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Abstract

This retrospective reflects on a decade of influence stemming from
LAsp, a coordination-free programming model built atop Conflict-
Free Replicated Data Types (CRDTs). Designed to simplify dis-
tributed programming by prioritizing availability and convergence,
Lasp has had a lasting impact across academia and industry.

Its coordination-free model inspired a generation of research
into program synthesis, semantics verification, and declarative, dis-
tributed programming languages. Not only did Lasp live in the lab,
it was also validated through large-scale experiments: deployments
on over 1,000 AWS nodes during the early era of CRDT exploration
when achieving this scale was a challenge.

Lasp’s open-source distribution layer that facilitated these ex-
periments, PARTISAN, saw broader industrial adoption, influencing
improvements to the Erlang runtime and formed the inspiration for
FILIBUSTER, a fault injection tool adopted in practice for microser-
vice architectures.

As the industry shifts toward multi-region deployments, Lasp’s
core insight — that coordination can be the exception, not the rule
— continues to shape how we build reliable, scalable systems today.

ACM Reference Format:

Christopher Meiklejohn and Peter Van Roy. 2025. Distributed, Coordination-
Free Programming: 10 Years of Progress Since Lasp. In Proceedings of the
27th International Symposium on Principles and Practice of Declarative Pro-
gramming (PPDP °25), September 10-11, 2025, Rende, Italy. ACM, New York,
NY, USA, 3 pages. https://doi.org/10.1145/3756907.3756910

1 Introduction

Ten years ago, LASP was introduced as a coordination-free program-
ming model designed to simplify the development of distributed
systems through the use of Conflict-Free Replicated Data Types
(CRDTs) [24] and declarative functional programming principles.

At the time, distributed systems were becoming increasingly
central to internet applications that needed to scale up, yet devel-
opers building real-world systems faced significant challenges in
reasoning about consistency, availability, and failure. LAsp proposed
a radical alternative: a model where convergence and availability
were first-class guarantees. In this model, coordination - typically
required for maintaining consistency, but problematic for availabil-
ity — was treated as the exception, not the rule.
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The initial motivation behind LAsP was to address the complex-
ity of correct distributed programming by offering a higher-level
abstraction that maintained strong theoretical guarantees while be-
ing practical for real-world systems. Its CRDT foundations allowed
developers to reason locally about their application while achieving
global convergence: a compelling proposition at a time when cloud
computing, mobile, and edge deployments were accelerating.

Over the past decade, Lasp has not only inspired a wave of aca-
demic research in distributed computing, programming languages,
and formal verification, but has also found traction in industrial
applications—from IoT edge computing to large-scale data plat-
forms. The system’s underlying distribution layer, PARTISAN [22],
emerged as a high-performance alternative to Erlang’s built-in dis-
tribution, eventually becoming widely used across open-source and
proprietary projects.

This retrospective explores LAsp’s academic and industrial influ-
ence, its continued evolution through open-source contributions,
and the ways in which its core ideas have seeded subsequent inno-
vations such as Erleans, PARTISAN, and FILIBUSTER [21].

2 Background: Lasp

Lasp was developed during a period of growing interest in CRDTs
and eventually consistent programming models, a time when indus-
try and academia were grappling with the limitations of traditional
coordination-heavy distributed systems. The CAP theorem [9] had
recently re-energized the search for models that favored availability
and partition-tolerance. CRDTs offered one such path, but their
use was often ad hoc and underdeveloped. Lasp emerged in this
environment with a principled, declarative programming model
that unified these ideas.

The initial development of Lasp occurred when the first author
was employed at Basho Technologies, a company deeply involved
in building distributed systems and advancing the state of eventu-
ally consistent databases through its Dynamo-inspired database [7],
Riak. This work at Basho provided the author with direct insight
into the operational and engineering challenges of coordination-
free architectures, particularly in high-availability systems. These
experiences significantly influenced Lasp’s design goals and imple-
mentation, including the focus on reliability and scalability.

Lasp was also part of the broader European Union funded SyncFree
research project [26] (and its follow-up project LightKone [17]),
which sought to advance the theoretical and practical foundations
of large-scale distributed systems based on CRDTs. This collabo-
ration brought together researchers from academia and industry
across Europe and provided critical support for the early validation
of Lasp through international collaboration and dissemination: in
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the case of Lasp specifically, Rovio Entertainment’s game Angry
Birds provided the motivating use case for its evaluation.

Lasp was initially prototyped in Erlang and validated through
experiments on large-scale systems at a time when orchestrating
1,000 AWS nodes was still operationally challenging. It was part
of a broader research agenda exploring how functional program-
ming abstractions could simplify reasoning about replicated state,
and how eventual consistency could be made the default without
undermining developer productivity. This large-scale experiment
was one of the major deliverables to the European Union to show
viability of these techniques at scale as part of the SyncFree project.

3 Academic Influence

Lasp’s coordination-free design and reliance on CRDTs has had
a broad impact across distributed systems and programming lan-
guages research.

Approaches like Katara [15] have built on Lasp’s foundational
principles, proposing new synthesis techniques and data abstrac-
tion layers that retain strong eventual consistency without sacri-
ficing expressiveness. The LoRe [11] and Varda [23] programming
models extend LAsp’s declarative coordination-free semantics to
verifiably safe and compositional distributed software, confirming
Lasp’s role in shaping the new generation of local-first and conflict-
aware systems. Notably, Weidner et al.’s joint work with the first
author [27] advances LasP’s declarative, view-based model by en-
abling algebraic composition of op-based CRDTs, offering greater
expressiveness in consistency-aware application design.

Numerous dissertations also adopted LAsP as both a theoretical
and technical foundation. For example, Gomes’ work on verify-
ing strong eventual consistency in operational transformation sys-
tems [10], Shenoy’s dissertation on distributed consistency models
in collaborative applications [25], De Porre’s dissertation on reliable
edge computing and CRDT semantics [6], Yoo’s dissertation on ex-
tending Lasp with provenance and cover [28], Carlier, Kopestenski,
and Martens’ joint master’s thesis on using LAsp for large-scale
wireless sensor network data collection [3], Creupelandt’s master’s
thesis on data dissemination, visualization, and optimization with
Lasp [5], and Enes’ work on distributed systems abstractions [8]
each drew inspiration from or built upon Las?’s principles. These
works underscore LAsP’s role in shaping the research agendas of
emerging scholars in the field.

At the language level, Lasp influenced designs that separate
specification from distribution strategy. This is seen in compiler-
driven approaches [12] and fault-tolerant languages that target edge
and mobile environments, such as Achlys [14], LoRe, and Varda.
These languages illustrate how LasP’s principles were extended
into mobile, embedded, and mission-critical systems.

4 Industry Influence

Lasp’s principles were validated at scale through an industry-grade
deployment [20], which was presented at PPDP in 2017. Notably,
these large-scale experiments, which involved over 1,000 AWS
nodes, were conducted between 2015 and 2017: a time when large-
scale CRDT-based applications were still novel and few frameworks
supported deployment at this scale. These experiments demon-
strated the feasibility of building scalable, eventually consistent
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applications without centralized coordination, and highlighted the
runtime challenges of data dissemination, convergence guarantees,
and replication strategies across a global network.

At the time of these experiments, the author was a contractor
at Mesosphere, the steward of Apache Mesos [13]. To facilitate
these experiments, the author reworked the network layer of Lasp
to operate on top of Mesos’s container orchestration framework,
Marathon, which itself went on to use CRDTs internally and share
a similar network dissemination strategy as Lasp. Eventually, LAsp
was extended to operate on top of Kubernetes as well.

The challenges faced during the development of these experi-
ments — mainly around deployment, service discovery, and reli-
ability — were subject of a talk at MesosCon EU in 2016 by the
first author. This talk informed internal discussions on reliability
and scalability with Marathon, even if it did not directly influence
specific implementation decisions.

Before its eventual stewardship transition, Lasp was then used
to build a stateful distributed system on stateless AWS Lambda
functions with gossip dissemination, as highlighted in the Red Wed-
ding paper [18]. This work resulted in a Principal Engineer on AWS
Lambda reaching out to the first author regarding the challenges
and future of stateful serverless infrastructure!, indicating Lase’s
relevance to cloud provider-level concerns.

Following this, the open-source implementation of Lasp and
PARTISAN found sustained deployment and evolution under new
stewardship. Alejandro Ramallo, Erlang developer and software
contractor, adopted Lasp and PARTISAN in systems like PlumDB
and Bondy [16]. These applications were eventually deployed in a
large-scale commercial application for LoJack, a stolen car recovery
service, in many South American countries [1]. Since this transfer,
Lasp was also adopted as the storage foundation for Erleans — an
open-source implementation of the Microsoft Orleans [2] program-
ming model on Erlang - reinforcing LAsP’s role as a viable backend
for stateful distributed services. Alejandro continues to maintain
this software today.

Lasp’s open-source distributed runtime, PARTISAN, which en-
abled its large-scale evaluation was further developed and published
independently. Its influence extended beyond its original scope, see-
ing broader industry adoption than Lasp itself. As a critical part of
Lasp’s underlying distribution layer, PARTISAN not only improved
performance of the Erlang-based runtime but also spurred enhance-
ments to Erlang’s distributed networking internals.

PARTISAN’s early fault-injection mechanisms inspired the cre-
ation of FILIBUSTER, a fault-injection testing framework for mi-
croservice applications: this was the subject of the first author’s
Ph.D. dissertation [19]. While FILIBUSTER was not derived from
Lasp itself, it is an evolution of ideas that started in its network
distribution layer: the only way to verify that a system converges
independently to the same state is to partition the network using
fault injection and test convergence once the network fault is re-
solved. FILIBUSTER has since seen industry adoption—most notably
by DoorDash [4], one of the largest food ordering and delivery
services in the United States, for testing microservice resilience.
This highlights how ideas from the Lasp ecosystem propagated into
domains such as chaos engineering and fault-injection testing.

Private communication, 2018.
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5 Continued Influence

Lasp’s core insight is that by combining declarative functional pro-
gramming with CRDTS, developers can model distributed computa-
tions in a way that avoids unnecessary coordination, without sacrific-
ing convergence.

This insight remains increasingly relevant in today’s software
landscape where systems continue to grow towards global scale
and complexity. In both today and tomorrow’s world, multi-region
active-active deployments are no longer a fringe concern; they
are becoming standard architecture for companies like Uber, Net-
flix, and Stripe in order to support worldwide workloads that are
“always-on”.

Coordination in these systems is prohibitive: a single round-trip
operation at best® can complete in 133 milliseconds. Many coordina-
tion systems require multiple round-trip messages just to agree on
a value (e.g., Two-Phase Commit, single-decree Paxos), and there-
fore Lasp’s embrace of CRDTs and coordination-free programming
provides a foundation for managing global distributed state with
minimal developer overhead, operational burden, and coordination
cost.

Even further, recent trends such as edge computing, local-first
software, offline-capable mobile applications, and federated systems
all demand robust mechanisms for maintaining consistency where
central coordination may not be possible at a given time or in a
given environment. These scenarios necessitate a coordination-free
approach such as Lasp.

Looking ahead, we expect LAsP’s ideas to continue influencing
new systems, particularly as CRDTs become a first-class construct
in mainstream programming languages and as developers demand
better abstractions for reasoning about correctness in globally dis-
tributed systems with replicated shared state.
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