
Dandelion: Small Clusters, Massive Throughput—
The Future of Distributed Transactions
Vasilis Gavrielatos∗, Antonios Katsarakis∗, Chris Jensen, Nikos Ntarmos

Huawei Research

Abstract
We present an in-memory, RDMA-enabled, highly-available,
transactional Key-Value Store (KVS), dubbed Dandelion, fo-
cusing on significantly improving performance in small de-
ployments (e.g., 5machines). The focus on small deployments
is motivated by the emerging memory expansion (e.g., via
CXL), which enables the deployment of KVSes with few
machines but lots of memory.
A small deployment presents locality opportunities that

have not been examined by related work. Specifically, it is
more likely that at any given time, we must send multiple
messages to the same recipient. We leverage this by batching
multiple requests in the same network packet. Similarly, it is
more likely that at any given time, we have multiple requests
that can be served by the local hashtable without going
through the network. Sending all requests to the hashtable
as a batch allows it to overlap their memory latencies through
software prefetching. Finally, it is more likely that the node
that requests a key, is itself a backup of that key. We leverage
this by allowing local reads from backups.
Our evaluation shows that these optimizations and care-

ful engineering result in hundreds of millions of distributed,
strongly consistent, and 3-way replicated transactions per
second with very few machines. This also translates to 3.3
- 6.5x throughput improvement over a state-of-the-art sys-
tem, FaSST, in OLTP workloads in a 5-machine deployment.
We characterize the impact and scalability of each of these
optimizations with up to 10 machines – where Dandelion
still offers up to 3.5× higher throughput than FaSST.

1 Introduction
This work focuses on reliable distributed Key-Value Stores
(KVSes). Modern KVSes shard and replicate the data in-
memory of multiple servers and provide strongly consistent
transactions with high availability. They leverage RDMA for
efficient networking to deliver high throughput while scal-
ing into big deployments (e.g., 90 machines). FaRM [4, 5, 11]
was the first such work, which sparked a multitude of subse-
quent works [2, 7, 10, 12–17]. Unlike these works, we focus
on small deployments (e.g., 3-10 machines).

Smaller deployments exhibit various forms of locality. For
example, it is more likely that at any given time, multiple mes-
sages from different transactions must be sent to the same
recipient. Similarly, it is more likely that a key-value pair is
stored in the machine that is searching for it. Such locality
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opportunities have, for the most part, not been exploited in
the context of rdma-enabled transactional KVSes, because of
the assumption that the deployment must always be large.
Instead, related work has focused mostly on debating the
correct usage of the RDMA primitives [3, 6, 10, 13].

We focus on smaller deployments, partially in anticipation
of CXL [1] memory expansion. In its first version, CXL-1 will
enable scaling up a few servers by adding more memory at a
significantly lower cost (than buying more new servers). Fur-
ther down the line, it is expected that CXL-2 will enable the
pooling of memory, entirely removing the coupling between
compute and memory. In either case, we will no longer need
a large number of servers simply to fit the dataset in-memory.
We are faced then with the following challenge: if we can fit our
dataset in a few machines, are those few machines sufficient to
also achieve the target throughput?

This work tackles this challenge by exploiting the locality
opportunities presented in small deployments. Specifically,
we build Dandelion (DNL), a distributed, in-memory, highly-
available, RDMA-enabled Key-Value Store, that achieves up
to 6.5x (3.5x) higher throughput than a state-of-the-art sys-
tem (FaSST [7]) with 5 (10) machines in popular OLTP work-
loads. Below, we introduce each of DNL’s main components
– networking, hashtable, and protocol – discussing the rele-
vant locality opportunities we exploit.
Networking. The main locality opportunity that arises
in small deployments is that there is a higher probability
that multiple messages must be sent to the same node at
the same time. We leverage this opportunity by batching
multiple requests and responses in the same network packet.
Batching multiple messages in the same packet amortizes
the per-packet overheads incurred in CPU (software stack
needed to transmit/receive), PCIe, and network (per-packet
metadata in NIC caches, packet headers, routing, etc.).
While network batching is by no means a new idea, this

work is the first to highlight its importance for in-memory,
RDMA-enabled, transactional KVSes and characterize its per-
formance benefits. Batching can yield up to a 10x throughput
improvement.
Hashtable. In DNL, each server uses a hashtable to store
and index key-value pairs. Again, locality facilitates batching,
as it is more likely that at any given time, there are multiple
requests that must be propagated to the local hashtable (e.g., ,
after receiving a batch of requests through the network).
Batching in the hashtable has been shown to significantly
increase throughput by overlapping the memory latencies
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Figure 1
of the different requests [8, 9].
Protocol. DNL features a customizable protocol skeleton,
through which we implement three protocols. One of the
protocols is very similar to FaRM’s OCC protocol, while the
other two have not yet been explored, as far as we know. We
expect that the community can use the skeleton to explore
more protocols. The protocol skeleton leverages locality, by
allowing reads of local replicas, despite of whether the replica
is a primary or a backup.
Summary. This work anticipates that memory expansion
(i.e., via CXL) will enable transactional KVSes in a small
number of machines with access to lots of memory. We build
DNL, an in-memory, RDMA-enabled, transactional KVS to
leverage three locality opportunities found in small deploy-
ments. Specifically, DNL batches in the network to amortize
the fixed per-packet costs, batches in the hashtable to en-
able software prefetching and can read from local backups
in the protocol. Our evaluation (Figure 1) shows that DNL
surpasses 250 Million distributed, strongly-consistent, and
3-way replicated OLTP transactions per second with just 5
machines and up to an order of magnitude improvement over
the state-of-the-art distributed in-memory KVS (FaSST).
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