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stix A Goal-Oriented Distributed Management System 
For Large-Scale Broadband Wireless Access Networks

Giacomo Bernardi — Matt Calder — Damon Fenacci — Alex Macmillan — Mahesh K. Marina

Broadband Wireless Access (BWA) Networks

�t���&���H���
���M�P�O�H���E�J�T�U�B�O�D�F��Wi��
��WiMax�
��3G�
 4G/LTE
�t���*�O�D�S�F�B�T�J�O�H���O�V�N�C�F�S���P�G���C�P�U�I���M�B�S�H�F���T�D�B�M�F���#�8�"���O�F�U�X�P�S�L�T���B�O�E���D�P�N�N�V�O�J�U�Z��
�����E�F�Q�M�P�Z�N�F�O�U�T

Management Challenges
�t���#�8�"���N�B�O�B�H�F�N�F�O�U���J�T���U�Z�Q�J�D�B�M�M�Z���E�P�O�F��“in-band”
�t���"�M�N�P�T�U���B�M�M���O�F�U�X�P�S�L���N�B�O�B�H�F�N�F�O�U���Q�M�B�U�G�P�S�N�T���V�T�F�E���J�O���Q�S�B�D�U�J�D�F���B�S�F��
����centralized and based on SNMP�����I�J�H�I���D�P�N�N�V�O�J�D�B�U�J�P�O���P�W�F�S�I�F�B�E���B�O�E��
�����J�O�G�S�B�T�U�S�V�D�U�V�S�F���D�P�T�U�T
�t���#�8�"���O�F�U�X�P�S�L���N�B�O�B�H�F�N�F�O�U���S�F�T�F�B�S�D�I���G�P�D�V�T�F�T���P�O���T�F�M�G���N�B�O�B�H�F�N�F�O�U��
�����N�F�D�I�B�O�J�T�N�T�
���C�V�U��not on platform support
�t���8�J�S�F�M�F�T�T���O�F�U�X�P�S�L���N�B�O�B�H�F�N�F�O�U���J�T��more complex
�t���%�F�W�J�D�F��heterogeneity

Design Goals
�5�P���E�F�W�F�M�P�Q���B���O�F�U�X�P�S�L���N�B�O�B�H�F�N�F�O�U���Q�M�B�U�G�P�S�N���G�P�S���#�8�"���O�F�U�X�P�S�L�T���U�I�B�U��
�t��Simpli�es network management�
���F�T�Q�F�D�J�B�M�M�Z���J�N�Q�P�S�U�B�O�U���G�P�S���D�P�N�N�V�O�J�U�Z��
�����E�F�Q�M�P�Z�N�F�O�U�T���B�O�E���E�F�W�F�M�P�Q�J�O�H���S�F�H�J�P�O���T�F�U�U�J�O�H�T
�t���*�T��scalable and robust���U�P���T�V�J�U���M�B�S�H�F���E�F�Q�M�P�Z�N�F�O�U�T
�t���*�T���exible�
���U�P���G�B�D�J�M�J�U�B�U�F���F�B�T�Z���S�F�B�M�J�[�B�U�J�P�O���P�G���T�F�M�G���N�B�O�B�H�F�N�F�O�U���B�Q�Q�S�P�B�D�I�F�T
�t���4�F�B�N�M�F�T�T�M�Z���T�V�Q�Q�P�S�U�T��multi-vendor devices

Our key principles
�t��Goal-oriented network management: �B�M�M�P�X���O�F�U�X�P�S�L���B�E�N�J�O�J�T�U�S�B�U�P�S�T���U�P��
�����F�B�T�J�M�Z���T�Q�F�D�J�G�Z���T�F�M�G���N�B�O�B�H�F�N�F�O�U���P�Q�F�S�B�U�J�P�O�T���B�T���X�P�S�L�ø�P�X�T�
���V�T�J�O�H���B���W�J�T�V�B�M��
�����Q�S�P�H�S�B�N�N�J�O�H���M�B�O�H�V�B�H�F
�t��The network is the NOC: �F�N�Q�M�P�Z���B���E�J�T�U�S�J�C�V�U�F�E���D�P�P�Q�F�S�B�U�J�W�F���B�H�F�O�U���C�B�T�F�E��
�����N�B�O�B�H�F�N�F�O�U���B�S�D�I�J�U�F�D�U�V�S�F�
���G�P�S���H�S�F�B�U�F�S���T�D�B�M�B�C�J�M�J�U�Z���B�O�E���M�J�U�U�M�F���P�S���O�P���S�F�M�J�B�O�D�F��
�����P�O���F�Y�U�F�S�O�B�M���/�0�$���J�O�G�S�B�T�U�S�V�D�U�V�S�F
�t���0�U�I�F�S���V�O�J�R�V�F���G�F�B�U�V�S�F�T��
��������on demand access���U�P���N�B�O�B�H�F�N�F�O�U���J�O�G�P�S�N�B�U�J�P�O����StixView��
���������J�O���O�F�U�X�P�S�L��replicated storage�����M�P�H���P�W�F�S�M�B�Z���X�J�U�I���4�Q�S�J�O�L�M�F���N�F�D�I�B�O�J�T�N
��������hardware abstraction layer���U�P���I�B�O�E�M�F���I�F�U�F�S�P�H�F�O�F�J�U�Z�����E�F�W�J�D�F���N�B�O�B�H�F�S

Traditional management vs. Stix architecture

The StixL Visual Programming Language
�t���8�F���D�B�M�M��"network process"���F�B�D�I���B�D�U�J�W�J�U�Z���Q�F�S�G�P�S�N�F�E���E�V�S�J�O�H���U�I�F���O�F�U�X�P�S�L��
�����M�J�G�F�D�Z�D�M�F���	�F���H���
���ö�S�N�X�B�S�F���V�Q�H�S�B�E�F�T�
���S�F�D�P�O�ö�H�V�S�B�U�J�P�O�T�
���F�U�D���

�t��StixL���J�T���B���W�J�T�V�B�M���Q�S�P�H�S�B�N�N�J�O�H���M�B�O�H�V�B�H�F���U�I�B�U���F�O�B�C�M�F�T���O�F�U�X�P�S�L���Q�S�P�D�F�T�T�F�T���U�P��
�����C�F���E�F�T�D�S�J�C�F�E��graphically
�t���������M�B�O�H�V�B�H�F���F�O�U�J�U�J�F�T�
���X�J�U�I��dynamically loadable modules

The StixAgent  architecture

Real-world deployment example: 
the Tegola testbed in rural Scotland
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�>�V�Y�R�M�S�V�^���T�H�U�H�N�L�Y
�9�L�J�L�P�]�L�Z���H�U�K���]�H�S�P�K�H�[�L�Z���^�V�Y�R�M�S�V�^�Z�����H�U�K���K�L�[�L�Y�T�P�U�L�Z���P�M���[�O�L�`���H�Y�L���Y�L�S�L�]�H�U�[��

�>�V�Y�R�M�S�V�^���L�U�N�P�U�L
�7�H�Y�Z�L�Z���?�4�3�����Y�L�N�P�Z�[�L�Y���^�V�Y�R�M�S�V�^���P�U���H���T�L�T�V�Y�`���Z�[�Y�\�J�[�\�Y�L���H�U�K���P�U�]�V�R�L���P�[��
�^�O�L�U���U�L�L�K�L�K��

�+�L�]�P�J�L���T�H�U�H�N�L�Y
�7�Y�V�]�P�K�L�Z���H�U��
�H�I�Z�[�Y�H�J�[�P�V�U���S�H�`�L�Y���[�V��
�[�O�L���Y�L�H�S���O�H�Y�K�^�H�Y�L��

�3�V�N���V�]�L�Y�S�H�`
�4�H�U�H�N�L�Z���[�O�L��
�Y�L�W�S�P�J�H�[�P�V�U���V�M���[�O�L��
�S�V�N���T�L�Z�Z�H�N�L�Z��

�:�[�V�Y�H�N�L���T�H�U�H�N�L�Y
�7�Y�V�]�P�K�L�Z���H�U���P�U�[�L�Y�M�H�J�L��
�[�V���H�U���P�U�[�L�Y�U�H�S��
�W�L�Y�Z�P�Z�[�L�U�[���K�H�[�H�I�H�Z�L��

�:�6�(�7���T�L�Z�Z�H�N�L�Z
�M�Y�V�T���V�[�O�L�Y��
�:�[�P�_�(�N�L�U�[�Z

�H�U�K���[�O�L���5�6�*

�3�V�J�H�S�S�`���T�H�U�H�N�L�K���K�L�]�P�J�L�Z
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19.0km

2.5km

15.9km

7.6km

9.3km

Current hardware: 
�t���(�V�N�T�U�J�Y���0�W�F�S�P�������$�V�T�U�P�N���*���$���C�P�B�S�E
�t���$�1�6�����"�3�.���$�P�S�U�F�Y���"�����������.�I�[
�t���3�"�.�����������.�#
�t���.�J�D�S�P�4�%���T�M�P�U�
���D�V�S�S�F�O�U�M�Z�����(�#���D�B�S�E�T
�t���*���$���B�O�E���'�B�T�U�&�U�I�F�S�O�F�U���J�O�U�F�S�G�B�D�F�T
�t���-�P�X���Q�P�X�F�S���S�F�R�V�J�S�F�N�F�O�U�T
Software:
�t���$�V�T�U�P�N���-�J�O�V�Y���E�J�T�U�S�J�C�V�U�J�P�O
�t���4�V�O���0�S�B�D�M�F���+���4�&���G�P�S���&�N�C�F�E�E�F�E����
�t���)�4�2�-���E�B�U�B�C�B�T�F

�)�;�: �7�;�7 �7�;�7 �)�;�:
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�4�H�U�H�N�L�T�L�U�[
�*�S�P�L�U�[

�5�L�[�^�V�Y�R
�6�W�L�Y�H�[�V�Y

�4�H�U�H�N�L�T�L�U�[
�:�L�Y�]�L�Y

�4�H�U�H�N�L�T�L�U�[
�+�H�[�H�I�H�Z�L
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���5�6�*��
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�4�H�P�U�[�L�U�H�U�J�L
�:�L�Y�]�L�Y

�4�H�U�H�N�L�T�L�U�[
�*�S�P�L�U�[

�5�L�[�^�V�Y�R
�6�W�L�Y�H�[�V�Y
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Implementation
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�[�O�L�°�P�U�[�L�Y�H�J�[�P�V�U�°�^�P�[�O�°�[�O�L�°�U�L�[�^�V�Y�R��

�°�°�°�°�°�:�[�P�_�H�N�L�U�[
�=�L�U�K�V�Y���P�U�K�P�W�L�U�K�L�U�[�°�T�H�U�H�N�L�T�L�U�[�°�H�N�L�U�[�°
�K�L�W�S�V�`�L�K�°�P�U�°�O�H�Y�K�^�H�Y�L�°�V�Y�°�Z�V�M�[�^�H�Y�L�°�H�[�°�L�H�J�O�°
�Z�P�[�L�°�V�M�°�[�O�L�°�U�L�[�^�V�Y�R��

�:�[�P�_�J�V�U�[�Y�V�S
�(�K�K�P�[�P�V�U�H�S�°�L�T�I�L�K�K�L�K�°�I�V�H�Y�K�Z�°�[�V�°�T�V�U�P�[�V�Y
�H�U�K�°�J�V�U�[�Y�V�S�°�Y�L�T�V�[�L�°�L�X�\�P�W�T�L�U�[��

�:�[�P�_�3
�=�P�Z�\�H�S�°�L�]�L�U�[���I�H�Z�L�K�°�W�Y�V�N�Y�H�T�T�P�U�N�°

�S�H�U�N�\�H�N�L�°�M�V�Y�°�T�V�K�L�S�S�P�U�N�°�U�L�[�^�V�Y�R�°
�W�Y�V�J�L�Z�Z�L�Z�°�H�U�K�°�N�V�H�S�Z��

�:�[�P�_�]�P�L�^
�9�L�H�S�[�P�T�L�°�Y�L�W�V�Y�[�P�U�N�°�H�U�K�°�T�V�U�P�[�V�Y�P�U�N�°�Z�`�Z�[�L�T�°
�I�H�Z�L�K�°�V�U�°�^�P�R�P���S�P�R�L�°�P�U�[�L�Y�M�H�J�L�°�H�U�K�°�H�°�V�]�L�Y�S�H�`�°
�K�H�[�H�°�Z�[�V�Y�H�N�L��


