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Abstract

:

After the enactment of the GDPR in 2018, many companies were forced to rethink their privacy management in order to comply with the new legal framework. These changes mostly affect the Controller to achieve GDPR-compliant privacy policies and management.However, measures to give users a better understanding of privacy, which is essential to generate legitimate interest in the Controller, are often skipped. We recommend addressing this issue by the usage of privacy preference languages, whereas users define rules regarding their preferences for privacy handling. In the literature, preference languages only work with their corresponding privacy language, which limits their applicability. In this paper, we propose the ConTra preference language, which we envision to support users during privacy policy negotiation while meeting current technical and legal requirements. Therefore, ConTra preferences are defined showing its expressiveness, extensibility, and applicability in resource-limited IoT scenarios. In addition, we introduce a generic approach which provides privacy language compatibility for unified preference matching.
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1. Introduction


While the enactment of the GDPR in 2018 within the European Union affected the privacy management of many service providers, the intended effect of the GDPR did not propagate to the users. Therefore, privacy policies remain to be an overwhelming barrier to understand [1]. Due to the manifold purposes and the legal relevance of privacy policies, many consist of several pages of content written in a highly technical style by domain experts, which is too complex for users to understand and in the end may not even sufficiently answer the question “Is my privacy protected?”. This has been confirmed by McDonald and Cranor [2], who estimated that reading a privacy policy takes about ten minutes on average. Linden et al. [1] showed that after the enactment of the GDPR, privacy policies have grown in size. Further challenges emerge from different technical environments, such as IoT, where connections between devices can be dynamically created or changed and edge devices often do not have appropriate capabilities to display information or gather explicit consent to policy actions by a user input [3].



Although privacy policies are legally regulated, only a few attempts have been made to standardize them in a common format in order to overcome this complexity and to increase interoperability. One of these attempts are privacy languages, e.g., P3P [4], PPL [5], LPL [6], and SPECIAL [7]. While these works demonstrate that the formalization of privacy policies is viable, they are not used in practice. Even P3P, as the most used privacy language, has not been supported by user agents since 2018 [4] due to the lack of legal incentives for service providers.



Privacy policies can be personalized by the user regarding their preferences before agreeing to it, which in the following is denoted as policy negotiation. This is usually implemented by optional purposes, e.g., access to the GPS data of the device, which are not mandatory for a service but may provide benefits, e.g., a recommendation for a great restaurant in the area. The application of a preference language, such as APPEL [8], XPref [9], or YaPPL [3], could support this step. The latter would require users to invest time into a preference setup process which then can be matched against privacy policies and help users at negotiation. Research has shown that this is a critical step because, due to the Privacy Paradox [10], users are concerned about privacy but are not willing to spend much time on its management. To tackle this problem, measures need to be taken to make information about data protection more accessible.



With our work, we focus on the following research question:



“What are the requirements for a post-GDPR privacy preference language that enables the negotiation with privacy policies, and do state-of-the-art preference languages fulfill these requirements?”



To answer this research question, we introduce a use case, define requirements for a post-GDPR preference language, and survey related work based on it in Section 2. Existing preference languages are designed to complement exactly one privacy language. As privacy languages differ in terms of their syntax and semantics, many privacy policies would not be affected by a specific preference language setup. In addition, no standardized vocabulary for privacy expressions, which would help to create unified policies, is shared between different implementations. Currently, no preference language is able to deal with such a situation. This leads to the main contribution of this work, which is the definition of ConTra (a preference language for Consent and Transparency) in Section 3. Therefore, the aforementioned gaps, i.e., missing privacy language compatibility and standardization, are addressed by the introduction of unified privacy interfaces in Section 4. ConTra is designed to fulfill legal requirements defined by the GDPR; it supports mobile technologies by defining preferences for context information, such as location and time, works in resource-limited IoT environments and also considers the human-readability of preference rules. With the broad amount of applications ConTra is able to cover, we hope to raise the awareness of users about the importance of privacy management and motivate further research in the field of preference languages. Finally, in Section 5, we discuss the results of the paper and answer the research question. Section 6 concludes the work.




2. Background


When users are presented with a privacy policy, there are basically two distinct layers of options to interact with the content of the policy. First, a plain-text privacy policy is presented to the user, which either might be completely accepted or rejected. Based on this selection, a service might either be usable or not.



Second, a privacy policy contains several purposes, whereas each purpose defines the processing of personal data by a Controller for a specific use. A purpose can be mandatory, e.g., a user must share information about his address for shipment when purchasing products in a web store, or optional, e.g., a user might also share his GPS data to obtain recommendations of nearby physical stores. To accept a privacy policy, all mandatory purposes must be agreed to, whereas optional purposes may be agreed to based on the user’s preferences. This is how privacy policies are personalized. In this work, we focus on optional purposes and their negotiation.



As this is a rather complex process, both privacy languages and preference languages aim to support users at managing their consent during privacy policy negotiation (see Figure 1). Therefore, preference languages are technical representations of user preferences, and privacy languages technically express privacy policies. These representations are matched against each other, whereas policy negotiation will be eased by giving the user information about the matching status, recommending certain consent decisions or even automatically giving consent. Additionally, the preferences can be extended or altered, based on the matching results, to achieve a more precise matching processes in the future.



2.1. Negotiation Automation Levels


It must be considered that the more support that is provided by technical measures, the more the privacy policy negotiation will transform into a (semi-)automated process. Thus, we envision the following five levels of policy negotiation automation:




	
Level 1—Manual fine-grained consent: This is the very basic case where only the privacy policy is given. Users need to inform themselves about the policy content and can personalize the policy by either accepting or rejecting optional content manually, i.e., give consent. Finally, the user can agree to the policy. In this case, no tools support the process.



	
Level 2—Manual consent profile selection: As on level 1, the privacy policy is given and users have to inform themselves about its content. Policy negotiation support is offered by providing predefined privacy profiles, e.g., predefined by the Controller, which users can select and possibly personalize. Based on the selected profile, users agree to the policy.



	
Level 3—Preference-based consent negotiation: Level 3 introduces user preferences which are defined in an initial setup process. During policy negotiation, the predefined preferences are compared against the policy, which results in either a match or mismatch. If a mismatch happens, users usually receive hints about what parts of the policy did not match the preferences. Based on this information, users can personalize the privacy policy and make their decision if they agree to it.



	
Level 4—Preference-based consent recommendation: Similar to level 3, user preferences are defined in a setup process beforehand. Privacy policies are then analyzed during policy negotiation and compared against the predefined preferences. As a result, recommendations are given to users regarding how to personalize the policy. Users can then decide whether to apply the suggested options or not and agree to the policy by themselves.



	
Level 5—Preference-based automated consent: As with level 4, predefined preferences are compared to the privacy policy during negotiation. Then, the policy is automatically personalized based on the comparison, and consent is given automatically. In this case, there is no user interaction at policy negotiation at all.








This taxonomy shows how policy negotiation can vary from a manual process to full automation by the support of proper technologies.




2.2. Preference Language Requirements


In this work, we focus on level 3 and level 4 of the negotiation automation levels. Based on the levels, we now define requirements that a modern preference language should fulfill. For the most part, the requirements are based on a recent survey regarding preference language modeling and adoption conducted by Kapitsaki et al. [11]. Additionally, we included legal requirements (namely the consideration of the GDPR) as well as the research gap, which we identified for privacy language compatibility.



Privacy language compatibility. To the best of our knowledge, all existing approaches for preference languages share the same drawback: that they can negotiate only the privacy language for which they were designed. We envision a novel preference language to cover a huge part of the privacy sector. To realize this vision, preferences should be compatible with many privacy languages, as we see the limited applicability of existing preferences as a main problem that causes the minor usage. As each privacy language is represented in a different syntax and offers specific functionalities, standardization is needed, which is often missing in both privacy policies and preferences.



Legal situation. To deal with the current legal framework defined by the GDPR [12], privacy preferences need to support explicit consent by design [12] (Art. 7). Consent or dissent is modeled by preferences, and information or recommendations about policy matching will be given to the user. This represents level 3 and level 4 of the negotiation automation levels. The consent recommendations can then be applied or customized by the user to achieve informed lawfulness of processing [12] (Art. 6 No. 1). No consent is automatically given at policy negotiation. In addition, policy actions should be presented to users in a transparent way. There are technical solutions to check if real applications comply with this requirement; e.g., PADRES [13] is a tool that provides an extensible questionnaire regarding GDPR compliance combined with several tools for security analysis, or privacyTracker [14], which supports data traceability.



Transparency. While transparency is also part of legal requirements [12] (Art. 12–14), we consider it to be essential to state it as an independent requirement. Users should be aware of policy actions, and no actions should be hidden from the user behind huge text blocks written in expert knowledge. To inform users about their data subject rights [12] (Art. 15–23), information should be provided in easily understandable representations. Therefore, a preference language must provide summaries of relevant policy statements, especially those that contradict with the user preferences. In addition, privacy preference rules need to be human-readable, so that the statement of the preference is clear to the user.



Human- and machine-readability. The setup of preferences needs to be designed so it can be done easily and quickly by the user in order to address a huge audience with different technical and legal knowledge. This means that human-readability needs to be enabled and facilitated by the syntax and semantics of the preference language. In addition, machine-readability must be given for efficient processing of the preference rules at negotiating privacy languages, which should also work in resource-limited environments, such as IoT scenarios. This might conflict with the required human-readability. Therefore, a representation of preferences should be used that fulfills both of these requirements to a certain degree.



Expressiveness. If a user is not able to express his visions in one or more preference rules, then the preference language will ultimately fail. To gain high expressiveness, preferences should be built upon a generic basis and need to be able to support standardized privacy vocabularies. It needs to be considered that too high expressiveness might overwhelm the user, while too few options might cause the user to not be able to define the desired rules. Therefore, predefined placeholders assist at formulating general rules, which can quickly be defined, but also very specific rules can be defined, which utilize the full extent of the preference language. As a result, preferences are not restricted to a user type or a specific domain, such as IoT, e-commerce or e-health, but they can be applied on any scenario.



Context information. To cover mobile applications, which may claim access to data unique to mobile devices, such as GPS data, a modern preference language should be capable of expressing context information in preferences. In addition to location information, also, time constraints are an interesting application of this feature. Therefore, data usage by Controllers can be limited to certain areas or time-spans. One could also think of setting constraints for specific networks, e.g., a company intranet, to limit data access to certain sub-nets.



Extensibility. Preference rules should be applicable to multiple domains. The syntax of the preference rules must by defined in a generic format, so that it allows for extensions, which result from requirements of new application fields. For example, rules could be extended by options for accountability. Therefore, the evaluation of the rules must be able to adapt to newly introduced extensions. In addition, standardized, semantic representations of preference elements help for maintaining extensibility.




2.3. Related Work


In the following, related work will be discussed based on the policy negotiation automation levels and in case of preference languages also regarding the above-mentioned requirements. The results of the latter are summarized in chronological order by the publication date of the preference language in Table 1.



In current state-of-the-art of policy negotiation, users commonly face level 1 of policy negotiation automation almost all the time, as most of the service providers do not offer additional help and tools supporting higher levels of automation are not given for real applications to the best of our knowledge. P3P [4] is a well-known privacy language which has been also used in practice by several service providers. Its main usage is to create machine-readable privacy policies and to inform users about the policy content. E-P3P [15] is an extension to P3P to represent and enforce claims of P3P policies internally in enterprise environments. Since the development of P3P, many privacy languages came up, whereas each of them is designed for a specific application scenario. Just to name a few, P2U [16] supports secondary user data sharing across different platforms, EPAL [17] represents internal policies of enterprises, and LPL [6] provides the “LPL Policy Viewer” [18], which creates a policy summary based on purposes and allows for detailed personalization. In general, most of the established privacy languages work on this level. The three common choices a user has at this level are to fully accept, fully reject, or personalize the optional purposes of a privacy policy. Even though these languages try to make policies easier to understand and offer various advantages for background processing, the negotiation step is still a process the user has to overcome without further help.



While level 2 of the negotiation automation level still represents only the usage of privacy languages, more tool support is provided compared to level 1. Therefore, users have access to so-called privacy profiles, which represent predefined choices for consent options based on various levels. Users can select a profile level of their liking and customize it instead of manually having to select all choices by their own. Choices are usually grouped together by topics, which makes it easier for the user to include or exclude certain functionality, e.g., advertisement or GPS tracking. This allows for a faster and better-informed policy negotiation. An example for a level 2 application is the “Consent and Control UI Prototype 3” as part of the SPECIAL project [7]. Via a slider, more usage purpose groups (each representing a privacy profile level) are selected to be consented to, from required purposes to optional. Within the groups, it is possible to manually withdraw consent for each of the pre-selected choices. Although these solutions provide faster policy negotiation, it remains a manual process, whereas the user needs to evaluate for each new privacy policy if it meets his preferences.



This problem, i.e., manual preference comparison, is tackled by level 3 of the negotiation automation levels, which represents most of the research conducted for preference languages. Often, this level is supported by UI tools, but there are also approaches without. As the main focus of this paper is about preference languages, the most well-known of their kind, namely APPEL [8], XPref [9], SemPref [19], SecPAL4P [20], PPL [5], CPL [21], and YaPPL [3], will be discussed in the following based on the requirements. The results are summarized in Table 1. An early example for creating transparency is Privacy Bird [22], which summarizes P3P [4] policies and highlights mismatches based on APPEL preferences. As many later approaches build upon APPEL and P3P, e.g., XPref and SemPref, or are inspired by it, the transparency of policy actions is an important criterion for almost all preference languages. Only CPL and YaPPL are missing this point, because their research did not include representations of privacy policies. Research uncovered weaknesses of P3P and APPEL regarding expressiveness and extensibility [9]. XPref and SemPref also lack these criteria, because they use APPEL as a basis. Newer languages tried to fix this problem and set a strong focus on both expressiveness and extensibility. This trend is clearly visualized by the overview table. However, one needs to be careful, because too high expressiveness often results in too complex rule formulation, as seen with generic SecPAL4P [20] preferences, while simple rules are often too limited, as shown for APPEL [8]. Therefore, a preference language must fulfill both sides, i.e., simplicity of rule formalization and good expressiveness. An example for extensibility is PPL, which has been extended to A-PPL [23] by adding accountability obligations to the preference rules. As all the preference languages are machine-readable, we did not include this column in the overview. However, it is worth mentioning that some of them are designed to specifically work in resource-limited environments, e.g., YaPPL preferences for IoT edge devices, while others aim to support common browsing on websites. For human-readability, there is no clear trend. Most preference languages are based on XML representations, which are hard to understand for users. SemPref has an additional representation specifically designed for human-readability, and YaPPL preferences are based on the JSON format, which is easy to understand by users. In our opinion, a modern preference language should provide both efficient processing and human-readability, because IoT and smart sensor devices are widely used, and preferences should be understandable by users even without graphical interfaces. It also shows that more recent preference languages set a stronger focus on legal requirements and expressing context information. This can be explained by strengthened legal restrictions, such as the enactment of the GDPR, and the rise of mobile devices and applications. YaPPL models enable explicit consent and dissent in preferences as requested by the GDPR, while CPL is specifically designed to introduce context information, namely time and location, in preferences. PPL fulfills both criteria to a certain degree by authorization techniques and introducing obligations into preference rules. While each of these preference languages serves a certain purpose, all of them were designed to complement a specific privacy language. This limits their applicability, as privacy policies can be defined by different privacy languages, and therefore, preferences cannot negotiate with all of them. Thus, the requirement of privacy language compatibility is not met in the current state-of-the-art. We define this absence of compatibility as the first research gap regarding preference languages.



Automation level 4 represents recommendations, whereas consent choices at policy negotiation will be pre-selected based on the preferences of the user. Even though this could be featured by a preference language, to the best of our knowledge, none of the existing preference languages can produce automated recommendations for consent negotiation. We identify this as the second research gap regarding preference languages for policy negotiation. Nevertheless, there are some independent recommendation systems that work on level 4; e.g., Sanchez et al. [24] propose an approach to predict user choices for fitness app permissions by unsupervised machine learning, but the solution is limited to this use case and needs to be extended to many/all others. This is questionable, because data for machine learning may not be available in every use case or one-time life event, e.g., severe illness, etc.



Automated consent based on user preferences without interaction of the user is provided by level 5 of the negotiation automation levels. It is questionable if this level is reachable under the current legal framework of the GDPR. It is not clearly defined if users have to give consent explicitly by their own action or if this action can be made by a third party or proxy tool based on the user’s preference decisions [12] (GDPR Art. 6 No. 1 “Lawfulness of processing”). This leaves room for discussion and interpretation, which has to be completed by the legal community first. Thus, we state the open question: is consent generated by automated policy negotiation legally compliant with the GDPR framework in Europe?



To sum up, we identified missing privacy language compatibility and missing consent recommendation for privacy policy negotiation as two research gaps regarding privacy preference languages.





3. ConTra Preference Language


In order to overcome the aforementioned research gaps regarding preference languages, we propose ConTra (a preference language for Consent and Transparency). ConTra is a privacy preference language which is designed to meet the requirements defined for a modern preference language. The following sections will introduce the concept of ConTra in detail, whereas the preference setup is described first, which is followed by the functionality of policy negotiation and the usage of Deontic Logic within this process. Next, the structure and elements of ConTra are modeled.



3.1. Concept


With ConTra, we propose a preference language which is easy to use and covers a broad amount of applications by providing privacy language compatibility in a generic way. In addition, it has a close focus to the legal side of privacy, as its name already indicates. It should assist users in making their consent decision to the content of privacy policies while informing them about privacy policy actions in a transparent way.



3.1.1. Preference Setup


During an initial setup process, users are able to formulate preferences in the ConTra language, which are machine-readable representations of the user’s preferences regarding privacy policies. This feature can be found in APPEL [8], PPL [5], and YaPPL [3], too. The definition of preferences is a critical step in the usage process of privacy preferences. Research has shown that users are not willing to invest time into an extensive setup process for privacy [25]. Therefore, we aim for a very basic, short initial definition of preferences. Predefined preference profiles, which can be customized, assist at this step. The usefulness of these profiles will be evaluated in future work. Users will have the opportunity to create, alter and extend rules whilst negotiating a privacy policy. This way, we try to stretch the setup process over several sessions and aim for a better acceptance, even though the evaluation of this feature is part of future work, too. Preference rules will be defined in JSON format for both human- and machine-readability. For the first prototype of ConTra, the definition of preferences is manually conducted. In the future, the development of privacy-enhancing tools will assist at this step.




3.1.2. Policy Negotiation


While users are negotiating with a privacy policy, the predefined preferences will simplify this process. The preference rules, which a user generated in advance, and the policy are matched against each other. Then, information about the matching status is given to the user. It is worth noting that an interaction between preferences and a policy is only possible if both are available in a machine-readable way, i.e., a plain text privacy policy could be analyzed by text mining approaches and transformed in a privacy language representation, or a simpler privacy language is used. We assume the usage of privacy languages for simplicity for this paper to make the whole concept work. ConTra is able to interact with multiple privacy languages to gain a huge coverage of websites that support ConTra preferences, while most existing preference languages are specifically designed to work with only one privacy language, thus limiting their applicability. This is enabled by a unified registry that is based on a standardized privacy vocabulary in which data protection officers can integrate unique privacy language constructs (see Section 4). Information is given to the user after the preference matching is completed. Users will be informed if their preferences are matching the underlying privacy policy on visiting a website that is based on a supported privacy language. A later added browser extension, the ConTra Negotiation UI, will visualize the matching status for a very brief overview. This feature is inspired by Privacy Bird [22], which was developed for P3P. Studies of Cranor et al. [22] have shown that by using the tool, users actually tend to inform themselves more about privacy policy actions. As several established or modern privacy languages feature measures or can be supported by tools to visualize the content of privacy policies in transparent and easily understandable ways, one task a preference language should realize is to motivate users to look up this information on their own. For example, Privacy Bird [22] has a function to summarize the content of a P3P privacy policy, and Polisis [26] uses machine learning to analyze plain text privacy policies and to visualize the most important parts of the gained information. Future work will show if one of the existing approaches for policy summary can be integrated into the ConTra framework or if we will develop our own approach.



While users are in the process of negotiating a privacy policy, the ConTra Consent Recommender UI shows a detailed matching status of the preferences and policy. At this step, clearly matching purposes are preselected by the tool, and the user only has to check for correctness or purposes without predefined preferences. In addition, users have the possibility to extend the preference rules by missing purposes for future negotiation processes. It should be mentioned that no automated consent will be given. Even if all purposes match the privacy policy, the user still must check the recommendation and actively give consent by himself. As a result, the overall privacy policy negotiation will be accelerated and happen on a more informed basis on the side of the user.




3.1.3. Deontic Logic


For the formalization of ConTra preferences, we decided to adapt parts of Deontic Logic [27]. Therefore, the phrases permissible (which we call permitted) and impermissible (which we call excluded) will be utilized to create two distinct collections for the elements of a preference rule. This separation into permitted and excluded elements comes with several advantages. First, while the rules of most existing preference languages can be only either of an accepting or rejecting nature, such as APPEL [8] and PPL [5], and multiple rules are needed to model both criteria, only a single ConTra rule is needed to model the same functionality. For example, one can define a ConTra preference that allows the usage of GPS data for a specific service provider but forbids marketing. In APPEL, this could only be expressed as an accepting preference for GPS data and a separate rejecting preference for marketing. By defining items in either the permitted or the excluded collection of a Rule-element, explicit consent or dissent, as requested by the GDPR, is modeled. The requirement for considering the legal situation is therefore fulfilled. Finally, the usage of a predefined placeholder with the meaning all either accepts or rejects every item of a collections category. For example, a user can define a preference to allow all possible data elements for the purpose “Research” by setting the permitted collection of the data element to all. This leads to high expressiveness and easily definable preferences. The YaPPL preference language [3] also provides the same separation in permitted and excluded collections and has shown that it is a valid concept.





3.2. Structure and Elements


In the following, the structure of a ConTra preference is detailed as well as its elements and their most important attributes. ConTra preferences are structured hierarchically based on the JSON format (see Figure 2) to maintain both human- and machine-readability. A ConTra preference with the Preference-element as its root can contain several Rule-elements that are logically connected with each other by a Connective-element. This allows for rule combinations within a single preference, whereas the requirement for high expressiveness is given. The Rule-element contains the DataRecipient-, Purpose-, Data-, Context-, and Transformation-element. By design, all the elements at the bottom of the hierarchy are optional. This is possible, because all the elements are independent of each other and the evaluation algorithm of ConTra preferences is able to process preferences if the Rule-element contains at least one of the bottom hierarchy elements. Therefore, very general rules, which are easy to understand by the user, can be defined, e.g., one that only excludes the usage of location data. In this case, the usage of location data is always forbidden, i.e., for any DataRecipient, Purpose, etc. In addition, very specific preferences can be defined, which utilize all of the possible elements. By keeping the elements optional and independent of each other, future extensions can easily be integrated, because only the evaluation algorithm needs to be extended by the newly introduced element. Therefore, the requirement for extensibility is also given by the structure of ConTra.



Now, the elements of a ConTra preference are detailed based on the structure of Figure 2, whereas each element is defined by its attributes.



Preference. The Preference-element as the root capsules the rules of a single ConTra preference. It is defined as Preference = ([Rule], Connective, version, id, validFrom, validTo, description), whereas [Rule] is denoted as a list of Rule-elements.The elements of [Rule] are combined by a logical operation defined in the Connective-element. Within a single Preference-element, there is no limit for Rule-elements, but they are all joined together by the same Connective. A Preference also contains the attributes version for future ConTra version management, validFrom and validTo for tracking the validity of the preference, id for preference management and finally description as a human-readable, textual description of the preferences’ meaning.



Connective. The Connective-element is used within a Preference to join multiple Rule-elements together. It is defined as Connective = (operator). Connective contains a single logical operator, whereas currently AND and OR are supported. If the desired preference contains three or more Rule-elements and would need to utilize both the AND and OR operator, then it should be split and defined in a second Preference-element in order to keep the creation process clear. In addition, a Connective is only needed if more than one Rule-elements have been defined. Otherwise, it will be ignored. To ensure that no contradictions are created by joining rules together, a validation algorithm will check the validity of created preferences.



Rule. The Rule-element defines the behavior of a ConTra preference. It contains restrictions and permissions about privacy policy actions that are used to support the negotiation process of users with privacy policies. This element is defined as Rule = (DataRecipient, Purpose, Data, Context, Transformation). The combination of these elements forms a ConTra preference, reflecting a user’s vision of how his personal data should be processed. It is worth noting that none of the components of the Rule-element is obligatory. In addition, there is no ordering or logical relationship between the components.



DataRecipient. The DataRecipient-element defines Controllers, in this case a legal entity, which are allowed or rejected to collect and process the personal data of the user. It is defined as DataRecipient = ([permitted_recipient], [excluded_recipient], thirdPartySharing). It utilizes a permitted_recipient and an excluded_recipient collection based on the already introduced Deontic Logic model. This results in two distinct collections, one containing Controllers that are explicitly accepted by the user to be allowed to collect data and one containing Controllers that are explicitly forbidden to do so. In addition, the usage of the placeholder all either explicitly allows or forbids collecting of data for all possible Controllers within one of the two collections. Therefore, explicit consent is modeled for any case. In addition to the two collections, the DataRecipient-element also has the thirdPartySharing-attribute that lets the user decide if personal data should be allowed to be shared with third party Controllers. This attribute is less weighted than the two collections, meaning that for example, a third party Controller, which is explicitly permitted to collect personal data, will not lose the permission if thirdPartySharing is set to false and vice versa.



Purpose. The Purpose-element defines usage purposes for which the collection and processing by a Controller is either permitted or excluded. It is defined as Purpose = ([permitted_purpose], [excluded_purpose]). This element also contains two distinct collections, namely permitted_purpose and excluded_purpose, that follow the same principle as with the DataRecipient-element. Therefore, a standardized purpose “Research” might be permitted, while “Advertising” might be a rejected purpose for a preference.



Data. The Data-element defines which data categories, such as age or gender, are allowed to be processed by an otherwise permitted Controller and which are not. This element is defined as Data = ([permitted_data], [excluded_data]). Again, the Deontic Logic model is used as a basis. Therefore, the Data-element contains the collections permitted_data and excluded_data. For example, a preference could be defined, which allows the usage of the age but forbids the usage of location data for certain purposes.



Context. The Context-element defines in which environmental context the collection of personal data is allowed or rejected by a permitted Controller. It is defined as Context = (time_period, [location]). The Context can either be set to time or location information. Time constraints define points in time or time periods at which data collection is allowed by Controllers. Location constraints define places on earth where data collection is allowed by the Controller. Examples are the user’s home country or regions with the same legal framework, such as the European Union. The latter option could be useful when it comes to detecting GDPR-compliant privacy policies. It should be noted that most privacy languages do not (fully) support context information yet. An example is LoPSiL [28], which is a privacy language specifically designed to express location-dependent privacy policies, although it does not support time constraints. Nevertheless, because of the huge mass of mobile devices currently in use and the fact that IoT services are used more with the growing popularity of smart homes, in our opinion, modern privacy languages and preference languages should both feature context information in order to cope with this situation. Therefore, ConTra already supports context information in its preferences, hoping that it inspires further research on its integration into privacy languages.



Transformation. The Transformation-element defines methods that are used for the de-identification of personal data before they are processed by a permitted Controller. It is defined as Transformation = (transformation_level). By taking use of this option, a user will be warned if his data will be analyzed without masking his identity. At the current state of ConTra, this element allows for a single choice for transformation_level between no_method, pseudonymization, anonymization and any_method. At a later point, we will evaluate if it is also sufficient or even more intuitive to limit the choice to whether means for data de-identification should be taken or not.




3.3. Use Cases


The application of a privacy preference language is not limited to a single use case. In fact, there are plenty of suitable scenarios where a preference language can support users or even companies. As a first scope of ConTra, we see the integration into a personal computers browser in order to assist users while doing their daily browsing on a static workplace. For example, let us assume a user uses his browser mainly for online shopping. Therefore, he defines a preference, which allows the usage of the Data-elements “Address” and “Financial Data” for any recipient specifically for the purpose “E-Commerce” and explicitly forbids the usage for every other purpose (see Listing 1). If the Controller would use one of the allowed Data-elements for another purpose than “E-Commerce” or process additional Data-elements, then the user will be warned during policy negotiation.





Listing 1. ConTra preference for sharing address and financial data for e-commerce, while forbidding usage for any other purpose. The symbol * represents the placeholder all.






	1

	
"preference" : {




	2

	
  "connective" : AND,




	3

	
  "rule" : {




	4

	
    "purpose" : {




	5

	
        "permitted" : ["E-Commerce"],




	6

	
        "excluded" : [*]




	7

	
    },




	8

	
    "data" : {




	9

	
        "permitted" : ["Address", "Financial Data"],




	10

	
        "excluded" : [ ]




	11

	
    }




	12

	
  }




	13

	
}











At a later point, the user decides that he wants to receive some recommendations for products while shopping but only within the European Union. He extends the original preference by a second rule, which allows the usage of all Data-elements for the Purpose “Product Recommendation” and sets the Context to “European Union”. In addition, he does not want the data used for recommendation to be shared with other Controllers and therefore sets thirdPartySharing to “false” (see Listing 2). He will be warned again if some behavior of the Controller mismatches the newly added rule. Therefore, negotiation with the privacy policies of websites will be eased, and users obtain a more transparent and informed insight into the data-handling practices of the service provider.





Listing 2. ConTra preference of Listing 1 extended by allowing usage of any data for product recommendation within the European Union but not for third party . The symbol * represents the placeholder all.






	1

	
"preference" : {




	2

	
  "connective" : AND,




	3

	
  "rule" : {




	4

	
    "purpose" : {




	5

	
        "permitted" : ["E-Commerce"],




	6

	
        "excluded" : [*]




	7

	
    },




	8

	
    "data" : {




	9

	
        "permitted" : ["Address", "Financial Data"],




	10

	
        "excluded" : [ ]




	11

	
    }




	12

	
  },




	13

	
  "rule" : {




	14

	
    "dataRecipient" : {




	15

	
        "thirdPartySharing" : "false"




	16

	
    },




	17

	
    "purpose" : {




	18

	
        "permitted" : ["Product Recommendation"],




	19

	
        "excluded" : [ ]




	20

	
    },




	21

	
    "data" : {




	22

	
        "permitted" : [*],




	23

	
        "excluded" : [ ]




	24

	
    },




	25

	
    "context" : {




	26

	
        "region" : "European Union"




	27

	
    }




	28

	
  }




	29

	
}











The usage in mobile environments will be the second scope of ConTra. In this case, there are also some interesting scenarios where companies can take advantage of preferences. Let us assume an individual who carries a mobile device defines a preference utilizing the Location-Context that allows data collection by his employer while being on the company grounds. In this case, the employer can collect the needed information for business processes while the employee is working on the company grounds, and the employee does not have to worry about any possible data leaks once he leaves the company grounds. Another scenario could utilize the Time-Context. This suits very well for an employee who is traveling a lot, and therefore, a location constraint does not make much sense. The individual can define a preference that allows data collection by the employer during certain time periods (see Listing 3). The example shows a ConTra preference, defined by an employee, which allows the collection of GPS coordinates and sensor data during working hours, i.e., from Monday until Friday between 7:00 am. and 4:00 pm., and the processing for any needed purpose by the employer. No other data are allowed to be collected, and only the employer himself has a processing right on the data, i.e., third party sharing is forbidden. As no personal information is claimed by this process, no transformation method is desired by the employee to mask his data, and therefore, the quality of collected data is maximized for the employer. While there are many more possible scenarios where ConTra could be utilized for the scope of this paper, we limit the focus to the examples given in this paragraph.





Listing 3. ConTra preference for an employee sharing GPS coordinates and sensor data during working hours from Monday to Friday for any needed processing purpose with the employer. The symbol * represents the placeholder all.






	1

	
"preference" : {




	2

	
  "connective" : AND,




	3

	
  "rule" : {




	4

	
    "purpose" : {




	5

	
        "permitted" : ["E-Commerce"],




	6

	
        "excluded" : [*]




	7

	
    },




	8

	
    "data" : {




	9

	
        "permitted" : ["Address", "Financial Data"],




	10

	
        "excluded" : [ ]




	11

	
    },




	12

	
    "data" : {




	13

	
        "permitted" : ["GPS-Coordinates", "Sensor Data"],




	14

	
        "excluded" : [ ]




	15

	
    },




	16

	
    "context" : {




	17

	
        "startWeekday" : "Monday",




	18

	
        "endWeekday" : "Friday",




	19

	
        "startTime" : "07:00:00",




	20

	
        "endTime" : "16:00:00"




	21

	
    },




	22

	
    "transformation" : "no_method"




	23

	
  }




	24

	
}













4. Privacy Interfaces


As most of the common privacy preference languages are built for a single specific privacy language, there is a limited applicability for each of them in real scenarios. On the one hand, there are several different privacy languages that can be used in real applications. On the other hand, not every privacy policy is built on a privacy language. These are only two possible reasons why preference languages are barely used. We hope by covering a bigger amount of applications with preferences, we can demonstrate its usefulness and therefore motivate for both a broader usage of privacy languages on the company side and preferences on the user side. To realize the requirement for privacy language compatibility, we introduce the principle of privacy interfaces in the following.



4.1. Concept


While there might be features that several privacy languages have in common, there are also plenty of unique concepts. This might include the underlying file format, elements, or vocabulary. In addition, each Controller might define expressions that are unique for a specific privacy policy. All these factors have to be considered when creating a preference language with broad privacy language compatibility. As it is almost impossible to create a single preference that can negotiate with any privacy language, we decided to add an additional layer to this process: the privacy interfaces. This way, measures can be taken to enable privacy language-independent preference negotiation (see Figure 3). The Privacy Vocabulary Registry is the core component of the privacy interfaces principle. It is a registry system located on a web server and based on a standardized privacy vocabulary. The latter will be discussed in the following section.



It must be mentioned that each privacy language, which should be supported by the privacy interfaces, first needs to be linked to the registry. This setup process is completed by experts and only has to be completed once for each privacy language. Afterwards, every privacy policy based on the integrated languages can be used for ConTra negotiations. Only unique expressions of a Controllers’ privacy policy still need to be linked if the privacy policy is not based on a standardized vocabulary. Once a privacy language-based privacy policy is created by a Controllers’ privacy protection officer, it can be linked to the Privacy Vocabulary Registry. Therefore, the registry is extended by entries that link the Controllers’ unique privacy expressions to the equivalent expression of the privacy vocabulary. In the next step, the privacy vocabulary is used to create unified ConTra preferences. These preferences are purely based on the privacy vocabulary and are therefore independent of privacy language or privacy policy-specific expressions and are capable of negotiating with any policy that is linked to the Privacy Vocabulary Registry. Once a user enters a website, it is checked if the privacy language has been integrated in the Privacy Vocabulary Registry in advance and if the privacy policy has been linked in case of unique expressions. If both conditions are true, the preferences and the privacy policy are matched against each other by querying the registry. Otherwise, the user is informed that no matching is possible. The whole process requires the Controllers to do some additional work in order to create preference-ready privacy policies, but they gain added value by using standardized vocabularies fostering interoperability and accountability. Users only have to do one single preference setup and do not have to worry about different preferences languages or tools. So, the responsibility lies at the Controllers mostly, and users can focus on simplified policy negotiations supported by a broad amount of applications.




4.2. Vocabulary


With plenty of privacy languages being developed in the past, also a big diversity in integrated vocabularies exists. For example, P3P [4], as the first privacy language, came up with its own vocabulary. While the P3P vocabulary has been adopted by some other privacy languages such as PPL as part of the PrimeLife project [29], other projects such as SPECIAL [7] introduced their own vocabulary. Therefore, in order to make the privacy interface principle work and to enable privacy language compatibility, a unified privacy vocabulary is needed. At the time of writing this paper, no standardized vocabulary that defines expressions related to personal data handling, privacy policies and GDPR requirements exists. A first step into this direction was taken by the W3C Data Privacy Vocabulary and Controls Community Group (DPVCG) with the creation of the Data Privacy Vocabulary (DPV) [30]. Although it is not considered as a standard yet, it shows that the topic is of interest for companies and is a first big step into the right direction for a better future of privacy. It focuses on personal data handling and provides modular ontologies for data categories, purposes, processing categories, technical and organisational measures, legal basis, consent, and entities. Therefore, all important components for the definition of privacy policies and preferences are given while also considering the newly introduced GDPR requirements. Due to these reasons, the DPV is integrated in our prototypical implementation of the Privacy Vocabulary Registry.





5. Discussion


In this work, we analyzed the state of the art regarding the research question “What are the requirements for a post-GDPR privacy preference language that enables the negotiation with privacy policies, and do state-of-the-art preference languages fulfill these requirements?” With modern technologies emerging over the last couple of years, such as the rapid rise of mobile and smart technologies, and the enactment of the GDPR [12] in Europe, most of the existing preference languages are technically or legally outdated due to the changed requirements. These preference languages are usually designed to fulfill a specific purpose, such as CPL [21] introducing preferences for context information but omitting purpose-based processing or SecPAL4P [20] achieving high expressiveness but lacking usability and legal considerations. To the best of our knowledge, no preference language exists that unites all this functionality within one single framework and therefore meets all modern requirements. We showed that there is a research gap for preference languages in terms of privacy language compatibility in order to gain a broad coverage of applications with a single preference setup. Finally, none of the discussed preference languages offers preference-based consent recommendations based on the gradation for policy negotiation automation levels (see Section 2.1), leading to a second research gap.



ConTra is our approach to tackle these research gaps. It offers great opportunities to improve the user experience at managing privacy for both mobile scenarios and normal internet browsing. In general, Controllers can benefit from a properly conducted preference setup, as it allows for a faster and better informed policy negotiation. This means that instead of rejecting all optional purposes by pressing the according button, users might be willing to share specific information more often. Employees could utilize location preferences to limit information sharing while being on the company grounds or time preferences to limit information sharing to working hours if they need to be mobile. In addition, the generic and modular nature of ConTra preferences guarantees both expressiveness and extensibility while the definition of preferences in JSON format maintains usability by human-readable rules and allows for efficient processing. Therefore, ConTra can also be applied in resource-limited scenarios, e.g., IoT with edge devices, and can be adapted to other domains. The consent recommendation feature of ConTra allows for fast policy negotiation, whereas preferences can be altered or new preferences can be created during the process in order to handle future negotiations even faster. Finally, ConTra’s unique privacy language compatibility is enabled by interposing privacy interfaces between preference and policy negotiation to achieve a broader applicability for privacy preferences. Therefore, ConTra meets all requirements of a modern preference language, resulting in the most complete preference framework yet to our knowledge.



Nevertheless, there are some limitations of the approach. In order to enable unified preference matching with ConTra, the initial integration of a privacy language in the Privacy Vocabulary Registry is required. Even though this integration only has to be conducted once per privacy language, it could be a critical step in real applications, whereas stakeholders pass on the work to each other. While the concept of ConTra enables a broader applicability of preferences among privacy languages, it is also limited to this scenario at the current state. Therefore, privacy policies, which are not based on a privacy language, cannot be negotiated with ConTra preferences, e.g., plain-text policies. As the integrated DPV privacy vocabulary is not considered as a standard yet, the semantics of ConTra and the Privacy Vocabulary Registry might be changed in the future if a (possibly global) standard for privacy expressions emerges.



Finally, we hope to motivate further research in the field of privacy preference handling by our work. We showed that there is a huge gap when it comes to a unified application of privacy preferences. In addition, there is a lack of support of mobile technologies, while these technologies are dominating the current market. In general, there is almost no real application of privacy preferences: either users are not willing to invest time for a detailed preference setup, or there is a lack of support from Controllers. It is essential that users learn about the importance of privacy and measures they can take to protect their personal data as well as companies being willing to adapt privacy-preserving technologies.




6. Conclusions


Although several preference languages have been developed over the last two decades, each of them is specifically designed to complement exactly one privacy language. As many diverse privacy languages exist, we found that there is a huge gap in terms of privacy language compatibility by existing preference languages. To the best of our knowledge, none of the existing preference languages support this criterion. This is a problem when it comes to the application of preferences, as users would expect that their preferences work on most of the websites, which is not the case in current implementations. Therefore, in this paper, we proposed ConTra, a preference language for Consent and Transparency, as a novel approach to privacy preference handling. It intends to close the gap between user preferences and privacy policies by providing privacy language compatibility at policy negotiation.



To tackle this challenge, we introduce the principle of privacy interfaces to enable unified preferences based on a privacy vocabulary. Unique privacy expressions of Controllers will be integrated in a Privacy Vocabulary Registry and will be assigned to the corresponding entry of the privacy vocabulary. As a result, ConTra preferences can be matched against any expressions specific to a privacy language if these expressions have been registered in the Privacy Vocabulary Registry. This way, parts of the workflow are shifted from the users to the experts. In addition to privacy language compatibility, ConTra features contain all the functionalities required by a modern preference language. This includes the support of context information, such as location and time constraints for mobile devices, expressiveness, extensibility, and legal requirements, such as the explicit consent and transparency of policy actions as claimed by the European GDPR, while also achieving human-readable preference rules. Although ConTra is specifically designed to meet the European legal situation, it also should be applicable for other regions if the processing of data is based on purposes. However, it remains an open question if a complete adaptation, e.g., for American or Asian privacy principles, is possible.



For the future, we envision to assemble the ConTra framework step by step. A validation algorithm will ensure that ConTra preference rules do not cause any contradictions if joined together by connectives. In addition, the privacy interfaces will be implemented and evaluated based on some prominent privacy languages by creating proper use cases. Furthermore, the framework will be extended by consent recommendation at policy negotiation to close the corresponding research gap. A user-driven evaluation will refine the ConTra Negotiation UI and the ConTra Consent Recommender UI. We also desire to implement a machine-learning approach to analyze plain-text privacy policies and create representations, which can be negotiated with ConTra preferences, in order to cover most occurrences of privacy policies.







Author Contributions


S.B. and A.G. did the conceptualisation and supervision of the work. All authors performed literature research, contributed to the initial draft, discussed the results and contributed to the final draft of the work. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Open Access Publication Fund of University Library Passau.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Linden, T.; Khandelwal, R.; Harkous, H.; Fawaz, K. The Privacy Policy Landscape After the GDPR. Proc. Priv. Enhancing Technol. 2020, 2020, 47–64. [Google Scholar] [CrossRef]

	



McDonald, A.M.; Cranor, L.F. The cost of reading privacy policies. I/S J. Law Policy Inf. Soc. 2008, 4, 1–22. [Google Scholar]

	



Ulbricht, M.R.; Pallas, F. YaPPL—A Lightweight Privacy Preference Language for Legally Sufficient and Automated Consent Provision in IoT Scenarios. In Proceedings of the DPM/CBT@ESORICS, Barcelona, Spain, 6–7 September 2018; pp. 329–344. [Google Scholar] [CrossRef]

	



Lorrie, C.; Giles, H.; Marc, L.; Massimo, M.; Martin, P.-M.; Joseph, R.; Matthias, S. The Platform for Privacy Preferences 1.1 (P3P1.1) Specification; Technical Report; W3C: Cambridge, MA, USA, 2006. [Google Scholar]

	



Ardagna, C.; Bussard, L.; De Capitani Di Vimercati, S.; Neven, G.; Pedrini, E.; Paraboschi, S.; Preiss, F.; Samarati, P.; Trabelsi, S.; Verdicchio, M.; et al. Primelife policy language. In Proceedings of the W3C Workshop on Access Control Application Scenarios, W3C, Luxembourg, 17–18 November 2009. [Google Scholar]

	



Gerl, A.; Bennani, N.; Kosch, H.; Brunie, L. LPL, Towards a GDPR-Compliant Privacy Language: Formal Definition and Usage. In Transactions on Large-Scale Data- and Knowledge-Centered Systems XXXVII; Part of Springer Nature 2018; Springer: Berlin/Heidelberg, Germany, 2018; pp. 41–80. [Google Scholar] [CrossRef]

	



SPECIAL. Scalable Policy-Aware Linked Data Architecture for Privacy, Transparency and Compliance. 2017–2019. Available online: https://specialprivacy.ercim.eu/ (accessed on 20 June 2022).

	



Lorrie, C.; Marc, L.; Massimo, M. A P3P Preference Exchange Language 1.0 (APPEL1.0); Technical Report; W3C: Cambridge, MA, USA, 2002. [Google Scholar]

	



Agrawal, R.; Kiernan, J.; Srikant, R.; Xu, Y. XPref: A preference language for P3P. Comput. Netw. 2005, 48, 809–827. [Google Scholar] [CrossRef]

	



Kokolakis, S. Privacy attitudes and privacy behaviour: A review of current research on the privacy paradox phenomenon. Comput. Secur. 2015, 64, 122–134. [Google Scholar] [CrossRef]

	



Kapitsaki, G.M.; Dini Kounoudes, A.; Achilleos, A.P. An overview of user privacy preferences modeling and adoption. In Proceedings of the 2020 46th Euromicro Conference on Software Engineering and Advanced Applications (SEAA), Portoroz, Slovenia, 26–28 August 2020; pp. 569–576. [Google Scholar] [CrossRef]

	



European-Parliament. General Data Protection Regulation, 2016. Regulation (EU) 2016 of the European Parliament and of the Council of on the Protection of Natural Persons with Regard to the Processing of Personal Data and on the Free Movement of Such Data, and Repealing Directive 95/46/EC. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016R0679 (accessed on 27 June 2022).

	



Pereira, F.; Crocker, P.; Leithardt, V.R. PADRES: Tool for PrivAcy, Data REgulation and Security. SoftwareX 2022, 17, 100895. [Google Scholar] [CrossRef]

	



Gjermundrød, H.; Dionysiou, I.; Costa, K. privacyTracker: A Privacy-by-Design GDPR-Compliant Framework with Verifiable Data Traceability Controls. In Proceedings of the Current Trends in Web Engineering, Lugano, Switzerland, 6–9 June 2016; Casteleyn, S., Dolog, P., Pautasso, C., Eds.; Springer International Publishing: Cham, Switzerland, 2016; pp. 3–15. [Google Scholar]

	



Ashley, P.; Hada, S.; Karjoth, G.; Schunter, M. E-P3P Privacy Policies and Privacy Authorization. In Proceedings of the 2002 ACM Workshop on Privacy in the Electronic Society, WPES ’02, Washington, DC, USA, 21 November 2002; ACM: New York, NY, USA, 2002; pp. 103–109. [Google Scholar] [CrossRef]

	



Iyilade, J.; Vassileva, J. P2U: A Privacy Policy Specification Language for Secondary Data Sharing and Usage. In Proceedings of the IEEE Security and Privacy Workshops, San Jose, CA, USA, 17–18 May 2014. Technical Report. [Google Scholar]

	



Ashley, P.; Hada, S.; Karjoth, G.; Powers, C.; Schunter, M. Enterprice Privacy Authorization Language (EPAL 1.2); Technical Report; IBM: Armonk, NY, USA, 2003; Available online: https://www.zurich.ibm.com/security/enterprise-privacy/epal/Specification/ (accessed on 20 June 2022).

	



Gerl, A.; Meier, B. The Layered Privacy Language Art. 12–14 GDPR Extension–Privacy Enhancing User Interfaces. Datenschutz Datensicherheit-DuD 2019, 43, 747–752. [Google Scholar] [CrossRef]

	



Li, N.; Yu, T.; Antón, A. A semantics-base approach to privacy languages. Comput. Syst. Sci. Eng. CSSE 2006, 21, 1–22. [Google Scholar]

	



Becker, M.Y.; Malkis, A.; Bussard, L. A Framework for Privacy Preferences and Data-Handling Policies; Technical Report MSR-TR-2009-128; Microsoft Research: Redmond, WA, USA, 2009. [Google Scholar]

	



Kapitsaki, G.M. Reflecting User Privacy Preferences in Context-Aware Web Services. In Proceedings of the 2013 IEEE 20th International Conference on Web Services, Santa Clara, CA, USA, 28 June–3 July 2013; pp. 123–130. [Google Scholar] [CrossRef]

	



Cranor, L.F.; Arjula, M.; Guduru, P. Use of a P3P User Agent by Early Adopters. In Proceedings of the 2002 ACM Workshop on Privacy in the Electronic Society, WPES ’02, Washington, DC, USA, 21 November 2002; ACM: New York, NY, USA, 2002; pp. 1–10. [Google Scholar] [CrossRef]

	



Azraoui, M.; Elkhiyaoui, K.; Önen, M.; Bernsmed, K.; De Oliveira, A.S.; Sendor, J. A-PPL: An Accountability Policy Language. In Data Privacy Management, Autonomous Spontaneous Security, and Security Assurance: 9th International Workshop, DPM 2014, 7th International Workshop, SETOP 2014, and 3rd International Workshop, QASA 2014, Wroclaw, Poland, 10–11 September 2014; Revised Selected Papers; Springer International Publishing: Cham, Switzerland, 2015; pp. 319–326. [Google Scholar] [CrossRef]

	



Sanchez, O.R.; Torre, I.; He, Y.; Knijnenburg, B.P. A recommendation approach for user privacy preferences in the fitness domain. User Model. User Adapt. Interact. 2019, 30, 513–565. [Google Scholar] [CrossRef]

	



Angulo, J.; Fischer-Hübner, S.; Pulls, T.; Wästlund, E. Towards Usable Privacy Policy Display & Management—The PrimeLife Approach. In Proceedings of the HAISA, London, UK, 7–8 July 2011; pp. 108–118. [Google Scholar]

	



Harkous, H.; Fawaz, K.; Lebret, R.; Schaub, F.; Shin, K.G.; Aberer, K. Polisis: Automated Analysis and Presentation of Privacy Policies Using Deep Learning. In Proceedings of the 27th USENIX Security Symposium (USENIX Security 18), Baltimore, MD, USA, 15–17 August 2018; USENIX Association: Baltimore, MD, USA, 2018; pp. 531–548. [Google Scholar]

	



Fitch, F.B. GH von Wright. Deontic logic. Mind, n. s. vol. 60 (1951), pp. 1–15. J. Symb. Log. 1952, 17, 140. [Google Scholar] [CrossRef]

	



Ligatti, J.; Rickey, B.; Saigal, N. LoPSiL: A Location-Based Policy-Specification Language. In Proceedings of the Security and Privacy in Mobile Information and Communication Systems, Turin, Italy, 3–5 June 2009; Volume 17, pp. 265–277. [Google Scholar] [CrossRef]

	



PrimeLife. PrimeLife—Bringing Sustainable Privacy and Identity Management to Future Networks and Services. 2008–2011. Available online: http://primelife.ercim.eu/ (accessed on 20 June 2022).

	



Pandit, H.J.; Polleres, A.; Bos, B.; Brennan, R.; Bruegger, B.; Ekaputra, F.J.; Fernández, J.D.; Hamed, R.G.; Kiesling, E.; Lizar, M.; et al. Creating a Vocabulary for Data Privacy. In Proceedings of the On the Move to Meaningful Internet Systems: OTM 2019 Conferences, Rhodes, Greece, 21–25 October 2019; Panetto, H., Debruyne, C., Hepp, M., Lewis, D., Ardagna, C.A., Meersman, R., Eds.; Springer International Publishing: Cham, Switzerland, 2019; pp. 714–730. [Google Scholar]








[image: Sensors 22 05428 g001 550] 





Figure 1. User preferences, expressed in preference languages, are matched against the privacy policies of Controllers, which are expressed in privacy languages. Matching status, consent recommendation or automated consent are used to ease policy negotiation. 
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Figure 2. Hierarchical structure of the elements of a ConTra preference. Attributes are omitted from this figure. 
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Figure 3. Workflow of the privacy interfaces process. Privacy language-specific terms and constructs are integrated in a shared registry and later used for matching between user preferences and privacy policy. 
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Table 1. Overview of requirements for a novel preference language and which languages meet them. The requirements without any particular ordering are privacy language compatibility (pl comp), GDPR compliance, transparency, human-readability (readable), expressiveness, context information and extensibility.
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	Pl Comp
	GDPR
	Transparency
	Readable
	Expressiveness
	Context
	Extensibility





	APPEL
	
	
	✓
	
	
	
	



	XPref
	
	
	✓
	
	
	
	



	SemPref
	
	
	✓
	✓
	
	
	



	SecPAL4P
	
	
	✓
	
	✓
	
	✓



	PPL
	
	✓
	✓
	
	✓
	✓
	✓



	CPL
	
	
	
	
	
	✓
	✓



	YaPPL
	
	✓
	
	✓
	✓
	
	✓
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