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EMT Initiative - WG3: Solvers Working Group

Scope & Objectives

Advance solver technologies and architectures for electromagnetic transient (EMT) simulation to address
slowness of simulations and limited scalability of such simulations, with emphasis on near real-time studies of
large-scale power grids comprising tens of millions of nodes and millions of inverters.

Research Focus

1. Structure-aware solvers to optimize solve

DAE properties-based optimization of integration
CPU, GPU, and multi-node parallelism
Approximate solves

Multi-timestep solves
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Al-based methods
Impact

Speedup; Automation; Parallelism; Extensibility; Scalability; Intelligence
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The heart of EMT solution: Matrix solve

4 EMT DAEs
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Mx = f(x,u,t)
0=g(xut)

Discretization

Non-linear equations

0=f1(x,u,t)
0=g(xut)

Linearization

Linear system of \
equations
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discrete
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No. of Inverse Required = EMT
needs these at every time

step, 1s simulation with step
of Tps is 1 million inverses

Can we use properties of the power system
to solve this matrix efficiently — reducing

time for linear solve?



Matrix Structure based on the network topology

Structure in Matrices

BD Matrix
Power system
topology results in Ay 0 0 X, b,
different matrix
0 A5, 0 X, —_ b,
[ General Sparse Matrix ] pattern
0 0 As; X3 b,
A X b
BBD Matrix
A]j A12 A13 X, b)

point uf
measurement
(POM)

- Intelligence Block \
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BTD Matrix NBBD Matrix

* Block Diagonal (BD)

* Bordered Block Diagonal (BBD)

* Nested Bordered Block Diagonal (NBBD)
* Block Tri Diagonal (BTD)
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Structure-aware runtime path for EMT sparse linear systems
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Model & Data Input Matrix Assembly
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Proposed Matrix Detection and Reordering Framework

Detection

Matrix screening
GNN detection

Output:
matrix-type label

Reordering
BD: RCM path
BBD: METIS path

Block Extraction
& Load Balancing

* Extract

blocks and

B o GNN path = border size

Solver Initialization EMT Time-Stepping

Outputs

* Permutation
vector
* Block

Output: * Balance structure info
permutation interior block » Solver path
vector workload selection
|
Invoked only when the matrix
sparsity pattern changes
one-time structural preprocessing
Repeat next timestep <

Input Files Assemble Sparse
(.raw, .dyr, .dss, System Matrix
xml, L) P
l mp and RHS
Network Topology& vector b
Component Models
Simulation
Settings
F
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Initialize
Selected Solver

* BD solver path

* BBD solver
path

*» Default sparse
solver path

BTD solver
path

Time-Stepping
Loop
*Solve Ax=Db

* Update states
* Record outputs
* Handle events

using selected solver path
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