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Abstract

WebAssembly (Wasm) is a binary instruction format that enables
portable, sandboxed, and near-native execution across heteroge-
neous platforms, making it well-suited for serverless workflow
execution on browsers, edge nodes, and cloud servers. However, its
performance and stability depend heavily on factors such as startup
overhead, runtime execution model (e.g., Ahead-of-Time (AOT) and
Just-in-Time (JIT) compilation), and resource variability across de-
ployment contexts. This paper evaluates a Wasm-based serverless
workflow executed consistently from the browser to edge and cloud
instances. The setup uses wasm32-wasi modules: in the browser,
execution occurs within a web worker, while on Edge and Cloud,
an HTTP shim streams frames to the Wasm runtime. We measure
cold- and warm-start latency, per-step delays, workflow makespan,
throughput, and CPU/memory utilization to capture the end-to-end
behavior across environments. Results show that AOT compilation
and instance warming substantially reduce startup latency. For
workflows with small payloads, the browser achieves competitive
performance owing to fully in-memory data exchanges. In contrast,
as payloads grow, the workflow transitions into a compute- and
memory-intensive phase where AOT execution on edge and cloud
nodes distinctly surpasses browser performance.
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1 Introduction

In the serverless paradigm, providers manage the scalability, place-
ment, and lifecycle of short-lived, event-driven functions. While
this abstraction significantly reduces the operational overhead for
developers, it exposes drawbacks, including cold starts, queue la-
tency, performance variability, and cost unpredictability [6]. Opti-
mizing these aspects requires consistent measurement methodolo-
gies across the computing continuum, i.e., browsers, edge instances,
and cloud servers [7]. Recent works have analyzed the causes of cold
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starts, offering a deeper understanding of their cost implications and
underscoring the need for rigorous comparative evaluations [9].

WebAssembly (Wasm), with its compact bytecode, fast validation
and instantiation, and strong sandboxed isolation, serves as a uni-
fying execution substrate across the computing continuum [5, 20].
Recent advancements, such as the maturation of runtimes and the
standardization of the WebAssembly System Interface (WASI) !, have
brought the “compile once, run anywhere” paradigm closer to reality.
In practice, the same Wasm artifact (i.e., a compiled and portable
binary module) can be executed across diverse contexts without
modification, offering two key benefits: (i) methodological compa-
rability and (ii) a simplified software supply chain with uniform
packaging and minimal system dependencies.

Recent studies confirm the competitiveness of Wasm compared
to solutions like containers and Function-as-a-Service (FaaS) plat-
forms, particularly under resource-constrained conditions [3]. How-
ever, trade-offs remain in terms of startup latency and memory foot-
print, indicating that Wasm’s advantages are not uniform across all
deployment contexts. Comparisons between x86 and ARM architec-
tures further demonstrate the growing maturity of this technology
while revealing runtime variations with practical implications for
system design and development choices [11]. Nevertheless, exist-
ing evaluations are restricted to a single environment or micro-
benchmark, offering limited insight into the comparison of end-to-
end latency (i.e., function cold/warm behavior, function execution
and communication time, and workflow makespan) for realistic
application workflows.

To our knowledge, no unified methodological work has yet exe-
cuted the same Wasm-based workflow across browsers, edge nodes,
and cloud platforms using consistent and homogeneous metrics.
Thus, this paper presents a comparative analysis of serverless work-
flows implemented in Wasm and executed across three distinct
environments: the browser, the edge, and the cloud. The entire eval-
uation is performed under a unified experimental setup, ensuring
methodological consistency and enabling a fair, cross-environment
comparison of performance and resource efficiency. The results of
this analysis provide practical guidance for making informed orches-
tration decisions (e.g., function placement) in serverless workflows.
The key contributions of this paper are:
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we implement a serverless workflow in Wasm, exposing

WASI interfaces compatible with three environments, browser,

edge, and cloud;

we isolate the effects of the execution environment and
quantify workflow performance on cold and warm starts,
function makespan and workflow makespan, throughput,
and resource utilization (CPU, memory);

we compare the performance of ahead-of-time (AOT) and
just-in-time (JIT) as compilation strategies, along with a
pre-warming method, to evaluate their impact within each
environment.

(iii)

This paper has six sections: Section 2 summarizes the background
and related work on Wasm, serverless computing, workflow pro-
cessing, and cold start latency reduction. Section 3 describes the
strategy adopted for browsers, edge instances and cloud servers.
Section 4 explains our evaluation setup before describing the exper-
imental results in Section 5. Section 6 finally concludes the paper.

2 Related Work

This section reviews related work in three main areas: Wasm as
an execution substrate for serverless platforms, serverless work-
flow orchestration strategies, and cold-start mitigation and cost
modeling in serverless systems.

2.1 Wasm as a serverless execution substrate

Recent measurements show that Wasm can serve as a competi-
tive alternative to, or an integration layer with, containers [17].
However, its maturity and compatibility still vary across runtime
implementations and their integration with the underlying exe-
cution environment [12]. Systematic comparison of Wasm run-
times ranks standalone and browser-integrated executors across
execution models, interpreter, just-in-time (JIT), and ahead-of-time
(AOT) compilation, as well as system interfaces and security as-
pects, highlighting significant differences in initialization latency
and throughput [21]. These findings guide the selection of runtimes
and configuration options, such as AOT and JIT compilation modes,
as well as caching strategies evaluated in our experiments.

On the edge side, benchmarks show that Wasm-based server-
less platforms can achieve reduced startup times and competitive
efficiency profiles compared to widely used container-based so-
lutions [14]. However, methodological differences in workloads,
metrics, and network configurations across studies highlight the
need for a homogeneous measurement protocol [3]. In parallel,
recent analyses show the maturation of client-side, in-browser
execution [2, 15]. While Wasm offers advantages in portability
and time-to-use for scientific computing, it remains constrained
by limited tooling and restricted system access [16]. Furthermore,
in-browser large language model (LLM) inference systems demon-
strate that compute-intensive operations can be executed directly
on the client using WebGPU for acceleration and Wasm for CPU-
bound computation, achieving near-native performance on the
same hardware [1, 19].

2.2 Serverless workflow orchestration strategies

On the other hand, existing research on serverless workflow orches-
tration investigates the effects of placement strategies on workflow
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makespan and resource consumption [7, 8, 18]. Edge resource al-
location mechanisms using serverless platforms typically employ
formalized policies derived from observable runtime metrics [13],
making placement decisions repeatable and reproducible by third
parties under identical inputs and configurations. The comparative
work of centralized and distributed orchestration approaches has
demonstrated that the underlying architecture significantly influ-
ences workflow completion times and performance variability [4].
A recurring observation across these works is the necessity of em-
pirical characterization of behaviors, such as cold and warm start
patterns, queuing latency, and resource footprint—supported by
homogeneous benchmarking. Therefore, without such standardized
measurements, transferring placement strategies across heteroge-
neous environments becomes unreliable. These insights motivate
our focus on comparable measurements of the same workflow exe-
cuted in the browser, at the edge, and in the cloud.

2.3 Cold-start and cost management

One of the key factors in serverless computing is the cold start, refer-
ring to the additional latency that occurs when a function invoked
without an already warm instance available [6]. This forces the
platform to provision a new sandbox environment (e.g., microVM
or container), load and initialize the runtime along with its depen-
dencies, and bring the function code to a ready-to-execute state.
For Wasm, this process includes module validation, compilation,
and instantiation. However, recent work [9] shows that although
cold start can sometimes dominate end-to-end latency in certain
production workloads, many functions are not latency-sensitive.
Consequently, the authors argue that serverless systems should be
evaluated and designed with a broader perspective, considering
not only startup latency but also predictability, throughput, and
resource efficiency. With respect to cost, recent work [10] inves-
tigates how pricing models, billing granularity, and data egress
fees affect the total cost of serverless applications. These works
introduce parameterized evaluation methodologies that facilitate
normalized comparisons across providers, yet require workload
and runtime measurements for proper calibration.

2.4 Contributions beyond the state-of-the-art

Prior works evaluated Wasm runtimes, serverless orchestration,
and cold-start behaviors largely in isolation, focusing on a single
environment (browser, edge, or cloud) or on micro-benchmarks. To
our knowledge, no unified, cross-environment work has executed
the same Wasm-based workflow across these three layers under
a common experimental setup and set of metrics. This paper in-
stead provides an end-to-end comparison of Wasm-based serverless
workflows executed in the browser, at the edge, and in the cloud,
offering new insights into how runtime configurations (AOT, JIT)
and environmental factors jointly affect performance and resource
efficiency across the computing continuum.

3 Experimental Design

This section explains how we evaluate the impact of the execution
environment (browser, edge, and cloud instances), on the perfor-
mance of Wasm-based serverless workflows under a consistent
measurement setup.
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Figure 1: High-level execution pipeline of the serverless
workflow across browser, edge, and cloud environments.

Workflow artifacts: We model the application as a directed acyclic
graph (DAG), where each node represents a Wasm module with
explicit input/output interfaces. The same artifacts are executed
across all environments, allowing us to attribute observed perfor-
mance differences solely to environmental factors rather than to
code or packaging variations.

Workflow orchestrator: We developed an external component that
serves as a workflow orchestrator, interpreting the DAG and trig-
gering each task according to its structure (e.g., sequence, fan-out,
and fan-in). Each task’s output is passed as input to its succes-
sors, ensuring that tasks remain isolated and do not invoke one
another directly. This design preserves identical flow control across
all three environments. The orchestrator also records timing and
resource utilization metrics, enabling consistent and comparable
measurements across experiments. The orchestrator runs in a con-
trol environment isolated from the workflow Wasm executors to
prevent interference. In the browser setup, it is co-located on the
same machine but runs in a separate process, communicating via a
loopback WebSocket with a harness page that forwards messages to
the Web Worker. The Web Worker executes the workflow tasks in
a separate thread. At the edge, the orchestrator runs on a different
machine within the same LAN as the executor node and invokes
tasks through a lightweight HT TP shim co-located with the Wasm
runtime. In the cloud configuration, it runs on a virtual machine
(VM) in the same region, using the same HTTP shim interface to
trigger executions. Fig 1 illustrates the resulting high-level software
architecture.

Metrics and data collection We organize the collected metrics into
two complementary perspectives for evaluating application perfor-
mance. The first captures end-to-end workflow behavior and results,
while the second focuses on resource utilization and runtime-level
effects within the platform:

(i) User-level metrics:

o Cold start: invocation without an existing warm instance,
requiring sandbox provisioning (e.g., container), artifact
loading, runtime initialization, and dependency setup;

e Warm start: served by an already initialized instance with-
out reloading or reinitialization;

e Function Latency: Start/end timestamps per step;

o Workflow makespan: total elapsed time from acquiring the
first step’s input to producing the final output, including
internal queuing and inter-step data transfers.

(ii) System-level metrics:
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o Throughput: number of completed workflow invocations
per unit time under steady-state conditions with fixed con-
currency;

o Overhead and resources: CPU (average and peak utiliza-
tion), memory (RSS and peak), I/O activity, and artifact size
(Wasm binary and AOT cache), with the sampling period
and measurement tools specified.

Analysis and reproducibility: We adopt a robust statistical analy-
sis, reporting median, 25th/75th percentiles (p25/p75), interquartile
range (IQR), and, where applicable, 95 % confidence intervals for
key performance indicators. To ensure fair comparisons, we ex-
plicitly specify the varying factors between measurements (e.g.,
execution environment or ablation parameters) while keeping all
other parameters constant. In addition, reproducibility is guaran-
teed through strict artifact versioning, fixed runtime configurations,
and deterministic random seeds.

4 Evaluation Setup

This section explains how we executed experiments across browsers,
edge, and cloud instances under identical conditions, i.e., Wasm ar-
tifact, invocation Application Binary Interface (ABI), and workflow
orchestrator. To accommodate browser constraints, the workflow
is designed to operate without file-system access. The ABI remains
identical across all environments; only the transport mechanism
differs: WebSocket with postMessage in the browser, and HTTP
multipart/form-data at the edge and in the cloud instances.

Each workflow task is implemented in Rust and compiled into
Wasm modules using the same toolchain (Rust — wasm32-wasi),
allowing AOT and JIT compilation to be toggled as ablation pa-
rameters. All builds and corresponding module images are version-
controlled via commit hashes or container digests for reproducibil-
ity. Compilation flags and enabled Wasm features are kept identical
across the environments for consistent execution behavior.

4.1 Workflow

We evaluate a serverless workflow, modeled as a DAG with (N = 5)
functions and fan-out/fan-in (fout, fin) = (4, 4), as shown in Fig. 2.
As mentioned, each step is implemented in Rust and compiled to
wasm32-wasi modules that exchange data frames encoded in the
Concise Binary Object Representation (CBOR) format entirely in
memory. The workflow processes deterministic synthetic payloads
(generated with a fixed seed) in three input sizes: sgyay = 16 KiB,
= 1 MiB, Sjarge = 4 MiB. The workflow functions are:

Smedium

(S1) Ingest&Deserialize (serialization-bound): decodes the CBOR
frame in memory buffer, validates the schema, and cal-
culates a CRC32 of the input for a quick integrity check.
Complexity cost: O(n).

Preprocess (memory-bound): applies normalization and a
scan over the buffer (sliding window, clamp, type conver-
sion u8—1f32); the output is a buffer of the same size. Com-
plexity cost: O(n);

Map (CPU-bound, fan-out=4): divides the buffer into four
blocks and processes them in parallel with a blocked dense
matrix multiplication. Complexity cost: O(d?), with d =

s/4;

(S2)

(S3)
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Figure 2: Workflow DAG.

(S4) Reduce (serialization-bound, fan-in=4): aggregates the four
results (sum/concatenation according to the scheme) into
a single block and calculates a partial digest (BLAKE3) for
verification. Complexity cost: O(n);

Serialize&Finalize (serialization-bound): recodes the final
output in CBOR and produces the final digest (BLAKE3)
to be compared with the expected value. Complexity cost:

O(n).

(S5)

CPU kernel sizing (S3). The size of the matrix multiplication is
derived from the payload:

64  if s = sgman (= 64% - 4B ~ 16 KiB),

512 if' s = Smedium (= 5122 - 4B ~ 1 MiB),
1024 if s = Sjgrge (= 1024% - 4B =~ 4 MiB).

d(s) =

Each S3[k] processes a separate block in parallel (fan-out = 4); S4
combines the results.

4.2 Platforms, Runtimes, and Tooling

To ensure consistency across browsers, edges, and clouds, we use
the same Wasm artifact (target wasm32-wasi, identical toolchain
and flags) and fix runtime versions and configurations. The invo-
cation details are described in Section 4.3; here we summarize the
platforms, runtimes, and tools used. Table 1 lists, for each environ-
ment, hardware/OS, runtime/browser versions, Wasm flags, and
resource limits.

Browser host. The machine running the browser is an Ubuntu
24.04 LTS workstation with an Intel® Core i7-8700K (6 cores, 12
threads, 3.70 GHz) and 16 GiB RAM. We use Mozilla Firefox 143.0.4
(64-bit, Snap for Ubuntu), with WebAssembly SIMD enabled. The
workflow is executed in a Web Worker, while the orchestrator runs
in a separate process on the same machine and communicates via
loopback WebSocket with a harness page.

Edge Node. The edge runs the same module inside a minimal
OCI/Docker container with WasmEdge v0.13.5. The host is Ubuntu
24.04 LTS (linux/armé4) with Docker Engine 28.5.1 (cgroups v2);
resources are capped via container limits (-—cpus 4, -—memory 4).
Wasm features (SIMD) are aligned with the browser; warm state
is achieved through a pool of pre-initialized instances, while cold
state is forced by resetting the pool. No disk I/O in the workflow;
messages pass through memory to the executor.
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Cloud VM. We replicate the edge setup on a linux/amdé4 VM co-
located with the orchestrator (same region): 4 vCPU, 24 GiB RAM,
Ubuntu 24.04; container runtime Docker Engine 28.5.1 (containerd
v1.7.28, runc 1.3.0). The Wasm executor is WasmEdge v0.13.5, with
the same toolchain configuration as on the edge. Resource limits
and cold/warm policies are identical to edge to make the results
comparable. Again, the workflow does not access the file system;
orchestration uses in-memory messages.

4.3 Execution Environments

We adopt a unified invocation ABI for all environments. Each task
receives a request frame using CBOR serialization for metadata
fields. On edge/cloud, large binary payloads are transmitted sepa-
rately via HTTP multipart/form-data to avoid a base64 or similar
encoding overhead within the CBOR envelope. This hybrid ap-
proach maintains protocol type safety while supporting payloads
up to several megabytes without buffer overflow issues. The mini-
mum structure of exchanged messages is as follows:

e request: {op:"invoke", step_id, run_id, payload}
e response: {op:"result", status, payload[, error]}
The orchestrator sends/waits for these frames and correlates the
measurements via run_id. Since we do not use the file system in
the workflow, input/output travels as buffers in memory.

Browser. The orchestrator communicates with a harness page
via WebSocket. The page forwards the frames to the Web Worker
with transferable ArrayBuffer postMessage and sends the Web
Worker’s response back to the orchestrator. Cold start: new Web
Worker instance and cache/Service Worker invalidation; warm start:
Web Worker and module already compiled remain alive. Times-
tamps are collected with performance.now().

Edge. The orchestrator invokes a minimal HTTP endpoint on
the edge node: POST /invoke (CBOR binary body). A shim in the
container delivers the frame to the Wasm executor (WasmEdge)
via pipe/IPC and returns the response frame. Cold start: one-shot
mode; warm start: pool of pre-initialized instances.

Cloud. Same edge pipeline on VM/container in the same region
as the orchestrator: POST /invoke (CBOR binary body, HTTP/1.1)
and same cold/warm behavior as above. Timestamps are recorded
with a monotonic clock (Rust Instant) and the shim returns a
CBOR response including the phase breakdown (load, compile,
instantiate, init, execute), total latency, and best-effort CPU/RSS
samples collected from /proc.

4.4 Measurement Protocol

In the experiments, we use a mixed set of micro and macro work-
loads. The micro workloads include: (i) CPU-bound (e.g., matmul)
with synthetic payloads of size (Ssmall, Smedium: Starge); (ii) memory-
bound (allocation/scan); (iii) serialization-bound (CBOR < in—-mem-
ory). The macro workflow is a DAG with (N) steps, fan-out/fan-in
(fout> fin), and explicit I/O scheme; for each step, we specify the
format and expected size of input/output.

The measurements of latency, cold/warm behavior, and through-
put are performed in a closed-loop configuration. Each configu-
ration (environment X payload X mode ablation) is repeated k
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Table 1: Platforms and runtimes.

Env. Host / Instance CPU RAM OS Browser/Container ‘Wasm Runtime

Browser Workstation (linux/amd64) 6 cores 16GiB Ubuntu24.04 Firefox143.0.4 Firefox WebAssembly engine (SpiderMonkey)
Edge RaspberryPi4 (linux/arm64) 4 cores 4GiB  Ubuntu24.04 Docker28.5.1 (cgroupsv2) WasmEdgev@.13.5

Cloud VWM (linux/amd64) 4 vCPU 24GiB Ubuntu24.04 Docker 28.5.1 WasmEdge v0.13.5

Wasm features: WASI previewl (edge/cloud; JS shim, subset in browser); SIMD on; Threads on.
Resource limits: Edge/Cloud via cgroups (-—cpus, -~—memory); Browser via Web Worker isolation.

Table 2: Artifact sizes comparison between WASM modules
and their AOT compiled outputs.

Step Size WASM Size AOT Size
Module (MB) Artifact (MB) Increase
S1 0.152 0.342 +125%
S2 0.135 0.317 +135%
S3 0.141 0.322 +128%
S4 0.151 0.354 +134%
S5 0.153 0.360 +135%

times (k = 20 with randomized order, separate warm-up, and fixed
seed. Timestamps are collected with monotonic clocks (browser:
performance.now(); edge/cloud: high-resolution clock) and corre-
lated via trace-id/span-id; we record: cold-start breakdown (load —
compile/AOT-load — instantiate — init — run), per-step and
end-to-end latencies, workflow makespan, throughput, CPU (aver-
age/peak), and memory (RSS/peak).

Outlier, retry, and exclusions follow predefined rules: we discard
a run if the monitor detects abnormal conditions; for valid samples,
we apply an outlier filter based on 1.5 X IQR.

5 Experimental Results

In this section, we present the experimental results obtained by run-
ning the same WebAssembly workflow separately in the browser,
edge, and cloud. The analyses are organized along two comple-
mentary perspectives: User-Perceived Performance and System-Level
Metrics. The results are aggregated over k repetitions.

Before discussing performance, we quantify the size of the ar-
tifacts. Table 2 compares, for each workflow module, the size of
the Wasm bytecode and that of the AOT (precompiled) output, also
reporting the AOT/Wasm percentage increase; this provides the
context for interpreting the benefits observed in cold tests with
AOT and for estimating the impact of deployment in the three
environments.

5.1 User-Perceived Performance

We analyze the application’s performance that directly impacts
the user experience, using three predefined metrics: (i) cold/warm
startup times, (ii) latencies per workflow step, and (iii) end-to-end
makespan.

Cold and warm startup. As shown in Figure 3, warm starts are
faster than cold starts in all environments, although this gap is less
pronounced in browsers. The use of AOT, which is only applicable
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Figure 3: Cold vs Warm startup times.

on edge/cloud, significantly reduces the amount of time spent on
compilation/validation in cold tests. The browser shows particularly
low warm start times, benefiting from compilation/instance already
residing in the Worker; edge shows the highest cost in cold JIT,
while cloud ranks in the middle with slightly lower variability.

Function latency. We run the workflow with a warm profile and
1MiB as payload size and collect the start/end timestamps for each
step (S1-S5). In Figure 4 we represent the distributions with box-
plots on a logarithmic scale: box = IQR (p25-p75), center line =
median; whisker = 1.5xIQR; outliers shown explicitly. The browser
performs better on S3-54-S5 (lower medians and narrower IQRs),
thanks to in-memory execution and lower orchestration/IPC over-
head. On S1-S2, it ranks between edge and cloud: the overhead of
(de)serialization and the Worker-main thread transition (postMes-
sage/buffer transfer) make it less advantageous for the browser,
while edge/cloud runtimes with optimized containers and I/O pipes
mitigate the cost of these steps. In summary, when computation or
aggregation prevails (§3-5S4-S5), the browser is competitive; when
(de)serialization dominates (S1-S2), the advantage diminishes.

Workflow makespan. We measure the time S1—S5 (including
queues and transfers) in warm mode by varying the payload size
and the JIT/AOT mode. In Figure 5, we observe a clear reversal
as the payload increases: with small sizes, the browser (JIT) is of-
ten faster because the startup cost is minimal, everything happens
in-memory, and Worker orchestration has little impact. Moving
to medium/large sizes, the makespan becomes compute/memory-
bound: the startup cost is amortized and memory bandwidth, cache,
and code quality prevail; here, AOT configurations on edge/cloud
are faster and more stable. In particular, edge AOT tends to emerge
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Figure 5: Workflow makespan.

when the load is markedly numerical, while the browser’s advan-
tage diminishes until it reverses. In all cases, warm and AOT im-
prove predictability and end-to-end times, with more pronounced
effects as size increases.

5.2 System-Level Metrics

This section observes the platform’s behavior under load, com-
plementing user-facing metrics. We consider sustainable capacity
(throughput) and resource usage profile (CPU/RSS), measured with
the same experimental setup.

Throughput. A new invocation is issued upon completion of
the previous one, so that the reported value corresponds to the
inverse of the average completion time. Figure 6 shows results con-
sistent with those for makespan. With 16 KiB, the browser (JIT)
prevails: lightweight invocations, in-memory exchanges, and re-
duced startup costs allow for tens of requests per second. At 1 MiB
and 4 MiB, the compute/memory-bound effect emerges: the initial
overhead is amortized, and AOT configurations on edge/cloud out-
perform the browser due to the elimination of JIT compilation and
more favorable CPU/memory-bandwidth/cache.
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Resource usage. We sample the CPU (average/peak) and mem-
ory (average/peak RSS) of the executor process, with a sampling
interval of 20 ms on edge/cloud (readings from /proc) and 20 ms
in the browser. In the browser, CPU is obtained by recording a
Performance session from in-browser DevTools and aggregating
the profile samples; the same tools on the Web Worker side es-
timate memory. As shown in Figure 7, CPU usage is high in all
environments (indicating computational bottlenecks), with average
values slightly lower on the edge than in the cloud and browser.
Memory usage differs more significantly: the browser has higher av-
erage/peak RSS (JS engine stack, Worker, GC management), while
the cloud and edge remain more compact thanks to the native Wasm
runtime and the absence of browser components.

6 Conclusion

We presented a comparative analysis of the execution of the same
serverless workflow in browsers, edge, and cloud, keeping Wasm
and ABI artifacts unchanged. The results indicate that warm and
AOT significantly reduce startup times and variability. The browser
is competitive on small loads and on steps dominated by orches-
tration/aggregation, while edge/cloud in AOT prevail with increas-
ing payloads when the regime becomes compute/memory-bound.
Makespan and throughput consistently reflect these trends, and
CPU/RSS profiles explain the differences. This evidence should
be interpreted within the scope of the setup (runtimes, hardware,
browser, workload) and does not claim to be generalizable beyond
the experiment.
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