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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 University, Paris, France

1.2 PhD Advisor(s)
Mohab Safey El Din, Sorbonne University, Paris

Victor Magron, LAAS, Toulouse

1.3 PhD Thesis Supervisor Committee (if applicable)
1.4 Short overall project description
Title: Exact certificates of positivity for polynomial optimization

This PhD project is in between computer algebra, real algebraic geometry, real algebra, and polynomial optimization. A popular strategy to prove lower bounds on polynomial optimization problems is to write non-negative polynomials as sums-of-squares. One issue is that not all non-negative polynomials are sums-of-squares. A maybe more important problem is that there are non-negative polynomials which are sums of squares of polynomials with real coefficients but not sums of squares with rational coefficients. This is a lock for computing exact certificates of non-negativity.
This PhD project is based on the following idea. One can add constraints to our initial polynomial optimization problem without modifying the solution of the problem we have at hand. This allows us to reduce the dimension of the space we are considering. Algebraically, this will allow us to reduce the number of variables. In favourable cases, we expect to reduce our problems to univariate ones for which non-negative polynomials with rational coefficients are always sums of squares of polynomials with rational coefficients. 
We will develop this strategy, take into account the structures that appear in applications and implement the algorithms we will obtain.
1.5 First secondment 
University of Konstanz: 
from 02/2021 to 04/2021

1.6 Second secondment 
   
RTE France: 


from 02/2022 to 04/2022  

2 Research Outputs, Dissemination and Mobility
2.1 Research results
We got a new result on the existence of some sums-of-squares decompositions of  polynomials with rational coefficients modulo the gradient ideals. We are starting to write a research article on this result and implement the obtained algorithm.
2.2 Research publications
Based on the result, we are discussing on the first draft. There are no submitted or published manuscripts at the moment. The PhD started on January 1st 2020.
2.3 Dissemination and networking
I am going to attend the 1st POEMA learning week and 2nd POEMA workshop at the University of Konstanz, from 23/3/2020 to 3/4/2020. I will attend the summer school “Topics in real algebraic geometry” from 22/6/2020 to 26/6/2020 at the Sophus Lie Conference Center, Nordfjordeid, Norway. 
2.4 Software, Data, other
There are no software at the moment.
3 Personal Training Plan
3.1 Scientific training courses
I have not attended any scientific courses because my PhD programme started in January 2020. In the near future, I will take courses on Computer Algebra and Polynomial  Optimization.
3.2 Complementary training courses
I have attended the weekly reading seminar on Faugere’s Algorithm organized by Professor Mohab Safey El Din at LIP6, Sorbonne University, from February 2020.
3.3 Professional skill development
I am learning Maple software to implement some algorithms in my research. I will attend some French courses and advanced English courses at Sorbonne University in next semesters.

4 Personal Career Development
4.1 Plan for the next period
· Apply results on sums-of-squares decompositions to study unconstrained and constrained polynomial optimization problems. 

· Study polynomial optimization problems with some algebraic structure such as sparsity, weighted/multi-homogeneity and invariance by the action of a finite group.
· Study sparse polynomial optimization problems and "sparse" variant Polya's theorem and its consequences in polynomial optimization.
4.2 Career objectives (Postdoctoral project, …)
· Write research articles that will be submitted to the top conferences/journals   
· Design algorithms and implement a software package which is usable by the scientific community.
· Write and defend successfully my PhD thesis.
· Apply a post-doctoral position on polynomial optimization, computer algebra  and/or real  algebraic geometry.

Career Development Plan
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