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Abstract—The cost of large language model (LLM) inference is heavily
tied to the immense memory capacity required to store model parameters—
a challenge exacerbated by current systems that replicate these parameters
across multiple servers to scale. To tackle this challenge, we may consider
LLM inference systems exploiting a CXL memory pool to store and share
model parameters across multiple servers, while keeping server-specific
activations and KV-caches within each server’s local memory. Motivated by
the lack of existing simulators for such systems, we first develop a simulator
that extends LLMServingSim and integrates it with NS-3 and Mess to
accurately model the CXL switch and the memory modules within the
CXL pool, respectively. Second, we validate this simulator against a system
connecting an industry CXL memory pool to two servers running two
instances of the same LLM; across separate evaluations for OPT-1.6B and
OPT-6.7B, the simulator demonstrates a ≈3% error in inference latency.
Lastly, using our simulator, we uncover a significant sensitivity between
inference latency and the interconnect bandwidth of the CXL memory
pool, demonstrating that adopting an emerging optical interconnect over
the traditional electrical counterpart reduces inference latency by 67.9%
and 64.4% for OPT-1.6B and OPT-6.7B, respectively.

Index Terms—Compute Express Link (CXL), memory pooling, CXL
switch fabric, large language model (LLM) inference, simulation.

I. CXL MEMORY POOLS FOR LLM INFERENCE SYSTEMS

THE widespread deployment of Large Language Models
(LLMs) is primarily limited by high infrastructure costs.

Specifically, these models require immense memory capacity
just to store their massive number of parameters. Current infer-
ence architectures worsen this problem; while they use multiple
servers to meet strict Service Level Objectives (SLOs) for la-
tency and throughput, they do so by replicating these parameters
across these servers [1]. Coupled with rising memory prices,
this constant replication leads to massive capital expenditures
for hyperscalers.

To reduce the capital expenditures, such systems may store
parameters in (1) local storage provisioned for each server or
(2) remote memory shared by multiple servers, while keeping
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intermediate states—such as activations and Key-Value (KV)
caches—in local memory. However, they suffer from consider-
able performance degradation and thus SLO violation, because
both local storage and remote memory provide servers with high
latency and low bandwidth. Specifically, accessing local storage
is bottlenecked by the OS file system and block I/O stack. While
aggressive prefetching can be used to hide the high latency, it
requires large buffers in local memory (e.g. ,≈10 GB for a 530B
model) [2], [3]. This reduces the memory capacity available for
storing the intermediate states, thereby constraining the batch
size. In contrast, accessing remote memory through RDMA can
be ≈ 10× faster than accessing local storage [4]. Nonetheless,
accessing shared remote memory implemented with RDMA is
bottlenecked by the OS virtual memory system—where servers
must trigger page faults to swap pages between local and remote
memory—and network I/O stack.

Compute Express Link (CXL) has emerged as a promis-
ing technology to build shared remote memory, as it provides
hardware-managed cache coherency and byte-addressable ac-
cess to memory connected to the PCIe physical layer at low
latency. Therefore, shared remote memory implemented with
CXL—also referred to as a CXL memory pool in this paper—
permits multiple servers to directly get parameters as if these
parameters were residing in local memory, completely bypass-
ing the OS virtual memory system and network I/O stack.

While it is promising to use a CXL memory pool for sharing
parameters across servers, exploring its design space and bene-
fits is currently hindered by a lack of high-fidelity simulation
infrastructure capable of modeling these complex, disaggre-
gated environments. To bridge this gap, we develop a simulator
designed specifically for LLM inference systems using CXL
memory pools. Specifically, we start with extending LLMServ-
ingSim [5] to capture the timing, address, and intensity of
accesses to a memory pool by servers concurrently executing
given LLMs. Subsequently, we integrate it tightly with two other
popular simulators: NS-3 [6] and Mess [7]. NS-3 captures the
intricate network routing and congestion dynamics of the CXL
switch connecting the servers to memory modules in the memory
pool. Mess models the latency behaviors of the memory modules
residing within the CXL memory pool. To validate our simulator,
we set up a system connecting an industry CXL memory pool
to two servers, each simultaneously executing two instances of
the same LLM. Through comprehensive, end-to-end evaluations
running the OPT-1.6B and OPT-6.7B models, our simulator
demonstrates a nominal error margin of approximately 3% in
overall inference latency when compared to the physical system.
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Fig. 1. CXL memory pooling for multi-instance LLM inference. Each infer-
ence server runs the same model and accesses shared read-only model parameters
from a CXL memory pool through a CXL switch.

Equipped with this validated simulator, we explore the design
space of a memory pool focusing on the sensitivity between
end-to-end inference latency and the physical interconnect
bandwidth of the memory pool. As models scale, the electrical
link implementing PCIe/CXL fabrics become a severe bottle-
neck for token generation throughput. Modeling an emerging
high-bandwidth optical link, our simulator reveals dramatic
performance improvements. Specifically, we demonstrate that
adopting a CXL fabric based on the optical link decreases total
inference latency by 67.9% for OPT-1.6B and 64.4% for OPT-
6.7B, effectively charting a highly optimized, high-performance
trajectory for the next generation of scalable LLM infrastructure.

II. CXL-BASED SYSTEM ARCHITECTURE AND SIMULATION

MODEL

A. Multi-Instance LLM Inference Architecture With CXL
Memory Pooling

Fig. 1 illustrates our target deployment: a cluster of inference
servers connected to a shared CXL memory pool through a CXL
switch. Each server is equipped with Intel Advanced Matrix
Extensions (AMX), reflecting a realistic modern CPU inference
stack [8]. The design offloads read-only LLM model parame-
ters into pooled CXL-attached memory. This allows multiple
servers to directly map and share the same model parameters,
eliminating the need for replication. Conversely, each server
retains local memory for server-specific data (e.g. , activations
and KV-cache). By streaming parameters from the shared pool
on demand, the system facilitates overlapping communication
(parameter fetching) with computation (model execution). This
separation significantly reduces redundant memory footprints,
improves utilization, and maximizes the number of concurrently
deployable LLM inference instances.

At runtime, the execution of each layer follows a three-step
workflow: ❶ Parameter fetching: The worker issues memory
read requests for the next layer’s parameters. These requests
traverse the CXL switch and are serviced by the CXL memory
modules. ❷ Model execution: The worker executes the layer
using locally resident activations and KV-caches and the fetched
model parameters. Latency is hidden by overlapping the param-
eter fetch of the next layer with the computation of the current
layer. ❸ Network communication: If the model is partitioned
across servers (pipeline/tensor parallelism), this step also han-
dles synchronization of intermediate states via the network.

B. Simulator With CXL Memory Pool

We model the CXL switch and the memory modules within
the CXL pool on top of LLMServingSim [5], a system-level
simulation platform for large-scale LLM inference. To enable
end-to-end evaluation of multiple LLM inference instances
sharing LLM model parameters through a CXL memory pool,
we introduce four Modifications ( – ). We utilize Mess for
accurate bandwidth-latency analysis and NS-3 for high-fidelity
queuing simulation, integrating these components via event-
driven communication within LLMServingSim.

Memory backend: We augment the memory subsys-
tem with Mess [7], a memory simulation tool that models
bandwidth–latency behavior using pre-characterized curves de-
rived from real hardware measurements. We integrate Mess
directly with the simulator’s memory controller and support both
local memory and CXL memory pool. The latency calculator
dynamically computes access latency based on windowed band-
width measurements derived from observed traffic. For each
memory request, Mess captures queuing delays, achieving high
accuracy with substantially lower overhead than the simulator’s
original analytical memory model.

Network backend: To overcome the limitations of simple
analytical communication models, we incorporate an NS-3 net-
work backend. The simulator exports logical communication
events to NS-3, which models packet-level effects, including
link bandwidth, latency, congestion, and queuing dynamics un-
der configurable topologies. By generating network parameters
from cluster specifications (e.g., node counts and link band-
width), we ensure that the serving workload is evaluated under
realistic network conditions.

CXL switch: We introduce a dedicated CXL switch com-
ponent to model the interconnect behavior between servers and
the memory modules within the CXL memory pool. Built upon
an NS-3 switch design, this component routes memory requests
to the appropriate CXL memory modules while modeling switch
traversal latency and traffic contention. The switch also handles
the address translation and memory mapping, integrating seam-
lessly with the Mess memory backend to capture end-to-end
remote memory access latency.

Multi-instance execution: We extend LLMServingSim
from a single-instance simulator into a multi-instance frame-
work. Specifically, we introduce an instance-configuration com-
ponent in which each instance is described by its model, hard-
ware profile, parallelism strategy, and memory capacity. A
configuration builder compiles these descriptions into backend
configuration files and maps instances to servers. At runtime, the
simulator instantiates per-instance schedulers and local memory
models, while multiple instances share a unified network model
and a CXL memory pool. A global request router dispatches in-
coming requests to instances according to configurable policies
(e.g. , round-robin or random), enabling simulation of concurrent
LLM inference workloads.

III. EVALUATION

This section validates our multi-instance extension to LLM-
ServingSim and its CXL memory pool model. We compare
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Fig. 2. LLMServingSim extensions for modeling a CXL memory pool. Our simulator integrates the Mess memory backend , NS-3 network backend , a
CXL switch model , and a multi-instance execution controller .

TABLE I
EVALUATION SYSTEM CONFIGURATIONS

simulated and measured latency–bandwidth curves for access
to the CXL memory pool through a CXL switch under both
single-host and concurrent two-host traffic, and validate end-
to-end inference latency for OPT-1.6B and OPT-6.7B using
input/output-length microbenchmarks on the same platform. We
then use the calibrated simulator to quantify the sensitivity of
multi-instance inference latency to CXL switch bandwidth when
model parameters are placed in the CXL memory pool.

A. Simulator Validation Using an Industry CXL Memory Pool
System

Experimental setup: Table I summarizes our evaluation plat-
form, which currently supports only two hosts. Accordingly,
we evaluate on two Intel Xeon Platinum 8568CXL (48 cores;
Emerald Rapids) servers, each equipped with 64 GB DDR5-
4800 DRAM and running Ubuntu 22.04 LTS with Linux 5.15.0.
The hosts connect to an XCONN XC50256 CXL switch and
CXL memory expanders, providing a CXL memory pool with
3×128 GB DDR5-5200 memory. To incorporate the nuances
of our hardware platform—including Intel’s AMX—into our
compute model, we profile OPT-1.6B and OPT-6.7B inference
before simulation to obtain per-operation latencies by measuring
execution time of operations to be replayed during simula-
tion. The simulator features a highly configurable and scal-
able architecture: cluster topology, host memory, CXL memory
pool, network, per-instance model, target hardware, parallelism,
weight/KV-cache placement, and scheduler policies are all set
through high-level parameters. Adapting to a new hardware
platform or model requires a one-time latency profile.

Fig. 3. Memory simulation validation. Latency–bandwidth curves from the
real system and our simulator for accesses to the CXL memory pool through a
CXL switch: (a) single-host access and (b) concurrent two-host access.

Validation of CXL Memory Pool Access: Fig. 3 validates our
Mess memory backend and CXL switch model by comparing
measured and simulated latency–bandwidth curves for single-
host access and concurrent two-host access to the CXL memory
pool through the switch. Under light load, the real system
shows a baseline latency of 0.24µs for single-host access, which
increases to 0.33µs under concurrent two-host access due to con-
tention. As bandwidth approaches saturation, latency increases
rapidly: single-host latency rises to 2.7µs near 25 GB/s, while
concurrent two-host latency reaches 3.7µs around 13 GB/s. In
both cases, the simulator tracks the measured trends closely, with
4.9% error for single-host access and 10.5% error for concurrent
two-host access, capturing both fixed access overheads and
bandwidth-dependent queuing effects.

Validation of End-to-End Inference Latency: Fig. 4 validates
end-to-end inference latency for OPT-1.6B on our platform
using two microbenchmarks: (a) fixing the input length at 32
tokens while sweeping the output length, and (b) fixing the
output length at 32 tokens while sweeping the input length.
In Fig. 4(a), the measured latency increases from 0.5 s at 4
output tokens to 58.3 s at 512 output tokens, and the simulator
tracks the same scaling trend from 0.4 s to 56.1 s, achieving
4.6% error. In Fig. 4(b), the measured latency remains nearly
constant as the input length increases, ranging from 3.5 s to 3.6 s
across 1–128 input tokens, and the simulator closely matches
this behavior with 0.8% error. We further validate OPT-6.7B,
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Fig. 4. End-to-end OPT-1.6B inference performance using a CXL memory
pool. Simulated latency is validated against measured latency for a fixed in-
put/output length of 32 tokens while sweeping the output/input length.

obtaining 3.1% error for the fixed-input sweep and 3.3% error for
the fixed-output sweep. Comparable end-to-end LLM-serving
simulators report latency errors of less than 9% (Vidur [9]) and
14.7% (LLMServingSim [5]) against measured GPU-serving
baselines. Our validation error falls below both reported values.

B. Sensitivity to CXL Switch Bandwidth

After validating our modified LLMServingSim, we use it
to study how multiple concurrent LLM inference instances
perform under different CXL switch bandwidths. When model
parameters are placed in the CXL memory pool, parameter-fetch
traffic traverses the CXL switch and can become the dominant
bottleneck, increasing queuing delay and reducing the effective-
ness of overlapping communication with layer computation. We
simulate inference with model parameters placed in the CXL
memory pool (input length = 32 tokens, output length = 64
tokens) and quantify how CXL interconnect bandwidth affects
end-to-end inference latency. With high-bandwidth photonic
interconnects, CXL switch bandwidth can potentially scale up
to 64Tbps [10]. Considering a PCIe Gen4 SSD and 400 Gbps
network, the CXL memory pool can reduce end-to-end latency
by up to 3.8× for local storage and 1.5× for remote memory.

Varying CXL switch bandwidth: We sweep the effective CXL
switch bandwidth from 100 Gbps to 64Tbps. As shown in
Fig. 5, limited interconnect bandwidth substantially increases
end-to-end inference latency when fetching model parameters
from the CXL memory pool. For OPT-1.6B, latency decreases
from 19.6 s at 100 Gbps to 6.3 s at 64 Tbps, corresponding to a
67.9% reduction. For OPT-6.7B, latency decreases from 98.3 s
at 100 Gbps to 35.0 s at 64Tbps, corresponding to a 64.4%
reduction. Larger models exhibit higher absolute sensitivity to

Fig. 5. Multi-instance LLM inference under varying CXL switch bandwidth,
with model parameters placed in a CXL memory pool and accessed through a
CXL switch (input length = 32, output length = 64).

interconnect bandwidth: moving from 100 Gbps to 64 Tbps
reduces latency by 13.3 s for OPT-1.6B and 63.3 s for OPT-6.7B.
CXL memory pool helps most when multiple instances share a
large model with sufficient interconnect bandwidth.

IV. CONCLUSION

We extend LLMServingSim with Mess and NS-3 to model
the CXL switch and the CXL memory modules within the CXL
memory pool, and validate the simulator on a two-host platform
equipped with a CXL switch and CXL memory expanders.
Using our simulator, we show that increasing bandwidth from
traditional electrical interconnects to emerging optical intercon-
nects reduces inference latency by 67.9% for OPT-1.6B and
64.4% for OPT-6.7B.
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