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Presenter background - Alain Abran

20 years + 20 years

SOFTWARE
METRICS anp
SOFTWARE
METROLOGY

45 P h D Software

ISO: 19761,
» Development 9126, 25000,

» Maintenance 15939, 14143,
> Process Improvement 19759
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Standish Group Chaos Report

- 25,000 software projects (2011-2015 )

27-31% Successful (on-budget, on-time, value-satisfactory)
17-22% Failed (cancelled or rejected on delivery)

49-56% Challenged (satisfactory but well over budget and schedule)

- Average annual budget overrun: 68-72%

- Average annual schedule overrun: 66-81%

Source: J. Johnson. My Life Is Failure, Standish Group Intl., 2016.
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List of topics

1. Estimation Models
2. Size Measurement techniques

3. Size as the dominant factor for Estimation models.
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List of topics

1. Estimation Models
»Overview & Summary Assessment of Research & Industry Models

2. Size Measurement techniques

3. Size as the dominant factor for Estimation models.
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~ BE=8 | Effort Estimation Models
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=

‘ort estimation models in industry =
‘COCOMO-like” Step Functions
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Step-function = Approximation

Productivity impact of
Cost Driver -in %
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Productivity impact of
Cost Driver - in %

/ Each COCOMO cost driver =

an estimation

| x| Ser 1 sub-model
with unkown quality & large
errors

CHO7FGO09

Figure 7.9 Approximation of step-funtion productivity models
with iregular intervals.
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COCOMO-like estimation models:
Effort is a function of Size & step-functions
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COCOMO-like estimation models:
Effort is a function of Size Step-functions)
of unknown quality combined into a single number!

Built-in
Systematic Errors & Error
Propagation
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Estimation models with too many factors
(in industry & research)

The ‘feel-good”

Quick &
Easy...
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Estimation Models with too many factors....

The ‘feel-good” — dead end!

Quick &
Easy...
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Summary Assessment of many of the ‘widely used’
_estimation practices in Research & Industry

Research in
Academia !l!

Variability (%)

Project closure

OOOOOOOO

Industry: too many variables bundied
together to make you ‘feel good’!
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List of topics

1. Estimation Models:
»Overview & Summary Assessment of Research & Industry Models

2. Size Measurement techniques:
»Overview & Summary Assessment

3. Estimation models for decision making, monitoring & control.
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Software Size:
» A necessary condition for estimation

> A dominant variable .

Bad & Good Examples:

2. Story Points
3. Function Points

CopyEigkoydights AlzrianAt0as

1. Usecase Points & SNAP Points
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Usecase Points

Table 1: Entities, Attributes, and Measurement Rules

Development Language

Development Team

Entity Attribute Measurement rule
Actor Complexity (of The type of complexity (simple, average, or complex) of the
actor) interaction between the actor and the system
Use case Complexity (of use The type of complexity (simple, average, or complex) measured
case) in the number of transactions

-Familiarity with methodology

-Part-time status

-Capacity for analysis
-Experience with application
-Object-Oriented experience
-Motivation

._

-Difficulty

Specification of

Relevance of the

The level of relevance (from 0 to 5) of each of the 13 known non-

’I System under development

Requirements specification

-Technical constraints
-Stability of requirements

requirements technical quality functional qualities ?
requirements 5 types of entities & ——
Stability of the The level of stability (from 0 to 5) of the functional and non- 11 types of attributes Complexity
requirements functional requirements . .
Bundled into Usecase Points
Development Familiarity with the | The level (from 0 to 5) of skills and knowledge of the Actor
team methodology development methodology in use for the project. -Complexity
Part-time status The level (from 0 to 5) of part-time staff on the team
Analysis capability The level (from 0 to 5) of analysis capabilities of the
development team with respect to project needs
Application The level (from 0 to 5) of team experience with the application
experience domain of the system
Object-oriented The level (from 0 to 5) of team experience with object-oriented
experience design . .
It fails primary school
Motivation The level (from 0 to 5) of team motivation
maths!
Programming Difficulty The level (from 0 to 5) of programming difficulty
language
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Sizing Non-Functional Requirements:

SNAP Points

Category Sub-concepts for the SNAP weights basis
classification
Data Entry Nesting level complexity 2,3,4 * number of DETs
Validation
Logical Control flow complexity 4,6,10 * number of DETs

operations

Mathematical
operations

Control flow complexity

4,6,10 * number of DETs

Data formatting

Transformation complexity

2,3,5 * DETs

Internal data

Internal boundaries crossed

5* (# of internal boundaries

Scale type Admissible Operations Examples
Transfc i
Nominal | (R,=) f unique Name, Colors,
distinguish shapes
Ordinal | (R>=) f strictly increasing Rank, Preference,
monotonic function | Order hardness
Interval | (R>=%) |f(x)=ax+b,a>0 Add Calendar time,
temperature
(degrees Celsius)
Ratio R>=1) | fx)=ax a0 Add, Mass,
multiply, distance,
divide absolute
temperature
(degrees Kelvin)
Absolute | R>=7) | f(x)=x Add, Entity count
multiply,
divide

It fails

primary school maths!

movements DET transferred crossed)+2*(#DETs)
Functionality by | Complexity 3,4,6 * Number of records
data config.

Ul Changes Ul types complexity 2,-,4 * DETs

Help methods Help types 1,2,3 * number of Help items
Multiple input Media types 3,4,6 * number of controls
methods

Multiple output | Media types 3,4,6 * number of controls
methods

Multiple No. of platforms to operate 8 * Number of platforms
platforms

Database Level & type of normalization of 1,3,4,5,7 * levels of
technologies the physical schema normalization

System SP=(middleware config.)+2*(#

configuration

backend config.) +3*(# interface
config.)

Batch
processing

Number of batches or
transactions

2*(number of batches or
transactions)

System critical
(real-time)

- Type of transactions
- No. critical trans.

5,10,15 * number of critical
transactions

Component Type of components (In-house 4,8 * number of unique
based software reuse or 3" party component components
Design Interface complexity 8,16,24 *# of COTS applications

complexity

+12,24,36 *#nonCOTS
applications
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A /

Planning Poker & Story Points in Agile: NP
Do they meet measurement criteria? ‘:);'

e Repeatability: @

- different individuals, in different coiiwexws, at different times,
& following the same measurement procedures will NOT
obtain the same measurement results.

* Measurement results:
. . . . . W
- obtained with minimal judgment. @

- results auditable.
==

© Copyrights Abran 2018 20



Story Points
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Function Points

5 distinct ISO standards

* 1SO 20926 :
* 1SO 24570 :
* 1SO 20968 :

* 1SO 29881
* 1SO 19761

: FISMA —
: COSMIC mmmmmm) 2nd Generation

IFPUG
NESMA

>— st 1
MRKI| 1st Generation

© Copyrights Abran 2018
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1stGeneration of Function Points gt

Function Points (FP)

tterstochk - I0300DES4G

shu

- Only 3 values
- Limited ranges (min,max)
=7 - No single measurement unit of 1 FP!

*‘j? 4 FP Key limitations: TAREReL O .
3FP"

© Copyrights Abran 2018 23



2nd Generation: COSMIC —1SO 19761

\COSMIC 11 No arbitrary Max
Function 10

Points 8 9

(CFP) 2

a A single CFP Unit exist &
§4  iswell defined

© Copyrights Abran 2018

Largest observed
functional processes:
In avionics >100 CFP
In banking > 70 CFP
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COSMIC - at any level of software requirements

Application Layer App 1 App 2 App ‘n’
ol | ol y
— }— S| COSMIC view f Middleware Layer (Utilities, etc)
2. Hardware devices ! L measured
3. Other software i Exits
Reads Writes \ 4 \4
, y : Database Management
The ‘Data Movement of 1 data group’ is Persistent
it | | System Layer DBMS 1 | | DBMS 2
\4 A\ 4 \4
Operating System Layer
A\ 4 A\ 4 \4 A\ 4
Keyboard Screen Print Disk
Driver Driver Driver Driver
VDU """"""""" v HDkCtI """"""
Hardware . ar IS entra
Keyboard Screen Printer Drive Processor
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List of topics

1. Estimation Models:
»Overview & Summary Assessment of Research & Industry Models

2. Size Measurement techniques:
»Overview & Summary Assessment

3. Size as the dominant factor for Effort estimation:
» Estimation models for decision making, monitoring & control
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Size as a dominant variable in a dataset

In a development process under control:

» Size explains 80 to 90% of the Effort variation

» all other factors combined impact 5% to 20%!

Size (FP)

CHO02FG18 Methodology

Homogeneous dataset of 21 projects (Abran 1994)
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Models based on Economics concepts

Effort (Hours)
A X
Methodology
a = Variable Costs —_—
b = Fixed Costs Effort (Hours) Qua!ity’ \Team
P
; Size
b
"I P Size (Function Points) a = Variable Costs Ereiromen ) espesence

b = Fixed Costs

Si ﬂwar_e Project

mation

T P Size (Function Points)
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Size as a dominant variable in a dataset

ays)
600 Effort (Hours)
o A
500 — .0
400 | ® e o0
(¢)
300 — bk
_ © [
19) 5 © X
100 | o
o
0 T T T T T X
0 50 100 150 200 250 300
Size (FP) CHO2FG18 X X
Homogeneous dataset of 21 projects (Abran 1994) X
X X
P Size (Function Points)

Development Process out of control!

» Management investments required to get the
development process back to within control limits
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Size as the dominant factor for Effort estimation in development
processes under control:

» Estimation models for decision making, monitoring & control.

Effort (Hours) Effort (Hours 100
A X &
% e
X f % Year N N\ o5y O
X X 2
_ . X 94
a = Variable Costs ; A
b = Fixed Costs X X 92 / /
X‘x y X % e Year N+1
X X X 88
X X o / /
P Size (Function Points) j /
P Size (Function Points) 84 /
82 , _ _
0 10 20 30 40 50 60 70
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Conlusion

Effort (Hours)
A

a = Variable Costs

Simpler size-based Estimation Models : | L7 « = Fad o

» Size (Function Points)

»They provide better management information than complex black-
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AUTOMATION ACCURACY WITH COSMIC:

Automation in Industry

Total Total Size Total Size Difference Accuracy
Number of obtained obtained (%)
Models manually using the

(CFP) prototype

tool (CFDP)

76 fault- 1,729 1,739 Less than 1% =99%
free models
All 77 1,758 1,791 1.8% >98%
models

Ref. : Hassan Soubra, Alain Abran, A. R. Cherif,
‘Verifying the Accuracy of Automation Tools for the Measurement of Software with

COSMIC —1S0O 19761 including an AUTOSAR-based Example and a Case Study,
Joint 24t International Workshop on Software Measurement & 9t MENSURA Conference,

Rotterdam (The Netherlands), Oct. 6-8, 2014, IEEE CS Press, pp. 23-31.
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Conclusion Software ?

Le Systéme
international d'unités
The International
System

of Units

i
]
N

TABLE 1.4 S| Base Units

| i
@)
O
wn
<
@)

Physical Quantity Name of Unit Abbreviation
Mass Kilogram kg

Length Meter m

Time Second s*
Temperature Kelvin K

Amount of substance Mole mol

Electric current Ampere A

Luminous intensity Candela cd

*The abbreviation sec is frequently used.
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COSMIC method in Automotive
embedded software

By: Sophie Stern
Renault

Engine Control Unit: Modules evolutions, manual coding
COsSMIC 038

Function Points

Theory and Advanced Practices

Effort (man/day)
\
\

\
e
s\

\
!
L ]
\
L
\
\
\
\
\
|
]

- e
- - —
1 = - e
;’ - - —
-—
e -
'_._.-"'
f’f 20 40 a0 a0 100 120 140 160

Functional size = CFP

© Copyrights Renault 2012
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Agile approach (simplified view)

Short deadline - Iteration

e List of requirements
* Priorities

* with people available
e within the time frame

\ What Product size to be delivered?

Copy@gkko@yZights AlmianAhDas

http://alwaysimages.it/i/choosing/
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Agile Challenge: which software functions within the
priorities & deadline?

DEPENDENT VARIABLE

INDEPENDENT VARIABLE

DEADLINE

1/2[3[4]5]6[7 |

8|9 [10[11[12113|14
L~
293031 | | .
EaStaff a%ailable @— AF\,IaII_ablte

( (d v rojec

CNICNRN Effort
Productivity M 3 @

e

Priorities

Prioritization of
requirements

Inventory of
requirements

Selected Software
Functions

Product
Size

CHO3FG08

Copy@gkko@yZights AlmianAhDas
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1st Generation key weakness

Function Points weights =

Step functions
Key limitations:

- Only 3 values

- Limited ranges (min,max)

- No single measurement unit of 1 FP!
6 FP

4 FP
3 FP 3-step size range - IFPUG External Input Transactions
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Renault - Remarkable cost estimation accuracy
from its ECU software specifications

Workload
(without unit)

100

Purchase Department Negotiation

—— Year N+1
86 /
84 | ——
82 - ' : : ’ '
0 10 20 30 40 o = =
COSMIC size (CFP)

© Copyrights Renault 2012
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Cost vs size (CFP)
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M.I.T. StUdy on COCOMOQO&1 (Kemerer, 1987)

Basic Intermediate
Sma” S('Ea le Exponential on & 15 cost
repl Ication Size drivers

study - 17

projects R2 0.68 0.60
(max=1.0)
Model Errors 610% 583%

(Mean magnitude of
relative errors - MMRE)

© Copyrights Abran 2018

Detailed

& 4 project
phases

0.52

607%
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Estimation Models with Machine Learning Techniques

Table 1
Dyistri buti on of single techniques used to construct ensembles
Model # of Studies HM Ensemble HT Ensemble
MLP 9 13 3
RBF 3 3
AN 1 - 4
1 1
1 1

Artificial Neural

MNetworks TANN

BPNN
Total 11 14 12
MS5SP/ RT

MS5SP/ MT

RT

MART

CART

MS5P

Bagging + Fast DT
Random Subspace

Decision trees

Decision Stump
Additive Regression
with Decision Stump
Total

Case-Based Reasoning (CBR)

Support Vector Regression

A e I I I )

-
=]
7]
0| &

h|~1| o
=t | bl &
th o

Linear Regression

Regression MLE

Total

Neuro Fuzzy ANFIS

DENFIS

Total

Grey Relational Analysis
Decision Table

A=

bt (el |

Conjunctive Rule
Locally Weighted
Gaussian Process

b | | | | bk | | bt [ et | R [ et
1| -
b | o | | k| L | Pl | bk [ et
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2nd Generation: COSMIC Function Points
All software does this:

Boundary
Functional Users types: :
h : Entries Software COSMIC view of
;' Hun;ans devi L being software
. Hardware devices . , measured
3. Other software , Exits F
Reads Writes

The ‘Data Movement of 1 data group’ is Persistent
the unit of measurement: 1 CFP storage

(1 CFP = 1 COSMIC Function Point)
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Latest Trends in Research

r- - ---- Ensemble Effort Estimation ----——--cccecccccccccccaa- -
‘ Solo Technique 1 Solo Technique 2 anes [ Solo Technique N ‘
, , ! )
{ Solo Estimate 1 ] ’ Solo Estimate 2 Solo Estimate N ’
L

| Combination Rule

o = + — T “

( Ensemble Estimation '

Fig. 1. Ensemble Effort Estimation (EEE) process.

Sources:
*  ‘Improved Estimation of Software Development Effort Using Classical & Fuzzy Analogy Ensembles’, Idri, Hosni, Abran, Applied Soft Computing, Elsevier, vol. 49, 2016.
*  ‘On the value of parameter tuning in heterogeneous ensembles effort estimation’, Hosni, Idri, Abran, Bou Nassif. In Soft Computing, Springer, 30 Nov. 2017, pp. 1-34

© Copyrights Abran 2018



2nd Generation of Function Points

Every software is different, but .....

what is common across all software:
»In different types of software?
»In very small software?
»In very large software?
»In distinct software domains?
»In various countries?

© Copyrights Abran 2018
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