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ABSTRACT
Serverless computing provides infrastructure management and

elastic auto-scaling, therefore reducing operational overhead. By

design serverless functions are stateless, which means they typi-

cally leverage external remote services to store and exchange data.

Transferring data over a network typically involves serialization

and deserialization. These operations usually require multiple data

copies and transitions between user and kernel space, resulting in

overhead from context switching and memory allocation, contribut-

ing significantly to increased latency and resource consumption.

To address these issues, we present Roadrunner, a sidecar shim

that enables near-zero copy and serialization-free data transfer

between WebAssembly-based serverless functions. Roadrunner re-

duces the multiple copies between user space and kernel space

by mapping the function memory and moving the data along a

dedicated virtual data hose, bypassing the costly processes of serial-

ization and deserialization. This approach reduces data movement

overhead and context switching, achieving near-native latency

performance for WebAssembly-based serverless functions. Our

experimental results demonstrate that Roadrunner significantly

improves the inter-function communication latency from 44% up

to 89%, reducing the serialization overhead in 97% of data transfer,

and increasing throughput by 69 times compared to state-of-the-art

WebAssembly-based serverless functions.

CCS CONCEPTS
• Computer systems organization→ Cloud computing; • Ap-
plied computing→ Event-driven architectures; • Software
and its engineering→ Middleware.
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1 INTRODUCTION
Serverless functions are short-lived and stateless, which means

they often rely on external remote services to store and exchange

data [10, 45, 59, 74, 87]. Since serverless functions are short-lived

by design, a single function cannot be directly addressed. There-

fore, clients rely on the platform ingress and Load Balancers to

access the serverless function [4, 18, 26, 46]. WebAssembly (Wasm)

has emerged, offering serverless functions with strong isolation,

decreased cold starts, and near-native execution speed. Wasm exe-

cutes small binary modules within a lightweight, memory-safe, and

secure sandbox, enabling cross-platform portability while main-

taining minimal overhead [11, 21, 22, 50, 58, 75]. Wasm relies on

the WebAssembly System Interface (WASI) to interact with the

host for essential tasks, such as accessing network interfaces, in-

troducing an additional overhead in wasm-based serverless func-

tions [20, 24, 25, 57]. The WASI dependency for host interactions,

including system calls needed for network access, adds extra over-

head in serverless functions since these functions typically rely on

remote services to retrieve data. These operations lead to multiple

context switches and data copies between user and kernel space,

increasing function execution time and resource consumption.

In serverless computing, functions typically exchange data via

network protocols such as HTTP, which involves serialization of

the requested data at the source function and its deserialization at

the target (Fig. 1a). Serialization involves converting potentially

complex data structures into binary sequences for transfer, followed

by deserialization to reconstruct the data structures at the destina-

tion. Serialization, along with other low-level operations such as

memory allocation, compression, and network stacking, accounts

for up to 25% of CPU cycles [8, 30, 65, 69, 89]. During a data transfer,

the application in user space prepares the data for the syscall by seri-

alizing it into a byte stream. Upon entering kernel space, the syscall

copies the byte stream buffers to kernel-space buffers. During this

process, the kernel initializes new structures for the transmission,

including copying the address, control information, and validating

its integrity and permissions. These multiple copies ensure data

integrity and security but add overhead due to the repeated copies

during context switches [9, 16, 23, 33, 41, 66, 68, 91]. Zero-copy

techniques [34, 51, 80] such as RDMA can completely bypass Ker-

nel and CPU, but they require specialized hardware [14, 51, 86]. In

Wasm, serialization costs are even higher due to Wasm constraints

such as single-threaded execution, which forces the processing of

complex tasks to be performed sequentially [24, 53].

Although Wasm offers near-native execution latency, its strict

isolation mechanisms introduce additional overhead when interact-

ing with the host through the WASI interface, which can become
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(a) HTTP Data Transfer (b) User Space Data Transfer (c) Kernel Space Data Transfer (d) Network Data Transfer

Figure 1: Overview of standard data transfer between Serverless functions and Roadrunner communication models: a) Standard
HTTP Data Passing between functions with Serialization/Deserialization, b) User Space Data Transfer, c) Kernel Space Data
Transfer between Serverless functions, serialization-free, and d) Serialization-free Network Data Transfer.

a bottleneck for IO-bound workloads. To address this, we intro-

duce Roadrunner, a novel runtime shim that enables near-zero

copy, serialization-free data transfer between functions without re-

quiring specialized hardware such as RDMA-enabled components.

Roadrunner establishes a virtual data hose between functions, al-

lowing data to be transferred from memory and bypassing costly

serialization and deserialization processes typically required for

inter-function communication. Specifically, Roadrunner is tailored

for data-intensive edge-cloud scenarios (e.g., ML-based image pro-

cessing, traffic data analytics), which involve multiple functions

that exchange ephemeral data, such as streaming ingestion, frame

extraction, data processing, and ML inference. Existing state-of-

the-art approaches, such as HTTP communication, either incur

high overhead due to WASI-mediated communication or require

Wasm runtime modification, compromising Wasm’s isolation guar-

antees [20, 48, 75]. To address that, Roadrunner introduces novel

data-passing abstractions for intra- and inter-function communica-

tion that preserve Wasm’s sandboxing by ensuring that only the

specific function shim has access to the shared data. In trusted,

single-tenant serverless workflows, where functions from the same

workflow and tenant are colocated within the same Wasm VM,

Roadrunner enables low-latency, near-zero copy communication

while maintaining strict isolation. We summarize our contributions

as follows:

• Roadrunner: A novel serverless communication middleware

that enables efficient data transfer between Wasm-based

serverless functions across user space, kernel space, and the

network during runtime. User-space communication (Fig. 1b)

operates directly on Wasm linear memory for the Wasm VM

with multiple Wasm modules. Kernel-space communication

(Fig. 1c) enables co-located functions to exchange data via

host mechanisms, skipping network transfer. Network com-

munication (Fig. 1d) establishes lightweight data transfer

for inter-node functions. This architecture achieves low la-

tency, therefore maximizing the function performance for

both local and remote function data exchange.

• A near-zero copy mechanism for inter-function communica-

tion that eliminates multiple data copies between user space

and kernel space without requiring specialized hardware

such as RDMA-enabled components. Roadrunner establishes

a virtual data hose that allows data written to it to prompt

the kernel to allocate memory buffers and retain them in its

address space. When a read operation occurs, Roadrunner

leverages the kernel to reuse the same memory pages for the

target function instead of copying the data, thereby avoiding

duplication. It reduces intermediate memory copies, mini-

mizes resource overhead, and ensures efficient data transfer

between functions. Roadrunner improves the latency by 44%

to 89%, increasing the throughput by 69 times compared to

the state-of-the-art Wasm runtime.

• A serialization-free data transfer mechanism that operates

directly on Wasm VM linear memory and manages memory

allocation dynamically. Roadrunner allocates memory in the

target function to store the incoming data and accesses the

memory region specified by the source function using direct

memory pointers. The data is transferred by referencing

these memory regions without intermediate serialization or

deserialization. By directly handling memory allocation and

data transfer at the raw binary level, Roadrunner eliminates

unnecessary data copies and context switches. Roadrunner

reduces the serialization impact by 97% during data transfer

between wasm serverless functions.

2 BACKGROUND AND MOTIVATION
2.1 WebAssembly in Serverless Computing

Portability. Wasm is a portable, low-level binary instruction for-

mat designed as a compilation target for high-level languages such

355



Roadrunner: Accelerating Data Delivery to WebAssembly-Based Serverless Functions MIDDLEWARE ’25, December 15–19, 2025, Nashville, TN, USA

Cont Wasm Cont Wasm

2

4

6

3.19

MB

76.9

MB

47.8

KB

76.8

MB

L
a
t
e
n
c
y
(
s
e
c
)

Cold Start Execution

I
m
a
g
e
S
i
z
e

Hello World Resize Image

(a)

Cont Wasm Cont Wasm Cont Wasm

0

50

100

N
o
r
m
a
l
i
z
e
d
L
a
t
e
n
c
y
(
%
)

Transfer Serialization

1MB 60MB 100MB

(b)

Figure 2: Cold start and execution latency (a), and normalized
I/O breakdown (b) for functions using Docker Containers
(Cont) andWasm. (a) showsWasm lowers cold starts for both
“Hello World” (no WASI) and “Resize Image” (with WASI),
thoughWASI increases execution time. (b) compares transfer
and serialization overhead across various input sizes.

as Rust, C, C++, and Go. Wasm modules are platform-agnostic

and can be executed on different architectures (e.g., x86, arm, and

aarch64) [44, 61, 92]. Wasm portability contrasts with traditional

serverless platforms, which execute functions within OCI bundles

(containers) using runtimes such as RunC [29] and Crun [15], which

rely on the host kernel and Linux primitives such as cgroups and
namespaces for isolation [13, 35, 36, 40, 67], running directly on the
host OS. In Wasm, the function code is compiled into small binaries

and executed in a secure, sandboxed environment (i.e., Wasm VM)

and, therefore, more lightweight compared to Docker images, as

they do not require a base image operating system (OS) or extensive

initialization provision [20, 25, 61].

Linear Memory.Wasm uses a linear memory model, where mem-

ory is represented as a contiguous, byte-addressable array. The

allocated memory for the Wasm VM can dynamically grow, provid-

ing isolated and efficient access for computation between Wasm

modules, enabling safe memory management and isolation between

the module and host environment [11, 24, 44].

WASI Overhead. Wasm follows the deny-by-default principle,

which means Wasm binaries do not have access to the host ma-

chine unless explicitly requested. To access host functionalities

such as the file system and network interfaces, Wasm leverages

WASI [20, 21, 58, 75]. Fig. 2a presents the effect of WASI-based

host communication on function execution time. Wasm functions

exhibit reduced cold start latency, with Wasm binaries of 3.19MB,

whereas Docker images have approximately 77 MB. During exe-

cution, functions that do not require WASI access achieve lower

latency than their Docker container counterparts. In contrast, func-

tions interacting with the host file system through WASI exhibit

increased execution times.

2.2 Data Passing between Serverless Functions
To exchange data, serverless functions typically rely on external

remote services. While using remote services decouples function

computation from I/O operations, allowing high scalability, it also

introduces additional overhead [19, 49, 70, 73]. The most com-

mon approaches to exchange data between serverless functions

are: (a) Remote services such as object storage [1], KVS [6, 38, 88],

cache [28, 62, 71, 82], distributed storage [5, 52], are commonly

used to enable direct communication between serverless functions.

However, remote services might increase latency and network over-

head. (b) Direct Communication such as message queues [2, 13],

TCP-punch hole [12], disk storage [52], and local cache [2, 7, 47,

63, 78] allows serverless functions to leverage host mechanisms to

exchange data, decreasing latency. Nevertheless, these approaches

decrease the function isolation [57, 79]. (c) Zero-copy communication

such as shared memory [31, 39, 67, 76] enables co-located functions

to exchange data from a specific memory region. Nevertheless,

it increases development complexity to ensure that only allowed

functions can access the data in the shared memory. RDMA [14,

37, 80, 86, 91] enables direct memory access between nodes over

the network by skipping CPU and kernel, and directly processing

the data by using Network Interface Cards (NICs) to read or write

directly to the memory regions specified by functions. However,

RDMA usage requires specialized hardware. Moreover, existing

approaches such as [2, 31, 52, 75] rely on their own scheduling

mechanisms to colocate functions to enable leveraging their data

passing optimization, and local Inter Process Communication (IPC)

syscalls. Roadrunner optimizes communication regardless of the

scheduler’s decisions.

Wasm-based Serverless Functions. Typically, serverless functions

rely on remote services over protocols such as HTTP, which in-

volves serialization. Although the Wasm design enforces strict iso-

lation, the WASI dependency for host interactions introduces over-

head, particularly during data serialization [48, 56, 57]. In Wasm,

serialization involves converting complex data structures within

theWasm VM into a linear, standardized format, allocating memory

for the serialized output, and copying the data across the Wasm VM

boundary, leading to increased execution latency and higher CPU

and memory overhead. We further investigate the WASI overhead

in Fig. 2b, analyzing the impact of serialization on data transfer in

the state-of-the-art serverless Docker container runtime and the

Wasm runtime. In our preliminary experiments, we observed that

serialization accounts for up to 15% of the execution time of data

transfer in Docker runtime, while in Wasm, it contributes up to 60%,

significantly impacting the performance of Wasm-based serverless

functions. This challenge becomes even more significant for func-

tions that require frequent data access. Therefore, optimizing the

transfer of data between functions is crucial to reduce execution

time.

3 ROADRUNNER DATA ACCESS MODEL &
SYSTEM DESIGN

3.1 Roadrunner Data Access Model
Overview. Roadrunner is designed to optimize Serverless inter-

function communication and data passing. Roadrunner supports

three communication modes: User space, Kernel Space, and Net-

work, which are integratedwith existing serverless platforms through

a lightweight shim that runs beside each function. Roadrunner relies

on components of serverless platforms that enable the deployment,

execution, and observability of a Serverless workflow.

Wasm-Based Data Access. Roadrunner enables data access within

theWasm VM by leveraging a combination of direct memory access

and controlled memory management functions shown in Fig. 3.
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Table 1: Roadrunner Data Access Function APIs

Function Description Category Location

void allocate_memory(len) Allocates a specified amount of linear memory in the Wasm VM Memory Management Function

void deallocate_memory(address) Deallocates a specified amount of linear memory in the Wasm VM Memory Management Function

void read_memory_wasm(address, len) Reads data from a specified memory address and length in the Wasm VM Data Management Function

(int,int) locate_memory_region(data) Returns the memory pointer and length of the specified data Data Management Function

void send_to_host(address, len) Transfers data memory information to the host interface using the address and length Data Management Function

void read_memory_host(address, len) Reads the data from the Wasm VM memory using a specified address and length Data Management Shim

void write_memory_host(data[],address) Write the data into Wasm VM Data Management Shim

Figure 3: Roadrunner data access structured layers for data
interactions on the left side and linear memory mapping of
Wasm VM for addressable data access on the right side.

Within the Wasm VM, linear memory is exposed as a contiguous

block of memory and accessible through specific offsets to the host.

Roadrunner utilizes this memory model to access the data stored

directly in the Wasm VM sandbox. When the host needs to access

data, it leverages memory pointers provided by the Wasm module

to locate specific memory regions without breaking the isolation

of the Wasm VM.

Complex Data Types.Wasm supports only primitive types (i32,

i64, f32, f64), making it highly optimized for low-level operations

but requiring additional mechanisms to handle complex data types

such as strings. Languages such as C and Rust align well with this

model, allowing direct memorymanagement. In contrast, high-level

languages such as Java and Python require embedded language run-

times within the Wasm module to manage memory, preventing

direct access to linear memory and thus limiting compatibility with

Roadrunner [24, 27, 42, 43, 77]. Therefore, the APIs listed in Table 1

are designed for low-level languages to interact withWasmmemory

directly and efficiently represent complex data structures such as

strings. By directly using pointers to a linear memory region, we can

achieve a serialization-free copy. This serialization-free approach

is valid under the assumption that all systems use the same endian-

ness, e.g., the little-endian format found in x86 and ARM [3], which

dominate edge and cloud environments. Furthermore, Wasm explic-

itly defines integer sizes (i32, i64), ensuring consistent behavior on

32-bit and 64-bit CPUs and allowing Roadrunner’s pointer-based,

serialization-free access to remain valid across different architec-

tures, as long as endianness is consistent.

Near-Zero Copy Data Exchange. When data is passed between

the shim and the Wasm VM, the shim writes or reads directly from

specific memory regions, bypassing traditional intermediary steps

such as file I/O or network communication. Roadrunner coordinates

memory allocation for the data and data transfer through theWasm

runtime memory interface. The data is written or read directly in

the allocated memory regions. This ensures that data never leaves

the Wasm VM unnecessarily, reducing the need for intermediate

serialization or external storage. This approach minimizes overhead

while maintaining the security and isolation properties intrinsic to

Wasm.

Shared Memory.While Roadrunner enables shared memory ac-

cess between Wasm modules, it enforces strict isolation through

the shim. Functions never directly access shared memory; instead,

all memory operations are mediated by the shim, which manages

allocation, access control, and memory mapping. Only functions of

the same workflow and tenant are instantiated in the same Wasm

VM, which has control over each function’s linear memory space.

The shim guarantees that memory visibility is limited to registered

functions in the same execution context. To prevent unauthorized

access and cross-tenant interference, Roadrunner restricts shim-to-

Wasm access to pre-registered memory regions and applies bounds

checking before any read or write operation.

3.2 Roadrunner System Design
3.2.1 Lightweight. Roadrunner uses the compact binary format of

Wasm to reduce overhead during function execution. Wasm mod-

ules are considerably smaller and more lightweight than traditional

container images, such as those used with Docker, which usually

require a base image OS and extensive initialization processes, lead-

ing to longer cold starts. This design enables quick execution while

ensuring compatibility with existing serverless platforms, main-

taining low overhead and high performance.

3.2.2 Function Isolation. Roadrunner encapsulates each Wasm VM

in an OCI-compliant runtime bundle, enabling interoperability with

container runtime managers such as containerd. The shim runs

as a sidecar alongside each function and manages the Wasm VM

lifecycle, including memory configuration, binary loading, and run-

time interaction. It handles all function ingress and egress, making

data available to the functions via predefined APIs that expose

input and output operations, allowing seamless integration with

state-of-the-art orchestrators (e.g., Kubernetes) and serverless plat-

forms (e.g., Knative, OpenFaaS, and OpenWhisk) without modifying

scheduling, logging, or networking layers.

3.2.3 Inter-function communication. Roadrunner improves com-

munication between serverless functions using near-zero copy and

serialization-free data transfer mechanisms. It achieves this through

direct memory mapping and system-level operations, which reduce

the number of context switches between user space and kernel

space. Roadrunner supports three modes of data exchange: user
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space (Fig. 1b), kernel space (Fig. 1c), and network-based commu-

nication (Fig. 1d). These modes allow for optimized data transfers

based on the proximity of functions, reducing dependency on re-

mote services and minimizing unnecessary network overhead. By

enabling direct communication, Roadrunner decreases latency, sup-

ports complex function workflows, and ensures high throughput

for applications that require low latency.

3.2.4 Scalability. Roadrunner is a shim-based sidecar that lives

alongside serverless functions, allowing the container orchestra-

tion tool to manage scalability. This design enables Roadrunner

to optimize the data transfer while relying on the orchestrator to

handle resource allocation, function placement, and horizontal scal-

ing. Thus, Roadrunner seamlessly integrates with these platforms

without adding extra complexity to scaling. The sidecar shim ap-

proach keeps Roadrunner lightweight and interoperable, allowing

the orchestrator to manage increased workloads while maintaining

overall system performance efficiently.

3.2.5 Function Deployment and Lifecycle. The Roadrunner shim
plays a crucial role in managing the lifecycle of Wasm functions.

During initialization, the shim creates a dedicated Wasm VM and

configures the Wasm runtime, which includes setting resource

limits such as memory. The function binary is then loaded into the

isolated memory space of the Wasm VM. To ensure compatibility

with standard serverless platforms, the shim packages the Wasm

VM as an OCI-compliant bundle. This allows it to be executed as

a container by high-level container managers such as containerd,

facilitating seamless integration between orchestrators (such as

Kubernetes) and Roadrunner. Consequently, Wasm-based functions

can utilize the advantages of Roadrunner while using standard

container orchestration tools for deployment and execution. This

integration simplifies the complexities ofWasm execution and takes

advantage of the existing serverless infrastructure.

4 ROADRUNNER DATA TRANSFER
MECHANISMS

In this section, we introduce the data transfer mechanisms em-

ployed by Roadrunner, including user-space, kernel-space, and

network-based communication mechanisms.

4.1 User Space Data Transfer
In the user-space data transfer between functions, shown in Fig. 4a,

functions share the same isolation sandbox, which allows them to

be executed within a single process. By sharing the same address

space, functions can directly access each other’s memory without

requiring additional memory copies. This eliminates operations

such as duplicating data between different memory regions and

context switches between user space and kernel space. As a re-

sult, memory access is faster, leading to lower latency and higher

throughput in the communication between functions. Roadrunner

leverages the shim to create and start the Wasm VM and manage

the memory access, which enables read/write data in the func-

tion. User-mode communication requires explicit trust; thus users

must specify functions within a workflow, which the shim vali-

dates using the containerd snapshot. Then, the shim initializes the

VM and loads both, function a and function b, as Wasm modules.

function
wasm vm

wasm module wasm module

shim

a b

1 2

function
wasm vm

wasm module wasm module

shim

a b

1 2 3
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Figure 4: a) User-space memory-based data transfer between
Wasm serverless functions (modules) using Roadrunner’s
APIs for allocation, reading, and writing into Wasm linear
memory. b) Kernel Space Data transfer where the shim lever-
ages IPC to enable serialization-free data transfer.

When function a needs to send data to function b, 1○ function a first

calls locate_memory_region(data) to get the memory pointer

and size of the data and forwards them to the shim. In 2○, the

shim reads it with read_output(address, len) via Wasm VM

memory APIs. Next, in 3○, after reading the data, the shim calls

allocate_memory(len) to reserve memory in the function b for

the incoming data. In 4○, the shim receives the address of the allo-

catedmemory. Finally, in 5○, the shim calls write_output(address,
len) in function b with the incoming data from function a. This

process enables efficient and secure data exchange between the

two functions within the same Wasm VM, leveraging the shim

to abstract memory management and streamline inter-function

communication keeping the data movement within the user space.

4.2 Kernel Space Data Transfer
In the kernel-space data transfer mechanism, shown in Fig. 4b, func-

tions that are co-located on the same host but in different sandboxes,

i.e., each function has its own dedicated shim, and they exchange

data via a kernel buffer, avoiding network transfers. Roadrunner

enables quick data passing between functions by leveraging host

mechanisms that allow data from one sandbox to be transferred

directly via a dedicated pipe without serialization and context-

switching.

The data transfer process begins in 1○, when function a invokes

the Roadrunner API locate_memory_region(data) to determine

the memory pointer and size of the data it wants to send. This infor-

mation is forwarded to the shimmanaging function a. Next in 2○, the

shim reads the data using read_output(address, len) from func-

tion a’s memory. Then, the shim leverages IPC mechanisms to send

the data to the shim managing function b, in 3○. Upon receiving the

data in 4○, the shim for function b calls allocate_memory(len)
to reserve memory within function b’s memory space, in in 5○.

Finally, the shim writes the data to function b’s memory using

write_output(address, len) in 6○. This kernel-mediated pro-

cess ensures secure and efficient data transfer between different

Wasm VM instances through IPC, leveraging the shim as a bridge

between the user-space functions and the kernel.
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Figure 5: Network-based data transfer with near-zero copy
mechanisms, mapping user-space memory into kernel
buffers to optimize throughput and minimize latency.

4.3 Network Data Transfer
Roadrunner introduces serialization-free mechanisms that enable

remote functions to pass data via a dedicated network buffer. Sim-

ilar to the kernel buffer, Roadrunner creates a virtual data hose

between the two hosts where the data in the user space can be

directly mapped into this dedicated virtual data hose. Although

the application data is located in user space, the Kernel maps it

directly from the user space into the virtual data hose, thus avoiding

serialization and unnecessary copies. Unlike zero-copy methods

such as RDMA, which completely skips the kernel and CPU, the

data passing is processed by the kernel, which means the CPU is

responsible for the data movement tasks, but the data is mapped

directly from the user space memory. Hence, there is no copying

between the user and kernel space.

In the network transfer process, the shim in the source Wasm

VM first retrieves data from the Wasm VM’s memory space and

prepares it for transmission. It begins with 1○, where the shim in

the source Wasm VM retrieves data from the memory space of the

running function using the WasmEdge runtime APIs. In 2○, the

shim prepares the data and transfers it to the kernel using a syscall

for near-zero copy data movement. Next, in 3○, the kernel buffers

the data and directs it towards the network stack. At this stage, in

4○, the kernel passes the data to the network interface card (NIC),

which handles the physical transmission over the network in 5○.

On the target node, the process continues with 6○, where the

NIC receives the data and places it into the kernel buffer. The kernel

then prepares this data for further processing. In 7○, the shim on

the target host uses a syscall to move the data from the kernel buffer

back to user space with near-zero copy efficiency in 8○. Finally, the

shim invokes theWasmEdge APIs to allocate and write the data into

the memory of the target Wasm VM in 9○, completing the transfer.

The data is now available for the function in the target Wasm VM

to process. Algorithm 1 provides a pseudo-code representation of

these steps, offering an abstraction for implementation.

5 ROADRUNNER IMPLEMENTATION
Roadrunner is published as an open-source framework part of the

Polaris project. It is implemented in Rust and available on Github
1
.

Roadrunner follows OCI standards, which means it can be used in

any of the state-of-the-art serverless platforms.

1
https://github.com/polaris-slo-cloud/roadrunner

Algorithm 1 Roadrunner Network Data Transfer

1: function FunctionA(input, target)

2: (address, length)← locate_memory_region(input)
3: send_to_host(address, length)

4: end function
5:

6: function network_data_transfer_source(target)

7: data← read_memory_host(address, length)
8: vdh← create_virtual_data_hose()

9: vmsplice(vdh, address, length)

10: socket_target← create_socket(target)
11: splice(vdh, socket_target, length)

12: close_all()

13: end function
14:

15: function FunctionB

16: allocate_memory(len)

17: deallocate_memory(address)

18: input← read_memory_wasm(address, length)
19: end function
20:

21: function network_data_transfer_target

22: target_vdh← create_virtual_data_hose()

23: splice(socket_fd, target_vdh, length)

24: target_memory_address← allocate_memory(length)
25: vmsplice(target_vdh, target_memory_address, length)

26: write_memory_host(data, target_memory_address)

27: close_all()

28: deallocate_memory(target_memory_address)

29: end function

For user-space data transfer, we utilize the WasmEdge runtime

APIs to directly access the linear memory space of Wasm modules.

This allows efficient read and write operations within the same

process, avoiding unnecessary data copies and reducing overhead.

For kernel-space data transfer, we employ Unix sockets as IPC

mechanism. They provide a reliable and low-latency communica-

tion channel between processes, leveraging the kernel to handle

data transfer efficiently. We utilize Unix sockets to enable seam-

less data exchange between different serverless functions while

maintaining isolation and security.

For network-based data transfer, we utilize the splice [54]

and vmsplice [55] syscalls. These Linux-specific calls enable zero-

copy data transfer between file descriptors, significantly reducing

the overhead of data movement across network boundaries. Since

splice and vmsplice bypass the user-space buffer, they allow di-

rect data transfer between kernel buffers and function memory,

improving throughput and reducing CPU utilization during net-

work communication.

6 EVALUATION
To assess the performance, scalability, and resource efficiency of

Roadrunner, we design a series of experiments focusing on data-

intensive serverless functions. The evaluation aims to determine
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howwell Roadrunner optimizes inter-function communication com-

pared to state-of-the-art runtimes. As Roadrunner introduces mea-

surements for intra-node, i.e., user and kernel space data trans-

fer, and inter-node communication, i.e., network data transfer, we

present experiments evaluating its performance in both scenarios.

6.1 Overview
We perform two experiments to evaluate Roadrunner, using chained

serverless workflows consisting of two I/O-bound functions, 𝑎 and

𝑏, which exchange serialized strings. The first experiment varies

payload sizes (1MB–500MB) to assess communication overhead

during sequential execution, while the second evaluates scalability

through parallel workflows. These payloads reflect structured data

commonly exchanged between serverless functions, with sizes rep-

resenting edge–cloud serverless workflows [18]. In contrast, the

second set assesses scalability through parallel executions. These

workflows reflect real-world serverless invocation patterns, such

as sequential, fan-out, and fan-in as outlined in [32]. RoadRunner

does not aim to provide better performance than serverless state-of-

the-art solutions, such as [2, 13], as these solutions operate directly

on the host kernel while Roadrunner suffers from Wasm VM IO

overhead (shown in Fig. 6 and discussed in Section 6.3). Thus, we

compare against RunC (container) as an upper bound for perfor-

mance, representing the best achievable performance with Wasm.

Therefore, we compare Roadrunner with state-of-the-art virtual-

ization runtimes: RunC and Wasmedge. Since Roadrunner aims to

optimize data communication, we measure the latency from the

moment the source function sends data until the target function

receives it.

Metrics. Data transfer is crucial to ensure efficient serverless,

naturally stateless functions. It is critical to enable seamless com-

munication at scale withminimal latencywhile avoiding exhausting

computing resources. To evaluate the performance, scalability, and

resource impact of Roadrunner, we conduct a series of experiments

and collect results for the following metrics:

a) Latency: This metric measures the duration from when func-

tion 𝑎 initiates the data transfer to when function 𝑏 has successfully

received the message. Latency is recorded in seconds to provide a

clear understanding of communication delays.

b) Throughput: This metric evaluates Roadrunner’s ability to

handle highworkloadswithout compromising performance. Through-

put is measured in requests per second (RPS). For operations com-

pleted in less than one second, we extrapolate throughput by cal-

culating the rate of requests over one second. For example, if ten

requests are processed in under a second, we estimate the through-

put based on their collective execution rate.

c) Resource Usage: For this metric, we monitor the host system’s

resource utilization for each function. Specifically, we track CPU

usage (in percent) and memory consumption (in MB). We perform

fine-grained measurements directly from the cgroup, enabling us
to accurately capture the total CPU usage for each sandbox (con-

tainer), including detailed breakdowns of user space and kernel

CPU consumption. This metric allows us to compare the resource

overhead introduced by Roadrunner against baseline metrics, en-

suring that any increase remains minimal and within acceptable

limits.

6.2 Experimental Setup
Our experiments focus on evaluating chained serverless functions

in a distributed environment. To execute these experiments, we

employ RunC [29] as the low-level container runtime, containerd

as the high-level container manager, and WasmEdge [83] as the

Wasm runtime. We use multiple nodes to facilitate remote data

passing between functions. We executed the experiments 10 times

and calculated the mean results. We deploy two nodes to enable

remote data exchange between functions, emulating an edge–cloud

setup. To approximate constrained edge–cloud conditions, we limit

the available bandwidth to 100 Mbps using Linux traffic control

(tc), and observe a stable round-trip latency of 1 ms between nodes.

Each node is a VMwith a 4-core 2GHz vCPU, 8GB of RAM, running

Ubuntu 22.04 LTS. The underlying server is running an Intel Xeon

processor of the Skylake generation. The experimental workflows

are implemented in Rust and leverage Wasmedge SDK for WASI-

related tasks and tokio [17] for HTTP requests.

6.3 Performance
Intra-node: Roadrunner (User space) reduces the latency by
44% to 89% compared to Wasmedge and by 10% to 80% com-
pared to RunC.Roadrunner (Kernel space) reduces the latency
by 76% to 83% compared to Wasmedge and up to 13% com-
pared to RunC.

Fig. 7 shows the performance metrics, including Total and Seri-

alization Latency for different payload sizes across three runtimes:

Roadrunner, and Wasmedge. Fig. 7a and Fig. 7b represent the total

latency and throughput, respectively, including data transfer and

data serialization times. Roadrunner (User space) achieves the low-

est latency due to near-zero copy transfers, followed by Roadrunner

(Kernel space). RunC and WasmEdge exhibit significantly higher la-

tencies.Fig. 7c and Fig. 7d show exclusively the serialization impact

on the function data transfer. Roadrunner (User space) and RunC

demonstrate negligible latency. Here, it is possible to notice the se-

rialization impact on the Wasmedge function, which is responsible

for the high total latency presented in Fig. 7a. Roadrunner (User

space) and Roadrunner (Kernel space) significantly reduce both

total and serialization latency compared to RunC and WasmEdge,

highlighting the impact of near-zero copy and serialization-free

transfers on improving function communication performance.

Inter-node: Roadrunner reduces the total latency by 62%
compared to WasmEdge and 7% compared to RunC. For seri-
alization latency, Roadrunner reduces the serialization over-
head by 97% compared to WasmEdge and 46% compared to
RunC.

Fig. 6 highlights the gains from Roadrunner compared to RunC

and Wasmedge at a fixed size. Fig. 6a shows the total latency contri-

butions from data transfer, serialization, andWasmVM IO overhead,

where Wasm VM IO is the overhead Roadrunner takes to access

the data from the host via the data access mechanisms presented

in Section 3.1. Although Roadrunner presents gains in the transfer

compared to RunC and Wasmedge, it pays a penalty (Wasm IO)

to access the data in the Wasm VM. However, due to the near-

zero copy and serialization-free improvements, shown in Fig. 6b,

Roadrunner offers near-native speed to the Wasm-based functions,

reducing the serialization overhead introduced by state-of-the-art
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Figure 6: Breakdown of inter-node transfer latency for a
100MB payload across Roadrunner (RR), RunC (RC), and
WasmEdge (W): (a) Detailed analysis of latency components,
including serialization, communication transfer, and Wasm
IO overhead; (b) Serialization overhead comparison, high-
lighting Roadrunner’s near-zero copy and serialization-free
mechanisms versus HTTP-based communication in RunC
and WasmEdge; and (c) Normalized latency distribution,
showcasing Roadrunner’s efficiency in reducing serializa-
tion impact while maintaining competitive overall latency.

communication mechanisms such as HTTP. In Fig. 6c, the normal-

ized latency demonstrates that Roadrunner significantly reduces

serialization overhead compared to RunC and WasmEdge. As a

result, the overall latency in Roadrunner approaches that of RunC,

where the majority of the latency is attributed to network transfer.

As Roadrunner reduces overall latency, the relative share of Wasm

IO overhead increases from 8% in RunC to 20% in Roadrunner.

Fig. 8 shows the varying input size for Roadrunner and baselines.

Fig. 8a and Fig. 8b depict total latency and throughput, incorpo-

rating both data transfer and serialization overhead. Roadrunner

demonstrates a reduction in total latency compared to RunC and

WasmEdge, primarily due to its near-zero copy and serialization-

free data transfer mechanism. However, the improvement margin is

narrower in the inter-node scenario, as network transfer overheads

become a dominant factor. Fig. 8c and Fig. 8d focus on serializa-

tion overheads and reveal that Roadrunner significantly minimizes

serialization latency. Although, in inter-node data transfer, the net-

work contributes to the majority of the latency, Roadrunner offers

Wasm-based serverless latency similar to RunC.

6.4 Scalability
Intra-node:Roadrunner (User space) reduces the latency up to
70% compared to RunC and increases the throughput up to 3x;
reduces up to 98% compared to Wasmedge and increases the
throughput up to 64x. Roadrunner (Kernel space) reduces up
to 77% compared to Wasmedge and increases the throughput
up to 4x.

Fig. 9 presents the performance metrics for intra-node fanout

scenarios with 10MB function input transfers. Fig. 9a and Fig. 9b

present the total latency and throughput across different fanout

degrees for Roadrunner (User space), Roadrunner (Kernel space),

RunC, and WasmEdge. Roadrunner (User space) demonstrates the

lowest total latency due to its efficient near-zero copy mechanism.

Roadrunner (Kernel space) exhibits slightly higher latency than

RunC due to the overhead costs imposed by IPC in combination

with async libraries to handle the fanout degrees. However, both

significantly outperform WasmEdge, which suffers from high seri-

alization costs and network transfer overhead.

Fig. 9c and Fig. 9d isolate the serialization impact, where Roadrun-

ner (User space) and Roadrunner (Kernel space) maintain minimal

serialization latency and high throughput, respectively. WasmEdge

exhibits the highest serialization latency, which dominates its over-

all performance. RunC’s serialization latency is higher than Road-

runner but still lower than Wasmedge.

Inter-node: Roadrunner reduces the latency by up to 65%
compared to WasmEdge and increases the throughput up to
2.8x.

Fig. 10 shows scalability results increasing the fanout degree.

Similar as intra-node results, Fig. 10a and Fig. 10b depict the total

latency and throughput across varying fanout degrees for Road-

runner, RunC, and WasmEdge. Roadrunner maintains a relatively

consistent latency profile across fanout degrees similar to RunC

and Wasmedge. Further, it shows a slight increase compared to

RunC, indicating the IPC and async library overhead. Roadrunner

outperforms WasmEdge, which shows significantly higher laten-

cies due to substantial serialization costs. Fig. 10c further isolates

the serialization impact, emphasizing the advantages of Roadrun-

ner near-zero copy and serialization-free mechanism. Meanwhile,

Fig. 10d shows Roadrunner consistently outperforming WasmEdge

and RunC achieving increased throughput.

6.5 Resource Efficiency
Intra-node: Roadrunner reduces the CPU usage by up to 94%
compared to WasmEdge and reduces the RAM usage by up
to 50%

During performance experiments thatmeasure latency and throu-

ghput shown in Fig. 7, Roadrunner exhibits significantly lower CPU

usage compared to WasmEdge in Fig. 7e. More specifically, the lack

of serialization and multiple copies between user and kernel space,

Roadrunner decreases the user space CPU usage, shown in Fig. 7f.

Fig. 7g shows Kernel Space CPU usage, where Roadrunner keeps

consistently close to RunC, presenting a decrease compared to

Wasmedge.

During the scalability experiments, in Fig. 9, Roadrunner shows a

constant CPU usage even with the fanout degree increase in Fig. 9e.

Although Roadrunner handles the data transfer alone in the user

space, functions 𝑎 and 𝑏 are embedded in one single Wasm VM,

which means it runs in a single process. In this case, the CPU han-

dles both computation and data transfer, leading to an increased

CPU burden, especially in the user space CPU usage in Fig. 9f. Nev-

ertheless, Roadrunner (User space) shows consistent and stable

usage even for increased fanout degree. On the other hand, Road-

runner (Kernel space) IPC mechanisms result in a decreased user

and kernel space CPU usage, shown respectively in Fig. 9f and

Fig. 9g, resulting in an overall decrease in CPU usage (Fig. 9e). The

trend continues for RAM usage in Fig. 9h where the usage increases

with the fanout degree and Roadrunner (Kernel space) outforms

RunC andWasmedgewhile Roadrunner (User space) shows a steady

improvement compared to Wasmedge.
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Figure 7: Intra-node overall latency and throughput for varying payload sizes, comparing RoadRunner, RunC (Container)
and Wasmedge runtimes. (a) Total latency, including serialization, in seconds. (b) Total throughput, including serialization,
in requests per second. (c) Serialization latency, isolating the impact of serialization overhead. (d) Serialization throughput,
measuring throughput excluding serialization overhead. (e) Total CPU usage percentage. (f) User space CPU usage percentage.
(g) Kernel space CPU usage percentage. (h) Memory usage in MB, illustrating resource consumption for each runtime.
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Figure 8: Inter-node overall latency and throughput for varying payload sizes, comparing RoadRunner, RunC (Container)
and Wasmedge runtimes. (a) Total latency, including serialization, in seconds. (b) Total throughput, including serialization,
in requests per second. (c) Serialization latency, isolating the impact of serialization overhead. (d) Serialization throughput,
measuring throughput excluding serialization overhead. (e) Total CPU usage percentage. (f) User space CPU usage percentage.
(g) Kernel space CPU usage percentage. (h) Memory usage in MB, illustrating resource consumption for each runtime.

Inter-node: Roadrunner reduces the CPU usage by up to
85% compared to WasmEdge and reduces the RAM usage by
up to 25%

During performance experiments in Fig. 7, Roadrunner shows a

total CPU usage (Fig. 8e) overhead for small payload sizes, which

is a consequence of an increased Kernel Space CPU Usage (Fig. 8g),

but it stabilizes as the payload size increases, while Roadrunner user

space CPU usage (Fig. 8f) keeps a linear increase similar to RunC and

Wasmedge. This means Roadrunner mechanisms have a slight CPU

usage overhead for small input sizes, whereas they show decreased

CPU usage for larger input sizes. In Fig. 8h, Roadrunner keeps

RAM usage low for small payloads and increases linearly, similar to

Wasmedge RAM consumption. Roadrunner accepts a higher CPU
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Figure 9: Intra-node Fanout Latency with 10MB function data transfer with varying fanout degrees. (a) Total Latency (b) Total
Throughput; (c) Serialization Latency; (d) Serialization Throughput; (e) Total CPU usage; (f) User Space CPU usage; (g) Kernel
Space CPU utilization; and (h) RAM usage in (MB).
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Figure 10: Inter-node Fanout Latency with 10MB function data transfer with varying fanout degrees. (a) Total Latency (b) Total
Throughput; (c) Serialization Latency; (d) Serialization Throughput; (e) Total CPU usage; (f) User Space CPU usage; (g) Kernel
Space CPU utilization; and (h) RAM usage in (MB).

cost for small payloads to achieve high-speed communication for

all payload sizes.

During scalability experiments in Fig. 10, Roadrunner shows

a slightly increased CPU usage (Fig. 10e) for small payloads, but

then it stabilizes and keeps a slight linear increase over the fanout

increase. A similar trend can be noticed in Fig. 8e. Under high load,

Roadrunner reports less User CPU usage (Fig. 10f) than Wasmedge

and RunC, showing that although the near-zero copy and serialization-

free mechanisms might incur slightly higher CPU usage for smaller

input sizes, they incur less CPU usage for larger input sizes due to

the reduced copies between user space and kernel space. In Fig. 10g,

the increase is linear for Roadrunner and baselines. In Fig. 10h,

Roadrunner shows a decreased RAM usage for small input sizes

but higher RAM usage as the fanout degree increases. This increase

is attributed to the additional memory requirements for handling

network buffers, which do not exist for intra-node data transfer

since Roadrunner leverages IPC to exchange data.

7 DISCUSSION
Benefits and Trade-Offs. Each Roadrunner communication mech-

anism suits the demands of different workflows. Selecting the most

appropriate communication depends on balancing the benefits and
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trade-offs between communication frequency, data load, latency,

scalability, and resource utilization. Therefore, it is crucial to iden-

tify when and which communication is most appropriate for a

given workflow, ensuring that the selected mode also aligns with

the workflow’s defined requirements. User space data transfer en-

sures low latency and minimal resource contention but is tightly

coupled, limiting scalability and introducing fault propagation risks.

Kernel space data transfer provides isolation and independent scal-

ing via IPC mechanisms, such as shared memory or UNIX domain

sockets, but incurs IPC overhead and increases application com-

plexity. Network transfer across hosts enables high scalability and

strong isolation but suffers from increased latency due to network

overhead alongside operational costs.

Interoperability. Roadrunner’s data transfer model ensures seam-

less inter-function communication, eliminating the dependency

on external storage services for data exchange. This design is not

limited to inter-function communication; it can be extended to

scenarios involving external services with large input data, reduc-

ing the additional overhead associated with serialization, which

significantly affects Wasm-based serverless functions. Moreover,

Roadrunner remains backward compatible by defaulting to stan-

dard WASI communication unless its API is explicitly invoked,

allowing unmodified modules to operate normally while enabling

near-zero copy, serialization-free communication for those that opt

for Roadrunner’s inter-function communication.

Near-zero Copy Data Transfer. Roadrunner implements near-

zero copy data transfer by using zero-copy syscalls such as splice
and vmsplice to move data directly between the shim and kernel

buffers, avoiding redundant copies within the kernel. While this

eliminates overhead between user and kernel space, data must still

be copied in and out of the Wasm VM’s linear memory due to

Wasm’s isolation model. Therefore, we adopted the term “near-zero

copy”.

Security Concerns. The Wasm VM is designed to ensure strong

isolation between the host and the Wasm VM, preventing unau-

thorized access or manipulation of memory. Although the host

accesses the Wasm modules’ linear memory regions, risks such as

memory corruption, buffer overflow, and data leakage are avoided

due to the strict memory boundaries from Wasm which means,

that a specific Wasm VM memory region is only accessible to the

specific process that spawns the Wasm VM, i.e., the function shim.

Every Wasm module has completely isolated memory regions not

accessible to each other. In the event of a boundary violation, the

function execution simply fails without affecting other parts of the

system. Additionally, the memory access APIs, described in Table 1,

are designed to enforce strict access controls, preventing malicious

or compromised host processes from exploiting the direct memory

interface.

Threats to Validity. To the best of our knowledge, Roadrunner

is the first to explore serialization-free data transfer for Wasm

serverless functions, which introduces certain limitations in the

evaluation scope. Consequently, our evaluation focuses on compar-

ing Roadrunner against state-of-the-art solutions used in serverless

platforms that rely on traditional communication methods, such

as HTTP, which rely on IO serialization. Although our evaluation

presents the most common invocation patterns [32], it is conducted

in controlled environments with specific workloads, which may

not fully capture the diversity of real-world serverless applications.

Additionally, the performance gains observed may vary depending

on the characteristics of the underlying hardware, network condi-

tions, and application patterns. Roadrunner reliance on underlying

host mechanisms may limit its adoption, however the demonstrated

improvements highlights its potential as a foundation for future

Wasm-native serverless platforms.

8 RELATEDWORK
This section provides an overview of existing research that ad-

dresses Wasm-based Serverless Data Transfer between Serverless

Functions and Sandoxes and Shims, highlighting their contribu-

tions, limitations, and how they compare to Roadrunner.

8.1 WebAssembly-based Serverless
Faasm [75] proposes a stateful Wasm-based serverless platform.

To achieve that Faasm introduces Faaslet, a lightweight sandbox

isolation mechanism that relies on cgroups and Wasm isolation to

execute serverless functions. Moreover, Faasm relies on Faabric [76]

to manage and exchange data between serverless functions. How-

ever, Faasm introduces a dedicated serverless platform not com-

patible with state-of-the-art platforms. Sledge [21] introduces a

serverless Wasm runtime designed for edge computing, focusing

on data-intensive multi-tenancy. It leverages Wasm sandboxes for

lightweight isolation and introduces its own scheduler bypassing

the kernel to optimize the execution performance and reduce re-

source overhead. Nevertheless, Sledge relies on a customWasm run-

time, which limits compatibility with state-of-the-art serverless and

increases development and maintenance complexity. CWASI [57]

proposes an OCI-compliant shim that leverages function locality to

enable direct inter-function communication: Function Embedding,

Local Buffer, and Networked buffer. CWASI Function Embedding en-

ables high-speed data passing, such as shared memory. Local buffer

enables inter-function communication via host mechanisms. Nev-

ertheless, CWASI leverages remote storage services for functions

placed on different hosts, increasing latency and network overhead.

Wow [20] leverages Wasm to provide isolation and portability for

heterogeneous environments such as the Edge-Cloud continuum.

Wow enables serverless workflows with decreased cold start times.

Nevertheless, Wow does not address communication or data trans-

fer, which accounts for a big portion of the serverless function

execution time. PSL [81] leverages Wasm’s deny-by-default and

isolation mechanisms to execute security and privacy in serverless

workloads. PSL relies on a state store to manage state and commu-

nication among functions. Nevertheless, it still relies on state-of-

the-art communication mechanisms such as HTTP, which incurs

serialization and, consequently, latency increase and resource usage

overhead. Roadrunner achieves serialization-free communication

by leveraging Wasm’s linear memory model to facilitate data ex-

change between functions. Unlike traditional methods that rely on

serialization to encode data for transmission (e.g., via HTTP), Road-

runner maps and transmits memory regions within the function

via kernel buffers, minimizing the overhead associated with data
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preparation, serialization, and deserialization while maintaining

the integrity and isolation of the Wasm sandbox.

8.2 Serverless Inter-function Communication
SAND [2] introduces a hierarchical message bus to provide low

latency with a global and a local bus. SAND optimizes remote

inter-function communication by introducing a global message bus

responsible for exchanging data between functions remotely. More-

over, InfiniCache [82] enables in-memory cache communication

between serverless functions by providing the proxy address at-

tached to each function. Boxer [85] and FMI [12] explore NAT TCP

punch hole. The punch-hole network technique enables direct com-

munication between two clients. In this approach, the rendezvous

server controls and exchanges address data between two clients.

For example, function A requests a connection to function B to

the server S, the server S replies to function A and function B ad-

dresses, and forwards function A addresses to function B. Once

both functions are aware of each other, they can exchange data

directly.

Zero-copy. Diffuse [72] presents DSMQueue, a distributed shared-

memory queue. DSMQueue leverages RDMA techniques to enable

zero-copy data exchange between serverless functions. Neverthe-

less, it relies on specialized hardware, which might be a bottleneck

in resource-constrained environments such as the Edge-Cloud con-

tinuum. In [90], authors propose shared memory via co-located

function data exchange and a KVS for remote communication.

Nightcore [31] places functions from the same workflow in a sin-

gle host to enable low-latency communication via shared memory.

However, nightcore does not address data serialization, which com-

prises a large portion of the function communication. Wasmer [84]

reduces cold-start latency by enabling zero-copy deserialization of

precompiled Wasm modules through memory-mapped metadata

access. It serializes metadata and compiled code into a cache file that

the runtime can later map directly into memory, avoiding parsing,

reconstruction, and copying overhead. However, Wasmer does not

support zero-copy for runtime inputs, which are still passed via tra-

ditional memory copies and host interfaces. While Wasmer focuses

on cold starts, RoadRunner eliminates serialization overhead in data

exchange between functions during runtime, also enabling direct

communication. SharedArrayBuffer [60] enables direct memory

sharing between workers, which means it enables memory sharing

between workers and threads within the same function, but it does

not allow between multiple processes. Roadrunner enables data

sharing at the inter-function level. Furthermore, Roadrunner takes

a stricter approach to memory isolation than SharedArrayBuffer,

all memory sharing in Roadrunner is explicitly mediated by the

shim, which controls allocation, visibility, and access semantics.

Serialization-free. RMMap [51] introduces an OS primitive for

remote memory map which enables serverless functions to directly

access the memory of another function. Nevertheless, RMMap is

designed for RDMA-based network transfer, which requires special-

ized hardware. PraaS [13] enables functions running as processes,

thus co-located functions achieve serialization-free communication

by using a shared memory pool for direct object access, allowing

zero-copy exchange via pointers in languages such as C, while

languages such as Python still use pickling but with less overhead

than traditional IPC.

Roadrunner enables inter-function communication, leveraging

host mechanisms to exchange data and decrease serialization over-

head. Moreover, Roadrunner introduces near-zero copy techniques

that optimize the communication latency and throughput of data

exchange between serverless functions.

9 CONCLUSION AND FUTUREWORK
In this paper, we introduced Roadrunner, a near-zero copy, and

serialization-free data transfer serverless runtime shim designed

to optimize inter-function communication in WebAssembly-based

serverless functions. Roadrunner leverages Wasm’s linear memory

model and syscalls to minimize data transfer overhead between

user and kernel space. By eliminating unnecessary serialization

and reducing latency, Roadrunner significantly enhances the per-

formance of serverless functions, particularly in data-intensive and

latency-sensitive applications.

We evaluated Roadrunner using serverless functions that repre-

sent common invocation patterns, such as sequence and parallel

functions. Our experiments demonstrated that Roadrunner reduces

data transfer latency and improves throughput compared to the

data-passing mechanisms of state-of-the-art serverless platforms.

The experiments show that Roadrunner improves latency by up

to 89% and increases the throughput up to 69x compared to the

Wasm baselines, offering close to native speed for IO-bound server-

less workloads. These results highlight Roadrunner’s capability to

address the key bottlenecks of inter-function communication in

serverless computing.

In the future, we plan to expand Roadrunner beyond its current

implementation to support a broader range of WebAssembly run-

times, enabling greater portability and integration across diverse

serverless platforms. Our future work will focus on developing

Roadrunner into a dynamic virtualization runtime that can au-

tonomously select the runtime type, e.g., container and Wasm, and

select the most suitable runtime for specific serverless workflows

based on workload and environment characteristics. Moreover,

we plan to extend Roadrunner with a self-provisioning infrastruc-

ture [64] that automatically provides the necessary BaaS for each

function. Finally, we aim to introduce function state management

and syscall batching, allowing Roadrunner to efficiently handle

stateless and stateful serverless functions.
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