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1 POSTER SUMMARY

As cloud computing systems grow in complexity and scale, opti-
mizing resource allocation while maintaining reliability becomes
increasingly critical. The paper introduces the Compute System
Simulator, a Python-based tool designed to model and analyze how
HPC workloads are launched, managed, and interrupted within
cloud clusters. It simulates the interaction between allocation poli-
cies and hardware failures, offering insights into system utilization
and workload delays.

The simulator operates on a modular framework, allowing re-
searchers and engineers to test emerging allocation strategies under
realistic failure conditions. It models a cloud cluster as a hierarchi-
cal tree structure—such as clusters composed of racks, nodes, and
GPUs—where each tier is uniformly defined. This flexible architec-
ture supports simulation of current and future systems, including
large-scale deployments. At its core, the simulator uses discrete
time steps to evolve the system state. Each hardware component is
initialized with a failure time sampled from a Weibull distribution,
which realistically models aging and reliability degradation. When
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a failure occurs, affected VMs are interrupted and reallocated based
on the defined policy. The simulator supports three allocation types:
Single (flexible placement), Whole (dedicated resources), and Whole
Adjacent (performance-optimized placement). These policies can
be applied at any tier of the system hierarchy. The simulator also
tracks key diagnostics such as GPU utilization, workload inter-
ruption frequency, and effective runtime increases due to failures.
These metrics are crucial for both cloud providers and users—idle
GPUs represent cost inefficiencies, while job delays impact user
productivity and budget.

To demonstrate its capabilities, the paper presents a detailed
case study using Microsoft Azure’s GB200 NVL72 cluster. This
cutting-edge infrastructure features racks with 18 nodes, each con-
taining four Blackwell GPUs and two Grace CPUs, interconnected
via NVLink for high bandwidth and low latency. The study simu-
lates workloads requesting either 72 or 68 GPUs, with and without
hardware failures, over a two-year period.

Results show that in ideal conditions, GPU utilization matches
expectations (100% for 72 GPUs, 94% for 68 GPUs). However, when
failures are introduced, utilization drops significantly—down to 69%
for 72 GPUs and 89% for 68 GPUs. More importantly, the runtime
of workloads increases due to interruptions and reallocation delays.
For 72-GPU jobs, the average runtime extension is 32 hours (19%
increase), while 68-GPU jobs see only a 6-hour increase (4%). These
findings highlight the trade-off between maximizing resource usage
and maintaining resilience.

Further simulations explore the impact of varying mean time to
failure (MTTF), mean time to repair (MTTR), and workload size. A
sweep of 270 simulations reveals that optimal GPU utilization does
not always occur at full rack allocations. Instead, smaller workloads
often yield better performance under realistic failure conditions.
These results underscore the importance of flexible workload sizing
and checkpointing strategies.

The Compute System Simulator provides a powerful platform
for analyzing the interplay between resource allocation and hard-
ware reliability in cloud environments. It enables data-driven deci-
sions for infrastructure design, workload management, and main-
tenance strategies. By simulating realistic scenarios, it helps cloud
providers and users balance performance, cost, and resilience in
high-performance computing systems.
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