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Abstract

This paper proposes a specific set of criteria for evaluating discrete-event Simulation Software capable of simulating
continuous operations. A quality specifications model was developed; it identified 40 sub-characteristics and 131 metrics to
assess the quality of this type of software; it is then to be used in the selection process. The application was demonstrated in one
organization that provides consulting services in the logistics’ area of the Venezuelan oil industry and it was used to examine
four commercial software systems that might fulfill the technical requirements established by the organization. The selection
and evaluation technique successfully identified the software that best suited their needs.
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1. Introduction

The application range of simulation techniques has
increased in recent years and, consequently, a great deal
of high-quality simulation software has emerged in the
marketplace, with different characteristics and specific
purposes [18]. Therefore, the following question arises:
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How can we tell which software is the one that best
meets the goals of the organization? Sometimes
corporations make decisions concerning technology
they need and, unknowingly, use approaches that may
underestimate or ignore important aspects in the
selection and future use of the technology they are
purchasing [20].

An improperly selected simulation software may
result in wrong operational and/or strategic decisions,
with subsequent economic damage to the organiza-
tion. It is not easy to obtain a set of criteria that can be
generally applied to evaluate all software because the
benefits of their use are difficult to assess. Nikoukaran,
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Fig. 1. Diagram of the systemic quality model (SQMO).

Hlupic and Paul stated that it is imperative to have a
list of assessment criteria for the selection of suitable
simulation software, which, once identified, must be
structured in a decision-making model.

Our research was aimed at proposing a set of
attributes to evaluate Discrete-Event Simulation
Software capable of simulating Continuous opera-
tions (identified by its acronym, DESS-c) and to
support the decision-making process associated with
their selection.

2. The systemic quality model (SQMO)

A Systemic Quality Model (SQMO) [13,15] was
developed in 2001 by the Universidad Simén Bolivar
(Venezuela). Since then, the University adopted the
SQMO for software evaluations. The work of Ortega
et al. [19], Alvarez [1], Diaz [3], and Martin [14]
provides examples of successful implementations of
SQMO, which is aimed at estimating the systemic
quality within an organization engaged in software

development. It is based on a systemic quality model
proposed by Callaos and Callaos [2]. As seen in Fig. 1,
SQMO consists of two sub-models (a Product and a
Process submodels).

The SQMO can use either the Product submodel,
the Process submodel, or both. The first is intended to
evaluate fully developed software, while the second is
used to evaluate the development process. The
different levels that form the SQMO are:

2.1. Level 0: dimensions

This considers both Product and Process software
evaluation in its different stages (analysis, design,
implantation, and operation). The four dimensions are:
Efficiency and Effectiveness of the Product; and
Efficiency and Effectiveness of the Process. For this
level, the Efficiency involves computation of the
relation between the quantity obtained and the quantity
of resources used. However, the Effectiveness measures
the ratio between the obtained and the obtainable
quantities.
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Table 1
SQMO - categories for the Product submodel

Category Definition

Functionality (FUN)

Functionality is the capacity of the software product to provide functions that meet specific and

implicit needs, when software is used under specific conditions

Reliability (FIA)
under specific conditions
Usability (USA)
under certain specific conditions
Efficiency (EFI)

Maintainability (MAB)

Reliability is the capacity of a software product to maintain a specified level of performance when used
Usability is the capacity of the software product to be attractive, understood, learned and used by the user
Efficiency is the capacity of the software product to provide appropriate performance, relative to the amount

of resources used, under stated conditions
Maintainability is the capacity of the software to be modified. Modifications can include corrections,

improvements or adaptations of the software to adjust to changes in the environment, in terms of functional

requirements and specifications
Portability (POR)

Portability is the capacity of the software product to be transferred from one environment to another

2.2. Level 1: categories

This has six elements corresponding to the Product
and five to the Process parts of the software system
development cycle. Tables 1 and 2 summarize the
definitions of the categories associated with the
Product and Process submodels, respectively.

The efficiency category differs from the Product
Efficiency dimension (in the Dimensions level)
because the quality standard is that of the inter-
mediate products, considering only their specific
traits. At the category level the quality is measured by
product-use.

2.3. Level 2: characteristics

SQMO states that each category has a set of
associated characteristics, which define the key areas
that must be fulfilled in order to guarantee and control
the Product and/or Process quality. A list of the

Table 2
SQMO - categories for the Process submodel

characteristics recommended by SQMO and their
respective definitions was presented by Mendoza et al.

2.4. Level 3: metrics

Each characteristic has a group of metrics for the
attributes to be evaluated in the software and/or process.
These metrics must be defined for the case study.

3. Adoption of the systemic quality model
(SQMO)

SQMO was adopted as reference because it takes the
best concepts from Dromey [4], reinforced by the work
of Voas [24]; McCall [16]; ISO/IEC 9126 [8] and ISO/
IEC 15504-2[9]. In addition, the fact that the SQMO was
developed by our University made it possible to count on
direct assistance of its authors and to have access to all
model documentation. In order to define which aspects

Category Definition

Client—supplier (CUS)

Is made up of processes that have an impact on the client, support the development and transition of the

software to the client, and give the correct operation and use of the software product or service

Engineering (ENG)
the system and documentation on it
Support (SUP)
of the acquisition life cycle
Management (MAN)

Consists of processes that directly specify, implement or maintain the software product, its relation to
Consists of processes that can be used by any of the processes (including support ones) at several levels

Consists of processes that contain practices of a generic nature that can be used by anyone managing any kind

of project or process, within a primary life cycle

Organizational (ORG)

Contains processes that establish the organization’s commercial goals and develop process, product and

resource goods (values) that will help the organization attain the goals set in the projects
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are useful in the evaluation of DESS-c, the levels of this
model were analyzed. The considerations taken into
account for the definition of the SQMO levels are:

3.1. Submodel selection

Here, only the Product submodel of SQMO was
considered. The Process submodel was excluded,
because our intent was to evaluate the fully developed
DESS-c that are marketed, and not to consider its
development process.

3.2. Level 0: dimensions selection

Only Effectiveness (not Efficiency) was considered
for Level 0; the assessment of efficiency would have
required the source code of DESS-c, which was not
available (it is considered proprietary information).
Additionally, special attention was centered on the
evaluation of the software quality features observed in
its execution.

3.3. Level 1: categories selection

The starting point of the application of SQMO for
Level 1 is the functionality category. They also stated
that, out of the remaining five SQMO categories, the
two essential categories for the stakeholders, Usability
and efficiency, had to be chosen. The usability category
was selected because its characteristics were considered
crucial by large organizations, who intended to reduce
the time and costs associated with personnel training
and model development and maintenance [23]. The
efficiency category was selected because it was
fundamental to investigate the performance of the
DESS-c under stated conditions. Particularly, they
require a significant memory resource.

3.4. Level 2: characteristics selection

All of the characteristics suggested by SQMO were
used, except for those lacking relevance within our
context:

3.4.1. Functionality

The characteristics selected were: Fit to Purpose
(FPU), Interoperability (INT) and Security (SEC),
former FUN.I, FUN.3 and FUN.4, respectively. The

characteristics from FUN.5 to FUN.8 were discarded,
because they are associated with the Efficiency
dimension, which was excluded in Level 0. Precision
(FUN.2) was also excluded because it is very difficult
to measure the accuracy for a model using real data
[21]. Also, the random nature of the variables
characterizing stochastic simulation models produced
random outputs and, therefore, only represented an
estimate of the true characteristics of the system [11].

3.4.2. Usability

One of the key characteristics when a DESS-c was
adopted is the ease with which the user obtains the
knowledge required to employ it and understand its
features, operations, and concepts. However, since its
learning and understanding are closely related, Ease of
Understanding (former USA.1) and Learning Ability
(former USA.2) characteristics of SQMO were merged
into a single factor, known as Ease of Understanding
and Learning (EUL).

The characteristics chosen for this category are
therefore Ease of Understanding and Learning (EUL),
Graphical Interface (GIN), former USA.3, and
Operability (OPR), former USA.4. Characteristics
from USA.5 to USA.10 were discarded.

3.4.3. Efficiency

This was evaluated using Execution Performance
(EPE), former EFI.1, and Resource Utilization (RUT),
former EFI.2. The characteristics from EFIL.3 to EFI.6
were excluded since they are related to the Efficiency
dimension.

3.5. Level 3: metrics definition

When the product quality was measured, each
characteristic had associated metrics, which were related
to qualities or attributes of the software to be evaluated.
Complexity of the software resulted in modifications in
SQMO to gather the attributes in a coherent, manage-
able, and understandable fashion. To this end, the
assessment of the selected characteristics was restated,
and this resulted in an improved model: the SQMO+.

4. Systemic quality model - SQMO+

Authors such as Kitchenham [10] have pointed out
that when the attributes identified for the assessment are
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complex, they can often be divided into simpler items,
which, if desired, can be further subdivided. However,
the excess of items can result in a need to invest
substantial time in their assessment. Therefore, abalance
between assessment depth, the desired confidence level,
and practical difficulties must be established.

The study of the aspects that should be included in a
DESS-c led to the identification of a different set of
attributes. SQMO+ requires an additional level, so that
the selected characteristics can be evaluated through a
number of sub-characteristics that, in turn, are
subdivided into metrics. The sub-characteristics and
metrics proposed were based on the contributions of
Nikoukaran et al., Hlupic [7] and information gathered
from works executed from the industry sector,
advertising literature, and software documentation
literature. Fig. 2 shows the SQMO+ structure.

5. Sub-characteristics and metrics for the
DESS-c evaluation

The set of sub-characteristics and metrics for DESS-
¢ evaluation, correspond to Levels 3 and 4 in Fig. 2.

Level 0: Dimensions

Level 1: Categories

5.1. Sub-characteristics and metrics for assessing
functionality

The commercial simulation software must be able
to recognize both continuous and discrete systems in
order to be appropriate for a wide range of
applications. Thus, it is essential to add features to
deal with continuous processes. It was necessary to
assess the DESS-c ability to simulate hybrid systems.
For this reason, this category contains criteria that
operate with continuous systems such as: Fluids,
Pipelines, and Storage Tanks (FPU 12, FPU 13, and
FPU 14, respectively). The metrics related to sub-
characteristics are shown in Table 3:

5.1.1. Characteristic: fit to purpose (FPU)

This assesses whether the software is capable of
providing a proper set of features according to the
user-specific tasks and goals. Sub-characteristics
FPUOI to FPUOS5 examine the facilities present in
the software for entering data into a model, cloning
simulation elements, and building models in mod-
ules. They also assess the facilities provided by the
software that allow the user to describe the system

Effectiveness

v

| rFuncrionaLrty | | USABILITY | | EFFICIENCY |
Level 2: Characteristics
A \ 4
I FPU ” INT “ SEC I I EUL ” GIN || OPR I EPE RUT
Level 3: Sub-Chara s v
TR

Level 4: Metrics

Fig. 2. Diagram of the systemic quality model (SQMO+).
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Table 3
Characteristics, sub-characteristics and metrics assessed by SQMO+ — functionality category
Characteristics Tags Sub-characteristics Metrics tags Metrics
Fit to purpose (FPU) FPU 01 Input data FPU 011 Entering input data manually
FPU 012 Reading data from an external file
FPU 02 Cloning FPU 021 Creating identical elements from an original one
FPU 03 Modularity FPU 031 Grouping and storing simulation elements
FPU 032 Saving modules for future use
FPU 033 Creation of modules (hierarchical model building option)
FPU 04 Logical facilities FPU 041 Standard functions library
FPU 042 Creating user-defined functions
FPU 043 Setting attributes to simulation elements
FPU 044 Defining variables
FPU 045 Assigning priorities to simulation elements
FPU 046 Using arithmetic operators
FPU 047 Using logical operators
FPU 048 Using conditional operators
FPU 05 Programming languages  FPU 051 Using programming languages
FPU 06 Random numbers FPU 061 Random number control
FPU 062 Selecting among regular and antithetic random numbers
FPU 07 Probability distributions ~ FPU 071 Standard probability distributions collection
FPU 072 Definition of empirical probability distributions
FPU 073 Probability distribution fitting
FPU 08 Simulation clock FPU 081 Analog simulation clock
FPU 082 Digital simulation clock
FPU 083 Time unit specification
FPU 09 Entities FPU 091 Specifying entities from an unlimited supply
FPU 092 Specifying the maximum number of entities
FPU 093 Specifying arrivals at specific time intervals
FPU 094 Entities arrival in lots (specified number of entities)
FPU 095 Specifying the simulation time at first entity arrives
FPU 10 Queue FPU 101 Specifying the maximum entities that enter in a queue
FPU 102 Specifying the types of entities that can enter in a queue
FPU 103 Queuing policies
FPU 104 Holding entities in a queue for a minimum amount of time
FPU 105 Removing entities from a queue after a period of time
FPU 11 Operations FPU 111 Specifying the time it takes to perform a task
FPU 112 Scheduling maintenance and turnarounds
FPU 113 Scheduling cleaning operations
FPU 114 Assigning shifts to elements
FPU 12 Fluids FPU 121 Specifying fluid flow from an unlimited supply
FPU 122 Specifying the maximum fluid flow supply
FPU 123 Fluid blending
FPU 124 Component concentration for a blend in a storage tank
FPU 13 Pipelines FPU 131 Specifying the maximum fluid volume
FPU 132 Specifying the maximum fluid flow rate
FPU 133 Cleaning/purging pipelines when fluid quality changes
FPU 134 Reverse flow in pipelines
FPU 14 Storage tanks FPU 141 Specifying the storage tank capacity
FPU 142 Specifying safety levels
FPU 143 Specifying initial fluid type and fluid volume
FPU 15 Experimentation FPU 151 Specifying initial model conditions
FPU 152 Specifying model warm-up period
FPU 153 Replications of simulation runs
FPU 154 Sensitivity analysis
FPU 155 Automatic optimization of model parameters
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Characteristics Tags Sub-characteristics Metrics tags Metrics
FPU 16 Output statistical analysis FPU 161 Automatic calculation of statistics for selected elements
FPU 162 Automatic calculation of statistics for replications outputs
FPU 163 Confidence intervals estimation
FPU 164 Goodness-of-fit test
FPU 17 Cost analysis FPU 171 Automatic calculation of the operating costs
FPU 18 Saving the model FPU 181 Saving the model structure to disk
FPU 182 Saving experiments
FPU 183 Saving model and status
FPU 184 Automatic saving of an open model every few minutes
FPU 185 Automatic creation of a backup file
FPU 19 Report generation FPU 191 Automatic standard report generation
FPU 192 Generating reports for selected elements
FPU 193 Gather in a single report the results obtained in
replications of simulation runs
FPU 194 Sending a model via e-mail
FPU 195 Saving reports in HTML format
FPU 20 Graphics FPU 201 Graphical display of simulation results
FPU 21 Images and icons FPU 211 Library of standard icons
FPU 212 Creating new or modifying existing icons
FPU 213 Saving customized icons
FPU 214 Importing images from other programs
FPU 215 Saving images imported from other programs
FPU 216 Importing AutoCAD drawings into the DESS-c
FPU 22 Animation FPU 221 Displaying entities as dynamic icons
FPU 222 Color changes to indicate state changes of elements
FPU 223 3D animation
FPU 224 Automatically updating graphics display during the simulation
FPU 225 Synchronizing the model to real time
FPU 226 Displaying storage tanks level
FPU 227 Turning animation on and off
Interoperability (INT) INT 01  Operating system INT 011 Operating systems support
INT 02 Data exchange INT 021 Links to Microsoft™ Excel
INT 022 Links to text files
INT 03 Use of models by INT 031 Creating executable models
third parties
INT 032 Runtime and player versions
Security (SEC) SEC 01 Security devices SEC 011 Password protection

operations in the model (such as setting attributes
and assigning priorities to simulation elements).
Sub-characteristic Modularity (FPUO3), for exam-
ple, evaluates whether it is possible to develop
models of complex systems from simpler sub-
systems (modules). Being so, its metrics evaluate if
the DESS-c allows the user to group and store
elements in modules and if these can be reused. This
sub-characteristic also investigates the possibility of
using a hierarchical modeling structure (creation of
modules within other modules).

Sub-characteristics FPU06 and FPUO7 explore the
facilities offered by the software for controlling the
generation of random numbers and using probability
distributions. This sub-characteristic, for instance,
assesses the software’s ability to use probability
distributions to indicate the relative frequency of the
events within the system [17]. Some of its metrics
investigate which standard probability distributions
are provided, whether it allows the user to define
empirical distributions, and whether a distribution-
fitting package is included.
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Sub-characteristics FPUO8 to FPUIO consider
aspects related to the operation with typical elements
of discrete-event systems, such as entities, queues, and
a simulation clock. Sub-characteristic Queues
(FPU10), for example, consists of metrics that
investigate whether it is possible for the user to
specify: (a) the number and type of entities that can be
incorporated into a queue; (b) the type of queue; and
(c) whether entities are held or removed from a queue
after a period of time has elapsed.

Sub-characteristics FPUI1 to FPUI4 evaluate the
DESS-c capability of working directly with contin-
uous operations. For the sub-characteristics Fluids
(FPUI2), the metrics explore whether the DESS-c
allows the user to specify an infinite fluid supply or to
constrain its supply. Other metrics examine if the
DESS-c can deal with fluid blends and if it is able of
calculating the components concentration for a given
fluid blend contained in a storage tank.

Sub-characteristics FPU15 to FPUI7 explore the
facilities provided to execute certain phases involved
in simulation projects, such as experimentation,
output statistical analysis, and cost analysis. Particu-
larly, the sub-characteristic Qutput statistical analysis
(FPU16), assesses the software ability to perform
statistical data analysis. Its metrics examine whether
the DESS-c automatically calculates: (a) statistics
for selected elements; (b) statistics for multiple run
outputs; (c) confidence interval; and (d) goodness of
fit.

Sub-characteristics FPUI8 to FPU20 are related to
the saving process of the simulation model and to
report generation. Report generation (FPU 19), for
instance, involves metrics that evaluate the DESS-c
ability to automatically generate: (a) standard reports;
(b) reports for selected elements; and (c) a single
report gathering the results obtained in each multiple
run. Other metrics investigate whether the DESS-c
enables the user to send models as attachments via e-
mail and to issue reports with HTML format.

Sub-characteristics FPU2! and FPU22 evaluate
the software features associated with visualizing and
animating the model. Animation (FPU 22) includes
metrics that examine the DESS-c ability to: (a) display
entities in motion; (b) change color in order to indicate
state changes of elements; (c) display 3D animation;
(d) automatically update graphics display during the
simulation; (e) synchronize the model to real time; (f)

display storage tanks level as they rise and fall; and (g)
activate or suspend the animation manually.

5.1.2. Characteristic: interoperability (INT)

This evaluates the ability of the DESS-c to interact
with one or more systems.

Operating System (INTOI) has a single metric that
shows whether the DESS-c supports the operating
system required by the organization.

Data exchange (INT02) is related to the exchange
between the DESS-c and other applications. Its
metrics evaluate the ability of receiving and sending
data through links to Microsoft Excel™® and text files.

Use of models by third parties (INT03) evaluates
the facilities given by the licensor for third party users
to execute or change parameters in pre-assembled
models without purchasing the full version of the
package. Its metrics assess whether it is possible to
create executable models and if the licensor offers
RunTime and Player versions of the software.

5.1.3. Characteristic: security (SEC)

This evaluates if the software is capable of
protecting information so that unauthorized persons
cannot access it.

Sub-characteristic ~ Security devices (SECOI)
involves whether the models are protected by means
of a password.

5.2. Sub-characteristics and metrics for assessing
the usability category

The metrics related to each of the sub-character-
istics are shown in Table 4:

5.2.1. Ease of understanding and learning (EUL)

This characteristic assesses the software’s ability to
make it easier for the user to understand and to use the
software. It also evaluates the facilities that enable the
user to learn the application.

Learning time (EULOI) takes into account the
average time that a new user requires to get acquainted
with the use of the software so as to be able to develop
a simple model. Browsing facilities (EULO2) is related
to the search commands and functions in the DESS-c.
Its metrics evaluate: (a) how fast commands can be
located in the menu; (b) the availability of toolbars
with buttons to activate functions; (c) the possibility of
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Table 4
Characteristics, sub-characteristics and metrics assessed by SQMO+ — usability category
Characteristics Tags Sub-characteristics Metrics tags Metrics
Ease of understanding and EUL 01 Learning time EUL 011 Average learning time
learning (EUL)
EUL 02 Browsing facilities EUL 021 Speed at which commands can be located
in the menu
EUL 022 Toolbars
EUL 023 Consistency between icons in the toobars
and their actions
EUL 024 Displaying right-click menus
EUL 03 Terminology EUL 031 Ease of understanding the terminology
EUL 04 Help and documentation EUL 041 User manual
EUL 042 On-line help
EUL 043 Finding topics in the documentation
EUL 044 Example models
EUL 045 Troubleshooting guide
EUL 046 Introduction to simulation concepts
EUL 047 Introduction to statistical concepts in simulation
EUL 05 Support and training EUL 051 Availability of introductory training courses
EUL 052 Availability of advanced training courses
EUL 053 Availability of tailor-made training courses
EUL 054 Phone technical support
EUL 055 On-line support
EUL 056 On site training at the organization facilities
EUL 057 Availability of consulting services
EUL 058 Response time of the vendor
Graphical interface (GIN) GIN 01  Windows and GIN 011 Selecting elements with a single click
mouse interface
GIN 012 Editing model elements by double-clicking
GIN 013 Removing selected elements by pressing the Delete
or Backspace keys
GIN 014 Cutting, copying and pasting with the clipboard
GIN 015 Dragging and droping elements to the modeling window
GIN 02 Display GIN 021 Color display on screen
GIN 022 Resizing simulation windows
GIN 023 Creating and editing the screen layout
GIN 024 Zoom-in and zoom-out
Operability (OPR) OPR 01 Versatility OPR 011 Resetting the simulation clock to the start of the run
OPR 012 Specifying whether to run the model until a particular
time is reached, or until a specified event takes place
OPR 013 Running the model backwards
OPR 02 Interaction OPR 021 Prompting the user to enter values for variables
OPR 022 Stopping the simulation run at the current simulated time
OPR 023 Automatically displaying alert messages
OPR 024 Running the model event by event
OPR 03 Multitasking OPR 031 Working with another application or program while
a simulation is running in the background
OPR 032 Editing a model while another model is running
OPR 04 Animation speed control OPR 041 Animation speed control

displaying right-click menus; and (d) the consistency

between icons and their actions.

Since the lack of a common terminology in the field
of discrete-event simulation influences the learning

time, the sub-characteristic Terminology (EULO3) is
used to evaluate whether the terms used by the
software are easily understandable. Its only metric
assesses the ease of understanding the terminology.
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Help and documentation (EUL0O4) examines the
facilities to assist the user in learning and using the
software. Its metrics assess the availability of help
material, such as: user manual, on-line help, trouble-
shooting guide, and introductory information about
simulation and statistical concepts. Likewise, other
metrics investigate whether topics are easily found in
the documentation and if example models are aimed at
the specific application domain.

The metrics of sub-characteristic Support and
training (EULO5) explore the availability of: (a)
introductory training courses; (b) advanced training
courses; and (c) training courses tailored to meet the
requirements of the organization. Other metrics look
at alternatives available for technical support and the
response time of the vendor.

5.2.2. Graphical interface (GIN)

This characteristic is associated to those software
attributes that render it more attractive for the user,
such as the use of color and the nature of the graphic
design.

Sub-characteristic Windows and mouse interface
(GINOI) assesses whether the software is operated
similarly to that of a Windows environment. Its
metrics are related to the selection of elements by
clicking the mouse and the use of the clipboard to cut,
copy, and paste. Other metrics examine whether it is
possible to remove elements from a model by pressing
the Delete or Backspace keys, or to use drag and drop
functionality to incorporate elements to the modeling
window.

Display (GINO2) is related to the software’s
presentation on screen. Its metrics assess color display
and examine the possibility of resizing windows,
creating and editing the screen layout, and zooming in
and zooming out.

5.2.3. Operability (OPR)

This characteristic evaluates if the software is
capable of enabling the user to operate it and control it.
Versatility (OPROI) investigates the facilities pro-
vided to control the process of running a model. Its
metrics evaluate the possibility of resetting the
simulation clock to the start of the run, running the
model backwards, and indicating whether to run the
model until a particular time is reached, or until a
specified event takes place.

Interaction (OPRO0?2) is related to the communica-
tion between software and user. Its metrics investigate
if the DESS-c prompts the user to enter values for
variables and if it automatically displays alert
messages. Other metrics interrogate if it allows the
user to stop the simulation run at the current simulated
time or run the model event by event.

Multitasking (OPRO3) is related to the software’s
ability to perform simultaneous operations. Its metrics
assess the possibility of working with another
application or program while a simulation is running
in the background, and of editing a model while
another model is running.

Animation speed control (OPR04) is related to the
control of the animation speed in the simulation. Its
metric is binary (yes or no).

5.3. Sub-characteristics and metrics for assessing
the efficiency category

The metrics for the sub-characteristics for the
efficiency category are shown in Table 5:

5.3.1. Execution performance (EPE)

This characteristic is used to assess if the software
is capable of providing proper responses and proces-
sing times under specific conditions.

Table 5
Characteristics, sub-characteristics and metrics assessed by SQMO+ — efficiency category
Characteristics Tags Sub-characteristics Metrics tags Metrics
Execution performance (EPE) EPE 01 Compilation speed EPE 021 Compilation speed
Resource utilization (RUT) RUT 01 Hardware requirements RUT 011 CPU (processor type)
RUT 012 Minimum RAM
RUT 013 Hard disk space required
RUT 02 Software requirements RUT 021 Additional software requirements
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Sub-characteristic Compilation speed (EPE02)
assesses how fast the software creates an executable
version of the model. Its metric is compilation
speed.

5.3.2. Resources utilization (RUT)

This characteristic is aimed at evaluating whether
the software uses the resources properly when it is
performing its functions under specific conditions.

Sub-characteristic Hardware requirements (RUTOI1 )
refers to the viability of setting up and running the
software in the organization. Its metrics take into
account hard disk space required, CPU needed, and
minimum RAM.

Sub-characteristic Software requirements (RUT02)
assesses whether it is necessary to install additional
software in the PCs as well as the DESS-c, e.g. a
compiler.

6. DESS-c evaluation and selection

The method involves the creation of two multi-
disciplinary work-teams: Analysis and Selection Team
and Experts Team. The first is the group responsible for
executing the evaluation and selection of the software.
The second is the set of consultants, experts, and
users working in the application area and simulation
field.

6.1. General objectives definition

The Analysis and Selection Team defines the
general objectives of the evaluation and selection
project based on the overall organizational require-
ments. The objectives are: (1) areas of the application
and use of the software, (2) particular aims of the
organizational unit that uses them, and (3) identifica-
tion of the required attributes (for it to be as functional,
usable, and efficient as possible).

6.2. Mandatory and Non-mandatory definition
(importance level and evaluation scale)

The Experts Team is required to answer a ‘“‘ques-
tionnaire” that defines whether each metric should be
Mandatory or Non-Mandatory. In this context, the
metric which is Non-Mandatory is desirable.

In the questionnaire, the Mandatory metrics are
established by a binary scale, which contains the
option YES (when the attribute is Mandatory). When a
DESS-c produces a negative return for any Mandatory
metric, it must be removed from the list of candidates.
The “‘importance-level” of the Non-Mandatory
metrics are established by means of a Likert type
scale. The Analysis and Selection Team sets an
“evaluation scale” that will make it possible to
measure capacity of the DESS-c in satisfying each
Non-Mandatory metric.

6.3. Prescreening

Prescreening allows the reduction of the number of
considered products, to those that remain evaluated
using the Non-Mandatory metrics. The activities
involved in this stage were inspired by the methodology
for selecting software proposed by Le Blanc [12]. They
are: (a) elaborating a long list (LL) of DESS-c available
in the market; (b) reducing this to a medium list (ML)
containing the DESS-c that comply with the stated
general objectives 1 and 2; (c) producing the short list
(SL) of DESS-c that provide all the Mandatory metrics.

6.4. Evaluation and data analysis

The Analysis and Selection Team then: (a)
evaluates the DESS-c in the SL using the metrics
defined as Non-Mandatory; (b) quantifies the results
obtained in the evaluation activity; and (c) scrutinizes
the final results of the evaluation.

The method of quantifying the results involves:

e Assigning a value to each Non-Mandatory metric,
according to the ‘“‘evaluation scale”.

e Multiplying each of these by the ‘‘importance-
level” of the related metrics.

e Adding these to calculate the value for each
evaluated category.

e Computing a percentage parameter denominated
Quality Rate, by which it can be seen how each
DESS-c behaves against the ideal situation.

The Quality Rate is the result of dividing the total
value obtained by the DESS-c in a category by the
maximum total value (ideal situation) that the DESS-c
can reach in that category.
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6.5. Selection of the DESS-c

Next, the Analysis and Evaluation Teams deter-
mines the hierarchy of the DESS-c contained in the
SL. By determining the rank, it is possible to select the
software that better suits the requirements. The
Weighed Global Quality Rate Strategy (identified
by its acronym in capital letters, WGQR) analyses the
behavior of the software within the hierarchy, because
it quantifies the influence of the “weight” assigned to
each category. The WGQR is estimated as a function
of the Quality Rate and of the ‘“weights” of the
categories. The WGQR is defined as:

WGQR = > "(QR|, x Weight|,)

1

where, QR|; is the quality rate in category i (i: func-
tionality, usability, efficiency); Weight|; is the
“weight” of the category (i: functionality, usability,
efficiency). The “weights” of the all categories sum to
100%.

7. The Venezuelan oil industry: a case study

A DESS-c assessment was carried out to demon-
strate the applicability of the Systemic Quality Model
SQMO+. The entire process was intended to support
the specific needs of an organization that renders
consulting services in the decision making for the
Venezuelan oil industry. This is a competitive business
that requires a continued and sustained effort aimed at
optimizing its operations and reducing costs in the
productive process chain to maintain profit margins
and market competitiveness. Consequently, the deci-
sion making process related to the industry’s logistics
has to be analyzed from the perspective of its impact
on the business as a whole.

The term “Logistics” here refers to freight or
transportation, working capital, and distribution
assets, including pipelines, tank farms, fleets, term-
inals and warehouses. Logistics, excluding raw
material costs, is the single largest cost element in
the oil and chemical industry, ranging within 15-25%
of the product cost. In addition, logistics assets,
whether wholly owned or not, can be over 30% of the
process companies total asset base. The logistic assets
are used at 50-60% of capacity [5].

On the other hand, it is estimated that roughly 40—
50% of the total capital investment in the oil and
chemical industry projects is spent on offsites and
logistics facilities. Consequently, it is important to
differentiate which facilities have direct impact on
offsites and logistics, so that the correct balance is
achieved between operational and capital costs [6].

The supply and distribution chain of hydrocarbons in
the oil industry are characterized by processes in which
a series of factors interact. As a result, they produce
probabilistic phenomena with discrete-event occur-
rence. The arrivals and departures of tankers at marine
ports, for loading and unloading products, are examples
of discrete-events. Likewise, these systems involve
continuous operations such as filling and emptying
tanks as well as crude oil and product transfers through
pipelines. This situation requires that commercial
simulation software be capable of recognizing both
continuous and discrete systems. The organization
involved in this study case, was acquiring commercial
software for this specific domain in order to implement
applications sufficiently quickly to respond to pressure
from competitors and to keep development time and
cost associated with new models and maintenance low.

7.1. General objectives

Priority was given to the DESS-c intended for:
selection of packages and not languages and faculty to
model hybrid systems.

7.2. Mandatory and non-mandatory definitions
(importance level and evaluation scale)

Once each member of the Experts Team had
answered the questionnaire, the answers were
processed and analyzed by the Analysis and Selection
Team. The result was that out of a total, 77 metrics
were considered Non-Mandatory (59%) while 54 were
Mandatory. The answers also established the “impor-
tance level” of the Non-Mandatory metrics. The
Mandatory metrics were distributed as follows:
functionality: 37 metrics (43%); usability: 13 metrics
(33%), and efficiency: 4 metrics (66%). They are
highlighted in gray in Tables 3-5.

Additionally, the Amnalysis and Selection Team
determined the evaluation scales for each Non-
Mandatory metric.
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7.3. Prescreening

The survey devised by Swain [22] was used,
because it collects the different alternatives of DESS-c
that the market offers. Based on this information, 44
possible DESS-c were found. It was assumed that the
DESS-c contained in the survey OR/MS Today,
constituted the universe of the software (LL).

As a result of the prescreening step, the ML
consisted of five DESS-c, and this was reduced to a
Short List (SL) of four: Extend 5.0 (Imagine That
Inc.), Witness 2000 (Lanner Group), AutoMod 9.1
(Brooks Automation) and ProModel 2002 (ProModel
Corporation). To preserve confidentiality of the
vendors these will be designated as A, B, C and D.

7.4. Evaluation and data analysis

The DESS-c in the SL were assessed by means of
the non-mandatory items using manuals and demos
supplied by the vendors. Likewise, a model of a
marine terminal of a refinery was developed. This was
simple but important, because it clearly illustrated
basic concepts related to discrete-event simulation.

The strategy used to evaluate the metrics was based
on: (a) the algorithm of Mendoza et al. to measure the
quality of the software according to SQMO; (b) the
risks related to the Feature Analysis-Screening Mode.

Fig. 3 shows the Quality Rates obtained by
each of the DESS-c. For the functionality category,
B, C and D DESS-c present high values (close to the
84-88% range), which reveals that these systems

100%n
90% 8% 85% 84%
80%-
70%4 89%)

oo
3
>~

65%

have most of the functions demanded from a DESS-
¢ needed in the area of application and industry. On
the other hand, DESS-c A exhibits a lower value
(69%).

For the usability category, B predominates in the
group (87%). This DESS-c has favorable attributes
related to: (a) ease of use and understanding of its
functions, operations, and concepts; (b) more efficient
on-line help; and (c) a greater number of model
examples related to the logistics of the Venezuelan oil
industry.

For the efficiency category, the four DESS-c have a
high Quality Rate, and thus any could be successfully
installed in the technological platform of the
Venezuelan oil industry to provide adequate perfor-
mance.

The differences among the DESS-c in the
functionality category show negligible parameters
for any worthwhile ranking to be made. Only in the
usability category does one DESS-c have preeminence
over the others.

7.5. Selection of the DESS-c

The Analysis and Evaluation Team used a WGQR
Strategy. Because the four DESS-c complied 100%
with the metrics of the efficiency category (Fig. 3), the
computing of the WGQR was based only on the
“weights” of the functionality and usability cate-
gories. Fig. 4 illustrates the results for the four DESS-
¢, in the two categories: the WGQR runs along the y
axis, and the x-axis shows the “weights” of the

-
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]
S
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Fig. 3. Quality rate in the three categories assessed by SQMO+.
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Fig. 4. WGQR for the four DESS-c assessed by SQMO+.

functionality and usability categories represented in
complementary scales. The functionality category
increases from left to right (from 0% to 100%); and the
usability category flows in the opposite direction.

As seen in Fig. 4, software B retained its first place,
independent of the variation of the “weight” assigned
to the functionality and usability categories. Further-
more, the rank order of the DESS-c was maintained in
the range of 30 and 90% for the functionality category.
As a result, software B ended in first place, followed
by software D, C, and A, respectively.

8. Conclusions

A model was defined to assess the quality of
software systems used for hybrid simulation:
SQMO+. This consisted of a set of sub-character-
istics to measure whether a DESS-c could be

employed in logistics. A set of sub-characteristics
(40) and metrics (131) supported the selection
process. It made the decision making process
objective. The application of the Systemic Quality
Model (SQMO) was also demonstrated in the
development of SQMO+.
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