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Abstract
HPC/AI workloads process large amounts of data and perform
complex operations on the data at exascale rates, for time-critical
insights/results. Distributed workloads are often bottlenecked by
communication when storage systems are used to co-ordinate and
share results. Storage solutions supporting effective, scalable paral-
lel access from compute clusters are critical to HPC architectures.
Caching data on storage servers and/or clients are known tech-
niques used by storage systems to ameliorate the communication
costs. Current server-side caching methodologies are constrained
by amount of memory and network bandwidth on the fixed and
finite server nodes. Furthermore, most client-side caches are node-
local, meaning the cached data is accessible solely by the node on
which the data is stored.

Distributed Asynchronous Object Storage (DAOS) [8, 13, 14] is a
high-performance exascale storage stack recently acquired by HPE.
Global client-side caching for DAOS is an attractive proposition due
to higher aggregate client-side resources (e.g., DRAM and network
bandwidth) that can scale independent of the number of server
nodes. In addition to providing faster data access, a client-side
cache should also be efficient as it consumes expensive resources

This work is licensed under a Creative Commons Attribution 4.0 International License.
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and requires an efficient caching framework with its associated
policies. In this paper, we cover the details of realizing efficient
shared client-side caching for DAOS.

CCS Concepts
• Computing methodologies→ Global client-side caching;
File systems, Object Stores; • Information systems→ DAOS.
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1 Problem Statement
Emerging HPC and AI workloads demand the ability to efficiently
handle massive volumes of data at the petabyte scale. File system
access costs impact the performance of these workloads signifi-
cantly, especially distributed ones that rely on centralized storage
to share results between processes running on different nodes. To
address these costs, file systems employ caching mechanisms in
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faster storage. Some solutions provide server-side caching, while
others extend capabilities to include client-side caching [2, 16, 31].
However, server-side caches are limited by the DRAM and network
bandwidth available to the file-server nodes. Similarly, most client-
side caches are node-local, meaning they store data only in the local
SSDs or DRAM of the node where the file system client is running.
Caches are typically designed to optimize specific use cases: appli-
cation caches improve the performance of individual applications,
file caches enhance file system access, and object caches accelerate
object stores like Key-Value Stores. This siloed approach results
in fragmented resource allocation across applications, file systems,
and object stores, particularly in clusters running heterogeneous
workloads with diverse storage and data access requirements. Ad-
ditionally, most caches rely on a faster tier than the backing store
but lack compatibility with multi-tiered memory architectures.

Advances in memory technologies such as HBM (High Band-
width Memory) [9], SCM (Storage Class Memory) [15], NVMe (Non-
Volatile Memory Express) [11], and interconnect technologies like
CXL (Compute Express Link) [6] have introduced multiple tiers
of memory and storage, each with distinct performance and cost
trade-offs. GPU memory and GPU-based data access have further
added to the complexity, creating yet another silo. As heterogeneous
compute environments with accelerators and GPUs become the
standard, traditional CPU-centric caching mechanisms are increas-
ingly inadequate. Developing solutions tailored to specific compute,
memory tiers, file systems and interconnect configurations often
require frequent modifications as technologies evolve.

2 Approach
Efficient and advanced storage solutions are critical for enabling
HPC and emerging AI workloads by providing the necessary in-
frastructure to store, manage, and access large datasets effectively.
High-performance storage and scalability are key to ensuring that
these target applications perform optimally and scale seamlessly.
As the number of compute nodes in an HPC system grows, the
aggregate resources (e.g., DRAM and network bandwidth) available
through client-side caching also increase. This makes sharing client-
side cache contents across nodes highly appealing, especially when
combined with an efficient RDMA-based access framework, robust
data placement algorithms, and effective caching policies. We are
actively developing a shared client-side cache to front distributed
storage systems. Our initial prototype focuses on DAOS [8, 13, 14],
a next-generation HPC storage solution recently acquired by HPE.

Enhancing DAOS with a client-side global cache enables the
cache to scale independently of the number of DAOS servers. This
allows DAOS clients to leverage the memory and network band-
width of compute nodes, reducing data access from central storage
(DAOS servers) and minimizing communication and coordination
overheads in distributed applications.

Additionally, our shared client-side global cache tackles chal-
lenges that are unique to modern HPC and AI workloads, including:

• Supporting parallel applications that rely on RDMA for effi-
cient data movement.

• Managing caching and data transfers between CPU and GPU
memory.

• Sharing cached data across parallel computing frameworks.

To address these challenges, we draw insights from other efforts
in the field [19, 28, 31, 34], ensuring that our solution is robust,
scalable, and capable of meeting the demands of heterogeneous and
distributed computing environments.

Our goal is to allow applications to exploit memory and local
SSDs across multiple nodes to cache and share data efficiently. This
is architecturally illustrated in Figure 1 where both compute nodes
and dedicated memory server nodes can contribute memory to the
cache. The memory contributions can come from various sources,
including DRAM, local NVMe SSDs, and GPU memory. Each mem-
ory type forms a distinct tier within the cache. A distributed cache
manager consolidates per-node resources into a unified cache, main-
tains awareness of the capacities and access latencies associated
with each tier, and manages multiple tiers of the cache by imple-
menting cache policies and data placement algorithms. Data is
cached locally to the nodes where there is a higher probability
of it being accessed, whenever possible, to enable efficient access
patterns. This cache can also be shared across applications running
in a cluster. DAOS operations in the applications are intercepted
and cached as required in the client-side cache.

3 Solution
Long-term persistent storage in our solution is provided by a high-
performance, resilient, parallel distributed file system or object
store such as DAOS, which offers scalability, high bandwidth, low
latency, and high I/O operations per second (IOPS). DAOS is an
open-source object store designed for next-generation workflows
that integrate HPC, big data, and AI, enabling efficient data ex-
change and communication while optimizing performance and cost
[13, 14].

Our solution augments DAOS with a globally distributed in-
memory cache as shown in Figure 2. This cache is designed to
improve application performance by leveraging DRAM and local
SSDs to reduce latency and increase bandwidth, even when high-
performance flash-based storage is available. Augmenting parallel
file systems with a client-side global cache allows the cache to
scale independent of the number of storage servers and will allow
application clients to take advantage of the memory and network
bandwidth associated with compute nodes. This aims at minimizing
communication and coordination overheads in distributed applica-
tions.

The caching tier is designed to be transparent to applications,
enabling unmodified applications using static frameworks like MPI
[12] or SHMEM [21] to benefit from the cache simply by using
the cache libraries to access the file system. The caching tier opti-
mizes data movement using well-known caching strategies. Cache
eviction policies can be controlled by the user, as can data prefetch-
ing and data location, enabling more effective management than
hardware shared-memory caching algorithms. This is achieved by
leveraging the rich metadata maintained by software.

Instead of treating all data as residing solely in storage and
viewing data in compute nodes as being temporarily “owned” by
the local node, we propose a holistic approach that considers data
as existing at varying distances from any compute node within a
tiered architecture. Data can reside in the DRAM of compute nodes,
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Figure 1: Overview of the caching solution

be copied into local storage attached to a specific node, or exist
across multiple tiers of storage, such as SSDs or HDDs.

Rather than assuming data as statically located in one place, we
adopt the perspective that data locality is dynamic. At any given
time, based on usage patterns, data flowswithin the cluster to the ac-
cess tier that best meets performance and availability requirements.
Additionally, since the data locality can be queried, frameworks can
schedule compute tasks closer to the data, thereby reducing data
access latencies and improving overall efficiency.

The global distributed cache (referred to as the cache in the doc-
ument for brevity) is at the core of the architecture. The cache is
designed to hold the working datasets of multiple concurrently
executing applications in memory. Frameworks and applications
can use an API to access and manipulate the content of the cache.
The cache also includes space on local SSDs connected to compute
nodes as a spillover area in case the cache runs out of DRAM space.
SSDs offer a good balance between the high-speed, limited-capacity
DRAM, and the larger-capacity parallel distributed persistent stor-
age tier provided by DAOS or Lustre [1]. By taking advantage of
the fast parallel read and write speeds of SSDs, frequently accessed
data can be stored and retrieved more quickly, reducing latency and
enhancing overall computational throughput, but at a significantly
lower per-byte cost when compared to the more expensive DRAM.

The cache manager shown in Figure 2 is linked with the applica-
tion plays a pivotal role inmanagingmetadata across the distributed
cache. By providing detailed data locality information, it enables
frameworks, such as schedulers, to effectively align computation
with data partitions. This capablity ensures data affinity, optimizing
performance by reducing data movement and improving access
efficiency in distributed environments. Additionally, the cache man-
ager facilitates data movement between DRAM and SSDs based
on user-provided hints or operator-defined policies, ensuring effi-
cient utilization of resources and optimal performance for diverse
workloads.

A portion of the compute nodes’ DRAM, memory nodes’ DRAM,
and optionally other memory types such as HBM, is allocated to
form a globally distributed cache. This cache transparently sup-
ports RDMA-based high-speed data movement within and across
applications, enabling low-latency access. When DRAM capacity

is exceeded, the cache seamlessly spills data to locally connected
SSDs, reducing overall DRAM requirements while maintaining per-
formance. Additionally, the cache manager dynamically relocates
data within the caching layer to optimize proximity to computation,
leveraging user-defined hints or operator-defined policies to ensure
efficient and cost-effective operation.

4 Key Components of the Cache System
The caching system is built to deliver efficient, scalable, and con-
sistent data access in distributed environments. At its core is the
cache manager, which orchestrates cache operations, enforces poli-
cies, and manages metadata to ensure optimal performance. The
system also incorporates an RDMA-based Data Access Framework,
enabling high-speed, low-latency data movement across nodes, crit-
ical for distributed workloads. Furthermore, the caching system
provides a comprehensive API and Configuration Interface, allow-
ing seamless integration with applications, file systems, and object
stores, while offering the flexibility to adapt to diverse workload
requirements. The following sub-sections delve into the details of
these components.

4.1 Cache Manager
The cache manager plays a central role in coordinating cache capac-
ity and usage across different nodes and memory/storage tiers. It
monitors cache usage, handles configuration changes, and dynami-
cally adjusts cache capacity to optimize performance and resource
utilization.
Multi-Tier Cache Management. A cache manager is present on
every node and is responsible for managing multiple tiers of the
cache. It enacts caching policies and data placement algorithms to
ensure that data is cached locally to the nodes where it is accessed,
whenever possible, for efficient access. By dynamically managing
data placement, the cache manager optimizes resource utilization
and minimizes data access latencies. The cache manager employs
various mechanisms to access data across different storage and
memory tiers:

• CPU Memory: It uses RDMA to access data remote mem-
ory and will leverage OpenFAM [24–27] for efficient data
transfers between nodes.
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Figure 2: Components of the global cache

• GPUMemory: It uses RDMA to access data in GPUmemory
and will leverage GPUDirect [34] capabilities, when avail-
able, for efficient data transfers between GPU memory and
the cache.

• SSDs/Flash Storage: The cache manager uses operating
system or file system interfaces to access data stored in SSDs
or flash storage.

• Distributed File Systems/Object Stores: The cache man-
ager integrates with distributed file system or object store
APIs to access data stored in these systems.

The cache system implements advanced data migration strate-
gies to move data between different memory and storage tiers.
These strategies are based on access patterns and performance
requirements, ensuring that frequently accessed data resides in
faster memory tiers while less critical data is moved to slower,
cost-effective storage.
Data Consistency and Correctness. The cache manager provides
a robust framework for ensuring data consistency and correctness.
This allows the cache to function according to the expected seman-
tics of the underlying object store or file system. The cache manager
enforces data consistency through mechanisms such as dirty bit
tracking, cache invalidations, and metadata updates. The cache
manager provides invalidation mechanisms that can be tailored to
application requirements or the underlying storage system. The
cache manager offers multiple configurable invalidation mecha-
nisms to ensure data consistency:

• Automatic Invalidation: The cache manager will include
the capability to automatically invalidate cached data when
it receives notifications of changes in the underlying storage.

• Time-to-Live (TTL) Policy: Cached data can be invalidated
based on a TTL policy, ensuring that stale data is periodically
refreshed.

When configured as an application cache, all data accesses are
routed through the cache manager, which is directly linked to the
application. This setup allows for per-application access control
and eliminates the need for invalidation, as the cache manager
has complete control over data access. However, when configured
as a file system cache, the underlying data may change due to
external accesses outside the application or cache manager. In such
cases, invalidation mechanisms are necessary to maintain data
consistency. This ensures that the cache operates according to the
expected semantics of the object store or file system, providing
efficient, consistent, and reliable data access in heterogeneous and
distributed environments.
Flexible and Configurable Eviction Policies The cache manager
is designed to support a wide range of flexible and configurable
eviction policies, ranging from basic approaches like LRU (Least
Recently Used) and FIFO (First In First Out) to advanced strategies
such as ARC (Adaptive Replacement Cache) [17]. Additionally, the
system is built to accommodate the integration of new policies in
the future. Applications can specify the desired caching policy by
leveraging configuration parameters or API calls provided by the
cache manager.

This adaptability enables the cache manager to cater to diverse
application requirements and seamlessly integrate with various
underlying storage systems. By offering configurable caching poli-
cies and invalidation mechanisms, the cache manager establishes
a robust framework for optimizing performance while ensuring
data consistency and integrity across heterogeneous environments.
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This flexibility is critical for maintaining efficient and reliable data
access in dynamic and distributed computing scenarios.

4.2 RDMA-Based Framework and Protocol
A unified RDMA-based [20] framework and protocol is employed
for data sharing, offering minimal overhead while being dynamic,
scalable, and adaptable to heterogeneous environments. To enable
HPC workloads to access remote memory, HPE has developed the
OpenFAM API [3, 25, 26], which provides a programming interface
for building applications that leverage large-scale disaggregated
memory. The OpenFAM API offers memory management and light-
weight data operations, modelled after OpenSHMEM, and includes
a reference implementation that supports both scale-up machines
and scale-out clusters. Our cache integrates and adapts the Open-
FAM software for use within the caching layer. OpenFAM memory
servers, residing on compute nodes, facilitate access to memory
within the cache. OpenFAM implements high-speed data movement
over RDMA networks, including Ethernet, Slingshot, and Infini-
Band, while managing memory on individual nodes. OpenFAM
framework has a memory manager that operates on each node,
managing the memory contributions to the global cache. It sup-
ports essential operations such as memory mapping, allocation, and
the release of cache segments, in response to the requests from the
client which is the cache manager. The cache extends OpenFAM by
overlaying advanced caching algorithms to optimize performance
and enable efficient data sharing in heterogeneous environments
comprising both CPUs and GPUs.

4.3 API and Configuration
The cache manager provides a comprehensive set of APIs to man-
age a distributed caching system. These APIs enable efficient data
access, caching, and management across multiple nodes and mem-
ory/storage tiers. Below are some of the example APIs provided by
the cache manager:
Object Management

• cm_open_object: Opens an object in the cache, retrieves its
metadata, and initializes an object handle for subsequent
operations.

• cm_close_object: Closes an object, releases associated re-
sources, and updates the cache state.

• cm_delete_object: Deletes an object from the cache and persis-
tent storage, ensuring all associated metadata and resources
are cleaned up.

Data Access

• cm_read: Reads data from the cache or underlying storage
into a user-provided buffer. It dynamically fetches data from
the appropriate tier (e.g., DRAM, SSD, or persistent storage)
based on availability and access patterns.

• cm_write: Writes data to the cache, updating the appropriate
memory tier and metadata. It ensures data consistency and
handles segment-level updates.

• cm_preserve: Flushes dirty data from the cache to persistent
storage, ensuring data durability and consistency.

Metadata and Locality

• cm_get_cache_config: Retrieves the cache configuration, in-
cluding eviction policies, invalidation mechanisms, segment
size and other parameters.

• cm_get_locality: Provides information about the location of
data segments within the cache, enabling applications to
optimize data access by co-locating computation with data.

• cm_set_cache_config: Sets the cache configuration parame-
ters such as eviction policies, invalidation mechanisms, seg-
ment size and others.

Directory Management

• cm_mkdir : Creates a directory in the persistent storage layer.
• cm_rmdir : Removes a directory from the persistent storage
layer.

Most of these APIs are accessible to frameworks utilizing the
cache, such as a runtime system or a file system client component
such as DAOS File System (DFS) in the case of DAOS, when the
cache is employed as a client-side filesystem cache. However, cer-
tain APIs, such as those for configuring the cache (e.g., selecting
caching policies), are explicitly designed to be user-visible. Overall,
the cache manager APIs provide a robust framework for manag-
ing a distributed, multi-tiered cache, enabling efficient data access,
consistency, and scalability in heterogeneous HPC and AI environ-
ments.

5 Evaluation
We present three distinct evaluations in the following subsections.
First, we present prior evaluation results of the performance of
OpenFAM RDMA operations [25–27]. Second, we present a prelim-
inary evaluation of the cache’s performance when used with the
PageRank application.

5.1 OpenFAM RDMA Throughput and Latency
Numbers

Since OpenFAM serves as the underlying substrate for data transfer
and writing to the global cache, we begin by providing its cur-
rent throughput and latency performance for basic get and put
operations. All performance results presented in this section were
obtained on a cluster that consists of compute nodes and memory
nodes connected over HPE SlingShot interconnect with 25 GB/s link
bandwidth. Both the compute and memory nodes have 2 sockets,
each with 64 AMD EPYC 7763 cores. The compute nodes have 1
TB memory and the Fabric Attached Memory (FAM) nodes have 4
TB memory each. The nodes are configured with SLES 15 SP4 and
OpenFAM 3.1.

For these measurements, a single Processing Element (PE) is con-
figured on a compute node and a single memory server is configured
on the memory node. Tests are conducted for both blocking and
non-blocking get and put operations for different data sizes. The
time taken per call is averaged over 10,000 iterations and used to cal-
culate throughput. Figure 3(a) and Figure 3(b) show the throughput
obtained for blocking get and put calls respectively as a function of
message size for different numbers of threads.

We observe that for blocking calls, the implementation can reach
close to link bandwidth at 2 MiB message size with one thread, and
at 16 KiB message size with 8 threads.
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(a) fam get blocking (b) fam put blocking

Figure 3: Performance of OpenFAM blocking operations

(a) fam get non-blocking (b) fam put non-blocking

Figure 4: Performance of OpenFAM non-blocking operations

Figure 4(a) and Figure 4(b) show the throughput obtained with
non-blocking get and put calls for different message sizes as the
number of threads are varied between 1 to 8. As expected, non-
blocking performance is better than blocking performance. The
implementation can saturate the network at 16 KiB message size
with a single thread, and can achieve close to link bandwidth with
4 KiB messages with 8 threads.

Figure 5: Average latency of OpenFAM operations

Finally, Figure 5 shows the round-trip latency for OpenFAM
blocking get and put calls for short messages (8 bytes - 256 bytes)
as the number memory servers is varied. In all cases, the latency is
less than 5 microseconds, and is constant as the number of memory
servers is varied.

From the perspective of the DAOS client, enabling the client-
side cache allows DAOS operations to access cached data either
locally or remotely in DRAM. This access involves an OpenFAM
RDMA get/put operation, as detailed in the latency results above,
along with some additional overhead from metadata and few other
operations managed by the Cache Manager.

5.2 Preliminary Evaluation of the Cache with
PageRank

To demonstrate the potential gains and feasibility of the cache, we
have used PageRank [32] as an example application. We demon-
strate the benefits of locality-aware scheduling and a client-side
cache for the PageRank application. The baseline code used for the
demonstration and comparison has no client cache, and the data (in-
put matrix rows) is fetched from remote memory on every iteration
of PageRank computation. In the locality aware scheduling version,
we have the data read from remote memory on the very first itera-
tion and cached in client buffers (worker buffers) and re-used on
subsequent iterations. The locality aware version also schedules the
tasks to the same worker that executed a task in the first iteration
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to take complete benefit of the client cache/buffers. Note that in this
experiment the input matrix remains the same across iterations,
but the vector changes on every iteration. The matrix size is 16M
x 16M and the complete input matrix is pre-loaded to the Global
Distributed Cache (FAM - used as proxy). The baseline version is
compared with the locality-aware scheduling version for the time
taken to complete a given number of iterations. Both versions are
run with 16 workers, and 4 memory servers. Each worker runs on
a node with two-socket AMD EPYC 7763 64-Core Processor and
1 TiB DRAM, which contributes to the client cache. The remote
cache is emulated using 4 OpenFAMmemory servers equipped with
two-socket AMD EPYC 7763 64-Core Processor and 4 TiB DRAM.
The nodes are connected over the Slingshot interconnect and the
remote cache is accessed from the worker through OpenFAM APIs
[8], used as proxy for cache APIs.

Figure 6: Demonstration of PageRank with locality-aware
scheduling and client cache

As shown in Figure 6, the baseline version and the version op-
timized to take advantage of the client cache take about the same
amount of time with the first iteration as both versions are reading
data from the remote memory, but we begin to see advantage start-
ing with 2 iterations and with 8 iterations the optimized version
is about 7 times better than the baseline version with our prelimi-
nary tests. There is an opportunity to fine tune the locality-aware
PageRank versions to incorporate variations to the amount data
that can fit in the client cache.

6 Current Status
We are developing a prototype on a 52-node Slingshot-based HPC
cluster, incorporating CPUs and extending the cache to support data
access from GPUs. As part of this effort, we are building a runtime
system that leverages the data locality information provided by
the cache manager to optimally schedule workloads across the
cluster. Currently, we have a functional model of the cache manager
along with detailed design specifications. We are collaborating
closely with the HPE DAOS team to enable a client-side global
cache for DAOS and to evaluate the performance benefits of this
addition. Standard DAOS benchmarks will be used to assess these
performance improvements.

While our initial focus is on integrating the cache with DAOS, we
envision that the cache could eventually support other file systems,
such as Lustre, which is also deployed on our cluster.

7 Future Work
This cache is designed to be shared across applications running on
nodes within the cluster. It can function as an application cache,
allowing data processed by one application to remain in the cache
for use by other applications, thereby improving efficiency and
reducing redundant data movement. Additionally, the cache can
be configured to operate as a file system or object store cache with
minimal modifications. It is designed to be compatible with various
file systems, such as the DAOS or the Lustre file system, enabling
seamless integration into diverse storage environments. This flex-
ibility allows the cache to serve as a unified resource, enhancing
performance and scalability for applications running across the
cluster. This cache can be shared across applications running in a
cluster.

The next planned step involves implementing the required fea-
tures to ensure the cache operates seamlessly across its various
modes, adapting to the selected configuration. The cache is de-
signed to be long-living and shared among multiple applications
and workloads. The global cache must support dynamic increases
and decreases in capacity. This is essential because the cache will
be used by various applications with differing and dynamically
changing compute, memory, and storage requirements. Also, nodes
can be added or removed due to dynamic resource allocation [2] to
existing or new applications on the cluster. The cache must adapt
to these changes to avoid stranded resources and ensure efficient
utilization. The ability to dynamically adjust global cache capacity
is planned for future implementation. Some of the additional future
evaluation items include enabling direct access to local cache con-
tent and implementing configurable invalidation mechanisms and
efficient GPU integration and support.

8 Related Work
The general problem of shared client-side multi-level caches is well-
understood within the context of distributed file systems [5, 7]. As
early as 1992, Blaze noted that the key to scaling a distributed file
system lies in its ability to protect the underlying file system from
client activity, and that shared client-side caches are an effective
mechanism for enabling scalability [5].

Modern HPC systems feature complex, potentially heteroge-
neous, memory and storage hierarchies, as well as an accompa-
nying rich variety of data movement mechanisms. For example,
a number of efforts consider the use of shared burst buffers or
fast data tiers that leverage client-side resources to provide high-
performance client-side storage to absorb transient (“bursty”) I/O
patterns [10, 30].

Client-side caching for file systems and object stores is a well-
established technique in storage systems. For example, the Lustre
file system supports client-side caching [22], where each client uses
its own SSD as a local cache and can cache read-only data across
multiple clients. Similarly, in-memory client-side caches, such as
the Redis in-memory cache [23] and the NFS client-side cache [8, 9],
are node-local and provide caching capabilities within individual
nodes.

Efficient eviction policies are essential in caching systems, as
static strategies like LRU, LFU, and FIFO often fail to accommo-
date the diverse access patterns of modern applications [17]. This
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mismatch can lead to sub-optimal performance due to excessive
cache misses and inefficient resource usage. To overcome these
limitations, Cachelib introduces a pluggable eviction framework
that allows users to configure eviction policies based on workload
characteristics [4]. This flexibility stands in contrast to traditional
caching systems, which rely on fixed policies. However, Cachelib is
primarily designed for local node caching, limiting its applicability
for large-scale distributed environments.

Our cache, however, is distinct in several ways. It is shared,
global, and multi-tiered, offering a unified caching layer that can
be queried for data locality. This feature enables frameworks to
build efficient scheduling algorithms by co-locating computation
with data. More importantly, our shared cache is designed to allow
direct access to the portion of the cache that resides locally on a
node, enhancing performance and reducing data access latencies.
Multilevel caching introduces well-known challenges, such as main-
taining data consistency, managing data movement, and avoiding
or handling duplicate copies of data. Our approach is informed
by prior work on multilevel filesystem caching [2, 16, 18, 31, 33],
which provides valuable insights into addressing these challenges.

Additionally, our shared client-side global cache is designed to
tackle challenges unique to modern HPC and AI workloads. These
include supporting parallel applications that rely on RDMA for effi-
cient data movement, managing caching and data transfers between
CPU and GPU memory, and enabling the sharing of cached data
across parallel computing frameworks. To address these challenges,
we draw on insights from other efforts in the field [19, 28, 29, 31, 34].

9 Summary
The proposed caching solution offers global multi-tiered caching,
supporting a range of memory and storage technologies, including
HBM, SCM, NVMe, and traditional DRAM. It dynamically allocates
and manages cache capacity across these tiers, optimizing for per-
formance and cost trade-offs [19]. The cache is also be queried for
data location, enabling frameworks that consume the cache to co-
locate compute and data effectively, thereby improving efficiency.

The solution is designed to support heterogeneous compute
environments, ensuring compatibility with CPUs, GPUs, and accel-
erators. It provides efficient data access and caching mechanisms
tailored for GPU memory and other specialized compute environ-
ments, addressing the unique requirements of these systems.

A unified cache management system is at the core of the architec-
ture, with the cache manager that coordinates cache capacity and
usage across different applications, file systems, and object stores.
The cache manager dynamically adjusts cache capacity based on
workload requirements and resource availability, ensuring optimal
utilization of resources.

The solution leverages advanced high-speed interconnect tech-
nologies, such as Slingshot, to enable efficient data movement over
RDMA and seamless sharing across different memory and storage
tiers. This ensures low-latency access and high throughput, even
in distributed environments. Finally, the architecture is highly scal-
able and flexible, designed to support large clusters with diverse
workloads. It offers a configurable API, allowing customization and
integration with various applications and storage systems, making
it adaptable to a wide range of use cases and environments.
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