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Abstract—Recently, interest in performance modeling of out-

come-based regulations has grown in the regulatory community. 

In this context, performance modeling refers to the measuring of 

important business aspects in a coordinated manner and the use 

of these measurements for improved decision making. Goal mod-

eling techniques have shown to be beneficial when expressing and 

analyzing performance models. Since most regulations are still 

written in natural language, support for the transformation of 

regulatory text into performance models is needed. This allows 

regulators and regulated parties to keep working with familiar 

natural language regulations and to use goal models indirectly 

while avoiding a potentially significant learning curve for goal-

modeling techniques. In this paper, we present such a tool-

supported transformation to goal models expressed with the User 

Requirements Notation that enables reasoning about outcome-

based regulations via widely available evaluation mechanism for 

goal models. The transformation is implemented in the 

jUCMNav goal modeling tool and illustrated with an example 

from the banking domain. 

Index Terms—transformation, outcome-based regulations, 

goals, indicators, compliance, performance modeling, 

governance, Goal-oriented Requirement Language, User 

Requirements Notation, usability, jUCMNav. 

I.  INTRODUCTION 

The interest in understanding the impact of regulations on 

an organization’s strategies and business processes has steadily 

grown over the last years. This is true from the point of view of 

an organization (i.e., the regulated party) as well as the regula-

tor. Demonstrating compliance with regulations is an important 

facet that needs to be taken into account when a regulated party 

implements its strategies and business processes. Likewise, the 

regulator has to publish regulations that are written in such a 

way that compliance can be determined. Furthermore, to be 

able to improve compliance with regulations or to evolve the 

regulations themselves, regulations must be measurable and 

regulated parties or the regulator must have the ability to cap-

ture such measurements. Otherwise, a regulated party may 

comply with irrelevant regulations or be in non-compliance 

with regulations even though the regulated party performs reg-

ulated tasks effectively, i.e., the intent of the regulations is sat-

isfied. 

Many regulations are written in a prescriptive style which 

imposes on regulated parties specific ways of achieving com-

pliance. In such an environment, measurements about regula-

tion compliance are typically restricted to simple yes/no op-

tions – either the prescriptive regulation is followed or not. 

Regulators, however, have started to focus on the intention or 

goals of regulations in an outcome-based approach rather than 

following the prescriptive regulatory compliance approach. 

Focusing on the outcome instead of the means to achieve an 

outcome gives regulated parties more freedom to choose those 

solutions that best suit their context. Therefore, regulators must 

ensure that solutions chosen by regulated parties effectively 

satisfy the intention of the regulations, e.g., by measuring 

whether the outcome is satisfactory. This goes beyond the sim-

ple yes/no options as solutions now have to be assessed on a 

more linear scale ranging from total non-compliance to full 

compliance but including all shades of grey in between. An 

outcome-based approach, therefore, typically requires the 

adoption of legislation performance modeling. In this context, 

performance modeling refers to the measuring of important 

business aspects in a coordinated manner and the use of these 

measurements for improved decision making. 

Both the regulator as well as the regulated parties have rea-

sons to create legislation performance models. On the one 

hand, the regulator needs to understand what has to be meas-

ured to ensure the intent of regulations is not violated [26]. On 

the other hand, regulated parties need to understand the impact 

of regulations on their existing business strategies and opera-

tions [10]. Performance modeling, hence, needs to support a 

diverse set of stakeholders. In any case, however, natural lan-

guage regulatory text needs to be expressed with the perfor-

mance model. 

Goal modeling techniques with support for indicators are 

commonly used for performance modeling [11]. Goal models 

allow the intent of regulations to be captured with goals and 

related to measurements with the help of indicators. Further-

more, goal models enable the reasoning about regulations with 

provided evaluation mechanisms for goal models [2][21]. Re-

gardless of whether the regulator or a regulated party makes 

use of goal models to create performance models, similar usa-

bility issues arise: (i) regulatory text is typically long and it is a 



time-consuming and error-prone process to copy and paste 

regulatory text into goal model elements; (ii) most stakeholders 

are unfamiliar with goal modeling techniques, hence requiring 

training and experience in how to map domain concepts such 

as regulations and metrics to goal model concepts; (iii) most 

stakeholders are unfamiliar with the types of evaluation mech-

anisms that are available for goal modeling techniques; and (iv) 

the unfamiliarity of most stakeholders with goal modeling tools 

further adds to the stakeholders’ learning curve. Even for an 

expert in goal modeling techniques, the size of the regulatory 

text and the resulting goal model can be a challenge in terms of 

visualization, and ways of exploring dynamically a large goal 

model are hence needed. 

While we acknowledge that there are important social, or-

ganizational, and cultural factors [6] involved in introducing 

outcome-based reasoning of regulations, this paper focuses on 

the technical issue of how to transform natural language regula-

tory text into a goal model that can be more formally analyzed. 

This transformation focuses more on the structure of the regu-

latory document than on the semantics of its specific regula-

tions (which remain textual inside the various goals of a mod-

el). The paper aims to provide a transformation that improves 

the usability of outcome-based reasoning of regulations for the 

involved stakeholders, i.e., the regulator, regulated parties, and 

experts in goal/performance modeling. With the help of the 

transformation, goal modeling can be treated as a black box by 

the regulator or regulated parties, requiring only little 

knowledge about goal modeling. Essentially, the goal model 

takes certain information about the regulations and assessments 

thereof as input and outputs compliance values for the regula-

tions. 

The goal modeling technique of choice in this paper is the 

Goal-oriented Requirement Language (GRL), because of its 

support for indicators and available tool support with the 

jUCMNav editor and analysis tool [15]. GRL is part of the 

international ITU-T standard User Requirements Notation 

(URN) [14]. The input to the transformation is an augmented, 

structured representation of the regulatory text in the form of 

CSV (comma-separated values) files, which can be more easily 

edited (in a spreadsheet style) and understood by the regulator 

and regulated parties not familiar with goal modeling tech-

niques. The two main contributions of this paper, namely the 

transformation itself and advanced features for dynamic explo-

ration and visualization of goal models, have been implement-

ed in the jUCMNav tool. 

The remainder of the paper is as follows. Section II gives 

essential background on important aspects of goal modeling in 

the context of modeling for compliance. Section III introduces 

regulations from the banking domain, i.e., Commodity Futures 

Trading Commission (CFTC) Regulation §1.25 – Investment 

of Customer Funds, that are used as an example throughout the 

paper. Section IV discusses the transformation of augmented, 

structured regulatory text into goal models, while Section V 

presents features for the dynamic exploration of large goal 

models. Section VI reports on related work, and Section VII 

concludes the paper and discusses future work. 

II. BACKGROUND 

This section first gives a brief summary of our goal model-

ing notation of choice for performance modeling, i.e., the User 

Requirements Notation (URN), including its concept of Key 

Performance Indicator (KPI). The second sub-section then dis-

cusses how URN has been applied to the modeling of regula-

tions. 

A. The User Requirements Notation and its Support for Key 

Performance Indicators 

Over the last decade, goal modeling has established itself as 

an integral part of requirements engineering activities. Goal 

models capture the intentions and high-level goals of stake-

holders and explicitly define the different solutions that were 

considered to achieve such intentions and goals. In addition, 

goal modeling typically captures, as weighted contributions, 

the impact of solutions on the intentions and goals, enabling 

trade-off analysis and the exploration of positive and negative 

implications of solutions on high-level stakeholder intentions 

and goals. 

The Goal-oriented Requirement Language is part of the Us-

er Requirements Notation [1][3], an international standard [14]. 

URN goal models include, among other types of elements: (i) 

actors, or stakeholders, i.e., the holders of intentions, (ii) inten-

tions captured with goals ( ) and their AND/OR decomposi-

tion structure, (iii) weighted contributions (), and (iv) real-

world measurements captured with Key Performance Indica-

tors (KPIs) ( ). 

A KPI converts a real-world value (e.g., $1,000 or 20 

minutes) into a GRL satisfaction value according to one of 

several types of conversion functions defined in the URN 

standard. Each actor, goal, and KPI has a satisfaction value that 

indicates how close the element is to being achieved. In the 

context of performance modeling, satisfaction values typically 

range from 0 (not achieved at all) to 100 (fully achieved) [4].  

Goal models can be evaluated to assess how well the inten-

tions and goals of stakeholders are satisfied. This is achieved 

by providing a GRL strategy, i.e., typically a set of initial satis-

faction values of those goals and initial real-world values of 

those KPIs that are the leaves of the goal model tree. The initial 

values are used along with weighted contributions and the de-

composition structure of the goal model to calculate satisfac-

tion values for all other goal model elements by propagating 

the satisfaction values from the bottom up towards the root of 

the goal model tree.  

In this project, we use jUCMNav [4][15], an Eclipse-based, 

open source URN modeling and analysis tool that supports the 

creation of large goal models and the evaluation of goal models 

based on GRL strategies. 

Beside URN, there are many other established goal model-

ing approaches that exist, including i* [29], KAOS [28], and 

Tropos [8]. However, the reasons why URN was chosen here 

include i) its support for KPIs, ii) its support for evaluation 

strategies, iii) its status as a standard, and iv) comprehensive 

tool support available through jUCMNav [15]. 



B. Goal-Based Modeling of Regulations with URN 

In previous work, we manually model outcome-based regu-

lations with URN goal models [5][6][26], which requires 

changes to the URN metamodel, a more advanced reasoning 

mechanism [21], and improved tool support [4] implemented in 

the jUCMNav tool. The latest version of the URN stand-

ard [14] now supports these suggested changes. 

Tawhid et al. [26] describe a general approach to convert 

prescriptive regulations to outcome-based ones, whereas Braun 

et al. [6] evaluate different ways of introducing outcome-based 

regulations into an organization, including conversion from 

prescriptive regulations, but also using outcome-based models 

as the single source of regulations. 

Shamsaei et al. [21] introduce goal model families as a 

means to integrate into one performance model regulations for 

various different classes of organizations, with a particular em-

phasis on the impact the support for different classes has on 

evaluation mechanisms. Behnam et al. [5] exploit patterns for 

capturing reusable knowledge while modeling outcome-based 

regulations. 

Guidelines for deriving a goal model from regulatory text 

were proposed by Shamsaei [23], but they have not yet been 

supported by an automatic transformation. In this approach, 

regulatory text is modeled with goals to ensure that the com-

plex relationships of different regulations in an outcome-based 

context can be captured and reasoned with appropriately. Fur-

thermore, KPIs represent metrics used to assess compliance 

with regulations. Questions used by inspectors to assess com-

pliance, if available, are usually an excellent source for KPIs. 

URN’s conversion functions convert the answers to these ques-

tions into GRL satisfaction values, so that they can be evaluat-

ed with the rest of the goal model. In this context, GRL satis-

faction values signify the level of compliance of a specific reg-

ulation associated with the goal (i.e., 100 = compliant, 0..99 = 

levels of non-compliance), allowing for a more nuanced ap-

proach to compliance assessment that goes beyond simple 

yes/no categorizations. This question/answer-based approach is 

widely applicable as many institutions have in place a process 

to measure compliance involving questionnaires (e.g., the in-

surance industry uses a set of questions whose answers inform 

an assessor whether an insurance claim is valid, i.e., whether 

the insured party is in compliance with all rules). 

The URN standard and the jUCMNav tool even support 

capture and analysis of expectations that are exceeded with 

respect to compliance with a regulation, allowing an inspector 

to note that fact, which then can be used to evolve regulations 

(e.g., are regulations where expectations are routinely exceeded 

still necessary?). 

III. SAMPLE REGULATIONS FROM THE BANKING DOMAIN 

To demonstrate the transformation proposed in this paper, 

we use an example from the banking domain based on Com-

modity Futures Trading Commission (CFTC) Regulation §1.25 

– Investment of Customer Funds. An excerpt of the simplified 

regulatory text is shown in TABLE I. While the text is simpli-

fied for didactic purposes, it still allows us to describe the 

transformation without loss of generality. Notwithstanding the 

simplified source legal text for this example, the transformation 

generally preserves the semantics of the legal text as it accu-

rately and truthfully represents the legal text but in a more for-

mal format. Furthermore, traceability between the source legal 

text and the performance model is maintained with the help of 

section numbers shared between the source legal text and ele-

ments in the performance model as well as with hyperlinks 

from performance model elements to the source legal text. 

In a prescriptive context, a violation of one of the regula-

tions shown in the table results in a complete non-compliance 

verdict. For example, if the issuer-based concentration limit of 

25% interest in any single family of money market mutual 

funds (MMMFs, §1.25(3)) is exceeded, the regulated company 

is in non-compliance with the regulation. However, there is 

clearly a significant difference in terms of compliance whether 

the company holds 26% interest or 80% interest in any single 

family of MMMFs. While a prescriptive approach typically 

does not differentiate between these two situations, an out-

come-based approach does. Furthermore, an outcome-based 

approach also considers that the impact of violating one regula-

tion may not be the same as the impact of violating another 

regulation. Therefore, the relative importance of regulations is 

also taken into account in an outcome-based approach. 

TABLE I.  EXCERPT FROM REGULATION §1.25 

ID Regulatory Text 

1.25 Investment of Customer Funds and Funds Held in an Account 

for Foreign Futures and Foreign Options Transactions 

1.25(1) Permitted Investments – US Government Securities, US 
Agency obligations, Interests in MMMF 

1.25(2) Asset-based concentration limits for the total assets held in 

segregation – No limit – US government securities and 

MMMF’s in US government securities 

Asset-based concentration limits for the total assets held in 

segregation – 10% – MMMFs less than $1 billion in assets 

and/or have a management company comprising less than $25 
billion in assets 

1.25(3) Issuer-based concentration limits for the total assets held in 

segregation – 25% Securities of any single issuer of US agency 
obligations 

Issuer-based concentration limits for the total assets held in 

segregation – 25% Interests in any single family of MMMFs 

1.25(4) Counterparty concentration limits for the total assets held in 
segregation – 25% from a single counterparty 

1.25(5) Time to maturity – <24mths except MMMFs 

Time to maturity – One day maturity if: instrument deposited 

on an overnight basis, instrument the FCM owns or has 
unqualified right to pledge, prices the instrument each day 

based on current mark to market, DCO reduces assigned value 

of instrument daily by 2% 

…  

 

Consequently and in contrast to the regulatory text, the fol-

lowing is required for a proper legislative performance model: 

(i) one or more indicators (i.e., metrics) that clearly identify 

how to measure a particular regulation, (ii) an assessment scale 

for each indicator that specifies the impact on compliance de-

pending on how much a regulation is violated, and (iii) the im-

portance of each regulation or indicator relative to the other 

regulations or indicators, respectively. With these three addi-

tional requirements on regulations, a basis is provided to ensure 



that the transformation of the regulatory text results in a meas-

urable outcome. 

The requirement that indicators exist for a particular regula-

tion does not mean that it is possible to measure each and every 

regulation in a quantifiable way. Indicators are more flexible 

than that and allow qualitative assessments and argumentative 

claims to be captured, too. For example, it is possible to capture 

regulations such as “…establish appropriate standards for the 

financial institutions subject to their jurisdiction relating to 

administrative, technical, and physical safeguards … to insure 

the security and confidentiality of customer records and infor-

mation” of the Gramm–Leach–Bliley (GLB) Act §6801 Safe-

guards Rule. In this case, the performance model could capture 

to what degree these safeguards are in place (not at all, some-

what, almost completely, completely) based on the assessment 

and/or arguments of an inspector. 

IV. TRANSFORMATION 

While the additional required information (indicators, as-

sessment scales, and relative importance) could be entered in 

the performance model after importing the basic regulatory text 

from Section III into the performance model, this exposes the 

intricacies of the performance model to the regulated party or 

regulator. Hence, the burden of understanding the performance 

model rests on the regulated party or regulator in this case. The 

proposed transformation avoids this usability problem by em-

ploying a spreadsheet style representation of the performance 

model that is more easily understood and manipulated by the 

regulated party or regulator. The use of tabular representations 

was already identified by Mussbacher et al. [17] as a potential 

input mechanism for creating goal models in a more usable 

way than what is currently allowed by goal modeling tools. 

In this case, the actual performance model can be effective-

ly hidden from the regulated party or regulator while still reap-

ing the benefits of the analysis capabilities offered by the per-

formance model. Once a measurement regime has been estab-

lished that captures compliance data for regulated parties, the 

collected data can be fed into the performance model in an au-

tomated way, resulting in an assessment of compliance for the 

regulated party. 

Furthermore, such a spreadsheet can often be prefilled with 

information about regulations already captured in a database by 

a regulated party or the regulator, further decreasing the proba-

bility of copy and paste errors. An example of the spreadsheet 

like representation of the performance model can be seen in 

TABLE II.  

A. Transformation Input 

The spreadsheet is the input to the transformation presented 

in this paper. In the spreadsheet, columns Regulation_Section, 

Regulation, and R_Decomposition are derived directly from 

the regulatory text shown in Section III, while the remaining 

columns contain additional information required for the per-

formance model. 

REGULATION_ID. This unique ID distinguishes key 

regulations from each other in the performance model. In some 

cases (e.g., ID 8 in the spreadsheet), sub-regulations do not 

need their own ID but are managed together with their parent 

regulation, which has been assigned a unique ID. The decision 

to assign an ID to a regulation is domain-specific and rests 

squarely on the shoulders of the regulator or regulated parties. 

REGULATION_SECTION. This column determines the 

structure of the regulations in the performance model. The ac-

tual numbering scheme is highly dependent on the nature and 

domain of the legal text. The transformation uses a regular ex-

pression to interpret the numbering scheme and may have to be 

adjusted to a new domain. 

REGULATION and R_DECOMPOSITION. The regula-

tory text is placed in the Regulation column. However, the reg-

ulatory text needs to be analyzed for its sentence structure, sep-

arated accordingly, and or as well as and clauses indicated in 

the R_Decomposition column. An entry in the 

R_Decomposition column defines the structure in regard to its 

parent regulation (e.g., §1.25(1) Permitted Investments are US 

Government Securities or US Agency obligations or Interests 

in MMMF). Hence, the decomposition of regulations also has 

an impact on the numbering scheme used in the Regula-

tion_Section column. We have not yet explored natural lan-

guage processing to infer this information from the text, so this 

remains manual for now. 

R_IMPORTANCE. This column defines the relative im-

portance of regulations, i.e., the contribution of a regulation to 

its parent is specified compared to the contribution of its sib-

lings (e.g., §1.25(5)(ii) is twice as important as its sibling 

§1.25(5)(i) as indicated by the “2” for the former and “1” for 

the latter). Domain expertise is typically required to determine 

the content of this column. While not needed for the presented 

example, a range of relative importance values may also be 

defined in cases where an exact value has not yet been defined 

or cannot be defined. This is possible because the analysis fea-

tures of the jUCMNav tool can take such ranges into account. 

INDICATOR. The Indicator column captures metrics that 

need to be collected to determine compliance with the regula-

tions. Often, indicators are formulated as questions to be asked 

during a compliance assessment of a regulated party. As multi-

ple indicators may be defined for a single regulation, several 

semi-colon delimited entries may be entered in the correspond-

ing cell for the regulation. 

I_IMPORTANCE. This column is similar to the 

R_Importance column but defines the relative importance for 

indicators of one regulation instead of relative importance for 

sub-regulations of a parent regulation. If multiple indicators are 

defined, a relative importance value must be defined for each 

indicator in a list with semi-colon delimited entries. 

CONVERSION_ID. This list of IDs (one entry in the list 

for each indicator as in the I_Importance column) specifies 

which assessment scale is to be used to convert real-world an-

swers to the indicators into GRL satisfaction values. The as-

sessment scales and conversions themselves are defined in a 

separate spreadsheet as illustrated in TABLE III.  

Several other columns exist in the actual spreadsheet used 

for the transformation but are not shown for space reasons. As 

the jUCMNav tool is capable of handling bilingual perfor-

mance models, translations of the Regulation and Indicator 



columns may be provided in two other columns (e.g., to handle 

French and English versions of a Canadian law). A URL may 

be specified in yet another column, for traceability to the 

source text/document. Furthermore, a Stereotype column al-

lows regulations to be tagged with custom values to, for exam-

ple, differentiate classes of organizations to which only some 

of the regulations apply [21]. 

While indicators including their relative importance are de-

fined in the spreadsheet shown in TABLE II and hence can be 

transformed into a performance model, it is not clear yet how 

the results of an assessment (i.e., the answers to the questions 

defined by the indicators) are to be interpreted by the perfor-

mance model. Assessment scales and conversions clarify how 

to interpret the answers. In general, assessment scales and con-

versions together with indicators can help clarify and concre-

tize the intentions in complex and domain-specific regulations, 

where the objective or outcome behind the regulations may not 

always be clear. Indicators, assessment scales, and conversions 

help measure entities of interest more objectively. 

An example specification of assessment scales and conver-

sions is shown in TABLE III. This spreadsheet is also an input 

to the transformation. The spreadsheet demonstrates three ma-

jor types of conversions supported by GRL. The first conver-

sion is mostly used in purely prescriptive regulations but also 

in outcome-based regulations where all possibilities are enu-

merated. This conversion maps a Yes answer to the maximum 

GRL satisfaction value of 100 and a No answer to the mini-

mum value of 0. The second conversion represents the conver-

sion of an assessment scale with qualitative labels to GRL sat-

isfaction values. 

TABLE II.  SPREADSHEET REPRESENTATION OF REGULATION §1.25 

REGU- 

LATION_ID 

REGULATION_ 

SECTION 
REGULATION 

R_DECOM- 

POSITION 

R_IMPOR- 

TANCE 
INDICATOR 

I_IMPOR- 

TANCE 

CONVER-

SION_ID 

 1.25 Investment of Customer Funds and Funds 

Held in an Account for Foreign Futures 
and Foreign Options Transactions 

     

1 1.25(1) Permitted Investments  1    

 1.25(1)(i) US Government Securities Or  Permitted US 

Government Securities?; 

1; 1; 

 1.25(1)(ii) US Agency obligations Or  Permitted by US Agency 

obligations?; 

1; 1; 

 1.25(1)(iii) Interests in MMMF Or  Permitted by Interests in 

MMMF?; 

1; 1; 

 1.25(2) Asset-based concentration limits for the 

total assets held in segregation 

 2    

2 1.25(2)(i) No limit – US government securities and 

MMMF’s in US government securities 

Or  No limit?; 1; 1; 

3 1.25(2)(ii) 10% – MMMFs less than $1 billion in 

assets and/or have a management 

company comprising less than $25 billion 
in assets 

Or  10% ?; 1; 2; 

 1.25(3) Issuer-based concentration limits for the 

total assets held in segregation 

 1    

4 1.25(3)(i) 25% Securities of any single issuer of US 
agency obligations 

 1 25% Securities of any 
single issuer of US 

agency obligations?; 

1; 3; 

5 1.25(3)(ii) 25% Interests in any single family of 

MMMFs 

 1 25% Interests in any 

single family of 
MMMFs?; 

1; 3; 

6 1.25(4) Counterparty concentration limits for the 

total assets held in segregation – 25% 
from a single counterparty 

 2 25% from a single 

counterparty?; 

1; 3; 

 1.25(5) Time to maturity  2    

7 1.25(5)(i) <24mths except MMMFs  1 Less than 24 months?; 1; 4; 

8 1.25(5)(ii) One day maturity if:  2    

 1.25(5)(ii)(a) instrument deposited on an overnight 
basis 

And  Overnight basis 
maturity?; 

1; 1; 

 1.25(5)(ii)(b) instrument the FCM And     

 1.25(5)(ii)(b)(i) owns Or  Instrument owns right to 

pledge?; 

1; 1; 

 1.25(5)(ii)(b)(ii) has unqualified right to pledge Or  Instrument has 

unqualified right to 

pledge?; 

1; 1; 

 1.25(5)(ii)(c) prices the instrument each day based on 
current mark to market 

And  Pricing on daily basis?; 1; 1; 

 1.25(5)(ii)(d) DCO reduces assigned value of 

instrument daily by 2% 

And  Reducing by 2% ?; 1; 5; 

…       … 

 



TABLE III.  ASSESSMENT SCALES AND CONVERSIONS 

CONVER-

SION_ID 

REAL_WORLD 

_VALUE 

SATISFACTION 

_VALUE 

1 Yes 100 

1 No 0 

2 Excellent (< 10%) Exceeds 

2 Acceptable (10%) 100 

2 Moderately problematic  

(10% < x ≤ 25%) 

80 

2 Problematic (25% < x ≤ 40%) 50 

2 Significantly problematic  
(40% < x ≤ 50%) 

20 

2 Unacceptable (> 50%) 0 

3 25% Target 

3 40% Threshold 

3 100% Worst 

…   

 

For example, the third label (Moderately problematic) is 

mapped to the GRL satisfaction value 80. The third type uses 

linear interpolation based on the specified target, threshold, and 

worst values. Target represents the maximum GRL satisfaction 

value of 100, Threshold represents 50, and Worst represents 0. 

A real-world value of 30% would hence be converted into the 

GRL satisfaction value of 83 (i.e., 30% is a third from the Tar-

get to the Threshold value and a third from 100 to 50 is 83). 

B. Transformation from Spreadsheets to Performance Model 

The transformation has been implemented in the jUCMNav 

tool as an import of the spreadsheets in CSV format. When the 

first spreadsheet is transformed into the performance model, 

each entry in the Regulation column is mapped to a GRL goal 

and the goal is tagged with metadata capturing the Regula-

tion_ID, the Regulation_Section, the translation, the URL, and 

stereotypes. The goals in the performance model are then struc-

tured into a goal tree with the help of GRL contribution links 

and GRL decompositions links based on the numbering scheme 

and the decomposition information, respectively. 

Furthermore, each entry in the Indicator column is mapped 

to a GRL KPI and tagged with metadata for its translation. 

Each KPI is then connected with a GRL contribution link to the 

goal corresponding to the regulation for which the indicator 

was specified in the spreadsheet. 

The relative importance values are translated into weights 

for GRL contribution links, ensuring that the sum of the result-

ing weights equals 100 while keeping the ratio of weights the 

same as the ratio of the importance values. This enables the use 

of existing analysis capabilities for GRL goal models. For ex-

ample, the relative importance values of “1” and “2” for the 

siblings §1.25(5)(i) and §1.25(5)(ii), respectively, are translated 

into the GRL weights 33 and 67 (summing up to 100), respec-

tively. GRL weights are rounded to the next integer number. 

Finally, the conversions as specified in the second spread-

sheet are initialized in the performance model and assigned to 

the KPIs as defined in the first spreadsheet. 

The result of the transformation of the spreadsheet into the 

performance model is shown for the complete Regulation 

§1.25 in Fig. 1. Note that the transformation makes use of the 

auto-layout feature of jUCMNav to arrange the goal elements 

in the generated goal tree automatically. Further note that this 

figure is not meant to be read in detail, but is meant to convey 

the general structure of the entire goal model. A more detailed 

view of the excerpts shown in the previous and this section is 

shown in Fig. 2. 

Last but not least, Fig. 3 depicts screen shots from the 

jUCMNav tool highlighting the definition of the conversion. 

The screen shot on the left shows the definition of the conver-

sions with ID 1 (i.e., Binary Answers) and ID 2 (i.e., Qualita-

tive Scale) from TABLE III. The screen shot on the right indi-

cates that the conversion with ID 1 has been assigned to the 

three shown KPIs. 

The performance model is now ready to be fed answers 

from an assessment and calculate compliance values for all 

regulations in the model. For example in Fig. 3, the answers 

Yes, No, and No have been assigned to the three shown KPIs 

for a particular assessment, resulting in satisfaction values 100, 

0, and 0, respectively. It is also shown that the evaluation 

mechanism propagates these initial values to the other perfor-

mance model elements, yielding a compliance level of 100 

(i.e., full compliance) for the Permitted Investments goal. 

V. DYNAMIC EXPLORATION OF PERFORMANCE MODELS 

As can be seen from Fig. 1, performance models resulting 

from the transformation of regulations may be large and diffi-

cult to visualize concisely. Even though (i) the two spread-

sheets largely hide the performance model from regulated par-

ties or the regulator and (ii) a visualization of the goal model is 

not required for the analysis of the performance model and the 

calculation of compliance values, goal modeling experts may 

still need to inspect the resulting performance model for quality 

assurance purposes, or to explain why some parts are weakly 

complied with after analysis. Such tasks, however, require the 

goal model to be visualized. 

Instead of generating an unwieldy visualization of the com-

plete performance model, we argue that a more interactive ex-

ploration of the performance model better supports the tasks of 

goal modeling experts. Dynamic exploration features have 

therefore been implemented in the jUCMNav tool, as illustrat-

ed with screen shots in Fig. 4. 

 

Fig. 1. Full Generated Performance Model for Regulation §1.25 



 

Fig. 2. Detailed Generated Performance Model for Regulation §1.25(1–5) 

 

 

 

Fig. 3. Example Conversion in the Generated Performance Model 



 

Fig. 4. Dynamic Exploration of Performance Model 

A goal modeling expert may now select a goal model ele-

ment (e.g., Permitted Investments on the left side of the figure) 

and expand the goal model element to a specified depth via the 

Show Linked Elements menu item. On the right side of the 

figure, the result of two consecutive expansions each one level 

deep are shown (first Permitted Investments is expanded and 

then Interests in MMMF). Other dynamic exploration features 

supported by the jUCMNav tool involve actors and their con-

taining goal model elements. 

VI. RELATED WORK 

Goal-oriented modeling languages have been used in the 

past to model regulations and compliance [11] as well as enter-

prise performance [22]. GRL and informal indicators were also 

used in non-compliance contexts, for instance in strategic 

alignment of software projects from Rolls-Royce [9]. However, 

few approaches combine regulations, performance, and indica-

tors in one approach.  

Rifaut and Ghanavati [19] have used GRL as the basis of a 

measurement-oriented framework (inspired from ISO/IEC 

15504) enabling the comparison of regulations, but they are not 

taking advantage of GRL indicators. Similarly, Rifaut [18] also 

performed ISO/IEC 15504-related analysis activities with the 

help of the i* goal-oriented modeling notation [29], again 

without explicitly specifying indicators. Silveira et al. [25] do 

make use of key indicators to measure compliance at the level 

of processes but not at the level of entire regulated parties. Oth-

er visual goal languages such as Nòmos [24] and KAOS [28] 

are also used in a compliance context. For example, Sabetzabeh 

et al. [20] use KAOS goals, obstacles, and probabilistic evi-

dence to assess agreement on evidence and the pres-

ence/absence of documents for software certification. Ingolfo 

et al. [13] use Nòmos to model and reason about the Italian law 

on Electronic Health Record, especially in terms of conditions 

and preferences for specific organizations, but without a real 

indicator-based performance model. 

Note that all of the above approaches, including our own 

previous work described in Section II.B, rely on the manual 

creation of goal models from various sources, including regula-

tions. Van Gog and Van Engers have explored the interactive 

generation of UML models from legislation [27]. More recent-

ly, Breaux and Antón [7] explored an approach to extract re-

quirements (in the form of access rights and obligations) from 

regulations, together with automation challenges. Similarly, 

Kiyavitskaya et al. [16] further explored tool support for this 

approach using the Cerno framework for textual semantic an-

notation. In these approaches, automation is difficult as the 

semantics of the regulations are considered, and the natural 

language text hence needs to be analyzed. We partly avoid this 

problem by focusing more on the structure of a regulation doc-

ument (hence abstracting from its semantics), with minimal 

input from stakeholders (e.g., decomposition and weight in-

formation). This pragmatic approach is sufficient in a perfor-

mance monitoring context, and in situations where regulators 

determine whether compliance requirements are appropriate or 

need to be evolved. 

As for the new visualization and dynamic exploration capa-

bilities discussed in Section V, they are, to our knowledge, 



inexistent in goal-oriented modeling tools, except now for 

jUCMNav. Many such tools focus on the interactive or auto-

mated analysis of goal models [12], but not so much on their 

automated construction or interactive exploration.  

VII. CONCLUSION AND FUTURE WORK 

Interest in performance modeling of regulations has grown 

over the last years in the regulatory community and goal mod-

els are frequently used for this purpose. Considering that most 

regulatory text has been or still is initially written in natural 

language, automated support for the transformation of natural 

language regulatory text into a more formal performance model 

is needed. 

This paper reports on the definition and implementation of 

such a transformation in the goal modeling tool jUCMNav, 

which simplifies an otherwise time-consuming and error-prone 

process. The transformation’s spreadsheet-style approach al-

lows regulated parties or regulators to use a more familiar 

means to specify the additional information for regulations as 

required for performance modeling, i.e., indicators (metrics), 

assessment scales and conversions for indicators, as well as 

relative importance of regulations and indicators. The trans-

formation effectively hides the specifics of the goal modeling 

notation employed for performance modeling from the regulat-

ed party or regulator, hence reducing required training and ex-

perience as well as the learning curve for goal modeling tech-

niques and tools. Furthermore, advanced dynamic exploration 

and view construction features useful for large goal models, 

which often is the case for performance models, have also been 

implemented in the jUCMNav tool. 

While we have received favorable feedback about the 

spreadsheet-based approach from our industrial project part-

ners, we nevertheless plan to apply the transformation to fur-

ther case studies and perform a more formal empirical study 

about the usability of our spreadsheet-based approach to GRL 

performance/compliance model construction. 
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