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Abstract. CXL allows multiple hosts to share memory. How-
ever, the hardware is expected to provide cache coherence
only for a small region of CXL memory and it is difficult
for hosts to share data in the non-coherent region. Recent
work proposes using the small coherent region (SCR) to track
coherence metadata and enables coherent and correct sharing
of data in the software. We find that this approach suffers
from poor performance for large datasets as it cannot fit the
metadata in SCR. We propose MEGALON, a new data-sharing
approach for CXL that uses a novel split approach, where
big but infrequently updated metadata is logically shared via
replication, and only small and heavily updated metadata is
shared via scr. This enables MEGALON to support much larger
datasets with high performance. MEGALON augments the split
approach with novel techniques enabled by a CXL shared log
that unlock high performance under many workloads.

1 Introduction

Recent interconnect technologies, like Compute Express Link
(CXL) [27, 33,59, 64], enable memory sharing across a group
of hosts. This offers an opportunity to build more efficient
databases, key-value stores, and object stores that span many
hosts and efficiently share data by keeping it in CXL memory
and accessing it via CPU loads and stores [10, 18, 19].
Unfortunately, today it is hard for hosts to coherently share
data in CXL. This is because, even with the latest CXL ver-
sions [18, 19], hardware is expected to provide coherence
only for a small part of the CXL memory. Vendors like AMD,
Micron, and practitioners alike posit that hardware coherence
will be limited to a few hundred MBs of CXL memory, while
total CXL memory will span several TBs [10, 26-28, 47, 60].
We call this model the partly coherent CXL model, where the
CXL memory has a small coherent region (SCR) and a large
non-coherent region (LNR). This coherence model creates a
problem for applications: because LNR is not kept cache co-
herent by the hardware, host processor caches may hold stale
values when accessing data, leading to correctness problems.
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A natural way to address this problem is to use SCR to
provide coherence in software for data in LNR. The actual data
objects can be kept in LNR, and their coherence can be ensured
in software by tracking a per-object coherence record in SCR.
Software coherence is feasible because coherence needs to
be tracked only for coarse-granular application objects (e.g.,
database rows), not cachelines [27]. To enable hosts to locate
data objects and coherence records, a sharing approach must
also share an index that maps an object identifier to its location
in LNR and its coherence record in SCR. This index can itself
be shared via sCrR. We refer to the coherence records and index
together as metadata, and we call the scheme of relying on the
hardware-coherent region to share this metadata across hosts
to enable CXL data sharing hardware-coherent metadata-
based sharing, or HCMeta for short.

HCMieta is the approach used by Tigon [26], a recent CXL
database. Tigon is a partitioned database that uses CXL to
share data accessed in cross-host transactions. By using CXL
instead of message passing, Tigon makes cross-host transac-
tions faster than RDMA-based databases [26]. Tigon keeps
the shared database tuples in LNR and provides coherence via
a per-tuple coherence record in SCR, with each record also
pointing to the tuple’s location in LNR. Tigon stores an index
in SCR that maps a row key to its coherence record.

A downside of the HCMeta approach is that, with a large
number of objects, the metadata (which is essential for cor-
rectly sharing data) would not fit in SCR. For example, with a
large dataset, the metadata would be two orders of magnitude
bigger than the expected SCR capacity (§2.2).

Tigon handles this by limiting the number of CXL-resident
objects so that their metadata fits in SCR. When this limit is
hit, Tigon unshares objects, moving them from CXL to local-
DRAM partitions to which those objects belong, and reclaims
their sCR metadata space for newly shared objects. When the
shared working set is small, Tigon can fit the metadata in SCR,
yielding good performance. However, with larger datasets,
even low fractions of cross-host transactions increases the
total amount of shared data over the course of the workload.
This causes churn, where objects are repeatedly unshared and



reshared, which degrades performance. For example, with
20% cross-host transactions, increasing the dataset from 2.4M
to 24M objects reduces Tigon’s throughput by 10x due to
churn and data movement between CXL and DRAM. We also
implement HCMeta in a key-value store that keeps partitions
in CXL (instead of host-local DRAM). Even when avoiding
data movement, HCMeta suffers from poor performance due
to churn (§2). Overall, enabling CXL data sharing by relying
entirely on hardware coherence for metadata leads to repeated
unsharing and resharing, and ultimately poor performance.

This paper thus asks a fundamental question: How can one
share a large number of objects in CXL without unsharing
some of them when even the metadata is too big to fit in the
hardware-coherent memory? We answer this with MEGALON,
a new data-sharing approach for partly coherent CXL.

MEeGaLoN, like HCMeta, shares data objects via some
shared metadata. The metadata in MEGaLON consists of an
index that maps an object identifier to its coherence record
and its location within LNR. The coherence record consists of
a lock bit and a counter. At a high level, writes to an object
are serialized by the lock and writes increment the counter;
reads check the counter to catch intervening writes and detect
(and flush) stale processor caches at the host.

The key novelty in MEGALON is its ability to share a large
number of objects in CXL without being constrained by SCR
capacity. Unlike HCMeta, which relies entirely on SCR to
share all metadata, MeGaLoN adopts a split approach. It ob-
serves that the index is large (as it contains object identifiers)
but is updated infrequently; in contrast, coherence records are
tiny (a lock bit and a counter) but are updated on every object
write. Based on this asymmetry, MEcaLoN splits the metadata:
it logically shares the index by replicating it in each host’s
local DRAM, while relying on Scr only for keeping the small
coherence records, maintaining pointers to them from the
replicated index. Because each host has significant DRAM
capacity, it can easily fit index replicas even for large datasets.
Although replication increases local DRAM usage, each index
entry is still small compared to a data object. Since the in-
dex changes infrequently, keeping the replicas consistent adds
minimal overhead. Meanwhile, placing the frequently updated
coherence records in SCR keeps sharing efficient. Overall, by
storing only the small, frequently updated parts of metadata
in SCR and replicating the rest, the split approach dramatically
increases the number of objects that can be shared.

While the split approach enables sharing many objects,
MEGALON still needs to solve two big challenges. First, how to
maintain the consistency of index replicas? Second, because
a coherence record is maintained for every object in SCR,
there is still a limit on the number of shared objects. How
can MecgaLon tackle this limit? The answer to both these
challenges is a shared log in CXL. The shared log is also
central to other optimizations in MecaLoN. The shared log
is an ordered sequence of entries that hosts can append to
and read from. To conserve SCR, MEGALON maintains the log

entries in LNR and only the shared-log tail pointer in SCR.

The shared log keeps the index replicas across hosts con-
sistent by ordering all operations to the index. To update the
index, a host sequences the update by incrementing the tail
and appending the update to the log. To read the index, a host
synchronizes its replica with the shared log by checking if
the tail has advanced and applying any new entries. It then
performs the index read, ensuring consistency.

The shared log also enables MEGALON to increase the num-
ber of objects that can be shared by allowing it to dynamically
allocate and deallocate coherence records. MEGALON first ob-
serves that coherence records are unnecessary for objects that
are only read (read-shared), and so it dynamically allocates
them only for objects that are both read and written (read-
write-shared). Readers perform coherence checks only if a
coherence record exists. Thus, the number of read-shared
objects is not bounded by SCR capacity. The number of read-
write-shared objects, however, remains limited by SCR. When
this limit is hit, MEGALON converts some objects to read-shared
by deallocating their coherence records and reallocating them
to other objects. These dynamic allocations and deallocations
are enabled by the shared log which helps update the pointers
to the coherence records consistently in the index replicas.

With dynamic coherence records, coherence records can
be allocated and deallocated at any time and MEGALON must
still correctly ensure coherence. To solve this, MEGALON uses
a novel dual-path coherence technique, where it uses the
shared log to provide coherence when the coherence records
themselves alone cannot. In the first path, when the coherence
record’s allocation status of an object does not change, the
coherence record itself ensures coherence. In the second path,
when the allocation status changes, the shared log provides
the required coherence. Specifically, hosts detect allocation
status changes from the (de)allocation events in the shared
log and take necessary actions to ensure coherence (e.g., by
flushing CPU caches).

Like HCMeta, MEGALON does experience churn to deal-
locate and allocate coherence records. In fact, any sharing
approach that maintains metadata in SCR that is linear in the
number of the objects in CXL will incur churns. However,
MEeGALON pushes the point at which churn happens signifi-
cantly further than HCMeta. It does so by keeping the in-
dex out of scr and allocating coherence records only for
read-write-shared objects. Further, a churn in MEGALoON is far
cheaper. In HCMeta, when SCR runs out, objects must be un-
shared. To reshare an unshared object, a host must contact and
wait for the owner to share the object. In contrast, MEGALON
need not unshare an object but only deallocate the coherence
record. Further, the shared log enables efficiently resharing an
object in read-write mode: any host can allocate a coherence
record without synchronously waiting for other hosts.

The shared log also enables many optimizations. First, it
allows shrinking coherence-record counters to just a few bits;
when the counter wraps around, MEGALON records the event in



the shared log so that hosts can use them to flush caches and
avoid stale reads. Second, the shared log allows MEGALON to
support local DRAM partitions, letting hosts store exclusively
accessed data in local DRAM and keep only shared objects
in CXL. Specifically, MEGaLoN uses the index to point to
local-DRAM locations and moves objects between CXL and
host-local DRAM by modifying the index via the shared log.

Results. We have built MEGaLon in a CXL-based key-value
store and file-system page cache. In read-only workloads,
MEGALON improves throughput by 15x over HCMeta for large
datasets. Under read-write workloads, MEGALON supports up
to 12 x larger datasets without churns, improving performance
by 4x—-10x. Even when MEGALON experiences churns, it im-
proves performance by 2.5x-14.9x as it reduces the number
of churns and each churn is 8 x cheaper. HCMeta’s perfor-
mance drastically drops with larger keys, whereas MEGALON
is unaffected by key size. The shared log allows MEGALON
to use smaller coherence records, improving performance by
6.3 x over the default coherence-record size. It also enables
MEGALON to use host-local DRAM, offering high performance
in partitioned workloads. Under YCSB, MeGaLoN performs
3x—14x better than HCMeta. MEGaLON can share a larger
page cache, improving performance by 1.9x-5.7x.

Contributions. This paper makes four contributions.

* We propose MEGALON, the first sharing approach for partly
coherent CXL that can share a large number of objects.

* MEcALON introduces a novel split approach for sharing the
metadata, logically sharing the index and relying on hard-
ware coherence only for coherence records.

* MEGALON uses many novel techniques centered around a
shared log. The shared log keeps the index replicas con-
sistent; it also allows MEGaLoN to dynamically allocate
and deallocate coherence records and do so without syn-
chronously waiting for other hosts; it also enables dual-path
coherence, where coherence is ensured by the shared log
when the coherence records themselves alone cannot.

* We experimentally show MEGALON’s benefits.

MEGALON is open-sourced at https://github.com/dassl-

uiuc/MEGALON-artifact.

2 Background and Motivation

We describe the partly coherent CXL model and explain the
drawbacks of the current approach to sharing in this model.

2.1 Partly Coherent CXLL Memory

CXL is an emerging interconnect standard built atop PCle, us-
ing which hosts can access a CXL memory device. With CXL
1.1, a single host can use CXL for memory expansion and
access the memory in a cache-coherent manner. With recent
CXL 3.0 and CXL 3.2 specifications, multiple hosts can share
memory on an external CXL device, allowing processors in
hosts to issue loads and stores directly on the shared memory.

Like any other memory, accesses to CXL memory are opti-
mized through several levels of processor caches. In addition
to the shared CXL memory, each host has a local memory not
accessible by other hosts. Local memory has substantial ca-
pacity (a few 100GBs per host [27]), and it has lower latency
and higher bandwidth than CXL memory [27, 33, 56, 64].
While CXL 3.0 and later specifications [18, 19] provide
cache coherence in hardware, it is expected that this support
will be limited to a small region, while the rest of CXL mem-
ory is non-coherent without support for speculative prefetch-
ing. Indeed, hardware vendors such as AMD, Micron, and
Samsung indicate that hardware-based coherence is practical
only for a few hundred MBs, while CXL memory can span
several TBs [10, 25-28]. The reason for this limit is that the
cache coherence mechanisms (snoop filters and back invalida-
tion) do not scale with increasing memory sizes [10, 25, 26].
We call this model the partly coherent model, and refer to
the small hardware cache-coherent region as SCR and the large
non-coherent region as LNR. This model creates a problem for
applications. If an application spanning across hosts shares
data in the LNR, the processor caches may hold stale values,
resulting in correctness problems. For example, in an object
store, one host could update an object, but another host that
had previously read that object may read an old value from
its processor cache, resulting in a stale object being returned.

2.2 Sharing Approaches for the Partly Coherent Model

One way to completely sidestep the incoherence problem is
to restrict sharing only to the sCR. However, this is impracti-
cal given SCR’s tiny capacity: applications cannot coherently
share more than a few hundred MBs of data simultaneously,
which severely limits the utility of shared CXL memory.

Another approach is to allow sharing data in LNR and real-
ize correct and coherent sharing in software by tracking some
metadata in the hardware-coherent region. We refer to this
general scheme of sharing data in CXL as hardware-coherent
metadata-based sharing (or HCMeta).

In fact, this is the approach used by Tigon [26]. Tigon is
a partitioned database system, where each host has its own
partition of the data in the host-local DRAM. A host cannot
access the data present in another host’s local DRAM. If a
transaction at a host accesses a tuple from other partitions
(i.e., it is a cross-host transaction), Tigon moves those tuples
to CXL memory for sharing across hosts. Thus, cross-host
transactions can complete without any network coordination,
but with just memory accesses. While Tigon is an ACID com-
pliant database, we focus on its approach to share data in CXL
because our goal is to build an efficient data-sharing approach
for CXL, and not a specific application like a database.

Tigon realizes correct sharing by keeping the shared tuples
in LNR and providing coherence for these tuples via per-tuple
coherence information (called HWcc record in Tigon [26,
§3.2]) that it stores in SCR. The HWcc record contains a
lock and bitmap (one bit per host) that ensures coherence.
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Figure 1: Drawback of HCMeta (a) and (b) show Tigon artifact’s performance and (c) shows the performance of HCMeta in a key-value store.

Specifically, the lock serializes accesses to a tuple. Writers,
when updating a tuple, reset the bitmap entries for other hosts.
When reading, a reader checks if its bit is set. If so, it can rely
on its processor caches to read that tuple; otherwise, its caches
are out of date and thus the host flushes the corresponding
cachelines and reads the data from CXL and sets its bit in the
bitmap. The HWcc record also helps hosts locate the shared
tuple in LNR. To allow hosts to locate the HWcc record for
a tuple, Tigon maintains an index in SCR, which maps a row
key to its HWcc record in scr. Thus, Tigon, by maintaining
metadata (i.e., per-object HWcc record and the index) in SCR,
enables correct sharing of data tuples in LNR.

Since systems using the HCMeta approach maintain per-
object metadata, with a large number of objects, the metadata
would not fit in scrR. For example, in Tigon, with 24-byte
keys and 8-byte HWcc records [26, §3.2], metadata would
be at least 8GB for a 1TB dataset with 4KB objects, which is
roughly two orders of magnitude more than the SCR, which is
expected to be a few 100 MBs [10, 27, 28]. HCMeta thus has
a limit on the number of objects that can be shared in CXL.

When the scr limit is hit and no more metadata can be
kept in there, HCMeta unshares some objects, so that the
metadata space can be used for other objects. For example,
Tigon moves some objects from CXL to their local partitions
in the host-local DRAM. To share an unshared object, a host
that wants to access that object contacts the host that owns
the partition that the object belongs to. The owner moves the
object to CXL and creates a HWcc record and index entry in
SCR for it (unsharing other objects in its partition if it needs
to make space). After this, other hosts can access the object.

2.3 Drawbacks of HCMeta

When many data objects are shared in a workload, HCMeta
incurs a lot of churn to share and unshare objects. Note that the
data that needs to be shared at a particular point may be small.
For example, in Tigon, only those tuples that are currently
being accessed by cross-host transactions need to be present
in CXL, which is small [26]. Thus, the metadata to share data
at a particular point would fit in SCrR. However, over the course
of the workload, different data objects need to be shared at
different points and the metadata for all of them will not fit
in scr. Thus, some objects need to be unshared so that some
other ones can be shared and this happens repeatedly. This
churn resulting from unsharing and sharing can significantly

degrade performance.

We measure this impact in the publicly available Tigon
artifact [58]. Figure 1(a) and (b) show the results. In 1(a), we
fix the dataset size to 12M rows. We run the YCSB-based
read-only transaction workload from the Tigon paper, where
each transaction accesses 10 rows with a skewness factor of
0.7. A transaction can be local (all 10 rows from the local
partition) or cross-host (5 from local partition and 5 from re-
mote). We vary the percentage of cross-host transactions and
plot Tigon’s throughput with an ScRr size of 100MB (realistic)
or an unlimited Scr (unrealistic). As shown, with few cross-
host transactions, both the 100MB-scr and unlimited-SCR
versions perform well. This is because only a small amount of
data is shared via CXL and thus there is little churn. However,
with a higher percentage of cross-host transactions, there is
more data shared over the course of the workload. Thus, the
metadata does not fit in the 100MB-scR, causing churn and
reducing its performance compared to an unlimited scr. Fig-
ure |(b) shows a similar result when varying the dataset size
with a fixed cross-host transaction percentage (20%). With
small datasets, the metadata fits in SCrR and thus Tigon per-
forms well. However, as dataset size increases, the metadata
does not fit, causing churns and a steep drop in performance.

Since Tigon is a transactional database, to measure the
impact of HCMeta in isolation, we implement the HCMeta
scheme in a non-transactional key-value store. We build three
variants of this store: (i) where the partition resides on host-
local DRAM similar to Tigon (called HCMeta-local), (ii)
where partitions reside entirely on CXL, so that only metadata
(not data) moves between local DRAM and CXL memory as
part of the churn (HCMeta), (iii) a variant of HCMeta with
unlimited scrR (HCMeta-Unlimited). Figure 1(c) shows the
results for a read-only workload with varying dataset sizes.

First, if the sCrR space is unlimited, all metadata fits and
thus no churn happens. Thus, the HCMeta-Unlimited variant
performs well even as the dataset keeps increasing. How-
ever, in HCMeta-local, the metadata does not fit, leading to
churn and data movement, which degrades performance. Al-
though HCMeta incurs only metadata movement and per-
forms slightly better than HCMeta-local, as the dataset in-
creases, its performance still drops significantly due to churn.

Summary. Although metadata is critical to enable coherent
and correct sharing of CXL data, relying entirely on scr for
sharing metadata leads to churn and poor performance.
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3 MEGALON Design

MEGALON is a new data-sharing approach for partly coherent
CXL memory. It can share many objects without being limited
by scRr. We first describe what metadata MEGALON maintains
to let hosts coherently share objects and locate them (§3.1).
We then explain its novel split approach, which shares only
coherence records via SCR and the index via replication (§3.2).
Next, we describe how a shared log enables consistency of in-
dex replicas (§3.3). We then explain how shared-log-enabled
dynamic coherence records allow sharing more objects and
how dual-path coherence ensures coherence via either co-
herence records or the shared log (§3.4). Finally, we discuss
how the shared log enables optimizations like compressing
coherence records and local-DRAM partitions (§3.5).

3.1 Shared Metadata

Like HCMeta, MEGALON also shares metadata across hosts to
enable correct, coherent sharing of data objects. Like HCMeta,
MEGaLoN tracks coherence for coarse-grained (1KB — 4KB)
data objects like database rows, key-value pairs, object-store
blobs, and file pages (and not cachelines). To ensure coher-
ence of data objects in LNR, MEGALON maintains a coherence
record per object, that consists of a lock bit, a free bit, and
a counter. It also maintains an index that maps each object
identifier to its location in LNR and its coherence record.

For coherence of data objects, one must ensure the single
writer or multiple readers (SWMR) and data-value invari-
ants [54, §2.4]. SWMR requires that for each data object, at
any time, either a single writer may write it, or some number
of readers may read it. The data-value invariant requires that
the latest write to an object is visible to subsequent readers.

MEGAaLoN ensures SWMR as follows. When a write to an
object starts, the host performing the write sets the lock bit,
increments the counter, and performs the write to LNR. It then
increments the counter again and clears the lock bit. For a
read, the host first notes the counter value as cl1, reads the
data from LNR, then notes the counter value again as c2. If
c2 is odd or c1 and c2 are not equal, the reader detects an
intervening write and retries the read (after flushing the CPU
cache lines of the data object). Since writes are serialized by

the lock bit and reads cannot succeed with intervening writes,
the coherence record ensures SWMR. This mechanism is
similar to how sequence locks work [52].

To maintain the data-value invariant, MEGALON keeps a
host-side counter for each object a host has successfully read.
To ensure that reads do not see stale data in CXL memory,
upon every write, a host flushes its CPU caches; the host does
so after the write to the object but before incrementing the
counter the second time. Before reading from LNR, a reader
checks whether its host-side counter matches c1 (from above).
If they match, it proceeds with the read; otherwise, its CPU
cache is stale, so it flushes the object’s cache lines and then
reads. If both the SWMR and the data-value invariant checks
pass, the read succeeds. The reader then updates its host-side
counter of the object to the post-read counter value c2.

A host performing a read or a write first looks up the index
to locate the object in LNR and access its coherence record. It
then performs the read or write as described above.

3.2 Split Metadata Sharing Approach

The previous subsection explained how the shared metadata
across hosts enables MEGALON to coherently share data objects
and correctly locate them. We now discuss how MEGALON
consistently shares the metadata itself across hosts. Relying
purely on SCR limits the number of data objects that can shared
in CXL, leading to churn and low performance (§2.3).

To enable sharing a large number of objects, MEGALON pro-
poses a novel split metadata sharing approach that is not
constrained by scr. The key insight is to split the metadata
into two parts: (1) a small but frequently updated part, which
is shared using hardware coherence, and (2) a large but in-
frequently updated part, which is shared using other means.
MEGALON physically shares only coherence records via SCR
and logically shares the index by replicating it in each host’s
local-DRAM. The index maps object identifiers to their data
locations in LNR and their coherence-record locations in SCR.
Figure 2 shows the split-sharing idea.

The rationale behind the split approach is as follows. First,
since the coherence records are small (just lock and free bits
and a counter per record), they can be maintained in SCR even
for a large number of objects. Further, because they are fre-
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quently updated (on every object write), sharing them via the
hardware-provided cache-coherent region is more efficient.
Second, the index is large because it contains object identifiers
as keys, which can be much larger compared to coherence
records. For example, keys can be as large as 50 bytes [14],
whereas coherence records are just 4 bytes. Thus, the index
cannot be contained in SCR. While ScRr is too small (a few
100 MBg) to fit the index, each host locally has considerable
amounts of DRAM (a few 100 GBs), which is 1000x bigger
than the scr. This allows the index to fit within every host’s
local-DRAM even with large datasets. While replication in-
creases local-memory footprint, each index entry is still much
smaller compared to the coarse-granular data object. For ex-
ample, a 50-byte index entry is 80x smaller than 4KB objects.
Further, compared to coherence records that are updated on
every write, the index is modified less frequently (e.g., when
a new object is inserted). Thus, maintaining the consistency
of index replicas can be done with little overhead.

Overall, by keeping only coherence records (not the index)
in SCR, the split approach significantly increases the number
of objects that be shared. Consider a 100MB scr, 40-byte
keys, and 4-byte coherence records. The split approach can
share ~25M objects. The HCMeta approach requires 52 bytes
(as it also stores two 4-byte pointers, one to point to coherence
record and the other to the object in LNR) in SCR per object.
Thus, it can share only 1.9M objects, an order of magnitude
less than the split approach. As a result, with large datasets,
MEGALoN offers much higher performance than HCMeta. Al-
though MeGaLon adds local-DRAM memory overhead for
replicating the index, it is a small cost to pay for the outsized
performance improvements it brings, as we show later (§6.6).

In addition to reducing SCR usage, the replicated index also
offers two benefits over keeping the index in Scr. First, it
improves latency because index accesses are in local memory.
Second, it offers better scalability because each host has its
own copy of the index and thus leads to less contention than
synchronizing on a shared index in SCR.

Why not logically replicate all metadata? One might con-
sider logically replicating all metadata, including coherence
records, so as to not be limited by SCrR capacity. Unfortu-
nately, this approach requires synchronizing the replicas for

coherence records across hosts, which is expensive because
they are frequently updated. The split approach avoids this
overhead by physically sharing coherence records via SCR
and thus taking advantage of hardware cache coherence for
them. We showcase the benefits of the split approach over
pure logical replication in our evaluation (§6.10).

Challenges. Although the split approach pushes the limit on
how many objects can be shared, MeEGaLon still faces two
major challenges. First, MEGaLoN must keep the index repli-
cas consistent across hosts. Second, because split sharing
requires a coherence record for every object, the total num-
ber of shareable objects remains constrained by SCR capacity.
The solution to both challenges is a shared log in CXL. This
shared log also underpins several optimizations in MEGALON.

3.3 Index Consistency atop Shared Log

One way to realize consistency of index replicas across hosts
is to use state-machine replication [50] via consensus [31, 37].
However, this incurs significant overhead as it requires soft-
ware coordination via message passing. MEGALON, instead,
takes inspiration from Node Replication [13] and shared
logs [6, 7], which consistently replicate data structures us-
ing a log. MeGaLon adapts this idea to ensure consistency of
index replicas via a shared log in CXL that orders all opera-
tions on the index.

The log consists of an array of entries and a log tail. When
a host intends to update the index (e.g., to insert an object),
the host performs the update through the shared log. It first
reserves a new entry in the log by advancing the log tail via
a compare-and-swap operation; it then logs the operation in
the new entry. The host then applies all entries up to the tail
to its local index replica, after which the update completes.
Local reads of index at replicas are guaranteed to be consis-
tent because, before a local read, the host does a tail check: it
checks if it has applied all entries up to the current tail; if not,
it replays all entries up to the current tail to bring the local
replica up-to-date. The shared log avoids message passing
across hosts to agree on the index. The shared log also es-
chews synchronous cross-host software coordination, as hosts
can independently append to and synchronize with the log.

To minimize SCR use, MEGALON stores log entries in LNR



and keeps only the log tail in SCR (see Figure 2). MEGALON
bypasses CPU caches when reading log entries, so coherence
is not a concern. CPU caches anyway offer little benefit be-
cause log entries are read sequentially. When writing a log
entry, hosts flush it to CXL. Hardware guarantees coherence
for the log tail (as it is in SCR), ensuring hosts see the changed
tail during tail checks. This prompts them to apply new log
updates, keeping index replicas consistent across hosts.

3.4 Dynamic Coherence Records, Dual-Path Coherence

The split approach increases the number of objects that can
be shared. However, because it maintains a coherence record
for every object, the SCRr space still limits the the number of
shared objects. To address this problem, MEGaLON uses the
shared log to dynamically allocate and deallocate coherence
records. It then uses a novel dual-path coherence mechanism,
where MEGALON leverages the shared log to enforce coherence
when coherence records cannot alone do so.

3.4.1 Dynamic Coherence Records

MEGALON first realizes that if a shared object is only read (read-
shared), it does not need a coherence record. Thus, MEGALON
does not allocate a coherence record for such an object and the
object’s index entry does not point to a coherence record. For
such objects, a host performing a read skips coherence checks.
For example, in Figure 3, when reading object A, hosts would
skip the coherence checks. MEGaLoN only maintains coher-
ence records for objects that are being both written and read
(read-write-shared); a host performing a read for such objects
(e.g., object B in Figure 3) will locate the coherence record
from the replicated index, and perform coherence checks.

Since MEGaLoN does not spend any memory in SCR for read-
shared objects, the number of read-shared objects is not bound
by the scr. However, SCR space still limits how many objects
MEGALON can share in the read-write-shared mode. When
this limit is hit, because MegaLon does not require coherence
records for read-shared objects, MEGaLON dynamically con-
verts some read-write-shared objects into read-shared objects.
Whenever a write occurs to a read-shared object, MEGALON
dynamically allocates the coherence record for it. Thus, by
dynamically converting between read-write-shared and read-
shared modes, MEGALON can avoid unsharing the object when
it hits the sCR space limit (unlike HCMeta).

3.4.2 (De)allocating Coherence Records via Shared Log

All hosts must correctly know whether or not an object has a
coherence record. MEGALON ensures this by using the shared
log to update the coherence-record pointer in the index.
When an object is created, MEGaLoN does not allocate a
coherence record. A host performing a write first checks the
index to see if the coherence record is allocated for the object.
If not, the host allocates the coherence record in SCR; it uses
the free bit (see Figure 2) to find an unoccupied coherence
record and clears the free bit. It then updates the pointer in
the index to point to the allocated record via the shared log.

If two hosts race to update the pointer in index, only the
first one in log order will succeed. Although both hosts can al-
locate coherence records independently and both can append
their request to the log, only the first request can be success-
fully applied to the replicated index. This is because, all hosts
apply the two operations in the same order from the log. Thus,
all hosts will know that the pointer is already set in the index
by the first request and thus ignore the second request. When
this happens at the host that created the second request, it
frees the coherence record it allocated. Note that only the first
write transitioning an object to read-write sharing needs to
assign a new coherence record for the object, requiring log
updates. Subsequent writes are efficient; they simply use the
coherence record in SCR without log updates.

Deallocations also happen via the log. Such deallocations
happen to make space for allocating coherence records for
different objects. Any host can deallocate a coherence record
by clearing the pointer in the index through the shared log
and then deallocating the corresponding coherence record
(setting the free bit) in SCR. This can happen either in the
synchronous path when a host cannot find space for allocating
a new coherence record or in the background as MEGALON
proactively tries to keep some free coherence records.

3.4.3 Dual-Path Coherence

So far, we discussed how MEGALON ensures coherence via co-
herence records. If coherence records were never deallocated,
this mechanism would suffice. However, because coherence
records are dynamic, they can be deallocated anytime. To
solve this problem, MecaLoN uses a scheme for coherence
with two paths: one provided by the coherence record (dis-
cussed so far) and another enabled by the shared log (dis-
cussed below). We first explain why coherence records alone
are insufficient. We then explain how the shared log helps.

Why coherence records alone are insufficient? Dynamic
coherence records do not pose a problem for writes because
a coherence record cannot be deallocated when a write is in
progress as the writer holds the lock. However, this is not true
for reads. When a read starts, a coherence record may exist
for the object but may be deallocated before the read finishes.
Conversely, a coherence record may not exist at the beginning
of the read but may be allocated before the read completes.
One might handle these cases by checking that the index
entry is the same before and after the data read. However,
this check is insufficient, because reading the index tells only
the current allocation status of the coherence record and not
the transitions. For example, suppose an object A is in read-
shared mode (i.e., coherence record does not exist). A host
i first checks the index and skips the coherence check and
performs the read. During the read from LNR by i, another
host j switches A to read-write mode, writes to it, and then
switches it back to read-shared mode. If host i again checks
index after the read, it sees that the object does not have a
coherence record and incorrectly skips the coherence check.



Such a transition could also happen after a host reads an
object and before the host reads the object again. For example,
suppose host i reads object A, then A is switched to read-write
mode, written to, and then switched to read-shared mode. If
host i reads A again and skips coherence checks because it
does not find the coherence record in the index, it incorrectly
reads the object from its (stale) CPU caches.

Thus, a host cannot rely only on the current coherence-
record state. It must know if there were any allocation status
changes for the coherence record since the host began the
current read or the host previously read an object.

Shared-log enabled coherence path. One option to realize
this is to synchronously notify all hosts of such events. Specif-
ically, a host that changes the coherence-record status of an
object notifies and waits for all other hosts to acknowledge be-
fore it changes the status. The other hosts can take necessary
actions like flushing their caches before they acknowledge.
However, this would significantly increase the overhead to
switch between read-shared and read-write-shared modes.

MEGAaLON’s shared log enables a better solution, where the
host that switches the sharing mode simply records the event
in the shared log. Each host independently detects these events
when they replay the shared log. This reduces overhead to
switch between modes. This mode switch in MEGaLoN is akin
to the churn in HCMeta. However, the cost of the churn in
MEGALON is much lower because the log decouples the hosts.

Thus, the shared-log coherence path works as follows.
While replaying the log, if a host finds an allocation or deallo-
cation event, it flushes the CPU caches for the affected objects.
Reads after this point do not see stale caches. This mechanism
also handles cases where the coherence-record allocation sta-
tus for an object changes while a read is in progress; hosts
simply check if there was a coherence-record status change
for that object between the first and second coherence checks.
If so, the host retries the read after flushing the cache.

3.4.4 Handling Object Deletions

When an object is deleted, its index entry is removed via
the shared log and the LNR memory used by the object is
reclaimed. Object deletions, however, introduce challenges
to coherence that MEGaLoN must handle. One challenge is
that hosts may be caching the old contents of the memory
location of the deleted object. Suppose a reader reads object A
at some location in LNR, storing its contents in its CPU cache.
Then suppose A is deleted and another object B is allocated
at the same location by another host. If the first host tries to
read B, the host will see A’s contents (from its cache), which
is incorrect. Similarly, consistency can be violated if such
deletions happen while the read is in progress. When a write
is in progress, MEGALON prevents changes to the index entry
of an object because writers set the lock bit. However, because
reads are optimistic, an object can be deleted while the read
is in progress. So, MEGALON must detect any changes to the
index entry of the object while the read was in progress.

MEecGaLoN handles both these challenges via the shared-log-
enabled coherence path. Specifically, since object creations
and deletions happen via the shared log, hosts can use those
events and correctly flush the caches during replay.

3.4.5 Putting It Altogether: MEGcaLon Reads and Writes

We now describe how the different pieces of MEGaLoN work
together in the read and write of an object.

Read. To read an object A, a host synchronizes the index
with the shared log, and reads its local index to find A’s LNR
location. At this point all new log entries have already been ap-
plied on the replica, thus flushing potentially stale cachelines
of A. If A is read-write-shared, the host obtains the counter ¢
from the coherence record and compares it with the host-side
counter /. If they are not equal or c¢ is odd, the host flushes
the cachelines of A and retries the read. This is the pre-read
check. Pre-read check is not needed if A is read-shared. The
host then accesses the actual data from LNR. The host then
performs post-read checks: it checks if there were any log
updates concerning A or if A is read-write-shared and the cur-
rent counter ¢’ is different from the previous value of c. If
either is true, the host flushes cachelines of A and retries the
read. After a successful read, the host updates / to ¢’.

Write. To write an object A, a host synchronizes the index
and consults the index entry of A. If A is read-shared, the host
allocates a coherence record for A by finding a free coherence
record and updates the pointer in the index. If the index update
fails, it retries the write. It then acquires the lock bit in the
coherence record, and checks if there were any log updates
since it initially got the index entry; this is because the index
might have been updated after acquiring the entry and before
acquiring the lock bit. The host then increments the counter
in coherence record c. This is the pre-write step. The host
then updates A in LNR. It then performs the post-write steps.
It flushes the relevant cachelines, pushing the update to CXL
memory. The host then increments the counter ¢ again and
sets host-side counter to /. It then finally resets the lock bit.

3.5 Shared-Log-Enabled Optimizations

The shared log also enables other optimizations in MEGALON.

3.5.1 Smaller Coherence Records

The counter in the coherence record is 30 bits. If fewer bits
are used, then coherence records for more objects can fit in
SCR, which increases the number of objects that can be shared
in read-write mode. This improves performance by reducing
churn. However, with fewer bits, counters may wrap around
and threaten coherence: a host could think that its counter in
the host-side metadata is the same as the one in the coherence
record, but in reality, the counter has wrapped around; in such
cases, the host may incorrectly read its stale CPU caches. The
shared log provides a way to handle this issue. When the
counter wraps around, MEGALON logs the wrap-around event
in the shared log. When hosts replay the log, they see such



events and flush their caches, avoiding stale reads.

3.5.2 Supporting Local Partitions

Another optimization that the shared log enables is local
DRAM partitions. Partitioned applications store data in host-
local DRAMs and move data to CXL only for sharing across
hosts (e.g., Tigon). Such applications perform well under
workloads where hosts mostly access data from their own par-
titions. MEGALON can also support local partitions; it uses the
index to point to local-DRAM locations and moves objects
between CXL and local DRAM of hosts by modifying the in-
dex appropriately via the shared log. Thus, MEGALON can also
realize high performance for partitioned workloads. MEGALON
decides to move an object to local when n consecutive ac-
cesses are from the same host (n is configurable). MEGALON
performs the movement by making a copy of the object on
local DRAM and updating the index to point to the local copy.
The correctness of the movement is also guaranteed by the
dual-path coherence mechanism. Consistency of local objects
are managed by local reader-writer locks. When a host tries
to access an object that is moved to a remote host, it sends a
message to the remote host. The remote host brings the object
back to CXL by performing the data copy and index update.

3.5.3 Supporting Local Data Copies

MEGALON can also consistently maintain local copies of data,
where hosts store copies of an object in the host-local DRAM
to avoid CXL accesses. MEGALON supports local data copies
by having the index of an object in read-shared mode to
point to multiple locations for the same object, one in LNR
and others in local DRAM of hosts. MEGALON ensures co-
herence in the presence of data copies via the shared log.
Specifically, when a host writes to an object that has multiple
copies, it updates the index to point only to the CXL copy
and changes the object to read-write-shared mode through
the shared log. This logically invalidates the local copies be-
cause MEGALON synchronizes the index with the log tail on any
host upon a subsequent read. This allows MEGALON to invali-
date the local copies asynchronously without waiting for all
hosts to acknowledge the invalidation. We call the variant of
MEGALON that replicates objects locally MEGALON-DATA-COPY.
MEGALON-DATA-CoPY currently uses a simple policy to create
local copies: it creates a local copy of an object at a host
when the number of read accesses for that object from the
host crosses a threshold. HCMeta cannot support local data
copies because the index in SCR only tracks one location for
each object.

4 Implementation

MEGALON is implemented as a C++ library in ~§K LOC. An
application runs across hosts, and on each host, the application
links against the MEGaLoN library. To ease application devel-
opment, MEGALON library implements the pre-read and post-

read checks and pre-write and post-write steps in read_start,
read_end, write_start, and write_end calls. Applications in-
voke them before and after the actual read or write operation.
It also exposes calls to create and delete objects.

The replicated index on each host is a hashmap with object-
id as the key that maps to locations of the object in LNR and
coherence record in SCR. MEGALON manages the space where
the objects are stored as fixed-size slots. The entry of an
object in the index points to the slot where the object lives.
MEGALON currently takes the slot size as a compile-time pa-
rameter. MEGALON can be easily extended to support variable-
sized objects at object creation time by keeping the object
size as a field in the logically shared metadata. To support
objects that can change size during their lifetime, MEGALON
could treat them as delete-then-insert. A better approach to
support dynamic object sizes with more efficient memory
management is an avenue for future work.

To manage index replicas, MEGALON builds on the open-
source Node Replication (NR) implementation [48]. NR can
replicate any datastructure across NUMA nodes via a shared
log, which occupies 32 MB by default; we treat the index
hashmap as the NR datastructure. NR stores the shared log
as a circular buffer. Updates to the replicated index are flat-
combined [24] within a host and appended by a single thread
per host to reduce contention on log tail. On each replica,
NR protects the index with a reader-writer lock [13]. Before
reading the index, a thread replays the log to bring its replica
up to date, applying only fully-written entries and ignoring
incomplete ones from concurrent writers. After all the replicas
have replayed up to a certain log entry, the log head is safely
incremented to recycle the log space. NR does not perform
checkpointing since the log is used only for replication not
recovery. This aligns well with MEGALON’s failure model.

‘We make several modifications to NR. First, we allocate
the log on CXL, with only the log tail and head in scRr, and
perform non-temporal accesses to log entries. Second, we
modify it to support the shared-log enabled coherence path.
Specifically, when a replica replays the log, it flushes the
CXL memory addresses of the slot contained in the log en-
tries. Further, we add notifications from the log about events
that modify the object (i.e., create, delete, coherence-record
(de)allocations). For example, when MeGaLon starts a read,
it subscribes to such changes to the object; upon read end,
MEcALoN checks if there was an event, if so, retries the read.

The space for coherence records is fixed at initialization.
MEGALON runs a background thread periodically to deallocate
coherence records to keep the used ratio below a watermark.
We use random sampling and recycle coherence records with
the lowest counter (indicating objects with least writes).

As described in §3.5.2, MEGALON’s policy to move an ob-
ject to local DRAM is n consecutive accesses to an object.
MEGALON does this by keeping the last access host to an object
in LNR and keeps a per-object counter locally for tracking con-
secutive accesses. Keeping the last access host information
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in LNR is acceptable because the policy does not need to be
precise. False positives can be limited by setting a reasonable
n. Also, objects can be always brought back to CXL.

We adopt an open-source shared-memory RPC implemen-
tation [16] for general communications between hosts, such
as requesting a partitioned object to be moved back to CXL.
Underneath the RPC implementation, it uses a small pairwise
multi-producer multi-consumer (MPMC) queue. Note that
the communication method is orthogonal to the design of
MEGALON, thus barely optimized. We can easily reduce the
memory footprint of the MPMC queue by moving the queue
entries to LNR and only keeping the head and tail in SCR. More
extremely, we can even use the shared log for communication,
which is already on CXL. We leave these optimizations for
future work.

Currently, MEGALON is targeted to a system with 8—16 nodes
as MEGALON’s local memory footprint grows linearly with the
number of nodes. To scale to a larger number of nodes, one
could explore techniques such as rendering a partial view
of the shared metadata to each node, or sharding the shared
metadata by adopting multiple shared logs.

S Applications

KYV Store. The KV store exposes a linearizable put-get inter-
face. Each KV pair is a MEGALON object, with the key serving
as the object identifier. Put creates or updates the object via
create, or write_start and write_end. Get reads the object and
returns the value when read_end finishes without errors.

File-system Page Cache. This application treats each file
page ([inode, block-number]) as a 4KB-sized MEGALON object.
Here, not all data fits in CXL memory and so the application
must evict pages to make space for new pages from disk. The
application admits a page into the cache by reading it from
disk and then calling MEGALON’s create. If two threads admit
a page, the second create fails. To evict a page, the application
calls delete. The application chooses a victim using a per-
object count, which is incremented by application threads
upon accesses. Access counts need not be accurate, so the
application keeps them in LNR. It runs a clock-like algorithm
over the pages. The application writes back dirty pages to disk.
The application maintains a dirty bit for each object in SCR,
which it sets before it calls write_end. A background thread

writes back dirty pages. It calls write_start on the dirty page
(preventing other writes), flushes the page, clears the dirty bit,
and calls write_end. Before a page is switched to read-shared
mode, the application flushes the page to disk and clears the
dirty bit, ensuring that the page is clean in read-shared mode.
Failure Model. Like Tigon [26, §2], both KV store and page
cache assume a fail-stop model. A failure of any host or
CXL memory causes the entire system to fail. KV store is
in-memory; our current implementation does not implement
disk-based checkpointing. Our file-system page cache is disk-
based and the file system can recover the state from the disk.
Our page cache provides the same guarantees as existing file
systems: all fsync-ed writes are guaranteed to be recovered.

6 Evaluation

We ask the following questions in our evaluation:

* How does MEeGaLoN perform in read-only workload? (§6.1)

* How do dataset sizes impact read-only performance? (§6.2)

* How does MeGaLoN perform in read-write workload? (§6.3)

* How does MegaLon perform in cases where its coherence
records do not fit in SCR? (§6.4)

* How does object identifier size affect performance? (§6.5)

* What does MEGaLON pay for the higher performance? (§6.6)

* Do smaller coherence records improve performance? (§6.7)

* How do local-DRAM partitions enabled by the shared log
help under partitioned workloads? (§6.8)

* How do local data copies enabled by the shared log improve
performance? (§6.9)

* How does an approch that logically shares all metadata via
replication perform compared to MEGALON’s split-sharing
approach? (§6.10)

* How does MeGaLoN perform in YCSB workloads? (§6.11)

* Does MeGaLoN help the page-cache application? (§6.12)

Setup. CXL 3.0 hardware is not commercially available, so
we emulate CXL and hosts on a 4-socket server with Intel
Xeon Gold 6418H processors. We designate NUMA node 0
as CXL memory and nodes 1-3 as hosts. Each emulated host
has 24 physical cores with hyperthreading disabled and 64GB
local DRAM. To approximate CXL latencies, we throttle
the uncore frequency of node 0, as in prior work [3]. We dis-
tribute threads equally across hosts. We compare against three
baselines: HCMeta, HCMeta-local, and HCMeta-Unlimited
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(described in §2.3). All experiments by default runs on the KV
Store application with 1KB objects. Unless stated otherwise,
we use 200MB for the scr (like in Tigon [26]).

6.1 Performance under Read-Only Workload

We first evaluate under a read-only workload with Zipfian
access pattern (Zipf parameter 0.99), where most accesses are
to some popular objects. We use a dataset of 18M objects. We
vary the number of threads and plot throughput and average
latency for MEGALON and baselines. Figure 4 shows the result.
As shown, HCMeta and HCMeta-Local do not scale be-
cause metadata doesn’t fit in SCR at this dataset size, caus-
ing excessive churns. HCMeta-Local performs worse than
HCMeta due to additional data-copy overhead during churns,
but both are ultimately bottlenecked by churn. The perfor-
mance of HCMeta-Unlimited, which has unlimited ScRr, con-
firms that churn is the bottleneck; with unlimited ScR, it has
no churns and achieves high throughput and low latency.
MEGALON’s split design keeps the index out of scr; fur-
ther, since this is a read-only workload, it does not allocate
any coherence records. Thus, MEGALON avoids churn entirely,
achieving high performance. MecaLon’s throughput exceeds
that of HCMeta-Unlimited because accessing the physically
shared metadata in HCMeta-Unlimited incurs higher over-
head than accessing the local index replicas in MEGALON.

6.2 Read-only Performance with Growing Dataset Sizes

We next examine how dataset size affects performance un-
der read-only workloads. We vary dataset size and measure
throughput, latency, and normalized churn (the fraction of
operations that incur churn). HCMeta variants churn when
they share an unshared object; a churn in HCMeta-local ad-
ditionally copies the data. In MEGaLoN, churn occurs when a
read-shared object is converted to read-write-shared mode.
As shown in Figure 5, for small datasets, all three systems
deliver high throughput and low latency, as seen in the two
leftmost points of 5(a) and (b). This is because none of the
systems incurs churn, as shown by the two leftmost points in
5(c). MEGALON has a small throughput advantage (about 1.2x)
due to lower contention from its locally replicated indexes.
For large datasets, HCMeta and HCMeta-Local suffer from
poor throughput and high latency because their churn rises
with dataset size. HCMeta-Local has even higher latency due
to data-copy overhead. MEGALON is unaffected by dataset size

and offers 15 higher throughput because it does not allocate
any coherence records in this workload, incurring no churn.
Since HCMeta-Local is strictly worse than HCMeta, we omit
it from future experiments (except §6.8).

6.3 Performance under Read-Write Workloads

We next compare performance under read-write Zipfian work-
loads with 5% and 50% writes. In these workloads, MEGALON
must convert objects to read-write-shared mode by allocating
coherence records. Figure 6 shows the result.

As shown in 6(a), with 5% writes, MEGALON sustains high
throughput, while HCMeta’s throughput drops significantly
due to churn as the dataset grows. MEGALON avoids this drop
because its split design uses SCR only for small coherence
records, not the index (unlike HCMeta). Thus, even with 24M
objects, MegALon still has ample space left in SCR and incurs
no churn, achieving 10x higher throughput than HCMeta. In
fact, with a 200MB scRr, MEGaLoN can hold coherence records
for up to 50M objects, which is 12 x more than what HCMeta
can support without churn. We later examine the case where
MEGALON’s coherence records no longer fit in SCR (§6.4).

With 50% writes (Figure 6(b)), both systems have lower
absolute throughput because more writes cause additional
lock contention and cache-line invalidations, reducing perfor-
mance for both MecaLon and HCMeta. However, MEGALON
still offers 4 x higher throughput than HCMeta. Overall, even
when MEGcaLoN must allocate coherence records in read-write
workloads, it still provides significant performance benefit.

6.4 Performance when Coherence Records Do Not Fit

We next examine the case where coherence records don’t fit in
SCR for MEGALON, causing churn under read-write workloads.
Note that read-only workloads incur no churn in MEGALON.
Churn frequency is driven by three factors: (1) dataset-to-SCR
ratio, (2) write percentage, and (3) access skewness. Thus, we
vary the SCR size while fixing the dataset at 18M objects, as
well as the workload’s write ratio and skewness. We examine
two skewness levels (Zipf parameters): 0.99 (more skewed,
YCSB default) and 0.7 (less skewed, used in Tigon [26]).
Figure 7(a)(i) shows throughput (left y-axis) and normal-
ized churn (right y-axis) against SCR size for a 5%-write
workload with high skew. For unrealistically large SCR sizes
greater than S512MB [10, 27, 28] (the grey area), HCMeta
performs well because, with such a large SCR, it incurs no
churn (shown by the right y-axis). But as SCR becomes re-
alistic (smaller than 512MB), HCMeta’s throughput drops
sharply. In contrast, MEGALON sustains its throughput until
SCR reaches 128MB, which is an 8 x smaller footprint than
what HCMeta needs for high performance. Below 128MB,
coherence records no longer fit, so MEGaLoN also incurs churn.
However, MEcaLON incurs far fewer churns because of the low
write ratio in this workload. As a result, MEGALON still outper-
forms HCMeta even when MEGaLON experiences churns; for
instance, at 64MB ScCR, it delivers 11 x higher throughput.
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Figure 7: Read-write performance of MEGALON vs. HCMeta with various SCR size

Figure 7(a)(ii) shows the 5%-write workload with low skew.
Because accesses are more uniform in this workload, HCMeta
is more likely to access unshared objects and thus exhibits
higher normalized churn than in the more skewed case, caus-
ing a sharper throughput drop. MEGALON’s churn also rises
compared to the more skewed workload, but remains far lower
than HCMeta’s, preserving its performance advantage.

Figure 7(b) presents results for 50% writes. When SCR
exceeds 128MB, MEecaLoN incurs little to no churn; below
128MB, it sees more churn than in the 5%-write case. Thus,
MEGALON shows a more pronounced throughput drop, yet still
outperforms HCMeta. With low skew, the 50-% write case
(7(b)(ii)) is the worst-case workload for MEGaLoN. However,
even in this case, MEGALON continues to deliver much higher
performance due to substantially fewer churns.

Churn Overhead. While MecaLon’s lower churn frequency
leads to higher performance than HCMeta, each churn in
MEGALON is also cheaper, further boosting performance. Fig-
ure 8 shows MEGaLoN’s lower churn overhead. A churn in
MEGALON requires only allocating a coherence record and
updating the index. In contrast, a churn in HCMeta occurs
when a host accesses an unshared object, which triggers a
shared-memory RPC to the host that owns the object. This
adds substantial communication and synchronization cost. We
also measured the churn overhead of HCMeta in the Tigon
artifact [58], and found it be even higher (~55 us).

In summary, MeGaLoN’s split design greatly reduces pre-
cious SCR usage, allowing much higher throughput with far
smaller scr than HCMeta. Even when coherence records no
longer fit, avoiding allocations for read-shared objects lets
MEGALON sustain better performance. MEGaLON’s churns are
also cheaper, further contributing to its performance gains.

6.5 Performance vs. Object Key Size

We next evaluate how object-identifier (i.e., key) size influ-
ences performance. Using a 4.8M-object dataset, we vary key
size from 10 to 90 bytes under a read-only Zipfian workload.
Figure 9 shows the throughput. Because HCMeta stores its
index in SCR, its SCR footprint grows linearly with key size,
leading to more churn and consequently lower throughput
for larger keys. In contrast, MEGALON’s split design keeps the
index out of SCR, so key size does not affect SCR usage. Thus,

MEGALON maintains high throughput across all key sizes.

6.6 Local-DRAM Usage and Performance

MEGALON’s performance benefits come at the cost of higher
local-DRAM usage for replicated indexes. This is justified
for two reasons. First, the extra memory for index replicas
is modest compared to coarse-granular (e.g., IKB) objects.
Take the 24M dataset point in Figure 5(a); each object has a
24-byte key and 1KB data. MEGaLon uses 27.71GB memory,
including the replicated indexes, host-side counters, coher-
ence records, the shared log, and the object data. Compared
to the 25.76GB footprint of HCMeta, MEGALON requires only
7.6% more memory. Second, the small added memory yields
outsized improvements. As shown in 5(a), MEGALON reaches
24.4 MOps/s, achieving 0.88 MOps/s per GB of memory
used. HCMeta, however, reaches only 1.6 MOps/s (or 0.062
MOps/s per GB). Thus, for just 7.6% more memory, MEGALON
improves absolute performance by 15.25 X, achieving 14.19x
more throughput per GB of memory spent. With eight hosts,
MEGALON’s usage would be 33.51GB. Assuming similar per-
formance, MecaLoN would still have outsized benefits, offer-
ing 12.18 x more throughput per GB than HCMeta.

6.7 Performance with Smaller Coherence Records

As shown in Figure 7(b)(ii), with very small scr (32MB), high
write ratios (50%), and less skew, MEGAaLON’s performance
drops due to churns. We now examine how making coherence
records smaller improves performance for this worst-case
workload. MEGALON’s shared log enables this optimization:
smaller records allow more coherence records to fit in SCR,
delaying churn; the log safely handles counter wrap-arounds.
We use a dataset of 18M objects and vary the size of coherence
records by allocating them fewer bits. Figure 10 shows the re-
sult. As shown, throughput increases as we reduce the record
size below the 32-bit default. With 8-bit records, throughput
matches the maximum seen in Figure 7(b)(ii), as all records
now fit in SCR. We observe that reducing below 8 bits hurts
performance due to frequent wrap-around log events. Note
that we use the default 32-bit records in all experiments; our
current implementation does not dynamically pick the opti-
mal size for a workload. However, the shared log provides the
fundamental mechanism to explore this optimization.
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6.8 Performance for Partitioned Workloads

We now evaluate the benefit of the local DRAM parti-
tions enabled by the shared log. We compare MEGALON to
HCMeta-Local, which keeps data in host-local DRAM and
moves only shared objects in CXL. When hosts mostly ac-
cess data from their own partitions, HCMeta-Local performs
well. Using a read-only Zipfian workload on 18M objects,
we vary the shared ratio (i.e., fraction of shared objects). For
example, with 20% shared ratio, 20% objects are shared and
80% requests access exclusive data in host-local partitions. As
shown in Figure 11, HCMeta-Local performs well at low shar-
ing (0-20%) as it benefits from local DRAM access and little
churn due to only small amount of sharing. MEGALON, by en-
abling local partitions, moves exclusively accessed objects to
host-local DRAM and matches HCMeta-Local’s performance
at low sharing. As sharing increases, HCMeta-Local starts
to churn and throughput drops, whereas MEGALON maintains
significantly higher throughput by avoiding churns. Over-
all, by flexibly placing data between local DRAM and CXL,
MecaLoN matches HCMeta-Local under partitioned work-
loads and significantly outperforms it as sharing increases.

6.9 Benefit of Replicating Objects Locally

We now evaluate the benefit of replicating data objects lo-
cally. We skip comparison to HCMeta because it does not
support local data copies as discussed in §3.5.3. We com-
pare MEGALON-DATA-CopY to MEGaLoN under read-only Zip-
fian workload on 18M objects. As shown in Figure 12,
MEGALON-DATA-CopY achieves 1.3 X lower access latency than
MEGALON because it avoids CXL accesses by replicating pop-
ular objects locally on hosts.
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6.10 Performance of AllLog Variant

To showcase the benefit of the split metadata sharing approach,
we implement a variant of MEGaLoN that does not split the
metadata into physically shared coherence records and log-
ically replicated indexes. Instead, it replicates all metadata
through the shared log. We call this variant, AllLog. In this
variant, lock acquisitions and counter increments create log
events and are replayed on each metadata replica. We compare
MEGALON against AllLog under a Zipfian workload with read-
only, 5% writes, and 50% writes over 18M objects. As shown
in Figure 13, AllLog performs similar to MEgaLoN under read-
only workload because no locks are acquired or counters are
incremented. However, as write ratio increases, AllLog in-
curs more log events, leading to higher logging overhead and
lower throughput than MeGaLon. With 50% writes, MEGALON
achieves 4.14 x higher throughput than AllLog. This demon-
strates the benefit of the split approach: by keeping frequently
updated metadata (the coherence records) in SCR, MEGALON
optimizes performance by avoiding excessive log replays.

6.11 YCSB Macrobenchmark

We next analyze the performance under five YCSB [17] work-
loads: A (50% w, 50% 1), B (5% w, 95% r), C (read-only), D
(5% insert, 95% r; read latest), and F (50% read-modify-write,
50% r). The distribution is Zipfian and we use an 18M-object
dataset. Figure 14 shows the result. Because HCMeta cannot
fit the coherence records in SCR, it experiences churn across
all workloads. In read-heavy B and C, MEGaLoN achieves
the largest speedups (9.12x—14.18x). With A’s 50% writes,
contention reduces throughput of both systems, yielding a
smaller benefit for MEcaLoN (3.93 ). F shows the smallest
gain (3.18 x) because the writes immediately following the
reads do not incur churns. D is the only workload where
MEGALON requires shared-log updates for insertion. HCMeta
incurs higher synchronization overhead because a host must
contact the owner if the inserted object does not belong to the
requesting host. MEGAaLON’s shared-log-based insertion does
not wait for other hosts and performs 4.55x better.

6.12 Page cache application

We finally evaluate the user-level shared page cache built
with MEGaLoN. We run skewed workloads with different mix
of reads and writes with a 48GB dataset of 4KB file pages.
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As shown in Figure 15, HCMeta cannot share all pages as
metadata does not fit in SCR; it suffers from churns and low
performance. MEGALON is able to share a large page cache
without churn, achieving notably higher throughput across all
workloads. The throughput is lower than in the KV store due
to larger object size. The page-cache application demonstrates
that MEGALON can be incorporated into different applications
to share large amounts of data in CXL with high performance.

7 Related Work

Disaggregated memory is an old idea [36] that has regained
attention with CXL. Prior work on CXL mainly focus on mem-
ory tiering and pooling. Tiering solutions [32, 42, 55, 61-63]
seek to hide CXL’s higher latency by moving hot data to
DIMM-attached memory. Pooling approaches [22, 33] im-
prove memory utilization by apportioning CXL memory to
hosts that need it. Other work [23, 33, 38, 56, 57] analyze
CXDL’s raw performance and implications to application per-
formance. None of the above considers CXL memory sharing.

A few recent papers consider sharing CXL memory across
hosts [10, 26-28]. They note that cache coherence for all CXL.
memory is infeasible, motivating an SCR model. Tigon [26]
shows how to build a database in this model, by moving ob-
jects to be shared from local memory to CXL. To share objects
in CXL, Tigon uses hardware-coherent metadata-based shar-
ing (HCMeta). The work in [28] outlines high-level sharing
ideas for different CXL versions but provides few technical de-
tails. CXLfork [2] proposes remote forks via CXL, where the
forked process shares read-only pages with its parent. Unlike
our work that enables general data sharing across hosts, CXL-
fork uses sharing only for deduplicating memory between
parent and child, and supports only read sharing.

Systems without any cache coherence have been consid-
ered before [5, 15, 30, 44]. However, such systems create
significant complexity for applications, and so they have not
been widely adopted. Cosh [8] enables transferring bulk data
across CPUs, GPUs, and other accelerators that may share
memory incoherently. That work has a different goal from
ours, namely, bulk data transfers rather than data sharing.

RDMA also enables disaggregated memory, but unlike
CXL, it requires processes to issue IO to access disaggre-
gated memory, rather than loads and stores. RDMA-based
disaggregated memory has been used to build object and KV

stores [20, 21, 29, 35, 40, 45, 53]. However, these systems
are unaffected by the lack of cache coherence in CPU caches,
since RDMA operations are 1O operations. As a consequence,
RDMA systems require software-managed caches to avoid re-
mote memory accesses, whereas CXL allows hosts to directly
benefit from hardware caches.

Node replication (NR) [13] efficiently replicates data struc-
tures across NUMA domains using a log in shared memory,
while subsequent work used NR to replicate page tables in
the OS [11]. That work was not targeted at systems without
full cache coherence. We borrow NR to replicate the index in
MEGALON and apply it to our setting with an SCR, by observing
that NR works correctly provided that the log tail pointer is in
the SCRr; even the log can be in incoherent memory provided
threads flush or bypass the cache when accessing log entries.

The idea of replicating indexes has appeared in other con-
texts. DudeTM [39] mirrors durable memory pages in persis-
tent memory to local DRAM, including the index, to speed
up transaction execution by avoiding expensive persistent-
memory accesses. HydraList [43], similar to NR, replicates
the search index across NUMA nodes to avoid remote-
memory stalls and cache-coherence traffic. It updates the
search index asynchronously by aggregating operations and
broadcasting them to all replicas. However, both works use
index replication to improve performance, whereas our work
uses it to conserve scarce SCR space.

Software-based distributed shared memory (DSM) systems
(e.g., [1,4,9, 12,34, 41, 46, 49, 51]) emulate shared memory
among hosts connected by a network without any physical
shared memory. These systems do not have an SCR to leverage,
so they provide coherence entirely in software via message-
passing protocols, which are known to be slow.

8 Conclusion

We propose MEGALON, a new data-sharing approach for partly
coherent CXL. MEcaLoN shares the metadata essential for
coherent data sharing using a novel split approach that is
not limited by hardware-coherent memory capacity. MEGALON
uses a CXL shared log to enable dynamic coherence records
and provides coherence using the shared log when coherence
records cannot. MEGALON improves performance compared to
the current sharing approach under many workloads.
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