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Introduction
The Personal Career Development Plan (PCDP) describes both near and long term objectives of the fellow, to reflect on their progress, plan their future development, and take actions to realize their plans. The document must be completed and updated every 12 month by the fellow and his/her advisor. It will be monitored yearly by the Educational Committee who will also provide the feedback assessment results of the training programme on the occasion of the yearly meeting. Major deviations from the plan should be reported to the Educational Committee. 

1 Individual Research Plan
1.1 Host Institution

Sorbonne Université, Paris

1.2 PhD Advisor(s)

Mohab Safey El Din, Jérémy Berthomieu

1.3 PhD Thesis Supervisor Committee (if applicable)

1.4 Short overall project description

Title: Exact algorithms for structured polynomial optimisation.

Goals: Polynomial optimisation problems (POP) are difficult because they are non-convex and non-linear, while algebraic. In this context, non-linearity implies that its solution is a real algebraic number. This algebraic nature combined with the non-convexity of the geometry of the problem may cause severe reliability issues for numerical algorithms handling  POP. The goal of this project is to develop dedicated computer algebra methods to bypass the curse of numerical instability by relying on the algebraic nature of the problem. Hence, one targets to design efficient algorithms for computing exact (algebraic) representations of solutions to POP. The core difficulty is then to handle the intrinsic exponential complexity of these problems by e.g. exploiting structural properties present in POP and their applications. 

1.5 First secondment 

UNIFI: 02/2021 - 04/2021

1.6 Second secondment 


IBM: 02/2022 - 03/2022                                    

2 Research Outputs, Dissemination and Mobility
2.1 Research results

Computing exact representations of solutions to POP requires identifying a univariate monic polynomial of minimal degree which vanishes at these solutions. 
When the solution to a POP is attained, this is not so complicated. Major difficulties arise in POP for which one does not already have information on the solution and in particular when it is not attained. We have understood a geometric characterisation of solutions to POP which already allows us to identify such polynomials. This relies on the notion of generalised critical values combined with algorithms for the existential theory of the reals. 
Further research is expected on algorithms for computing these sets (and finally exact representations of solutions to POP).
2.2 Research publications

At the moment, there are no submitted publications.
2.3 Dissemination and networking

Since the PhD started in October, I have not presented any result in a conference or a workshop. However, I have participated in the first POEMA network meeting which was held in Florence (Italy), 15th to 17th January. 
Next month, my advisors and I will receive the Tromso node of the network (Norway) and we are expected to work on exact algorithms for solving POP invariant under the action of finite groups, hence mixing the expertise of both nodes. 
In March, I will attend the second POEMA network event which includes one learning week and one workshop in Konstanz (Germany). 
Also, my advisors are confident that I will get my first results early enough to send a poster to the International Symposium on Symbolic and Algebraic Computation which is the premier conference in computer algebra. They expect me to attend this conference (Greece, July 2020) as well as the conference in Application of Computer Algebra (Greece, July 2020).
2.4 Software, Data, other

At the moment, there are no shared software or data.

3 Personal Training Plan
3.1 Scientific training courses

I attended the course taught by my advisor M. Safey El Din at Sorbonne Université on Polynomial System Solving with Algebraic Methods  during October/November 2019. This course is complemented with another one, taught by J.-Ch Faugère at MPRI during December 2019, on Polynomial System Solving using more advanced algorithms for computing Gröbner bases (a fundamental object to solve polynomial systems). Both courses correspond to 6 ECTS. There was no assessment. 
There are no scientific courses to attend in the next period as the courses depend on the advanced master programs and these programs send students to internships during the second semester.
3.2 Complementary training courses

I have had weekly meetings with my advisors discussing not only our research and scientific topics but also for software training. In this time I have received training in Maple for the purpose of implementing computer algebra algorithms.

3.3 Professional skill development

I have taken 25 hours of French language class provided by Sorbonne Universite and in the next period I will study for another 60 hours, at a more advanced level, again provided by the university.

4 Personal Career Development
4.1 Plan for the next period

In the next period, my advisors and I agree that the research is expected to lead on to the design and implementation of algorithms for computing the aforementioned sets of asymptotic critical values, and hence the exact (algebraic) solutions to POP, under some regularity conditions. Towards the end of the next period we expect to generalise our techniques to remove some assumptions of regularity.

Further, in the interest of training I will implement some of the fundamental, efficient algorithms in computer algebra, thereby giving myself the required  preparation to improve on the state-of-the-art algorithms for exact solvers of POP. 

4.2 Career objectives (Postdoctoral project, …)

My immediate goals are to obtain my first results, develop my research and programming skills and to build my academic network through international collaboration.

Career Development Plan
Andrew Ferguson


