
DAG partitioning: multi-constraint task DAG 
partitioning using METIS[1] enables capability-aware 
workload distribution


Objective to minimize overall cut weight, results 
in lower communication overhead and data 
movement


Edge weights model data movement, vertex 
weights model task metadata, target weights 
model node capacity


METIS accounts for differing capabilities between 
nodes, ensuring maximum total device utilization 
and minimal makespan


Highly customizable constraints
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 Abstract  Results
There is a growing need for the efficient solution of many small eigenvalue problems 
(up to N = 1500) that arise in emerging scientific applications. These small-to-medium 
sized problems present unique computational challenges, particularly when 
thousands or millions of such problems must be solved repeatedly. This work presents 
Orchid, a novel distributed, heterogeneous, batched eigenvalue solver based on the 
IRIS runtime. Orchid can utilize all compute platforms in both heterogeneous nodes 
and clusters by harnessing the capabilities of the IRIS architecture. Orchid leverages 
heterogeneous architectures across multiple nodes by partitioning the application 
task DAG intelligently and orchestrates multiple instances of the IRIS runtime via 
MPI. We evaluate our proposal against two heterogeneous hardware configurations 
and Frontier, demonstrating Orchid’s performance utilizing both intra-node and inter-
node heterogeneity.
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MatRIS [2] is a performance portable math library for 
IRIS


Sits on top of IRIS, provides a collection of key BLAS/
LAPACK routines (GETRF, POTRF, TRSM, GEMM, etc)


Unified interface for invoking vendor specific and open 
source kernels


Provides core features for extending MatRIS to include 
additional algorithms (i.e. eigenvalue solvers)

IRIS [3] provides a task-based programming 
model and runtime environment for 
extremely heterogeneous systems


Supports heterogeneous execution against 
all major compute platforms, including 
CUDA, HIP, OpenCL, and OpenMP


Provides automated data movement and 
DAG creation/fusion


Address two challenges for extending IRIS to support a 
distributed eigenvalue solver: multi-node orchestration and 
task DAG partitioning.


MPI-based Global Coordinator: Supports running one IRIS 
runtime per node


Handles overall control flow of distributed execution - 
instantiating all runtimes, distributing workload 
between nodes, collecting/aggregating results


Rank 0 handles initial task DAG construction and 
partitions DAG according to node capabilities

M atRIS Integration: productive implementation of a 
heterogeneous batched eigenvalue solver


Implementation unifies calls to vendor specific libraries


We provide two kernels: a CUDA and HIP kernel, 
enabling compatibility with IRIS


IRIS dynamic hardware discovery automates kernel 
selection, enabling tasks to be sent to multiple 
heterogeneous devices


Kernels build task graphs and handle vendor specific 
streams, integrate 1D tiling - enables distributed 
execution

Ex amine cases with small batch size, but large matrices and large batch 
size, but small matrices


Orchid provides competitive performance to vendor solvers, while 
providing significant performance gains on heterogeneous nodes


EigenG-Batched provides scalability in multi-GPU scenarios


Orchid provides a portable and heterogeneous batched eigenvalue solver 
built on the IRIS runtime. Orchid is capable of operating on top of intra-
node and inter-node environments while retaining its portability and a 
productive programming model


Move towards enabling batched symmetric eigenvalue solvers to 
leverage exascale computing resources


Next steps: Extending IRIS memory model across nodes, adding UCX-
based communication backend to allow for cross-node device-to-device 
communication, performing runtime optimizations
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Hardware Configuration A: Intra-node 
heterogeneity


One node of 1x AMD CPU and 1x RTX 3090 + 
1x Radeon RX 6900XT


Hardware Configuration B: NVIDIA GPUs


One node of 2x AMD CPU and 2x H100 NVL


Hardware Configuration C: AMD GPUs


One node of 4x MI300A (CPU + GPU)

Experiment purpose: Evaluate solver against multiple 
architectures and compare performance to reference 
vendor solvers 


Hardware Configuration A: batch sizes 4096, 8192 
and matrix sizes 64, 256


Hardware Configuration B/C: batch sizes 4096, 
65536 and matrix sizes 64, 512

Goals
We focus on developing a productive, portable, and heterogeneous framework 

for a batched eigenvalue solver


Productive: Batched eigenvalue solver is practical and simple to apply to scientific 
applications. Provided through IRIS/MatRIS programming model - “code once, run 
anywhere”.


Portable: Solver can be performantly executed on a diverse set of compute 
platforms. EigenG-Batched[4] backend provides competitive performance than 
cuSolver while supporting execution on both NVIDIA and AMD GPUs. 


Heterogeneous: Solver concurrently executes on heterogeneous, distributed 
architectures, fully utilizing all compute resources. IRIS runtime system provides 
intra-node heterogeneity, our proposal provides features for distributed 
execution.

Traditional Job 
Schedulers


