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1. Introduction
The quality of any product depends on the quality of the basis of making it, i.e., the quality of the requirements has strong effect on the quality of the end products. Proper requirements engineering is, however, not an established practice within the software developing community (Firesmith, 2005). This causes that most of all errors are introduced in the requirements phase and are caused by poorly written, ambiguous, unclear or missed requirements as reported by several studies (Firesmith, 2005; Martin, 1984; Damian, 2002). Failure to correctly specify the requirements can lead to major delays, cost overruns, commercial consequences including the loss of money, property, layoffs, and even the loss of lives. 

Requirements engineering (RE) is generally accepted to be the most critical and complex process within the development of embedded systems, see, for example, (Komi-Sirviö&Tihinen, 2005; Juristo et al, 2002; Siddigi, 1996). One reason for this is that in requirements engineering the most diverse set of product demands from the most diverse set of stakeholders has to be considered, making the requirements engineering process both multidisciplinary and complex. 
Requirements engineering is divided into two main groups of activities, requirements development and requirements management. Requirements development includes activities related to discovering, analysing, documenting and validating requirements, whereas requirements management includes activities related to maintenance, namely identification, traceability and change management of requirements. This report focuses on requirements verification, meaning methods and tools to evaluate the quality of the requirement descriptions. 
1.1 Requirements Descriptions quality

According to the IEEE Guide for Developing System Requirements Specifications (IEEE, 1998a), a well-formed requirement is "a statement of system functionality (a capability) that can be validated, that must be possessed by a system to solve a customer problem or to achieve a customer objective, and that is qualified by measurable conditions and bounded by constraints". Capabilities are the fundamental requirements of the system and represent the features of functions needed or desired by the stakeholders. Conditions and constraints are attributes that are stipulated for a capability. 

Requirements are typically described as natural language requirements and also often as use case descriptions. These are informal descriptions. Modelling technologies and formal languages to describe requirements also exist, but are not commonly used in practice.
When requirements are expressed in natural language, descriptions should be written by using simple and concise language as it then takes less time to explain the requirements to the stakeholders and a wider range of people can participate in the validation of the requirements. However, in practice the quality of requirement specifications is poor, the requirements are ambiguous, incomplete, infeasible, unverifiable, inadequately prioritized, and mutually inconsistent (Firesmith, 2003). In fact, this poor quality of individual requirements and the requirements specifications that document them is a primary reason why so many projects continue to fail (Standish Group, 1996-). Thus, the current approaches as applied in practice are clearly not enough to develop high quality requirements specifications. Also, the poor quality of the requirements is typically not recognized during requirements development. The requirements may be internally reviewed, but many of the defects are not found, causing that the following work products are also erroneous. The later these errors are found the more impact they have on work products quality and the more costly they are to fix. 
1.2 Requirements simulation

Simulation is helpful in exploring alternatives, spotting flaws, and optimizing product performance before the detailed design. Simulation allows important decisions to be made on functionality and allocation early in the cycle based on simulation results. 

Simulation can be of major help in pinning down system requirements early in the product lifecycle. Simulation helps particularly when examining temporal behaviour. Simulation can mimic the performance characteristics of software components and their interactions, the effects of time delays and feedbacks, and of finite capacities and resource bottlenecks (Belscher, 1995; Lerch et al, 1997). In addition, requirements are rarely static, but evolve as experience grows with product development. Thus simulation is not only a valuable tool in defining the initial requirements, but can be used to test out alternate modifications, prior to their implementation. However, non-functional requirements, such as reliability, cannot be simulated adequately from requirements.

There are a number of simulation approaches available based on formal languages like a process calculus for Labeled Transition Systems (LTS) (Magee et al, 2000) or formally specified dictionaries and tables in the SCR method (Heitmeyer et al, 1997). These languages are as complex as programming languages. Models must be complete and totally formal before the first simulation run can be performed. While these approaches are appropriate for simulating models of high-risk systems when models have been completed, they do not work for continuously validating a specification that evolves in a series of semi-formal steps. 
However, as long as the RE process is in progress, the requirements engineers have to deal with incomplete and informally stated requirements. In practice, that means that in order to run simulations based on formal languages requirements engineers are forced to define a semantically correct and formal system model based on these incomplete and informal requirements. Instead, a formal model normally will evolve by incrementally formalizing and assembling informal or semi-formal specification fragments. Consequently, simulation as a means of validation is confined to a very narrow scope: it is applicable only to formal models and typically only at the end of the requirements engineering process. (Seybold et al, 2004b).This is not feasible in many cases. Thus, approaches that support evaluating the quality of requirements described in natural language or semi-formal and partial models are needed. Examples of found technologies for this are presented in this document.
2. Manual Verification of requirements
Generally used methods for requirements validation and verification include reviews, prototyping and various testing methods (not described in more detail in this document). Also, methods used in system requirement development, requirement allocation and flow-down and software requirements analysis and specification activities often include activities for requirements verification and validation.

2.1 Manual Methods

Many checklists and questionnaires for ensuring the quality of requirements of varying degrees of completeness and usefulness are described in requirements engineering books (Firesmith, 2005; Young, 2004; Wiegers, 2003; Sommerville&Sawyer, 1997). There are also several guidelines and standards published addressing the requirements quality (IEEE, 1998a-d). 
These checklists and guidelines are not discussed here more, only some examples of the available checklists are given. The main focus in this section are the specific methods for analysing informally expressed requirements are described.

2.1.1 Checklist examples

The Texas project delivery framework
 includes the following checklist to check requirement specifications. 

	Criteria
	Yes / No / NA

	1. Correct — A Requirements Specification is correct if, and only if, every requirement stated therein is one that the system/software shall meet.
	

	a. Is the expected response time, from the user’s point of view, specified for all necessary operations?
	

	b. Are other timing considerations specified, such as processing time, data transfer, and throughput?
	

	c. Are all the tasks to be performed by the system/software specified?
	

	d. Does each task specify the data/information content used in the task and the data/information content resulting from the task?
	

	e. Are the physical security requirements specified?
	

	f. Are the operational security requirements specified?
	

	g. Is the reliability of the system/software specified, including the consequences of failure, vital information protected from failure, error detection, and recovery?
	

	h. Are acceptable trade-offs between competing attributes specified, for example, between robustness and correctness?
	

	i. Are internal interfaces, such as software and hardware, defined?
	

	j. Are external interfaces, such as users (e.g., people), software, and hardware defined?
	

	k. Is the definition of success included? Of failure?
	

	l. Is each requirement relevant to the problem and its solution?
	

	2. Unambiguous — A Requirements Specification is unambiguous if, and only if, every requirement stated therein has only one interpretation.
	

	a. Are the requirements specified clearly enough to be turned over to an independent group for implementation and still be understood?
	

	b. Are functional requirements separated from non-functional?
	

	c. Are requirements specified in a concise manner that avoids the likelihood of multiple interpretations?
	

	d. Do all the requirements avoid conflicts with other requirements?
	

	3. Complete — A Requirements Specification is complete if, and only if, it includes the following elements:

· All significant requirements, whether relating to functionality, performance, design constraints, attributes, or external interfaces.

· Definitions of the responses of the system/software to all realizable classes of input data in all realizable classes of situations.

· Descriptive labels for and references to all figures, tables, and diagrams in the Requirements Specification and definition of all terms and units of measure.
	

	a. Are all the inputs to the system/software specified, including their source, accuracy, range of values, and frequency?
	

	b. Are all the outputs from the system/software specified, including their destination, accuracy, and range of values, frequency, and format?
	

	c. Are all the communication interfaces specified, including handshaking, error checking, and communication protocols?
	

	d. Has analysis been performed to identify missing requirements?
	

	e. Are the areas of incompleteness specified when information is not available?
	

	f. Are the requirements complete, such that if the product satisfied every requirement it would be acceptable?
	

	g. Is it possible to implement each and every requirement?
	

	h. Is the maintainability of the system/software specified, including the ability to respond to changes in the operating environment, interfaces, accuracy, performance, and additional predicted capabilities?
	

	i. Have requirements for communication among system/software components been specified?
	

	j. Have overall function and behavior of the system/software been defined?
	

	k. Have appropriate constraints, assumptions, and dependencies been explicitly and unambiguously stated?
	

	l. Has the required technology infrastructure for the system/software been adequately specified?
	

	m. Has the scope of the system/software been bounded?
	

	n. Are all figures, tables, and diagrams labeled in a descriptive manner?
	

	o. Are all figures, tables, and diagrams referenced within the document?
	

	p. Are all terms and units of measure defined appropriately?
	

	4. Consistent — Consistency refers to internal consistency. If a Requirements Specification does not agree with other organizational and project documentation, then it is not correct.
	

	a. Do the requirements avoid specifying the design?
	

	b. Are the requirements specified at a consistent level of detail? 
	

	c. Should any requirements be specified in more detail? 
	

	d. Should any requirements be specified in less detail?
	

	e. Are the requirements consistent with the content of other organizational and project documentation?
	

	5. Ranked for importance and/or stability - A Requirements Specification is ranked for importance and/or stability if each requirement in it has an identifier to indicate either the importance or stability of that particular requirement. Examples of requirements rank classifications include essential, conditional, or optional. Stability may be specified in terms of the number of expected changes to the requirement. 
	

	a. Do requirements have an associated identifier to indicate either the importance or stability of that particular requirement?
	

	b. Do conflicts exist regarding the importance and/or stability ranking of the requirements? 
	

	6. Verifiable — A Requirements Specification is verifiable if, and only if, every requirement stated therein is verifiable. A requirement is verifiable if, and only if, there exists some finite, cost-effective process with which a person or machine can check that the system/software meets the requirement.
	

	a. Are the requirements written in a language and vocabulary the stakeholders understand? Do the stakeholders concur?
	

	b. Is each requirement testable? Will it be possible for independent testing to determine whether each requirement has been satisfied?
	

	7. Modifiable — A Requirements Specification is modifiable if, and only if, its structure and style are such that any changes to the requirements can be made easily, completely, and consistently while retaining the structure and style.
	

	a. Are requirements uniquely identified?
	

	b. Have redundant requirements been consolidated? 
	

	c. Has each requirement been specified separately, avoiding compound requirements?
	

	8. Traceable — A Requirements Specification is traceable if the origin of each of its requirements is clear and if it facilitates the referencing of each requirement in future development or enhancement documentation.
	

	a. Can each requirement be traced to its origin or source, such as a scope statement, change request, or legislation?
	

	b. Is each requirement identified such that it facilitates referencing of each requirement in future development and enhancement efforts? 
	

	c. Has each requirement been cross-referenced to requirements in previous project documents that relate?
	


Other, though similar checklists can be found for example from:
· http://www.construx.com/Page.aspx?hid=1732
· http://www.umsec.umn.edu/files/4.4.RequirementsChecklist.pdf 
2.1.2 LSPCM
This section is based on (Heck&Parviainen, 2008 and Heck&Eekelen, 2008)

For the certification of software product quality the Laboratory for Quality Software (LaQuSo) has developed the Software Product Certification Model (LSPCM) (Heck & Eekelen, 2008). Benefit from this certification is for example that the issues found during certification directly point to issues in the software product. Solving issues leads to a higher quality product. Another benefit of the certification is that in the certification the software product is investigated on a number of predefined criteria. These same criteria can later be used during the development of new products. In this way the organization learns from the certification: what is a good software product and how can we check our software products ourselves? The LSPCM has a similar structure as the well known models GQM (Goal Question Metric) and FCM (Feature Criteria Metric), as requirements are certified according to certification criteria (= Goal in GQM or = Feature in FCM), categories (= Question in GQM or = Criteria in FCM) and checks (= Metric in both GQM and FCM).

Software artifacts include in addition to the final software product (the source code or working system), also intermediate deliverables like user requirements and detailed design. Each major deliverable is a Product Area in the LSPCM. Each area can be further divided into subparts, called elements. These elements can be separate artifacts, a chapter within a document, or different parts of a larger model. For instance, the user manual will be a separate artifact delivered with the system, the non-functional requirements will be a separate section of the user requirements document, and the stakeholders can be described as part of the business process description. 

Certification Criteria (CC) are criteria that apply to each Product Area (PA). For each of the CC’s different Achievement Levels (AL) can be established. There are three CC, generic for all Product Areas:

· Completeness (CC1): All required elements in the Product Area (see section 2.2 for examples) should be present and as formalized as possible. The completeness of a PA can be basic or extra elements may have been added. These elements can be semi-formal (AL2) or formal (AL3), which refers to the fact that they are specified in a formal language. The more formal an element is, the easier it can be subject to formal verification (less transformation is needed).

· Uniformity (CC2): The style of the elements in the PA should be standardized. The uniformity of a PA can be only within the PA itself (AL1), with respect to a company standard (AL2), or with respect to an industry standard (AL3), meaning a general accepted description technique that is not specific for the company like the use of UML diagrams for design documents.

· Conformance (CC3): All elements should conform to the property that is subject of the certification. The conformance of the PA to a property can be established with different means that increase confidence: manually (AL1), with tool support (AL2), or by formal verification (AL3).   

For each of these Certification Criteria different Achievement Levels can be established and the Certification Criteria can be translated into Specific Criteria (SC) per Product Area that indicate what completeness (CC1), uniformity (CC2), and conformance (CC3) mean for that Product Area. The Specific Criteria indicate what the required elements and checks are to achieve a certain level of the Certification Criteria. In this article we focus on the User Requirements Product Area of the LSPCM and the specific criteria for it.

Analysis Process

Although the current goal of the model is to hand out certificates to customers, its framework and checks can just as well be used by anyone that needs to check the quality of requirements. The certificate covers only the product quality, not the management and development processes. The quality certificate consists of a diagnosis report and verdict document. Certification may also be an iterative process where the customer delivers improved versions of an artifact until a certificate is achieved. Each certification case has its own goals and a specific certification plan (steps to take and techniques to apply) is made for each project. This certificate has the following characteristics:

Table 1. Certificate characteristics

	Product Area 
	User Requirements 

	Properties 
	Consistency 

	Level 
	Manually verified 

	Description 
	Check on the internal consistency of the requirements 

	Input 
	Natural language requirements specification 


 

The elements that are part of a complete user requirements specification include: 

· Functional requirements or Use-cases. Functional requirements describe the functionality of the system from the perspective of the user in plain text or in the form of use-cases. A use-case is a named "piece of functionality" as seen from the perspective of an actor. For each use-case several use-case scenario's are given (sequences of actions, events or tasks), the permitted or desired ones as well as the forbidden ones.

· Objects. Many types of entities play a role in the environment processes and some of them have to be represented in the system. Only these are collected. The object description can be informal in the form of a glossary, or more advanced in the form of a data dictionary or object model. 

· Behavioral Properties. General behavioral properties that should hold, such as properties expressing that certain conditions may never occur or that certain conditions should always hold. Usually these properties have a temporal aspect and therefore it is possible to express them in temporal logic, although a translation in natural language is essential for most stakeholders.

· Non-functional requirements. A set of different types of quality attributes that can be used to judge the operation of a system.

Requirement Checks

Next, a necessarily incomplete list for the User Requirements PA is described. The specific criteria (SC) are a direct translation of the three general certification criteria to the user requirements PA: describe the requirements as detailed and as formal as possible (CC1 -> SC1), comply with requirements engineering standards (CC2 -> SC2), and maintain correct and consistent relations between the elements in the requirements description (CC3 -> SC3a) and with the context analysis (CC3 -> SC3b). From this set of elements and the specific criteria we derive a number of specific checks (based on literature, standards and our own experience). 

Table 2. The requirement checks

	Category
	Check

	SC1.1 Required Elements
	· Functional requirements describe the functionality of the system from the perspective of the user. 

· Non-functional requirements i.e., quality requirements are described (e.g., performance and security measures).

· Glossary defines the entities that have to be represented in the system. 

	SC1.2 Semi-formal Elements
	· Data dictionary or object model that contains data elements’ definitions and representations including semantics for data elements. The semantic components focus on creating precise meaning of data elements. 

· Use cases (with scenarios) are defined and for each use case several use case scenarios are given (sequences of actions, events or tasks), the permitted or desired and the forbidden ones.

· Behavioural properties, i.e., the constraints on the behaviour of the system are defined. The constraints express that e.g. certain conditions may never occur or certain conditions should always hold. Usually behavioural properties have a temporal aspect.

	SC1.3 Formal Elements
	· Relational diagram of data/object model is used to describe conceptual data models by providing graphical notations for entities and their relationships, and the constraints that bind them. Examples of diagramming techniques are UML class diagram and ER-diagram

· Process model of use case scenarios describe the relations between the steps in the use case scenarios in a formal language like Petri Nets.

· Behavioral properties specifications are expressed in a formal language. If they e.g. have a temporal aspect, temporal logic can be used.

	SC2.1 Compliance w. Industry Standards
	· ERD diagram for object/data model;

· UML diagrams for use cases.

	SC3a.1 Internal Correctness
	· No two requirements or use cases contradict each other.

· No requirement is ambiguous.

· Functional requirements specify what, not how.

· Each requirement is testable.

· Each requirement is uniquely identified.

· Each requirement is atomic.

· The glossary definitions are non-cyclic.

· Use case diagrams correspond to use case text.

	SC3a.2 Automated Correctness Checks
	· Requirements are stored in a requirements management tool which uniquely identifies them.

	SC3a.3 Formally Verified Correctness
	· Verify use case scenario models for e.g. correct workflow (no deadlocks or dead tasks) and mutual consistency.

· Check data model diagram for normal form.

	SC3b.1 External Consistency
	· Each ambiguous or unclear term is contained in the glossary.

· The use cases or functional requirements are a detailing of the environment description in the context analysis (no contradictions). Each step in a business process that involves the system has been included. Each task that the system should fulfil for its environment has been included. All actors of the context analysis have been included in the requirements.

· Each object is mentioned in the requirements and all objects mentioned in the requirements are contained in the object model.

· The requirements do not contradict the behavioural properties.

· The use case or functional requirements do not conflict with the non-functional requirements.

	SC3b.2 Automated Consistency Checks
	· Requirements and glossary/objects are stored in a requirement mgmt tool showing the requirements, scenarios, actors, and objects relations.

	SC3b.3 Formally Verified Consistency
	· Verify use case scenario models for e.g. compliance with behavioral properties and non-functional requirements.

· Verify that the requirements description complies with the environment description from the context analysis.


2.1.3 Other Techniques

Macias and Pulman (1993) apply domain-independent Natural Language Processing (NLP) techniques to control the production of NL requirements. They propose the application of NLP techniques to requirements documents in order to control the vocabulary used, which must be fixed and agreed upon, and the style of writing, i.e. a set of pre-determined rules that should be satisfied in order to make documents clear and simple to understand. They associate an ambiguity rate to sentences, depending on the degree of syntactic and semantic uncertainty of the sentence. The information is conveyed by discovering under-specifications, missing information and unconnected statements. Finally, the authors discuss how NLP techniques can help the design of subsets of the English grammar to limit the generation of ambiguous statements. 
Hooks (1994) discusses a set of quality characteristics necessary to produce well-defined NL requirements (such as necessary, concise, implementation free, attainable, complete, etc.). 
Fuchs & Schwitter (1995) propose to solve the problems related to the use of NL (e.g., to handle ambiguity in requirements) in requirements documents by defining a limited NL, called Attempt Controlled English (ACE), able to be easily understood by stakeholders and by any person involved into the software development process. This subset of English is simple enough to avoid ambiguities, so that domain specialists are allowed to express requirements using NL expressions and to combine these expressions with the rigor of formal specification languages. 
Kamsties and Peach (2000) focus especially on the ambiguity evaluation of NL requirements. They start from the consideration that ambiguity in requirements is not just a linguistic-specific problem and propose the idea of a checklist addressing not only linguistic ambiguity but also the ambiguity related to a particular domain. 
Mich and Garigliano (2001) propose a set of metrics for syntactic and semantic ambiguity in requirements. Their approach is based on the use of information on the possible meanings and roles of the words within a sentence and on the possible interpretation of a sentence. This is done using the functionalities of a tool called LOLITA. 
Natt och Dag et al. (2001) presented an approach based on statistical techniques for the similarity analysis of NL requirements aimed at identifying duplicate requirement pairs. This technique may be successfully used for revealing interdependencies and then may be used as a support for the consistency analysis of NL requirements. In fact, the automatic determination of clusters of requirements dealing with the same arguments may support the human analysis, aimed at detecting inconsistencies and discrepancies, by focusing on smaller sets of requirements.
The COLOR-X project attempted to minimize the participation of the user in the job of extracting classes and relationships from the text (Burg, 1996). A method whose objective was to eliminate ambiguity in NL requirements by using a Controlled Language is presented in (Osborne & MacNish, 1996). The approach described in (Ambriola & Gervasi, 1997b) for producing interactively conceptual models of NL requirements was to use a domain dictionary and a set of fuzzy-logic rules. An interactive method and a prototype – LIDA - is described in (Overmyer et al, 2001). 

2.2 Tool Support for Natural Language Requirements Checks
The idea of applying Natural Language Processing (NLP) tools to automate analysis of requirements is not new. First attempts were aiming at building semi-formal models (Ambriola & Gervasi, 1997; Huzar & Labuzek, 2002; Labuzek, 2004) and detecting ambiguity (Kamsties & Peach, 2000; Macias & Pulman, 1993; Mich & Garigliano, 2000) in "traditional" requirements. Requirements specified as use cases were subject of research done by Fantechi and his colleagues. They have used three NLP tools (QuARS, ARM and SyTwo) to automatically detect lexical and semantical ambiguity as well as too long and too complicated sentences in a requirements document specifying Nokia’s FM radio player. (Ciemniewska et al, 2007) work is oriented towards use-case patterns proposed by Adolph et al (2002) and to extend UC Workbench with automatic detection of easy-to-detect defects. 
Goldin and Berry (1994) implemented a tool for the extraction of abstractions from natural language texts, i.e., for the extraction of repeated segments identifying significant concepts in the application field of the problem at hand. The technique proposed is restricted to a strict lexical analysis of the text.

Wilson et al. (1997) examine the quality evaluation of NL software requirements. Their approach defines a quality model composed of quality attributes and quality indicators, and develops an automatic tool called Automated Requirement Measurement (ARM) to perform the analysis against the quality model aiming to detect defects and collect metrics. 
Ambriola and Gervasi (1997) propose an approach to the problem of achieving high quality NL requirements that defines a system called CIRCE that can build (semi-) formal models in an almost automatic fashion, extracting information from the NL text of the requirements; the system can then measure and check the consistency of these models. CIRCE can be profitably adopted as a means to induce the use of a suitable style in writing the requirements. (Fantechi et al, 2003.)
However, most of the text analysis remains a manual process. Another research area connected both with the conceptual modelling and NLP is investigation of the quality of requirements’ language (Mich & Garigliano, 2000; Fabbrini et al, 2000). In particular, some authors focused on the support of writing requirements (Aguilera & Berry, 1990). (Kiyavitskaya, 2004.)
2.2.1 ARM Tool 

The Automated Requirement Measurement (ARM) Tool was developed by the Software Assurance Technology Center (SATC) at the NASA Goddard Space Flight Center as an early life cycle tool for assessing requirements that are specified in natural language. The objective of the ARM tool is to provide measures that can be used by project managers to assess the quality of a requirements specification document. The tool is not intended to evaluate the correctness of the specified requirements. It is an aid to “writing the requirements right”, not “writing the right requirements”.

The ARM tool searches each line of the requirements document for specific words and phrases the SATC has identified as quality indicators. Using these indicators, the ARM tool creates a file that includes three reports. This file contains a Summary Report, a detailed Imperative Report and a detailed Weak Phrase Report. The ARM Summary Report includes the total number of times each quality indicator occurs in the requirements document. The location within the source file of each specification statement identified by the tool and a copy of the specification statement are listed by the Imperative Report. The Weak Phrases Report lists the location and specifications that contain indicators that are considered to be phrases that weaken the specification.  It is also possible to define own indicators in the tool.

Reference: ARM, http://satc.gsfc.nasa.gov/tools/arm/, Wilson, W. M., Rosenberg, L.H. & Hyatt, L. E., Automated Quality Analysis Of Natural Language Requirement Specifications, NASA, SATC 

2.2.2 QUARS
QuARS – Quality Analyzer for Requirements Specifications – has been developed by the researchers of Istituto di Scienza e Technologia dell’Informazione “A. Faedo” in Pisa, Italy. 

QuARS is capable of detecting two types of defects: lexical, pertaining to optionality, subjectivity, vagueness and weakness; and syntactical, pertaining to implicity, multiplicity and underspecification:

· Lexical defects. Optionality defects are present if the requirement allows for functionality to be implemented or not: “the system shall produce all training products, materials, and/or information necessary”. Indicators used to detect optionality defects include, e.g., “and/or”, “if necessary”, “if appropriate”. Subjectivity is at stake if requirements interpretation depends on the human analyser. This is the case if the requirements use such words as “easier” or “similar”. Vagueness corresponds to requirements not clearly stated, e .g., those using “etc.” rather than mentioning all relevant terms. Weakness is characterized by presence of non-obligatory model verbs, such as “might” or “could”.

· Syntactical defects. Implicity defects are caused by potential ambiguity of anaphoric constructions such as “above” or “this”. Multiplicity refers to sentences containing more than one subject or predicate. Prohibition of such requirements follows from the common expectation demanding the requirements to be atomic. Underspecification is related to use of generic terms such as “process” or “procedure”.  

Furthermore, QuARS allows the user to define views, i.e., to detect requirements related to a certain topic, by providing a dictionary of terms related to the topic of interest. QuARS is delivered with two such dictionaries: security and vulnerabilities. 

Finally, QuARS assesses readability of the requirements document by applying the Coleman-Liau formula. Document readability is the indication of number of years of education that a person needs to be able to understand the text easily on the first reading.
Fantechi et al (2003) describe the QuARS quality model:

	Property  
	Indicator  
	Description 

	Testability


	Vagueness
	It is pointed out when parts of the sentence hold inherent vagueness, i.e. words having a non uniquely quantifiable meaning

	
	Subjectivity
	It is pointed out if sentence refers to personal opinions or feeling

	
	Optionality
	It reveals a requirement sentence containing an optional part (i.e. a part that can or cannot considered)

	
	Weakness
	It is pointed out in a sentence when it contains a weak main verb

	
	Under specification


	It is pointed out in a sentence when the subject of the sentence contains a word identifying a class of objects without a modifier specifying an instance of this class

	Consistency
	Under reference


	It is pointed out in a Requirements Specifications Document (RSD) when a sentence contains explicit references to: not numbered sentences, documents not referenced into and entities not defined nor described into the RSD itself

	Understandability


	Multiplicity
	It is pointed out in a sentence if the sentence has more than one main verb or more than one direct or indirect complement that specifies its subject

	
	Implicity
	It is pointed out in a sentence when the subject is generic rather than specific.

	
	Comment Frequency


	It is the value of the CFI (Comment Frequency Index). [CFI= NC / NR where NC is the total number of Requirements having one or more comments, NR is the number of Requirements of the RSD]

	
	Unexplanation


	It is pointed out in a RSD when a sentence contain acronyms not explicitly and completely explained within the RSD itself


Reference: QuARS, http://quars.isti.cnr.it/, Lami, G., QuARS: A Tool for Analyzing Requirements, Technical Report, CMU/SEI-2005-TR-014 
This text is based on LaQuSo QuARS fact sheet.
2.2.3 SyTwo

SyTwo is a tool that was developed as a Web application to perform a lexical and syntactical analysis of English text. This tool can analyse text both to check its conformance to the rules of simplified English, and to detect some defects having a specific impact on the quality of requirements. To this aim, SyTwo, which has been developed as an evolution of QuARS, partially adopts its quality model.

SyTwo builds, using a natural language grammar, the derivation trees of each sentence. During the analysis process, each syntactic node is associated with a feature structure, which specifies the morpho-syntactic data of the node and application-specific data, such as errors with respect to the quality model. The output is composed of an error code, which corresponds to a predefined type of defect, and which indicates the part of the text from which the defects originate. Furthermore, SyTwo provides the value of the Coleman-Liau metrics for readability evaluation. SyTwo can point out a syntactically ambiguous sentence, when the sentence has more than one derivation tree: this implies that the sentence may be interpreted in different ways. For example the sentence ‘‘The system shall not remove faults and restore service’’ may be syntactically interpreted at least in the following two ways different ways:
· The negation not of the auxiliary verb shall is related to the first verb only (remove), and not to the other verb (restore). In this case, the meaning of the sentence is that the system shall not remove the faults and it shall restore the service.

· The negation not of the auxiliary verb shall is related to both the verbs remove and restore. In this case, the meaning of the sentence is that the system shall not remove the fault and shall not restore the service. SyTwo is also able to capture the syntactical structure of a sentence identifying its components and their syntactic role. From this information, a component of SyTwo, called Cmap, is able to extract the relations among subjects, verbs and objects in a sentence, building the so-called ‘‘conceptual maps’’ which we will discuss in a later section as being useful in performing a further analysis of requirements documents devoted to pointing out semantic problems.
Reference: A. Fantechi, S. Gnesi, G. Lami, A. Maccari, 2003, Applications of linguistic techniques for use case analysis, Requirements Engineering journal, (2003) 8: 161–170

2.2.4 NL-OOPS 

There are two complementary approaches to develop a tool for extraction from textual descriptions the elements necessary to design and build conceptual models. The first limits the use of NL to a subset that can be analysed syntactically. Various dialects of "Structured English" do that. The drawback of this method is that it will not work for real text. The second approach adopts NLP systems capable of understanding the content of documents by means of a semantic, or deep, analysis. The obvious advantage of such systems is their application to arbitrary NL text. Moreover, such systems can cope with ambiguities in syntax, semantics, pragmatics, or discourse. Clearly, compared to the first category, they are much more complex, require further research, and have a limited scope. NL-OOPS is an NL-based CASE prototype. It was founded on LOLITA (Largescale Object-based Language Interactor, Translator and Analyser) NLP system, which includes all the functions for analysis of NL: morphology, parsing (1500-rules grammar), semantic and pragmatic analysis, inference, and generation. The knowledge base of the system consists of a semantic network, which contains about 150,000 nodes. Thus LOLITA is among the largest implemented NLP systems. Documents in English are analysed by LOLITA and their content is stored in its knowledge base, adding new nodes to its semantic network. NL-OOPS prototype implements an algorithm for the extraction of classes and associations from the semantic network of LOLITA. The NL-OOPS’s interface consists of three frames. First one contains the text being analysed, the second frame gives a partial representation of the SemNet structures used by LOLITA for the analysis of the document. After running the modelling module, the third frame gives a version of the class model. The tool can export intermediate results to a Word file or a Java source file; traceability function allows the user to check what nodes were created for a given sentence. The nodes browser of NL-OOPS makes available further information related to a specific node, e.g. the hierarchies in which it is involved.

Nadzeya Kiyavitskaya, Nicola Zeni, Luisa Mich and John Mylopoulos, Experimenting with Linguistic Tools for Conceptual Modelling: Quality of the Models and Critical Features, Proceedings of the 9th International Conference on Applications of Natural Language to Information Systems, NLDB 2004, Salford, UK, June 23-25, 2004. Pages 135-146

Note: NL-OOPS or Lolita don’t seem to exist any longer. 
Reference: L. Mich and R. Garigliano. ”Ambiguity Measures in Requirement Engineering”, International Conference on Software Theory and Practice. ICS 2000, Beijing, China, Aug.2000.

2.2.5 CIRCE/CICO

CICO is a simple parser, aimed mostly at parsing natural language (NL). It uses fuzzy matching of sentence fragments (templates) to source text in order to build an optimal parse tree for the text. Instead of using a standard grammar, CICO uses a set of Model-Action-Substitution (MAS) rules to drive the parsing process. The parser is robust with respect to common language phenomena like changes in word order, insertion of extra words, syntactic ambiguity, etc.

Differing from standard NL parsers, CICO is not (necessarily) driven by the language syntax. Instead, so-called domain based grammars can be defined. In these grammars, words are classified according to their semantic class, rather than relying on their grammatical function. For example, a dog can be classified as "something that can eat" rather than as "a noun". MAS rules can be defined to take advantage of the additional knowledge available. Such rules are usually easier to define and faster to process than usual grammar-based rules.

Reference: CICO, http://circe.di.unipi.it/Cico/ e.g., Gervasi, V., & Nuseibeh, B., Lightweight validation of natural language requirements, Software: Practice & Experience, 32(2):113-133, Feb. 2002.
2.2.6 REM

REM (REquirements Manager) is an experimental requirements management tool developed in University of Seville [8, 9]. In REM, a requirements engineering (RE) project is considered to be composed by three documents [7, 9]: 
1. a customer–oriented requirements document, usually containing requirements in natural language expressed in terms of customer’s vocabulary, also known as C–requirements.

2. a developer–oriented requirements document, usually containing requirements models and more technical information, also called D–requirements.

3. a registry for detected conflicts and negotiation support. 

In REM, C–requirements and conflicts are expressed in natural language using predefined requirements templates and some linguistic patterns (see [9] for details). For expressing D–requirements, the developers have chosen a subset of the UML.
Next, the automatic verification of some of the quality factors using XSLT (when requirements are electronically stored in XML format according to the REM DTD) is explained.
Unambiguity

A requirement is unambiguous if and only if has only one possible interpretation. This is obviously a semantic property of a requirement and cannot be verified automatically, but some hints about potential ambiguities in a requirements document can be given.

Following Leite [11], the glossary should follow two principles: the principle of circularity, (the glossary must be as self–contained as possible) and the principle of minimal vocabulary (use as much glossary items as possible in your requirements descriptions). Leite’s principles cannot guarantee unambiguity, but they can help to build unambiguous, understandable, verifiable, consistent, concise, and cross–referenced requirements.

XSLT can be used to measure glossary circularity (GLC) and minimality of vocabulary (MOV). GLC can be measured as the ratio between glossary items and references to glossary items from other glossary items. A similar ratio between the number of references to glossary items in requirements and the number of requirements can be used to measure MOV. From the MOV viewpoint, it is also possible to detect those "suspicious" requirements that do not have any reference to any glossary item in their text. Since those requirements are not using the vocabulary of the customer, they should be checked for potential problems of ambiguity or understandability. 

Completeness

A requirements document is complete if it includes (1.) everything that the software is supposed to do, i.e. all the requirements, (2.) responses of the software to all classes of input data in all realizable situations, (3.) page numbers, figure and table names and references, a glossary, units of measure and referenced material and (4.) no sections marked as TBD

In the authors approach, the third completeness condition is partially satisfied by means of the correct–by–construction paradigm of REM: figure and table names are automatically generated, references are automatically inserted and updated, and the user can easily create a glossary. The fourth condition of completeness, the absence of TBD marks, can be easily verified using XSLT. 

Traceability

A requirements document is said to be traceable if and only if it is written in a manner that facilitates the referencing of each individual requirement. Since REM assigns automatically an unique identifier to every requirement, this quality factor does not have to be verified explicitly.

What must be checked is if the origin of every requirement is clear, i.e. if requirements are traced. In the authors UML model of requirements, any REM object can be traced to and from other REM objects and to their human sources and authors. Checking if a requirement has sources and authors and if it is traced to or from other requirements is easy with XSLT. 

In REM, traces are defined as elements with two required attributes of type IDREF, namely source and target. The user of REM can also use traceability matrices for visual checking of non–traced requirements.
References:

Description is based on: Durán, A., Ruiz, A., & Toro M., 2001, An Automated Approach for Verification of Software Requirements, JIRA'2001 Proceeedings

[7] J. W. Brackett. Software Requirements. Curriculum Module SEI–CM–19–1.2, Software Engineering Institute, Carnegie Mellon University, 1990.

[8] A. Durán. A Methodological Framework for Requirements Engineering of Information Systems (in Spanish). PhD thesis, University of Seville, 2000.

[9] A. Durán, B. Bernárdez, A. Ruiz, and M. Toro. A Requirements Elicitation Approach Based in Templates and Patterns. In WER’99 Proceedings, Buenos Aires, 1999.

[11] J. C. S. P. Leite et al. Enhancing a Requirements Baseline with Scenarios. In Proceedings of the 3rd IEEE International Symposium on Requirements Engineering (RE’97), 1997.

3. SEMI-FORMAL Simulation 
In practice, semi-formal models of requirements are preferred over formal ones, due to their better cost/benefit ratio. From a cost/benefit standpoint, it would be optimal to have requirements models with a varying degree of formality, where parts with a high risk of failure can be specified formally, while others are specified semi-formally or informally. (Seybold et al, 2004b).
This section presents some methods and tools that have been found from the literature supporting simulation of semi-formal models.
3.1 Simulation Methods for Semi-Formal Requirements

3.1.1 Execution of use case charts

One possible approach to execute use cases is presented in (Jayaraman & Whittle, 2007). It is based on use case charts, which are an extension to UML interaction and activity diagrams. Use cases are described via interactions and also representation of relationships between use cases and scenarios (like continuations, pre-emptions, suspensions and negations) is possible. Next, the use case charts are converted into hierarchical UML state machines. Usage of UML state machines is described to have three major benefits: Easiness of implementing simulator for state machines, local view to single subsystem at time (described by particular use case chart) and finally utilization of same state machines in later phases of development.
3.1.2 Simulating partial models of UML2.0 or Adora

Modelling languages with decomposition and partiality features, for example UML 2.0 and ADORA, are eligible for simulating partial models. ADORA has two useful constructs, “is-partial” for indicating incomplete components, and “abstract association” for undefined communications. Steps for creating the requirement model in incremental way are eliciting the requirements, creating the models with proper degree of completeness and validating them by using the simulation. The simulation results are used in validation, and they are also transformed into sequence charts. These sequence charts are used in increments for regression simulation and guiding the next iteration of the model. The final step is re-validation, where sequence charts are used to check that previous models are still behaving in desired way. Before next increment iteration, a design and implementation task can be done if requirements are evolving with design and implementation of the system. 
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Figure 2. Steps for creating requirements model incrementally. 
The simulation of partial models is done with simulation drivers and stubs, which are quite comparable to testing drivers and stubs. Both are replacement for unfinished functionality, but simulation drivers and stubs don’t have to be coded, because the modeller records and plays their behaviour. In driver simulation, a component or group of components (which is called the simulation unit, SU) is interacting with the simulation driver. The simulation driver is triggering the SU with events and correspondingly receiving them from the SU. A communication channel functions as an interface between the driver and the SU, different types of communication are direct associations, abstract associations, part-of-relations and scenario-relations between components and contained scenarios. 

In the next phase, a message sequence chart is created from the input and the output events of the simulation. This is called the simulation case (SC). The SCs are used like test cases, received events are decided to be correct or not. Model modifications can be ensured by regression simulation, which means that current SCs are replayed with the modified model. Recorded inputs should produce equal outputs, if system’s behaviour was not intentionally altered. Simulation units can be extended with simulation stubs, which are partial components. Their behaviour is played by the modeller, in other words simulation is paused when the modeller is generating events and that way substituting the missing part. Also automation can be used, for example with recorded set of interactions. Recorded interactions can also help when partial models and abstract associations are evolved further, for example when statecharts are expanded to handle all recorded events.
(Seybold et al, 2004a).
3.1.3 Mapping UML metamodel elements into ASMs

Cavarra et al (2004) present a simulation framework for UML models based upon a mapping schema of UML metamodel elements into Abstract State Machines (ASMs). Structural model elements are translated into an ASM vocabulary as collections of domains and functions, whereas the dynamic view is captured by multi-agent ASMs reflecting the behavior modelled by UML state machines.

In the toolkit presented, input UML models can be drawn using any UML CASE Tool able to produce the XMI format for diagrams. This textual representation is exploited to initialize the ASM model for UML state machines which can be symbolically executed by AsmGofer, an advanced Abstract State Machine programming system.

Tool features are described through the simulation of a simple stack-printer UML model showing the interactions among state machines by signals exchange and operation calls.
(Cavarra et al, 2004).
4. Simulation tools and languages
The most common support for less formal models simulation is the availability of building blocks, from which the models can be created fast and relatively easy after learning the use of the tool. Most tools available are for simulating physical objects behaviour.
This section describes examples of tools that have own defined modelling language to create the models. These are the most common kind available. The descriptions are based on their manufacturer’s web pages and some available collections of simulation tools.

Many more tools and languages can be found from: http://www.idsia.ch/~andrea/simtools.html and http://www.modelingandsimulation.org/directory2004/software/softwareguide1.htm  

Schmid et al (2000) describe evaluation of these tools: CIP Tool 3.0, COREsim 2.1, ObjectGEODE 4, ObjecTime Developer 5.0 (obsolete nowadays), PACE 3.1, QuickCRC 1.2, RDD-100 / DVF 4.1, Rhapsody for C++ 2.1, SDT / ORCA 3.3, Statemate MAGNUM 1.3
There are also several open source tools for simulation.

4.1 Commercial tools

4.1.1 EXTEND

Extend (by Imagine That Incorporated) is a graphical simulation tool with block-based drag-and-drop model creation, and it is said to cover all phases from creating and validating the model to analyzing the results of the simulation project. Extend includes ModL-language for creating models as well as editing and developing blocks. ModL is quite similar to C-language. Model’s validation and verification is eased with automatic animation, debugging support and model’s transparency. Transparency means that model provides details about its execution and interaction with other models at the runtime. Extend has also good support for connectivity with other applications (for example, OBDC, OLE and DLL are supported). A set of methods for analyzing data and optimizing the configuration are provided. Basic animations (for example flow of items through some system) are done automatically and more sophisticated version can be created by user. Hierarchy is supported in two ways, firstly multiple blocks can be combined into single block, and secondly open source architecture enables creating new models with using code from existing components. (Krahl, 2003).
Each of the four Extend products includes a core set of features such as an evolutionary optimizer, unlimited hierarchy, customizable animation, model navigator, COM/ActiveX automation, and ODBC communication. Each Extend product adds unique capabilities to the underlying simulation engine.
Extend
Imagine That, Inc.
6830 Via Del Oro, Suite 230
San Jose, CA 95119
Tel: (408) 365-0305
Fax: (408) 629-1251
E-mail: extend@imaginethatinc.com
http://www.extendsim.com/
4.1.2 AWESIM

AweSim is a general-purpose simulation system, which uses Visual SLAM as a modeling language. The difference between Visual and “normal” SLAM is that in Visual SLAM network is constructed interactively by selecting components from graphical palette and using typical drag-and-drop method. Constructed sub-networks can be reused in other models. Alternate configurations of the system are called scenarios, and one simulation can consist of one or more scenarios. Model output is provided also in graphical form, like plots and histograms. AweSim has also built-in animator, in order to support visualization of the simulated system. The graphical elements for the animation can be built with CAD for example. Examining or modifying of the system under simulation is possible via Interactive Execution Environment (IEE). It supports executing models step-by-step or using breakpoint method. AweSim’s relational database can be accessed by other programs, like Excel. (O’Reilly, 2002)
4.1.3 SIMULINK

Simulink (by The Mathworks, Inc.) is a popular simulation tool for dynamic systems. Simulink is a part of Matlab-environment. It provides wide block libraries (and lots of additional toolboxes), graphical user interface for model-based design, interfaces for connections with other simulation programs, graphical debugging and tools for model analysis and diagnostics. Both fixed-step and variable-step simulation times are supported. Also features from Matlab’s side can be used. Area of use is very extensive. For example, Simulink is often used in design of digital signal processing systems.
Description: Simulink is an interactive tool for modeling, simulating, and analyzing dynamic, multi-domain systems. It lets you accurately describe, simulate, evaluate, and refine a system’s behavior through standard and custom block libraries. Simulink integrates seamlessly with MATLAB, providing you with immediate access to an extensive range of analysis and design tools. These benefits make Simulink the tool of choice for control system design, signal processing system design, communications system design, and other simulation applications.

Simulink
The Mathworks, Inc.
3 Apple Hill Drive
Natick, MA 01760-2098
Tel: (508) 647-7000
Fax: (508) 647-7001
http://www.mathworks.com
4.1.4 ADORA

The main contribution of Seybold et al (2005) is extending the concept of simulation from formal models to semi-formal ones. They interactively specify missing behavior or functionality in a simulation case, but nevertheless allow regression simulations to run automatically. The latter is achieved by letting the simulation engine automatically resort to the interactively recorded behavior in those cases where it does not get enough information from the model during a regression simulation run.

The features described in Seybold et al (2005) have been implemented in the ADORA [Glinz et al, 2002] modeling and simulation tool. Semiformality is meant not as absence of semantics, but as constructive integration of informality and incompleteness in a formal modeling framework. This allows a systematic refinement and evolution of an initially informal and rather incomplete specification model. For that purpose, the simulation engine must provide suitable interaction mechanisms for resolving uninterpretable statements during a simulation run with the help of the modeler.

This approach could also be used to a sufficiently formalized subset of UML. 
(Seybold et al, 2005).
4.1.5 STATEMATE

Telelogic Statemate supports a function-oriented Model-Driven Development approach that allows early error detection and correction, and increases communication between the technical and non-technical parties involved in systems development, enabling a concurrent engineering process. Statemate's focus is the System engineer, with the solution allowing the user to create formal requirements and an executable specification while generating system, integration, and unit tests. Providing complete process coverage from concept-to-code, engineers can take advantage of the Statemate C code generator. Statemate also includes powerful simulation capabilities, the new Telelogic Statemate 4.2 release new features include:

New Quick Simulation Monitor – Users can now quickly build a simulation monitor for analysis of all Statemate textual elements within the scope of your simulation at the click of the mouse, a new feature that is surely going to be appreciated by many of our longtime Statemate users.

Improvements to Execution Trace – Building on a feature we introduced recently, simulation execution traces can now record truth table lines that were visited.
Seems to be owned by Telelogic now: http://modeling.telelogic.com/products/statemate/index.cfm

4.1.6 20-SIM

Description: 20-sim is a modeling and simulation program that runs under Windows. With 20-sim you can simulate the behavior of dynamic systems, such as electrical, mechanical, and hydraulic systems, or any combination of these. It fully supports graphical modeling, allowing users to design and analyze dynamic systems in an intuitive and user-friendly way, without compromising power. 

Drawing: The icon of every standard library model in 20-sim has been created using a special drawing editor. You can use this editor to change the standard library models or create your own library models. You can enter text and add bitmap pictures in every level of your model. With lines, arrows and other drawing objects you can enhance the understanding of your model.

Hierarchical modelling: 20-sim supports unlimited hierarchical modeling. The highest levels consist of graphical models (state space models, block diagrams, bond-graphs or components) and the lowest level is formed by equations models.

Equations: The lowest level in a 20-sim model is formed by equations. Equations in 20-sim follow the standard mathematical notation and can be changed by the user. A large collection of linear, non-linear scalar and matrix functions are available for the use in equations.

20-sim has been developed at the Control Laboratory of the University of Twente, a successor of the famous TUTSIM package.
Controllab Products B.V.
Drienerlolaan 5 EL-CE 
7522 NB Enschede 
The Netherlands
Tel: +31 53 489 3096
Fax: +31 53 489 2223
Email: info@controllab.nl
http://www.20sim.com
4.1.7 acsIX
acslX is a modeling and simulation environment for continuous dynamic systems and processes. acslX includes an optimization package that contains a robust parameter estimation, min/max optimization, sensitivity analysis, and Monte Carlo analysis. 
To support certain application areas, AEgis offers specialized application toolkits in aerospace, toxicology, and process control. Each toolkit consists of libraries of reusable model elements specific to that application domain and can dramatically streamline your modeling effort. acslX models can be exported for use in a wide variety of embedded applications, such as operator trainers and control systems, and provide a comprehensive model Application Programming Interface (API) to support embedded applications. 
acslXtreme allows you to model the full nonlinear behavior of your system or process. When modeling systems that involve both controls and physical systems, for example, there is no need to “linearize” the physical system model to be able to design and apply the controller. With acslXtreme, nonlinear system attributes are fully represented. There is no limitation on program size, number of equations, states or variables.

In the graphic design mode, you have the choice of using off-the-shelf or custom PowerBlocks. You can either create your own model “libraries” or use the extensive set of commonly used mathematical functions and operators provided with acslXtreme. The acslXtreme graphical modeling environment utilizes the concept of PowerBlocks and Libraries to manage reusable modeling assets. PowerBlocks represent reusable models with functionality ranging form the simple (e.g., math function to sum two numbers) to the very complex (e.g., a complete engine model.) Libraries are encapsulated block sets organized by function, application domain, or any other paradigm the user chooses to incorporate. Several Libraries are provided free with acslXtreme to accomplish common modeling functions such as math, linear operations, and plotting.

If preferred, models can be created using the advanced Continuous Simulation Language (CSL), the industry-standard representation language for continuous systems. In addition, modeling constructs are provided that allow the modelling of discrete state changes in the continuous system. 

acslX
AEgis Technologies Group, Inc.
631 Discovery Drive 
Huntsville, AL 35806
Tel: (256) 922-0802
Fax: (256) 922-0904
Email: sales@aegistg.com
http://www.acslXtreme.com
4.1.8 AnyLogic
AnyLogic is a professional simulation tool for complex discrete, continuous, and hybrid systems. Powerful and flexible, it is used to model, simulate, visualize, and analyze a diverse range of real-world problems. AnyLogic is innovative software based on such advanced technologies as UML, Java, hybrid systems theory, and best numerical methods. AnyLogic is a general-purpose simulation tool. Its modeling language is flexible, capable of capturing a great variety of real-world phenomena of discrete, continuous, and hybrid nature. 

AnyLogic is dynamic simulation tool that brings together System Dynamics, Process-centric (AKA Discrete Event), and Agent Based approaches within one modeling language and one model development environment. The language of AnyLogic is flexible and enables the user to capture the complexity and heterogeneity of business, economy and social systems at any desirable level of details. AnyLogic set of primitives and library objects allows you to model manufacturing and logistics, business processes, human resources, consumers’ and patients’ behavior, as well as the environment (the “background”) in their natural interaction. The object-oriented model design paradigm supported by AnyLogic provides for modular and incremental construction of large models.
AnyLogic 6 is based on Java and Eclipse framework that has been adopted by leading companies as business application platform. Due to Eclipse AnyLogic now runs on most OSes (Windows, Mac, Linux, etc.) and has native look and feel on all of them. AnyLogic supports teamwork: a large project may be partitioned into components that are developed by different people yet can be opened simultaneously in AnyLogic workspace and committed and updated in the version control system directly from the model development environment.

AnyLogic
XJ Technologies 
Politekhnicheskaya Street, 21
St. Petersburg, 194021
Russian Federation
Tel: +7 (812) 247-1674
North America: (630) 717-8066 
Fax: +7 (812) 247-1639
http://www.xjtek.com
4.1.9 Simscript III
SIMSCRIPT III® is a simulation language with English-like syntax. In addition to the standard features of the general-purpose object-oriented high-level languages, it provides a timing mechanism and concurrent process management. Features like: classes, objects with concurrent activities, entities, attributes, sets, events, processes and resources facilitate an easy mapping of real-world physical processes to computer based simulation models. User-defined objects can be dynamically instantiated, their activities can be scheduled and destroyed during a simulation run. They represent components of a real-world system being modeled. Their properties are defined by object attributes, while their methods and process-methods capture their behavior. Process-methods run concurrently, they can activate or interrupt each other and can be queued for limited resources. As simulation time progresses, statistical measures of changing quantities, such as queue lengths can be automatically collected and reported. During simulation run, a number of checkpoints can be created and simulation can be restarted from any one of them, facilitating multiple what-if scenarios. 

Multiple inheritance facilitates building hierarchical objects which inherit properties object attributes and methods from multiple base objects. Modular structure of the model simplifies design, code reuse, and model maintenance. 

Graphical icons are created off-line with Icon Editor, or by importing JPG images. Users can create realistic graphical representations by displaying a geographical map, airport or factory layout in a background, while objects are displayed in a foreground. Input parameters can be interactively entered through dialog boxes, while the model variables can be displayed dynamically, by using line or bar graphs, trace plots, pie charts, dials, and level meters. 

SIMSCRIPT III® models are portable across a variety of platforms. They are also open, and can easily be interfaced with libraries written in C/C++,FORTRAN or Java, or middleware for distributed simulation like HLA RTI, etc. 

SIMSCRIPT III® simulation models are built using SIMSCRIPT III® Simulation Studio, an integrated programming development environment, which includes all the necessary tools for building non-graphical and graphical simulation models. 

SIMSCRIPT III®
CACI Products Company
1011 Camino Del Rio South
Suite 230
San Diego, CA 92108 
Tel: (619) 542-5228
Fax: (619) 692-1013
http://www.simscript.com
4.1.10 SLX

SLX is a new approach to simulation modeling designed to be a tool you can count on to accurately portray your system and meet your project goals. SLX software is design to meet the needs of modelers who want flexibility and extensibility, as well as high performance. SLX takes a layered approach to simulation modeling, making it easy to jump from layer to layer as follows: The kernel layer provides a solid foundation of computational and programming capabilities: the simulation & statistical primitives layer gives you an essential set of simulation mechanisms like event scheduling, generalized wait-until, random variate generation, and statistics collection; the general-purpose modeling layer provides basic building blocks for modeling a wide variety of systems at varying levels of detail, application-specific packages are available for various industries such as health care, manufacturing, transportation or communications. Packages for non simulationists can be developed using custom front-end interfaces.
SLX and GPSS/H contain features and capabilities that allow you to convert a model into a simulation program. These languages are good for describing activities that occur in parallel. Even in the simplest of systems, competing requests for service must be handled exactly as the design of our system requires. This is where simulation languages, such as SLX and GPSS/H have a distinct advantage over point-and-click, graphically-based simulation packages. A simulation tool that provides 20 kinds of conveyor belts may be of little use to you if what you have is the 21st type. With SLX and GPSS/H, you can build that 21st type yourself.

SLX
Wolverine Software Corporation
3131 Mount Vernon Ave.
Alexandria, VA 22305-2640 
Tel: (703) 535-6760
Fax: (703) 535-6763
Toll free: (800) 456-5671 
E-mail@wolverinesoftware.com
http://www.wolverinesoftware.com
4.1.11 CSIM

CSIM is advanced widely used simulation toolkit to implement process-oriented, discrete-event models for larger, more complex systems. Gain valuable insight into your system’s dynamic behavior using CSIM 19’s impressive new features. CSIM 19 allows programmers to create models using general C/C++ language functions which can simulate complex systems and offer insight into the system's dynamic behavior.

CSIM 19
Mesquite Software, Inc.
8500 N. Mopac Expwy, Suite 825
Austin, TX 78759
Tel: (512) 338-9153
Fax: (512) 338-4966
Toll free: (800) 538-9153
Email: info@mesquite.com
http://www.mesquite.com
4.2 Free or open source tools
There is plentiful number of open source tools available for simulation, for example, search with term “simulation” provides 1536 matches in Sourceforge (sourceforge.net). However, many open source tools seem to be dedicated to certain domain, such as robotics, avionics, power systems, etc. and to some specific aspect. Next few examples of open source simulation tools are presented.
4.2.1 Apparatus Framework

The Apparatus Framework is an object-oriented software framework written in C++ for embedded applications. It implements RT-OS abstraction, simulation facilities, device and communication concepts, design pattern and more.

The Apparatus Framework is written in C++. All used concepts are designed for embedded systems with limited resources. As an example, the standard template library is partly re-implemented without using dynamic memory allocation. All 'new' and 'delete' methods are implemented using real-time safe (deterministic) allocation mechanisms (most RT-OS provide similar solutions). The framework is provided with a graphical configuration tool based on the eCos configuration tool. All API documentation is generated by Doxygen. The source code is mature and lots of proved concepts are implemented and already used in industrial application (elevator, industrial control, telecommunication devices, measurement devices, etc.).

One of the most important features provided by the framework is the ability to simulate the embedded software on a developer workstation running MS Windows. An example project: “ We were asked to develop embedded software running on eCos on a customer specific hardware. Hardware development started in parallel to the software development (this means: hardware for software tests not available for months). We implemented the embedded application on top of the Apparatus Framework API, tested the functions (state machines, etc.) on the developer workstations and all the communication went over 'named pipes' to a hardware simulation implemented with C++/MFC. When the hardware was ready we ported the Apparatus Framework to eCos and the customer specific hardware and tested the application on the embedded hardware. Big parts of the application were already tested on Windows and we could soon concentrate on testing timings and other aspects that can only be tested with real hardware.”
http://apfw.sourceforge.net/
4.2.2 Xholon
Xholon is a flexible open source tool for multi-paradigm (UML 2, ABM, SBML, NN, GP, PSys, CA, ...) modeling, simulation, design, execution, and transformation. Generic Java and XML building blocks are extended into multiple domains, and woven into loosely organized systems.
Xholon is especially appropriate for event-driven systems, or any system in which objects move around, are regularly created, destroyed and modified, need to change their class at runtime, or even need to dynamically create new classes and new instances of those classes. While some Xholon applications, such as the example elevator controller, have very deterministic behavior and can be statically validated, the tool is especially designed to allow very open-ended systems that organize themselves at runtime and cannot be completely pinned down to a specific UML metamodel or XML schema. The goal of the Xholon project is to enable building of systems that approach the complexity of biological systems, using many of the same principles that have made biological systems so adaptable, successful and long-lived. The Xholon tool can itself be specified in terms of its own core generic building block.

http://www.primordion.com/Xholon/
http://sourceforge.net/projects/xholon/
4.2.3 Mimosa
Mimosa is an extensible modeling and simulation platform. A conceptual model editor allows the definition of ontologies using a subset of the UML class diagram equivalent to ontology languages like OWL or others. The user can define the concepts, their attributes and their relationships. Because the ontologies must define what is universally true, only information like the cardinality of the attributes and relations, the types of the attributes and the concepts a concept can be related to, are described. Integrity constraints like in data bases are not considered at that stage. A separated dynamical description can be attached to each concept describing the state (distinct from the attributes) and its dynamics using any formalism which can be mapped into DEVS.

A model editor manages the instantiation of the conceptual model into a model, using a superset of the UML object diagram. This model is considered as the description of the reality at time 0. A superset of UML is defined because the object diagram in UML is used for illustration and, therefore, is not rich enough. In particular, we must define the actual value of each attribute as well as the actual relations between the objects in the initial situation. Being still at the knowledge representation level, we insist that the object diagram is a description of the reality at the initial time made of instances.

Finally, a running model is created by generating the objects in the object-oriented programming sense from the instances, including states which are initialized from the descriptions and which shall evolve by simulation. The scheduler is in charge of generating the initial state of the system before running the model.

http://sourceforge.net/projects/mimosa

5. Discussion and Conclusions
This report aim was to present manual to semi-formal requirements verification methods and tools. In practice, only few semi-formal requirements verification methods were found, and also only few manual. The manual ways to verify requirements seem to be most commonly some kinds of checklists to be used in reviews, for example.   

Semi-formal verification methods included a use of certain language or modelling technique, making it still quite complicated, as the requirements need to be described using those technologies first. Although the models need not to be as complete as in formal descriptions it still requires learning the language etc. However, these methods may help in situations, where the requirements are not completely clear (which is often the case).
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