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SUMMARY: Building Information Modelling (BIM) is changing how built assets are delivered and operated. A 
built asset is represented as a set of objects, each with an identity, attributes, and relations. This object-oriented 
nature enables new approaches for ensuring compliance with a range of requirements: e.g. industry guidelines; 
project and client-specific requirements; and building codes and standards. Furthermore, bottom-up design 
approaches are known to be more suitable for quality control and design errors detection. Based on an adapted 
version of simulated annealing concept, this paper proposes an automated compliance checking classification and 
identifies a set of desired characteristics these methods should fulfil. It then demonstrates a bottom-up object-
centred approach for automated model checking and the corresponding plugin prototype. The approach and the 
prototype enable four key processes and satisfy all desired characteristics of compliance checking methods 
including content validation, model completeness, smart object, and design option checking. To demonstrate the 
feasibility and accuracy of the approach, two case studies are processed using existing BIM objects librar ies one 
of which is created by a major French manufacturer. All four steps were successfully completed, and the results 
show savings of around 125 minutes per object between the automated approach and traditional manual methods 
of working. 

KEYWORDS: Compliance Checking, Model Checking, Simulated Annealing Optimisation, Artificial Intelligence, 
Automation, BIM, Case study 

REFERENCE: Omar Doukari, David Greenwood, Kay Rogage, Mohamad Kassem (2022). Object-centred 
automated compliance checking: a novel, bottom-up approach. Journal of Information Technology in 
Construction (ITcon), Special �L�V�V�X�H���� �µThe Eastman Symposium�¶�� Vol. 27, pg. 335-362, 
DOI: 10.36680/j.itcon.2022.017 

�&�2�3�<�5�,�*�+�7�����‹�������������7�K�H���D�X�W�K�R�U���V�������7�K�L�V���L�V���D�Q���R�S�H�Q���D�F�F�H�V�V���D�U�W�L�F�O�H���G�L�V�W�U�L�E�X�W�H�G���X�Q�G�H�U���W�K�H���W�H�U�P�V���R�I���W�K�H���&�U�H�D�W�L�Y�H��
�&�R�P�P�R�Q�V���$�W�W�U�L�E�X�W�L�R�Q�����������,�Q�W�H�U�Q�D�W�L�R�Q�D�O�����K�W�W�S�V�������F�U�H�D�W�L�Y�H�F�R�P�P�R�Q�V���R�U�J���O�L�F�H�Q�V�H�V���E�\�����������������Z�K�L�F�K���S�H�U�P�L�W�V���X�Q�U�H�V�W�U�L�F�W�H�G��
�X�V�H�����G�L�V�W�U�L�E�X�W�L�R�Q�����D�Q�G���U�H�S�U�R�G�X�F�W�L�R�Q���L�Q���D�Q�\���P�H�G�L�X�P�����S�U�R�Y�L�G�H�G���W�K�H���R�U�L�J�L�Q�D�O���Z�R�U�N���L�V���S�U�R�S�H�U�O�\���F�L�W�H�G��

https://dx.doi.org/10.36680/j.itcon.2022.017
mailto:omar.doukari@northumbria.ac.uk
mailto:david.greenwood@northumbria.ac.uk
mailto:kay.rogage@northumbria.ac.uk
mailto:mohamad.kassem@northumbria.ac.uk
https://creativecommons.org/licenses/by/4.0/


 

 

 
�,�7�F�R�Q���9�R�O���������������������������'�R�X�N�D�U�L���H�W���D�O�������S�J���������� 

1. INTRODUCTION  

�,�Q���W�K�H���G�H�V�L�J�Q�����F�R�Q�V�W�U�X�F�W�L�R�Q�����D�Q�G���R�S�H�U�D�W�L�R�Q���R�I���E�X�L�O�W���D�V�V�H�W�V�����L�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���I�X�O�I�L�O���F�O�L�H�Q�W�V�¶���D�Q�G���X�V�H�U�V�¶���Q�H�H�G�V���D�Q�G���D�V�V�X�U�H��
�W�K�H���G�H�V�L�U�H�G���O�H�Y�H�O���R�I���T�X�D�O�L�W�\���E�\���F�R�P�S�O�\�L�Q�J���Z�L�W�K���V�H�Y�H�U�D�O���U�H�T�X�L�U�H�P�H�Q�W�V�����E�X�L�O�G�L�Q�J���F�R�G�H�V�����Q�R�U�P�D�W�L�Y�H���V�W�D�Q�G�D�U�G�V�����L�Q�G�X�V�W�U�\��
�J�X�L�G�H�O�L�Q�H�V���� �D�Q�G�� �S�U�R�M�H�F�W�� �U�H�T�X�L�U�H�P�H�Q�W�V�����7�U�D�G�L�W�L�R�Q�D�O�� �S�U�D�F�W�L�F�H���L�Q�Y�R�O�Y�H�V���F�K�H�F�N�L�Q�J���W�K�H�V�H�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �L�Q�� �D�� �P�D�Q�X�D�O����
�O�D�E�R�U�L�R�X�V�����W�L�P�H���F�R�Q�V�X�P�L�Q�J�����D�Q�G���H�U�U�R�U���S�U�R�Q�H���S�U�R�F�H�V�V�����*�K�D�Q�Q�D�G���H�W���D�O�������������������W�K�D�W���F�D�Q���U�H�V�X�O�W���L�Q���I�L�Q�D�Q�F�L�D�O���O�R�V�V�H�V�����'�L�Q�J��
�H�W���D�O�������������������R�U���Z�R�U�V�H�����L�Q���S�U�R�M�H�F�W���I�D�L�O�X�U�H���D�Q�G���O�R�V�V���R�I���O�L�I�H�����=�K�D�Q�J������������������ 

�%�X�L�O�G�L�Q�J���,�Q�I�R�U�P�D�W�L�R�Q���0�R�G�H�O�O�L�Q�J�� ���%�,�0�����L�V���S�D�U�W���R�I���D���G�L�J�L�W�D�O���W�U�D�Q�V�L�W�L�R�Q���Z�L�W�K�L�Q���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���L�Q�G�X�V�W�U�\�����,�W���F�D�Q���E�H��
�G�H�I�L�Q�H�G�� �D�V�� �D�� �V�H�W�� �R�I�� �S�U�R�F�H�V�V�H�V�� �D�Q�G�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �W�K�D�W�� �V�X�S�S�R�U�W�� �P�X�O�W�L�S�O�H�� �V�W�D�N�H�K�R�O�G�H�U�V�� �W�R�� �F�R�O�O�D�E�R�U�D�W�L�Y�H�O�\�� �G�H�V�L�J�Q����
�F�R�Q�V�W�U�X�F�W���D�Q�G���R�S�H�U�D�W�H���D���I�D�F�L�O�L�W�\���Z�L�W�K�L�Q���D���G�L�J�L�W�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�����6�D�F�N�V���H�W���D�O���������������������7�K�H���%�X�L�O�G�L�Q�J���,�Q�I�R�U�P�D�W�L�R�Q���0�R�G�H�O��
�L�V���D�Q���R�E�M�H�F�W���E�D�V�H�G�����G�D�W�D���U�L�F�K�������'�� �G�L�J�L�W�D�O���P�R�G�H�O���J�H�Q�H�U�D�W�H�G���E�\���H�D�F�K���S�U�R�M�H�F�W���S�D�U�W�L�F�L�S�D�Q�W���E�\���X�V�L�Q�J���D���%�,�0���D�X�W�K�R�U�L�Q�J��
�S�O�D�W�I�R�U�P���� �%�,�0�� �L�V�� �H�[�S�H�F�W�H�G�� �W�R�� �F�R�Q�W�U�L�E�X�W�H���V�L�J�Q�L�I�L�F�D�Q�W�O�\���W�R�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W���R�I�� �D�X�W�R�P�D�W�H�G�� �F�K�H�F�N�L�Q�J�� �R�I�� �G�H�V�L�J�Q�V��
���0�F�*�U�D�Z���+�L�O�O�������������������,�Q�G�H�H�G�����Z�L�W�K���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���F�R�P�S�X�W�H�U���E�D�V�H�G���%�,�0���D�S�S�O�L�F�D�W�L�R�Q�V���D�O�O�R�Z�L�Q�J���P�X�O�W�L���F�U�L�W�H�U�L�D��
�S�D�U�D�P�H�W�U�L�F���G�H�V�L�J�Q�V���R�I���D���F�R�Q�V�W�U�X�F�W�L�R�Q���S�U�R�M�H�F�W���W�K�U�R�X�J�K���D���V�H�W���R�I���R�E�M�H�F�W�V���G�H�I�L�Q�H�G���E�\���D�Q���L�G�H�Q�W�L�W�\�����D�W�W�U�L�E�X�W�H�V�����D�Q�G���U�H�O�D�W�L�R�Q�V����
�D�X�W�R�P�D�W�H�G���F�R�P�S�O�L�D�Q�F�H�� �F�K�H�F�N�L�Q�J�����$�&�&�����R�I�� �E�X�L�O�G�L�Q�J�� �G�H�V�L�J�Q�V�� �L�V�� �E�H�F�R�P�L�Q�J�� �I�H�D�V�L�E�O�H�����&�K�R�L�� �	�� �.�L�P���� �������������W�K�X�V����
�F�R�Q�W�U�L�E�X�W�L�Q�J���V�L�J�Q�L�I�L�F�D�Q�W�O�\���W�R���W�L�P�H���D�Q�G���F�R�V�W���V�D�Y�L�Q�J�V�� 

�1�X�P�H�U�R�X�V���U�H�V�H�D�U�F�K���Z�R�U�N�V���K�D�Y�H���F�R�Q�V�L�G�H�U�H�G���D�X�W�R�P�D�W�L�Q�J���F�R�P�S�O�L�D�Q�F�H���F�K�H�F�N�L�Q�J���L�Q���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���L�Q�G�X�V�W�U�\�����9�D�U�L�R�X�V��
�P�R�G�H�O���F�K�H�F�N�L�Q�J���P�H�W�K�R�G�R�O�R�J�L�H�V�����S�O�D�W�I�R�U�P�V�����D�Q�G���G�R�P�D�L�Q���D�S�S�O�L�F�D�W�L�R�Q�V���V�X�F�K���D�V���V�S�D�W�L�D�O���D�V�V�H�V�V�P�H�Q�W�����V�W�U�X�F�W�X�U�D�O���L�Q�W�H�J�U�L�W�\����
�V�D�I�H�W�\�����H�Q�H�U�J�\���X�V�D�J�H�����H�W�F�������K�D�Y�H���E�H�H�Q���H�[�D�P�L�Q�H�G���L�Q���W�K�H���D�F�D�G�H�P�L�F���U�H�V�H�D�U�F�K���O�L�W�H�U�D�W�X�U�H���D�Q�G���P�X�O�W�L�S�O�H���L�Q�G�X�V�W�U�L�D�O���W�R�R�O�V���D�U�H��
�Q�R�Z���F�R�P�P�H�U�F�L�D�O�O�\���D�Y�D�L�O�D�E�O�H�����7�K�H���R�Y�H�U�D�O�O���I�X�Q�F�W�L�R�Q�D�O���D�U�F�K�L�W�H�F�W�X�U�H���F�D�Q���E�H���V�W�U�X�F�W�X�U�H�G���W�K�U�R�X�J�K���D���V�H�T�X�H�Q�W�L�D�O���S�U�R�F�H�V�V��
�E�D�V�H�G���R�Q���I�R�X�U���P�D�L�Q���V�W�H�S�V�������L�����U�X�O�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�������L�L�����E�X�L�O�G�L�Q�J���P�R�G�H�O���S�U�H�S�D�U�D�W�L�R�Q�������L�L�L�����U�X�O�H���H�[�H�F�X�W�L�R�Q�����D�Q�G�����L�Y�����U�X�O�H��
�F�K�H�F�N���U�H�S�R�U�W�L�Q�J�����(�D�V�W�P�D�Q���H�W���D�O���������������������$���V�H�W���R�I���G�H�V�L�U�H�G���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���D�Q�G���S�H�U�I�R�U�P�D�Q�F�H�V���W�R���E�H���I�X�O�I�L�O�O�H�G���E�\���W�K�H�V�H��
�V�\�V�W�H�P�V�� �K�D�Y�H�� �E�H�H�Q�� �L�G�H�Q�W�L�I�L�H�G���D�V�� �Z�H�O�O�����Q�D�P�H�O�\���� ���L���� �P�R�G�H�O�� �F�K�H�F�N�L�Q�J���U�H�O�D�W�H�G�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �L�Q�F�O�X�G�L�Q�J�� �F�R�Q�W�H�Q�W��
�Y�D�O�L�G�D�W�L�R�Q�����P�R�G�H�O���F�R�P�S�O�H�W�H�Q�H�V�V�����V�P�D�U�W���R�E�M�H�F�W�����E�H�K�D�Y�L�R�X�U�D�O���U�X�O�H�V���F�K�H�F�N�L�Q�J�������D�Q�G���G�H�V�L�J�Q���R�S�W�L�R�Q���F�K�H�F�N�L�Q�J���W�R���V�X�S�S�R�U�W��
�D�Q�G���J�X�L�G�H���W�K�H���G�H�V�L�J�Q���S�U�R�F�H�V�V���Z�L�W�K���U�H�V�S�H�F�W���W�R���E�H�V�W���S�U�D�F�W�L�F�H�V�����D�Q�G�����L�L���� �U�X�O�H�V���U�H�O�D�W�H�G���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���L�Q�F�O�X�G�L�Q�J���U�X�O�H�V��
�H�Q�F�R�G�L�Q�J�� �D�S�S�U�R�D�F�K�����P�D�Q�X�D�O���� �V�H�P�L���D�X�W�R�P�D�W�L�F�� �R�U�� �D�X�W�R�P�D�W�L�F������ �L�Q�G�H�S�H�Q�G�H�Q�F�\�� �R�I�� �W�K�H�� �%�,�0�� �P�R�G�H�O�� �D�Q�G�� �W�K�H�� �P�R�G�H�O��
�F�K�H�F�N�L�Q�J���W�R�R�O�����H�[�W�H�Q�V�L�E�L�O�L�W�\���R�I���W�K�H���U�X�O�H�V���V�H�W�����D�Q�G���X�Q�F�H�U�W�D�L�Q�W�\���K�D�Q�G�O�L�Q�J���� 

�0�R�V�W�� �R�I�� �W�K�H���H�[�L�V�W�L�Q�J���D�S�S�U�R�D�F�K�H�V�� �K�D�Y�H�� �E�H�H�Q�� �I�R�F�X�V�L�Q�J���R�Q�� �W�K�H�� �U�H�J�X�O�D�W�L�R�Q�V�� ���E�X�L�O�G�L�Q�J�� �F�R�G�H�V���� �Q�R�U�P�D�W�L�Y�H�� �V�W�D�Q�G�D�U�G�V����
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�K�H�D�W�L�Q�J���P�D�W�H�U�L�D�O�V���E�H�I�R�U�H���F�U�\�V�W�D�O�O�L�]�D�W�L�R�Q���Z�L�W�K���D���V�X�L�W�D�E�O�H���W�H�P�S�H�U�D�W�X�U�H���D�Q�G���I�R�U���D�Q���D�S�S�U�R�S�U�L�D�W�H���D�P�R�X�Q�W���R�I���W�L�P�H�����W�K�H�Q��
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�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����D�Q�G���D���Q�R�Y�H�O���F�R�P�S�O�L�D�Q�F�H���F�K�H�F�N�L�Q�J���P�H�W�K�R�G�����,�Q���6�H�F�W�L�R�Q���������W�K�L�V���P�H�W�K�R�G���L�V���G�H�P�R�Q�V�W�U�D�W�H�G���L�Q���W�Z�R���F�D�V�H��
�V�W�X�G�L�H�V���X�V�L�Q�J���H�[�L�V�W�L�Q�J���%�,�0���R�E�M�H�F�W�V���O�L�E�U�D�U�L�H�V�����R�Q�H���F�U�H�D�W�H�G���E�\���D���)�U�H�Q�F�K���I�R�R�G�V�H�U�Y�L�F�H���H�T�X�L�S�P�H�Q�W���P�D�Q�X�I�D�F�W�X�U�H�U���D�Q�G���W�K�H��
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2. RELATED STUDIES 

�'�X�U�L�Q�J���W�K�H���O�D�V�W���I�R�X�U���G�H�F�D�G�H�V�����P�R�U�H���W�K�D�Q�����������U�H�V�H�D�U�F�K���Z�R�U�N�V���K�D�Y�H���F�R�Q�V�L�G�H�U�H�G���D�X�W�R�P�D�W�L�Q�J���F�R�P�S�O�L�D�Q�F�H���F�K�H�F�N�L�Q�J���L�Q��
�W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���L�Q�G�X�V�W�U�\�����1�D�Z�D�U�L�������������D�������,�Q���R�Q�H���R�I���W�K�H���P�R�V�W���U�H�I�H�U�H�Q�F�H�G���V�W�X�G�L�H�V�������(�D�V�W�P�D�Q���H�W���D�O�������������������S�U�H�V�H�Q�W�H�G��
�D���J�H�Q�H�U�D�O���I�X�Q�F�W�L�R�Q�D�O���D�U�F�K�L�W�H�F�W�X�U�H���I�R�U���U�X�O�H���F�K�H�F�N�L�Q�J���D�Q�G���U�H�S�R�U�W�L�Q�J���V�\�V�W�H�P�V�����V�W�U�X�F�W�X�U�L�Q�J���D���U�X�O�H���F�K�H�F�N�L�Q�J���S�U�R�F�H�V�V���L�Q�W�R��
�I�R�X�U�� �P�D�L�Q�� �V�W�H�S�V���� �7�K�H�� �D�X�W�K�R�U�V�� �G�L�V�F�X�V�V�H�G�� �W�K�H�� �V�K�R�U�W�F�R�P�L�Q�J�V�� �R�I�� �H�D�F�K�� �V�W�H�S���� �L�G�H�Q�W�L�I�L�H�G�� �J�H�Q�H�U�D�O�� �U�H�T�X�L�U�H�P�H�Q�W�V���� �D�Q�G��
�U�H�Y�L�H�Z�H�G�� �I�L�Y�H�� �H�[�L�V�W�L�Q�J�� �U�X�O�H�� �F�K�H�F�N�L�Q�J���V�\�V�W�H�P�V�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�L�V�� �V�W�U�X�F�W�X�U�H���� �7�K�H�V�H�� �Z�H�U�H���� �W�K�H�� �&�2�5�(�1�(�7�� �S�U�R�M�H�F�W��
���6�L�Q�J�D�S�R�U�H�������W�K�H���+�,�7�2�6���S�U�R�M�H�F�W�����D���1�R�U�Z�H�J�L�D�Q���%�,�0���S�U�R�M�H�F�W���I�R�U���6�W�D�W�V�E�\�J�J�������W�K�H���$�X�V�W�U�D�O�L�D�Q���%�X�L�O�G�L�Q�J���&�R�G�H�V���%�R�D�U�G��
�S�U�R�M�H�F�W�����W�K�H���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�R�G�H���&�R�X�Q�F�L�O���S�U�R�M�H�F�W�����D�Q�G���W�K�H���*�H�Q�H�U�D�O���6�H�U�Y�L�F�H�V���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q���S�U�R�M�H�F�W�����E�R�W�K���8�6�������$�V��
�L�Q�S�X�W�����W�K�H�V�H���V�\�V�W�H�P�V���U�H�O�\���R�Q���,�Q�G�X�V�W�U�\���)�R�X�Q�G�D�W�L�R�Q���&�O�D�V�V�H�V�����,�)�&�����E�D�V�H�G���E�X�L�O�G�L�Q�J���L�Q�I�R�U�P�D�W�L�R�Q���P�R�G�H�O�V�����%�D�V�H�G���R�Q���W�K�H��
�V�D�P�H���U�X�O�H���F�K�H�F�N�L�Q�J���V�\�V�W�H�P�V�������*�U�H�H�Q�Z�R�R�G���H�W���D�O�������������������L�G�H�Q�W�L�I�L�H�G���I�R�X�U���N�H�\���U�H�T�X�L�U�H�P�H�Q�W�V���W�R���S�U�R�P�R�W�H���8�.�¶�V���%�,�0��
�E�D�V�H�G�� �D�X�W�R�P�D�W�H�G�� �F�R�G�H�� �F�K�H�F�N�L�Q�J���� �7�R�� �R�Y�H�U�F�R�P�H�� �W�K�H�� �O�D�F�N�� �R�I�� �U�H�O�H�Y�D�Q�W�� �L�Q�I�R�U�P�D�W�L�R�Q�� �Q�H�H�G�H�G�� �I�R�U�� �H�Q�D�E�O�L�Q�J�� �H�I�I�L�F�L�H�Q�W��
�F�R�P�S�O�L�D�Q�F�H�� �F�K�H�F�N�L�Q�J�� �S�U�R�F�H�V�V���� �W�K�H�� �D�X�W�K�R�U�V�� �S�U�R�S�R�V�H�G���� ���L���� �P�D�N�L�Q�J�� �S�U�R�J�U�D�P�P�H�G�� �U�X�O�H�V�� �H�D�V�L�O�\�� �X�Q�G�H�U�V�W�D�Q�G�D�E�O�H�� �D�Q�G��
�D�F�F�H�V�V�L�E�O�H�� �E�\�� �8�.�� �U�H�J�X�O�D�W�L�R�Q�� �D�X�W�K�R�U�V���� ���L�L���� �P�D�N�L�Q�J�� �W�K�H���U�X�O�H�� �E�D�V�H�� �L�Q�G�H�S�H�Q�G�H�Q�W�� �R�I�� �W�K�H�� �U�X�O�H�� �F�K�H�F�N�L�Q�J�� �V�R�I�W�Z�D�U�H�� �V�R��
�G�L�I�I�H�U�H�Q�W�� �U�X�O�H�� �V�H�W�V�� �F�D�Q�� �E�H�� �X�V�H�G�� �Z�L�W�K�� �W�K�H�� �V�D�P�H�� �W�R�R�O���� ���L�L�L���� �F�R�P�S�O�\�L�Q�J�� �Z�L�W�K�� �R�S�H�Q�� �V�W�D�Q�G�D�U�G�V�� �V�X�F�K�� �D�V�� �,�)�&���� �D�Q�G�� ���L�Y����
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J���D�Q�G���W�D�N�L�Q�J���L�Q�W�R���D�F�F�R�X�Q�W���W�K�H���P�R�G�H�O���D�X�W�K�R�U�L�Q�J���S�U�R�F�H�V�V���Z�K�L�O�H���G�H�Y�H�O�R�S�L�Q�J���V�X�F�K���V�\�V�W�H�P�V���� 
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�L�G�H�Q�W�L�I�L�H�G���I�R�X�U���G�L�I�I�H�U�H�Q�W���F�D�W�H�J�R�U�L�H�V�������L�����³�Y�D�O�L�G�D�W�L�R�Q���F�K�H�F�N�L�Q�J�´���R�I���W�K�H���E�X�L�O�G�L�Q�J���L�Q�I�R�U�P�D�W�L�R�Q���P�R�G�H�O�¶�V���F�R�Q�W�H�Q�W���Z�L�W�K���W�K�H��
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�L�Q�I�R�U�P�D�W�L�R�Q�� �P�R�G�H�O�¶�V�� �F�R�Q�W�H�Q�W�� �Z�L�W�K�� �U�H�J�D�U�G�V�� �W�R�� �D�� �S�D�U�W�L�F�X�O�D�U�� �X�V�H���F�D�V�H���� ���L�L�L���� �³�V�P�D�U�W�� �R�E�M�H�F�W�� �F�K�H�F�N�L�Q�J�´�� �R�I�� �W�K�H�� �P�R�G�H�O�¶�V��
�R�E�M�H�F�W�V���Z�L�W�K���E�H�K�D�Y�L�R�X�U�D�O���U�X�O�H�V�����D�Q�G�����L�Y�����³�G�H�V�L�J�Q���R�S�W�L�R�Q���F�K�H�F�N�L�Q�J�´���W�R���V�X�S�S�R�U�W���D�Q�G���J�X�L�G�H���W�K�H���G�H�V�L�J�Q���S�U�R�F�H�V�V���Z�L�W�K��
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�W�D�F�N�O�H�G���W�R���D�O�O�R�Z���Z�L�G�H�U���D�G�R�S�W�L�R�Q���R�I���$�&�&���V�\�V�W�H�P�V�����2�Q�H���R�I���W�K�H���P�D�L�Q���X�Q�U�H�V�R�O�Y�H�G���L�V�V�X�H�V���L�V���U�H�O�D�W�H�G���W�R���W�K�H���T�X�D�O�L�W�\���R�I���W�K�H��
�%�,�0���P�R�G�H�O�����,�Q�G�H�H�G�����W�K�H���G�D�W�D���S�U�R�Y�L�G�H�G���L�Q���W�K�H���%�,�0���P�R�G�H�O���V�K�R�X�O�G���E�H���V�X�I�I�L�F�L�H�Q�W�����F�R�U�U�H�F�W�����F�R�Q�V�L�V�W�H�Q�W���D�Q�G���Z�L�W�K���K�L�J�K��
�T�X�D�O�L�W�\�����W�R���H�Q�V�X�U�H���H�I�I�L�F�L�H�Q�W���D�Q�G���D�F�F�X�U�D�W�H���H�[�H�F�X�W�L�R�Q���R�I���$�&�&���S�U�R�F�H�V�V�H�V�� 
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3. METHODOLOGY  

�7�R���D�F�K�L�H�Y�H���W�K�H���R�E�M�H�F�W�L�Y�H�V���R�I���W�K�L�V���Z�R�U�N���D�Q�G���S�U�R�S�R�V�H���D�Q���$�&�&���D�S�S�U�R�D�F�K���W�K�D�W���Z�L�O�O���H�Q�D�E�O�H���W�K�H���P�D�L�Q���$�&�&���I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V��
�D�Q�G�� �V�D�W�L�V�I�\�� �D�O�O�� �G�H�V�L�U�H�G�� �F�R�P�S�O�L�D�Q�F�H�� �F�K�H�F�N�L�Q�J�� �P�H�W�K�R�G�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �L�G�H�Q�W�L�I�L�H�G�� �L�Q�� �S�U�H�Y�L�R�X�V�� �U�H�V�H�D�U�F�K�� �Z�R�U�N�V���� �W�K�H��
�I�R�O�O�R�Z�L�Q�J���P�H�W�K�R�G�R�O�R�J�\���Z�D�V���H�V�W�D�E�O�L�V�K�H�G�����)�L�J���������� 

1. �&�R�Q�G�X�F�W���D�Q�� �H�[�W�H�Q�G�H�G�� �O�L�W�H�U�D�W�X�U�H�� �U�H�Y�L�H�Z�� �L�Q�� �R�U�G�H�U�� �W�R�� �X�Q�G�H�U�V�W�D�Q�G�� �W�K�H�� �H�[�L�V�W�L�Q�J���$�&�&�� �I�U�D�P�H�Z�R�U�N�V���D�Q�G��
�V�\�V�W�H�P�V�����D�Q�G���S�U�R�S�R�V�H���D���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���E�D�V�H�G���R�Q���D���O�R�F�D�O���V�H�D�U�F�K���P�H�W�D�K�H�X�U�L�V�W�L�F���L�Q�V�S�L�U�H�G���E�\���D���S�U�R�F�H�V�V���R�I��
�Q�D�W�X�U�D�O�� �R�S�W�L�P�L�]�D�W�L�R�Q�� �S�K�H�Q�R�P�H�Q�R�Q�� �Z�K�L�F�K�� �L�V�� �W�K�H�� �S�K�\�V�L�F�D�O�� �D�Q�Q�H�D�O�L�Q�J�� �R�I�� �P�D�W�H�U�L�D�O�V�� �W�K�D�W�� �F�R�Q�V�L�V�W�V�� �L�Q��
�E�U�L�Q�J�L�Q�J�� �D�� �V�R�O�L�G�� �W�R�� �D�� �O�R�Z�� �H�Q�H�U�J�\���� �U�H�O�D�W�L�Y�H�O�\�� �V�W�D�E�O�H�� �V�W�D�W�H���� �D�I�W�H�U�� �U�L�V�L�Q�J�� �L�W�V�� �W�H�P�S�H�U�D�W�X�U�H���G�X�U�L�Q�J�� �D�Q��
�D�S�S�U�R�S�U�L�D�W�H���D�P�R�X�Q�W���R�I���W�L�P�H���Z�K�H�U�H���P�R�U�H���X�Q�V�W�D�E�O�H���V�W�D�W�H�V���D�Q�G���U�D�Q�G�R�P���E�H�K�D�Y�L�R�X�U�V���D�U�H���O�L�N�H�O�\���W�R���E�H���I�D�F�H�G��
���$�O�J�R�U�L�W�K�P�����������7�K�H���$�&�&���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���S�U�R�S�R�V�H�G���L�V���E�D�V�H�G���R�Q���G�L�I�I�H�U�H�Q�W���F�U�L�W�H�U�L�D�����V�X�F�K���D�V���W�K�H���F�R�Q�F�H�S�W�V��
�X�V�H�G�� �W�R�� �G�H�Y�H�O�R�S�� �W�K�H���$�&�&�� �I�U�D�P�H�Z�R�U�N���� �W�K�H�� �G�R�P�D�L�Q�� �D�Q�G�� �V�X�L�W�D�E�L�O�L�W�\�� �I�R�U�� �L�Q�G�X�V�W�U�\�� �D�S�S�O�L�F�D�W�L�R�Q�����R�S�H�Q��
�V�W�D�Q�G�D�U�G�V���F�R�P�S�D�W�L�E�L�O�L�W�\���D�Q�G���X�V�D�J�H�����H�W�F������ 

2. �,�G�H�Q�W�L�I�\���I�U�R�P���W�K�H���O�L�W�H�U�D�W�X�U�H�����D�O�O���G�H�V�L�U�H�G���$�&�&���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���U�H�T�X�L�U�H�G���W�R���S�H�U�I�R�U�P���V�X�L�W�D�E�O�H���F�R�P�S�O�L�D�Q�F�H��
�F�K�H�F�N�L�Q�J���S�U�R�F�H�V�V�H�V�� �L�Q�� �W�K�H�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �L�Q�G�X�V�W�U�\���� �D�Q�G�� �D�Q�D�O�\�V�H���L�Q�� �O�L�J�K�W�� �R�I�� �W�K�H�V�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���� �W�K�H��
�H�[�L�V�W�L�Q�J���$�&�&���D�S�S�U�R�D�F�K�H�V�� 

3. �3�U�R�S�R�V�H�� �D�� �E�R�W�W�R�P���X�S�� �$�&�&�� �D�S�S�U�R�D�F�K�� �W�K�D�W�� �O�H�Y�H�U�D�J�H�V���W�K�H�� �R�E�M�H�F�W���E�D�V�H�G�� �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�� �R�I�� �E�X�L�O�G�L�Q�J��
�L�Q�I�R�U�P�D�W�L�R�Q���P�R�G�H�O�V���D�Q�G���H�Q�D�E�O�H�V���I�X�O�O���L�Q�W�H�J�U�D�W�L�R�Q���D�Q�G���V�D�W�L�V�I�D�F�W�L�R�Q���R�I���G�H�V�L�U�H�G���$�&�&���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���� 

4. �' �H�P�R�Q�V�W�U�D�W�H���W�K�H���I�H�D�V�L�E�L�O�L�W�\���R�I���W�K�H���S�U�R�S�R�V�H�G���D�S�S�U�R�D�F�K���E�\���L�P�S�O�H�P�H�Q�W�L�Q�J���D���U�H�D�O���F�D�V�H���V�W�X�G�\���X�V�L�Q�J���D�Q��
�H�[�L�V�W�L�Q�J���%�,�0���R�E�M�H�F�W�V���O�L�E�U�D�U�\���D�Q�G���D�Q�D�O�\�V�H���W�K�H���U�H�V�X�O�W�V���W�R���L�G�H�Q�W�L�I�\���X�Q�U�H�V�R�O�Y�H�G���L�V�V�X�H�V���D�Q�G���G�H�I�L�Q�H���I�X�W�X�U�H��
�L�P�S�U�R�Y�H�P�H�Q�W�V���D�Q�G���S�H�U�V�S�H�F�W�L�Y�H�V���W�R���E�H���L�W�H�U�D�W�L�Y�H�O�\���L�Q�W�H�J�U�D�W�H�G�� 

 

�)�,�*�����������5�H�V�H�D�U�F�K���P�H�W�K�R�G�R�O�R�J�\ 
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4. SIMULATED ANNEALING -BASED ACC APPROACHES CLASSIFICATION 
AND ANALYSIS  

�7�R���X�Q�G�H�U�V�W�D�Q�G���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���G�R�P�D�L�Q���D�Q�G���G�L�I�I�H�U�H�Q�W���I�U�D�P�H�Z�R�U�N�V���I�R�U���F�R�P�S�O�L�D�Q�F�H���F�K�H�F�N�L�Q�J���P�H�W�K�R�G�V�����D�Q�G���S�U�R�S�R�V�H���D��
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q���V�\�V�W�H�P���I�R�U���$�&�&�����D���U�H�Y�L�H�Z���R�I���P�R�U�H���W�K�D�Q���W�K�L�U�W�\���U�H�V�H�D�U�F�K���S�D�S�H�U�V���Z�D�V���F�R�Q�G�X�F�W�H�G�����7�K�L�V���I�L�U�V�W���D�Q�D�O�\�V�L�V����
�V�X�P�P�D�U�L�V�H�G���L�Q���7�D�E�O�H�����������Z�D�V���S�H�U�I�R�U�P�H�G���E�D�V�H�G���R�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���F�U�L�W�H�U�L�D�������L�����W�K�H���P�R�G�H���R�I���V�\�V�W�H�P���G�H�S�O�R�\�P�H�Q�W���R�I���H�D�F�K��
�V�R�O�X�W�L�R�Q�������L�L�����W�K�H���Y�D�U�L�R�X�V���W�H�F�K�Q�R�O�R�J�L�H�V���F�R�Q�F�H�S�W�V���X�V�H�G���W�R���G�H�Y�H�O�R�S���H�D�F�K���I�U�D�P�H�Z�R�U�N�������L�L�����W�K�H���V�X�L�W�D�E�L�O�L�W�\���I�R�U���L�Q�G�X�V�W�U�L�D�O��
�D�S�S�O�L�F�D�W�L�R�Q���E�D�V�H�G���R�Q���W�K�H���S�U�H�V�H�Q�W�H�G���S�U�R�W�R�W�\�S�H���L�I���D�Q�\�����D�Q�G�������L�Y�����Z�K�H�W�K�H�U���W�K�H���V�R�O�X�W�L�R�Q���L�V���E�D�V�H�G���R�Q���R�S�H�Q���V�W�D�Q�G�D�U�G�V���I�R�U��
�U�H�S�U�H�V�H�Q�W�L�Q�J���%�,�0���G�D�W�D�����H���J�����,�)�&�����;�0�/�����L�I�F�2�:�/�«�����D�Q�G���R�U���W�K�H���U�X�O�H�V���V�H�W�����H���J�����/�H�J�D�O�5�X�O�H�0�/�����5�X�O�H�0�/�«������ 

�,�W���L�V���Z�R�U�W�K���W�R���P�H�Q�W�L�R�Q���W�K�D�W���H�Y�H�Q���W�K�R�X�J�K���W�K�H���O�L�W�H�U�D�W�X�U�H���U�H�Y�L�H�Z���G�L�G���Q�R�W���F�R�Y�H�U���D�O�O���H�[�L�V�W�L�Q�J���$�&�&���U�H�O�D�W�H�G���U�H�V�H�D�U�F�K���Z�R�U�N�V����
�V�L�Q�F�H���R�Q�O�\���������S�D�S�H�U�V�����I�U�R�P���D���W�R�W�D�O���R�I�����������$�&�&���Z�R�U�N�V�����K�D�Y�H���E�H�H�Q���F�R�Q�V�L�G�H�U�H�G���Z�K�L�O�H���E�X�L�O�G�L�Q�J���W�K�H���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���D�Q�G��
�W�K�H�� �V�H�W�� �R�I�� �G�H�V�L�U�H�G�� �$�&�&�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���� �E�X�W���W�K�H�� �Z�D�\�� �L�Q�� �Z�K�L�F�K�� �W�K�L�V�� �K�D�V�� �E�H�H�Q�� �F�R�Q�G�X�F�W�H�G���� �V�K�R�X�O�G�� �J�X�D�U�D�Q�W�H�H�� �W�K�H��
�R�S�W�L�P�D�O�L�W�\�� �D�Q�G�� �J�H�Q�H�U�L�F�L�W�\�� �R�I�� �W�K�H�� �V�R�O�X�W�L�R�Q�� �W�R�� �E�H�� �L�Q�F�O�X�V�L�Y�H�� �R�I���D�O�O�� �N�L�Q�G�V�� �R�I���$�&�&�� �I�U�D�P�H�Z�R�U�N�V�� �D�Q�G���V�\�V�W�H�P�V���� �,�Q�G�H�H�G����
�S�D�S�H�U�V�� �G�H�D�O�L�Q�J�� �Z�L�W�K���$�&�&�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �K�D�Y�H�� �E�H�H�Q�� �F�R�Q�V�L�G�H�U�H�G�� �I�L�U�V�W�� �W�R�� �G�H�Y�H�O�R�S�� �D�� �W�U�D�G�H���R�I�I�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q���� �L���H���� �D��
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �W�K�D�W�� �H�Q�D�E�O�H�� �J�H�Q�H�U�D�O�L�V�L�Q�J�� �W�K�H�� �H�[�L�V�W�L�Q�J�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�V�� �W�R�� �D�O�O�R�Z�� �U�H�S�U�H�V�H�Q�W�L�Q�J�� �W�K�H�P�� �L�Q�� �R�Q�H�� �F�R�Q�V�L�V�W�H�Q�W��
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q���Z�L�W�K�R�X�W���U�H�G�X�Q�G�D�Q�F�\�����7�K�H�Q�����W�K�L�V���O�D�W�W�H�U���K�D�V���E�H�H�Q���D�G�D�S�W�H�G���D�Q�G���D�G�M�X�V�W�H�G���E�\���V�W�X�G�\�L�Q�J���V�H�Y�H�U�D�O���R�W�K�H�U���Z�R�U�N�V��
�S�U�R�S�R�V�L�Q�J���G�L�I�I�H�U�H�Q�W���$�&�&���D�S�S�U�R�D�F�K�H�V�����7�K�L�V���S�U�R�F�H�V�V���L�V���U�H�S�H�D�W�H�G���X�Q�W�L�O���W�K�H���V�W�U�X�F�W�X�U�H�V���F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���W�K�H���S�U�R�S�R�V�H�G��
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �D�Q�G�� �W�K�H�� �V�H�W�� �R�I�� �G�H�V�L�U�H�G�� �$�&�&�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �D�U�H�� �V�W�D�E�L�O�L�V�H�G�� ���$�O�J�R�U�L�W�K�P�� �������� �7�K�H�� �U�H�V�H�D�U�F�K�� �P�H�W�K�R�G��
�L�P�S�O�H�P�H�Q�W�H�G���K�H�U�H���F�R�X�O�G���E�H���V�H�H�Q���D�V���D�Q���D�G�D�S�W�H�G���Y�H�U�V�L�R�Q���R�I���W�K�H���V�L�P�X�O�D�W�H�G���D�Q�Q�H�D�O�L�Q�J���F�R�Q�F�H�S�W���W�K�D�W���L�V���O�D�U�J�H�O�\���X�V�H�G���L�Q��
�F�R�P�E�L�Q�D�W�R�U�L�D�O�� �R�S�W�L�P�L�V�D�W�L�R�Q�����.�L�U�N�S�D�W�U�L�F�N�� �H�W�� �D�O������ �������������� �7�K�L�V�� �F�R�Q�F�H�S�W�� �L�V�� �E�D�V�H�G�� �R�Q�� �Q�D�W�X�U�H���L�Q�V�S�L�U�H�G�� �R�S�W�L�P�L�]�D�W�L�R�Q��
�S�K�H�Q�R�P�H�Q�R�Q�� �Z�K�L�F�K�� �L�V�� �W�K�H�� �S�K�\�V�L�F�D�O�� �D�Q�Q�H�D�O�L�Q�J�� �R�I�� �P�D�W�H�U�L�D�O�V���� �7�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �D�O�J�R�U�L�W�K�P�V�� �D�O�O�R�Z���G�H�Y�H�O�R�S�H�U�V���W�R��
�F�R�Q�G�X�F�W���O�R�F�D�O���V�H�D�U�F�K�H�V���L�Q���W�K�H���V�R�O�X�W�L�R�Q���V�S�D�F�H���D�Q�G���F�R�Q�Y�H�U�J�H���W�R���J�O�R�E�D�O���R�S�W�L�P�D�O���V�R�O�X�W�L�R�Q�V���Z�K�L�O�H���D�Y�R�L�G�L�Q�J���O�R�F�D�O���R�S�W�L�P�D��
�L�Q�F�R�Q�Y�H�Q�L�H�Q�W�� �F�K�D�U�D�F�W�H�U�L�V�L�Q�J�� �O�R�F�D�O�� �V�H�D�U�F�K�� �P�H�W�K�R�G�V�����<�D�Q�J���� �������������� ���7�K�L�V�� �O�R�F�D�O�� �U�H�V�H�D�U�F�K�� �P�H�W�K�R�G�R�O�R�J�\�� �D�Q�G��
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q���D�S�S�U�R�D�F�K���E�D�V�H�G���R�Q���W�K�H���V�L�P�X�O�D�W�H�G���D�Q�Q�H�D�O�L�Q�J���P�H�W�D�K�H�X�U�L�V�W�L�F���Z�L�O�O���E�H���G�H�W�D�L�O�H�G���L�Q���D�Q�R�W�K�H�U���U�H�V�H�D�U�F�K���Z�R�U�N�� 

 

 

Input:  

������$�&�&���S�D�S�H�U�V����/ *  626 journal and conference papers from Scopus  */  
�-�����S�D�S�H�U�V���G�H�D�O�L�Q�J���Z�L�W�K���$�&�&���D�S�S�U�R�D�F�K�H�V���F�O�D�V�V�L�I�L�F�D�W�L�R�Q����/ *  19 classification works  */  
 
Process:  

For all  x �L�Q���-��do:  
 ACC- �&�O�D�V�V�L�I�L�F�D�W�L�R�Q�¶ = Classification proposed in x;  
 If  ACC- Classification  does not integrate ACC- �&�O�D�V�V�L�I�L�F�D�W�L�R�Q�¶ then :  
  ACC- Classification .expand( ACC- �&�O�D�V�V�L�I�L�F�D�W�L�R�Q�¶);  
  ACC- Classification .manageInconsistency();  
 If  ACC- DesiredCriteria( x) is not in ACC- DesiredCriteria  then :  
  ACC- DesiredCriteria .expand(ACC - DesiredCriteria( x));  
  ACC- DesiredCriteria .manageInconsistency();  

End For  
 
Repeat :  
 Initialise randomly x �I�U�R�P��������± �-����  
 If  ACC- Classification  does not include  ACC- Framework( x) then :  
  ACC- Classification . update (ACC- Framework( x ));  
 If  ACC- DesiredCriteria( x) is not in ACC- DesiredCriteria  then :  
  ACC- DesiredCriteria . update ( ACC- DesiredCriteria ( x));  

Until  ACC- Classification  and ACC- DesiredCriteria  are stabilised;  
 
Output:  
Return  ACC- Classification  and ACC- DesiredCriteria ;  
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�$�V���V�K�R�Z�Q���L�Q���7�D�E�O�H���������D�Q�G���L�Q�I�R�U�P�H�G���E�\���W�K�H���U�H�Y�L�H�Z���R�I���W�K�H���H�[�W�D�Q�W���O�L�W�H�U�D�W�X�U�H�����D���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���V�\�V�W�H�P���R�I���V�L�[�������������H�[�L�V�W�L�Q�J��
�P�H�W�K�R�G�V���L�V���S�U�R�S�R�V�H�G�����7�K�H�\���D�U�H���K�H�U�H���H�[�S�O�D�L�Q�H�G���L�Q���I�X�U�W�K�H�U���G�H�W�D�L�O�� 

�x AI techniques are compliance checking systems based on implementing AI techniques, such as 
machine learning, pattern recognition, generative design, etc., for either rule detection and 
representation from regulation texts, or rule execution. They focus on the regulations and how it 
can be transformed into rule-based machine readable-format, but in some way, neglect the whole 
compliance checking process. They also propose AI-based algorithms with high level precision: 
more than 90% in the case of (Salama & El-Gohary, 2016) but still not sufficient to be suitable for 
industry application, where no degree of error is acceptable; 

�x Techniques based upon Domain-specific Language (such as BERA language and SWRL) are 
developed to allow representing rules in a machine-readable format, either for a specific domain 
application (e.g., interior design, by (Sydora & Stroulia, 2020)) or for a specific regulation type 
(Ghannad et al., 2019). While this category identifies practical compliance checking systems in 
their specific application domain, they are still non-extensible (or partially: only within their 
definition domain) to other application domains unless the language itself is extended which is not 
coherent with the definition of domain-specific languages. Therefore, they do not represent a 
holistic approach for all building codes and regulation domains so as to ensure a complete 
compliance checking process of a BIM model; 

�x Query language checker systems are based on representing building knowledge, generally in the 
form of ontologies, then executing the rules using queries written in a query language (e.g., 
SPARQL). Generally, these have complex interfaces and necessitate a certain background in 
writing and using queries that limits their accessibility and usability. Furthermore, the cases 
�F�R�Q�V�L�G�H�U�H�G���D�U�H���D�O�O���I�R�F�X�V�H�G���R�Q���µ�F�R�Q�W�H�Q�W���Y�D�O�L�G�D�W�L�R�Q���F�K�H�F�N�L�Q�J�¶ rather than model completeness, smart 
object (behavioural rules), or design option (best practices rules) checking;  

�x Reasoner solutions use logic, such as Deontic Logic (Salama & El-Gohary, 2011), Fuzzy Logic 
(Nawari, 2019b), or Answer Set Programming (Li et al., 2020), to represent and/or execute the 
rules. A difficulty with the compliance checking systems within this category is their complexity, 
and thus their suitability for industry application. Indeed, logic reasoning operators while dealing 
with a large amount of information (in our case building codes) and infinite number of rules that 
can be defined, are known to be intractable (Doukari & Jeansoulin, 2012). In this category, the two 
cases that succeeded in reaching proof-of-concept stage ( (Zhang et al., 2011), (Zhang, 2019)) 
were only tested on a limited number of rules; 

�x Bespoke tools are checkers that are developed by encoding the rules as a desktop or a Web-based 
application using a programming language, e.g. Java (Cheng & Das, 2014) or Marionette 
(Ghannad et al., 2019), or as a plugin within an existing authoring platform, e.g., Revit ( (Clayton, 
2013), (Ciribini et al., 2015)), or Tekla Structures (Zhang et al., 2013). While these kinds of 
systems can be very useful in their implementation domain, they are still costly to maintain, 
difficult to change, and require high levels of computer programming skills (Zhang & El-Gohary, 
2016); 

�x In the General architecture category, conceptual models and functional (Eastman et al., 2009) or 
modular (Nawari, 2019c) abstractions that develop a theoretical background with a systemic view 
for ACC systems are listed. As the name suggests, this category does not propose practical 
solutions, but only general definitions and recommendations for developing desirable compliance 
checking systems. 
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5. PROPOSED APPROACH  
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�2�E�M�H�F�W�V���D�U�H���W�K�H���U�H�D�O���Z�R�U�O�G���H�Q�W�L�W�L�H�V���W�K�D�W���H�[�L�V�W���D�U�R�X�Q�G���X�V�����$�Q���R�E�M�H�F�W���L�V���G�H�I�L�Q�H�G���W�K�U�R�X�J�K���L�W�V���S�U�R�S�H�U�W�L�H�V�����R�U���G�D�W�D���W�K�D�W��
�U�H�S�U�H�V�H�Q�W�V���W�K�H���V�W�D�W�H���R�I���W�K�H���R�E�M�H�F�W���V�X�F�K���D�V���G�L�P�H�Q�V�L�R�Q�V�����O�R�F�D�O�L�V�D�W�L�R�Q�����I�L�U�H���U�D�W�L�Q�J�����������D�Q�G���E�H�K�D�Y�L�R�X�U�V�����R�U���I�X�Q�F�W�L�R�Q�V���V�X�F�K��
�D�V���O�L�J�K�W�����R�S�H�Q�����V�H�F�X�U�H�����������W�K�D�W���P�D�Q�L�S�X�O�D�W�H���D�Q�G���F�R�Q�W�U�R�O���W�K�H���G�D�W�D�����$�Q�G�U�p���H�W���D�O���������������������2�E�M�H�F�W���R�U�L�H�Q�W�H�G���D�Q�D�O�\�V�L�V�����G�H�V�L�J�Q����
�P�R�G�H�O�O�L�Q�J���D�Q�G���S�U�R�J�U�D�P�P�L�Q�J���D�S�S�U�R�D�F�K�H�V���D�U�H���D�O�O���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���W�K�H���I�R�X�U���I�R�O�O�R�Z�L�Q�J���S�U�L�Q�F�L�S�O�H�V�����)�L�J���������� 

�x Encapsulation: allows defining objects as entities with well-defined boundaries and identities that 
encapsulates data and behaviours. This enables, for instance, compliance checking of 
simple/elementary objects with related regulations and codes (Ex. a Fire Door with Fire Safety 
requirements), since they encapsulate all necessary data, without considering additional data or 
objects. In object-oriented programming, encapsulation �D�O�V�R���H�Q�D�E�O�H�V���K�L�G�L�Q�J���R�I���V�\�V�W�H�P�¶�V���G�D�W�D��
implementation and making them private. To access data, accessor methods are defined and made 
public.  

�x �$�E�V�W�U�D�F�W�L�R�Q�����H�Q�D�E�O�H�V���G�H�I�L�Q�L�Q�J���µ�D�E�V�W�U�D�F�W�¶���R�E�M�H�F�W�V���W�K�D�W���D�U�H���Q�R�W���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�Q�\ concrete instance 
such as spaces. In object-oriented programming, these objects are used to express the intent rather 
than the actual implementation. They constitute the interface of inner objects without 
communicating their content or details. Abstraction is also a relationship that relates two objects or 
sets of objects representing the same concept but at different levels of abstraction or from different 
perspectives. Abstraction relationships include different types such as derivation, realisation, 
refinement, and trace relationships. 

�x Inheritance: is a mechanism by which mo�U�H���V�S�H�F�L�I�L�F���R�E�M�H�F�W�V�����F�D�O�O�H�G���µ�F�K�L�O�G���R�E�M�H�F�W�V�¶�����D�F�T�X�L�U�H���D�O�O���W�K�H��
�S�U�R�S�H�U�W�L�H�V���D�Q�G���E�H�K�D�Y�L�R�X�U�V���R�I���W�K�H���P�R�U�H���J�H�Q�H�U�D�O���R�E�M�H�F�W�V�����F�D�O�O�H�G���µ�S�D�U�H�Q�W���R�E�M�H�F�W�V�¶�����,�Q�K�H�U�L�W�D�Q�F�H���H�[�S�U�H�V�V��
�V�X�E�V�X�P�S�W�L�R�Q�����L���H�����µ�L�V-�D�¶�����D�Q�G���R�U���F�R�P�S�R�V�L�W�L�R�Q�����L���H�����µ�K�D�V-�D�¶�����U�H�O�D�W�L�R�Q�V�K�L�S�V���E�H�W�Z�H�H�Q���R�E�M�H�F�W�V�����)�R�U��
example, a wall can be load bearing or non-load bearing wall; internal or external, etc.; a building 
is composed of a set of storeys, and each storey is made of walls, beams, columns, slabs, doors, 
etc.  

�x �3�R�O�\�P�R�U�S�K�L�V�P�����H�Q�D�E�O�H�V���G�H�I�L�Q�L�Q�J���G�L�I�I�H�U�H�Q�W���R�E�M�H�F�W�¶�V���E�Hhaviours using the same symbol, i.e. one 
symbol many forms. Thus, it allows different objects to respond to the same process in a different 
way according to their properties and definition. For instance, a compliance checking process can 
be triggered for a building as a whole object but �F�R�Q�G�X�F�W�H�G���G�L�I�I�H�U�H�Q�W�O�\���R�Y�H�U���H�D�F�K���E�X�L�O�G�L�Q�J�¶�V���R�E�M�H�F�W��
���(�[�����G�R�R�U�V�����Z�D�O�O�V�����V�S�D�F�H�V�����H�W�F�������Z�L�W�K���U�H�V�S�H�F�W���W�R���W�K�L�V���O�D�W�W�H�U�¶�V���U�H�T�X�L�U�H�P�H�Q�W�V���D�Q�G���F�R�G�H�V���L�W���V�K�R�X�O�G���F�R�P�S�O�\��
with (Ex. fire safety requirement, uniformity and structural integrity, access and circulation, etc.). 
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5.2 A novel bottom-up ACC approach 

�$�V�� �V�W�D�W�H�G�� �E�\�� �W�K�H�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �F�R�P�P�L�V�V�L�R�Q�� �R�I�� �W�K�H�� �&�K�D�O�O�H�Q�J�H�U���$�F�F�L�G�H�Q�W���� �D�� �E�R�W�W�R�P���X�S�� �G�H�V�L�J�Q�� �D�S�S�U�R�D�F�K�� �L�V�� �P�R�U�H��
�V�X�L�W�D�E�O�H�� �I�R�U�� �T�X�D�O�L�W�\�� �F�R�Q�W�U�R�O�� �D�Q�G�� �G�H�V�L�J�Q�� �H�U�U�R�U�V�� �G�H�W�H�F�W�L�R�Q�����8�Q�L�W�H�G�� �6�W�D�W�H�V�� �&�R�Q�J�U�H�V�V�� �+�R�X�V�H�� �&�R�P�P�L�W�W�H���� ��������������
�$�V�V�H�P�E�O�L�Q�J���R�E�M�H�F�W�V���L�Q���D���E�R�W�W�R�P���X�S���Z�D�\���Z�L�W�K���D���J�R�R�G���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���W�K�H�L�U���S�U�R�S�H�U�W�L�H�V���D�Q�G���O�L�P�L�W�D�W�L�R�Q�V�����D�O�O�R�Z�V���D��
�K�L�J�K���G�H�J�U�H�H���R�I���F�R�Q�I�L�G�H�Q�F�H���D�Q�G���T�X�D�O�L�W�\���R�I���W�K�H���Z�K�R�O�H���P�R�G�H�O�����$�Q�\���I�X�U�W�K�H�U���F�R�P�S�O�L�D�Q�F�H���R�U���T�X�D�O�L�W�\���L�V�V�X�H���Z�R�X�O�G���P�R�U�H��
�O�L�N�H�O�\���E�H���W�K�H���U�H�V�X�O�W���R�I���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q�V���E�H�W�Z�H�H�Q���R�E�M�H�F�W�V���U�D�W�K�H�U���W�K�D�Q���W�K�H���R�E�M�H�F�W�V���W�K�H�P�V�H�O�Y�H�V�����+�R�Z�H�Y�H�U�����D���W�R�S���G�R�Z�Q��
�D�S�S�U�R�D�F�K�� �L�V�� �X�V�X�D�O�O�\�� �N�Q�R�Z�Q�� �W�R�� �E�H�� �H�[�S�H�Q�V�L�Y�H���� �Z�L�W�K�� �O�D�F�N�� �R�I�� �N�Q�R�Z�O�H�G�J�H�� �D�E�R�X�W�� �W�K�H�� �R�E�M�H�F�W�V���� �V�X�E�V�\�V�W�H�P�V�� �D�Q�G�� �W�K�H�L�U��
�L�Q�W�H�U�D�F�W�L�R�Q�V�����D�Q�G���S�U�H�V�H�Q�W�V���O�H�V�V���I�O�H�[�L�E�L�O�L�W�\���Z�K�H�Q���H�U�U�R�U�V���D�U�H���G�H�W�H�F�W�H�G�����,�Q���$�,���E�D�V�H�G���P�H�W�K�R�G�V�����W�R�S���G�R�Z�Q���D�S�S�U�R�D�F�K�H�V���D�L�P��
�W�R���U�H�S�U�R�G�X�F�H���K�X�P�D�Q���L�Q�W�H�O�O�L�J�H�Q�F�H���L�Q�G�H�S�H�Q�G�H�Q�W�O�\���R�I���W�K�H���E�L�R�O�R�J�L�F�D�O���V�W�U�X�F�W�X�U�H���R�I���W�K�H���E�U�D�L�Q���D�Q�G���D�G�R�S�W���P�D�F�U�R���U�X�O�H���E�D�V�H�G��
�G�H�V�F�U�L�S�W�L�R�Q�V�� �W�R�� �D�O�O�R�Z���L�P�S�O�H�P�H�Q�W�L�Q�J���L�Q�I�H�U�H�Q�F�H�� �R�S�H�U�D�W�R�U�V���� �Z�K�H�U�H�D�V�� �E�R�W�W�R�P���X�S�� �D�S�S�U�R�D�F�K�H�V���D�U�H���P�R�U�H�� �L�Q�W�H�U�H�V�W�H�G���L�Q��
�G�H�Y�H�O�R�S�L�Q�J�����W�U�D�L�Q�L�Q�J���D�Q�G���L�Q�F�U�H�P�H�Q�W�D�O�O�\���W�X�Q�L�Q�J���H�O�H�P�H�Q�W�D�U�\���E�U�D�L�Q���F�R�P�S�R�Q�H�Q�W�V���V�X�F�K���D�V���D�U�W�L�I�L�F�L�D�O���Q�H�X�U�R�Q�D�O���Q�H�W�Z�R�U�N�V����
�W�R�� �H�Q�V�X�U�H�� �D�Q�� �R�Y�H�U�D�O�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H���D�Q�G�� �F�R�Q�V�L�V�W�H�Q�F�\�� �R�I�� �W�K�H���V�\�V�W�H�P�����6�L�Q�]�� �H�W�� �D�O������ �����������������,�Q�� �W�K�L�V�� �F�R�Q�W�H�[�W���� �E�R�W�W�R�P���X�S��
�D�S�S�U�R�D�F�K�H�V���D�U�H���P�R�U�H���V�X�L�W�D�E�O�H���W�R���H�Q�D�E�O�H���F�D�S�W�X�U�L�Q�J���D�Q�G���U�H�S�U�H�V�H�Q�W�L�Q�J���$�,���K�X�P�D�Q���O�L�N�H���L�Q�W�H�O�O�L�J�H�Q�F�H�����%�U�H�\���	���6�¡�U�D�N�H�U����
�������������L�Q���R�U�G�H�U���W�R���E�X�L�O�G���6�W�U�R�Q�J���$�,���E�D�V�H�G���V�\�V�W�H�P�V������ 

�7�K�H���P�H�W�K�R�G���S�U�R�S�R�V�H�G���W�D�N�H�V���D�G�Y�D�Q�W�D�J�H���R�I���W�K�H���%�,�0���R�E�M�H�F�W���R�U�L�H�Q�W�H�G���Q�D�W�X�U�H���D�Q�G���I�R�F�X�V���R�Q���W�K�H���Q�R�W�L�R�Q���R�I���R�E�M�H�F�W���W�R���G�H�I�L�Q�H��
�D�� �E�R�W�W�R�P���X�S�� �D�S�S�U�R�D�F�K�� �I�R�U�� �H�Q�D�E�O�L�Q�J���G�H�V�L�U�H�G���$�&�&�� �P�R�G�H�O�� �F�K�H�F�N�L�Q�J�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���L�Q�F�O�X�G�L�Q�J�� �F�R�Q�W�H�Q�W�� �Y�D�O�L�G�D�W�L�R�Q����
�P�R�G�H�O���F�R�P�S�O�H�W�H�Q�H�V�V�����V�P�D�U�W���R�E�M�H�F�W�����D�Q�G���G�H�V�L�J�Q���R�S�W�L�R�Q���F�K�H�F�N�L�Q�J�����V�H�H���)�L�J�������������$�G�G�L�W�L�R�Q�D�O�O�\�����W�K�H���R�E�M�H�F�W���F�H�Q�W�U�H�G���$�&�&��
�D�S�S�U�R�D�F�K���L�Q�W�H�J�U�D�W�H�V���D�O�O���F�R�P�S�O�L�D�Q�F�H���F�K�H�F�N�L�Q�J���H�V�V�H�Q�W�L�D�O���S�U�R�F�H�V�V�H�V�����W�K�D�W���D�U�H���U�X�O�H�V���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�����%�,�0���G�D�W�D���S�U�H�S�D�U�D�W�L�R�Q����
�U�X�O�H�V�� �H�[�H�F�X�W�L�R�Q���� �D�Q�G�� �U�H�V�X�O�W�V���D�Q�G���U�H�S�R�U�W�L�Q�J�����7�K�H�V�H�� �V�W�H�S�V���D�U�H���Q�R�Z�� �H�[�S�O�D�L�Q�H�G���� �Z�L�W�K�� �D�G�G�L�W�L�R�Q�D�O�� �F�R�P�P�H�Q�W�V�� �R�Q���W�K�H��
�O�L�P�L�W�D�W�L�R�Q�V���R�I���W�K�H���S�U�H�Y�L�R�X�V�O�\���U�H�Y�L�H�Z�H�G���Z�R�U�N���D�Q�G���K�R�Z���W�K�H�V�H���K�D�Y�H���E�H�H�Q���D�G�G�U�H�V�V�H�G�� 

���L�����5�H�T�X�L�U�H�P�H�Q�W���U�X�O�H�V���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�����F�R�Q�V�L�V�W�L�Q�J���R�I���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���R�I���E�X�L�O�G�L�Q�J���U�H�T�X�L�U�H�P�H�Q�W�V�����S�U�L�Q�F�L�S�D�O�O�\���U�H�S�U�H�V�H�Q�W�H�G��
�L�Q�� �Q�D�W�X�U�D�O�� �O�D�Q�J�X�D�J�H�� �L�Q�� �W�K�H�� �I�R�U�P�� �R�I�� �W�H�[�W�V���� �F�K�D�U�W�V���� �W�D�E�O�H�V���� �D�Q�G�� �P�D�W�K�H�P�D�W�L�F�D�O�� �H�[�S�U�H�V�V�L�R�Q�V�����1�D�Z�D�U�L���� ���������F������ �L�Q�W�R��
�P�D�F�K�L�Q�H���U�H�D�G�D�E�O�H���U�X�O�H�V���W�R���D�O�O�R�Z���W�K�H�L�U���D�X�W�R�P�D�W�L�F���H�[�H�F�X�W�L�R�Q�����8�Q�I�R�U�W�X�Q�D�W�H�O�\�����P�R�V�W���R�I���W�K�H���H�[�L�V�W�L�Q�J���I�U�D�P�H�Z�R�U�N�V���I�D�L�O���W�R��
�S�U�R�S�R�V�H���D�Q���H�I�I�L�F�L�H�Q�W���D�Q�G���D�X�W�R�P�D�W�L�F���D�S�S�U�R�D�F�K���W�R���D�O�O�R�Z���W�K�L�V���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���D�X�W�R�P�D�W�L�F�D�O�O�\�����(�[�L�V�W�L�Q�J���1�D�W�X�U�D�O���/�D�Q�J�X�D�J�H��
�3�U�R�F�H�V�V�L�Q�J���D�O�J�R�U�L�W�K�P�V���V�X�F�K���D�V���V�H�P�D�W�L�F���E�D�V�H�G�����V�\�Q�W�D�F�W�L�F���E�D�V�H�G�����D�Q�G���U�H�F�H�Q�W���$�,���W�H�F�K�Q�L�T�X�H�V���E�D�V�H�G�����F�R�X�O�G���Q�R�W���F�R�U�U�H�F�W�O�\��
�K�D�Q�G�O�H�� �D�P�E�L�J�X�R�X�V���� �X�Q�F�H�U�W�D�L�Q�� �D�Q�G�� �G�R�P�D�L�Q�� �V�S�H�F�L�I�L�F�� �N�Q�R�Z�O�H�G�J�H�� �F�K�D�U�D�F�W�H�U�L�V�L�Q�J�� �E�X�L�O�G�L�Q�J�� �U�H�T�X�L�U�H�P�H�Q�W�� �W�H�[�W�V���� �L�Q�� �D��
�V�X�L�W�D�E�O�H�� �Z�D�\�� �I�R�U�� �L�Q�G�X�V�W�U�\���D�S�S�O�L�F�D�W�L�R�Q�V�� �Z�K�H�U�H�� �Q�R�� �G�H�J�U�H�H�� �R�I�� �H�U�U�R�U�� �L�V�� �D�F�F�H�S�W�D�E�O�H���� �&�R�Q�V�H�T�X�H�Q�W�O�\���� �L�Q�� �W�K�L�V�� �V�W�X�G�\���� �D�Q��
�L�Q�W�X�L�W�L�Y�H���D�Q�G���O�R�J�L�F�D�O���D�S�S�U�R�D�F�K���F�R�Q�V�L�V�W�L�Q�J���R�I���F�R�Q�Y�H�U�W�L�Q�J���D�Q�G���U�H�S�U�H�V�H�Q�W�L�Q�J���W�K�H�V�H���U�H�T�X�L�U�H�P�H�Q�W�V���W�K�U�R�X�J�K���F�R�O�O�D�E�R�U�D�W�L�Y�H��
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�,�7�F�R�Q���9�R�O���������������������������'�R�X�N�D�U�L���H�W���D�O�������S�J���������� 

�6�W�D�Q�G�D�U�G�L�V�D�W�L�R�Q���L�Q�L�W�L�D�W�L�Y�H�V���I�R�U���F�R�Q�V�W�U�X�F�W�L�R�Q���R�E�M�H�F�W�V�����R�U���S�U�R�G�X�F�W�V�������V�X�F�K���D�V���;�3���3�����������������$�)�1�2�5�������������������,�6�2��������������
���,�6�2�������������������(�1���,�6�2�����������������,�6�2�������������D�������(�1���,�6�2�����������������,�6�2�������������E�������D�Q�G���/�(�;�L�&�2�1�����&�R�Q�V�W�U�X�F�W�L�R�Q���,�Q�Q�R�Y�D�W�L�R�Q��
�+�8�%�� �	�� �&�R�Q�V�W�U�X�F�W�L�R�Q�� �3�U�R�G�X�F�W�V�� �$�V�V�R�F�L�D�W�L�R�Q���� �������������� �D�L�P�� �W�R�� �K�D�U�P�R�Q�L�V�H�� �G�D�W�D�� �T�X�D�O�L�W�\�� �D�Q�G�� �L�Q�I�R�U�P�D�W�L�R�Q�� �H�[�F�K�D�Q�J�H��
�E�H�W�Z�H�H�Q�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �V�W�D�N�H�K�R�O�G�H�U�V���� �,�Q�� �W�K�H�V�H�� �I�U�D�P�H�Z�R�U�N�V���� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �R�E�M�H�F�W�V�� �D�U�H�� �G�H�I�L�Q�H�G�� �D�Q�G�� �F�K�D�U�D�F�W�H�U�L�V�H�G��
�W�K�U�R�X�J�K�� �D�� �V�H�W�� �R�I�� �F�R�Q�V�L�V�W�H�Q�W�� �D�W�W�U�L�E�X�W�H�V�� �W�R�� �D�O�O�R�Z�� �F�D�S�W�X�U�L�Q�J�� �W�K�H�� �G�D�W�D�� �W�K�D�W�� �G�H�V�F�U�L�E�H�� �W�K�H�L�U�� �S�H�U�I�R�U�P�D�Q�F�H�� �D�Q�G�� �T�X�D�O�L�W�\����
�V�\�V�W�H�P�V�� �D�Q�G�� �W�K�H�L�U�� �F�R�P�S�R�Q�H�Q�W�V���� �7�K�H�� �J�H�Q�H�U�D�O�� �V�W�U�X�F�W�X�U�H���� �F�D�O�O�H�G���'�D�W�D�� �7�H�P�S�O�D�W�H���� �F�D�Q�� �E�H�� �X�V�H�G�� �W�R�� �S�U�R�Y�L�G�H�� �G�L�J�L�W�D�O��
�G�H�V�F�U�L�S�W�L�R�Q���I�R�U���D�Q�\���F�R�Q�V�W�U�X�F�W�L�R�Q���R�E�M�H�F�W�����$���X�Q�L�I�L�H�G���I�U�D�P�H�Z�R�U�N���L�V���F�X�U�U�H�Q�W�O�\���E�H�L�Q�J���G�H�Y�H�O�R�S�H�G�����&�(�1�����������������D�Q�G���Z�L�O�O��
�S�U�H�F�L�V�H���K�R�Z���G�D�W�D���W�H�P�S�O�D�W�H�V���V�K�R�X�O�G���E�H���F�U�H�D�W�H�G�����Z�K�L�F�K���Z�L�O�O���D�O�O�R�Z���P�D�Q�X�I�D�F�W�X�U�H�U�V���W�R���G�L�J�L�W�L�V�H���W�K�H�L�U���S�U�R�G�X�F�W�V���D�Q�G���S�U�R�Y�L�G�H��
�W�K�H�L�U���G�D�W�D���L�Q���D���K�R�P�R�J�H�Q�L�V�H�G���D�Q�G���D�J�U�H�H�G���Z�D�\�����7�K�H�V�H���R�E�M�H�F�W�V���E�D�V�H�G���V�W�D�Q�G�D�U�G�V���D�Q�G���H�I�I�R�U�W�V���Z�L�O�O���F�H�U�W�D�L�Q�O�\���V�L�P�S�O�L�I�\���W�K�H��
�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���W�K�H���S�U�R�S�R�V�H�G���$�&�&���D�S�S�U�R�D�F�K���D�Q�G���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���%�,�0���G�D�W�D���T�X�D�O�L�W�\���D�V�V�X�U�D�Q�F�H���D�Q�G���F�R�Q�W�U�R�O��
�S�U�R�F�H�V�V�H�V�����5�D�P�H�V�K�����������������W�K�U�R�X�J�K���D�X�W�R�P�D�W�H�G���W�R�R�O�V���E�D�V�H�G���R�Q�����I�R�U���H�[�D�P�S�O�H�����%�,�0���R�E�M�H�F�W���T�X�D�O�L�W�\���F�K�H�F�N�O�L�V�W�V���O�L�N�H���W�K�H��
�R�Q�H�V���S�U�R�S�R�V�H�G���L�Q�����=�D�G�H�K���H�W���D�O�������������������� 

�6�H�F�W�L�R�Q�� ���� �S�U�H�V�H�Q�W�V�� �D�� �U�H�D�O���Z�R�U�O�G�� �F�D�V�H�� �V�W�X�G�\�� �L�Q�F�O�X�G�L�Q�J�� �D�Q�� �$�&�&�� �F�K�H�F�N�O�L�V�W�� �G�H�I�L�Q�H�G�� �Z�L�W�K�� �6�<�1�(�*�� ���W�K�H�� �Q�D�W�L�R�Q�D�O��
�D�V�V�R�F�L�D�W�L�R�Q�� �R�I�� �)�U�H�Q�F�K�� �I�R�R�G�V�H�U�Y�L�F�H�� �H�T�X�L�S�P�H�Q�W�� �P�D�Q�X�I�D�F�W�X�U�H�U�V���� �E�D�V�H�G�� �R�Q�� �W�K�H�� �µ�)�R�R�G�V�H�U�Y�L�F�H�� �(�T�X�L�S�P�H�Q�W�� �6�W�D�Q�G�D�U�G�V��
�'�R�F�X�P�H�Q�W�¶�� ���)�R�R�G�V�H�U�Y�L�F�H�� �&�R�Q�V�X�O�W�D�Q�W�V�� �6�R�F�L�H�W�\�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O���� ������������ �W�K�D�W�� �D�L�P�V�� �W�R�� �G�H�I�L�Q�H�� �D�� �V�H�W�� �R�I�� �J�X�L�G�H�O�L�Q�H�V�� �D�Q�G��
�U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V���I�R�U���%�,�0���P�R�G�H�O���F�R�Q�W�H�Q�W���F�U�H�D�W�L�R�Q�� 

6. AUTOMATED C OMPLIANCE CHECKING  APPLICATION  

�,�Q���W�K�L�V���V�H�F�W�L�R�Q�����W�Z�R���F�D�V�H���V�W�X�G�L�H�V���D�U�H���S�U�H�V�H�Q�W�H�G���D�Q�G���S�U�R�F�H�V�V�H�G���W�R���G�H�P�R�Q�V�W�U�D�W�H���W�K�H���H�I�I�L�F�L�H�Q�F�\���R�I���W�K�H���R�E�M�H�F�W���F�H�Q�W�U�H�G��
�D�S�S�U�R�D�F�K�����7�K�H���I�L�U�V�W���R�Q�H���L�O�O�X�V�W�U�D�W�H�V���W�K�H���S�U�R�S�R�V�H�G���D�S�S�U�R�D�F�K���R�Q���D���U�H�D�O���Z�R�U�O�G���F�D�V�H���V�W�X�G�\���X�V�L�Q�J���D���%�,�0���R�E�M�H�F�W�V���O�L�E�U�D�U�\��
�F�U�H�D�W�H�G�� �E�\���D�� �)�U�H�Q�F�K���%�,�0���D�G�R�S�W�H�U���P�D�Q�X�I�D�F�W�X�U�H�U�����D�Q�G�� �W�K�H���V�H�F�R�Q�G�� �R�Q�H�� �S�U�H�V�H�Q�W�V�� �D�Q���D�G�G�L�W�L�R�Q�D�O�� �H�[�D�P�S�O�H�� �U�H�O�D�W�L�Q�J�� �W�R��
�E�X�L�O�G�L�Q�J���F�R�G�H�V���X�V�L�Q�J���)�L�U�H���' �R�R�U���R�E�M�H�F�W�V���W�R���I�X�U�W�K�H�U���F�O�D�U�L�I�\���D�Q�G���S�U�R�Y�H���W�K�H���D�S�S�O�L�F�D�E�L�O�L�W�\���R�I���W�K�H���R�E�M�H�F�W���F�H�Q�W�U�H�G���D�S�S�U�R�D�F�K��
�W�R�� �R�W�K�H�U�� �U�H�T�X�L�U�H�P�H�Q�W���G�R�P�D�L�Q�V�� �D�Q�G���W�\�S�H�V�����7�K�H�� �W�Z�R���D�S�S�O�L�F�D�W�L�R�Q�V���D�U�H���L�O�O�X�V�W�U�D�W�H�G�� �W�K�U�R�X�J�K�� �W�K�H�� �I�R�X�U���V�W�H�S�� �P�H�W�K�R�G���� ���L����
�5�H�T�X�L�U�H�P�H�Q�W���U�X�O�H�V���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�������L�L�����%�,�0���R�E�M�H�F�W�V���G�D�W�D���S�U�H�S�D�U�D�W�L�R�Q�������L�L�L�����5�H�T�X�L�U�H�P�H�Q�W���U�X�O�H�V���H�[�H�F�X�W�L�R�Q�����D�Q�G���I�L�Q�D�O�O�\��
���L�Y�����&�R�P�S�O�L�D�Q�F�H���F�K�H�F�N�L�Q�J���U�H�V�X�O�W�V���D�Q�G���U�H�S�R�U�W�L�Q�J���� 

6.1 Case study 1: SYNEG compliance checking 

�7�R�� �G�H�P�R�Q�V�W�U�D�W�H�� �W�K�H�� �I�H�D�V�L�E�L�O�L�W�\�� �D�Q�G�� �D�F�F�X�U�D�F�\�� �R�I�� �W�K�H�� �S�U�R�S�R�V�H�G�� �D�S�S�U�R�D�F�K���� �D�� �I�L�U�V�W�� �F�D�V�H�� �V�W�X�G�\�� �I�U�R�P�� �W�K�H�� �I�R�R�G�V�H�U�Y�L�F�H��
�H�T�X�L�S�P�H�Q�W���L�Q�G�X�V�W�U�\���X�V�L�Q�J���D�Q���H�[�L�V�W�L�Q�J���R�E�M�H�F�W���O�L�E�U�D�U�\���R�I���I�R�R�G�V�H�U�Y�L�F�H���H�T�X�L�S�P�H�Q�W���F�U�H�D�W�H�G���E�\���%�2�1�1�(�7���7�+�,�5�2�'�(�����D��
�P�D�M�R�U���)�U�H�Q�F�K���P�D�Q�X�I�D�F�W�X�U�H�U�����L�V���S�U�R�F�H�V�V�H�G�� 

a) �5�H�T�X�L�U�H�P�H�Q�W���U�X�O�H�V���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q 

�7�K�H���G�H�I�L�Q�L�W�L�R�Q�� �R�I�� �U�H�T�X�L�U�H�P�H�Q�W�V���L�V�� �E�D�V�H�G�� �R�Q�� �W�K�H���µ�)�R�R�G�V�H�U�Y�L�F�H���(�T�X�L�S�P�H�Q�W�� �6�W�D�Q�G�D�U�G�V���' �R�F�X�P�H�Q�W�¶�����)�R�R�G�V�H�U�Y�L�F�H��
�&�R�Q�V�X�O�W�D�Q�W�V�� �6�R�F�L�H�W�\�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O���� �������������W�K�D�W���D�L�P�V�� �W�R�� �G�H�I�L�Q�H�� �D�� �V�H�W�� �R�I�� �J�X�L�G�H�O�L�Q�H�V�� �D�Q�G�� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V�� �I�R�U���%�,�0��
�P�R�G�H�O���F�R�Q�W�H�Q�W���F�U�H�D�W�L�R�Q���Z�L�W�K�L�Q���D�Q���R�E�M�H�F�W���R�U�L�H�Q�W�H�G���D�X�W�K�R�U�L�Q�J���S�O�D�W�I�R�U�P�����7�K�L�V���G�R�F�X�P�H�Q�W���L�V���F�R�P�S�R�V�H�G���R�I���W�K�U�H�H���I�L�O�H�V�������L����
�W�K�H���)�R�R�G�V�H�U�Y�L�F�H���P�R�G�H�O�O�L�Q�J���V�W�D�Q�G�D�U�G�V�������L�L�����W�K�H���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���)�R�R�G�V�H�U�Y�L�F�H���(�T�X�L�S�P�H�Q�W�����,�)�6�(�����S�D�U�D�P�H�W�H�U���O�L�V�W�����D�Q�G���W�K�H��
�)�&�6�,���P�D�W�H�U�L�D�O�V���O�L�E�U�D�U�\�����7�K�H���)�R�R�G�V�H�U�Y�L�F�H���P�R�G�H�O�O�L�Q�J���V�W�D�Q�G�D�U�G�V���F�R�Y�H�U���Y�D�U�L�R�X�V���W�K�H�P�H�V���R�I���%�,�0���P�R�G�H�O�O�L�Q�J���J�X�L�G�H�O�L�Q�H�V��
�U�H�O�D�W�H�G���W�R���R�E�M�H�F�W���W�H�P�S�O�D�W�H�V�����K�R�V�W�H�G���Y�H�U�V�X�V���I�U�H�H���V�W�D�Q�G�L�Q�J�������R�E�M�H�F�W���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���D�Q�G���O�H�Y�H�O���R�I���G�H�W�D�L�O�����Y�L�V�L�E�L�O�L�W�\���V�H�W�W�L�Q�J�V����
�Q�H�V�W�H�G���R�E�M�H�F�W���J�U�R�X�S�V���Y�R�L�G�V�����L�P�S�R�U�W�H�G���J�H�R�P�H�W�U�\���D�Q�G���O�L�Q�N�H�G���I�L�O�H�V�����P�D�Q�X�I�D�F�W�X�U�H�U���O�R�J�R�V�����R�E�M�H�F�W���D�Q�G���R�E�M�H�F�W���W�\�S�H���Q�D�P�L�Q�J����
�F�D�W�H�J�R�U�L�H�V���D�Q�G���V�X�E�F�D�W�H�J�R�U�L�H�V���R�I���%�,�0���F�R�P�S�R�Q�H�Q�W�V�����S�D�U�D�P�H�W�H�U�V�����P�D�W�H�U�L�D�O�V�����F�R�Q�Q�H�F�W�R�U�V�����H�W�F�������D�Q���H�[�W�U�D�F�W���L�V���J�L�Y�H�Q���L�Q��
�7�D�E�O�H���������� 

�7�K�H�V�H�� �J�X�L�G�H�O�L�Q�H�V�� �D�Q�G���V�W�D�Q�G�D�U�G�V�� �K�D�Y�H�� �E�H�H�Q�� �G�H�Y�H�O�R�S�H�G�� �D�Q�G�� �L�Q�W�H�U�S�U�H�W�H�G���Z�L�W�K�� �6�<�1�(�*���� �W�K�H�� �Q�D�W�L�R�Q�D�O�� �D�V�V�R�F�L�D�W�L�R�Q�� �R�I��
�)�U�H�Q�F�K���F�D�W�H�U�L�Q�J���H�T�X�L�S�P�H�Q�W���P�D�Q�X�I�D�F�W�X�U�H�U�V���Z�K�L�F�K���L�V���R�Q�H���R�I���W�K�H���F�R�Q�W�U�L�E�X�W�R�U�V���W�R���W�K�H���G�H�I�L�Q�L�W�L�R�Q���R�I���)�&�6�,���)�R�R�G�V�H�U�Y�L�F�H��
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�L�P�S�O�L�F�L�W�� �R�U�� �Y�L�U�W�X�D�O�� �R�Q�H�V���� �0�R�U�H�R�Y�H�U�����D�V���W�K�H�\�� �D�U�H�� �L�Q�G�H�S�H�Q�G�H�Q�W�� �I�U�R�P�� �H�D�F�K�� �R�W�K�H�U���� �D�Q�G�� �G�H�I�L�Q�H�G�� �D�W�� �W�K�H�� �V�D�P�H�� �O�H�Y�H�O�� �R�I��
�F�R�P�S�O�H�[�L�W�\�����W�K�H�L�U���S�U�R�F�H�V�V�L�Q�J���Z�D�V���V�W�U�D�L�J�K�W�I�R�U�Z�D�U�G���D�Q�G���Z�L�W�K�R�X�W���S�U�H�G�H�I�L�Q�H�G���R�U�G�H�U�� 

 

�)�,�*�����������(�[�D�P�S�O�H���R�I���0�D�Q�X�I�D�F�W�X�U�H�U�¶�V���O�L�E�U�D�U�\���G�H�V�F�U�L�S�W�L�R�Q���I�L�O�H 

c) �5�H�T�X�L�U�H�P�H�Q�W���U�X�O�H�V���H�[�H�F�X�W�L�R�Q 

�7�R�� �D�O�O�R�Z���$�&�&���I�R�U���W�K�H���%�,�0���R�E�M�H�F�W�V�� �O�L�E�U�D�U�\�����D���6�<�1�(�*�� �S�O�X�J�L�Q���Z�D�V���G�H�Y�H�O�R�S�H�G�� �X�V�L�Q�J���&���� �S�U�R�J�U�D�P�P�L�Q�J�� �O�D�Q�J�X�D�J�H����
�Z�L�W�K�L�Q���W�K�H���$�X�W�R�G�H�V�N���5�H�Y�L�W�������������H�Q�Y�L�U�R�Q�P�H�Q�W�����$�V���V�K�R�Z�Q���L�Q���)�L�J�����������W�K�L�V���S�O�X�J�L�Q���L�Q�F�O�X�G�L�Q�J���W�K�H���5�X�O�H�V���(�[�H�F�X�W�L�R�Q���(�Q�J�L�Q�H����
�H�Q�D�E�O�H�V���O�R�D�G�L�Q�J���D�Q�G���H�[�H�F�X�W�L�Q�J���W�K�H���;�0�/���I�L�O�H���F�R�Q�W�D�L�Q�L�Q�J���W�K�H���)�R�R�G�V�H�U�Y�L�F�H���0�R�G�H�O�O�L�Q�J���6�W�D�Q�G�D�U�G�V���U�X�O�H�V���V�H�W�����E�\���X�V�L�Q�J��
���L�����D���*�8�,�����*�U�D�S�K�L�F�D�O���8�V�H�U���,�Q�W�H�U�I�D�F�H�����W�R���V�L�P�S�O�L�I�\���L�W�V���X�W�L�O�L�V�D�W�L�R�Q���E�\���Q�R�Q���H�[�S�H�U�W���X�V�H�U�V�������L�L�����$�X�W�R�G�H�V�N���5�H�Y�L�W���$�3�,�������L�L�L����
�W�K�H���)�&�6�,���0�D�W�H�U�L�D�O�V���O�L�E�U�D�U�\�����D�Q�G�����L�Y�����R�W�K�H�U���U�H�V�R�X�U�F�H�V�����I�L�O�H���W�H�P�S�O�D�W�H�V�����P�H�W�D�G�D�W�D�����H�W�F���������7�K�H���S�O�X�J�L�Q���L�Q�S�X�W�V���D�U�H���W�K�H���%�,�0��
�R�E�M�H�F�W�V���O�L�E�U�D�U�\���W�R���E�H���F�K�H�F�N�H�G���D�O�R�Q�J�V�L�G�H���W�K�H���U�X�O�H�V���V�H�W�����;�0�/���I�L�O�H�����D�Q�G���W�K�H���P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���R�E�M�H�F�W�V���G�H�V�F�U�L�S�W�L�R�Q�����;�/�6��
�I�L�O�H�������7�K�H���R�X�W�S�X�W�V���I�U�R�P���W�K�H���S�O�X�J�L�Q���D�U�H���W�K�H���$�&�&���U�H�S�R�U�W�V�����R�Q�H���R�Y�H�U�D�O�O���I�R�U���D�O�O���W�K�H���%�,�0���R�E�M�H�F�W�V���D�Q�G���L�Q�G�L�Y�L�G�X�D�O���U�H�S�R�U�W�V��
�I�R�U���H�D�F�K���R�E�M�H�F�W���I�D�P�L�O�\�� 

 

�)�,�*�����������6�<�1�(�*���S�O�X�J�L�Q���±���&�R�P�S�R�Q�H�Q�W���D�Q�G���)�X�Q�F�W�L�R�Q�D�O���$�U�F�K�L�W�H�F�W�X�U�H 



 

 

 
�,�7�F�R�Q���9�R�O���������������������������'�R�X�N�D�U�L���H�W���D�O�������S�J���������� 

�7�K�H���S�U�R�F�H�V�V���R�I���X�V�L�Q�J���W�K�L�V���S�O�X�J�L�Q���F�R�Q�V�L�V�W�V���R�I�������V�W�H�S�V�����)�L�J���������� 
1. �/�D�X�Q�F�K���$�X�W�R�G�H�V�N���5�H�Y�L�W�������������D�Q�G���D�F�F�H�S�W���O�R�D�G�L�Q�J���W�K�H���6�<�1�(�*���S�O�X�J�L�Q�����$�&�&���0�H�Q�X���I�X�Q�F�W�L�R�Q�D�O�L�W�\���� 
2. �/�D�X�Q�F�K���$�&�&���S�U�R�F�H�V�V���E�\���F�O�L�F�N�L�Q�J���R�Q���6�<�1�(�*���E�X�W�W�R�Q���W�R���H�Q�D�E�O�H���O�R�D�G�L�Q�J���W�K�H���6�<�1�(�*���U�X�O�H�V���V�H�W�� 
3. �6�H�O�H�F�W���W�K�H���O�L�E�U�D�U�\���R�U���%�,�0���R�E�M�H�F�W�V���W�R���E�H���F�K�H�F�N�H�G���D�Q�G���Y�D�O�L�G�D�W�H���W�K�H���V�H�O�H�F�W�L�R�Q���R�Y�H�U���W�K�H���E�U�R�Z�V�H�U���Z�L�Q�G�R�Z�� 

 

�)�,�*�����������6�<�1�(�*���S�O�X�J�L�Q���*�U�D�S�K�L�F�D�O���8�V�H�U���,�Q�W�H�U�I�D�F�H 

�$�W���W�K�H���H�Q�G���R�I���W�K�H���S�U�R�F�H�V�V�����W�K�H���F�R�P�S�O�L�D�Q�F�H���F�K�H�F�N�L�Q�J���U�H�V�X�O�W���L�V���J�H�Q�H�U�D�W�H�G�����D�Q�G���D���F�R�P�S�O�H�W�H���U�H�S�R�U�W���Z�L�W�K���Y�D�U�L�R�X�V���(�[�F�H�O��
�V�K�H�H�W�V�� �L�V�� �G�L�V�S�O�D�\�H�G�� �D�X�W�R�P�D�W�L�F�D�O�O�\�����,�W�� �V�K�R�X�O�G�� �E�H�� �Q�R�W�H�G�� �W�K�D�W���W�K�H�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �R�I�� �W�K�H���U�X�O�H�V���D�Q�G�� �W�K�H�L�U�� �H�Q�F�R�G�L�Q�J�� �L�Q��
�V�H�S�D�U�D�W�H���V�H�W�V���D�F�F�R�U�G�L�Q�J���W�R���W�K�H�L�U���D�S�S�O�L�F�D�W�L�R�Q���G�R�P�D�L�Q�V���Z�L�O�O���J�U�H�D�W�O�\���V�L�P�S�O�L�I�\���I�X�W�X�U�H���H�[�W�H�Q�V�L�R�Q���D�Q�G���H�Q�U�L�F�K�P�H�Q�W���R�I���W�K�H��
�U�X�O�H�V���E�D�V�H���� 

d) �5�H�V�X�O�W�V���D�Q�G���U�H�S�R�U�W�L�Q�J 

�%�\���H�[�H�F�X�W�L�Q�J���W�K�H���6�<�1�(�*���S�O�X�J�L�Q���X�V�L�Q�J���W�K�H���;�0�/���U�X�O�H�V���V�H�W���R�Q���W�K�H���%�,�0���R�E�M�H�F�W�V���O�L�E�U�D�U�\�����D���G�H�W�D�L�O�H�G���$�&�&���U�H�S�R�U�W���Z�L�W�K��
�U�H�V�S�H�F�W�� �W�R�� �W�K�H���)�R�R�G�V�H�U�Y�L�F�H���0�R�G�H�O�O�L�Q�J���6�W�D�Q�G�D�U�G�V�����L�V�� �D�X�W�R�P�D�W�L�F�D�O�O�\�� �J�H�Q�H�U�D�W�H�G���� �,�W�� �F�R�Q�V�L�V�W�V�� �R�I�� �D�Q�� �(�[�F�H�O�� �I�L�O�H�� �Z�L�W�K��
�P�X�O�W�L�S�O�H���V�K�H�H�W�V�� �D�V�� �P�D�Q�\���D�V�� �W�K�H�U�H�� �D�U�H���R�E�M�H�F�W�V�� �I�D�P�L�O�\�� �Z�L�W�K�L�Q�� �W�K�H�� �%�,�0�� �O�L�E�U�D�U�\�����7�K�H�� �I�L�U�V�W�� �V�K�H�H�W�����³�5�H�F�D�S�L�W�X�O�D�W�L�I���´����
�6�X�P�P�D�U�\���L�Q���(�Q�J�O�L�V�K�������L�Q�G�L�F�D�W�H�V���W�K�H���R�Y�H�U�D�O�O���F�R�P�S�O�L�D�Q�F�H���F�K�H�F�N�L�Q�J���U�H�V�X�O�W���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���D�Y�H�U�D�J�H���R�I���D�O�O���W�K�H���R�E�M�H�F�W�V�¶��
�F�R�P�S�O�L�D�Q�F�H���U�H�V�X�O�W�V�����)�L�J���������V�K�R�Z�V���W�K�H���D�Y�H�U�D�J�H���U�H�V�X�O�W�V���S�H�U���U�X�O�H�����D�Q�G���D�Q���R�Y�H�U�D�O�O���U�H�V�X�O�W���R�I���D�O�O���W�K�H�V�H���D�Y�H�U�D�J�H�V���W�R���G�H�F�L�G�H��
�Z�K�H�W�K�H�U���W�K�H���F�K�H�F�N�H�G���%�,�0���O�L�E�U�D�U�\���³�3�D�V�V�H�V�´���R�U���³�)�D�L�O�V�´�����,�Q���R�X�U���F�D�V�H�����W�K�H���%�,�0���O�L�E�U�D�U�\���G�R�H�V���Q�R�W���S�D�V�V���W�K�H���W�H�V�W���V�L�Q�F�H���W�K�H��
�R�Y�H�U�D�O�O���U�H�V�X�O�W���L�V���³�����´�� 

�)�X�U�W�K�H�U�P�R�U�H�����W�K�H���U�H�V�X�O�W���R�I���W�K�H���F�R�P�S�O�L�D�Q�F�H���F�K�H�F�N�L�Q�J���R�I���H�D�F�K���%�,�0���R�E�M�H�F�W���L�V���J�L�Y�H�Q���L�Q���D���V�H�S�D�U�D�W�H���V�K�H�H�W�����7�R���M�X�V�W�L�I�\���W�K�H��
�F�R�P�S�O�L�D�Q�F�H���F�K�H�F�N�L�Q�J���U�H�V�X�O�W���D�Q�G���H�Q�D�E�O�H���I�X�W�X�U�H���F�R�U�U�H�F�W�L�R�Q�����D�Q���D�X�W�R�P�D�W�H�G���M�X�V�W�L�I�L�F�D�W�L�R�Q���I�R�U���H�D�F�K���³�)�D�L�O�H�G�´�����³�3�D�V�V�H�G�´��
�U�X�O�H���U�H�V�X�O�W���L�V���J�L�Y�H�Q���L�Q���W�K�H���L�Q�G�L�Y�L�G�X�D�O���U�H�S�R�U�W�V�� 

 

 



 

 

 
�,�7�F�R�Q���9�R�O���������������������������'�R�X�N�D�U�L���H�W���D�O�������S�J���������� 

 

�)�,�*�����������&�D�V�H���V�W�X�G�\�������±���$�&�&���U�H�V�X�O�W�V���D�Q�G���U�H�S�R�U�W�L�Q�J 

6.2 Case study 2: Fire safety compliance checking 

�%�X�L�O�G�L�Q�J�� �U�H�J�X�O�D�W�L�R�Q�� �L�Q�F�O�X�G�H�V���P�D�Q�D�J�L�Q�J���I�L�U�H�� �V�D�I�H�W�\���S�U�H�F�D�X�W�L�R�Q�V���Z�L�W�K�L�Q�� �D�Q�G�� �D�U�R�X�Q�G�� �E�X�L�O�G�L�Q�J�V�����%�X�L�O�G�L�Q�J�� �R�S�H�U�D�W�R�U�V��
�P�X�V�W���H�Q�V�X�U�H���U�H�G�X�F�L�Q�J���W�K�H���U�L�V�N���R�I���I�L�U�H���V�S�U�H�D�G�L�Q�J���Z�L�W�K�L�Q���W�K�H���S�U�H�P�L�V�H�V�����5�H�J�X�O�D�W�R�U�\���5�H�I�R�U�P�������������������)�L�U�H���G�R�R�U�V���S�O�D�\���D��
�N�H�\���U�R�O�H���L�Q���D�F�K�L�H�Y�L�Q�J���W�K�L�V���J�R�D�O���D�Q�G���H�Q�V�X�U�H���R�F�F�X�S�D�Q�W�V���D�Q�G���E�X�L�O�G�L�Q�J�V���V�D�I�H�W�\�����7�K�H�\���D�U�H���D���O�H�J�D�O���U�H�T�X�L�U�H�P�H�Q�W���L�Q���D�O�O���Q�R�Q��
�G�R�P�H�V�W�L�F���S�U�R�S�H�U�W�L�H�V���D�V���Z�H�O�O���D�V���L�Q���U�H�V�L�G�H�Q�W�L�D�O���I�O�D�W�V���D�Q�G���K�R�X�V�H�V���R�I���P�X�O�W�L�S�O�H���R�F�F�X�S�D�Q�F�\���W�K�D�W���K�D�Y�H���W�K�U�H�H���R�U���P�R�U�H���I�O�R�R�U�V���� 

�7�R���F�O�D�U�L�I�\���D�Q�G���S�U�R�Y�H���W�K�H���D�S�S�O�L�F�D�E�L�O�L�W�\���R�I���W�K�H���S�U�R�S�R�V�H�G���D�S�S�U�R�D�F�K���W�R���R�W�K�H�U���U�H�T�X�L�U�H�P�H�Q�W���G�R�P�D�L�Q�V�����D���)�L�U�H���'�R�R�U���%�,�0��
�R�E�M�H�F�W�� �H�[�D�P�S�O�H�� �W�D�N�H�Q�� �I�U�R�P�� �W�K�H�� �1�%�6�� �1�D�W�L�R�Q�D�O�� �%�,�0�� �/�L�E�U�D�U�\�����1�%�6�� �1�D�W�L�R�Q�D�O�� �%�,�0�� �/�L�E�U�D�U�\���� �������������L�V�� �S�U�R�F�H�V�V�H�G��
�D�F�F�R�U�G�L�Q�J���W�R���W�K�H���I�R�X�U���V�W�H�S���P�H�W�K�R�G�� 

a) �5�H�T�X�L�U�H�P�H�Q�W���U�X�O�H�V���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q 

�'�H�V�L�J�Q���V�S�H�F�L�I�L�F�D�W�L�R�Q�V���D�Q�G���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���)�L�U�H���'�R�R�U�V���V�K�R�X�O�G���E�H���F�K�H�F�N�H�G���D�Q�G���F�H�U�W�L�I�L�H�G���E�H�I�R�U�H���P�D�Q�X�I�D�F�W�X�U�H�����7�D�E�O�H��
�����S�U�H�V�H�Q�W�V���D�Q���H�[�W�U�D�F�W���R�I���W�K�H�V�H���U�H�T�X�L�U�H�P�H�Q�W�V���L�Q���D���F�K�H�F�N�O�L�V�W���I�R�U�P�����7�K�L�V���O�L�V�W���R�I���U�X�O�H�V���L�V���L�Q�W�H�U�S�U�H�W�H�G���D�Q�G���W�U�D�Q�V�O�D�W�H�G���L�Q�W�R��
�L�I���W�K�H�Q���O�R�J�L�F�D�O���U�X�O�H�V���I�R�O�O�R�Z�L�Q�J���W�K�H���;�0�/�� �V�F�K�H�P�D���L�O�O�X�V�W�U�D�W�H�G���L�Q���)�L�J�������������7�K�H���U�H�V�X�O�W�L�Q�J���;�0�/���I�L�O�H���L�V���L�Q�G�H�S�H�Q�G�H�Q�W���R�I���W�K�H��
�$�&�&�� �S�O�X�J�L�Q���� �,�W�� �Z�L�O�O�� �E�H���O�R�D�G�H�G�� �D�V�� �H�[�W�H�U�Q�D�O�� �L�Q�S�X�W�� �D�Q�G�� �F�K�H�F�N�H�G���X�V�L�Q�J�� �W�K�H�� �5�X�O�H�� �(�[�H�F�X�W�L�R�Q�� �(�Q�J�L�Q�H���G�X�U�L�Q�J���W�K�H��
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8. CONCLUSION AND PERSPECTIVES 
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�U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�� �R�I�� �E�X�L�O�G�L�Q�J�� �L�Q�I�R�U�P�D�W�L�R�Q�� �P�R�G�H�O�V�����7�K�L�V�� �I�U�D�P�H�Z�R�U�N�� �G�H�Y�H�O�R�S�V���D���K�L�H�U�D�U�F�K�L�F�D�O�� �V�W�U�X�F�W�X�U�L�Q�J�� �D�Q�G�� �O�R�J�L�F�D�O��
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