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Abstract—A Software companies are often challenged with 
providing QA and testing of their software in an effective and 
efficient manner. In this paper an approach for designing a 
service-oriented software testing framework is discussed. This 
framework rely on a set of intelligent expert tools developed 
earlier in the context of the OptimalSQM initiative. After  an 
overview of OptimalSQM, the paper concentrates on the key 
challenges that rise out of adopting Test as a Service (TaaS) in 
compliance with the movement of Software as a Service (SaaS). 
In this paper we described OptimalSQM Framework, proposed a 
set of rules and benchmarking which enables to minimize the cost 
of switching between test plan alternatives in a predictable and 
stable manner, when the current choice cannot fulfill the quality 
constraints. 
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I. INTRODUCTION 
Since the early days of the software industry has faced up 

with challenges to provide QA (Quality Assurance) software 
and test software in an effective and efficient manner. 
Development of high quality software is very complicated and 
unreliable task, but the management of software development 
and testing process (SDP-STP) is much harder without 
appropriate software environment consisting of integrated 
techniques, procedures and tools for: a) precise planning 
(resources, costs, duration, training, etc.), b) software project 
risk identification, estimation and control, c) software quality 
metrics and measurement establishment, d) process testing 
quantitative management, i.e. management of activities needed 
for software quality assurance in order to increase efficiency of 
software bugs detection and removal. [1], [4].  

Our research [7]-[10] concluded that existing approaches 
for assessing and improving the degree of early and cost-
effective software fault detection are not satisfactory since they 
can cause counter-productive behavior. An approach that more 
adequately considers the cost-efficiency aspects of software 
fault detection is required.  

Software industry spends more than a half of its budget on 
test activities during software development process and 
maintenance [1], [2], [5]. A well-known document [3] found 
that in 2001, 25% of 8000 large software projects have never 
finished due to budget and duration exceed. Recent findings 
from the same source in 2009 [4] do not show any 

improvement, even worst, 44% of software projects have been 
cancelled due to almost same reasons. Another research [1], 
based on the very wide sample, pointed out that the 
development of appropriate software environment for Software 
Development Process and Software Testing Process (here and 
after SDP) may result in significant cost reduction (in sampled 
economic brunches between $600 million and $1,500 
millions). 

During the last decade a new computing paradigm, known 
as SOC (Service-Oriented Computing), has gained enormous 
popularity due to its usability in solving e-business 
interoperability [7], [13], [14]. Services reflect a “service-
oriented” approach to programming that is based on the idea of 
composing applications by discovering and invoking network-
available services to accomplish some tasks. The shift to 
service-oriented thinking leads to intensive software 
development, either new or rewritten existing applications. 

The aforementioned findings are alarming signals that some 
SDP, as our OptimalSQM solution, capable to act in old and 
new software engineering environments is needed. The 
OptimalSQM framework consists of several integrated 
Software expert tools that act on established rules which are 
based on related SDP-STP activities employed throughout the 
software lifecycle to positively influence and quantify the 
quality of the delivered software [7], [10]. We proposed the 
rules, benchmarking and process improvement which are a 
self-evident need for every software development organization 
concerned to demonstrate value for money and to reduce the 
software lifecycle time and effort as well as the number of 
defects. 

II. OPTIMALSQM - AN OVERVIEW 
The concept and functional requirements of OptimalSQM 

have been developed since several years ago, resulting into cost 
effective software test metrics [8], economic model of software 
quality [9], and finally matured by SDP framework deploying 
Software-as-a-Service (SaaS) and Testing-as-a-Service (TaaS) 
models [7]. The functional entities of OptimalSQM framework 
are shown in Fig.1 and Fig.2. The Framework consists of 
several integrated Software expert tools, which are Profit 
eXpert, Planner eXpert, Risk Management eXpert, Quality 
eXpert, Maintenance eXpert, People Performance eXpert and 
Process Dynamics Control eXpert.  

This work has been done within the project ‘Optimal Software Quality 
Management Framework’, supported in part by the Ministry of Science and 
Technological Development of the Republic of Serbia under Project No.TR-
35026 
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Planner eXpert provides an optimal time schedule and cost 
estimation for a software project. It applies best estimation 
methods based on numerous measure-based models such as 
COCOMO, functional points, and some others [6]. In order to 
improve the accuracy of prediction models Planner eXpert 
aggregates data from previous projects into a specific data base 
containing the same variables, e.g. effort and size, which 
further may be elaborated for prediction using standard 
statistical regression techniques.  

Profit eXpert deploys balanced productivity metrics (BPM) 
in order to measure performance and productivity 
improvement. BPM focuses on the SEI CMM core measures 
such as size, time, effort, and defects, and other data collected 
to measure process improvement, as well. It is based on the 
principle that the management of productivity improvement 
should focus on achieving a balance of time (schedule), cost 
(effort), and quality (defect rate), and is consistent with 
balanced scorecard methodology [11]. 

 

Fig. 1 The functional entities of OptimalSQM framework 

Risk Management eXpert uses a large database consisting of 
more than 8,000 projects [2] that are used in a risk based 
testing optimization model in order to remove defects in the 
earlier stages of a project and improve reliability of target 
software. Software reliability estimation provides a solid 
foundation to perform meaningful trade off studies at the 
starting point of a project. It is also capable to predict software 
failure rate before software testing and/or at any point 
throughout. Software Reliability Estimation (SRE) in 
OptimalSQM is capable to be fine-tuned and calibrated in 
order to make the particular project consistent and reliable. 

Quality eXpert is used to improve SDP via SQA alternative 
plans using advanced solution models of defect detection and 
removal as described in our earlier works [9], [10]. 
Appropriate metrics [8] and instruments made it possible to 
plan a journey accurately in advance and execute that plan 
with the flexibility to quick adoption in unforeseen 
circumstances. Maintenance eXpert should provide service to 
software managers with the ability to plan and estimate costs 
of corrective, preventive, perfective and adaptive software 

maintenance. Dynamics Control eXpert should allow 
identification observable and controllable variable for a given 
software project and establish reliable and optimization 
criteria for every phase of SDP, as well for the whole software 
process. It applies more than 100 variables in order to improve 
the degree of early and cost-effective fault detection with 
assured confidence. Finally, People Performance eXpert takes 
care of human resources on a software project in order to track 
and improve their professional skills. 

 
Fig. 2 Service-Oriented-Architecture of OptimalSQM Framework 

OptimalSQM framework focuses on a significant part of SPI 
(Software Process Improvement) effort, the deployment of 
which may result with ROI of 100:1, comparing with existing 
SDP infrastructure of software companies that have achieved 
CMM and TMM maturity of the 1 and 2 level. The current 
research aims at achieving two goals: build an SPD framework 
that is capable to support companies that have already reached 
higher levels of CMM, and inject  service-oriented capabilities 
into this framework to  allow customers to invoke a particular 
service on demand. 

III. THE OPTIMALSQM BENCHMARKING AND 
PROCESS IMPROVEMENT 

OptimalSQM lifecycle approach incorporates many metrics 
that are defined by many authors [2],[5],[6]. First, an overview 
of these metrics will be given, including a discussion of 
tradeoffs between different metrics with regard to their optimal 
values according to next established Goals and Measurement 
areas. A Practical View of Software Measurement and 
Implementation Experiences begin with these business goals 
and corresponding measurements areas. 

Goals 

Goal 1: Improve project planning. 
Goal 2: Increase defect containment. 
Goal 3: Increase software reliability. 
Goal 4: Decrease software defect density. 
Goal 5: Improve customer service. 
Goal 6: Reduce the cost of nonconformance. 
Goal 7: Increase software productivity. 

Measurement Areas 
• Delivered defects and delivered defects per size 
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• Total effectiveness throughout the process 
• Adherence to schedule 
• Accuracy of estimates 
• Number of open customer problems 
• Time that problems remain open 
• Cost of nonconformance 
• Software reliability 
 
For each goal the questions to be asked and the 

corresponding metrics were also formulated [8]. In the 
following, we will explain the questions and metrics for each 
goal providing formulas and examples. Software metrics can 
be classified into three categories: product metrics, process 
metrics, and project metrics. Product metrics describe the 
characteristics of the product such as size, complexity, design 
features, performance, and quality level. Process metrics can be 
used to improve software development and maintenance. 
Examples include the effectiveness of defect removal during 
development, the pattern of testing defect arrival, and the 
response time of the fix process. 

We identified more than 100 Project metrics which describe 
the project characteristics and execution. Examples include the 
number of software developers, the staffing pattern over the 
life cycle of the software, cost, schedule, and productivity. 
Some metrics belong to multiple categories. For example, the 
in-process quality metrics of a project are both process metrics 
and project metrics. 

In a development group SQA is performed on the 
documented estimating procedure, as we provide in the 
OptimalSQM solution, to check input data is used that 
quantifies: 

• The software product size and uncertainty 
• The development process productivity 
• The development constraints: time, effort, staff, and 

reliability 
• The risk levels for each constraint 

A. Estimation Accuracy 

Estimates are collected for the size of the program to be 
developed and the process to be followed (time distribution, 
productivity, and etcetera). These estimates are compared with 
the actual figures when the program has been implemented 
and tested. The result is the estimation inaccuracy, which can 
be calculated with the following equation: 

%100*
alueEstimatedV

alueEstimatedVeActualValuInaccuracyEstimation −=  (1) 

B. Relating Size, Effort and Productivity 

By measuring the size and effort of programs, the productivity 
can be calculated in retrospect. When the productivity has been 
measured however, it can be used to proactively calculate the 
expected effort or time needed to develop a program when the 
size of the program has been estimated, the equation being: 

Calculated Effort = Estimated Software Size / Measured 
Productivity              (2) 

In order to use defect containment in this predictive manner, 
organizations must do the following: 1) establish a baseline by 
using defect containment data from previously completed 
projects, 2) normalize the defect data found in each stage by 
size (e.g. FP, SLOC), and 3) apply statistical techniques to set 
limits of expected defect detection performance [2],[6],[8]. 
Three measures derived from the defect containment matrix 
that offer immediate proactive insight into defect data are the 
following:  

1) Cumulative Defects Originated in Design Detected by Stage; 
2) Cumulative Defects Originated in Code and Unit Test 
Detected by Stage; and  
3) Defect Detection Distribution by Stage. 

 
The following steps will cover required base measures, 

establishment of control limits/boundaries, and graphical 
representation of data. We propose more measures that can be 
derived from defect containment to offer proactive insight, but 
this sample is a good start for a wide range of software 
engineers. In order to create these three Quantitative Defect 
Management (QDM) measures [10], the following base and 
derived measures are required: 

• Number of defects by stage of origin (leveraged 
directly from the defect containment matrix (see Table 
1, last column). 

• Number of defects by stage of discovery (leveraged 
directly from the defect containment matrix (Table 1, 
P1, P2,…, P7 columns). 

• A size count, such as SLOC or function points. 
• Normalize the defect count by the size count (e.g. d 

defects per KSLOC). 
Next, use comparison techniques on historical data to establish 
the range of expected defect detection, i.e., control limits. 
These data must come from independent observations of the 
same process (E.g. separate design reviews.) The data from 
each life-cycle stage is compared to data from its own stage. In 
cases where a defect in an earlier stage causes a defect in a later 
stage, the defect counts as a single defect in the stage it was 
originally introduced. 

Control limits can be derived by calculating 3σ limits based on 
existing data. In this manner, defect data will fall between these 
(3σ) limits 99.7 percent of the time. 

Using 3-sigma limits avoids the need to make assumptions 
about the distribution of the underlying natural variation.  We 
established 3-sigma control limits using the following u-chart 
formulas: 

],0max[ 3
n
uuLCL −=  ;     

3
n
uuUCL +=            (3) 

where ubar is the mean for each subgroup and n is the sample 
size. An example follows in Fig. 3 and 4. 
 

C. Phase Detection Effectiveness (PDE) 

This metric measures the relationship between the number 
of faults found in different phases. 
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TABLE I.  ORIGINAL SOFTWARE PROCESS DEFECT 
CONTAINMENT MATRIX [10] 

 

 
 

The rationale for the metric is that fewer faults should be 
found in later phases. PDE can primarily be measured in two 
ways (other variants are possible as well but the difference is in 
practice insignificant): 

a) number of faults reported in the current phase in relation 
to the number of faults reported in the next phase 

[%]100*
)1()(

)( ⋅
+

=
+PPhasePPhase
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ctedFaultsDete

PDE   (4) 

b) number of faults reported in the current phase in relation 
to all the faults reported in later phases. 
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 In the equations, ‘P’ is the evaluated verification activity (or 
phase) and ‘i’ = 1..N=7 represents the sequence of phases 
performed in the same project after the evaluated activity in P. 
Both equations provide a percentage value which should be as 
close to 100 percent as possible (for maximized early 
detection of faults). The primary difference between the two 
variants is that results are faster to obtain when using equation 
(a) whereas Equation (b) provides a more accurate result.  
 

 
Fig. 3 Example of Software Development defect injection - predicted data 

 

 
Fig. 4 Example of Software Development defect detection - predicted  

data 
Equation (b) is sometimes also referred to as defect removal 
efficiency (DRE) [2], [6]. 
 

IV. RULES-BASED SOFTWARE TESTING PROCESS 
CONTROL 

Our OptimalSQM solution is ruled by more than 100 observed 
and controlled metrics [8],[10]. Software metrics is a term that 
embraces many activities, all of which involve some degree of 
software measurement with the ultimate objective of 
improving software quality. Besides giving you insight into 
what the costs and benefits are for a given alternative, 
numbers can be used to establish industry benchmarks that 
firms can use to compare their performance with others [12]. 
Questions like these, listed below, seem to permeate the 
atmosphere when management is asked to spend money on 
software improvements [8],[9]; 

• What are the costs and what are the benefits? 
• What are the returns on this investment? 
• Why should I spend money on this investment rather 

than on alternatives? 
• What would happen if I did nothing (actually 

everybody boss’s favorite question)? 
Getting management to spend money isn’t easy. These same 
managers will use rules of thumb that they have developed 
over the years to determine if the numbers you are pitching are 
reasonable [2],[14]. We established more than 20 Rules that 
provide observability and controllability i.e. predictability and 
stability of OptimalSQM dynamic process. Here we present 
some of them. 
 

1) Rule #1: CMM and TMM level of average defect 
removal efficiency benchmarking 

The fact is that the development of software products is often 
performed in an ‘ad hoc’ way. The Capability Maturity 
Model® or CMM® [15] as developed by the Software 
Engineering Institute (SEI) defines five different maturity 
levels for the development process of a software supplier. The 
CMM and its successor CMMI have been widely accepted as 
a process model to steer software Process improvement (SPI) 
activities. In some parts of software industry, like the defense 
industry, software suppliers are obliged to have their software 
processes at least at CMM level 2 or 3 in order to get any 
contracts. Despite these successes to release sustainable 
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improvements, the percentage of failures is however probably 
some magnitudes higher. Despite large investments in process 
improvements, many software organizations still reside firmly 
at CMM level 1. We adopted Jones [2] classification of 
software products in 7 groups: MIS, Web, Domestic 
outsource, Systems & Embedded, Commercial, Civilian 
Government and Military software type with average defect 
removal efficiency for benchmarking purpose given in Table 
2. 

TABLE II.  DEFECT REMOVAL EFFICIENCY BY TYPE 
AND SIZE OF SOFTWARE PROJECTS (ADAPTED FROM [2]) 

 

 MIS Web 

Dome-
stic 

Outso-
urce 

Systems &  
Embedded 

Comm
ercial 

Civilian 
Gove-

rnment 
Military  

Size 
in 
FP 

SW 
Type 

1 

SW 
Type

2 

SW 
Type 

3 

SW Type 
4 

SW 
Type 

5 

SW 
Type 

6 

SW 
Type 

7 
Average

1 98% 94% 99% 100% 95% 93% 98% 97% 

10 98% 90% 98% 99% 92% 89% 96% 95% 

100 94% 86% 96% 98% 90% 87% 94% 92% 

1,000 85% 82% 90% 96% 86% 82% 92% 88% 
10, 
000 80% 74% 86% 93% 84% 72% 91% 83% 

100, 
000 70% 68% 80% 89% 83% 70% 90% 79% 

1,000, 
000 65% 60% 77% 86% 78% 60% 87% 73% 

 
2) Rule #2: CMM and TMM level of average defect 

potential benchmarking per FP and software Size 
 

Every process improvement should begin with a formal 
assessment of the current process and the establishment of a 
quantitative baseline of current productivity and quality levels 
of your company. The assessment helps to identify the 
strengths and weaknesses of the process associated with 
software and are often carried out by consulting groups. The 
baseline provides a basis for productivity, schedules, costs, 
quality, and user satisfaction in order to benchmark the future 
improvement progress. As described in this section, function 
points are often used for baseline data collection, since they 
cover a wide range of activities. Besides comparing collected 
data from the baseline with data from a future point, it can also 
be considered to compare a company with another company in 
the same business sector. The improvement of both defect 
prevention and defect removal approaches in CMM level 3 
companies guides to a significant reduction in delivered defects 
and hence, to the ability to use shorter and more cost-effective 
development cycles, which factor defect prevention into the 
software development. In order to compare the quality of the 
resulting software products of one company with another 
company in the same business sector we established Rule#2 for 
defect potential benchmarking per FP and software Size 
depicted in Fig 5. To gain an overview of the differences in 
defect potentials, defect removal efficiency levels, and 
delivered defects, Table 3 compares the defect difference of the 
level 1 company with the level 3 companies. In the project 
example we compare the baseline of a hypothetical project of 

1,000 function points (roughly 125,000 C source statements) at 
SEI CMM maturity level 1 and level 3. The software 
application of the project is systems software, written in C. 
Here, potential defects mean effects which are likely to be 
encountered from the start of requirements analysis through at 
least one year of customer use. 

(Note:  Defect potential includes requirements, design, code, document, and bad-fix defect categories)
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Fig. 5 Average Defect Potential per Function Point by Type and Size of 
Software Projects (adapted from [2]) 

The side-by-side analysis of the costs, shows that an overall 
cost reduction of 20% has been achieved by the process 
improvement from level 1 to level 3. As anticipated, most of 
the savings occur during the testing phase. However, the costs 
for code inspections are higher at level 3 than at level 1 and 
some costs, like those for user documentation, kept the same in 
both scenarios. 

TABLE III.   SEI CMM LEVEL 1 AND LEVEL 3 DEFECT   
DIFFERENCES 

Level Potential
Defects 

Removal 
Efficiency 

Delivered 
Defects 

Defects per
Function 

Point 

Defects per
KLOC 

SEL Level 1 6150 85.01% 922 0.92 7.38 
SEI Level 3 3500 95.34% 163 0.16 1.30 
 

3) Rule #3: Estimated Staff Months of Effort expended 
for production of all document types 

Producing all documentation types include: requirements, 
specifications, project plans, test plans, requirements changes, 
training materials, installation manuals, HELP are significant 
effort consuming task. Software documentation quality is very 
demanding from developer, tester, and maintainer, as well as 
from user or customer point of view. So, we established rule 
for average effort to produce all documents in our 
OptimalSQM framework given in Table 4. 

4) Rule #4: Software Productivity (ESLOC/SM) by 
Application Domains 

Table 5, adapted from Reifer’s work [12] summarizes the 
results of our analysis of twelve application domains for which 
his firm has collected data that seem to be of interest to the 
software productivity benchmarking rule. 
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TABLE 4  ESTIMATED STAFF MONTHS OF EFFORT EXPENDED FOR 
PRODUCTION OF ALL DOCUMENT TYPES (ADAPTED FROM [2]) 

 

Software 
type MIS Web Domestic 

Outsource 
Systems & 
Embedded 

Comm
e-rcial 

Civilian
Gove-

rnment
Military

Size in FP SW 
Type 1 

SW 
Type 2 

SW 
Type 3 

SW 
Type 4 

SW 
Type 5 

SW 
Type 6

SW 
Type 7 

1 0.01 0.01 0.01 0.02 0.02 0.02 0.03
10 0.15 0.09 0.21 0.24 0.32 0.35 0.41

100 2.12 1.82 2.73 3.64 4.24 5.45 6.06
1,000 31.25 21.88 40.63 50.00 53.13 62.50 75.00

10,000 483.87 258.06 612.90 645.16 774.19 903.23 1032.26
100,000 5333.33 2333.33 6000.00 6500.00 7333.3 8666.67 10000.0

1,000,000 53448.2 20689.6 58620.69 65517.24 68965. 82758.6 96551.7
Average 8471.3 3329.3 9325.3 10388.0 11018. 13199.5 15380.8

 

Within many industries, productivity is commonly 
expressed as either equivalent source lines of code 
(SLOC)/staff month (SM) or as function points (FP)/SM. 
While other measures may be used, these two tend to 
predominate especially for medium to large scale projects. Of 
course, the measures SLOC, FP and SM must be carefully 
scoped and consistently defined for these metrics to convey a 
common meaning. In addition, the many factors that cause 
these measures to vary must also be identified. These 
measures, called cost drivers, must be normalized when 
defining the terms. Because many firm’s databases are 
primarily SLOC-based, we in the OptimalSQM use this metric 
as the basis for my analysis.  

TABLE 5  SOFTWARE PRODUCTIVITY (SLOC/SM) BY 
APPLICATION DOMAINS (ADAPTED FROM [2]) 

Application 
Domain 

No. 
of  

Pro-
jects 

Size 
Range 

[KSLOC] 

Avg. 
Productivity 
[SLOC/SM] 

Range 
[SLOC/SM] 

Example 
Application

Automation 55 25 to 650 245 120 to 445 Factory 
automation 

Banking 30 55 to 
1.000 270 155 to 550 

Loan 
processing. 

ATM 
Command & 

Control 45 35 to 
4.500 225 95 to 350 Command 

ccutcrs 
Data 

Processing 35 20 to 780 330 165 to 500 DB-intensive 
svslcms 

Environment
/Tools 75 15 to 

1.200 260 143 to 630 
CASE, 

compilers, 
etc. 

Military -All 125 15 to 
2.125 145 45 to 300 See 

subcategories

• Airborne 40 20 to 
1,350 105 65 to 250 Embedded 

sensors 

• Ground 52 25 to 
2,125 195 80 to 300 Combat 

center 
• Missile 15 22 to 125 85 52 to 175 GNC system

• Space 18 15 to 465 90 45 to 175 
Altitude 
control 
system 

• Scientific 35 28 to 790 195 130 to 360 Seismic 
processing 

Telecommu-
nications 50 l5 to 

1.800 250 175 to 440 Digital 
switches 

Test 35 20 to 800 210 100 to 440 Test 
equipment 

Trainers/Sim
ulations 25 200 to 

900 225 143 to 780 Virtual reality 
simulator 

Web 
Business 65 10 to 270 275 190 to 985 Client/server 

sites 
Other 25 5 to 1.000 182 65 to 481 All others 

Totals 600 10 to 
4.500  45 to 975  

I. CONCLUSIONS AND NEXT STEPS 
In this article, the software lifecycle model OptimalSQM 

framework, capable to act in old and new software engineering 
environments was introduced. The model offers a measurement 
foundation for software projects and products, enabling an 
organization to analyze the predictability (estimation 
capabilities), effectiveness (product quality) and efficiency 
(process productivity). The model is based on PSP metrics, 
established rules and bench markings, which have been 
promoted to the level of a project and definitions have been 
slightly adjusted to include the maintenance phase as well. This 
approach might be of help to any organization irrespective of 
their maturity regarding software process and metrics.  

The strength of this integrated approach is that every 
professional manager will understand the need to collect this 
data in order to support quantitative defect management and 
decision-making. 
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