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and free debate: views expressed by 
contributors are not necessarily those of 
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I hate LinkedIn, Twitter and Facebook but 
some younger members of the PT staff 
like them. If you do too, I am told you can 
join the Professional Tester Group, follow 
@PT_Wire or connect with Professional 
Tester, respectively.

Member of the LinkedIn group 
Nicolaas Kotze has used it to pose the 
interesting question above. He explains: 
“at times we are forced by certain 
members of the team to keep certain 
information from the client (the product 
owner who pays the dev house to make 
his product). Since doing so, we are 
hiding the true status of the project and 
product quality. What is your view on 
this? Do you think it is ethical? Why 
would you want to hide information?”

If you would like to answer this please 
join the group or if you prefer email your 
response to me and I'll get Mister 
LinkedIn to do it for you. Here is mine.

Selective reporting is an understandable 
habit of programmers. Nobody can get 
every line of code perfect first time, 
especially integration code. The 
freedom to make mistakes at low level 
without being disrupted is necessary, 
and is typically protected by release 
cycles, ie defined times when specific 
development products are and are not 
available to testing.

But suppressing any information 
whatsoever about testing is indefensible. 
So if developers want release cycles they 
must accept independent testing. If they 
want the opposite, testers working closely 
with developers, they must accept 
continuous scrutiny and instantaneous 
publication of its findings.
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those who you want to benefit from the 
outcome all confirm they understand 
and accept;

(ii) provide those who will evaluate that 
delivery with what they need to do so at 
the time they require it, ie when it is not 
too late to prevent failure.

Neither of these is a new idea to testers: 
in software projects, they mean simply 
(I) document and review detailed require-
ments and (ii) test adequately throughout, 
not after, development. This is what all 
real testers have been trying for years, 
and still are, to tell anyone who will 
listen and is capable of understanding.

But finding someone who meets those 
criteria and has any influence seems to be 
almost impossible. Why? Perhaps because 
the people we call “stakeholders” are not 
really. They are “delegated stakeholders”, 
ie people appointed to represent the 
interests of others who really do have 
something to lose, for example employees, 
shareholders and users. The delegated 
stakeholders usually have a great deal 
of faith in their own abilities: it is that self-
confidence, unhindered by realism, that 
has allowed them to rise to high positions. 
This makes them vulnerable to being 
misled by those with vested interests 
and tempts them to mislead their own 
superiors in order to protect that position. 
When someone tries to lead them 
correctly, which is usually a lot less 
comfortable, they are inclined not to listen 
nor to report it. More importantly, they 
don't really care enough to try to 
understand anything difficult: 
when the inevitable disaster happens 
it is not they who will suffer but the real 
stakeholders.

A political or organizational solution is 
beyond the scope of this article. I believe 

by Bogdan Bereza

Break free from reality 
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Virtualization and simulation

Why test environments cripple testing and 
how virtualization will heal it

Chaos and failure fascinate me. I love to 
hear and think about endeavours that 
ended badly, preferably in a spectacular 
manner and, better still, for trivial reasons. 
And every time I indulge in this perverse 
pleasure, I ask myself: why didn't someone 
prevent it? Why didn't they see it coming? 
And above all: why couldn't they check first 
to see whether what they were going to try 
to do would work?

They could. If they did two simple things.

(i) describe your goals in advance in a way 
you, those who will try to deliver them, 
those who will evaluate that delivery and
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one must emerge eventually, but many 
pessimists believe the opposite, based on 
history, and it is hard to argue with them. 
Instead, many PT articles, including this 
one, are about what testers can do to 
improve matters without the full 
understanding, or even support, of 
management. Two recent and continuing 
phenomena have given renewed hope of 
great improvement in both the things 
identified above. The first is the continuing 
emergence of requirements engineering 
as a testing discipline. Here I will focus 
on the second: test environment 
virtualization (TEV).

Inexpensive test environments
The cost of creating and, especially, 
maintaining an adequate test environment 
could often exceed all other project costs 
combined: so it is simply not attempted. So 
the project fails which is not cheap either.

Virtualization can enable some or all of the 
work to be in software, using hardware 
that's already available or pay-as-you-go 
cloud services.

Independent test environments
Here are three familiar stories. Automated 
test execution is started on Friday 
afternoon and expected to continue 
throughout the weekend: it is stopped on 
Saturday morning by maintenance 
operations. Testers cannot get the access 
rights, configurations, identities and pass-
words they need because they have to 
queue with other support users: developers 
and even users. Execution of a test 
inadvertently sabotages the environment 
for others.

Virtualization gives individual testers or 
teams control of their own test environment 
without having to negotiate with those 
responsible for the production environment 
or other testers with different work vectors.

Virtualization and simulation

Figure 1: virtualization by recording

Figure 2: configuring multiple behaviours

Test environments that encourage 
improvement
The burden of building and maintaining 
test environments is even greater when 
multiple ones are needed for different 
purposes, for example test levels or types. 
Most test improvement initiatives come 
from identifying a test activity that it can 
be shown would have detected historical 
defects earlier. That is useful only if you can 
start doing it and measure its results. If that 
involves a new physical test environment it 
probably won't happen.

An existing virtualized environment can be 
copied, modified or even ruined easily and 
with few negative consequences. 
Virtualization will give testers the freedom 
to experiment and that – trying something 
and comparing what happens to what 
happened before – is the mechanism by 
which all process improvement, not limited 

to testing, is achieved.

On-demand test environments
Distributed access to a single test 
environment implies the need to reserve it 
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in advance, creating dangerous 
dependencies on the critical path. Those 
can fail for very many reasons. Late 
releases, high detection frequency or 
severity of defects, inaccurate estimation 
etc cause testing to miss the window; 
damage to the environment by other
testing (or by developers and integrators 
using it as a debugging playground 
because they can't reproduce incidents in 
their own environments) move, narrow or 
close the window.

Having flexible and resettable test 
environments available when needed 
removes a significant constraint. That helps 
testing to achieve its most important aim: to 
provide the most assurance against 
product failure possible within the 
constraints that prevail.

Test environments with virtual test data
Much good work, some of it described in 
PT, is being done on test data synthesis. 
It's essential in certain situations. However 
it, and the data it produces, is often used 
when it's not needed. Then the effec-
tiveness and efficiency of testing suffers 
due to the volumes and stresses involved.

Virtualization has led to a method which is 
much better in many testing situations, 
especially at lower test levels or in 
maintenance testing. A virtual DBMS 
interface – for example, a connection to a 
SQL server – generates and outputs data 

which is a function of the request passed
to it: not just a query that tells it what to 
look up, but also parameters telling it
what to return without needing to look 
anything up!

Obviously this is a database simulator and 
no use for testing functionality of the 
database itself; but if the specification of 
that is fully understood, it enables easy 
comprehensive system and integration 
testing of other test objects that will query 
the real database.

Entirely realistic test environments
Unavailability of test environments causes 
insufficient assurance of correctness and 
non-detection of defects. Using defective 
test environments can be worse, causing 
false incidents and, most dangerous of all, 
false confidence.

As Mark Megson noted in the August 2011 
issue of Professional Tester, it is now 
feasible to build test environments which 
are exactly the same as the live envir-
onment, provided the live environment is 
itself virtualized, as is increasingly often 
the case. Going that far is often not 
necessary, but cloud infrastructure makes
it easy and economical to go as far as 
necessary any given time.

So what's the problem?
Human antipathy. Unfortunately many 
people have become used to the current 
appalling state of affairs and even proud of 
their ability to manage (in their opinion) 
despite it. The technical and organizational 
arguments they use against TEV are so 
vague that no-one, including their 
proponents, understands them. They are 
related to wider worries about cloud such 
as security, availability failure and post-
commitment price rises, none of which is 
likely to have any affect on testers. Testers 
who encounter spurious objections of this 
kind may do well to try to bypass them: as 
Professor Martin Tornquist of T&M Testes 
de Software and IREB says (translated by 
me), “it is easier to convince CFOs than 
CIOs to invest in improving testing because 
CFOs notice the cost of poor quality while 
CIOs parasitize on it”.

Virtualization and simulation

Figure 3: simulating failure
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Implementing TEV
Less technical testers should not feel 
daunted by the prospect of setting up 
virtual infrastructure and simulated 
components. It is important to remember 
that only an interface of the component is 
simulated and for most test situations only 
a subset of its behaviour is needed and 
can be achieved with no coding and very 
little knowledge of its internal algorithms, 
implementations or other interfaces.

Leading test consultancies and vendors 
have already realized the inevitable fast 
growth of this new market and their 
offerings are maturing fast. Parasoft 
Virtualize (see http://parasoft.com), ITKO 
LISA (recently acquired by CA, see 
http://itko.com), GreenHat VIE (recently 
acquired by IBM, http://greenhat.com), HP 
Service Virtualization (http://bit.ly/Iev7xq) 
and Micro Focus Enterprise Test Server 

(http://online.microfocus.com/enterprise-
test-server) are all well worth evaluating.

Some of these, for example Parasoft 
Virtualize, provide facilities to replicate the 
behaviour of real components by installing 
a virtualizer as a proxy server and record-
ing data streams (see figure 1). This is 
reminiscent of  capture/modelling/replay 
done by test execution tools including 
functional test automators, load generators 
and fuzzers. Where a real component is 
not available for live recording, the required 
behaviour can be modelled from interface 
specifications or transaction logs.

Frequent PT contributor Bogdan Bereza is a testing consultant, speaker and trainer and 
proprietor of VictO (see http://victo.eu)

From any or all of these starting points, 
the virtualized component can then be 
adapted, configured and calibrated to 
provide more required behaviours (figure 
2). Simulating failure (figure 3) in particular 
can be an efficient way to increase 
functional test coverage quickly. The 
setup and configuration of virtual test 
environments can be managed from 
many test management tools. As 
complexity grows, it may be desired to 
make the behaviour available to other 
test teams or organizations: this is 
sometimes done on a commercial basis 
by packaging it as web services 
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Greenhouse system architecture
The system under test is the process 
computer that executes the control logic: 
we call it the “controller”. It communicates 
with large numbers of sensors of tempe-
rature, humidity etc and actuators (water 
dispensers, window openers etc) which are 
distributed throughout the greenhouse and 
networked using BACnet (a specialized 
protocol for automation and control sys-
tems which transmits analog as well as 
digital information) running over proprietary 
routers, whose number varies with the 
number of sensors and actuators and the 
physical space covered. Where this is very 
large so that conditions can vary 
significantly within it, multiple controllers 
are used which also communicate directly 
with one another.

Although the system provides sophisticated 
automation, the climate strategy it delivers 
is set and managed by a person, called the 
“grower”. He or she uses a GUI client, Priva 
Office, on a workstation connected to a 
server which logs data from and configures 
the controller(s) according to the settings 
made by the grower. Figure 1 depicts all 
these components in situ, plus an alarm 
server used to alert others via email, SMS 
etc should sensor readings move outside 
parameters set as part of the climate 
strategy.

Physical vs simulated sensors and 
actuators during testing
Physical examples of some devices are 
available for development and testing and 
of course it makes sense to use them 
where possible, especially early in the 
development phase. In the case of other 
devices this is impossible. For example, 
some greenhouse installations use very 
expensive geothermal exchangers which 

3require water flows of up to 100m  per 
hour. This and other machinery must be 
simulated for several reasons:

by Simon de Boer and Robin Mackaij

Growing pains
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A closed control loop requires a 
closed testing loop

Priva Horticulture is developing 
horticulture environment control systems. 
Their performance is critical to big business 
operations. The market value of the plants 
in a single large greenhouse can be 
millions of Euro and they are typically very 
delicate so the margin of acceptable error 
is very small. Even a slight software failure 
could reduce this value dramatically by 
damaging the crop quality and/or quantity.

Therefore testing must be thorough but, 
as with any control system, performing it is 
challenged by the difficulty of predicting 
and creating realistic external behaviours. 
Inputs and outputs must be simulated, but 
so must their interdependence. It is the job 
of the system under test to react to input 
(eg rise in temperature), but the reaction 
(eg opening windows) is intended to, and 
can also unintentionally, affect input. For 
testing to be effective in preventing failure 
in production, those effects must be 
simulated accurately. Here we will explain 
some of the approaches we have used and 
intend to use to enable this and the 
challenges to them.
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Therefore our simulator program needs to 
run independently of the controller program 
and pass unsolicited messages to it, as 
well as responding to its solicitations for 
messages, all as required by the test 
design. The problem here is with the 
design of the I/O cards to which the 
devices are connected. Typically one 
sensor or actuator is connected to a 
physical pin (“I/O point”) on the card. The 
card processes signals from the sensors 
and communicates them to the controller 
via the network, and does the opposite 
for instructions from the controller to the 
devices. A single controller can be con-
nected in this way to up to 1,000 pins. The 
mapping of pins to inputs and outputs, and 
configuration for their various types, is 
done in the control logic, and varies 
between installations. Having to manage 

changing the pin (“I/O point”) assignments 
for each test environment configuration 
would be very unwieldy.

This need led us to include a virtual router 
in our device simulator tool. Since the 
router communicates directly with the 

controller at the I/O level, it can determine 
which channels are and are not in use. So 
we expanded the functionality of the 
virtual router beyond that of a real one: it 
can receive a request from a simulated 
device for an I/O channel, ascertain 
which channels are free, assign one of 
them to the device and register this 
assignment in the controller. The result 
is that during test implementation any 
required input or output can be simulated 
easily, with the channel/pin assignment 
taken care of automatically.

I/O router

Alarm
server

I/O router

Network

Controller

User
interface Data

server

Controller

Router

BACnet

Figure 1: greenhouse control system (hardware components)

Figure 2: greenhouse control system (abstract)

Virtualization

Controller I/O DevicesGUI

User
Physical environment

1. Safety: a high level of assurance 
provided by testing is required before 
software can be connected to potentially 
dangerous machinery

2. Cost: apart from the price of the 
hardware and installations, required 
physical arrangements create limitations: 
for example it is not usually practical to 
accommodate software teams in a field 
alongside a reservoir

3. Time: development and testing must 
proceed simultaneously with and 
independently of building and 
engineering work, not be dependent 
upon its progress

4. Scalability: testing must be of systems 
of varying numbers of every component. 
Lab testing with a few devices becomes 
inadequate early in the development 
phase: later testing at a specific 
production installation, even where 
possible, does not give sufficient 
assurance against failure at others.

Simulation in the control loop
Figure 2 depicts the greenhouse system at 
the abstract level. The controller interacts 
with the outside world at two points, the 
user interface and the input from and 
output to devices.

It would be possible to simulate connected 
devices by replacing the calls made to 
them by the controller program with calls to 
functions, similar to “stubs” but whose 
output is affected by their input, making 
them “simulators”. This approach is suitable 
in some cases, but not for the greenhouse 
system which is message-based: input is 
not always requested by the controller. For 
example a sensor noting a change in 
reading may report it without being “asked”, 
causing an interrupt of the controller prog-
ram. A single controller may be connected 
to up to 1,000 devices, so how it manages 
and prioritizes inputs and outputs to them 
is a key part of its functionality and must be 
on the functional test path. Additionally, 
non-functional testing (eg for the effects of 
network latency, gridlock etc) would not be 
meaningful with this arrangement.
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In the case of systematic testing however 
this execution method can cause difficulties 
with test repeatability due to human error, 
especially in timing. Therefore is it is more 
usual to automate these tests. This done 
not using an automation tool to control the 
simulation GUI, but directly by having the 
simulation program execute further scripts. 
For example a script can be written to 
simulate an increase of outside tempe-
rature (perhaps causing the controller to 
open windows) shortly followed by rapid 
increase of wind speed and sudden rain. 
Scripts such as these can be invoked from 
the simulation GUI as part of exploratory 
testing or linked together for longer 
automated systematic test execution.

Sometimes it is better for a simulator to 
revert to acting as a simple stub. For 
example the controller may “ask” a servo 
motor for the current aperture of the 
window it moves. Attempting to simulate 
variation in this caused by adjustment of 
mechanical parts, physical conditions etc 
may be appropriate for some tests but is 
not for others: in fact it may disrupt them or 
skew their results. Therefore we often script 
a simulator to report a value (or a value 
derived from a value) already held within 
the controller: in this case the current 
“desired” aperture, or a value derived from 
it. Thus tests with tight focus on certain 
devices or behaviours can be simplified by 
making other simulated devices behave 
exactly as the controller “expects”.

Closing the test loop
Where the SUT is the controller, the 
method described has proven effective and 
convenient. We are satisfied that we can 
implement whatever is needed by any test. 
That of course does not mean the test 

Creating and controlling simulators
The simulators for a particular test 
environment are initialized by an XML 
script. This contains one XML element 
for each input: figure 3 shows a simple 
example, an element for a temperature 
measurement. The “name” attribute is 
arbitrary and used for test configuration 
management. The “type” refers to an entry 
in a separate library we have created 
which defines the technical parameters 
of the device, in this case “compartment” 
(identifying a section of the greenhouse) 
and “temperature” which are set to their 
initial test values in the script. The same 
library defines parameters transmitted from 
and to many other types of device: light 
and humidity meters, motors, valves etc.

Once the script has established the initial 
test environment, test execution begins. 
This of course usually requires real-time 
changes to the behaviour of the simulators. 
These can be implemented in three ways.

First, the simulation program also provides 
a GUI providing instant control of the 
simulators, for example by changing the 
“measured” values, causing “detected” 
events (including known failure of devices) 
and non-“detected” events (including 
unknown failure of devices) to be reported 
to the controller. This is like the GUI used 
by the grower in production, but in reverse. 
The grower's GUI displays information from 
sensors and issues commands (from the 
controller) to the actuators; the simulation 
GUI issues commands to the simulated 
sensors and displays the commands 
issued by the controller to the simulated 
actuators. By operating both GUIs 
simultaneously both systematic and 
exploratory testing can be done.

design is necessarily realistic, but at least 
we know that continuing work to make it 
more so is worthwhile.

Testers of business systems might expect 
testing the grower's GUI to be more 
straightforward: in fact it is harder because 
we currently have no validation method. 
We can create and execute (via 
capture/replay and/or manual scripting) 
tests of it using almost any of the wide 
range of test execution tools available. 
But we don't know the expected outcomes 
because they depend upon on what is 
reported by the external devices, whether 
real or simulated, and the values held 
within the controller program and its data, 
all of which vary in real time. We must 
either halt the script before each validation 
point while we establish the expected 
outcome by checking and/or setting 
simulated values manually using the 
simulation GUI or synchronize the GUI test 
script with the simulation scripts. The first is 
cumbersome and slows test execution; the 
second is technically difficult and slows test 
implementation. Either reduces the benefit 
of test automation.

We are working on a solution using new 
SOAP interfaces to the simulation 
program/virtual router and the controller. 
Since many test automation tools support 
SOAP out-of-the-box, this will enable their 
scripts to discover and change the relevant 
information. When this is working, the tests 
will be able to validate that what is being 
displayed to the grower matches what has 
been reported by the devices and that the 
grower's commands are being actioned by 
the controller. We expect then to be able 
to deliver true end-to-end testing, in 
both directions 

Simulation and virtualization

Figure 3: XML element in the simulation 
initialization script

Simon de Boer is a test engineer for Priva B.V. ( ). Robin Mackaij is a test 
specialist for Sogeti High Tech (http://sogeti.com/hightech) in the Netherlands, working 
at Priva for the past five years

http://priva.nl
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doing is really new or unique? When we, 
for example, design a test case we use our 
memory and past experience, rearranging 
existing knowledge into a new pattern. In 
other words we reuse, but we do it in way 
that is nonsystematic, unmeasurable and 
probably inefficient.

If you see a tester repeat the same action 
(eg logging in) five times during test 
execution you will seek a way to automate 
it. In the same way, you should not allow 
your testers to repeat the same actions 
many times during any of their other 
activities. Our goal should be to make 
whatever we produce as reusable as 

by Dani Almog

Necessity is the 
mother of inventory
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Test automation

Make what you produce reusable – and 
reuse it

Application XXX

Test login action

Device interface

Mobile interface

PC interface

Direct net interaction

Technology

PC

Windows

Mac

Touch screen
Resolution
Manufacture

Applications

Remote access

Connect

Retrieve data

Send data

Log in

Don’t have an account?

Username:

Create one.

Password:

Remember me (up to 30 days)

Log in E-mail new password

Figure 1: part of the test requirements 
inventory tree for a login requirement

Figure 2: example design for login dialog
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an authorized user can use the application 
using any combination of the device 
interfaces and technologies in the test 
requirements inventory.  Where the 
development methodology is based on 
business stories (as in agile for example) 
it may be possible for testers and 
developers to share work. The testers 
examine the stories produced by the 
developers and use them to make both 
the business story inventory and the test 
requirements inventory from which it is 
built more complete. The developers may 
do the same. It is neither necessary nor 
desirable for the stories used by testers 
and developers to be exactly equivalent; 
but the work of each group can help the 
other group to find things that have been 
missed.

The developers' business stories, based on 
the product's functions and design, 
become far more complex than the testers' 
business stories, based on the product's 
wider attributes and the consequent needs 
of testing. For example, the simple 
business story above leads to the design 
of a login dialog (figure 2). Considering this 
immediately expands and complicates the 
user story:

If the user clicks the “Log in” button and 
the “Username:” or “Password:” field is 
empty a dialog is displayed to the effect 
that both fields must be completed

If the username is not correct for an 
existing account a dialog is displayed to 
that effect

possible, and to reuse it as much as 
possible, so that the nebulous part repea-
ted in our head can be minimized and our 
head used instead for innovation.

In order to make something reusable the 
first requirement is to store it correctly. 
This article will explain the IDTA approach 
to that, for the artifact types most test 
automators consider it necessary. I'll 
move on to reusing the stored artifacts in 
a second article.

The test requirements inventory
This is derived from the customer/product 
requirements. These are decomposed as 
far as possible to identify the things testing 
will need in a tree structure (see figure 1). 
Of course as with any analysis it is not 
usually possible to be confident of getting 
this right first time; items will need to be 
added or restructured as testing proceeds. 
But at an early stage use the principle “if in 
doubt, put it in” as the more levels are 
created the more reusable the test artifacts 
will be.

The test case inventory
The entries in this are created by 
aggregating the test requirements, again to 
the greatest extent possible. For example: 
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automation removes that option: the tests 
need to be built on the designs or they will 
not run. Figure 3, a set of coverage 
matrices with only one test and defect 
picked out, illustrates this: the small red 
arrows are needed to know which business 
requirement the defect impacts, but also to 
know which business stories, test cases 
and test execution sets may need to be re-
executed and/or modified and/or extended 
to assure against that defect after its repair 
and against other possible related defects. 
Now consider the situation where the test 
cases are themselves made up of a 
complex set of scripts and related artifacts 

If the combination of username and 
password are not correct for an existing 
account a dialog is displayed to the 
effect that the password is incorrect. If 
this dialog box is displayed three times 
within any 30-minute period the account 
is locked (see BSnn user attempts to log 
on to locked account.

If the combination of username and 
password are correct for an existing 
account but that account is suspended a 
dialog is displayed to that effect, naming 
the administrator responsible for that 
account and instructing the user to 
contact him or her

If the password for the account was last 
changed more than 60 days ago a 
dialog is displayed to that effect which 
allows the user to change the password 
(see BSmm user changes password )

…and so on. It's easy to see that as soon 
as design details are taken into account the 
complexity of business stories explodes. 
That is why, in many classical or theoretical 
testing approaches, it is considered best to 
analyse “pure” requirements. But test 

which, for both better effectiveness and 
efficiency of testing, we want to reuse 
wherever that is appropriate. More, and 
more complex, arrows are needed to know 
that. Thus managing traceability – that is, 
relating tests to business requirements – 
becomes very difficult. This is the 
fundamental problem with which I hope 
IDTA will help.

Unit testing as a source of testing 
artifacts
The unit tests created by developers could 
be a powerful resource: they represent a 
large amount of work, with good defect-
finding potential, which could be automated 
easily. Being owned by development 
dooms this work to be used only once. I 
hope that one day someone will invent a 
method of using a unit test in two modes: 
isolated, enabling it to test an action 
regardless of its integration maturity; then 
integrated,  enabling it to detect defects of 
all other kinds.

To achieve this we need a mechanism to 
transform the circle (test in isolated mode) 
shown in figure 4 into the square 
(connected test). Here the arrows 
represent assertions: when the test is 
isolated, they are injected from external 
input (by the developer, perhaps using a 
unit testing framework). When it is 
integrated, the assertions are injected by 
tests of other connected components. 
Nature and society provide us with many 
examples of such mechanisms.

Structural approach to test automation
Figure 5 shows a classical structural 

Test automation

TC factors

TC Outputs

Dynamic
inputs

Set up

Verification callPrep

(DI) (VC)

Job
execution

API

End

Log DBs Direct Internal

Script
manipulation

Verification call

Verification call

Verification call

Figure 5: classical structural approach to test case definition
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approach to test case definition, intended 
to enable maximum control over every 
aspect of the testing processes. It can be 
seen that the structured test case has five 
elements:

1 Factors: preset variables whose values 
are to be controlled during the tests in 
order to enable the test to start at a pre-
defined initial state

2 Test flows: a list of activities and their 
relationships which describe the 
executable path tested by the test case

3 Dynamic input: a component 
representing interaction with external 
entities

4 Verification calls: external investigator 
entity that observes and documents 
selective states and occurrences 
represented by data items in order to 

   anticipate, control and document defined 
behaviours of a test case execution

5 Outputs: the actual outcome of the test 
case represented by data items.

IDTA proposes that at least three of these 
elements are good candidates for 
independent storage and reuse.

Environment and factors storage
This could be manifested as a set of 
“buildup” procedures ready to be 
executed. That would require a tool that 
can build a test environment. The work 
now being done on virtualization, in 
particular cloud computing provisioning, 
shows that this is possible. I expect 
commercial offerings to begin to emerge 
soon. From that, it will not be a large step 
to actual test environments that 
prefabricate and position themselves at
the beginning of a required test flow.

Test automation

Figure 7: IDTA testing inventories

Unit TC libraryUt1

Ut2

Ut3

Ut4

Verification library

Vc1

Vc2

Vc3

Vc4

Script library

Sc1

Sc2

Sc3

Test data library

Td1

Td2

Td3

Operational library

O1

O2

O3

O4

Business 1 library

B11 item

Init

Do 

Verify

Make

Verify

Publish

B12 item

B13 item

Business 2 library

B21 item

Login

Compute

Verify

Analyze

Process

Publish

B2 item

....

B3 item

Activities artifact 
inventory

Business artifact 
inventory

Test Appl. A set 1

T11 subject

T111 TC

Login

B11

Vc2

B23

Verify

Publish

T112 TC

Login

B12

Vc2

B26

Verify

Logout

Publish

Test Appl. B set 2

T21 subject

T211 TC

Login

Verify

Logout

Publish

Test case inventory Test execution record

TTest exec 12.12.12

Test Appl. A set 1

Test Appl. B set 2

T21

Login

Verify

Logout

Publish

T31

T35

...

Test Appl. C set 1

...

...

T46

B11

Vc2

B23

Verify

Injected data storage
Since many of test cases will need to 
inject data into the testing flow, this data 
ought to be stored and maintained, 
attached and coupled to the actual test 
case carrying the internal data flow 
structure. This is already widely done for 
“data-driven testing”. IDTA suggests the 
development of a new, more orderly 
mechanism to first store and later inject 
and maintain all external data a test 
case will use.

Verification calls storage
A verification calls inventory is based on a 
strategy to separate the actual VC from 
the test case containing it and view it as a 
snapshot focusing on identified data items: 
a manifestation of an external and 
independent “test oracle". Figure 6 shows 
an example structure that could be used 
to store the actual business knowledge 
of the development organization.
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The business artifact inventory
Figure 3 shows a the test case inventory 
used as a building block for storage and 
maintenance of test cases. Now we come 
to the desired ability to reuse a test case 
as part of a different scenario. Most test 
automation tools do this by storing a 
duplicate of the test case's formation 
separately. The approach in IDTA is to 
store an additional “amalgamation level” of 
artifacts which relate to the test case's 
business context, facilitating easy access 
and reuse of reusable test artifacts. The full 
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Figure 8: sprint testing artifacts
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IDTA and agile
Enabling the collection of all artifacts dev-
eloped along the way is an essential aim of 
IDTA. By developing the test cases (includ-
ing unit tests) in parallel with the product 
development, both derived from the same 
business stories, at the end of each sprint 
the testing artifacts are ready to accompany 
the release into its next integration and 
implementation stage: a sprint regression 
test package is formed to accompany the 
ready feature. They are then combined with 
the existing inventories (see figure 8) 

context scripts are stored, so that at reuse 
full control of all operational and functional 
aspects is available.

The business artifact inventory is shown in 
context with the other IDTA inventory 
hierarchies in figure 7. This example 
demonstrates the reuse opportunity of 
each element. All inventory items can be 
used as building blocks for higher 
hierarchies. The element is not duplicated 
but its connect, call, relate and inherit 
properties are maintained.
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“fifth-generation languages” of the 80s and 
90s. Little is heard of them now.

It's hard to say why codegen for 
development stalled so badly. Perhaps the 
way programmers work now is in fact the 
best way and can't be improved upon. Or 
perhaps really good programmers are just 
not inspired to work on new methods that 
will tend to make their skills redundant. The 
practical problem however is obvious: bloat.

All codegens and other things like 
codegens work by assembling and 
configuring pre-written code components 
from a library. These are generic, with 
many parameters, most of which are not 
needed for the specific task at hand. When 
the user changes the model, more 
components and parameters are added but 
it is very rare for anything to be removed. 
Codegens are good at putting things in, 
but there has never been one intelligent 
enough to know what to leave or take out. 
For a good example of this, look at the 
client-side code generated by a web 
content management system. Remember 
its function is mainly presentational. Now 
imagine what code generated to do 
something more complicated looks like. 
Static and dynamic analysis shows it to 
be inefficient, unrobust and impossible 
to maintain.

Is test automation stalled too?
An analogous situation exists in test 
automation. It too has been awaiting a new 
paradigm for a long time. During the 90s 
and noughties several candidates were 
put forward by various vendors and 
consultancies: most were based on 
frameworks, driver scripts and so on 
but none of these were shown to produce 
much improvement. Without that outcome, 
they must be considered different shades 
of lipstick on the same pig. They and the 
tools they aim to assist with using still 

by David Tracey

My generation
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Test automation

Test automation should be done by testers 
not developers
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Test automation

  

 

code it is impossible to maintain the 
proper testing mindset and focus on the 
actual product.

The only way forward is to deskill. The 
successful approach will be the one which 

require great skill, experience and effort to 
master and use, especially when, as is 
inevitable, maintenance becomes 
necessary. They work against, not for, 
effective testing because when up to one's 
elbows in managing and debugging test 

Figure 1: test step detail in Excel

Figure 2: generated test code and documentation
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see, rightly, in cloud computing do not 
apply to testing, where its advantages and 
possibilities appear to be endless. Code 
generation is another example of this 
phenomenon. It has proven, so far at least, 
a rotten way to produce products. It is, I 
think, the correct and perfect way to 
produce tests. As long as the code 
executes the desired test, the bloat problem 
simply does not matter. The code does not 
need to be efficient because it carries out 
input, typically user actions, not a 
production service. It must be robust 
enough to execute reliably under controlled 
(or minor uncontrolled) change to test input 
and test environment, but does not need 
the complex robustness to be able to 
withstand a vast range of unexpected 
conditions as production code must. Most 
importantly, the code never needs to be 
maintained. Instead, the easy model is 
maintained then new correct code is 
generated from it.

Using test code generation
Our platform, Axe, enables testers to 
achieve powerful automation of tests built 
using simple Microsoft Excel spreadsheets. 
Axe integrates tightly with most TM and 

enables testers to automate testing while 
remaining testers: the people who design 
the tests, by objective analysis of the SUT, 
will be the people who automate the tests.

Disappearing disadvantages
It's important to remember that testing is 
often curious; that's one of the things that 
makes it so fascinating. The best solution 
to a testing problem is often far from 
obvious and sometimes turns out to be 
almost the exact opposite of the first one 
tried. A tool that works well for other tasks 

that appear, superficially, similar to testing 
often turns out to be useless to testers 
and vice versa.

It has been noted several times in PT and 
is again in this issue that the disad-
vantages business and developers 

Test automation

Figure 3: generated assets committed to ALM tools
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ALM tools, both proprietary and Open 
Source, so it is good practice to begin by 
describing your test using your preferred 
one, taking full advantage of its traceability, 
configuration management and visibility 
features. However the detail of the test 
steps is defined in Excel. See figure 1.

It's important to realise that Excel is not 
used simply for data entry. All its powerful 
features up to and including functions and 
macros can be used to build test repetition, 
iteration, parameterization and decision-
making with no need to read or edit code 
nor learn a new, complicated interface.

Axe interprets the spreadsheet and 
produces a fully-functioning automated test 
script, in this case in VBScript: but exactly 
the same spreadsheets can be used to 
generate code in multiple languages for 
execution by a wide range of tools, or 
standalone .NET executables. At the same 
time Axe produces test documentation for 
traceability and audit purposes: detailed 
test steps in natural language (figure 2). 
These assets are checked in to the 
TM/ALM toolset (figure 3) for execution 
and results analysis (figure 4).

Test organizations spend a lot of effort 
evaluating tools but that effort is wasted 
because the most important matter – who 
will automate the tests, and how – is 
ignored. The end result is a technical 
bottleneck leading to either reliance on 
developers or making testers think like 
developers. I believe test code generation 
will prove to be the missing jigsaw piece 
needed to make the tools used throughout 
ALM produce, at last, substantial ROI 

David Tracey is managing director of Odin Technology Ltd. For more information about 
Axe visit http://odintech.com

Figure 4: execution and analysis

Test automation
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