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Abstract

The Compute Express Link (CXL) interconnect enables com-
pute “pods” that pool memory across servers to reduce cost
and improve efficiency. These pods also facilitate pairwise
communication whose needs conflict with pooling. Impor-
tantly, existing pod designs are small or require indirection
through expensive switches. These conventional designs im-
plicitly assume that pods must fully connect all servers to all
CXL pooling devices.

This paper breaks with this conventional wisdom by intro-
ducing Octopus pods. Octopus directly connects servers to
low-port-count CXL pooling devices (e.g., 4 ports) yet scales
to large pods without switches by constructing a sparse CXL
topology in which each pooling device connects to a carefully
chosen subset of servers. Octopus explicitly balances “over-
lap”, where two servers connect to the same pooling device:
overlap reduces pooling efficiency but enables low-latency
communication. Octopus resolves this tension by grouping
servers into “islands” with low-latency intra-island communi-
cation and interconnecting islands to favor pooling.

We build a three-server CXL pod prototype and simulate
scaled pods with 96 servers under measured device charac-
teristics and physical constraints (1.5 m copper cables). On
hardware, Octopus RPCs are 3.2x faster than in-rack RDMA
and 2.4 x faster than CXL switches. In simulation, Octopus
achieves net server cost savings of 3-5.4% whereas CXL
switches result in a net cost increase.

1 Introduction

Cloud memory pressure. General-purpose cloud systems
face a growing memory shortfall. Compute scales with die
area (n2), but the DRAM a socket can attach over DDR4/5
is “beachfront”-limited (4n). As core counts and per-core
performance have driven per-socket compute up by 5—-10x
over the past decade, socket-attached DRAM capacity has
grown only 2-3x [43,73,98]. Right-sizing cores or pushing
more work to scale-out helps, but the most cost-effective lever
is: attach more memory to the same socket.

CXL memory expansion is the first step. Compute Express
Link (CXL) provides a practical path today to add capacity
with CPU load/store semantics [40]. CXL-attached DRAM
(“expansion”) is accessed like local memory (1d/st); it is
supported by major CPU platforms [16, 20, 36] and shipping
servers that double memory capacity [79, 113,123, 126, 128].
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Figure 1: High-level view of (a) a fully-connected MPD pod, (b)
a CXL switch pod, and (¢) an Octopus pod with six islands (96
servers (“S”) and 192 MPDs (“P”)). Within each Octopus island,
servers use a subset of CXL ports to connect to island-specific MPDs,
guaranteeing pairwise MPD overlap for low-latency communication.
Remaining server ports connect to external MPDs that interconnect
islands and enable effective memory pooling.

While expansion adds latency (= 230ns vs. 115ns), many
web, key-value, analytics, and database workloads tolerate
this NUMA-like penalty [18, 84, 147].

This paper explores CXL “pods” spanning multiple servers
with CXL as a scale-up interconnect. Pods enable memory
pooling, which reduces DRAM spend (often half of server
cost) by multiplexing capacity demand across servers [18,43,
74,82,137,142]. The intra-pod CXL fabric also creates a low-
latency communication and data sharing fabric that improves
performance of several workload classes. Specifically, pod-
wide RPCs, coordination, and collective-based data movement
can be sped up by sharing memory buffers over the CXL
fabric [17, 23,91, 125, 138, 145, 146, 148, 149]. Realizing
these promises, however, largely depends on the CXL fabric’s
performance and topology.

Existing pod options and their tradeoffs. Two practical
ways exist to connect servers to CXL memory modules:

* Multi-ported devices (MPDs) collapse a tiny on-device
interconnect with the memory controllers so multiple
servers can attach directly, without a CXL switch [42,
48,50, 58, 82,90, 136]. Today’s MPDs are small (2—4
ports; =270 ns access) [30,42,53,70,92,114,139], and
thus thought to limit pods to a handful of servers. Prior
work assumes fully-connected pods, in which every MPD
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connects to every server, to enable hardware interleaving
across MPDs for higher bandwidth [42,48,50, 82,90, 136].
* CXL switches expand connectivity (dozens of ports), but
add (de)serialization hops, raising latency and server cap-
ital expenditure (CapEx) [24,40, 81].
However, both options have key drawbacks: fully-connected
MPDs limit pooling benefits due to their small pod sizes,
whereas CXL switches increase latency and CapEXx to the
point where switch costs can outweigh the pooling savings.

Our approach: sparse MPD topologies. We address the
pod size limitations of MPD topologies by breaking from
prior work and considering sparsely connected servers and
MPDs. In a sparsely-connected topology, each server connects
to multiple MPDs, which in turn connect to different sets of
servers. This allows pods to scale beyond the MPD port count,
e.g., dozens of servers with 4-port MPDs, without the expense
and latency of CXL switches [81].

We propose Octopus, a deployable, cost-conscious CXL
pod design built on sparse MPD topologies that targets both
memory pooling and low-latency communication. Octopus
accounts for practical CXL constraints, including the length
of copper CXL cables, port count limits of commodity MPDs,
and the number of CXL ports available on modern servers.

However, designing sparse MPD topologies that simulta-
neously support both use cases is challenging. Low-latency
communication and memory pooling have conflicting require-
ments in terms of MPD overlap, i.e., whether servers connect
to a common MPD. Low-latency communication favors pair-
wise MPD overlap between any two servers, whereas memory
pooling disfavors MPD overlap among "hot" servers so that
their excess memory demand can be spread across as many
MPDs as possible (§5.1).

To overcome this challenge, we observe that low-latency
communication is typically needed only at modest scale (e.g.,
one dozen of servers), whereas effective memory pooling re-
quires much larger scale (dozens to hundreds of servers). Oc-
topus therefore organizes each pod into multiple islands (Fig-
ure 1). Within each island, servers use a subset of ports to
connect to island-specific MPDs arranged using Balanced
Incomplete Block Design (BIBD) [38, 103], which guarantees
pairwise MPD overlap for low-latency communication. The
remaining server ports are used for interconnecting islands via
additional MPDs, limiting MPD overlap among hot servers
and enabling effective memory pooling across the pod (§5.2).

We implement a minimal prototype of Octopus on real
hardware spanning three servers and three MPDs. Octopus
closely matches the performance of existing CXL memory
expansion systems, where a CXL switch would otherwise in-
crease the slowdown of 25% of applications by 3 x. Octopus’s
communication latency is 3.2 x lower than in-rack RDMA,
2.4x lower than a CXL switch, and 4.5 lower than other
sparse MPD topologies with good memory pooling savings.

We simulate scaled-up Octopus topologies of 25, 64, and

Device P50

CXL expansion 230-270 ns
CXL 2/4-port MPD  260-300 ns
CXL switch 490-600 ns
RDMA via ToR 3550 ns

Figure 2: Left: example two-port CXL device. Right: Load-to-
use read latency (P50) on random 64-byte cachelines accessed via
different CXL devices and RDMA on Intel Xeon 6 and AMD Turin.

96 servers based on 4-port MPDs. Octopus achieves similarly
low intra-island communication latency as fully-connected
MPD topologies. Octopus’s savings from memory pooling
alone can pay for the extra device costs both in cases with ex-
isting CXL expansion (5.4% overall cost reduction) and with-
out CXL in place (3.0% overall cost reduction). CXL switches
always cost more, even after factoring in their pooling sav-
ings. We open source Octopus pods and cost models at https:
//github.com/yuhong-zhong/Octopus-CXL-Pod.

While CXL can outperform Ethernet and RDMA, it does
not replace them. As with GPU pods, we expect inter-pod
communication to still use Ethernet or RDMA. Unlike GPU
pods, however, CXL use cases are cost sensitive; our work
shows how to make the intra-pod CXL fabric cost-effective
across multiple use cases.

Contributions. We make the following contributions:

* We propose Octopus, the first CXL pod design based on
sparse MPD topologies, challenging the assumption that
CXL pods must fully connect servers and pooling devices.

* We systematize practical CXL pod constraints and identify
key MPD topology properties for CXL use cases.

* We evaluate Octopus using real sparse MPD hardware and
simulation, and use a cost model to compare cost savings
across CXL pod designs.

2 State of CXL in 2026

The Compute Express Link (CXL) interconnect standard itself
is described in detail in a recent tutorial [40]. We discuss
real devices and constraints when using CXL.mem today.
When a CPU issues a 1d to an address associated with a CXL
device and CPU caches do not have the data, the CPU sends
a CXL.mem read flif to the device. CXL.mem flits use PCle
physical lanes and electrical signaling but implement custom
low-latency protocol layers. The device reads the cache line
from its (DDR4 or DDR5) DRAM and sends it back to the
CPU, which places it into processor caches and the core.

Latency and bandwidth. On Intel Xeon 6 platforms, a lo-
cal DDRS read takes about 115ns. Reading from a good
CXL.mem expansion device takes 200-300 ns. Using a CXL
bus analyzer, we measure that 75—-170ns of this latency is
due to the CPU (most of the variability), 65 ns is due to CPU
port round-trips and flight time, 25 ns is due to device-internal
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Figure 3: Cost model for CXL devices and cables. Left: Die area estimates for devices with different CXL and DDRS configurations.
Middle: Prices based on a yield and markup model. Die area figures are simplified but based on a real §-port MPD layout and modern 10 dies.
Right: Cable prices are based on copper material prices and markup.

processing, and 35-40ns is due to DRAM access. On AMD
Turin platforms, performance is similar. Devices typically
offer multiple DDR4 or DDRS5 DRAM channels.

A single CPU typically has multiple CXL ports. For exam-
ple, Intel Xeon 6 production platforms use 64 CXL lanes per
CPU socket, e.g., [62,66,78,105,127]. A single x8 CXL port'
offers 25-30 GiB/s of read-only bandwidth, and twice that for
% 16. The CPU socket’s CXL lanes are configurable as four
x 16 CXL ports or eight x8 CXL ports. In aggregate, a CPU
socket can thus read from CXL devices at 200-240 GiB/s.

Device types. There are three CXL.mem device types:

(D An expansion device offers a single CXL port and ex-
poses its memory to a single CPU.

@) A multi-ported device (MPD) integrates N CXL ports,
allowing N CPUs to connect to the same controller and access
its memory concurrently. Both expansion devices and MPDs
are available today, and some products support both modes.
N =2 MPDs with two x8 ports (e.g., Figure 2) are offered
by AsteralLabs [70], Marvell [92], Google and Meta [30], and
xFusion [53]; Seagate and SKH have N = 4 prototypes [42,
114, 121, 139]. On our lab system, our N = 2 MPD offers
267 ns read latency and 28 GiB/s read bandwidth per port.

(3 A CXL switch offers up to 32 x8 CXL ports and
can forward CXL packets between them, e.g., the XC50256
switch offered by XConn [140]. In today’s CXL 2.0 stan-
dard, switches connect to servers and expansion devices, but
cannot connect to other switches. For every flit round-trip, a
switch must deserialize and reserialize the flit twice, which
adds at least 220 ns of latency [60] (Figure 2). This added
latency also reduces effective bandwidth by increasing the
bandwidth-delay product, as CPUs often support limited out-
standing requests to fully utilize the link [85, 87].

CXL pods. A CXL pod [54,55] is a group of servers con-
nected to shared CXL devices, enabling direct access to
device-attached memory and supporting memory pooling and
shared memory buffers across the pod. There are two com-
mon ways to build a CXL pod: (1) One approach uses MPDs,
where each MPD connects directly to several servers; prior
MPD-based pods assume a fully-connected design, in which
every MPD connects to every server within the pod [82]. Us-
ing MPDs avoids expensive switches and keeps latency low,

A x8 CXL port has 8 CXL lanes. Similarly, a x 16 port has 16 lanes.

but limits pod size by the MPD port count. (2) The other
approach uses CXL switches [82, 143], which fan out con-
nectivity so many servers can connect to many devices; this
supports larger pods but incurs higher latency and cost.

Physical constraints. CXL devices connect to the CPU via
PClIe5 pins and cables, whose reach is limited by insertion
loss. At 16 GHz, the total budget is 36 dB; after the CPU pack-
age, motherboard, and MPD board consume == 26 dB, only
~ 10 dB remains for the cable and connectors, constraining
cable lengths to < 1.5m [109, 129]. Longer runs would re-
quire retimers [21] or optical cables [6], both of which add
latency, power, or cost.

3 Modeling CXL Device Cost

To understand the cost tradeoffs of different CXL pod designs,
we model the cost of CXL devices and cables. As is common
with datacenter server components, vendor prices are subject
to non-disclosure agreements [22]. We thus rely on a die area
model that captures typical IO-pad limitations [122].

We estimate die area and cost using three data points. First,
we use a 5 nm design and its die area for an MPD with eight
x8 CXL ports and eight DDRS5 channels, as proposed by
ARM [50]. Second, we scale die-area estimates from the 6 nm
AMD Zen 4 (Genoa) I/O die [97] and infer die cost by interpo-
lating the I/O-die contribution from CPUs with different core
counts. Third, we incorporate pricing for today’s expansion
devices, 2-port devices, and switches based on discussions
with supply-chain experts and public numbers [143]. In addi-
tion, we model cable costs using copper and assembly prices.

MPDs. Figure 3 shows our die area estimates, CXL device
costs, and cable costs. The cheapest device is a single-ported
(x8) expansion device with two DDR5 channels, at $200.
Compared to expansion devices, we provision MPDs with
twice the number of CXL ports per DDRS5 channel (i.e., one
x 8 CXL port for each DDRS channel), and assume this CXL-
port-to-DDR-channel ratio for all MPDs. This makes an N =
2-port MPD slightly more expensive than an expansion device,
which is pessimistic because we know that in practice many
expansion devices actually use one x 16 that can be bifurcated
into two x 8 ports. An N =4 MPD amortizes some of the fixed
area overheads, but we assume that vendors would charge a
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Figure 5: Ratio of peak memory demand to average memory demand
across groups of servers of different sizes show that we need to group
large numbers of servers to reduce outliers [87]. Even groups of 25-
32 servers would still need about 1.5x memory capacity to handle
peaks. This data is based on VM traces from Azure, gathered from
ten production clusters over two weeks [108].

slightly higher markup. At N = 8, MPDs are 10-pad limited
and prices increase significantly in our model.

Switches. Our cost model shows that switches with 24 or
32 ports are substantially more expensive than MPDs: a 32-
port switch would cost $7,400. A recent paper reports that
the XConn XC50256, a 32 x8-port CXL switch, is priced at
approximately $5,800 [143]. This gap is largely explained by
process technology: while our model assumes 5 nm or 6 nm
nodes for consistency with modern CPUs, CXL switches are
often fabricated on mature nodes such as TSMC 16nm to
reduce wafer and NRE costs [5]. Even at 16 nm, switches
remain an order of magnitude more expensive than MPDs.

Power. MPD-based CXL pods are also more power efficient
than switch-based designs. Using a simple additive model
where each CXL port consumes 2 W and assuming X = 8
CXL ports per server, MPD pods incur about 72 W per server
versus 89.6 W for switch-based pods (24% more), due to the
switch silicon and expansion devices. Although the per-server
difference is modest (about 3% of total power at 500 W), the
overhead compounds at scale.

4 CXL Use Cases

We briefly review CXL memory capacity expansion (§4.1),
which is already deployed in production [2,25], as well as
memory pooling (§4.2) and shared memory use cases (§4.3).

4.1 Memory Capacity Expansion

DDRS5 memory capacity per unit socket performance has de-
creased over time, as core counts grow faster than the number
of available DDR channels [25]. This is a structural trend:
DDR and other parallel memory interfaces (LPDDR, HBM)
consume large bundles of pins, routing layers, and on-package
PHY area per channel, limiting how many channels fit on a
package. Individual DIMMs are also capacity-limited, and
high-capacity parts carry steep $/GiB premiums (e.g., 3D
stacking with TSV [51,80]). CXL addresses both constraints
by using serial links that deliver 5-10x more capacity per
pin than DDR, decoupling the memory controller from the
CPU package and enabling fan-out. Practically, CXL can 2—
2.5x socket memory capacity today, and CXL-based memory
expansion is already deployed in production in Azure [2,25].

CXL memory expansion is latency sensitive. Figure 4
shows that application slowdowns on CXL significantly in-
crease for devices at around 400 ns of latency, based on data
from prior work [84]. Adapting applications [18,74], OS tier-
ing [41,75,86,116,135,141], or hardware tiering [30,147] can
only partially offset these slowdowns, especially at the tail.
Thus both datacenters and workloads look for low-latency
access to CXL memory.

4.2 Memory Capacity Pooling

Servers are typically provisioned with enough memory ca-
pacity to handle peak demands. Unfortunately, capacity de-
mand is highly variable across time and servers which leads
to a large gap between average demand and peak [82, 108],
causing low memory utilization. Pooling capacity aims to
multiplex these per-server peaks so that capacity can be provi-
sioned much closer to the average demand, thus provisioning
less memory overall and improving memory utilization. CXL
enables memory pooling within a pod by allocating CXL-
attached memory to servers (e.g., at 1 GiB granularity [82])
and dynamically changing this allocation over time.

Prior work has shown significant cost savings from CXL
capacity pooling and that these savings increase with the
number of servers within a pod. Figure 5 shows that as pod
size increases, aggregate peak memory demand within a pod
approaches the aggregate average, with diminishing returns
beyond about 96 servers. Thus, effectively reducing demand
outliers requires pooling across dozens of servers.

Beyond pod size, CXL access latency also affects pooling
savings, since higher latency reduces the fraction of work-
loads that can tolerate CXL memory and thus limits how
much memory can be pooled. Using workload sensitivity to
CXL latency (Figure 4), the measured latencies of MPDs and
switches (Figure 2), and assuming a tolerable slowdown of
10%, we estimate that 65% of memory can be pooled and pro-
visioned from MPDs, compared to 35% when using switches.
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Parameter Description

X Number of CXL ports per server

N Number of CXL ports per MPD

S Number of servers in a pod

M Number of MPDs in a pod

X; Number of server ports to island-specific MPDs

Table 1: MPD topology notation.
4.3 Practical Shared Memory Use Cases

Besides memory pooling, where CXL-attached memory is
allocated exclusively to individual servers, CXL today also
allows multiple servers to concurrently access shared mem-
ory buffers on CXL devices”. Shared CXL memory enables
low-latency communication between servers via load/store
instructions, and eliminates the need to serialize large and
complex data structures when sharing them between servers,
as required by Ethernet and RDMA.

Low-latency communication. Communication between two
servers in a CXL pod can be implemented by having one
server write to a message queue in a shared CXL buffer
while the other busy-polls it [149]. In the best case, com-
munication requires one CXL write and one CXL read, total-
ing roughly 600 ns, which is orders of magnitude lower than
typical RDMA latencies in datacenters (tens of ps [110]).

This is especially useful for distributed systems that rely
on frequent small messages, including consensus protocols
such as Viewstamped Replication [83], ZooKeeper [56],
Raft [101], proposer-acceptor messaging in Paxos [72], and
HotStuff [144]. More broadly, even complex communication
patterns are commonly expressed using message-passing in-
terfaces [32,37,88,117].

Many high-availability scale-out systems operate at modest
cluster sizes, typically between 3 and 16 servers: MySQL
InnoDB Cluster (3—7 nodes) [102], MongoDB replica sets
(3-7) [95], SAP HANA TDI (up to 16) [111, 112], Ama-
zon Aurora (up to 15 read replicas) [19], Redis Cluster (6
nodes) [107], Bigtable (3+ nodes) [46], and primary-backup
replication [33,94,99, 130, 146, 150].

Eliminating serialization. Sharing large and complex data
structures over Ethernet and RDMA requires expensive seri-
alization and compression. Prior work shows that these over-
heads account for 6-10% of CPU time in RPC-heavy services
and up to 20% for small 1 KB payloads [57,61,89,91, 104,
106,115,124, 145]. In CXL pods, these serialization and com-
pression overheads can be avoided by allocating pairwise
shared CXL buffers between servers [23, 89,91, 145, 146].

2CXL devices available today do not support cross-server cache coher-
ence. Although the CXL 3.0 specification introduces Back-Invalidate (BI),
an optional cross-server hardware coherence mechanism [3], it requires sig-
nificant hardware changes on both processors and devices.

MPD Topology Pooling Communication Latency
Fully-connected [82] (S=4) Poor

BIBD [38, 103] (§=25) Poor Low (25)
Expander [120, 133] (S=96) Optimal High

Octopus (5=96) Near Optimal Low (16)

Table 2: Memory pooling effectiveness and communication latency
of MPD topologies with N =4 and X < 8 constraints. “Low (k)”
denotes low-latency communication among k servers, while “High”
indicates multi-hop server-level forwarding.

S Octopus Design

Rather than relying on CXL switches, Octopus builds on
MPDs as a low latency and cost-effective building block for
CXL pods. We seek to fulfill the following three goals:

1. Effective memory pooling, which requires a large num-
ber of interconnected servers within a CXL pod (§4.2).

2. Low-latency communication, which requires servers to
directly share an MPD (§4.3).

3. Practical deployability, which limits us to short copper
CXL cables (< 1.5m), MPDs with N = 4 ports, and at
most eight CXL links per server (§2).

Octopus uses sparse MPD topologies, where each MPD
connects to only a subset of servers, enabling larger pods
despite limited MPD port counts. However, designing sparse
MPD topologies that simultaneously satisfy goals #1 and #2
is challenging because they favor conflicting properties.

We first describe the conflicting topology requirements
for effective memory pooling and low-latency communica-
tion (§5.1). We then present Octopus’s logical server-to-MPD
topologies (§5.2), physical layout in racks (§5.3), and soft-
ware stack (§5.4).

5.1 Tension & Balancing Use Cases

To show the tension between memory pooling (goal #1) and
low-latency communication (goal #2), we model a CXL pod
as a bipartite graph with two vertex sets: servers and MPDs.
Edges represent CXL links between servers and MPDs. Each
server has degree X, corresponding to the number of CXL
ports per server, and each MPD has degree N, corresponding
to the number of ports per MPD. The notation is summarized
in Table 1. For example, a fully-connected topology is a com-
plete bipartite graph where the MPD port count (V) equals
the number of servers (S). In contrast, in a sparse topology, S
can be much larger than N.

The tension between memory pooling and low-latency com-
munication is because they have conflicting requirements in
terms of MPD overlap, i.e., whether servers connect to a com-
mon MPD. We will show why they favor opposing overlap
properties as well as why existing topologies (e.g., datacenter
network topologies [31,38,47, 103,120, 133]) fail to balance
the tension.
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5.1.1 Communication Favors Pairwise Overlap

Low-latency communication over CXL requires pairs of
servers to be able to issue load/store instructions to the same
MPD directly. Although servers without a common MPD can
still communicate through intermediate hops by forwarding
messages through other servers and MPDs, we find that this
server-level forwarding loses CXL’s latency advantages over
RDMA (§6.2).

Therefore, the ideal graph property for low-latency com-
munication is pairwise MPD overlap, where every pair of
servers in a pod connects to at least one common MPD.

The best graphs for this property are Balanced Incomplete
Block Design (BIBD) graphs [29,44, 118], which have also
been used for datacenter networks [38,103]. BIBD is a classi-
cal combinatorial design used to construct bipartite graphs in
which every pair of vertices on one side (servers) connects to
exactly one common vertex on the other side (MPDs)?.

With N = 4-port MPDs and using X < 8 ports per server,
BIBD yields three pod topologies with different sizes: 13
servers (X = 4), 16 servers (X = 5), and 25 servers (X = 8).
Note that the 25-server graph is the largest BIBD graph with
N =4 and X < 8, implying that larger pods cannot satisfy
the pairwise overlap property. As we show later (Table 2),
although the 25-server BIBD graph maximizes the number of
servers that can communicate at low latency (goal #2) under
practical CXL constraints (goal #3), it performs poorly for
memory pooling (goal #1).

5.1.2 Pooling Disfavors Overlap Among Hot Servers

Memory pooling reduces overall memory capacity by mul-
tiplexing server demand peaks (§4.2). Pooling savings are
determined by the peak memory usage across MPDs because
MPDs must be provisioned to handle the worst-case load.
Therefore, our goal is to minimize the peak memory usage
across MPDs in a pod.

Memory demand in datacenters is highly spiky across
servers [49, 82, 108]. As a result, peak MPD usage is of-
ten dominated by a small subset of “hot” servers with high
memory demand in a pod. To maximize pooling savings,
the topology should therefore avoid MPD overlap among
worst-case hot server sets, allowing their excess demand to
be spread across as many distinct MPDs as possible, since
demand patterns are not known in advance.

MPD overlap among servers can be characterized using
graph expansion [52]. For a given subset size k, we define
the graph’s expansion e; as the minimum number of distinct
MPDs connected to any subset of k servers [52, 133]. Expan-
sion directly yields a lower bound on peak MPD usage*. Ex-
pander graphs, including random graphs (e.g., Jellyfish [120])

3BIBD uses the parameter A to control the number of vertices on one side
of the bipartite graph shared by each pair of vertices on the other side. We
set L = 1 to enforce the pairwise overlap requirement.

4The theorem and its proof appear in Appendix A.1.
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Figure 6: Expansion across topologies as the number of hot servers
varies. Expansion denotes the number of distinct MPDs connected
to the worst-case hot server set.
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Figure 7: An Octopus island guarantees pairwise MPD overlap,
i.e., every pair of servers connects to exactly one common MPD.

The MPDs and links connecting server “S0” to other servers are
highlighted; the same applies to each server.

and Ramanujan graphs (e.g., Xpander [133]), provide asymp-
totically optimal expansion for fixed X and N [52]. Moreover,
larger expander graphs achieve better expansion than smaller
ones. Under practical cabling constraints (goal #3), expander
graphs with up to 96 servers are feasible (§5.3).

Figure 6 shows that a 96-server expander graph achieves
stronger expansion than the 25-server BIBD graph. While
expander graphs are well suited for memory pooling, they do
not satisfy the pairwise overlap property required for low-
latency communication. In the 96-server expander graph,
worst-case communication between two servers requires for-
warding through two intermediate servers (Table 2).

5.2 Logical Network Topology

To balance the tension between memory pooling and low-
latency communication, we observe that low-latency commu-
nication operates at smaller scales (e.g., 16 servers (§4.3))
than effective memory pooling, which begins to show mean-
ingful gains at around 64 servers (§6.3).

Octopus leverages this observation by organizing each pod
into multiple islands of highly connected servers that provide
low-latency intra-island communication, while maintaining
sufficient inter-island connectivity to increase expansion and
enable effective memory pooling (Figure 1).

Each island satisfies the pairwise MPD overlap property.
A subset of X; server ports on each server is dedicated to
connecting to island-specific MPDs, while the remaining X —
X; ports connect to additional MPDs that interconnect islands
and provide the expansion required for pooling.
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#islands  # servers perisland  Server count (S)  MPD count (M)
1 25 25 50
4 16 64 128
6 16 96 192

Table 3: Octopus defines MPD pod designs parameterized by island
count. The default pod (shown in bold) has 6 islands and 96 servers.
All designs use X =8 ports per server and N=4-port MPDs.

Overhead view Side view

Server MPD Server

[
[
CXL cable ports el e —

Figure 8: A 3-rack Octopus configuration.

One might expect Octopus’s hierarchical design to reduce
expansion. However, Figure 6 shows that a 96-server Octopus
topology achieves expansion close to that of a 96-server ex-
pander graph. Octopus trades off the size of the low-latency
communication domain to achieve this expansion. In partic-
ular, using X; = 8 yields an island of 25 servers, while we
empirically find that X; = 5 provides strong expansion with
islands of 16 servers, a 36% reduction in low-latency commu-
nication domain. This tradeoff is reasonable given the typical
cluster sizes for low-latency communication (§4).

Octopus forms a family of MPD pod designs parameter-
ized by the number of islands (Table 3). Octopus includes a
single-island configuration with 25 servers, where all server
ports are used for intra-island connectivity. For multi-island
pods, we allocate X; = 5 ports per server for intra-island con-
nectivity, yielding feasible pod sizes of 64 (four islands) and
96 (six islands). We use the 96-server pod by default, as it
achieves near-optimal memory pooling (goal #1) and low-
latency communication within each island (goal #2) while
satisfying deployability constraints (goal #3).

We next describe how islands are constructed and intercon-
nected in more detail.

5.2.1 Intra-Island Connectivity

Each island is a subgraph in which every pair of servers con-
nects to exactly one common MPD (§5.1.1), enabling low-
latency communication within the island without intermediate
hops (Figure 7). In multi-island Octopus pods, each island is
a BIBD graph with 16 servers and 20 island-specific MPDs,
where each server uses X; = 5 ports to connect to the island-
specific MPDs. The larger 25-server BIBD graph (§5.1.1) is
used only in the single-island Octopus configuration, as it
consumes all eight CXL ports per server for island-specific
MPDs, leaving no ports available for inter-island connectivity.

5.2.2 Inter-Island Connectivity

The main purpose of inter-island connectivity is to increase
the expansion of hot server sets for memory pooling. We
achieve this using dedicated "external" MPDs and the re-
maining X — X; server ports. With X; = 5, each island has 48
external links. In the 96-server Octopus pod with six islands,
this corresponds to 72 external MPDs, or 37.5% of all MPDs.

Designing inter-island connectivity is a challenging com-
binatorial problem. A natural starting heuristic is to connect
each external MPD to servers from different islands. However,
achieving good expansion requires enforcing strong symme-
try. Specifically, each pair of islands must share the same
number of external MPDs, and any two servers from differ-
ent islands should share at most one external MPD to bound
worst-case MPD overlap. In short, the design must maintain
uniformity across islands, island pairs, and server pairs.

We address this design problem using a two-level approach.
At the first level, we select the set of islands connected by each
external MPD using a block design similar to BIBD. When
an exact solution is not feasible, we fall back to a round-
robin heuristic. At the second level, we assign servers from
the selected islands to the specific ports of each MPD. With
X; =5, each server has three external ports, and we perform
the assignment in three rounds such that each server is used
exactly once per round. We additionally enforce that any two
servers from different islands share at most one external MPD.

5.3 Physical Layout

The physical layout of an Octopus pod is largely driven by
CXL cable lengths, cable routing, and constraints of typical
datacenter rack layouts. Reasonable cable lengths should be
less than 1.5m (§2). To deploy pods with up to 96 servers
in a datacenter row, we propose a 3-rack pod designs where
MPDs are places in the middle rack and servers placed in
adjacent racks. Figure 8 sketches this design. The middle rack
can hold a varying number of MPDs in each slot, depending
on the MPD size (e.g., N =4 vs N = 8). The dimension of
each standard rack slot is approximately 100 x 60 x 5cm.

To further optimize cable lengths, we assume servers where
CXL edge connectors are located at the front corner of the
server chassis closest to the MPD rack, directly on the moth-
erboard. This is a similar requirement to those imposed by the
OCP NIC 3.0 specification [100] which also requires PCle5
ports at the front of the server. Based on existing designs,
we assume that CXL ports on the MPD side are in the front-
middle of each MPD.

We validate achievable Octopus pod designs in §6.4.

5.4 Octopus Software Stack

API and exposure. In fully-connected MPD pods, server
firmware interleaves MPDs at 256 B granularity [34], yielding
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Figure 9: Host view of CXL memory under interleaving vs. Octopus.

one large pool (Figure 9a). Octopus disables this interleaving
in firmware and exposes each CXL port as a distinct NUMA
node (Figure 9b). This lets software target a specific MPD
for capacity balancing and for sharing with peer servers that
connect to the same MPD. A datacenter control plane (e.g.,
Borg/Protean-like) assigns server IDs and disseminates the
MPD pod topology and each server’s MPD set [49, 131].

Pooling policy. When allocating CXL memory, each server
allocates from the least-loaded connected MPD, prioritizing
those with the most available capacity. This reduces allocation
failures caused by individual MPDs becoming fully utilized,
without requiring global defragmentation.

6 Evaluation

Our evaluation of Octopus includes a small-scale hardware
prototype evaluation (§6.2), scaled-up simulations (§6.3),
physical layout validation (§6.4), and cost modeling (§6.5).

6.1 Evaluation Setup

Hardware. We have access to three pre-production MPDs
with two x8 CXL 2.0 ports (i.e., N = 2). To connect them,
we soldered custom risers to route CXL control signals to
all ports. We use three servers each with an AMD EPYC
9825 Processor, local DDR5-5600 memory, and a 100 Gbit
Mellanox CX5 NIC. Each server has 64 CXL lanes, but we
connect only 16 lanes (two x 8 lanes) per CPU to form a sim-
plified Octopus island (X = N = 2): each pair of servers shares
one MPD. All servers additionally connect with a 100 Gbit
Arista 7060X series switch and run an updated Ubuntu 24.04.

RPC. We implement a simple CXL-based RPC by passing a
message that contains the RPC parameters from one server
to another and returning a new message containing the return
value back to the initiating server. To pass a message, the
sender first writes the message to a MPD, while the receiver
busy polls the MPD to retrieve the message. The message
can be a copy of parameters/return values or a pointer to
them. To measure the RPC latency with RDMA, we use the
send RDMA verb to send RPC parameters and to send return
values between two servers. We also measure RPC latency
with a user-space networking stack [45].

Simulations. Our simulations study MPD topologies with
between 2 to 8 MPD ports (N), though we focus on N = 4. We
consider server ports (X) between 4 to 16, though we focus
on X = 8. Our main configuration is the 96-server Octopus
pod (Octopus-96) consisting of six islands of 16 servers each.

Memory pooling simulations play back VM memory de-
mand traces from Azure [108]. We collected trace data over a
two-week period in December 2024 from thousands of cloud
VMs. For each VM, we record its allocation and deallocation
times, resource allocation, and the hosting server.

When a VM launches, it greedily allocates memory from
the least utilized connected MPDs (§5.4), potentially spanning
multiple MPDs, and releases memory on termination. We
randomly group servers into CXL pods, replay the traces, and
record the peak usage across all MPDs. This peak determines
per-MPD capacity, with lower peaks indicating better pooling.

Physical layout model. We validate the physical realization
of Octopus topologies within the 3-rack layout (§5) under
CXL cable length constraints by modeling server and MPD
placement as a satisfiability (SAT) problem. Each potential
server and MPD location within the racks is modeled as a
3-D coordinate that specifies the location of the ports for each
server/MPD slot.

The cable length limit is modeled as a three-dimensional
Manhattan distance between server and MPD ports, and is
enforced through constraints on the one-to-one mapping of
logical MPD and server pairs to physical locations in the
racks. If a mapping that satisfies the constraints is found, then
the mapping should be realizable physically, modulo cabling
complexity. We implement the model in PySAT [59] and
use MiniSat 2.2 to sweep cable lengths to find the shortest
satisfiable cable constraint.

Cost model. We focus on CapEx. We model CXL costs in a
hyperscale setting and normalize CXL costs by the number
of servers. This is because although a smaller CXL pod has
lower cost per pod, a hyperscaler must deploy more such pods
to serve the same number of servers, resulting in similar per-
server CXL cost. We assume a server cost of $30K [14, 15]
and use the estimated per-MPD cost from Figure 3.

6.2 Hardware Prototype

We briefly describe our current MPD’s characteristics and
then evaluate our three-server island prototype. We show that
we can achieve low-latency RPCs, motivate why islands are
necessary, and quantify bandwidth gains for island-wide col-
lective communication. Our prototype server each uses two
x 8 CXL ports and a single 100 Gbit NIC (vs. eight ports and
400 Gbit at production scale), scaling both CXL and Ethernet
by the same 4 x factor so that CXL-vs.-network comparisons
remain representative.

MPD hardware characteristics. We measure each x8 CXL
link to deliver 24.7 GiB/s read-only and 22.5 GiB/s write-
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messages between any pair of servers only go through a single MPD.

only bandwidth. For mixed 1:1 read-write workloads, total
bandwidth increases to only 28.8 GiB/s. This is lower than
expected given that the CXL link is fully bidirectional, and is
due to a MPD firmware issue. When both servers are active,
per-server bandwidth saturates at 22.1 GiB/s.

Application slowdown. Given that MPDs have higher la-
tency than expansion devices (267 ns vs. 233 ns, measured
with our hardware), we evaluate slowdown across a broad
set of cloud workloads: web (Ruby YJIT [9]), key-value
stores (YCSB [35] on Redis [8] and Memcached [93]), and
databases (TPC-C [10] on Silo [132], and TPC-H [11] on
PostgreSQL [7]).

Figure 12 shows that about 65% of applications incur less
than 10% slowdown with MPDs, consistent with our earlier
estimate (§4.2). Note that latency-sensitive workloads that ex-
ceed 10% slowdown with expansion devices degrade further
on MPDs; however, such workloads would not be provisioned
with CXL memory in practice.

Small RPCs. We measure the round-trip latency of RPC
where RPC parameters and return values are both 64 B. Fig-
ure 10a shows that the median RPC latency within an Octo-
pus island is 1.2 us. A CXL switch has 2.4 x higher latency.
RDMA has 3.2x higher latency at 3.8 ps. User-space net-
working has 9.5x higher latency at over 11 ps.

We validate Octopus’s island concept (§5.2) by measuring
RPC latency when servers have to forward messages because
they do not share a MPD. For example, expander topologies
with 96 servers typically require traversing 3 MPDs. We mea-
sure the round-trip RPC latency with a varying number of
intermediate MPDs. Figure 11 shows that transmitting a mes-
sage through two MPDs increases the median latency from
1.2 ps to 3.8 s, comparable to RDMA.
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Figure 12: Cumulative distribution of application slowdown for
CXL expansion devices and MPDs relative to local DRAM.

Large RPCs. We measure 100 MB parameters and 64 B re-
turn values. With Octopus, we can pass RPC parameters by
value or by reference. For the latter we assume that all param-
eters are already in the MPD, so there is no need to serialize
and copy the parameter.

Figure 10b shows the round-trip RPC latency. When pass-
ing by value, CXL achieves 5.1 ms median latency. The me-
dian latency with RDMA is 3.3 x higher. When passing by
reference, CXL latency matches the 64 B case, orders of mag-
nitude lower than passing by value.

Broadcast collectives. The source server connects directly
to the two other servers each via a separate MPD. Thus, the
source server writes the data to the two MPDs in parallel and
both destination servers read the data from the corresponding
MPD in a pipeline while the source server is still writing. We
measure the completion time for broadcasting 32 GB to two
servers at 1.5 s, confirming the MPD serves at full bandwidth
to both servers in parallel, a 2x speedup over RDMA.

All-gather collectives. The CXL links in our three-server
island form a cycle, so we use the ring all-gather algorithm.
With 32 GiB shards per server the all-gather completes in
2.9, achieving 22.1 GiB/s aggregate bidirectional bandwidth
(vs. 28.8 GiB/s expected), limited by the same MPD firmware
bottleneck noted above.

6.3 Scaled-Up Simulations

We use the hardware measurements to simulate scaled-up
versions of Octopus with 96 servers.

6.3.1 Memory Pooling Savings

We show that Octopus achieves almost optimal memory pool-
ing savings among MPD topologies with X =8 and N = 4.
We also compare Octopus to CXL switches which have better
reachability than MPDs. However, CXL switches also have
higher latency and thus can pool a smaller fraction of memory.
By pooling a larger fraction of memory capacity, Octopus is
able to match the pooling savings of CXL switches even under
very optimistic assumptions on the CXL switch topology.

Octopus vs. other MPD topologies. To show that Octopus
achieves near-optimal pooling savings, we compare it against
expander topologies (Jellyfish [120]) with varying pod sizes
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Figure 13: Average memory pooling savings with Octopus and
expander topologies with a varying pod size ().

under X = 8 and N = 4. Expander topologies are known
to have asymptotically optimal expansion [120, 133]. All
topologies have the same MPD cost per server, since the
server-to-MPD ratio is identical.

Figure 13 shows pooling savings for expander topologies
up to 256 servers. Note that some of these are not physically
feasible topologies, as copper cable lengths will not scale
beyond two server racks, and roughly 100 severs. These large
and unrealistic MPD topologies save up to 18% compared to
Octopus-96 which saves 16%. The benefits flatten out around
100 servers, consistent with the peak-to-average demand ratios
in Figure 5, validating Octopus’s focus on 96 servers with
practical copper cabling.

Octopus vs. CXL switches. CXL switches are subject to
similar limitations as MPDs under fully-connected wiring
assumptions. Specifically, when every CXL switch must con-
nect to every server (as in prior work [82]), we cannot connect
more than 20 servers in a pod, because we must at least use
10 ports for CXL devices and 2 ports for management [60].
When pooling across 20 servers, CXL switches can save 12%
of memory, compared to 16% for Octopus-96.

We therefore simulate an optimistic CXL switch design
to upper-bound its pooling savings. Specifically, we assume
switches adopt a sparse topology similar to Octopus, forgo
management ports, and connect up to 90 servers. Although
such a sparse switch topology would be less efficient than
a switch fabric that fully connects servers and devices, we
optimistically model it as a global pool with 90 servers. Under
this optimistic assumption, the switch topology achieves 16%
memory savings, matching Octopus. This is because it pools
only 35% of total DRAM and saves 46% of that pooled mem-
ory. In contrast, Octopus pools 65% of total DRAM while
saving 25% of the pooled memory (§4.2).

Sensitivity analysis. We use expander topologies (Jelly-
fish [120]) to show how pooling savings vary with pod size
(8), server port count (X), and MPD port count (V). For ref-
erence, Octopus-96 exhibits behavior similar to a expander
topology with 64 servers. Figure 14 shows memory savings
for expander topologies with S ranging from 2 to 512 servers
and X from 1 to 16. Pooling savings generally increase with
X, with diminishing returns beyond X = 8.

In terms of MPD port count (N), pooling savings are min-
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Figure 14: Average pooling savings of expander MPD topologies
with a varying pod size (S) and a varying server port count (X).
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Figure 15: Average normalized bandwidth under random traffic with
a varying number of active servers.

imal with N = 2. This configuration cannot reach sufficient
MPDs even with X = 8. Conversely, N = 8 is far more effec-
tive than N = 4, though no N = 8 MPDs exist today.

6.3.2 Bandwidth-Bound Communication

Octopus provides both low server-to-server communication
latency and high bandwidth within each island. We show that
Octopus achieves optimal performance for bandwidth-bound
communication within each island.

Single active island. We simulate the optimal completion
time of a uniform all-to-all communication within an island.
The optimal completion time is obtained by solving a multi-
commodity max flow problem [76] using linear programming.
We assume that only one island is active, which allows the
active island to also route traffic through inactive islands.

Our simulations show that all-to-all communication within
the active island achieves optimal bandwidth, with each server
fully saturating its 8 CXL links (5 intra-island, 3 inter-island),
demonstrating that Octopus can leverage unused inter-island
link bandwidth.

Random traffic. However, as Octopus has less inter-island
bandwidth, it has lower performance under random communi-
cation across the entire pod compared to an expander topology.
Figure 15 shows that with 10% active servers, Octopus has
12% lower performance. In contrast, switches achieve higher
bandwidth due to their high fanout.

6.3.3 CXL Link Failures

CXL link failures are the dominant failure factor introduced
by CXL memory [25]. To study how CXL link failures affect
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Figure 16: Average memory pooling savings under a varying CXL
link failure ratio. The standard deviation is shown as the error bars.

Islands Pod Size CXL CapEx Cost  Cable Len.
1 25 $1252 / server 0.7m
4 64 $1292 / server 0.9m
6 96 $1548 / server 1.3m

Table 4: Octopus configurations with X = 8 server ports and N = 4
MPD ports. The CXL cost includes CXL devices and required cables.
The cable length is the known minimum required to realize the
Octopus topology within a 3-rack configuration. Increased cable
cost is the main reason for increasing costs of Octopus-96.

different CXL use cases, we simulate memory pooling savings
and bandwidth-bound communication performance with a
varying CXL link failure ratio. For a given failure ratio, we
uniformly randomly select CXL links to fail®.

Pooling savings. CXL link failures reduce pooling savings
because affected servers can access fewer MPDs. If such a
server becomes “hot,” its excess memory demand can only be
served by the remaining MPDs it connects to, which lowers
pooling savings. We compare the memory pooling savings be-
tween Octopus and the expander topology with a varying CXL
link failure ratio. Figure 16 shows that the pooling savings of
both Octopus and the expander topology degrade gracefully
from 17% to 14% with 5% failed CXL links.

Communication performance. We also simulate communi-
cation under random traffic with CXL link failures. With 5%
link failures, performance degrades by 5%—12%, indicating
Octopus’s path diversity helps sustain performance.

6.4 Physical Layout Validation

To find physical placements for Octopus topologies within
a 3-rack system (§5.3), we solve the physical mapping SAT
problem for various cable lengths and determine the length
required to realize each topology in Table 3. The cable lengths
for which a solution was found within 48 hours of wall-clock
time are documented in Table 4. All three Octopus topologies
can be realized with cable lengths of 1.3 m or less.

SDisconnecting CXL devices from a running server (e.g., caused by CXL
link failures) is termed surprise removal of devices in CXL specifications [3].
As of CXL 3.0, surprise removal may cause server faults and reboots. We
therefore assume affected servers have rebooted and can access remaining
MPDs via functional links.

Topology  Pod Size ~ CXL CapEx  Mem Saving

Expansion \ $800 / server \
Octopus 96 $1548 / server 16%
Switch 90 $3460 / server 16%

Table 5: Comparison of CXL device CapEx and memory pooling
cost savings of Octopus and CXL switches.

Power factor 1.00 1.25 1.50 2.00

Switch CapEx ($/server)  $2969  $3589  $4613  $9487
Server CapEx +1.7% +37% +7.1% +22.9%

Table 6: Switch cost sensitivity under a power-law die-area model.

6.5 Cost Comparison

CXL CapEx. Table 5 summarizes the CXL device CapEx
and memory pooling cost savings of the 96-server Octopus
and the 90-server CXL switch topology. Although Octopus
and the CXL switch topology achieve the same memory pool-
ing savings, the switch topology’s device cost is more than
twice that of Octopus. Octopus’s cost is 5% of server CapEx
vs. 12% for switches.

Server CapEx. Combining device CapEx with memory pool-
ing savings, Octopus reduces overall server CapEx by 3.0%
compared to servers without CXL. This reduction may appear
small at first, but is significant at hyperscale. Moreover, this
estimate excludes additional savings from data sharing and
communication use cases, which can further reduce CPU core
requirements by lowering RPC overheads.

The overall server CapEx of the switch topology is 3.3%
higher than the baseline without CXL. Due to the expensive
price of switch and the many cables required, the CXL switch
topology costs more than it saves in terms of DRAM CapEx.

So far, we have assumed a server without CXL as a base-
line. Since CXL memory expansion is seeing increasing adop-
tion [2], we consider a baseline where the server includes CXL
memory expansion. In this case, Octopus reduces the server
CapEx by 5.4%. The key is that Octopus’s MPDs cost little
more than existing expansion devices, whereas the switch
topology still increases CapEx by 0.6%.

Sensitivity analysis. We also evaluate an alternative switch
cost model in which die cost scales as a power law with
die area, reflecting non-linear yield effects in semiconductor
manufacturing. We vary the power factor starting from 1.0
(linear scaling). Table 6 shows that even under the optimistic
linear model, server CapEx still increases by 1.7%.

7 Discussion

Limitations. In terms of communication, Octopus is opti-
mized for low-latency and high-bandwidth communication
within an island. Communication between servers in different
islands may traverse two MPD hops, incurring higher latency
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and lower bandwidth compared to fully-connected MPD or
switched topologies. In addition, broadcast-style collectives
(e.g., all-gather over shared CXL memory [17, 134, 138]) also
favor full connectivity, as a sender can write once and all re-
ceivers read from the same MPD; in Octopus, such patterns
require multi-hop reads or replication across MPDs.

For memory pooling, Octopus may have suboptimal sav-
ings when server demands are extremely skewed. For exam-
ple, if a single server needs to allocate nearly all CXL memory,
only a fully-connected (MPD or switch) topology can serve
this extreme skew; Octopus’s per-server MPD reachability is
bounded by the number of MPDs a server connects to.

Finally, Octopus’s irregular cabling may be harder to man-
age than a single-switch or fully-connected MPD pod [120,
133], though the comparison is less clear at sub-rack scale.

Port count changes. Octopus assumes X = 8 CXL ports
per server and N = 4 ports per MPD, based on existing Intel
Xeon 6 and AMD 5th Gen EPYC deployments [1,4]. CXL
4.0 over PCIe 6.0 will double per-lane bandwidth, making
narrower links (x4 or even x2) viable, so X = 8§ independent
x4 links on 32 total lanes is realistic and MPDs can scale to
N > 4 within today’s form factors. Octopus’s topologies are
specific to X and N; the split between island-specific ports
(X;) and cross-island ports (X — X;) must be re-optimized for
each configuration, which we leave to future work.

CXL switch topologies and future interconnects. CXL
3.0 enables non-tree switch topologies and direct switch-to-
switch links [3], but each switch hop adds ~220ns of la-
tency, making multi-level switching unattractive for latency-
sensitive workloads. A promising middle ground is to com-
bine MPD-based Octopus islands with a small switch fabric
for global reachability. A transition from copper to optical
CXL links could extend reach but does not eliminate the need
for topology design as long as switches remain electrical.

Security. Within a single server, CXL memory isolation re-
lies on the OS or hypervisor page tables, exactly as with
local DRAM. Across servers sharing a CXL device, CXL 2.x
provides no inter-server access control; pooling and sharing
must also rely on hypervisor page tables. CXL 3.x Dynamic
Capacity Devices (DCD) [3,48] adds hardware-enforced, per-
server access control for shared regions, enabling fine-grained
multi-tenant isolation. Octopus works with both: static MPD
partitioning under CXL 2.x, and on-demand secure sharing
via DCD under CXL 3.x.

Memory allocation. Memory allocation for pooling in Oc-
topus is challenging: greedily allocating from MPDs shared
with neighbors may cause contention when those servers later
become hot. Whether per-server demand prediction or limited
memory migration can improve pooling efficiency remains
an open problem.

In addition, bandwidth-sensitive workloads may require
software interleaving across multiple MPDs, making pooled

memory allocation more challenging when bandwidth con-
straints are considered.

Multi-socket servers. Octopus supports multi-socket servers
in two ways: treating each server as a single node, or treating
each socket as a separate node. This choice again trades off
pod size and latency. Treating an entire server as one node
can enable larger pods, but communication may traverse inter-
socket links (e.g., UPI), increasing latency.

8 Related Work

CXL pod topologies. Octopus is, to our knowledge, the first
work to compare sparsely connected CXL pod fopologies and
layouts rather than assuming one wiring pattern. Most prior
work and industry decks adopt fully connected MPD pods
or switch fabrics and study device properties, not topology
tradeoffs across pooling and communication [42,48, 50, 58,
82,90, 136]. Typical designs connect every CPU to the same
X MPDs so that N-ported MPDs yield pods of size N; this
scales poorly in port count [42,48,50,58,82,90, 136].

Scale-up “islands.” Large shared-memory systems (HPE
Superdome Flex, SGI UV) compose high-bandwidth islands
with longer inter-island paths; Octopus islands mirror this:
dense local sharing on a common MPD with sparser inter-
island links, aligning with MDC/OpenFAM-style locality-
aware programming [12, 13,64, 65,119].

Interconnection evolution. Point-to-point device fabrics
and switches have traded places across decades: trees to
high-radix, low-diameter designs (flattened butterfly, Slim/X-
pander), and Clos-like CXL 3.0 fabrics [26-28, 39, 63, 67—
69,71,77,96]. Octopus targets near-term copper-first deploy-
ments with sparse MPD bipartite graphs with one-hop sharing
while expanding pooling reach. Server-forwarded schemes
like BCube [47] are less attractive under CXL latency.

9 Conclusion

Octopus challenges the assumption that effective CXL pods
require fully-connected topologies with large pooling de-
vices, showing that sparsely-connected topologies can be
cost-efficient for pooling and low-latency communication.
Octopus offers a practical blueprint for CXL memory pooling
that balances cost, scalability, and performance.
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A Appendix

A.1 Expansion and Pooling Benefits

The expansion e; of an MPD topology directly yields a lower
bound on peak MPD usage within a pod:

Theorem A.1. Let Dy denote the maximum aggregate mem-
ory demand of any subset of k servers in a pod. Assume a
worst-case scenario in which, for each k, a subset of k servers
U C S that attains Dy also connects to only ey, distinct MPDs.
Then the peak memory usage across all MPDs, denoted L*,
satisfies

where |S| is the number of servers in the pod.

Proof. Fix k and let U be a subset of k servers that attains
Dy and, by the assumption, connects to ej distinct MPDs.
All demand from servers in U must be served by these ey
MPDs, so at least one of them must carry load at least Dy /ey.
Therefore L* > Dy /ey, for any k. Taking the maximum over k
completes the proof. O
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