocation

© 2008 Galorath Incorporated
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Allocation of Software Effort
(Source IEEE)

@ SEER

&w G A L O R A T H

Software Maintenance Effort Allocation
Input Changes )
Debugging
Op Sys
Changes Emergency Fixes
Other
Improve Efficiency
Improve Doc's
User
Ewnbar snont
]

© 2008 Galorath Incorporated
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Development Defects Analysis Is GSEER
a Clue to Maintenance lIssues

Defects Analysis -

ogram: Data Analyzer

Time Phased Defects

Praobability

A% A0% 20k 30 40% SO0% G0 7TON SOM S0% 99

months Fram Delivery Delivered Defect cost marginal Cost
Estimate Date Hours Est. Cost Defects pensity  Difference Defect Remowed
- BS30/08 28,330 3,187,147 268 7EE -2,6E9,728
-7 7/30/08 31,171 3,501,165 230 E.E1  -2,356,630 3,418
& 5/30/08 23,996 3,824,578 197 §EE 2,032,267 9,620
-5 3/30/08 36,938 4,155,528 167 473 -1,7041,316 11,083
-4 10/30/08 29,930 4,452,138 140 403 -1,364,707 12,701
-3 11/30/08 42,956 4,532,523 117 336 -1,024,322 14,673
-2 12/30/08 45,998 5,174,529 a7 278 -E%2,015 17,029
-1 1730409 49,042 5,517,264 30 2.29 -339,551 19,833
Estimate 302409 52,061 5,866,545 I3 1.87 i 23,420
1 2720,/09 55,072 £,495,760 52 154 338,916 27,366
2 473009 56,033 6,528,697 42 121 671,853 32,471
3 5/30,/09 50,333 §,555,528 34 0.37 995,694 38,131
4 /3009 63,778 7,175,022 a7 076 1,318,177 45,401
5 7/30/09 BE,542 7,486,020 o1 0.50 1,628,175 54,304
[ #/30/09 59,223 7,767,538 16 047 1,930,694 65,255
Defects Risk Defect Profile
Defects Data Analyzer Defects Data Analyzer
200 2000
(=Est. Schedule
1600
1200
Defects Inzerted
SO0 B Defects Rernoved
[ Fotential Defects
W Delivered Defects
400
T
1 4 7 10 13 46 13 22 25 28 31 34 3T 40

<UUVU0 Udivuratrmirivtulrpuratcu

by

G

A
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Example Maintenance Metrics (@ SEER

&w G A L O R A T H

® Defects Inserted per correction

® Defects removed per unit time

®* Productivity for block changes

* Maintainability

® Mean time to find the next k faults

®* Maintenance backlog

® Increases / decrease on maintenance backlog

® Number of trouble reports opened and closed
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More Example Maintenance @ SEER
Metrics

Mean time until problem closed
Defects during warranty period

Mean time to resolution

Defects by type and severity

Time to respond to customer reported
defects

Mccabe & Halstead complexity metrics
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Software Maturity Index (@ SEER

(Example of Metric from IEEE 982 Standard e Ao R AT

Ictionar %Meas res to,Produce Reliable
Aty ;in f'modulesin current version

A = number of added modules In current version
C = number of changed modules in current version

D = number of deleted modules in current version
compared to the previous version

SMI=((M-(A+C+D))/ M
* when SMI approaches 1.0 the product is stable
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Example Effectiveness metrics  (@PSEER

for Maintenance
® Number of new defects created by fixes

* Number of defect corrections that were not correct

® Number of defects not repaired in promised time
(Delinquent)

e Defect Seepage.. (Customer
reported defects during pre-
delivery testing)

Identify the metrics,that YQWR organization needs



Product Age / Technology (@ SEER

MetriCS &w G A L O R A T H

® Becomes increasingly difficult to maintain older
technology

* Would you recommend a student study COBOL, Ada or
PASCAL

® People become less available

® Tools an practices become obsolete

© 2008 Galorath Incorporated



Estimation Lessons Learned (@ SEER
®* Measure early
— Before trouble
— Early under-budget milestones not necessarily a good
sign
— Programs that skimp on the early, upfront planning;

requirements and design work, will most likely be in
trouble later.

®* Follow known, proven development processes

®* Estimation, planning, tracking, controlling — then
using the information to do better next time

* EVM shouldn’t be used alone

— Other metrics are necessary to be kept in concert with
the EVM metrics in order to keep a project on track

® Recognize that you have a problem

© 2008 Galorath Incorporated
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7 Characteristics of a (@ SEER

Dysfunctional Software Projects
(SgysedVire S50 pIetjelers:

Failure to Apply Essential Project Management
Practices

Unwarranted Optimism and Unrealistic
Management Expectations

Failure to Implement Effective Software Processes
Premature Victory Declarations

Lack of Program Management Leadership
Untimely Decision-Making

Lack of Proactive Risk Management

40
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Summary (h aﬁ : SEER

®* Software projects are managable
®* Basis of management is a viable estimate

® The 10 step process provides a repeatable
approach to estimation process

® You can help ensure useful results by adopting a
process that is standardized and repeatable

* Measurement is a key part of the estimation
process

®* Beware of using simple measurements to drive
estimates

41
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