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Software projectSoftware project

Software project industry : low
Low estimation maturity
No or little formal estimation procNo or little formal estimation proc
No or little use of historical data 

Lots of schedule and cost oveLots of schedule and cost ove
Standish Chaos reports: Most pro
unsuccessful

Low customer satisfaction rate
In Europe: only slightly higher thaIn Europe: only slightly higher tha

tsts

w maturity

cessescesses

rrunsrruns
ojects fail or are at least 

es
an the financial sectoran the financial sector
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Software projectSoftware project
Most of the projects are estimatedMost of the projects are estimated

Bottom up, task by task effort estima

Usually very optimistic (>30%)Usually very optimistic (>30%)
Experts estimate, but other people (j
Forgotten activities (e.g. testscript re
No feedback loop with past projects:No feedback loop with past projects:
and actuals

No scenario’s: duration team sizeNo scenario s: duration, team size
Not objective, transparent,  verifia

N t d f d bl !Not defendable!
‘Easy’ to push back by stakeholde

No risk assessment (distributio

t estimationt estimation
d by ‘experts’d by experts
ation

uniors) do the job
eviews)

experts don’t learn from past estimates experts don t learn from past estimates 

e etce, etc.
able and repeatable

ers
on of the estimate)
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Software Cost enSoftware Cost en
Not a real profession yetNot a real profession yet

Consultant software metrics
Estimation officer
Bid specialistBid specialist

Parametric estimates
F ti l i t iFunctional size measurement size
Productivity rates from historical data
Parametric estimation tools

Objective, repeatable, transparent

Defendable!!
‘Impossible’ to push back by stake

Risk assesment (distribution of (

ngineeringngineering

f th fte of the software
a or industry data

t and verifiable

eholders
the estimate)
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Real time vs  BusReal-time vs. Bus
Real-time software: Software who
on the results produced and the ti
producedproduced

Event driven (timer events)
Interrupt driven

Automotive industry Avionics induAutomotive industry, Avionics indu

Business Application software
St d i i t ti t tiStore administrative transactions
User interaction through keyboards, 

Banking, Insurance, etc.

siness softwaresiness software
ose correct functioning depends 
me at which these results are 

ustry etcustry, etc.

screens and printers
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Real time vs  BusReal-time vs. Bussiness software siness software 
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Estimating RT SofEstimating RT Sof
Most software cost engineering m
functional requirements of the soft

User requirements documentsUser requirements documents
Functional designs
Data models

Since the 70’s, the method FunctioSince the 70 s, the method Functio
standard for this (IFPUG / NESMA
Many projects and systems have 
of historical project data is storedof historical project data is stored
However, FPA is only applicable to

So… how to measure the size o
software?

ftware projectsftware projects
methods are based on sizing the 

tware

on Point Analysis (FPA) was theon Point Analysis (FPA) was the 
A)
been measured in FPA and loads 

o administrative software domain

of real-time and embedded 
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FPA vs  COSMICFPA vs. COSMIC
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The COSMIC meThe COSMIC me
End 1990’s – COSMIC was found
Non-profit, volunteers
Open method free documentationOpen method, free documentation

Overcomes a number of drawback
B d lid ft i iBased on solid software engineering
Ratio scale of the size
Applicable to Real-time, Embedded a

Fairly new method – less historica

Use is growing, especially in Real
Renault, Siemens, Nokia, Eurocopte

ethodethod
ed by practitioners and scientists

n (www cosmicon com)n (www.cosmicon.com)

ks of the FPA method
i i l principles

and Infrastructure Software!

al data available

-time and Embedded software
er, Philips
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COSMIC documCOSMIC docummentationmentation
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COSMIC: layersCOSMIC: layers
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Functional proceFunctional proce
Functional U

Requireme
Functional U

Requireme

Software

Functional
processes

Software

Functional
processes

S b

processes

S b

processes

Data movement Da

Sub-processe

Data movement Da

Sub-processe

essesesses
User

nts
User

nts

ata manipulation

es

ata manipulation
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Data movementData movement
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EntryEntry
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ManipulationManipulation
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tsts
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Example RT COSExample RT COSSMIC SMIC 

16

Presented at the 2013 ICEAA Professional Development & Training Workshop - www.iceaaonline.com



Example: TPMSExample: TPMS startstart
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What to do with What to do with 
Now we can size  real-time and em

Functional Size per layer
Functional Size per component
Objective, repeatable

What to do with the results?
Project effort estimation
Project benchmarking
Use in Request for Proposal manage

What about historical data?
Company datay
Industry data

COSMIC size COSMIC size 
mbedded software

ement
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Estimation modeEstimation mode
size

productivity

hours/cost 
(provisional)

productivity

influences

hours/cost 

influences

(attuned)

elel

risk analysis

risks

measures

consequences
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Historical data: IHistorical data: I
International Software Benchmark
Independent and not-for-profit
Members are non-profit organizatiMembers are non profit organizati

Grows and exploits two repositorie
N d l t j t d hNew development projects and enha
Maintenance and support (> 1000 ap

Everybody can submit project data
DCQ th itDCQ on the site
Anonymous
Free benchmark report in return

Special reports, Practical Project E
Portal to access the project datap j

SBSG repositoriesSBSG repositories
king Standards Group

ions like IFPUG and NESMAions, like IFPUG and NESMA

es of software data:
t (> 6000 j t )ancements (> 6000 projects)

pplications)
a 

Estimation book, Compendium
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ISBSGISBSG
Mission: “To improve the managem
business and government, throug
of public repositories of software eof public repositories of software e
standardized, verified, recent and 
technologies”.

All ISBSG data is 
validated and rated in accordance w
current
representative of the industry
independent and trusted
captured from a range of organizatio

Industry leaders around the world 
development, offering the highest p , g g

ment of IT resources by both 
h the provision and exploitation 
engineering knowledge that areengineering knowledge that are 
representative of current 

ith its quality guidelines

n sizes and industries 
contribute to the ISBSG’s 
metrics expertise worldwide
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www isbsg orgwww.isbsg.org
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ISBSG New deveISBSG New deve

R12: >6000 projects
Projects measured with COS
R l ti j t 272 jReal-time projects: 272 proje

A li

United States

N h l d
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B il

Denmark

Canada

India

Netherlands

Other

China

United Kingdom

Brazil

0 200 400 600 800 1000 1200 140

Number of projects

elopmentselopments

SMIC : >450 projects
tects
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ISBSG dataISBSG data

Repository in MS Excel (open
Use the data portal (portal.isb

n)
bsg.org)

24

Presented at the 2013 ICEAA Professional Development & Training Workshop - www.iceaaonline.com



Estimate effort ofEstimate effort of
1. Size the separate components

2 Determine the most appropriat2. Determine the most appropriat
Hours/CFP

3 Calculate ‘gross hours’: Size p3. Calculate gross hours : Size p

4. Determine influences and effec
S h d l i tSchedule requirements
Other non-functional requirements
Other influences

5. Calculate total effort estimate

f the RT projectf the RT project
s in COSMIC CFP

te PDR (Project Delivery Rate)te PDR (Project Delivery Rate)

per component * PDRper component  PDR

ct
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Estimation modeEstimation mode
size

productivity

hours/cost 
(provisional)

productivity

influences

hours/cost 

influences

(attuned)

elel

risk analysis

risks

measures

consequences
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ExampleExample
Real-time system: 3 components

Component 1: C++
Component 2: Ada95Component 2:  Ada95
Component 3: Java

E ti t th ff t d d f thEstimate the effort needed for the d l t f thi tdevelopment of this system
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1 Size the comp1. Size the comp

Example
Component Minimum Size

A 100

B 30B 30

C 210

Total 340 CFP

ponents in CFPponents in CFP

Likely Size Maximum Size

150 220

50 10050 100

250 300

450 CFP 620 CFP
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Uncertainty is paUncertainty is pa
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2 Determine the2. Determine the

Data analysis in the ISBSG repos
Select most appropriate projects
Analyze the productivity data 

Example:
Type of application: Complex procesyp pp p p
Real-time software
Programming language: Visual Basic

Result: 30 projects, 
P25: 12 hours/CFP
Median: 16 hours/CFP
P75: 24 hours/CFP

e PDR (h/CFP)e PDR (h/CFP)

itory

ss control

c
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3 Calculate ‘gro3. Calculate gro
Component A MComponent A M

Size 10

PDR C++ 12

Effort 12

Component B M

Size 30

PDR Ada95 24

Effort 72Effort 72

Component C M

Size 21Size 21

PDR Java 8 

Effort 16

Total 360

ss hoursss hours
Minimum Likely MaximumMinimum Likely Maximum

00 CFP 150 CFP 220 CFP

2 h/CFP 16 h/CFP 24 h/CFP

200 hours 2400 hours 5280 hours

Minimum Likely Maximum

0 CFP 50 CFP 100 CFP

4 h/CFP 28 h/CFP 34 h/CFP

20 hours 1400 hours 3400 hours20 hours 1400 hours 3400  hours

Minimum Likely Maximum

10 CFP 250 CFP 300 CFP10 CFP 250 CFP 300 CFP

h/CFP 12 h/CFP 20 h/CFP

680 hours 3000 hours 6000 hours
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4  Assess influen4. Assess influen
Risk analysis
Which factors are different from ‘u

Example:
Extreme quality control because of s

Min +500 hours likely +800 hours Max +Min +500 hours, likely +800 hours, Max +

Numerous parties involved that have
Min +200 hours, likely +400 hours, Max +

Total : Min. +700 hours, Likely +1200

cesces

usual’

safety requirements
+1000 hours+1000 hours

e to discuss and agree on interface
+500 hours

0 hours, Max. +1500 hours
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5 Calculate tota5. Calculate tota
Minimum Like

Gross hours 3000 hours 6800

Influences 700 hours 1200

Total effort 3700 hours 8000

Calculate the cost of the effort: hours * a

l effort estimatel effort estimate
ly Maximumy

0 hours 14680 hours

0 hours 1500 hours

0 hours 16180 hours

verage hour rate
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ConclusionsConclusions
Software Cost Engineering of Real-time 
possible!

COSMIC functional size measureme
ISBSG data repository

Improve maturity of RT and embedded s
I t di t bilit dIncrease transparency, predictability and

and embedded software projects is now 

ent

oftware suppliers
d f d bilit f thi t f j t defendability of this type of projects
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