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Thank you for joining the next session of embedded software testing.
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Embedded Software Testing
Unit 4: Software Integration — regression
testing, automation

Lecture 4
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This is the unit 4: concluding session on suffer integration — regression testing, automation and

study more about the selecting the regret us test maintaince.
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Selecting and Prioritizing Regression
Test Cases

+ Should we re-run the whole regression test
suite? If so. in what order?
— Maybe you don't care. If you can re-rerun

everything automatically over lunch break, do it.

— Somatimes you do cara ...

+ Prioritization matters when
- s-.\rerj,' large test suite cannot be exscuted every

ay

= Selection matlers when

— Test cases are expensive 0 execute

= Bedause they reguire special equipment, o lang rin-
times, or cannal be fully automated
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Regression test maintains regression test build process.
(Refer Slide Time: 00:28)

Regression Testing Build process
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What are the steps that are involved for regression test will build process test strategy and we
will try to recap the session unit 4 all the sessions. So before that you just to equip walk through

of what we have understood in a higher session.
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Integration tests environment

» Table 13.2 provides an overview of the
level of simulation in the HW/SW/| test.
The columns refer to the simulation areas
in the generic scheme of an embedded

system.
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We understood about the ingression test environment like it could be hose based processor or
emulator or it is an actual target. So we have a different task of introgression that software unit
level software ingression level software to hardware level, to hardware level to software level. So

likewise we have an ingression test in environment defending.
(Refer Slide Time: 01:15)

System Integration test
m Table 13.3 provides an overview of the
level of simulation in the system
integration test. The columns referto the
simulation areas in the generic scheme of
an embedded system.
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And also that is another aspect of integration test, the system integration test which involves
system level where we actually we used the real target. As —well - us the customer embedded
system suddenly surrounding that also will be a real one I mean in terms of reproduction one. We
are use actual the module, are product module of the other embedded systems. Which are

requires for example re inputs to regard we going to regard with the actual function generator or



whatever we will not use the tubs are any drivers for driving the values. So that is where system

integration will take here.
And next to that is an actual system plus which is on the production board and also it is an

expectants test. There we delivered the finalized product to the customer with the sample

acceptance as per the specification with require.
(Refer Slide Time: 02:20)

Integration from Use case
perspective (testing from use

| cases)
= Differences between use case and test

Case,
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So that typical behind the aspects for the or the industry they follow basically now so studied
about integration from use case perspective like we have a user perspective understanding the
embedded system and lot of synergy have return these synergy can have multiple or single test
cases research cases as usual we will test base procedure scripts and execution fallow of the
basically the absolute behavior of the system will be perused from the users perspective. That is

where the use cases are already used.
If you have a modules act structure, returns achieve that it can be tested from the use case

perspective it is good to have an integration done from the use cases. What we do is we first
describe the users are the actors and describe this scenario and for each of this scenario will write

the test cases. So this called us gold driven now use cases.
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Integration from Use case
perspective (testing from use

cCases

= System Test Cases }

* Many system tests are designed o simulate how a
user interacts with the system, 1o make sure that
the system responds appropriately. If you've
dafinad your reguirements by using goal drivan
use cases, you can use the use cases as a
framewark for defining these test cases,

* These system tests should be created to test a
single situation. When using the approach of use
cases and use case scenarios to describe
requirements, a system test should test a single
USE Case scenario.
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And generating the test cases basically there are lot of tools are available.
(Refer Slide Time: 03:39)

Generating Test Cases From Use
Cases
* Use cases are based on the Unified

Modeling Language (LML) and can be
visually represented in use-case diagrams
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First we develop the use cases with the help of tools such has UML unified modeling language
basically it is a modeling language were we product and model the embedded systems in terms
of various diagrams but for developing test cases we represent use case diagrams. We will try to
understand few examples of use case diagram to this so this not part of the scope but I tester to

explain one or two slides.
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Generating Test Cases From Use
Cases

Name, description

* Flow of events

Special requirements

Preconditions

Paost conditions
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And typical they use cases will have name of the user or the tester or the actor it is called has and
description of what the use case is going to what the user is going to integrate how is going to
integrate. Next one is flow of events, what are the flow events? That user can take then any
requirement that it is getting addressed it special requirement that is the addressed and free

conditions for doing that flow. Similarly post conditions after that synergy is been completed.
So likewise we are going to have use cases and accordingly we are control generate in the re test

cases.
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Generating Test Cases From Use
Cases
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Fligure Z| Basic Flow of Everts and Alternate Flows of Events for a Use Case
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You can see the example here figure what we are seen it is a bascule of events and alternate
flows we can see the red mark the once for a use case. Here the different this is grounded,

grounded inherence is going to end there, end of this case they mark this way the typically the



flow basically flow that the alternate flows will be drawn like calculate flows 1,2,3,4, depends of
the type of system like to use for each of this flows we are going to how prospectors one of the

prospectors.
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Generating Test Cases From Use
Cases

Soanang 1 Sasl Tow

Scanana 7 Alternaha ol

Socanario 3 Allernabs Mowl, Aliemate Now

Soanaria 4 Allernats fowl, Slesrats Now?, Abemale Aol
Soanaria S Allernabe Nowd, Sllesrate Nowl, Abemale Mo

Ganarating Tesl Casak:

* sek ot st inputs, sxacuton canc hons, and expectad Results

v Use cases @l ag a product reguirements far genenaiing the ies] casas
rrvaksing thres-step process

1. For mach use case, gqersnste g ol sel of use-cass spaparios,

¥ For sach soanari, idemify at kast cra tast case and tha cand tons that wil

miaka ¢ aEC g,

3 For eqch 1ast ease, danhify the data waias with whish bosas

Flgure I Basic Flow of Evests and slternats Flows of Events for 3 Use Came

r W AT B R A
LL = A et

We can example 1 or 2, 1 to 5 test cases are return the test cases can also have multiple flows
involve because we need to achieve to reach the part that is we need to generate. So basic steps
for generating the test cases involve for each use case generate the use case of arrays for each in
aria identify at least one test case and conditions that will make it execute. And for that is case

identify the data values.
That is objects for the inputs that are going to be used. It which we are going to test it are get

data values can also here the condition with which we are going to vary and regard, and the data
values also will have a expert output us well as the actual or put that is going to be provided
when will going to that is going to be output when we executive test case then after use case

example.
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Regression Testing

Ragression testing means rendnning test cases from
godisling lest suites o bulld confidanca thal saftware
changes have no unintended side-effacts,
= The “ideal” process would be to create an extensive
test suite and run it aftar aach and avary change
= Definition of Re-testing (BS 7925-1)
* Running a test more than ance.
+ Definition of Regression Tasting (BS 7825-1)
» Re-tasting o a previously tested ﬁ;ﬂgram following
madification lo ansure that faulls have nol baan

intraducaed or uncoverad as a resull of the changes
made,

We had a studied about regression testing, regression testing can be divided has a retesting and
regression testing. Retesting is testing again and again, regression testing is retesting on a
previously developed programme with the check source to make sure that the false that war the
before or clear this time. This is where a regression testing is important specially we uses same

test root the requirement will be same.
On the thing is the code which add earlier, works have been fixed and we have a new option of

the build on which event to re execute that is where regression testing which dedicated.
(Refer Slide Time: 07:51)

Regression Testing

+ Also called as one of the strategy for maintenance
testing

+ Imtended changas of system behavior must be
testad

= Butitis also possible that the system, which

* used to work correctly in the previous release,
doesn't work in the new release as a side effect of
the implemented changes : this is called
regression.

. Re&ressiun testing - much of the test efforl is
dedicated 1o testing that previous functionalily
works correctly

Also is called as one of the strategy for maintenance testing we try to understand what maintain
testing inflow testing. So the changes there are there in the systems are to be tested with the help

of regression test sort. But the chance for that along with the 6" test would there be an impact on



the other test also which could fearing now, which ever passing earlier. So we need to choose the
regression testing synergic search a whether the analysis and impact of the text us up delivered

on the existing build is to be redone.
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Regression Testing

* The changes can in turn be:

— ltself mapping to a imited test focused only
on the change alone

— a complete (re)test of the function or
componeant that has been changed
— a test of the coherence and interaction of the

changed component with adjacent
components

So the chances can be of free types it is on the retagged components it self’s specific changes are
specific line or a small systems, small search system excreta. Are complete test retests of the
function we will have to do it to measure that regression is taken care. Already third type is
coherence or the interaction of the changed component with the adjacent components of the

surrounding models was the imp actives there so all these three areas we need to take a care.
(Refer Slide Time: 9:32)

Regression Testing Test Strategy

» Depends largety on the no. of changes
» Changes &z hasls for dsk evaluations, planning end progress
tracking
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The regression testing test strategy definitely depending on the number of areas and the kind of

changes so we need to evaluate what are the risks that are going to the valuated and how we are



going to plan when progress tracking of the embedded system so for regressing testing. And
sometimes new wire for danger test as if the code is being the newly developing. So test strategy

is to change again implore.
The deterring the changes let determines the import of the changes. And regression selecting

politely characteristics deterring the relative importance of the quality characteristics deterring
the relative importance for each change of the quality characteristics combination and

establishing the test technique which has used for regression testing.
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Regression testing areas

* Regression due to fixing the fault (side
effects)

+ Regression due to added new functionality
+ Regression due to new platform

* Regression due to new configuration or
after the customization

* Regression and delivery planning

Regression testing areas are regression due to fixing the fault regression can be for added
functionality regression can be on the same build same requirement, same specification that fixes
on a parroted platform for a new platform. Regression can be due to new configuration or after to
the customer machine of the software. Software has not change but it configured for a different
values with the different customized situation. Regression and delivery planning that also need to

the plan.
(Refer Slide Time: 11:11)



Regression testing automation

Regression test suites under CM control
+ Incident tracking for test cases
Automation pays best in regression
Regression-driven test automation
Incremental development

Regression testing automation is also one of the important are where we are going to develop the
regression test suites under conflagration control. So automation can be developed or a period so
that every time we do not re execute sudden bundle of a test manual day so we automate those
batches has the automated script excision so that regression can goes smooth. And it is going to

be incremental development.
(Refer Slide Time: 11:52)

Regression Testing Test Strategy
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And there is regression test matrix the relative important of changes and regressions the changes
could be due to change request that are accord during the fixes are re fixes what are base the
changes could be due to defects the identified during testing. And the importance could be 30 to
40 %, 10 to 30 % based on the type of war system that we have. So that is over the relative

importance of a regression there will be working note,



(Refer Slide Time: 12:32)

Regression Testing Test Strategy

s Maintaining test suite
- If | chamge feature X, how many test cases must be
revised Decause Lhey use feature Xi
- ‘Which test cases should b2 remaved or replaced?
‘Which test cases should be added?
» Cost of re-testing
Often proportional to product size, nok change size
- Bia problem if testing requires manual effort

» Possible problem even for sutomated testing, when the st
sUITe and Cest execution tims arows beyond a Tavw hours
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The basic problem of regression test is maintenance test would and cast of re testing if the
feature X is change how many cases we have to execute for that feature or impacted the X.
Because, the revised X could impact on the other areas as well. And what test cases can be
removed or what cases should be added? All this should be taken care. So will may have a test
root or the test laugh of the batch files but, ignore batch files all may not be needed because we

are wasting unwanted things.
We need to choose so that is the maintains so it is going to cost some a fault and cost of the

retesting of an professional to product size, not change size so what are the change we have and
what is the total size of the product. So that drives the cost of the retesting. Basically it require
some anal effect, for doing the regression at times why because the changes are too much and we
cannot offered to other same side of a automation sometimes the changes are very mini well so

entire bunch into re execute.
We may have to choose for tailor the excising the automation aspects so that is what we have

studied about the regressing testing and the areas in the type of them today session will try to

understand the in countries of the previous one.
(Refer Slide Time: 14:16)



Use case diagram example

Elervatar

e,
& ™, L
e T Calls | ey . —
Em— L r [ e b
e T — e S - o~ L [

d . - T i
Frsmsngr e i '--__I-"\:.mr..n\,"‘w-_
- e S e
. e - Finge e,
- LT
R e
o T A N res __,.'

Figue 1: Use Case Diagram of Ekeeator System
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Use case diagram example just briefs it so this is the typical use case diagram you can see this
diagram is drawn for an elevator system. You see use case have a actor and this elevator is a
functional block so there are different figure we can see there all it vole process boost of the car
open closed the door indicate moving direction process all calls indicate car position regard

emergency break.
So all this are different in arrays that are used and this can call for different test cases, so that is

how we are going to have use case with the scenarios actors and a function blocks. And each of

the scenarios need to the explained that operatory. So that teat cases can be drawn easily.
(Refer Slide Time: 15:26)
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So see another example you not sure if it is clear that is an operator or user, so this basically

apparition of audio you can see user can do a designing audio or be recording audio. This basic



functions is going to act and this listing audio can further add the different operations are use
cases scenarios something like a porn, play, pause, adjust volume, stop. Similarly the record

audio can also have these stop etc.
So this in arrivers for each of this arrives after saying this it draw test cases right so is important

to have such models having the use cases drawn so that the entire life structure for example
convey tested, which help of test cases. So it is easy to test right so properly try to develop a test
I do not know assignment for this particular use case one of the session in the feature lane. So let

is how use case diagrams are useful and to be used for integration testing okay.
(Refer Slide Time: 17:01)

Use case diagram example

Thie main contents of 3 use case diagram are:
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So basically the main contents of the use case diagrams are use cases it self’s reduce the
compliant thing with arrivers then the actors we can see it can multiple actress also because
multiple users are user small means does not mean that actual end user it can be any function
block which is calling sub function or if there is an input object regarding condition which in call

for this flows.
So that is although there is actress or defined. And the third one thing a decency, generalizing,

and association session how will go to be associated with the diagram. So these three aspects are

the contents will be there in the use case diagram with help of this =test cases will be drawn.
(Refer Slide Time: 17:58)



Selecting and Priaritizing Regression
Test Cases

+ Should we re-run the whole regression test
suite? If so, in what order?
— Maybe you don't care. If yau can re-rerun

everything automatically over lunch break, do it.

— Somatimes you do cara ...

+ Prioritization matters when
- Qver:.' large test suite cannot be exscuted svery

ay
+ Seleclion mallers when

— Test cases are expensive o execute

* Because they require speclal equipment, or [ong rin-
times, or cannal be fully aularmated
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Okay so coming to the regression testing, regression test cases selecting and prioritizing the
regression test cases these also one of the important point in the regression testing. So the
question is should we re-run the whole regression test whole in what order. The order is also is
very important because we have different test cases flown in different manner so and the use that

time referred and conclusion and the problem areas.
All this matter in terms of realizing the test we cannot offered have a high complex testing to

start with why because we will spending that in the beginning early too much of time and later
stage has is very difficult to pick up the small once. So we need to have a balance of worth the

complicity as-well us simple one.
In order to make it in good order of regression test So for this question answer could be

something like maybe we do not care if you can raven thing automatically over lunch break to
eat that means you have a confident that entire bunch can be raven without any issues, without in
stockade worth time something like 2to 3 hours then better to go for it for the entire regression

suit for the bundle.
But sometimes it is not true we will take here like we will break up the exercise the test root into

such a test root that it is going to map and realized the regression areas were with use earlier and
that is regard in the current execution. And accordingly we need to paradise that different types
of regression test roots and test fineries so prioritizing matters when a very large suit cannot be

executed every day.
So we cannot have everyday operation in terms of test root execution as a batch integrating

testing will to prioritize. What is the prioritize? Functionality a, b, c, d suppose where there and



we have a for each function fourth suites for a, b, ¢, d then we need to prioritize depending on the

type of regression.
That means high complicity and that functionality is very key and important and we need to

prioritize that have a higher one. Where other functionality has is like smaller functions or
routine functions which present requirement attention can be having the regression priority.
Selection maters when test cases are expensive to execute that means if it is going to occupy the
special equipment or lie senses or is going to cost more time when the selection is also is very

important.
It is not just in half to have to prioritization only prioritization and selection both matters for

regression test cases. Because again there is a cost in world affect all this set up a is complicity
and dependency all this maters in terms of regression testing execution. The test cases are
excessive to execute because there require special equipment or long run times or cannot be fully
automated. So this is been referred in the one of the more of send McLane the book so let we as

told that selection and prioritizing of regression test cases are important.
(Refer Slide Time: 22:01)

Test cast maintenance

+ Some maintenance is inevitable

— If feature X has changed, test cases for
feature X will require updating
= Some maintenance should be avaided

— Example; Trivial changes to user interface or

file format should not invalidate large numbers of test
CAsEs

+ Test suiles should be modularl
— Avoid unnacessary depandence

— Ganerating concrate test cases from test
case specifications can help
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Okay so another aspect of integrating testing or maintenance or regression testing is called test
case maintenance. Okay test case maintenance is another aspect which has to be maintained for a
periods suppose the product is for two years and 50 % of time is dedicated for testing definitely
we need to have a an allocation and dedication of this aspect called test case maintenance were a
test cases need to be maintained because this is the chance that this test cases have been revisited
upon sub division of this software changes in the requirement or customer confidence or multiple

platform excreta.



So all this can be taken here with the help of test case maintenance activity so some maintenance
is invertible if feature excess has changed test cases for feature case will prepare objective. So it
is not just in half to have regression test analyzed used is also important to have the
understanding of what got modified or added for change and accordingly we need to modify are
alter the test case. Though need to have a test case started from the scratch because already we

gave a pram or the free conditions and all that elements.
We just we are going to maintain the in terms of updating it some maintenance to be avoided

example trivial changes to user interface or file format should not invalidate large numbers of
document that is the small letter like edges some change error test case maintenance of course it
is good change at general I say is the name of the signal is mention wrongly. But, test cases were

so there is point in doing such maintenance.
So you just document and recorded somewhere or make not and we actually look into that any

other impacted changes you can take up this as well.
So that this can be prioritized and updated when we are going to do it so some maintaince we can

avoid for the help of doing the maintenance with doing it. That is the meaning of it, that suit
should be modeler that means any dependency we should try to avoid as much so that, that can

be independently executed.
Generating the Concrete test cases from test case specifications can help means for the concrete

test cases we need to have called has a golden test case. So important the word the using
embedded software testing If you have these the minimum test case which is used has a golden

test so that this work always.
So if here something stack, Something got issues and we do not know where to go to so what we

do is will pick up this golden test rule for test case will try to pause it on and execute so that just
is find there is some other issue specific to whatever we are trying to attach in the other test case.
So this will high fill that the problems that we have so that concrete test case are very important

in maintaining the testy root or test cases. That is where test case maintaince in product is.
(Refer Slide Time: 26:13)



Regression Testing Build process

= Baseline inputs (in terms of complete build
and EOC code base)

= Mo change in requirements

« Updated SW

= Mo change in test plan and test execution
strategy

= Delta review and updates of the
incremental updates

v

The next one is regression testing build process how are going to have the build processor done
for the regression testing. You know what is build? Build is basically complexion linking and
development of the software. Similarly we have the build process for the text equipment also are
the test scenario or test script also. Again there going to the complication and logically grouping

the keeping in to a proper players
And making sure that license and LR all this are part of the build process and to bolts, bolts

points for the same is arsenal inputs in terms of complete build and execute of launch code USC
that is called us the base available. Because which you cannot do a reference test right. So base
line inputs is one of the important inputs no changing in requirements update software that was

builder changed.
In test plan and test execution strategy it still same but we are going to do a regression on the

updated inputs such has EOC executable lines of code. The build then the last part will be delta
review and updates of the instrumental updates so we need to review what code changed what is
updated and we are going to regression test accordingly so these are some of the build process

they going to have for the review centre .
So we start with the data input and we going to analysis the changes and we are going to execute

the software. With this baser input so base line inputs will be process through confiscations input
basically. Confiscation control will do through various tools such has previous demesnes lots of

tools there. We will study that in the next test management of competition testing.
(Refer Slide Time: 28:24)



Regression Testing Build process
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One example you can see diagram here that is in put for regression testing build process you can
see a regression of old binary and two binary. Will be added to the analysis binary changes has is
this basically a process block were basically analysis of what was there before old binary and
what is the change that is done in the new binary. Binary here means the executable code is the
object that is going to be tested against. And we are going to do a coverage analysis of the

changes that are there.
So that what are that interacted areas that is being covered and how are going to be test it. And

for the coverage analysis they could be used in old coverage, old binary coverage or the old
whatever we have executed earlier with our suit that will be important. Then we are going to
prioritized they suites are the regression test which we are going to start and prioritized piece of
test cases were going to come of the test of a impacted blocks not covered by regression test that
means what are the impacted block which are not covered with the regression test there also will

comm. Has an output of the test priority activity.
So this will be a typical test building the process of the reversing testing okay having understood

all these test case maintaince selection and paradise in other one question is that if only
environment is changed we know that the environment could have in change for the new thing he

is maintenance testing that all.
(Refer Slide Time: 30:31)



testing s nacessary?

Answar 1B YES.
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Regression Testing Test Strategy
. If anly it environmaent is changed, is maintenance

-
The answer is yes why because regression for 1+1 to another question another testing should

repeat the operation test with the month. These execute everything are maintain the testing are
regression testing only thing that we need to take carious the operation test which are very much
coupled with the target platform are the platform change has with the new environment at to the

considered to the taken here so that is where the regression testing institute adopted.
(Refer Slide Time: 31:09)
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Okay so we that we session of these and we try to recap this unit of regression and intercede

testing so what are the topics we studied about regression testing definition.
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And types of integration we understood we also went through system integration hardware basic.
What are the integration steps that are want types of big bank advantages or disadvantages and
we also knew about were are going the test drivers were going to use test steps ,We can complain
both of them there is one the complexity and the test strategy that they going to have ,and also

integrations considerations.
We studied what are the steps that we are going to consider in terms of hardware, software

environment emulators etc. Integration test strategy comparison we did with the table kike in
terms reusability and availability etc integration test strategy how all going to have a integration
test strategy drive it could be bottom of top down mix in terms of hybrid test strategy in terms of
OSS operating system are skilled centric we can use a centralized approach also we can protocol
are network sort of a testing it help of a layered a integration testing approach we can have a

database, application.
Embedded application testing can be done with the help of clients server integration test

approach you can have collaboration mechanism layered different sub-system are going to be
collaborative while doing the integration testing, then also we understood about integration test a
normal were all the environment were all the environment in terms of the emulsion familiar from

actual target.
Or a hash based testing are define and used and also we understood about integration use case

perspective ,use case diagram example we are going to went through and also we understood
how test gets can be drawn from the use case ,and use case scenarios and also we understood

about generating test cases.



From use cases the various steps that are involved for developing the test cases or different use
cases and the scenarios ,and in the end we are studied about regression testing ,test strategy and

importance of automation and last one being the.
Maintains test maintains and regression built cases all this we studied in the unit 4 okay in the

next session we will start the unit 5 which is nothing but the test management and defect
management so that will be the last unit of the embedded software testing after that we going to
have practical sessions and so on questions and Q and A sessions for the embedded software

testing with that I conclude this unit 4.



