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Executive Summary 

The purpose of this deliverable is to firstly define the validation framework for the 
GridEcon project and consequently to report on the first application of this framework 
on the GridEcon Platform (also called the GridEcon TestBed).  

This validation framework will allow us to define criteria and metrics in order to 
validate the quality and functionality of the GridEcon Platform implementation. We 
will be using the ISO 9126-1 Quality Model and properly adapt it to the needs of the 
GridEcon architecture.  

During our evaluation of the system, both the different individual components and the 
architecture as a whole will be tested. Some of the characteristics of the ISO 9126-1 
Quality Model will not be applied/assessed during our evaluation since they are out of 
the scope of the project and reflect mainly commercial projects and not research 
initiatives such as GridEcon.  

In M25, we finished the intermediate report D4.4. At that time, the framework and the 
criteria defined have been applied to the first testing phase of the GridEcon TestBed. 
The first evaluation report according to the ISO model had been generated at that time 
as well, which provided feedback for the next steps of the GridEcon development and 
integration. This final evaluation report (D4.4) comprises updated results for the 
finalized GridEcon Platform and addresses the recommendations given by the 
reviewers at the last review meeting in September 2008. 
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List of Abbreviations  

Abbreviation Explanation 
CPU Central Processing Unit 
FPQB Fixed Price Quotation Broker 
QoS Quality of Service 
VM Virtual Machine 
UI User Interface 
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1 The role of Work package 4 and Deliverable D4.4 in the 
GridEcon project 

1.1 Introduction 

This deliverable is part of WP4.3 and as is shown in  
Figure 1 it contributes to the GridEcon vision by providing the final version of the 
validation report. This report will provide the final evaluation of the GridEcon 
Platform development conducted in WP4. The main direct input of this deliverable 
comes from WP3 and WP4 itself. It uses deliverable D4.1 as the start for the 
validation scenarios and the definition/sketch of the GridEcon Platform and 
deliverable D3.2 (as well as the intermediate deliverable D3.3) for the functionality of 
the different components that will be evaluated. The output of this final deliverable 
gives a final evaluation of the development and integration.  

1.2 Input / Dependencies 

This deliverable depends on the work of work packages WP3 and WP4. More 
specifically:   

Work Package  Deliverable Remarks 
WP3 Deliverable D3.2 (Grid 

Component Design Interim 
Report) 

Obtain specifications for 
component design and 
functionality 

Intermediate Deliverable D3.3 
(Grid Component Design Final 
Report) 

Obtain specifications for 
component design and 
functionality 

WP4 Deliverable D4.1 (Validation 
Scenario Report) 

Obtain validation 
scenarios and GridEcon 
TestBed description 

1.3 Output / Handovers 

The outcome of this deliverable is the validation report and assessment of the final 
integrated GridEcon Platform for testing economic-enhanced components and 
possible business models.  

The output of the deliverable can be used by other projects to improve the 
performance of the GridEcon Platform:  
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1.4 Visual overview 

The red oval identifies this deliverable.  

  

Figure 1: Diagram describing the dependencies and relationships 
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2 The Evaluation Process 

Software can be evaluated either by evaluating the software itself (the product) or how 
it has been developed (the process). Both aspects are important to a system. However, 
in research products such as the GridEcon TestBed, the evaluation of the process itself 
is almost impossible. It is mostly due to the constant change in both the design and the 
requirements of the TestBed. In a research project these changes occur during the 
project cycle itself, as a result of the ongoing research in the other work packages 
(reflected as changes in different components of the architecture). As such, the 
validation methods described in this deliverable are focused on the software product, 
the GridEcon Platform and its economic-enhanced components.   

Software validation is the “confirmation by examination and provision of objective 
evidence that software specifications conform to user needs and intended uses, and 
that the particular requirements implemented through software can be consistently 
fulfilled.” Since software is usually part of a larger hardware system, the validation of 
software typically includes evidence that all software requirements have been 
implemented correctly and completely.  

In general, software validation is the process of developing a “level of confidence” 
that the system meets all requirements, functionalities, and user expectations as set out 
during the design process. It is a critical tool used to assure the quality of its 
component and the overall system. It allows for improving/refining the end product. 

2.1 Candidate Quality Models 

Different quality models for software have been proposed in the past, each one 
addressing different quality attributes that allow evaluating the developed software. 
Some of the most well known are:  

 

McCall's model of software quality1 (GE Model, 1977), which incorporates 11 
criteria encompassing product operation, product revision, and product 
transition. 

 

Boehm's spiral model2 (1978) based on a wider range of characteristics, which 
incorporates 19 criteria. The criteria in both, this and the GE model, are not 
independent as they interact with each other and often cause conflicts. 

 

ISO 91263 incorporates six quality goals, each goal having a large number of 
attributes. These six goals are then further split into sub-characteristics, which 
represent measurable attributes (custom defined for each software product).                                                 

 

1 J.A. McCall, P.K. Richards, and G.F. Walters, “Factors in Software Quality,” vols. 1, 2, and 3, AD/A-

049-014/015/055, Nat'l Tech. Information Service, Springfield, Va., 1977. 
2 http://en.wikipedia.org/wiki/Spiral_model

  

3 http://en.wikipedia.org/wiki/ISO_9126

  

http://en.wikipedia.org/wiki/Spiral_model
http://en.wikipedia.org/wiki/ISO_9126
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Applying any of the above models is not a straightforward process. There are no 
automated means for testing software against each of the characteristics defined by 
each model. For each model, the final attributes must be matched against measurable 
metrics and thresholds for evaluating the results must be set. It is then possible to 
measure the results of the tests performed (either quantitative or qualitative/observed).  

In this deliverable and for the purposes of evaluating the GridEcon TestBed, we will 
use the ISO9126 model, which is the most widespread reference model these days and 
it includes the common software quality characteristics that are supported by the other 
models4. The six main characteristics are given and explained in  
Table 1.  

Characteristic Description 

Functionality 
A set of attributes that bear on the existence of a set of functions 
and their specified properties.  The functions are those that satisfy 
stated or implied software specification 

Reliability 
A set of attributes that bear on the capability of software to 
maintain its level of performance under stated conditions for a 
stated period of time 

Usability 
A set of attributes that bear on the effort needed for use, and on the 
individual assessment of such use by a stated or implied set of 
users 

Efficiency 
A set of attributes that bear on the relationship between the level 
of performance of the software and the amount of resources used 

Maintainability 
A set of attributes that bear on the effort needed to make specified 
modified modifications 

Portability 
A set of attributes that bear on the ability of software to be 
transferred from one environment to another 

 

Table 1: ISO 9126 characteristics  

The above characteristics are further divided into sub-characteristics, as seen in  
Figure 2. For each of these sub-characteristics, a metric/measurable attribute is 
defined, along with thresholds. These metrics and thresholds are customized for each 
software product, in our case the GridEcon TestBed. By evaluating the complete set 
of metrics we will be able to assess the overall quality of our system and the percent 
to which we were able to meet the requirements/functionality defined during the 
design phase of the project.                                                 

 

4 Adnan Rawashdeh and Bassem Matalkah, “A New Software Quality Model for Evaluating COTS 
Components” Journal of Computer Science 2 (4): 373-381, 2006, ISSN 1549-3636, Science 
Publications 
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Figure 2: ISO 9216 sub-characteristics  

The whole process of the ISO 9216 model, from general characteristics to sub-
characteristics, attributes, metrics and thresholds can be seen in  
Figure 3. This process allows moving from an abstract quality model to measurable 
units that can be tested through the evaluation test we have defined for the GridEcon 
Platform.  

  

Figure 3: The ISO 9216 process 

2.2 Adaptation of the ISO 9126 model for the GridEcon TestBed 

As we already stated, the ISO 9216 needs to be adapted to the GridEcon Platform in 
order to define appropriate metrics and to be able to evaluate the system. These 
metrics need to reflect the characteristics that they represent. They also need to allow 
for appropriate measurements to be obtained, either through quantitative methods (e.g. 
by software tests/simulations) or qualitative methods (e.g. through user observations). 
ISO has defined three types of classes of metrics:  

1. Internal metrics associated with static internal properties of a system such as 
number of function calls, number of rules. 
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2. External metrics associated with dynamic external properties. These are 
metrics that are observable when the user interacts with the system (i.e. the 
user performs a task/function/operation and observes the response in the 
sense of time required, results obtained etc). 

3. Quality-in-use metrics, which refer to metrics that evaluate the extent to 
which a system meets the needs of the user.  

For the purposes of GridEcon, no internal metrics will be used, since this is a research 
project and the aim of the GridEcon Platform is that of a proof of concept and not a 
commercial product. As such, the different components and the system itself will not 
be optimized for their performance but mainly for their usability/functionality. We 
will therefore concentrate on external metrics and quality in use metrics. Also, we will 
not use all of the characteristics and sub-characteristics of the ISO 9216 model, since 
aspects such as security have not been implemented (in order to concentrate on the 
innovative aspects of the project).  

In the following chapter, we will describe the exact metrics that are going to be used 
during the evaluation of the GridEcon Platform. Once these have been defined, it 
allows us to execute the simulations/scenarios described in D4.1 and, based on the 
metrics observed/reported, we are able to conclude the evaluation process by 
reporting and analyzing the results.  
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3 The Evaluation Metrics 

In this section, we will specify the exact metrics used for measuring the characteristics 
and sub-characteristics of the ISO 9216 model that are applicable / appropriate for the 
GridEcon Platform. We will provide details about each metric, including an 
explanation for the used metric, the method of observation/reporting, and the 
measured value. These metrics applied to each of the components and the entire 
system is described in section 4 to section 11 for the individual components and in 
section 12 for the entire system.  

As has been stated before, a number of sub-characteristics of the ISO 9216 model 
have been left out, since they are considered out of the scope for this project. The 
following table provides an overview of the characteristics and sub-characteristics that 
have been chosen and the ones left out.  

Characteristic System/Component Sub-
characteristic 

Method 

Functionality 

Both component and 
system level 

Suitability  Match against use cases of D4.1 

Both component and 
system level 

Accuracy  Define test cases and match results 
with expected results/response 

 

Interoperability  X (since no components exist to test 
it with, but Web services based 
approach allows for future 
interoperability) 

 

Security  X (since it is not the focus of the 
project) 

 

Compliance  X (since there are yet no standards 
for the main functionality of the 
TestBed) 

Reliability 

Only for system Maturity  Stress testing 
Only for system Fault tolerance  Error handling through manual 

testing 

 

Recoverability  X (since the software is a proof of 
concept; research project) 

 

Compliance  X (see recoverability) 

Usability  

For each component 
that has an UI and the 
whole system (main 
UI, market 
mechanisms, capacity 
planner (for final 
version), FQPB (for 

Understandability   
Questionnaire with users (from 
different partners) 

Learnability  
Operability  
Compliance  
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Characteristic 
System/Component Sub-

characteristic 
Method 

final version)) 

Efficiency and 
Scalability 

(scalability 
with respect to  
time and 
resources) 

For each component Time behavior  Take timestamps from Workflow 
Broker (or perhaps through filters in 
Tomcat) and test how much time 
each component requires (and test 
through test cases); 
Take a mix of asks and bids 
(different test cases have to be 
defined and tested) and 
compare implementation with 
simulation results from WP2 
(regarding behavior/scalability) 

Will try for each 
component 
(otherwise just for 
whole system) 

Resource 
utilization 

Check through test cases the 
resources used by each component 
and/or the whole system  

 

Compliance  X (since not relevant) 

Maintainability

 

Will be done for each 
component and, 
therefore, for the 
whole system 

Analysability  Use JavaDocs 
comments on all code; 
Prepare documentation of 
APIs definitions/descriptions; 
Use error logging (Log4J)  

Changeability  
Stability  
Testability  
Compliance  

Portability 

Will be done for each 
component and, 
therefore, for the 
whole system 

Adaptability   
Use of Web services technology; 
Use proper software packaging 
installation instructions through DB 
scripts; video  
instructions; 

For each component, highlight how 
additions (i.e new 
models/mechanisms) can be made  

Installability  
Co-existence  
Replaceability  
Compliance 

 

Table 2: Characteristics and sub-characteristics of ISO 9126 chosen for 
evaluation 

3.1 Components 

This section briefly presents the components comprising the GridEcon Platform and 
their role in the system, as per the GridEcon Deliverable D3.3: Grid Component 
Design Final Report and the corresponding Table 1 in that report. 
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3.1.1 Execution Engine 

The Execution Engine is responsible for the actual execution of the users’ application 
once the resources have been allocated. Different execution engines can be 
implemented for different Grid infrastructures, but for the purposes of the project a 
single execution engine will be implemented on top of Amazon Web Services. 

3.1.2 Market Place 

The Market Place provides an environment for trading different compute resources 
and performs matching operations for searches of available resources. The Market 
Place is the core component of the system, responsible for running the auctioning 
mechanism.  

The market includes a spot market and a future market.  The kinds of market 
mechanism to be implemented depend on the market structure assumed (see 
description on scenarios). The Market Place must fulfill the following functions: 
authentication of traders, monitoring, billing stack, account settling and arbitration.  

Contracts made in this market have the following parameters: length of contract, start 
time, price, QoS (type of resource), quantity. 

3.1.3 Workflow Broker 

The Workflow Broker is responsible for executing the appropriate workflow 
according to the user requirements. Once the appropriate workflow has been selected, 
it ensures that all communication between the required components/services is 
executed as defined in the workflow. 

3.1.4 Monitoring Component 

The Monitor is responsible for monitoring the workflow as well as the resource 
performance. In the case of resource failure, the Monitor can contact the Insurance 
Broker or the User who can then take corrective action. 

3.1.5 History Component 

The history component persists all necessary information that is generated during the 
runtime of the system. It also provides an interface to the Fixed Price Quotation 
Broker to present price history when requested.  
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3.1.6 Capacity Planner 

The Capacity Planner is a decision support system. It helps the user to determine if it 
is economically sound to purchase resources on the Grid or not. This advice can be 
based on past Grid usage and on current resource prices for in-house resources.   

Furthermore, the Capacity Planner can also help when the user is moving from in-
house resources to grid resources in determining what types of resources will be 
needed. 

3.1.7 Fixed Price Quotation Broker 

The Fixed Price Quotation Broker (FPQB) is used to give a fixed price to a user who 
wants to use a specific capacity of the Grid [on a future date]. The FPQB calculates a 
premium based on history prices to guarantee the availability of VMs/resources at an 
agreed price with the user requested. The premium is added to the extrapolated price 
of a particular VM/resource and sent to the user as a Quotation. When the user accepts 
the offer a contract is exchanged and the execution period is scheduled in the FPQB 
Scheduler. When the execution period starts the FPQB contacts the Workflow Broker 
to place a Bid. The best Bid is purchased and the user is notified. 

3.1.8 Supplier Component - Cloud Metering Monitoring and Demo 

The metering and monitoring components are responsible for metering and 
monitoring the cloud nodes usage (CPU, Memory etc.).   

The Demo is an application that was designed to run on the cloud environment, while 
the cloud nodes will be launched by the Execution Engine. 

3.1.9 Simulation and Testing Component 

This component is not used during the real operation of the system, but it has been 
developed for testing the system against some defined usage scenarios. The 
component can generate bids and asks requests towards the system at a configurable 
manner. The following figure depicts how this tool connects to the system:  
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Figure 4: Simulation and Testing Component  

The tool reads input data that describe a specific usage scenario. A simple command 
line interface is provided in order to configure the test/simulation scenario. The user 
can select the subset of the input data, number of requests and the duration of the test. 
The simulation tool generates the requests towards a Web Service interface 
implemented by the Workflow Broker, specifically for this purpose. This Web Service 
offers the same functionality as the nominal Web Interface, but it can easily be 
accessed programmatically and facilitates the development of the simulation tool.  

As mentioned before this is not a component of the real system and, therefore, it will 
not be evaluated. It would rather be used to evaluate and test the rest of the 
components. 

3.2 Characteristics 

3.2.1 Functionality 

3.2.1.1 Suitability 

All components are required to define a table of use cases that will be tested against. 
An example of this table is presented below.  

Use case Testing Method Result 
Start of a virtual machine Execution Engine Test 

Client 
Success 

 

Table 3: Example of Suitability Use Cases  

A similar table must be also defined for the system as a whole. 

______
______
______
______
______

  

Simulation and 
Testing Tool 

Input Data 

Workflow 

Broker Web 

Service 

Interface 

GridEcon System 
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3.2.1.2 Accuracy  

All components are required to define a table of use cases that will be tested against. 
An example of this table is presented below.  

Use case Testing Method Result 
Submitting application 
requests with an invalid 
application id should be 
rejected 

Execution Engine Test 
Client 

Success 

    

Table 4: Example of Accuracy Use Cases  

A similar table must be also defined for the system as a whole. 

3.2.2 Reliability 

3.2.2.1 Maturity  

A simulation tool will be used to evaluate the maturity of the system. The simulation 
tool will generate exceptionally high traffic to the system in order to evaluate the 
response of the system under stress conditions. No faults or erroneous conditions 
should be experienced during the runtime of the test. This test will be executed at 
system level only. 

3.2.2.2 Fault Tolerance  

The fault tolerance sub-characteristic will be evaluated by manual generating fault 
conditions and monitoring the response of the system. The following use cases will be 
executed:  

Use Case Description 
Execution Engine Fault The Execution Engine Component will be 

removed from the system. An appropriate error 
message must be delivered to the user. After the 
Execution Engine is operational again, the 
system should resume operation smoothly. 

Market Place Fault The Market Place Component will be removed 
from the system. An appropriate error message 
must be delivered to the user. After the Market 
Place is operational again, the system should 
resume operation smoothly. 

Monitoring Component Fault The Monitoring Component will be removed 
from the system. Operation should not halt as 



WP4 – D4.4: Validation Results Report     

IST – 033634 GRIDECON                                                                                                 19 

this is a benign error. 
History Component Fault The History Component will be removed from 

the system. An appropriate error message must 
be delivered to the user. The execution of an 
application should not be allowed. After the 
component is operational again, the system 
should resume operation smoothly. 

 

Table 5: Fault Tolerance Cases 

3.2.3 Usability 

3.2.3.1 Understandability  

The understandability of the system will be evaluated with the aid of a questionnaire 
that will be distributed amongst sample users. These users will be first introduced to 
the project and they will be later asked to answer questions that will reveal their 
understanding of GridEcon Platform.  

3.2.3.2 Learnability  

The learnability sub-characteristic will be evaluated for every component that has a 
User Interface and for the entire system. Similar to the understandability sub-
characteristic a questionnaire will be produced and distributed among sample users. 

3.2.4 Efficiency 

3.2.4.1 Time behavior 

The time behavior sub-characteristic will be evaluated with the aid of log files 
prepared by the Gridecon components during the operation of the system under 
specific scenarios. These log files will contain timestamps for every transaction 
between the system components. The parsing of the log files will reveal the time 
required for every operation. The following test cases will be used:  

Use Case Description 
Single transaction A single transaction (bid and task) will be performed 

using the Workflow Broker Interface 
Nominal average load The simulation tool will be used to generate a 

nominal traffic to the system. This traffic will 
correspond to the expected average load of the 
system. 

Maximum load stress 
test 

The simulation tool will be used to generate traffic 
close to the limits of the system. The time measured 
will correspond to the worstcase scenario. 

Table 6: Time Behavior Test Cases 
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In order to run these tests the system will be deployed on a single server. The outcome 
of the tests will be dependent on the hardware configuration and the characteristics of 
this server, such as CPU type and system memory. The outcome of the tests will be 
dependent on the hardware configuration (CPU type, RAM) of the server. Reports 
will be generated for all the components.  

3.2.4.2 Resource Utilization  

The resource utilization will be tested at system level. All components will be 
installed on a single server and run under the same JVM. Profiling tools will be used 
to measure the resource utilization under the load conditions that are defined in Table 
6. 

3.2.5 Maintainability 

The Maintainability characteristic is divided into the following sub-characteristics:  

 

Analysability: the ability to identify problems and define any deficiencies and 
trace the necessary changes to be applied  

 

Changeability: the ability to change the software component, in order to fix 
any malfunctions 

 

Stability: the characteristic to perform the specified functionality, regardless of 
the system state and conditions 

 

Testability: the ability to test a component, verify and validate its 
specifications   

In order to be considered that a component fulfils the above requirement, it must 
provide the following:  

Requirement 
Javadoc 
Comments on all code 
Documentation 
APIs definitions / descriptions 
Error Logging 

 

Table 7: Maintainability Requirements 

3.2.6 Portability 

The Portability characteristic is divided into the following sub-characteristics:  

 

Adaptability: the opportunity of the software component to be adapted to 
different specified environments without applying any other actions or means 
than those provided for this purpose 
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Installability: the effort needed to install the software component in a specified 
environment 

 
Co-existence: the ability to conform with standards and adhere with 
conventions relating to portability 

 
Replaceability: the ability to use this component in the place of another one 
and bear similar functionality without causing malfunctions to the specified 
environment   

In order to be considered that a component fulfils the above requirement, it must 
provide the following:   

Requirement 
Web Services Interface 
Proper Software Packaging 
Installation Instructions 
Architecture Documentation 

 

Table 8: Portability Requirements 
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4 Execution Engine  

The Execution Engine is the component responsible for instantiating a cluster of 
virtual machines that will run the user’s application in a Grid environment. The 
component exposes a Web Service interface that allows external subsystems to 
interact with it. 

4.1 Characteristics 

4.1.1 Functionality 

4.1.1.1 Suitability  

The Execution Engine will be matched against the following table of use cases. The 
main method for testing is an Execution Engine Client Test Tool that is able to 
execute all the tests automatically.   

Use case Testing Method Result 
Issue a Start Application 
Request. Wait for Query 
Application State to return 
“running”. Read Application’s 
Start Information. Terminate 
application. 

Execution Engine 
Test Client 

Success 

Issue a Start Application 
Request. Wait for Query 
Application State to return 
“running”. Read Application’s 
Start Information. Add two 
machines to the cluster. Wait for 
the new machines to start. 
Repeatedly send “Query 
Application State” requests until 
the state becomes “running”. 
Terminate application. 

Execution Engine 
Test Client 

Success 

 

Table 9: Suitability Use Cases for the Execution Engine     
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4.1.1.2 Accuracy  

The Execution Engine will be matched against the following table of use cases. The 
main method for testing is an Execution Engine Client Test Tool that is able to 
execute all the tests automatically.  

Use case Testing Method Result 
All requests with an 
invalid instance id are 
rejected 

Execution Engine Test 
Client 

Success 

Terminated applications 
cannot be restarted 

Execution Engine Test 
Client 

Success 

Terminated applications 
can’t be restarted 

Execution Engine Test 
Client 

Success 

Terminate application 
request while in 
“launching” state is 
rejected 

Execution Engine Test 
Client 

Success 

Application Start 
Information Request 
returns a valid URL 

Execution Engine Test 
Client 

Success 

 

Table 10: Accuracy Use Cases for the Execution Engine 

4.1.2 Efficiency 

4.1.2.1 Time behavior  

The following table presents the mean times for servicing the Execution Engine 
requests. All three scenarios (single transaction, nominal load, maximum load) are 
considered. In all cases the mean time corresponds to the average time of 50 requests.  

Request Single Transaction

 

Nominal Load Maximum Load 
Start Application 25ms 25ms 112ms 
Query Application 
State 

24ms 27ms 108ms 

Read Application 
Start Information 

25ms 25ms 141ms 

Terminate 
Application 

24ms 28ms 124ms 

 

Table 11: Execution Engine Time Behavior Report 



WP4 – D4.4: Validation Results Report     

IST – 033634 GRIDECON                                                                                                 24 


