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ABSTRACT
We demonstrate AgentServe, a framework for open-world, geo-
distributed multi-agent systems where interaction locality and ex-
ecution conditions change online. In real deployments, systems
must continuously adapt who coordinates with whom as locality
shifts, while also adapting where stateful agents run as latency,
bandwidth, and load vary across heterogeneous sites. AgentServe
adapts Who by computing dynamic communication graphs from
agent state, and adapts Where via adaptive placement across tiers
with live migration. The demo shows continuous agent behavior
while connectivity and placement adapt online under changing
locality and resource conditions.
Demonstration video: https://youtu.be/d56kDFyv8qA.
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1 INTRODUCTION
Many multi-agent systems (MAS) prototypes implicitly assume a
closed and stationary setting: a fixed set of agents, a stable environ-
ment model, and coordination over a mostly fixed interaction struc-
ture. Real deployments are often the opposite. They are open-world
(agents and workloads appear and disappear), non-stationary (local
context and objectives drift), and geo-distributed (execution spans
heterogeneous sites such as edge locations and regional clouds).
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In such settings, both the interaction structure and the execution
substrate become moving targets.

A representative example is V2X-style cooperative perception.
Vehicles and roadside units continuously enter and leave the scene,
and the set of “relevant peers” changes with proximity, occlusions,
and changing traffic context. At the same time, the best execution
site also changes as latency, bandwidth, and server load fluctuate
across sites. Similar dynamics arise in city-scale sensing, multi-
robot teams, and long-running AI agent swarms. These systems
require continuous coordination while both locality and resource
conditions shift online.

We frame the core challenge as two coupled questions that must
be answered continuously:Who should communicatewithwhom as
locality shifts, and Where should stateful agents run as latency and
load vary across sites. At scale, “connect everyone” is infeasible, and
fully centralized control becomes brittle. Moreover, restart-based
relocation breaks long-lived state, interrupting online adaptation
precisely when conditions change.

Where-side adaptation (placement and relocation of stateful ac-
tors) has been explored in virtual-actor runtimes such as Orleans [3]
and in systems work on actor locality optimization (e.g., ActOp [6]).
AgentServe is motivated by open-world, non-stationary MAS and
aims to treat both Who and Where as first-class controls for long-
running agents. To provide an AI-friendly, Pythonic platform for
implementing long-running agents and their control logic, we build
AgentServe on Ray [5] and its abstractions for heterogeneous re-
sources.

To make this control user-friendly, AgentServe cleanly sepa-
rates reusable runtime mechanisms from application-specific con-
trol policies. The runtime provides name-based communication,
state publication, and state-preserving relocation, while users sup-
ply pluggable discovery and placement policies to adapt Who and
Where online. This design lets developers keep agent logic stable
and focus on policy design under non-stationarity, rather than re-
implementing recurring distributed-systems plumbing. The next
section summarizes the architecture and key components.

2 ARCHITECTURE AND KEY COMPONENTS
AgentServe is a policy-driven framework that adapts both Who
and Where online for long-running, stateful agents (Figure 1). A
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key design choice is to keep platform services simple and reactive,
while embedding essential runtime capabilities inside each agent
so scalability follows the agent population. In practice, the control
plane stays lightweight and policy-driven, and most runtime mech-
anisms live with the agents. This section summarizes the system
boundaries and then describes the core components that enable
online adaptation of interaction structure and execution placement.
System boundaries. AgentServe interfaces with the outside world
through a lifecycle API used by clients and external systems to
spawn and despawn agents in response to events and workload
changes (Figure 1, via the API/Controller). It also runs on an execu-
tion substrate on Ray (optionally Kubernetes [7]) that abstracts het-
erogeneous resources for distributed execution across tiers. AgentServe
adds a control layer on top.
Agent runtime. Each agent is long-running and stateful, and in-
cludes built-in runtime services that remove recurring engineering
overhead from application code. First, agents self-register in a direc-
tory for name resolution, avoiding manual endpoint bookkeeping.
They also publish dynamic state (e.g., position and attributes) to the
discovery registry, which serves neighbor queries. Second, agents
support live migration with their own state transfer: when mi-
gration is triggered, a replica is spawned at the destination, the
agent transfers its state to that replica, and the directory entry is
updated so subsequent communication follows the migrated in-
stance. This makes the migration execution largely agent-driven
(while the decision to migrate is made by the scheduler), keeping
the platform reactive and avoiding heavy centralized orchestration
for state movement.
Discovery (Who). Discovery maintains a state registry of pub-
lished agent state and serves on-demand queries. The scheduler,
described next, can also read this registry and derived edges to make
placement and migration decisions. A pluggable discovery policy
computes a neighbor set or an edge map from the latest registered
state, enabling dynamic locality (e.g., proximity-based interaction)
without global synchronization among all agents. For example, a
spatial indexing policy partitions the space (e.g., grid/tiles) and
returns nearby candidates efficiently as agents move. Discovery is
intentionally passive. Agents push updates and Discovery responds
to queries, so it scales with the number of agents without a central
coordinator.
Scheduler (Where). The scheduler places agents across hetero-
geneous tiers under a pluggable policy, and triggers migration
when conditions change (e.g., load and fragmentation) or when
coordination objectives shift. Policies represent different opera-
tional goals: a consolidation-oriented policy reduces active tiers, a
balance-oriented policy reduces hotspots, and a locality-oriented
policy co-locates frequently interacting agents to reduce cross-tier
edges. Migration is executed via live state transfer, preserving long-
running state and continuity while adapting placement over time.

3 IMPLEMENTATION
AgentServe is designed for minimal user code while supporting
long-running, stateful execution at scale.
User-facing API hooks. As illustrated in the right panel of Fig-
ure 1, users define agents as ordinary Python classes annotated with
@agent. The decorator injects built-in runtime services, including

Figure 1: Overview of AgentServe.

migration support, self-registration, and access to the directory and
discovery interfaces, so developers can focus on agent behavior.
Name-based communication. Agents communicate via logical
identifiers rather than fixed endpoints, so users can call peers by
name. Communication transparently follows a migrating agent,
avoiding manual endpoint management. Discovery returns peer
IDs from registered state, so “who to talk to” is realized through
the same name-based interface.
Configurable and pluggable policies. Discovery and scheduling
strategies are modular components selected via declarative YAML
configuration (Figure 1, right). Users can provide custom discovery
policies (e.g., spatial indexing for proximity-based neighbors) or
custom placement heuristics without changing agent logic, enabling
reuse of the same application while varying Who/Where control.

4 DEMONSTRATION
The demo runs real, stateful agents remotely on three servers (A,
B, C) representing heterogeneous tiers. Agents move via a random
walk, and Discovery updates communication edges online based
on proximity (we fix a spatial-indexing discovery policy in this
demo). We then apply representative, pluggable scheduling poli-
cies with distinct objectives: binpack for consolidation, spread for
load balancing, and friends to reduce cross-tier edges by leverag-
ing interaction locality. Across all phases, the agent population
keeps changing via spawn/despawn events, while migrations are
executed via live state transfer so behavior remains continuous and
the system adapts both Who and Where online.

5 CONCLUSION AND FUTUREWORK
We presented AgentServe, a framework for open-world and geo-
distributed MAS that adapts online (i) who agents coordinate with
and (ii) where stateful agents run. The demo shows live migration
with state continuity under changing locality and resource con-
ditions. Future work includes validation in V2X-like cooperative
perception and other wide-area cyber-physical workloads, and im-
proving scalability and adaptivity via decentralized discovery and
scheduling.
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