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Applications of convex optimization
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Industries

• control 

• quantitative finance

• machine learning

• signal processing

• robotics

• civil

• energy

• ……
2

Power electronics

Finite-element model

Optimal power flow

Accelerator control Robotics

Quantitative finance



Outline
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• Supported features

• Interior point method with homogeneous embedding

• GPU implementation for Clarabel
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Problem formulation in Clarabel solver

• Zero cone

• Nonnegative cone

• Second-order cone

• Positive semidefinite cone

• Exponential cone

• Power cone
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Quadratic programming

Zero cone
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Quadratic programming

Nonnegative cone
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Conic programming

Conic form

• Second-order cone

• Positive semidefinite cone

• Exponential cone

• Power cone
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Second order cone programming (SOCP)

Second-order cone

2-norm
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Semidefinite programming (SDP)

Positive semidefinite cone

Eigenvalue problems
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Exponential cone programming

Exponential cone

Exponentials

Entropy
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Power cone programming

Power cone

Polynomials

p-norm



Outline
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• Supported features

• Interior point method with homogeneous embedding

• GPU implementation for Clarabel



Problem formulation
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Optimality: KKT condition

Primal problem Dual problem



Homogeneous self-dual embedding (HSDE) [1]
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Add scaling terms 𝜏, 𝜅

Primal problem Dual problem

[1] Yinyu Ye, Michael J. Todd, and Shinji Mizuno. An O(√nL)-iteration homogeneous and self-dual linear programming 

algorithm. Mathematics of Operations Research, 19(1):53–67, 1994.



HSDE for infeasibility detection
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HSDE for infeasibility detection
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Extension for quadratic cost [2]
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Primal problem Dual problem

Add scaling terms 𝜏, 𝜅:

[2] Erling D. Andersen and Yinyu Ye. On a homogeneous algorithm for the monotone complementarity problem.

Mathematical Programming, 84(2):375–399, 1999.



Homogeneous embedding for infeasibility detection
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Practical benefit for quadratic costs
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ECOS (quadratic cost to SOC) Clarabel (quadratic cost)

• Direct LDL solve for step direction calculation (with homogeneous embedding)
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Practical benefit for quadratic costs
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ECOS (quadratic cost to SOC) Clarabel (quadratic cost)

• Direct LDL solve for step direction calculation (with homogeneous embedding)
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• Limited to QP, SOCP, SDP [3]

[3] Akiko Yoshise. Interior point trajectories and a homogeneous model for nonlinear complementarity

problems over symmetric cones. SIAM Journal on Optimization, 17(4):1129–1153, 2007.



Maros-Meszaros: (QP)
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NETLIB (LP)
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SDPLIB
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• Chordal 
decomposition with 
clique merging [4]

[4] Michael Garstka, Mark Cannon, and Paul Goulart. COSMO: A conic operator splitting method for convex conic 

problems. Journal of Optimization Theory and Applications, 190(3):779–810, 2021.



Start with Clarabel
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• Julia&Rust 0.11.0

• Python, C/C++, R wrappers

• Arbitrary precision (Julia)

• Default from cvxpy 1.5

https://oxfordcontrol.github.io/ClarabelDocs/stable/

• Industrial use: 
control, finance, energy, civil……

https://oxfordcontrol.github.io/ClarabelDocs/stable/


Outline
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• Supported features

• Interior point method with homogeneous embedding

• GPU implementation for Clarabel



When the dimensionality scales up…
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Serial Parallel



Classes of operations
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Basic parallel operations
• Add, multiplication…

• Sum, min/max…

Cone-wise kernel operations
• Update scaling matrices

• Step size computation

• Compute r.h.s. of the KKT system

• …

Operations related to linear systems (cuDSS [5,6])
• KKT matrix factorization

• Linear system solves

Clarabel: A conic interior point solver with GPU acceleration

[5] https://docs.nvidia.com/cuda/cudss/index.html

[6] https://github.com/exanauts/CUDSS.jl

https://docs.nvidia.com/cuda/cudss/index.html
https://github.com/exanauts/CUDSS.jl


Data structure
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Basic parallel operations
• Add, multiplication…

• Sum, min/max…

Cone-wise kernel operations
• Update Hessian

• Step size computation

• Compute r.h.s. of the KKT system

• …

Operations related to linear systems (cuDSS)
• KKT matrix factorization

• Linear system solves
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Stream-wise parallelism
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Dynamic parallelism for SOCP
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Uncertainty in dimension 𝑛

Barrier:



Dynamic parallelism for SOCP
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Simple parallelism (1-layer) Dynamic parallelism (2-layers)

Thread i:

Barrier:
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Batched SDP

Cone related Matrix factorizations

• Cholesky

• SVD

Supported batched operations

• cuSolver (limited to the same dimensionality <=32)



Hardwares

34

• CPU
• Intel (R) Xeon (R) w9-3475X

• 72 cores, 4.8GHz, 256GB DDR5

• GPU
• NVIDIA GeForce RTX 4090

• 1.29 TFLOPS (FP64), 24GB GDDR6X
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SOCP relaxation for OPF
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• Pglib-opf
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Multi-stages portfolio optimization
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Multi-stages portfolio optimization
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Setup time: 4.70s,   ≈65%

Gain more for parametric programming!

T = 30: nnz(P)=225000,  nnz(A) = 5398830
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Multi-stages portfolio optimization (SOCP)
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Exponential programming (entropy optimization)
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SDP-constrained FEM
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SDP_9263 classes: 74008 sdp cones
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How to use it in Julia
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• Julia
• Default input 

• JuMP

Clarabel: A conic interior point solver with GPU acceleration



Python use
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• Python
• juliacall
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Python use
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• Python
• juliacall

• cvxpy (CuClarabel)
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What’s next
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• Warm-starting

• Efficient data loading

• More powerful SDP support on GPU

Clarabel: A conic interior point solver with GPU acceleration
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Thank you

Clarabel [6] CuClarabel [7]

Clarabel: A conic interior point solver with GPU acceleration

[6] Paul Goulart and Yuwen Chen. Clarabel: An interior-point solver for conic programs with quadratic objectives. arXiv, 2024

[7] Yuwen Chen and Danny Tse and Parth Nobel and Paul Goulart and Stephen Boyd. CuClarabel: GPU Acceleration for a 

Conic Optimization Solver. arXiv, 2024
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