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Event Digest 

Future Communications and 6G:  
Outcomes from the Inter-Academy International Workshop 

Authors 

 Professor Muhammad Ali Imran
 Professor Robert Stewart
 Professor Tariq Durrani
 ChatGPT (Transcriber and Organizer of Information)

1. Introduction

The Inter-Academy International Workshop on Future Communications and 6G, held in 
Glasgow on 24-25 June 2024, served as a platform to convene global leaders from academia, 
industry, and government aimed at outlining strategies for next-generation communication 
systems. The Workshop, organized in partnership with key Academies of Engineering, 
including: 

 Royal Academy of Engineering
 US National Academy of Engineering
 Canadian Academy of Engineering
 Indian National Academy of Engineering
 Swedish Academy of Engineering Sciences
 National Academy of Engineering of Korea
 Royal Society of Edinburgh

In addition the event was supported and co-sponored by the UK Spectrum Policy Forum, IEEE 
Future Networks, University of Strathclyde, University of Glasgow, and Glasgow City Council 
and the Scottish Government.  Discussions highlighted the alignment of technologies, 
standards, policy, and funding to address societal challenges, enhance sustainability, and drive 
economic growth. 

Key objectives included identifying future directions for wireless systems, exploring novel 
architectures and protocols, and fostering international collaboration. With 
telecommunications as the backbone of modern economies, the Workshop underscored the 
transformative potential of 6G in fostering global connectivity, addressing climate goals, and 
enabling disruptive innovations. 

2. Introductory Comments: Vision and Benefits of 6G
Opening Remarks

The event opened with a welcome by Professor Tariq S. Durrani and Professor Mallik 
Tatipamula, who set the stage by emphasizing the importance of international collaboration. 
They outlined two pivotal questions: how to align technological, policy, and funding roadmaps 
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and how to inspire open and scalable international solutions.  Sir Jim McDonald, Principal of 
the University of Strathclyde and President of the Royal Academy of Engineering, added that 
6G must prioritize sustainability, inclusivity, and cost-efficiency. 

Quote: “The convergence of industry, academia, and government—the triple helix—is pivotal 
for driving innovation in 6G” - Ms. Jacqueline Redmond. 

Vision for Scotland as a Digital Leader 

The Scottish Government's Minister for Employment and Investment, Tom Arthur MSP, 
highlighted Scotland’s ambition to become a leader in digital transformation. Investments in 
programs like the Scotland 5G Centre and initiatives for rural connectivity were presented as 
examples of proactive measures to enhance digital inclusivity and prepare for 6G. 

Quote: “Scotland’s legacy as a nation of makers, shapers, and doers makes it an ideal partner 
for advancing 6G technologies” - Tom Arthur. 

 
3. Specific Areas of Focus 
3.1 Technological Innovations 

The discussions underscored advancements in spectrum sharing, AI-enabled networks, and 
seamless integration of computing and communications. Mallik Tatipamula discussed the 
transition from 2G to 6G, emphasizing the convergence of distributed computing, 
communications, and control systems. 

Quote: “The future lies in distributed, autonomous networks where AI drives efficiency and 
scalability” - Mallik Tatipamula. 

3.2 Policy Frameworks and Standards 

The standards forum, moderated by Muriel Medard (MIT) and John Cioffi (Stanford), 
addressed the interplay between standards and technology. The need for harmonized spectrum 
policies and agile regulatory processes was highlighted. David Lister from Vodafone 
emphasized lowering annual licensing fees and improving planning frameworks to accelerate 
5G and 6G adoption. 

3.3 Sustainability and Scalability 

Presentations focused on 6G’s potential to support environmental goals. Discussions included: 

 Integrating renewable energy into communication networks. 
 Developing energy-efficient hardware and protocols. 
 Expanding the use of Open RAN to democratize technology. 

Quote: “Sustainability must be built into 6G from the outset to address climate challenges 
effectively” - Abhaya Sumanasena (UK Spectrum Policy Forum). 
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3.4 Use Cases and Applications 

The Industry Influencers Forum showcased practical applications, such as AR/VR innovations 
in fashion, precision agriculture, and immersive entertainment. The University of Strathclyde, 
University of Glasgow, and University of West of Scotland, University of Edinburgh and 
Scotland 5G Centre presented examples of 5G transforming industries like media, broadcast 
healthcare and manufacturing. 

Quote: “As we move towards 6G, the promise of ultra-reliable low-latency communication 
will enable innovations across sectors” - Professor Muhammad Ali Imran (University of 
Glasgow). 

Quote: “The true power of 6G lies in its ability to create an intelligent and interconnected 
ecosystem, where data-driven insights drive societal and economic transformation” - Professor 
Muhammad Ali Imran. 

Quote: “The integration of human-centric design into 6G systems will ensure technologies 
remain accessible and beneficial to all” - Dame Muffy Calder (University of Glasgow). 

 
4. Key Recommendations for the UK and Scotland 
4.1 Research Ecosystem Development 

Scotland’s established 5G ecosystem provides a strong foundation for future research. 
Collaboration between EPSRC, DSIT, and international institutions is recommended to foster 
cutting-edge research in 6G technologies. 

4.2 Enhancing Digital Inclusion 

The adoption of Open RAN and shared spectrum initiatives was advocated to democratize 
connectivity and address underserved regions. Programs tailored to SMEs were recommended 
to ensure equitable access. 

Quote: “Equity in access to next-generation technologies must be prioritized to ensure no 
community is left behind” - Prof Robert Stewart (University of Strathclyde). 

Quote: “Cost-efficient communication systems are critical to overcoming the digital divide, 
which is the mother of all other divides, including health, education, and employment” - 
Professor Muhammad Ali Imran. 

4.3 Agile Policy and Regulation 

Government support through simplified planning permissions, harmonized spectrum policies, 
and reduced licensing fees was identified as a key enabler of rapid deployment. 

 
5. Future Directions and Global Collaboration 
5.1 Building International Testbeds 
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The creation of a global innovation platform for testing interoperable solutions was discussed. 
Such platforms could unite testbeds across regions and facilitate large-scale trials. 

5.2 Strengthening Industry-Academia Partnerships 

Collaborative frameworks between academic institutions and industries were recommended to 
address complex challenges in 6G development. 

5.3 Long-Term Investments 

Sustained investments in research, infrastructure, and workforce development will be critical. 
The Workshop proposed: 

 Expanding funding for innovation hubs.
 Encouraging public-private partnerships.
 Supporting Open RAN and AI-driven solutions.

6. Summary of Comments and Reviews

The Inter-Academy International Workshop fostered an exchange of ideas among experts from 
diverse domains, providing critical insights into the future of 6G. Key highlights include: 

 Jacqueline Redmond: Stressed the importance of the "triple helix approach," where
collaboration between industry, academia, and government drives innovation and
ensures solid business cases. She emphasized the need for an integrated "network of
networks" that combines emerging and existing wireless and wired technologies for
sustainability and impact.

 Matthew Baker (NOKIA): Highlighted the challenge of narrowing the scope of 6G as
commercial realities take hold. He predicted that sub-THz bands, sub-ms latency, and
non-OFDM-based waveforms may not be central to 6G's launch but acknowledged the
workshop's role in broadening perspectives.

 Muriel Medard (MIT): Described the complex interplay between standards and
technology, noting the constraints and opportunities they create. She emphasized that
thoughtful coordination is vital for successful 6G development.

 Abhaya Sumanasena (UK SPF) and Ashutosh Dutta (IEEE): Advocated for
spectrum independence and advanced sharing strategies, emphasizing international
collaboration for harmonized standards.

 Rahim Tafazolli (University of Surrey): Praised the workshop for its candid and
focused discussions. He emphasized addressing societal challenges, including reducing
costs, closing the digital divide, and improving sustainability through intelligent
network operations.

 Guru Madhavan: Reinforced the necessity of global collaboration, stating that
harmonized policies and standards are key to advancing 6G.

 Industry Leaders: Provided valuable perspectives on spectrum sharing, economic
considerations, and the integration of terrestrial-satellite networks, further underscoring
the workshop's comprehensive approach.
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7. Strategic Recommendations for Scotland and the UK
Recommendations for Building Global Leadership in 6G

1. Invest in Research and Development
o Support structured programs focused on components, devices, systems, and

software that enable the 6G ecosystem.
o Prioritize funding for scalable and sustainable solutions to maintain a

competitive edge.
2. Enhance Collaboration

o Strengthen ties between academia, industry, and government to foster
innovation.

o Promote international collaborations with leading 6G research hubs to exchange
ideas and best practices.

3. Facilitate Innovation Ecosystems
o Establish regional innovation hubs focusing on 6G technologies, similar to the

existing 5G Innovation Region.
o Develop testbeds for interoperability, ensuring UK’s readiness for global

integration.
4. Embed Equity and Accessibility

o Ensure digital technologies are accessible to all, addressing the digital divide in
underserved regions.

o Provide targeted support for SMEs to adopt and contribute to 6G advancements.

8. Conclusion

The Inter-Academy International Workshop provided a roadmap for advancing 6G innovation. 
By aligning policies, fostering collaboration, and leveraging Scotland’s unique strengths, the 
UK can emerge as a global leader in next-generation communications. The outlined 
recommendations offer actionable strategies to achieve these goals, ensuring that 6G delivers 
economic growth, sustainability, and societal benefits. 

9. Recommendations for Building Global Leadership in 6G

Is this being repeated from the previous section?? 

1. Invest in Research and Development
o Support structured programs focused on components, devices, systems, and

software that enable the 6G ecosystem.
o Prioritize funding for scalable and sustainable solutions to maintain a

competitive edge.
2. Enhance Collaboration

o Strengthen ties between academia, industry, and government to foster
innovation.

o Promote international collaborations with leading 6G research hubs to exchange
ideas and best practices.

3. Facilitate Innovation Ecosystems
o Establish regional innovation hubs focusing on 6G technologies, similar to the

existing 5G Innovation Region.
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o Develop testbeds for interoperability, ensuring UK’s readiness for global 
integration. 

4. Embed Equity and Accessibility 
o Ensure digital technologies are accessible to all, addressing the digital divide in 

underserved regions. 
o Provide targeted support for SMEs to adopt and contribute to 6G advancements. 

Insights from Workshop Summary by Professor Rahim Tafazolli and Professor Guru 
Madhavan 

Quote: “To lead in 6G, the UK must create an innovation-driven ecosystem that prioritizes 
collaboration, sustainability, and inclusivity from the ground up” - Professor Rahim Tafazolli. 

Quote: “Global collaboration is not just an option but a necessity. A harmonized approach to 
standards, policies, and technologies will define the future of 6G” – Professor Guru 
Madhavan. 

These recommendations reflect the workshop’s vision for Scotland and the UK to become 
global leaders in 6G research and innovation, ensuring a future-ready digital ecosystem. 

10. Acknowledgments 

Professor Tariq S. Durrani extends heartfelt thanks to all those involved in the organization 
of this landmark event. The collaboration between the University of Strathclyde and the 
University of Glasgow was pivotal in making this international Workshop a success. Special 
appreciation goes to Professor Robert Stewart, Professor Muhammad Ali Imran, and their 
teams for their invaluable contributions. 

The leadership and support of Sir Jim McDonald, Principal of the University of Strathclyde, 
and Dame Muffy Calder, Vice-Principal and Head of the College of Science and Engineering 
at the University of Glasgow, were instrumental in bringing this event to fruition. Their vision 
and commitment to advancing global collaboration in 6G research and innovation set the stage 
for meaningful discussions and actionable outcomes. 

Support from the Scottish Government, Glasgow Marketing Bureau and the Universities of 
Glasgow and Strathclyde is also gratefully acknowledged, along with thanks for Mr Andrew 
Law for transcribing the meeting. 
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fhgZa�fghhmsgim\Yg]�vY\̀�mfmba�Ym�m]b�
Y]b_Z\iwu�m]b�Y\Z�fg]\iYs_\Yg]Z�\g�\̀a�
qiYfZZg]� s_ZY]aZZ� m]b� �igb_f\�
baxahg��a]\}�~a�̀ghbZ�m�nmZ\ai�gd�
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cm��_Z��\im\âYf�o]Y\Ym\YxaZ}��\�̄c��m]�
[Yâgu�̀a�̀mZ�̀ahb�\̀a�±mh\ai�¾}�Ïmsha�
c̀mYi�ZY]fa�̀a�°gY]ab�\̀a�fm��_Z�mZ�
a]̂Y]aaiY]̂�bam]�g]��a�\a�sai�²u���²½}�
~a�vmZ�ahaf\ab�\g�\̀a�jm\Yg]mh��fmba�w�
gd�q]̂Y]aaiY]̂�Y]����²}��iaxYg_Zhwu�
�YZm]g�Zaixab�g]�\̀a�̄c�tai�ahaw�dmf_h\w�

dgi�½��wamiZ�v̀aia�̀a�̀ahb�\̀a���j̄ c�c̀mYi�gd�naf̀m]Yfmh�
�wZ\a�Z�m]b�vmZ�fg�bYiaf\gi�gd�\̀a�tai�ahaw��a]Zgi�y��f\_m\gi�
ca]\ai}��Y]fa�²³Ð½u��YZm]g�̀mZ�̂imb_m\ab�gxai�����̀}[}�m]b��z�
n}�}�Z\_ba]\Z}��ig��²³³��\g�²³³³u��YZm]g�vmZ�m��iĝim��
�m]m̂ai�dgi�\̀a�nqn���iĝim��m\�[�p��}�~a�YZ�m�fg�Y]xa]\gi�
hYZ\ab�g]��gia�\̀m]�½|��m\a]\Z�Y]�nqn��m]b�̀mZ�fg�m_\̀giab�
�gia�\̀m]�́���mif̀Yxmh��_shYfm\Yg]Z}�
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LMNOPQRSRT� UMPPQV�WMSQXMYZPM� [\]̂�_̀abccde�fagabde�higgjk�lmfno���
� UMpQM�qZOrMR� sjtud̀v�wex̀ict̀ybtỳj�zjcjìb{�|àjbtd̀�}\�lm~o�
� �ZN�Q��Q�� h��_e�aejj̀ae��ie���yigbd����jggdû��yigbd���lmfno�
� �O�����QSO� [\]�_��ĵ�|_���[d��ytj̀c�lmfno�
� �Q�S�p��M�P� [\]�n�ỳj��ab̀dcdxt�lmfno�
U��OpMS�pRT� UM�NZR��p��Q��� _̀abccde�lfuj�jeo��
� U�NQR�M����R�� mea�j̀catk�dx�sdt̀j�|i�j�lmfno�
���������� ���¡¢����� ����£¤�����¥������££������¦��§��¦��¦� ̈  ̈��¤������©���ª«� ¥ ¦����¬ ��­®�£�̄�¥ ̈§������£�̄�«�ª¥���
¬ ��¦���������£¤���¢���¦�¦�§������£���������� ��¥��ª ¥¥�¡ ���� ��¡��°������£¤���¢©��ª�£�§����£�¦ ̄���§�����¦��ª���±

²̄��� ³́� ¢�����  ¬� ° �µ��¦����
��¥�ª §§¤��ª��� ��©�UMPPQV�WMSQXMYZPM�
«���§�£��µ�¢�ª ����¡¤�� ���� ��£̄��ª��¦�
���° �µ��������� �����£��££������¦��«��
£�¦���¥�£�̄�£������ ª���¢±�¶��·«��¬�
�̧ª«� ¥ ¦¢�²¬¬�ª������¹��ª�� ��º�¥�ª ��
»�¥¥�¢©�¼�¥¥�µ�¥��£��¹��ª�� �½���« ¤¦«��
¥��£���«�̈����¾®���£�­®���ª«� ¥ ¦���©�
¥��£��¦��¬¬ ����� �¡���¦�� ¦��«�����£¤���¢©�
�ª�£�§��©���£�¦ ̄���§������ ¤�£��«��
 ̈���¡�¥������ ¬�¬¤�¤���°���¥�����¢���§�±�

¿��«���«�¥£�¥��£���«�̈�̈ ���� ������À¾����° �µ�©�Á¤��̈���
���° �µ�©�·��ª ©�¼ � � ¥�©�Â ���¥©���£�ÃÃ̧�¼�£���±�¿���° �µ� ��
�������� ��� �� ¬�°���Äª�����ª�¾®����° �µ��¬ ��Ã�£¤���¢�́±Å�
�̈ ¥̈�ª��� ���«������¤¥��£����¥��£§��µ���� ̄��� ����¤ª«����
���° �µÄ�¥�ª��¦±�¶°��£����ª¥¤£��·̧ ²� ¬��«��Æ����¬� §�º�¥�ª ��
»�¥¥�¢�Ç¤�������Á ¤���¥���£�Ã¹̧�·«��¬�¹�¦������ ¬��«��Æ���±�¿��
�����¬�¥¥ °� ¬��«��È ¢�¥�¶ª�£�§¢� ¬�¹�¦�������¦©��«��È ¢�¥�
º ª���¢� ¬�¹£��¡¤�¦«���£��«��·���£����¶ª�£�§¢� ¬�
¹�¦�������¦±�

UMpQM�qZOrMR�¥��£���«��Â��° �µ��
Ã�¬�����¤ª�¤���È�����ª«�¤�������Ç̧ ½��
®� ¤̈½��È�����ª«���£�Â��° �µ�º�����¦¢�
��£�È�����ª«�£�̈���§���±�¿������§½��
§���� ������ �������ª«���£�£�̄�¥ ̈�
��ª«� ¥ ¦����� ���«��ª��Ç̧ ½�����° �µ�
��¬�����¤ª�¤�����£�ª ���ª��̄��¢����̄�ª��±�
¼�����«���° �µ�£����Ç̧ �®� ¤̈�¬ ��É́�
¢����©���£�«���̈¥�¢�£�§¤¥��̈¥��� ¥���
�ª� ���£���¦�©���ª«���ª�¤��©���ª«� ¥ ¦¢�
������¦¢���£�������ª«±�Ê¤���¦��«�����§�©�

�«��«���¡������̄ ¥̄�£�������¤§¡��� ¬�µ�¢������¬ �§��� ��¥�
�̈ ¦��§§�����£�̈� Ë�ª�����ª¥¤£��¦��¥¥ÄÃ�������¬ �§��� �©�
�̈�ª��¤§��ªÌ¤����� ����£�̈ ¥��¬ �§�̈ � ª¤��§�����ª��̄������
�§ �¦���§��¢� �«���±�º«��«����¥� �̈¥�¢�£���µ�¢�� ¥���������£��£��
��£���£¤���¢�¡ £���©���ª¥¤£��¦�¹̧ºÃ©�®º¼¶©�Í���¥����
Ç� �£¡��£�¶¥¥���ª����£��«��̧�¥�ª §�Ã�¬�����¤ª�¤����� Ë�ª��
�§ �¦��� �«���±�º«��«����¤�« ��£� ̄���³Å���̄���� �����¥���£�� �
��¥�ª §§���¢���§�©�°«�ª«�«�̄��¦�������£� ̄���ÎÅÅ�¦�����£�
�̈������� �¬��±�¼�����°����°��£�£��«��ÏÍ §������̧�¥�ª §�Ð�
¶°��£�¡¢��«��Ã�����¤��� ¬�̧�¥�ª §���� ¬���� ��¥�����ÉÅÎÑ±�

�ZN�Q��Q������»�ª�������£���� ¬�
¹�¦�������¦���£�Ò¤�¥ª §§�À�¥¥ °����
Ò¤�¥ª §§±�Á¤�¢��°�����µ�¢���̄��� �� ¬�
À¥��«Ä²ÀÊ¼©��«��¬�����ª §§��ª��¥¥¢�
£�̈¥ ¢�£� ²ÀÊ¼¶Ä¡���£� § ¡�¥��
¡� �£¡��£�°���¥����ª §§¤��ª��� ���
�¢���§±�¿��°�����ª Ä¬ ¤�£��� ¬�À¥��� ��
�̧ª«� ¥ ¦���©��������¤̈��ªÌ¤���£�¡¢�
Ò¤�¥ª §§����ÉÅÅ­±���� ��� ��«��©�«��°���
°��«�Ç�¥¥�Ó�¡��������ª«±�º��ª��Ë ����¦�
Ò¤�¥ª §§©�Á¤�¢��«����̈���«��£�£�

������ª«� �̈ Ë�ª���  �� ÊÉÊ� ª §§¤��ª��� ��©� »É»�
ª §§¤��ª��� ��©���£�§§Í�̄��ª §§¤��ª��� ��±�¿����ª��̄�£���
Ò¤�¥ª §§�Ã��¹Ôª�¥¥��ª��¶°��£����ÉÅÉÅ���£�ª¤�����¥¢�«��« ¥£��
§ ����«���É©ÅÅÅ�Õ±º±�¦�����£�̈������±�¿�������À�¥¥ °� ¬��«��Ã¹¹¹�
��£�ª Ä�¤�« ��£��«��¡  µ©�Ï²ÀÊ¼¶�¼ ¡�¥��Ç� �£¡��£�
· §§¤��ª��� ��©Ð�̈¤¡¥��«�£�¡¢�·�§¡��£¦��Õ��̄�����¢������±�

�O�����QSO�����«��·̧ ²�¬ ��¹£¦�����Ê�¥¥�
�̧ª«� ¥ ¦���±�Á�¬¬½��¥��£���«��������ª«�
��£�£�̄�¥ ̈§���� ¬�¹£¦����ª«� ¥ ¦����
¬ ��Ê�¥¥½��̈� £¤ª����£� ̈����� ��±�¿���
��ª«� ¥ ¦¢�¬ ª¤����� ���£¦���̈ ¥̈�ª��� ��
�Ô�ª¤�� �� ª«���ª����Ö��� �� ��£�
§���¦�§���©��£¦���ª«�£¤¥��¦×ª ��� ¥�
�¥¦ ���«§�£���¦�©��£¦��£����§���¦�§���©�
¶Ã×¼Ó��£¦�� ̈����� ��©�¶Ã×¼Ó�£��¬��
£���ª�� �� ��£� §���¦��� �©� �£¦��
���° �µ��¦� ̈��§�Ö��� �©���£��§��¦��¦�

§�ª«�������� ���¦�ª ��� ¥�¬ ��£�����¡¤��£�̈¥��¬ �§�±�¿��« ¥£��
ÎÅ�̈�����������«���������±�Á�¬¬�«����¥� �«�¥£����� ��� ¥���������¥¢Ä
���¦������¬�ª��¥�����¥¥�¦��ª�×§�ª«�������� ���¦Ä¡���£�� ¡ ��ª�
�̈ ª�����¤� §��� ����ª«� ¥ ¦¢�̈� ̄�£�����£����̄�£����·̧ ²� ¬�
¹¥�¬�����®� ¤̈©�������� �̈«���ª�°���¥����ª §§¤��ª��� ���
¥̈��¬ �§±�¿���¥� �«�¥£����� ��̈ ���� ������¿�°¥������ªµ��£�
¹����̈����©�¹��ª�� ����£�¶¥ª���¥ÄÓ¤ª����°«����«��¥�£�
��ª«� ¥ ¦¢���������̄��©�� ¥¤�� ���£�̄�¥ ̈§���©�¡¤�������
£�̄�¥ ̈§������£����̄�ª���£�¥�̄��¢±���� ��Á�¬¬�° �µ�£����
·��¦¤¥���Í���¥������£�Ç�¥¥º ¤�«������ª«� ¥ ¦¢���£� ̈����� ���
� ¥��±�

�Q�S�p��M�P��������ª«��ª�¥�¬�¥¥ °���£�
ª«��¬���ª«� ¥ ¦¢� ¬¬�ª������¼�ª� � ¬�½��
������¦�ª�§���� �����£���ª«� ¥ ¦����
£�̄��� �±����̄� ¤�¥¢©�«��°����«��¬ ¤�£��¦�
£���ª� �� ¬��«�����° �µ��¦�������ª«�¦� ¤̈�
��£�«�����̄�£� ���«��¥��£���«�̈����§� ¬�
¼�ª� � ¬��È�����ª«±�¿������«�� ��¦���¥�ª Ä
��̄��� �� ¬��£¦��ª §̈ ¤���¦���£��«��
��ª«���ª�� ¬��«��������¦¢��«���¥�£�� ��«��
ª����� �� ¬�¼�ª� � ¬�½��¶Ö¤���¬ ��
²̈���� ���¡¤������±�Ê�±�Ç�«¥�«���

£�¥�̄���£��¤§�� ¤��¬ ¤�£��� ��¥���ª«� ¥ ¦����� �¶Ö¤��©�ØÇ²Ø�
��£�Í��£ °�±�¿��«���̈¤¡¥��«�£� ̄���Î́Å�̈�̈����°��«� ̄���
Ñ¾©ÅÅÅ�ª����� ��©�«������«���¤�« �×ª Ä�¤�« �� ¬�ÉÅÅÙ�̈������©���£�
¬ ��¤��Ì¤��������ª«�«�����ª��̄�£�¬ ¤��¥�¬���§���ª«��̄�§����
�°��£�±�¿�������À�¥¥ °� ¬�¶·¼©�Ã¹¹¹©���£�¶¶¶º±�

ÚpÛ�UM�NZR��p��Q��½��¡� ��̈ �̈���� ��̈�¦��Ü±�

U�NQR�M����R��������� ¬��� �� ¬�
¹¥�ª���ª�¥�¹�¦�������¦�����«��Õ��̄�����¢�
 ¬�Â ����Ê�§����£���§�§¡��� ¬��«��Â ����
Ê�§��Í���¥����Ã�����¤��±�º«������¥� ��«��
� ¥�ª¢�²¤����ª«�Ê���ª� ��¬ ��º̈�ª��¤§Ø©�
�«��¬�����ÂºÀ�·������¬ ��º̈�ª��¤§�
Ã�� ̄��� ����£��«��ª Äª«���� ¬��«��À··½��
�̧ª«� ¥ ¦�ª�¥� ¶£̄�� �¢� · ¤�ª�¥�
Í �µ��¦�®� ¤̈� ��¶£̄��ª�£�º̈�ª��¤§�
º«����¦±�¿���������ª«��������������������Ô��
¦������� ��°���¥�����¢���§�Ý�ª�¥¥¤¥��©�Í�Ä

À����£�Ã ̧©�°��«�����§̈ «����� ���̈�ª��¤§��«����¦���£�
ª �Ô�����ª�±���� ��� �Ë ����¦��«��Õ��̄�����¢� ¬�Â ����Ê�§�����
ÉÅÉÉ©��«��°����«��·«��¬�̧�ª«� ¥ ¦¢�²¬¬�ª�������«��À··©���
�� ¦��§�Ê���ª� ������«��ÂºÀ©�È�����ª«��� ¬��� ������«��
Õ��̄�����¢� ¬�·«�ª�¦ ���£��̈����É́�¢����������£¤���¢�������ª«����
Ç�¥¥�Ó�¡�©��«�¥�̈��È�����ª«���£�Ã����£�¦���¥�° �µ��¦� ��°���¥����
�¢���§�±�º«�� ¡�����£�«���Ç±̧�ª«�¬� §�ÃÃ̧�Þ«���¦̈¤�����ÎßÜ­�
��£��«±Ê±�¬� §�Õº·����ÎßßÎ±�º«��������Ã¹¹¹�À�¥¥ °±�
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NOPQRSTUTV� WOXSY�ZSRRST�� [\]̂_�̀a\bcd]\�e]\�f_bcd\̂g�hijhk�lmno��
� pqrQsU�tUQuOsU� mvawb\xady�]e�fd\zd{c|y}b�lmno�
� ~qPST�O���qT�� mvawb\xady�]e��]d\b�̀zgb�lmf�o��i]\gb\�j�h�ijj�
� ~Os��ZOYYQRR�� �bz}���̀ ��v�avbb\����j���̀ �lmno�
� WOXSY��STUQs� �[��bxbz\c{��bz}��]}ze]vb�[\]̂_�lmno�

�
�Y��SQYQ�OPP��s� fbva]\�����v�avbb\av��zv}��̂z|c]gg�ib||]���

�̂z|c]gg��bc{v]|]�abx���vc�lmf�o�
~qYQsOUqsTV� �r�O�O�t��OPOTQPO� mn�f_bcd\̂g��]|acy�i]\̂g�lmno�
� �T��UqT��W�UUO�� �]{vx��]_�avx�mvawb\xady�lmf�o�
����� ¡¢¢£¤��¤¥¦��£¢¡§�̈©�ª«¡�¬­� ®¡̄ª¥°±�²¤³£̄©�́¤¥°±�µ ²́¶·�ª«¡�®��¡³£¢ª¢�̧£³³�̄¤�¢£§¡¥�ª«¡�¢®¡̄ª¥°±�¥¡¹°£¥¡±¡�ª¢�
¤º�»¼���§�̄¤�¢£§¡¥�¢¤±¡�¤º�ª«¡�º°ª°¥¡�®¤³£̄£¡¢���§�º¥�±¡̧¤¥½¢�ª«�ª�̄¤°³§�¢°®®¤¥ª�ª«¡��¡¡§¢�¤º�ª«£¢��¡¾ª�¦¡�¡¥�ª£¤�¿��
À³ª«¤°¦«�»¼�̧£³³�°¢¡�±��©�¤º�ª«¡�«£¦«¡¥�̈��§¢�£�̄³°§£�¦�±±Á�Â¡·���§�ÃÄÅ���§�Æ£́£·�ª«¡�³¤̧���§�±£§�̈��§¢�µº¥¤±�
ÇÈÉÊÄÅ�ª¤�»¼ÄÅ¶�̧£³³��³¢¤�¥¡±�£��¡¢¢¡�ª£�³�º¤¥�̧£§¡��¥¡��̄¤Â¡¥�¦¡�£��³£̄¡�¢¡§���§�°�³£̄¡�¢¡§�̈��§¢¿��́°¥ª«¡¥�ª«¡�
¡Â¤³°ª£¤����§�¦¥¤̧ª«�¤º�¢«�¥¡§�¢®¡̄ª¥°±�¢ª¥�ª¡¦£¡¢�̧£³³�̈¥£�¦��¡̧�¤®®¤¥ª°�£ª£¡¢���§�¤®®¤¥ª°�£ª£¡¢�º¤¥�£�ª¡¥��ª£¤��³�
¤̄³³�̈¤¥�ª£¤�¿�

WOXSY�ZSRRST��¢�¤Â¡¥�ËÉ�©¡�¥¢�¤º�
¡¾®¡¥£¡�̄¡�£��ª«¡�ª¡³¡̄¤±�£�§°¢ª¥©�
¤̧¥½£�¦�£��̈¤ª«�ª«¡�®¥£Â�ª¡���§�®°̈³£̄�
¢¡̄ª¤¥¢�£����Â�¥£¡ª©�¤º�¡¾¡̄°ª£Â¡���§�
ª¡̄«�£̄�³�³¡�§¡¥¢«£®�®¤¢£ª£¤�¢·�±¤¢ª�
¥¡̄¡�ª³©��¢�¼¥¤°®�Ì£¥¡̄ª¤¥� ®¡̄ª¥°±��ª�
Íº̄¤±·�²¥¡¢£§¡�ª�¤º�ª«¡�Î¤±±°�£̄�ª£¤�¢�
Ï¡¢¡�¥̄«�Î¡�ª¥¡�µÎ���§�¶·���§� ¡�£¤¥�
Ì£¥¡̄ª¤¥�º¤¥� ®¡̄ª¥°±�Ð�¦£�¡¡¥£�¦��ª�
���¤Â�ª£¤��  ̄£¡�̄¡���§� Ð̄¤�¤±£̄�

Ì¡Â¡³¤®±¡�ª�µÎ���§�¶¿��²¥£¤¥�ª¤�ª«�ª�Ì�Â£§�«¡³§�¢£¦�£º£̄��ª�
®¥¤§°̄ª�³¡�§¡¥¢«£®�¥¤³¡¢�£��Ñ³�̄½Ñ¡¥¥©Ò¢�«��§¢¡ª�̈°¢£�¡¢¢���§�
Ó¤¥ª¡³Ò¢�Í®ª£̄�³���§�Ó¡ª̧¤¥½�Ê���¦¡±¡�ª�̈°¢£�¡¢¢�°�£ª¢¿��

Ôqr�tUQuOsU�£¢���²¥¤º¡¢¢¤¥��ª�ª«¡�
¬�£Â¡¥¢£ª©�¤º� ª¥�ª«̄³©§¡�£��ª«¡�Ì¡®ª�¤º�
Ð³¡̄ª¥¤�£̄�Ð�¦·�̧ «¡¥¡�«¡�³¡�§¢�ª«¡�
Õ ª¥�ª« ÌÏÒ�ª¡�±�̧¤¥½£�¦�¤��¢¤ºª̧�¥¡�
§¡º£�¡§�¥�§£¤�µ ÌÏ¶���§��¡¾ª�¦¡�¡¥�ª£¤��
¥�§£¤��̄ ¡̄¢¢��¡ª̧¤¥½¢�°¢£�¦�¢«�¥¡§�
¢®¡̄ª¥°±��̄ ¡̄¢¢¿��Ñ¤̈�£¢��³¢¤���§£¥¡̄ª¤¥�¤º�
ª«¡�¬�£Â¡¥¢£ª©�¢ª�¥ª°®� ÌÏ�̄¤±®��©�
Ó¡°ª¥�³�Á£¥¡³¡¢¢�Æª§�̧¤¥½£�¦�¤�� ÌÏ�
¡��̈³¡§�®¥£Â�ª¡�È¼��¡ª̧¤¥½�¢¤³°ª£¤�¢�£����
�°±̈ ¡¥�̄¤°�ª¥£¡¢�º¤¥�̈¥¤�§̄�¢ª�°¢¡�̄�¢¡¢¿���
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~Os��ZOYYQRR�£¢�̄°¥¥¡�ª³©���Æ¡�§�
Ð�¦£�¡¡¥��ª�ÑÑÎ�ÏÖÌ�¢®¡̄£�³£¢£�¦�£��
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Â£¢£¤����§�¢ª¥�ª¡¦©·���§�«¡�̄¤Ü³¡�§¢�
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²¤³£̄©���§�Ï¡¦°³�ª£¤���ª�Ï¡�³�Á£¥¡³¡¢¢·���
±¡±̈ ¡¥�¤º�ª«¡�Íº̄¤±� ®¡̄ª¥°±�
À§Â£¢¤¥©�Ñ¤�¥§�µÍ ÀÑ¶���§�Î«�£¥±���
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� �o�UO��nOt�oo�S� lZgyd��_cc\y\�{_g|_g�jklm�
��� � ¡  �¢£�¤�¥¥�¦¢§̈ �¢£�©�¡�ª¢«¬­«®�©¢�̄°��£�©�¡�±�¡¤�¢¦��£¬̈ ©ª²�¡³®¡ª© ́�«£¬�¦ª¢­�©�¡�®¡ª ®¡§©�±¡�¢¦�¬�¦¦¡ª¡£©�
§¢££¡§©�±�©²� ¢¥̈©�¢£ �µ «©¡¥¥�©¡́�¶¢�́��£¬¢¢ª́�¢̈©¬¢¢ª́�¦�³¡¬́�«£¬�­¢·�¥¡�¤�ª¡¥¡  ̧�« �¤¡¥¥�« �¬�¦¦¡ª¡£©� ¡ª±�§¡ ¹���¡�®«£¡¥�
¤�¥¥�¬¡¥±¡��£©¢�¢®®¢ª©̈£�©�¡ �¦¢ª�º¥¢·«¥�ª¡«§���£�¡­¡ªº�£º�«®®¥�§«©�¢£ ́�©�¡�ª¢¥¡�»¶�¤¢̈¥¬�®¥«²��£�©�¡�ª¢«¬­«®�©¢�̄°́�«£¬�
�¢¤�̄°�§¢̈¥¬�§«©«¥² ¡�©�¡�»¶�ª¡±¢¥̈©�¢£́�«­¢£º�¢©�¡ª�©¢®�§ ¹

NuorQTTou�WQP�XRRQP�� �¼�ª¡§©¢ª�¢¦�
½¢­­̈ £�§«©�¢£�¾² ©¡­ �¿£º�£¡¡ª�£º�
¤�©��¿̈©¡¥ «©ÀÁ£¡Â¡·�«£¬�Ã� �©�£º�
Äª¢¦¡  ¢ª�«©�©�¡�Å£�±¡ª �©²�¢¦�¾̈ªª¡²¹�Æ� �
§«ª¡¡ª� �« � ¦¢§̈  ¡¬� ¢£�
©¡¥¡§¢­­̈ £�§«©�¢£ � ÇÈ¼́�  ®«££�£º�
«§«¬¡­�«�«£¬��£¬̈ ©ª²́��£§¥̈¬�£º�« �«�
Ç¢²«¥�¾¢§�¡©²�¶£¬̈ ©ª²�É¡¥¥¢¤�¤�©��©�¡�
Å£�±¡ª �©²�¢¦�Á³¦¢ª¬�«£¬�Ê¡©¤¢ªË�Ç«�¥¹�
Æ¡��« �¥¡¬�£̈­¡ª¢̈ �ÇÈ¼�«§©�±�©�¡ �

ª¡¥«©�£º�©¢�§¢­­̈ £�§«©�¢£ �¡£º�£¡¡ª�£º́� ¡±¡ª«¥�¢¦�¤��§��
¡³��·�©¡¬� ©«©¡À¢¦À©�¡À«ª©�«¬±«£§¡ ¹�Á±¡ª�©�¡�²¡«ª ��¡��« �
®̈·¥� �¡¬�£̈­¡ª¢̈ �®«®¡ª ́� ¡±¡ª«¥�·¢¢Ë �«£¬�¦�¥¡¬� ¡±¡ª«¥�
®«©¡£© �ª¡¥«©�£º�©¢�©¡¥¡§¢­­̈ £�§«©�¢£ �ª¡ ¡«ª§��¬¡±¡¥¢®­¡£© ¹�
Æ¡�� �«�½�«ª©¡ª¡¬�¿£º�£¡¡ª́�É¡¥¥¢¤�¢¦�©�¡�¶£ ©�©̈©�¢£�¢¦�
¿£º�£¡¡ª�£º�È��¡§�£¢¥¢º²́�¶£ ©�©̈©¡�¢¦��¡¥¡§¢­­̈ £�§«©�¢£ �
Äª¢¦¡  �¢£«¥ ́�«£¬�©�¡�Æ�º�¡ª�¿¬̈§«©�¢£�»§«¬¡­²¹��

Æ� �§̈ªª¡£©�ª¡ ®¢£ �·�¥�©�¡ ��£§¥̈¬¡�«�ª��£©¡ª¦«§¡�¬¡¦�£�©�¢£�¦¢ª�
ÌÊ¡³©°¡£Í�«£¬�©¡§�£�§«¥�¥¡«¬�¦¢ª�©�¡�ÅÎÀ¾®«§¡�»º¡£§²�Ï�
¿̈ª¢®¡«£�¾®«§¡�»º¡£§²�ÐÑ°À®�¥�¢©Ò�®ª¢Ó¡§©�§�«ªº¡¬�¤�©��
¬¡­¢£ ©ª«©�£º�·«§ËÀ�«̈¥�£º�¢¦�«�Ñ°�©¡ªª¡ ©ª�«¥�­¢·�¥¡�£¡©¤¢ªË�
¢±¡ª�©�¡�¿̈©¡¥ «©ÀÁ£¡Â¡·�Ô¿Á� ² ©¡­¹�

�oTtS�O�q��O�O�S�O�� �«�®ª¢¦¡  ¢ª�«£¬�
©�¡�¬�ª¡§©¢ª�¢¦�¼¡®«ª©­¡£©�¢¦�Õ�¢­¡¬�§«¥�
¶£¦¢ª­«©�§ ́�¶£ ©�©̈©¡�¢¦�Õ�¢­«©¡ª�«¥ �«£¬�
Õ�¢¡£º�£¡¡ª�£º́��¢Ë²¢�Ö¡¬�§«¥�«£¬�
¼¡£©«¥�Å£�±¡ª �©²́��Ö¼Å¹��Ö¼Å�¤�¥¥�
­¡ªº¡� ¤�©�� �¢Ë²¢� ¶£ ©�©̈©¡� ¢¦�
�¡§�£¢¥¢º²�«£¬� ©«ª©�«�£¡¤�̈£�±¡ª �©²́�
¶£ ©�©̈©¡�¢¦�¾§�¡£§¡��¢Ë²¢́�Á§©¢·¡ª�×Ø×Ù¹�
Æ¡�ª¡§¡�±¡¬��� �Ä�¼�¦ª¢­�Á «Ë«�
Å£�±¡ª �©²��£�ÚÛÛÜ�«£¬�¤¢ªË¡¬�¦¢ª�

Ö�© ̈·� ���¿¥¡§©ª�§�½¢ª®¢ª«©�¢£¹�Æ¡�¤« �©�¡£�«£�«  � ©«£©�
®ª¢¦¡  ¢ª�«©�Á «Ë«�Å£�±¡ª �©²�Ö¡¬�§«¥�¾§�¢¢¥�¦ª¢­�×ØØǾ�«£¬�
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