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Abstract

[WW: An application’s performance is largely determined
by the conditions at its bottleneck link, yet experiments de-
signed to study this performance are typically described in
terms of the testbeds and tools that produce those condi-
tions, not by the conditions themselves. As a result, each
study specifies its conditions in its own testbed-specific way,
making them difficult to reproduce, port, or verify. In an
audit of 66 measurement papers, 255 of 387 experiments
(66%) required that rather than replaying existing traffic or
simulating or synthesizing it offline, the relevant network
condition had to be generated "by hand" in a time-consuming
manner. To accelerate this manual effort, this paper presents
NetReplica, a bottleneck-regime substrate that consists of a
grammar that allows for the precise specification of a bot-
tleneck’s static envelope and dynamic congestion pressure
and an execution plane that instantiates the resulting regime
independent of where or how an experiment runs. Through
progressive disaggregation, applied three times, NetReplica
makes a regime a first-class, composable, replayable object:
a bottleneck link specification that is precise and shared
(i.e., every flow through the bottleneck link experiences the
same regime) and per-flow specifications that approximate
the rest of each flow’s path that traverses the bottleneck
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link. To demonstrate the potential of NetReplica, we regen-
erated a published measurement result end to end: a de-
ployed congestion-control classifier’s per-algorithm queue-
occupancy signatures, for all 15 classified algorithms, from
a regime specification that is independent of the classifier’s
original testbed. NetReplica supplies these regime specifica-
tions to an empirical research backend that produces trust-
worthy, never-synthetic evidence, composed only from ob-
served traces rather than a learned model, an achievement
no single existing system can currently accomplish. We state
precisely where the design specifies more than the current
implementation of NetReplica delivers.]
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1 Introduction

An application’s performance over the Internet is to a large
degree governed by one constraint: the active bottleneck link
on its path. That link’s static properties that include capac-
ity, base latency, and queue configuration set an operating
envelope, but the envelope alone does not determine what
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an application experiences. Under the same envelope, differ-
ent dynamic congestion pressure (i.e., how much competing
traffic there is, how bursty it is, when it arrives) produces
different queueing, loss, and delay, and therefore different
application behaviors. We call this pair of a static envelope
and the dynamic pressure contending within it a bottleneck
regime.! Reproducing an application’s behavior or compar-
ing two systems fairly therefore means reproducing the full
regime it ran under, not just the envelope.

Generating data under a chosen regime is challenging be-
cause experiments run at the level of executions, not regimes.
To run an experiment, instead of first specifying it and then
realizing it, a researcher typically chooses an execution con-
text (e.g., which testbed or cloud to use, which type of traffic
or trace to consider, which transport stack to leverage), and
that choice usually fixes the regime implicitly. As a result,
precisely stating the same intended regime, varying it along
one axis while holding others fixed, or reinstating it in a
different environment become challenging tasks and require
significant efforts. This is not a rare inconvenience: we man-
ually audited 387 experiments drawn from 66 recent mea-
surement papers, and 255 of them (66%) require generating
network conditions end to end and endogenously; running
the remaining experiments requires either replaying pre-
existing traffic, running a simulator, or performing offline
computations [8]. Each of these 255 experiments depends on
a bottleneck regime, specified explicitly or left implicit in a
testbed’s default configuration, and each paper uses what-
ever type of traffic, ad hoc packet-capture replay, or public
dataset is convenient and available; none of the papers reuses
another paper’s regime. This is a reinvention problem one
layer below the one our community usually discusses: the
problem is not which model architecture or training dataset
but which network conditions governed an experiment in
the first place.

These observations motivate four requirements for any
proposed bottleneck-regime specification. It must let users (i)
specify static attributes and dynamic back pressure indepen-
dently of the execution context (controllability); (ii) combine
independently specified static attributes and dynamic pres-
sure predictably into regimes never jointly observed in any
one measurement (composability); (iii) preserve real, closed-
loop interactions between the application under test and the
contending traffic at the bottleneck while accurately real-
izing the specified pressure (fidelity); and (iv) reinstate the
same specification to obtain statistically equivalent behavior
across runs and environments (replicability).

No existing approach satisfies all four requirements to-
gether; each covers only some subset. For example, public

IWe write “regime” alone as shorthand for “bottleneck regime” throughout;
no other kind of regime appears in this paper.
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traces [10, 19] are realistic but implicit. They do not ex-
pose independent controls for capacity, cross-traffic, and
latency inside a trace someone else collected, and as Causal-
Sim [1] documents for the case of collecting data to examine
an ABR algorithm’s own influence on Puffer’s traces, the
traces themselves inherit whatever bias their original col-
lection introduced. Record-and-replay [14, 16, 18], on the
other hand, limits decomposability. While it preserves a
captured combination faithfully, it does not itself provide a
way to recombine its components across new contexts. In
contrast, programmable emulation testbeds and congestion-
control benchmarking platforms [12, 13, 20] allow for pre-
cise execution control, but the regime itself (e.g., choice of
cross-traffic, selection of capacity trajectory) requires man-
ual specification, one study at a time, resulting in the above-
mentioned reinvention problem. For instance, the authors
of Pantheon [20] note that their fixed, heuristically chosen
set of bottleneck attributes may prove insufficient as new
congestion-control schemes get added, exactly the extensi-
bility gap that a a bottleneck-regime substrate with a shared
grammar would close. Yet another approach that addresses
an entirely different problem concerns learned traffic gen-
erators [15] that sample from a statistical model of network
traffic fit to some corpus and trade fidelity for composability:
a model evaluated against such sampled traffic risks match-
ing the generator’s inductive biases rather than the network
dynamics the study intends to test. We return to this com-
parison in Section 6.

NetReplica is an approach that satisfies all four require-
ments simultaneously: a bottleneck-regime substrate that
pairs a grammar for regimes with the execution plane that
instantiates them. NetReplica makes a regime a first-class,
specifiable, composable, and replayable object, independent
of where or how it executes (Sections 3-4). To illustrate, we
use NetReplica to reproduce a published measurement result
end to end: the per-algorithm queue-occupancy signatures
reported by a deployed congestion-control classifier [17], for
all 15 classified algorithms, regenerated from a specification
independent of the classifier’s original testbed (Section 5).
We reproduce this one experiment in detail and leave an
in-depth evaluation of the classifier’s downstream perfor-
mance for future work. This example shows that instead of
inheriting a regime implicitly from whatever testbed or trace
a paper happened to use and then trying to reinstantiate
it under different conditions, all that is required from a re-
searcher is the one-time effort to specify, port, and check
the regime under which an experiment or study was run or
performed. NetReplica supplies these regime specifications
to an empirical research backend that promises trustworthy,
never-synthetic evidence for research intents [8]. More con-
cretely, a system like NetReplica is need to make good on



NetReplica : A Bottleneck-Regime Substrate for Reproducible Network Data Generation NTC-Reloaded 26, December 7, 2026, Utrecht, The Netherlands

this promise for the type of condition-driven experiments
described in Section 2.

This paper evaluates NetReplica on its own terms and is
a shorter version of a technical report [6]. Section 2 pro-
vides a fuller account of the reinvention argument; Section 3
presents NetReplica’s design; Section 4 addresses how con-
ditions stay faithful to production behavior; Section 5 re-
ports the reproduction result; Section 6 positions NetReplica
against related approaches; and Section 7 concludes with
a discussion of where NetReplica’s design is ahead of its
implementation.

2 Motivation

We obtained Section 1’s 66% figure by first hand-selecting a
set of replication-worthy measurement papers from the ex-
isting literature and then using their ACM CCS concepts and
author-provided keywords as a search vocabulary. Next, we
collected a total of some 146 candidate papers that appeared
in the last 10 years, were published in SIGCOMM, CoNEXT,
IMC, or SIGMETRICS, and whose concepts, keywords, ti-
tle, or abstract resulted in matches with this vocabulary. A
manual screening to these paper for replicability left us with
a total of 66 papers which contained specific experiments,
where an experiment is defined in terms of a distinct setup
rather than a figure. For each of these 66 papers, we re-
constructed its experiments, either from the paper’s figures,
tables, captions, or in-text references. We recorded a setup
value only when the paper states it explicitly and marked it
as not specified otherwise. Finally, to simplify the decision
making about whether an experiment requires generating a
precisely-defined network condition, we encoded each ex-
periment using a closed grammar for bottleneck conditions,
network paths properties, congestion control, and queues [8].
As shown in Table 1, the 66 audited papers span a broad range
of networking topics, with video streaming and congestion
control account for 29 of the papers and 204 of the identified
experiments.

This 66% number is a symptom of what ails reproducible
network data generation. This section names the disease,
while Section 3 offers a cure in the form of a design of a
novel bottleneck-regime substrate. To describe the disease,
consider a classifier, foundation model, or protocol evaluated
against network conditions that the team of paper authors
chose for their paper and that therefore inherits whatever
bias that one-time choice encodes. A second team attempt-
ing to check or extend the result can reproduce the reported
numbers but there is in general no way for this team to
confirm that they succeeded in reproducing the relevant net-
work conditions: testbed particulars are usually described in
prose and not specified precisely enough to instantiate them
elsewhere. This is a reproducibility problem in a mechanical

sense; it differs from trained models exploiting shortcuts
encoded in their training data [5, 9], and from an entire eval-
uation being compromised because of unexamined choices
of realistic network conditions.

Existing approaches offer no cure for this disease but in-
stead solve adjacent problems. While present-day testbeds
allow for precise execution control, they require the regime
itself (e.g., type of cross-traffic, evolution of capacity) to be
hand-specified per study. Similarly, while datasets and traces
guarantee realism, they couple it to the context that pro-
duced them, and researchers cannot vary a regime observed
once or recombine it with another regime. What is missing is
a shared representation for a bottleneck regime, independent
of any single paper’s testbed or trace: something researchers
can specify once, then reuse, recombine, or extend; some-
thing that can be checked against production behavior and
doesn’t have to be rebuilt ad hoc every time.

3 Design and Implementation

NetReplica resolves Section 2’s reinvention problem with
the same systems principle that we call progressive disag-
gregation. The same way protocol layering or control-data
plane separation resolved analogous couplings elsewhere in
networked systems, we use this principle here and apply it
three times: separating the regime from the execution con-
text, separating static attributes from dynamic pressure, and
separating a trace’s dynamics from where it was captured.
Figure 1 shows three distinct layers that illustrate these three
disaggregation steps, namely (top to bottom): trace-context,
static-dynamic, and intent-execution disaggregation.

Users specify the bottleneck link itself precisely, and this
specification is shared across every contending workflow
through the bottleneck link; NetReplica approximates the
rest of each such workflow’s path, a consequence of the
second separation applied to the workflow-specific aspects
of the bottleneck, not a fourth separation. Section 1 defined

Table 1: The 66 audited papers by main area (each paper
counted once, under its primary area), with the number
of experiments extracted from them.

Area Papers Exp.
Video streaming and QoE 18 100
Congestion control 11 104
Measurement, wireless, DNS, infrastructure 9 51
Transport and multipath 7 50
Queue management and data plane 6 44
ML, emulation, user studies 6 16
Real-time and interactive apps. 5 31
Web performance 4 14

Total 66 410
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Figure 1: NetReplica’s three disaggregation layers:
trace-context, static-dynamic, and intent-execution.

a bottleneck regime informally as a static envelope paired
with the dynamic pressure contending within it. For such
a pair that concerns the one dominant link that constrains
the experiments NetReplica targets (i.e., the bottleneck, the
main object of our study), NetReplica’s grammar makes this
definition formal and is described below:

Regime = Static<capacity(down,up), queue> ® Dynamic<pressure>
queue = <discipline, size, params, ecn, mode>
pressure = replay(ctp) | load(workflow) -> node() | both

Static fixes the envelope: link capacity and the queue that
builds against it. Dynamic fixes the pressure: competing
traffic contending within that envelope. And while replay
draws on a reusable Cross-Traffic Profile, or ctp, defined
below, load generates that traffic from co-scheduled work-
flows, detailed in Section 4.

Spec versus execution. Users specify a regime indepen-
dently of the environment that will realize it (Figure 1’s
intent-execution layer at the bottom): a local container, a
cloud instance, a physical testbed. One specification serves
multiple substrates; changing where an experiment runs
never changes what it specifies, which is what makes the
specification replicable across both runs and environments.
The bottleneck (precisely defined) versus the traffic
through the bottleneck (approximately specified). This
Static/Dynamic split is Figure 1’s static-dynamic layer in
the middle. Within Static, the queue is a structured object,
not a flat selector, because studies that vary an active queue
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management (AQM) discipline, buffer size, or explicit con-
gestion notification (ECN) marking require that each be a
typed field, not an opaque string. Every workflow contend-
ing through the bottleneck experiences the same regime, so
this specification is not per-workflow but shared. Conges-
tion delay and loss at the bottleneck are not knobs: queue
together with pressure determine these properties, so the
regime sets the link and the load, and the resulting queueing
is the phenomenon under study. NetReplica approximates
the rest of each workflow’s path to that bottleneck with three
workflow-dependent parameters (i.e., latency, jitter, and loss);
capacity is deliberately absent here, because only the bot-
tleneck constrains it, and two workflows sharing this one
bottleneck can still traverse otherwise different routes with
different latencies. This split separates a shared, precisely de-
fined component of the object of interest (i.e., the bottleneck
link) from approximate, per-workflow components for every-
thing else on the workflows’ paths and realizes NetReplica’s
central architectural claim: letting researchers vary a regime
specified for one study or recombine it with another regime
and using such obtained regimes for new studies.

One bottleneck but multiple contending workflows. A
regime’s realized queueing depends on not just one work-
flow but on all workflows that contend at the bottleneck:
two contending workflows running different congestion-
control algorithms produce different queueing even under
the same static envelope and the same background pressure.
NetReplica’s grammar therefore references a foreground of
externally specified workflows placed on nodes, Foreground
= {Workflow_i @ node_i}, so that a target application
and one or more contending workflows share the same bot-
tleneck within a single specification. NetReplica does not
author or specify what a workflow does, it only has knowl-
edge of how the workflow is situated relative to the bottle-
neck. [JD: A workflow is a specified application or traffic-
generating activity in the network (e.g., watching a video on
YouTube or running iperf3). A contending workflow is any
workflow that shares the same bottleneck with the target
application, also called the workflow under test (or appli-
cation under test).] The workflows themselves can be au-
tomated with agent-based tools such as NetGent [7]. For
instance, a video-streaming workflow contending against a
bulk-transfer workflow over a given specified regime is one
Foreground, not two separate experiments that have been
stitched together after runnning them separately. NetReplica
tracks each contending workflow’s congestion-control con-
figuration as a structured object, cca = <algo, stack,
version, params, flags, build>. This is necessary be-
cause the same algorithm behaves differently across imple-
mentations (e.g., a kernel module against a userspace QUIC



NetReplica : A Bottleneck-Regime Substrate for Reproducible Network Data Generation NTC-Reloaded 26, December 7, 2026, Utrecht, The Netherlands

stack, or one kernel build against another), and this differ-
ence changes the regime the workflow under test actually
experiences. Composability is critical for this to work cor-
rectly: capacity, queue, cross-traffic pressure, and each work-
flow’s path and congestion-control configuration combine
independently, so a regime built for one study’s contention
pattern recombines into a new one without re-deriving the
underlying bottleneck specification.

CTPs make congestion pressure reusable. The third sep-
aration, Figure 1’s trace-context layer at the top, frees a
trace’s dynamics from the context in which NetReplica cap-
tured it. Cross-Traffic Profiles (CTPs) express that separated
pressure: a passively collected packet-level trace from a van-
tage point within a production network becomes a reusable
pressure program decoupled from the network on which Ne-
tReplica captured it. Turning a trace into CTPs is not a raw
replay: NetReplica trims a capture to its congestion-relevant
window, scales its rate to a target capacity, and recombines
segments from different captures into a single dynamic con-
gestion pressure program, so a regime can compose bursts
that never co-occurred in any one production trace. The
burstiness characterization that guides which segments to
select as dynamic congestion pressure programs leverages
recent efforts on event-centric modeling of bursty traffic
time series [11]. This approach does not result in "invented"
traffic: each recombined segment is itself an observed cap-
ture, so the obtained evidence remains never-synthetic even
when the combination is not. NetReplica’s current prototype
builds its CTP corpus from a campus network gateway trace;
CTP extraction only assumes timestamped packet arrivals
and sizes, so the method ports to other vantage points, and
the campus-trace choice is a deployment artifact, not an ar-
chitectural constraint. We flag this choice rather than hide
it: prior campus-network measurement work has found that
campus infrastructure is typically over-provisioned relative
to last-mile access conditions [3], so broadening the CTP
corpus beyond a single campus vantage point is a concrete
next step as part of our future work.

Checked fidelity. The separations resulting from the three
applications of the disaggregation principle illustrated in
Figure 1 make a regime specifiable. To check whether it is
also trustworthy, rather than simply assuming that an in-
stantiated regime holds, NetReplica checks whether a regime
is instantiated correctly. To this end, NetReplica probes the
realized capacity, latency, and queueing before an experi-
ment’s data capture begins, and records the realized-versus-
requested conditions alongside every result, so a downstream
consumer of NetReplica-generated data can check for any
discrepancies between the specified and realized conditions
rather than naively trusting that the specified conditions
have been instantiated correctly. The grammar names two

verification modes: imposed, where a probe confirms the spec-
ified regime before the target workflow starts, and inhabited,
where the probe instead characterizes whatever regime is al-
ready present. The latter mode is useful when a study wants
to know what conditions exist rather than assert what they
should be.

4 Closed-Loop Fidelity

NetReplica’s approach to network data generation raises
the important question whether replaying a captured cross-
traffic pattern that is unresponsive to the bottleneck it now
shares with a workflow under test can produce faithful stress
conditions. The answer to this question is that NetReplica’s
hybrid design emphasizes a deliberate compromise. Back-
ground pressure specified through a replay(ctp) is open
loop: the pressure results from playing back a fixed, pre-
viously captured pattern regardless of how the bottleneck
responds. That choice is deliberate. Reactive replay would
distort the burst structure and temporal correlations a CTP
preserves. The design assumes that at realistic link occu-
pancies, one workflow’s contribution to aggregate conges-
tion is not significant enough to be treated as exogenous, so
open-loop background pressure aims to model that regime
faithfully rather than simplify it. In the case of the classifier
setting considered in Section 5 below, we show that the re-
produced network traffic is consistent with that assumption.
Prior work has questioned this exogenous assumption. For
example, iBox instead learns a reactive cross-traffic model
via Bayesian optimization [2], trading NetReplica’s portabil-
ity (NetReplica mines a CTP once, then replays it anywhere)
for tighter fit to one measured path. NetReplica’s and iBox’s
approaches complement each other: 1load mode, discussed
below, is NetReplica’s own way toward the same reactive
cross-traffic capability. [JD: The workflow under test (equiv-
alently, the application under test or target application) is
the workflow whose behavior the experiment studies; it is al-
ways endogenous and closed-loop.] The workflow under test
differs from the background pressure under every mode: an
unmodified application and transport stack executes over a
real, verified queue, so every interaction between that work-
flow under test, its transport, and the bottleneck is real rather
than modeled. We call this "closed-loop” to express the fact
that rather than simply replaying an offline trace, the work-
flow under test reacts to the bottleneck’s current state the
same way it would in a live deployment. As a substrate, Ne-
tReplica therefore behaves like a network emulator rather
than a simulator: it specifies background pressure in an open-
loop fashion through replay(ctp), and the workflow under
test always experiences that pressure in a closed-loop fash-
ion.
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This open-loop/closed-loop split is a specific case of
a broader distinction the networking community already
names: traffic is either endogenous, generated from within
the system under study and reactive to it, or exogenous, im-
posed from outside and indifferent to the system under study.
While replay(ctp) pressure is exogenous by design, the
workflow under test is always endogenous. The grammar’s
pressure production already names a second mode beyond
replay, load(workflow(*) — node(*)), in which the exe-
cution plane co-schedules live workflows as the cross-traffic
itself, making the pressure endogenous and reactive rather
than exogenous and replayed. Section 7 discusses this mode’s
implementation status.

5 Evaluation

We validated each of the four requirements detailed in Sec-
tion 1 using the current NetReplica prototype, and the first
three reported results summarize this validation effort. We
then transferred one result to an external, published bench-
mark, and the last result described in this section concerns
this transferred reproduction, the paper’s primary new evi-
dence.

Controllability and composability. When sweeping ca-
pacity (10, 100, 1000 Mbps) at fixed base RTT values, mea-
sured throughput increases monotonically while minimum
RTT stays invariant; similarly, when sweeping base RTT (10,
100, 1000 ms) at fixed capacities, measured RTT increases
while throughput stays invariant. Neither of the sweep leaks
into the other’s observable. Holding capacity, base RTT, and
queue discipline fixed while swapping between two CTPs
produces distinct, CTP-dependent throughput and RTT dy-
namics; holding a CTP fixed while swapping the queue dis-
cipline among FIFO, CoDel, and FQ-CoDel produces distinct,
discipline-specific delay behaviors, withe FIFO inflating delay
under load and CoDel controlling it. Each attribute’s effect
surfaces on its own, independent of which other attributes
are also specified.

Replicability. Across ten independent instantiations per
specification, we compute the pairwise 2-Wasserstein dis-
tance between different RTT and throughput time series,
respectively. Figure 2a shows that the inter-specification dis-
tances are tightly concentrated around a small mean while
the intra-specification distances are much more spread out
and consistently smaller than their inter-specification coun-
terparts: the observed variability traces to the specification,
not to execution noise and suggests that this variability is
dominated by specification differences rather than execution
instability.

Fidelity, quantitatively. Beyond the closed-loop argument
in Section 4, dynamic-pressure fidelity holds statistically as
well. Across 100 samples of same common mean offered load
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Figure 2: (a) Replicability under repeated instantia-
tion: intra- vs. inter-specification 2-WD distance distri-
butions across all the sweeps, (b) Replicating the exper-
iments corresponding to Figure 5 of [17]: We validated
these results with the authors of [17] who attributed
subtle discrepancies in the queue occupancy tie series
to minor differenes in measuring queue occupancy.

CTPs, the coeflicient of variation of the specified pressure
correlates with the coefficient of variation of the resulting
application throughput (Pearson r = 0.33, p = 0.0003): more
bursty pressure produces more bursty observed throughput.
The same correlation does not hold for RTT (r = —0.03, p =
0.72), consistent with the target application’s own bufferbloat
masking exogenous pressure once the bottleneck saturates,
not with a failure to preserve dynamic structure.

A transferred reproduction. So far, when evaluating our
system, we specified the regime for each run (e.g., capacity,
queue discipline, competing traffic pattern) in NetReplica’s
grammar and instantiated it on infrastructure that is inde-
pendent of that of a deployed congestion-control classifier’s
own original testbed [17]. That specification alone regener-
ated the queue-occupancy time series the classifier’s central
experiment reports, across all 15 congestion-control algo-
rithms the classifier distinguishes, producing 15 distinct, cor-
rectly separated queue signatures over 20 out of 20 runs.
A small sample of results for replicating one of [17]’s ex-
periments (i.e., reproducing [17]’s Figure 5 by sweeping the
queue size) is shown in Figure 2b(b). To scope this result
more precisely: we reproduce the queue-occupancy signa-
tures the classifier consumes, and we leave the evaluation
of its downstream classification accuracy and its remaining
reported results for future work. This reproduction bears
directly on a reproducibility-focused venue: a bottleneck
regime specified once, independent of the original study’s
testbed, regenerated the empirical basis of a separately pub-
lished finding, the property Section 2 argues today’s ad hoc,
hand-built condition specifications cannot offer.

6 Related Work

NetReplica compares against learned, synthetic traffic gen-
erators, the fourth class mentioned in Section 1, and against
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the three approaches already surveyed there. NetReplica de-
liberately takes a position that is opposite from that taken by
generators: every dynamic pressure signal NetReplica com-
poses comes from a real, captured trace, and every workflow
it drives is a real, unmodified application, composed un-
der controlled conditions instead of sampled from a learned
model. Emulation testbeds [12, 13] and record-and-replay
systems [14, 16, 18] established the value of real applica-
tions over real, monitored network elements; NetReplica
keeps that commitment and adds the piece those systems
leave hand-specified or trace-bound, the regime itself, as a
first-class, composable object. Platforms for portable, het-
erogeneous experiment execution [4] solve a complemen-
tary problem, namely placing an experiment across diverse
infrastructure. NetReplica’s regime specification composes
with that execution layer instead of duplicating it. No prior
approach combines independent control over the regime,
composable recombination, fidelity to real dynamics, and
replicable behavior once specified; each covers some sub-
set, exactly the gap Section 2’s 66% figure shows still needs
closing.

7 Discussion and Conclusion

Design ahead of implementation. NetReplica’s closed-
loop fidelity claim (Section 4) covers realism for the workflow
under test against a checked queue, delivered today; it does
not yet cover fully reactive background pressure, and two
parts of NetReplica’s design specify more than the current
prototype delivers. First, CTP selection and representation is
coarser than the grammar’s fidelity goal: the prototype char-
acterizes profiles by variance-based clustering, and a richer,
embedding-based characterization is the identified next step,
not yet built. Second, the 1oad pressure mode from Section 4
lets the execution plane co-schedule live workflows as re-
active, endogenous cross-traffic, extending replay(ctp)’s
exogenous pressure rather than replacing it. This mode is a
named grammar production whose full co-scheduling imple-
mentation is not yet finished; the current prototype already
exposes the abstraction boundary a co-scheduling imple-
mentation needs, but the implementation itself remains in-
complete [7]. A third, related direction is generalization to
regimes with multiple simultaneous or migrating bottlenecks
(but see [6] for some initial efforts).

Conclusion. NetReplica regenerated a published measure-
ment result end to end from a specification independent of
its original testbed. We take this as evidence that a bottleneck
regime, once formalized, transfers cleanly across execution
environments rather than staying bound to the one that pro-
duced it. That transfer works because NetReplica’s grammar
turns a regime into a shared, composable, checkable, and

real, never-synthetic specification, through the same princi-
ple, progressive disaggregation, applied three times. Some
66% of the measurement-paper experiments we audited de-
pend on exactly this kind of specification: the network condi-
tion an experiment runs under, not its application workflow,
determines the outcome, and today authors reinvent that
condition by hand in every paper, or, increasingly, a model
trained to imitate it synthesizes it instead. An application’s
bottleneck was always going to govern its performance; what
remains is finishing what the grammar already specifies for
that bottleneck: richer cross-traffic characterization and fully
reactive cross-traffic pressure, both named, scoped, and in
progress.
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