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Expectations?
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My goal

©CrginaTAtist

Provide some insight to b L

empirical evidence
available for strategic
and operational
decision support on
software quality.

Outline

 Definitions

« Strategic decision support

» Operational decision support
» Making change
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Strategic vs. operational

Example Strategic Questions

» Which quality assurance activities, like inspection
and testing, are conducted when, by whom, and to
what extent?

» Which testing should be automated first, and what
should not be automated?

* How much testing to spend on the products vs.
testing the platform?

* Long-term » Mid to short-term

* One-off + Continuous

* Functional * Project organization
organization
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Example Operational Questions Terms in empirical software engineering

» How many defects are found in unit testing? Case study

* How many test cases remain to be run in system » Evidence
? .
tc\a/\:;,:1 ? . » Experiment
* “When to stop testing" is an issue for every project . .
manager. Mapping study

» Survey
» Systematic review
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Outline Test strategy

« Definitions * What...

« Strategic decision support * When...
» Operational decision support * By whom..
» Making change « To what extent..

... to be tested...
... and why?
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The testing paradox

Testing purpose

* Find faults @u @n
+ Demonstrate quality St :

T

&
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Types of Testing

Level of detail

Accessibility

Characteristics
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What is a failed test?

* One finds a fault? * One that fails to
reveal a fault?

%\ \
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Strategic decision support
based on systematic literature reviews
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Systematic literature reviews 1(3)
[Kitchenham 2007]

Planning the review
— Identification of the need for a review
— Commissioning a review
— Specifying the research question(s)
— Developing a review protocol
— Evaluating the review protocol
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Systematic literature reviews 3(3)
[Kitchenham 2007]

Reporting the review
— Specifying dissemination mechanisms
— Formatting the main report
— Evaluating the report
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Systematic literature reviews 2(3)
[Kitchenham 2007]

Conducting the review

— Identification of research
Selection of primary studies
Study quality assessment
Data extraction and monitoring
Data synthesis
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Example SLR: What do we know about
defect detection methods?
feleat delegtion...... Strategic question: testing or inspection?
Available evidence, comparing testing
What Do We Know about and inspections (2006):
2 — 10 experiments
Defect Detection Methods? _ 2 case studies
e, e s T T Scale of experiments: 60-2400 LOC
Scale of case studies: 250-6300 defects
f Computer Science / Software Engineering Research Group -




What do we know about defect

. Group work
detection methods?
HBIEGT RIBRHION. .. evveeeeeeeeeeeeeeeeeeeseneneenned » requirements defects, use inspection (no . » »
empirical evidence) Glance through "What do we know...

+ design specification defects, inspections « How valid are the recommendations?

vD'e'}:::Pllo e‘fcg::‘ﬁ:ﬁf:iso are more efficient and more effective ) .

: than functional testing. * For which companies?
e + code defects, functional or structural « What is the alternative?

testing is more effective or efficient than
inspection in most studies.
effectiveness is low;

25 to 50 % of an artifact’s defects found
in inspection,

30 to 60 % found using testing.
efficiency 1 - 2.5 defects per hour
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Example Mapping Study:
Testing Software Product Lines

« Strategic questions: how to
test a product line?

« Available evidence: 64+45

f;?j VOICE OF EVIDENCE

Strategic decision support

based on mapping study N )
Testing Software (=76 unique) papers
Product Lines » Type of evidence: 40-52%
: solution proposals
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Testing Software Product Lines

VOICE OF EVIDENCE | &

.

Testing Software
Product Lines

.
.
.
.

SPLT is a "discussion topic”

Topics:

Testing strategy

Testing levels

Product variability and traceability
Effort reduction

Test organization and process
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Example survey:

Industry practice on Unit Testing

SOIWATE BSIIND...vvvvvvvveeneennnsvecrsensnenanns

A Survey of Unit Testing
Practices

Por e

» Benchmarking
against industry peers

» Focus group format
» Non-competing
companies

er Science / Software Engineering Research Group

Strategic decision support
based on survey and benchmarking
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Industry practice on Unit Testing

* What?
— Technical!
— Specified or not?
* How?
— Structure-based
— Not formally
* Who?
— Developer (team)
— Not test or QA

* When?

* Why?

— Each build/day/week

— Takes seconds to hours
to run

— Assuring functionality

Lund University / Faculty of Engineering/ Department of Computer S

Soltware [esling....

A Survey of Unit Testing
Practices




spondents chose the best answer from

o what extent do you agree with the statements good,” “good,” “neutrl,” "hocl”
ble.*

Benchmarking

What s a unittest? How does the following function in your

it organization?

What?
1. Identify suitoble
2

on separcte functions
fecute seprately from rest of the system

piucted?

pnduct the unt tests?

lopers themselves

unit test shall be conducted?

ent
riment

s executed?
| fron/sysem build

it take to run all unit tests?

Strategic decision support
based on specific experiment
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Background

» Mobile phones come with third party MIDlets, e.g.
games

« Verifying compatibility with Java platform is an
extensive task, even with test scripting

A Factorial Experimental Evaluation of

Aim ot Gencration

* Investigate different automate
methods which do not require

Empirical study g;l

* Method: Evaluate input generation methods i
factorial design experiment: random, feedback
based, with and without a startup sequence

* Results:

— Pure random or feedback based is not enough
— The startup sequence improves. The feedback
method is somewhat better, but at the cost of

real-time measurements, which decreases the
run speed of the tests.

» Conclusion: The random method with startup
sequence is the best trade-off in the current setting
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Outline

* Definitions

« Strategic decision support

« Operational decision support
» Making change

Operational decisions support
— test management

* Monitoring
— Check status
— Reports
— Metrics
+ Controlling
— Corrective actions
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Test Monitoring

+ Status

— Coverage metrics

— Test case metrics: development and execution

— Test harness development
« Efficiency / Cost metrics

— How much time is spent?

— How much money is spent? Estimation
« Failure / Fault metrics

— How much is accomplished?

— What is the quality status of the software? Cost
« Effectiveness metrics

— How effective is the testing techniques in detecting Stop?
defects?

Metrics

Operational decision support
based on specific model
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Goal

* Quantified management decision support
» Understanding of observed phenomena

" At delivery date — how
many defects remain?”
"How come defects are
found later for A than B”
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£, inferscience

A Spiral Process Model for
Case Studies on Software
Quality Monitoring —
Method and Metrics

Research Section

Procedures

IR

TR

=

L 7
From IR: From TR:
eDate found *Module
*Reporter eStatus
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Data

3 projects
— Different views
« Complete project
« Function groups

* Dimensions
— Time
— Test activity
* Function test
» System test

+ Operator
acceptance

» Miscellaneous
— Function groups

Calendar time view

Project 1

= —

Project 2

HiE==
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Distribution (FT, ST, OA, Misc)

100%

90%

70%

60%

30%

Project 3 Project 2 Project |
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Data used for prediction

» Until Alpha: ~80% of FT faults reported
 The distribution for (— RTL)

FT 67%

ST 25%

OA 3%
Misc 5%
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Prediction (example)

« At Alpha: 100 faults reported in FT
* To expect at RTL:
— Total: 100/0.8/0.67 = 187.5

—FT: 187.5*0.67 =~ 125
— ST: 187.5%0.25 = 47
— OA: 187.5*0.03 = 6
— Misc: 187.5*0.05=9
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Group work

* How valid are the recommendations?
» For which companies?
» For how long?
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Defect content estimation:
Basic approach

Lincoln-Peterson
estimation model
. ~ n.xn
N — estimated number N =1 2
of faults
m,
n,, n, — faults found by
reviewer 1 and 2
respectively
m, — fault fund by both
Lund University / Faculty of Engineering/ Department of Computer Science / Software Engineering Research Group -
Synthesized evaluations of CRC
1. Most estimators underestimate,
2. Mh-JK is the best estimator for software
inspections,
3. Mh-JK is appropriate to use for four reviewers
and more,
4. DPM is the best curve fitting method, and
5. Capture—recapture estimators can be used
together with PBR.
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More advanced
Capture-Recapture Models

» Four basic models used for inspections
— Degree of freedom
* Prerequisites for all models
— All reviewers work independently of each other

— It is not allowed to inject or remove faults during
inspection
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Operational decision support
based on general models
(Software Reliability Growth)

Lund University / Faculty of Engineering/ Department of Computer Science / Software Engineering Research Group

12



Measurements for
software reliability

* MTBF = Mean Time Between Failure

* R = Probability for failure-free execution
(under specified conditions and time)

Observation | ———— Observation \/\/
Prediction Prediction
time time
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Predictions per week

Predicted values
from week 11

Gompertz model
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Software reliability growth models

» Selection of appropriate models
— 2 concave models: Goel-Okumoto, Yamada exponential
— 2 S-shaped models: Delayed S-shaped, Gompertz

 Evaluated in terms of

— Prediction stability

— Curve fit

for software reliability growth models

» Applied on function test data ——
and system test data separately
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A replicated empirical study of a selection method

Other models
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Group work

* How valid is the information gained using

quantiative models?
* How relevant are they?
* What is the alternative?
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Outline

Definitions

Strategic decision support
Operational decision support
Making change
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Test process monitoring

Setiing goals Data collection

and scope

Data fitering

SPI actions Analysis

Root cause Presentation of
analysis analysis
Interpretation

Areas of responsibility:
O Researchers
' Researchers and
o company

Company
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A Spiral Process Model for
Case Studies on Software
Quality Monitoring —
Method and Metrics

Research|

1. INTRODUCTION

EBSE

1.

Convert problem into a
question

Search the literature for the
best available evidence
Critically appraise the
evidence

Integrate with customer’s
values and circumstances
Evaluate performance and
seek ways to improve it
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Software Engineering
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Tech Transfer model

1echnology teansfer.

‘ \ EQ A Model for Technology
sy @ S0 Transfer in Practice
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Wrapping up

* Definitions

« Strategic decision support

» Operational decision support
» Making change
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