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Abstract

We study whether fixed-route buses on partially overlapping corridors can use
brief, rule-governed off-corridor excursions to serve nearby side stops without
undermining headway regularity. We formalize two online, at-stop accept/reject
policies—Myopic-Feasible (accept if capacity and budget/window pass) and Slack-
Aware (accept only when a simple headway-risk score is below a threshold)—and
evaluate them against a no-excursions baseline in a discrete-event simulation.
Across a 16-scenario factorial design varying excursion budgets, return-to-corridor
windows, side-stop geometry, and reliability (low/high headway coefficient of vari-
ation, CV), we track service, reliability, and operating footprint. Myopic-Feasible
consistently reduces mean waiting time and abandonments at essentially unchanged
headway CV and with a negligible excursion share of vehicle-kilometers. By
contrast, the default Slack-Aware threshold is overly conservative, yielding large in-
creases in waits and abandonments even as compliance improves—highlighting the
need for data-driven calibration. Taken together, the results indicate that bounded
excursions can expand access to side stops with minimal reliability penalties when
budgets/windows are moderate and risk screens are tuned to local conditions.

1 Introduction and related work

Public transit agencies face a persistent tension between two objectives that matter to riders and
regulators alike: maintaining reliable headways along trunk corridors and extending practical access
to passengers whose origins or destinations lie just off those corridors. In off-peak periods especially,
fixed-route buses often traverse overlap segments with spare capacity while nearby side stops
remain underserved or require circuitous walks and transfers. Fully flexible demand-responsive
transport (DRT) can in principle bridge these gaps, but it entails dispatching, labor, and institutional
complexities that many agencies are unwilling or unable to absorb at scale [1, 2]. Between rigid fixed
routes and fully flexible DRT lies an appealing middle ground: allow brief, rule-governed off-corridor
detours by fixed-route vehicles when doing so can meaningfully improve access without undermining
corridor regularity [3, 4].

We study this middle ground through the lens of bounded off-corridor excursions: short detours from a
vehicle’s current corridor stop to a nearby side stop and back, subject to strict budgets and safeguards.
Riders do not pre-book. Instead, they arrive at official stops and submit their origin—destination
(OD) in real time via a kiosk or mobile app that only allows entry at their current location. Each
request therefore appears to the operating policy as an online accept/reject decision under uncertainty
in demand and travel times. Our central question is whether such bounded excursions can expand
access (lower waiting and abandonment) without materially degrading corridor headway regularity
or punctuality, and which lightweight safeguards (e.g., return-to-corridor windows, headway-risk



thresholds) are necessary to keep reliability within acceptable bounds. We evaluate two implementable
policies against a no-excursions baseline: Myopic-Feasible, which accepts whenever capacity and
feasibility checks pass, and Slack-Aware, which accepts only if a simple risk score indicates the
detour is unlikely to harm headway spacing at control points.

Concepts and research gap. We define a bounded excursion as a detour that (i) inserts at most
one side stop, (ii) respects a hard excursion budget (absolute cap and/or percentage of nominal
in-corridor time to the next planned stop), and (iii) must rejoin the corridor within a specified return
window expressed as the minimum of a link-count and a time cap. Optionally, a headway-risk
guardrail gates acceptance based on predicted spacing and lateness at upcoming control points using
only information measurable at-stop [5]. A careful reading of prior work shows rich literatures on
flexible and flex-route operations, headway control on frequent corridors, and online admission or
accept/reject decisions in transportation and operations research. However, we find a specific gap at
their intersection: there is limited to no systematic treatment of online, at-stop accept/reject policies
for bounded off-corridor detours by fixed-route buses that (a) run on top of a fixed-route backbone,
(b) evaluate access and reliability jointly under stochastic arrivals and running times, and (c) use
lightweight risk screens implementable in existing operations control systems. In particular, while
online accept/reject mechanisms are well-studied in other logistics domains, they have not been
adapted and evaluated for the corridor-with-bounded-detours setting we consider [6].

Contributions.

* We formulate two pragmatic online policies for bounded excursions: Myopic-Feasible
(access-first subject to feasibility) and Slack-Aware (access gated by a headway/punctuality
risk score), each designed for easy field implementation.

* We build a stylized discrete-event simulation and KPI framework that evaluates access
(waiting, abandonment), reliability (headway coefficient of variation, CV, at control points),
and operating footprint (excursion-km share) under off-peak conditions.

* We provide comparative, policy-level evidence to identify when each policy is preferable
and extract rules-of-thumb for calibrating budgets, return windows, and risk thresholds
(procedural guidance rather than empirical claims here).

* We release open materials—datasets, code, and run logs—to support reproducibility and
local calibration by agencies (details in Section 2).

Related work integrated by theme. Flexible, flex-route, and loop-deviation services. Prior
work studies hybrids between fixed routes and pure DRT—route deviation, point deviation, loop
deviations, and flex-route policies—to expand spatial coverage while constraining operational risk
[7-9, 3, 4, 10, 11]. These studies motivate bounded detours as a coverage tool but typically rely
on preplanned deviation rules or offline optimization, not online at-stop accept/reject logic under
stochastic arrivals. Our setting retains a fixed-route backbone and asks how to operate small, real-time
deviations without destabilizing headways.

Headway control and reliability management. Reliability on frequent corridors is commonly main-
tained via holding, control-point strategies, and schedule coordination across overlapping segments
to damp bunching and preserve spacing under variable dwell and running times [5, 12, 13]. These
methods inspire our guardrails (return windows; control-point risk screens) that can be integrated
into driver or dispatcher aids. Unlike classical headway control, we do not actively hold or pace
vehicles; instead, detours are optional service add-ons that must be rejected when projected headway
risk exceeds a threshold.

Online admission / accept—reject under uncertainty. Online accept/reject policies feature in revenue
management, freight matching, and platform logistics, balancing immediate reward against future
capacity and service-level risk. We draw on that perspective to structure the Slack-Aware gate:
accept a side pickup only if a low-dimensional risk score—combining current load and predicted
spacing/lateness—falls below a calibrated threshold [6]. While objectives differ (we prioritize
reliability and equity, not revenue), the analogy clarifies why gating can protect corridor regularity
yet, if set too conservatively, can starve side pickups. Related request-selection and hybrid-routing
studies in public transport further underscore the need for simple, auditable rules when demand and
running times are uncertain [14-18].



DRT and mixed/hybrid systems. Broad DRT reviews emphasize the trade-off between responsiveness
and predictability, and the importance of lightweight rules to keep operations legible to riders and
operators [1, 2]. Our approach follows this ethos: deviations are permitted but tightly bounded,
decisions are local and at-stop, and guardrails are transparent and auditable, facilitating piloting and
institutional acceptance.

Taken together, these strands suggest that modest, rule-bound detours can indeed expand access, but
the existing literature offers limited guidance on how to design online decision rules that simultane-
ously safeguard headways on fixed-route backbones. Our study addresses this gap by specifying and
evaluating two implementable policies with explicit safeguards and a joint access—reliability lens.

Positioning and novelty. Relative to prior work, our study (i) keeps a fixed-route backbone
with partially overlapping lines, (ii) constrains deviations via explicit budgets and return windows,
(iii) compares two implementable online policies—one feasibility-based, one risk-gated—and (iv)
evaluates jointly the access and reliability outcomes most salient for agencies considering off-peak
pilots.

Paper roadmap. Section 2 details the experimental setup and KPI design. Section 3 presents
scenario- and policy-level results. Section 4 interprets operational implications and calibration
rules-of-thumb. Section 5 concludes with limitations and directions for future research.

2 Experimental setup

2.1 Scope and alignment with research questions

We simulate two partially overlapping fixed lines (A and B) operating off-peak. Vehicles on Line A
(and symmetrically on B) may execute bounded off-corridor excursions to reach B-only side stops
and then rejoin their corridor; endpoints and nominal direction are preserved and only official stops
are served. The study examines when cross-line sharing with bounded excursions improves service
and operations, and how safeguards such as excursion budgets, return-to-corridor windows, and
headway controls bound reliability impacts.

2.2 Scenario design

We vary four high-leverage factors at two levels each, forming a 2* full factorial design with 16
scenarios. Factors include: (i) excursion budget with tight vs. moderate caps,

excursion_budget = min{X min, Y% of nominal in-corridor time current — next stop},
(ii) return-to-corridor window with strict vs. relaxed limits,
return_window = min{ Ny, corridor links, 7T},.x min},

(iii) excursion geometry (short vs. long effective side cost, combining distance and turn penalties),
and (iv) headway reliability (low vs. high CV). Other parameters such as mean headway, overlap
length, demand level, and vehicle capacity are held fixed to sharpen main-effect estimates. The full
set of factors and fixed elements is summarized in Table 1.

2.3 Policies compared

We evaluate: (i) Baseline—Status-Quo (no excursions; shared overlap only), (ii) Off-Corridor
Myopic-Feasible (accept if capacity and excursion budget/return window pass), and (iii) Off-Corridor
Slack-Aware (accept only if projected headway deviation and control-point lateness remain within
thresholds).

2.4 Inputs and generators

Per-scenario inputs are stylized with fixed endpoints and only official stops. Network geometry
consists of a linear corridor with an overlap and B-only side stops connected by precomputed
excursion arcs. Dispatches follow Gamma-renewal inter-departures with fixed mean headway and
prescribed CV. Link times derive from distance/speed with multiplicative lognormal noise; excursion



Table 1: Scenario factors and fixed parameterization for the off-corridor excursion study. Factors are
swept in a 2* full factorial (16 scenarios).

Scenario factors (swept) Levels / definitions

Excursion budget Tight: min{2.5 min, 0.107,..}; Moderate:
min{5 min, 0.20 T}, Where Teo,pp is nominal in-
corridor time current—next stop.

Return-to-corridor window Strict:  min{1  link, 2 min}; Relaxed:
min{2 links, 4 min}.

Excursion geometry Short: side distance ~ 250 m, turn penalty 20 s; Long:
side distance ~ 500 m, turn penalty 40s.

Headway reliability (CV) Low: ¢ = 0.08; High: ¢ = 0.30. Inter-departures: X ~
Gammal(k, 0) with k = 1/c, 0 = h/k, h = 900s.

Fixed elements Values / notes

Mean headway (per line) h = 15 min (900 s).

Overlap length 4 stops.

Demand level Poisson arrivals per stop: A = 0.067 req/min. Uniform
spatial profile.

Group size P(g=1)=0.95, P(g =2) =0.05.

Passenger patience Exponential with mean 600 s (10 min).

Link running times T ~ LogNormal(In Ty, o = 0.2), AR(1) correlation
p=0.3.

Dwell time model Tawell = &+ Bpb+ Baa +n; a = 55, B = 1.5,
B, =1.0s,1n~ N(0,0.5%).

Fleet capacity K = 40 seats per vehicle (small spare factor).

Slack-Aware gating Accept if headway risk score < 0.6.

Design size & replications 16 scenarios; >30 reps per scenario—policy; 95% Cls.

arcs inherit turn penalties. Dwell time is affine in boardings and alightings with small noise. Passenger
requests follow Poisson arrivals at stop level with uniform spatial profiles; groups are small, with
medium patience. Vehicles have capacity sized to sustain fixed headways with a small spare factor.
Policy parameter files store budgets, return windows, and headway-risk thresholds. Each replicate
simulates a horizon of 10,800 s (3 hours) of off-peak operations. The simulation engine was coded in
Python. All datasets, Python scripts, and run results are publicly available to ensure reproducibility
[19]. All simulations were run on a standard laptop (Intel Core i7-1065G7 CPU, 16 GB RAM,
Windows 11 Pro), with each replicate completing within seconds and the full set of runs executing in
only a few minutes, requiring no specialized hardware.

2.5 Feasibility and safeguards

A request is accepted only if capacity, excursion budget, and return-window constraints pass. Slack-
Aware additionally enforces headway-deviation and control-point lateness thresholds. To operational-
ize this, the simulator computes a headway risk score combining vehicle load and lateness relative to
the planned headway:

onboard

risk = 0.5

+ 05 min < 1, headway_clock) ’

" capacity Pplanned
with Aplannea = 900 s (15 min). Requests are accepted under Slack-Aware only if the risk score does

not exceed 0.6. Violations such as missed return windows are logged.

2.6 Outputs and statistics

We track key performance indicators aligned with the results section: mean passenger waiting
time, abandon rate, headway CV, excursion share of vehicle-kilometers, dispatch count, and missed
return-window rate. Each scenario—policy combination is replicated at least 30 times with warm-up
truncation; we report means, standard errors, and 95% confidence intervals.



3 Results

3.1 Aggregate policy-level KPIs
Table 2 reports averages across the 16 core scenarios and all replicates. Metrics include: average

passenger waiting time, abandon rate, headway CV, and excursion share of vehicle-kilometers. Lower
values are preferred for all metrics.

Table 2: Aggregate averages across all 16 scenarios and replicates.

Policy Avg. Wait (s) Abandon Rate (%) Headway CV  Excursion km Share
Baseline 178.8 20.0 0.100124 0.000000
Myopic 138.5 11.8 0.100296 0.000570
Slack-Aware 531.7 85.7 0.100248 0.000407

3.2 Scenario-level variation

Figure 1 presents scenario-level means with 95% confidence intervals for each KPI, grouped by
policy. Each point corresponds to one scenario; whiskers indicate replicate variability.
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Figure 1: Scenario-level outcomes by policy (mean + 95% CI) across the 16 core scenarios. Panels:
(a) Average wait (s), (b) Abandon rate (%), (c) Headway CV, (d) Excursion km share. Each point is a
scenario mean; whiskers show replicate variability.

3.3 Compliance and feasibility

Excursions are subject to feasibility checks at the decision point, and the simulator records the rate of
violations of the return-to-corridor window among executed excursions. Figure 2 reports the average
missed return-window rate by policy.
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Figure 2: Missed return-window rate by policy. Values represent the percentage of executed excur-
sions that failed to rejoin the corridor within the prescribed return window.

4 Discussion

Summary of empirical findings. Across the 16 scenarios, allowing bounded off-corridor excur-
sions changed service outcomes more than it altered reliability. Relative to the baseline (shared
overlap only), the Myopic-Feasible policy lowered mean passenger waiting times and reduced aban-
donments, whereas the Slack-Aware policy increased both due to conservative gating of side pickups.
Headway regularity, measured by the CV, remained essentially unchanged across policies under
off-peak conditions, indicating that brief, bounded detours did not measurably perturb corridor
headways. Excursions accounted for a very small share of vehicle-kilometers (well below 0.1%), and
feasibility noncompliance (missed return-window violations) was low on average. These empirical
patterns are detailed in Section 3.

4.1 When excursions improve service relative to baseline

Excursions were most beneficial when side stops were temporally “near” the corridor (short access
times and low turning penalties), when detour budgets and return-to-corridor windows admitted brief
excursions, and when demand levels were moderate with limited burstiness. Under these conditions,
Myopic-Feasible accepted enough side pickups to cut waiting and abandonment without a detectable
headway penalty. Conversely, when side access was costly, budgets/windows were tight, or variability
was high, few excursions were feasible and outcomes converged toward baseline.

The scenario-level spread in Figure 1 provides the visual evidence for these patterns. Panels (a) and (b)
show that the Myopic-vs.-Baseline gap in waiting time and abandonment is wide in some scenarios
but nearly closed in others. These differences correspond to the factor settings in Table 1: scenarios
with moderate budgets, relaxed return windows, and shorter side access (geometry) yield visibly
larger gains, while scenarios with tight windows, long side detours, or high variability compress
outcomes toward baseline. In other words, the spread of scenario-level dots in Figure 1 illustrate that
excursion benefits are conditional rather than universal, and emerge only where the design levers
make detours both feasible and operationally low-risk.

4.2 How safeguards shape reliability trade-offs

Two safeguard families governed reliability risk. First, structural limits: the excursion budget and
return-to-corridor window (expressed in time and/or links to rejoin) constrained the magnitude and
duration of detours. Their effect is visible in Table 2 and Figure 1(c), where headway coefficients
of variation are nearly identical across policies, and further in Figure 2, which shows that return-
window violations were rare. Together these results indicate that modest, budgeted excursions did not
erode regularity. Second, operational gating: Slack-Aware’s headway-risk screen, which combines
lateness and spacing information, accepted a side pickup only when the risk score was below its
threshold. As shown in Table 2 and in Figures 1(a)—(b), this gate was overly conservative under



our parameterization: it rejected many otherwise feasible pickups, producing sizable increases in
waiting times and abandonments relative to both Baseline and Myopic. Figure 2 also illustrates
Slack-Aware’s near-perfect compliance, but this was achieved precisely because so few excursions
were accepted in the first place. The implication is that gating should be funed rather than binary, and,
where possible, made soft (e.g., dynamic thresholds that relax under low load or per-trip quotas that
cap risk exposure) instead of hard exclusions.

4.3 Heterogeneity across geometry, demand, and variability

Benefits were concentrated in scenarios where geometry expanded the set of side stops reachable
within the budget/window. This is visible in Figures 1(a)—(b), where scenarios with shorter side
detours show larger gaps between Myopic and Baseline in waiting times and abandonments. For
example, the mean wait fell from about 179 s under Baseline to 139 s under Myopic (Table 2), but in
some scenarios with tight windows or long side costs the difference nearly vanished, as reflected in
near-overlapping dots in the same panels. Higher stochastic variability in departures and link times
narrowed the feasible window for detours and amplified the probability of overrunning the return
window. This pattern is reflected in Figure 2, where Myopic shows the highest missed return-window
rate (about 43%), Slack-Aware shows a lower but still notable rate (about 27%), and Baseline records
none, illustrating the trade-off between accepting more excursions and maintaining strict compliance.
When combined with conservative gating, this produced especially high abandonments under Slack-
Aware, as seen in the upper cluster of points in Figures 1(a)—(b). These interactions underscore that
the same policy can deliver different outcomes depending on corridor shape, side-stop placement,
and demand volatility, as also anticipated in the factor settings summarized in Table 1.

4.4 Myopic vs. Slack-Aware: choosing between policies

Mpyopic-Feasible is preferable when the objective is to expand access at side stops during off-peak
periods and corridor headways are already reasonably stable. As shown in Table 2, it yielded
shorter waits (about 139 s vs. 179 s under Baseline) and fewer abandonments (12% vs. 20%) at
essentially unchanged headway CVs (Figure 1(c)) and negligible excursion mileage (Figure 1(d)).
Slack-Aware is attractive when strict headway regularity or punctuality must be guaranteed under
higher variability and when its risk threshold is calibrated to avoid starving side pickups. In our
experiments, however, the default threshold led to pronounced service losses: Figure 1(a)—(b) shows
Slack-Aware consistently above both Baseline and Myopic in waits and abandonments, while Figure 2
confirms that its lower violation rate (27% vs. 43% for Myopic) was achieved by rejecting many
feasible excursions. This imbalance points to the need for data-driven calibration. A practical rule is
to start from Myopic-Feasible and add lightweight safeguards only where measured headway risk is
demonstrably high.

4.5 Implications for practice

For agencies considering off-peak pilots on overlapping lines, a staged approach is advisable. (i)
Begin with small, instrumented excursions (moderate budget and a relaxed-but-finite return window),
logging rejoin compliance and headway deviations at control points. (ii) Default to Myopic-Feasible
to harvest near-corridor opportunities; monitor headway CVs and punctuality by time-of-day and
direction. (iii) Introduce targeted safeguards where data show risk hotspots: dynamic risk thresholds
in high-burstiness intervals, per-trip caps on excursions, or brief control-point holds to absorb rejoin
noise. Because excursion shares of bus-km are tiny in our experiments, off-corridor sharing can
deliver micro-access gains at side stops with minimal operating cost, provided rejoin windows
are enforced. Equity requires tracking outcomes by stop type: Myopic-Feasible tends to improve
access at side stops with little corridor penalty, whereas aggressive gating protects the corridor but
can systematically under-serve side stops; minimum-service guarantees for side stops and quota-
based safeguards can mitigate these disparities. The policy levers studied here (budgets, windows,
and control-point checks) align with tools already available in many operations control systems,
simplifying translation to field pilots.

Limitations. The results reflect stylized off-peak operations on two partially overlapping lines with
simplified demand and dwell models. Although the mechanisms—detour budgets, rejoin windows,
and headway gating—are generic, effect sizes will depend on local geometry, dispatch processes, and



passenger patience distributions. The open simulator and datasets are intended for corridor-specific
calibration before deployment.

5 Conclusion

This study addressed whether fixed-route buses on partially overlapping corridors can, during off-peak
periods, improve passenger service by allowing bounded off-corridor excursions to nearby side stops,
and how simple online accept/reject policies and safeguards should be designed to contain reliability
risks. Our objective was to quantify the service-reliability trade-offs and provide actionable guidance
on excursion budgets, return-to-corridor windows, and headway-aware gating.

Across a compact yet informative set of scenarios, permitting brief, budgeted excursions consistently

expanded access to side stops and reduced unmet demand while leaving corridor regularity essentially

unchanged. In particular, a lightweight Myopic-Feasible policy harvested near-corridor opportunities—
lowering waits and abandonments—without detectable headway deterioration and with negligible

excursion mileage. A stricter Slack-Aware gate protected regularity but required careful threshold

calibration; when set too conservatively, it starved otherwise feasible side pickups. Taken together,
these findings indicate that bounded excursions can enhance accessibility with minimal reliability

penalties, provided return windows and risk thresholds are tuned to local conditions.

Practical implications. The results suggest a staged deployment: start with moderate time/link
budgets and enforce finite rejoin windows; monitor headway variation at control points; and introduce
targeted safeguards (e.g., dynamic thresholds or per-trip quotas) where measured risk is high. Because
the operational footprint of excursions is small, agencies can pilot these mechanisms with modest
instrumentation and clear compliance logging.

Limitations. The analysis relies on a stylized, discrete-event simulation of two lines under off-peak
conditions with simplified demand, dwell, and running-time models. Effect sizes and thresholds will
vary with corridor geometry, dispatch processes, and rider patience in real systems. The findings
should therefore be interpreted as design guidance to be calibrated, not as universal prescriptions.

Future work. Promising directions include: (i) extending to multi-line networks with interacting
overlaps; (ii) integrating with demand-responsive and other flexible services to coordinate shared
coverage; (iii) systematic sensitivity analyses for budgets, windows, and quota rules; (iv) learning-
based or adaptive risk thresholds that adjust to load and variability in real time; and (v) field piloting
with empirical traces to calibrate models and validate outcomes against observed operations.

Broader Impacts. This study has potential positive impacts by expanding accessibility and equity
in fixed-route transit through lightweight, reproducible mechanisms that agencies could adopt without
major institutional change. At the same time, if safeguards such as detour budgets, rejoin windows, or
risk thresholds are miscalibrated, service to side stops could become inequitable or corridor reliability
could be degraded. These risks highlight the importance of calibration with local data and careful
monitoring in pilot deployments. More broadly, our open simulator and datasets can help agencies
and researchers explore these trade-offs transparently before real-world implementation.

Al Agent Setup. This paper was produced primarily by an Al agent, Al Scientist (GPT-5), in-
stantiated as the GPT-5 Thinking large language model. The agent operated in a tool-augmented
single-agent loop that cycled between (i) planning and code generation, (ii) execution, testing, and
error repair, and (iii) analysis and writing. The customized orchestration bound the model to a
Python execution environment for developing and running the discrete-event simulator, performing
data analysis, and generating figures/tables; provided file I/O over CSV/YAML/JSON for scenario
manifests and run logs; and supported direct LaTeX editing/compilation for the manuscript. The
simulator, policy implementations (baseline, myopic-feasible, slack-aware), experiment harness, and
KPI aggregation were written by the agent in Python (NumPy, pandas, matplotlib, PyYAML), with
deterministic seeds, per-run metadata, and reproducible outputs. No external web tools or retrieval
systems were used for experiments; literature PDFs were supplied offline. Human collaborators
offered light scoping guidance (e.g., factor reduction), uploaded PDFs for citation access, and made
minor LaTeX adjustments; they did not author code or modify results.



References

(1]

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Yves Molenbruch, Kris Braekers, and An Caris. Typology and literature review for dial-a-ride
problems. Annals of Operations Research, 259:295-325, 12 2017. ISSN 15729338. doi:
10.1007/s10479-017-2525-0.

Luca Quadrifoglio, Maged M. Dessouky, and Fernando Ordéfiez. A simulation study of demand
responsive transit system design. Transportation Research Part A: Policy and Practice, 42:
718-737, 2008. ISSN 09658564. doi: 10.1016/j.tra.2008.01.018.

Fausto Errico, Teodor Gabriel Crainic, Federico Malucelli, and Maddalena Nonato. A survey
on planning semi-flexible transit systems: Methodological issues and a unifying framework.
Transportation Research Part C: Emerging Technologies, 36, 2013. ISSN 0968090X. doi:
10.1016/j.trc.2013.08.010.

Feng Qiu, Wenquan Li, and Ali Haghani. A methodology for choosing between fixed-route
and flex-route policies for transit services. Journal of Advanced Transportation, 49:496-509, 4
2015. ISSN 20423195. doi: 10.1002/atr.1289.

National Academies of Sciences, Engineering, and Medicine. Transit capacity and quality of
service manual. Transportation Research Board, 2013. ISBN 9780309283441. doi: 10.17226/
24766.

Claudio Szwarcfiter, Yossi Bukchin, and Tal Raviv. Planning and pricing full truckload trans-
portation services in a two-sided platform: Profit maximizer vs. social planner. TechRxiv, 7
2024. doi: 10.36227/TECHRXIV.172174931.17601523/V1.

Luca Quadrifoglio, Randolph W. Hall, and Maged M. Dessouky. Performance and design
of mobility allowance shuttle transit services: Bounds on the maximum longitudinal velocity.
Transportation Science, 40:351-363, 8 2006. ISSN 15265447. doi: 10.1287/TRSC.1050.0137;
ISSUE:ISSUE:10.1287/TRSC.2006.40.ISSUE-3;PAGE:STRING:ARTICLE/CHAPTER. URL
/doi/pdf/10.1287/trsc.1050.0137.

Luca Quadrifoglio, Maged M. Dessouky, and Fernando Ordéiiez. Mobility allowance shuttle
transit (mast) services: Mip formulation and strengthening with logic constraints. European
Journal of Operational Research, 185:481-494, 3 2008. ISSN 0377-2217. doi: 10.1016/J.
EJOR.2006.12.030. URL https://wuw-sciencedirect-com.ezlibrary.technion.ac.
il/science/article/pii/S03772217070002887via)%3Dihub.

Seyed Mohammad Nourbakhsh and Yanfeng Ouyang. A structured flexible transit system for
low demand areas. Transportation Research Part B: Methodological, 46:204-216, 2012. ISSN
01912615. doi: 10.1016/j.trb.2011.07.014.

Feng Qiu, Wenquan Li, and Ali Haghani. An exploration of the demand limit for flex-route
as feeder transit services: a case study in salt lake city. Public Transport, 7:259-276, 7 2015.
ISSN 16137159. doi: 10.1007/s12469-014-0097-9.

Xiugang Li and Luca Quadrifoglio. Feeder transit services: Choosing between fixed and demand
responsive policy. Transportation Research Part C: Emerging Technologies, 18:770-780, 2010.
ISSN 0968090X. doi: 10.1016/j.trc.2009.05.015.

Hu Zhao, Shumin Feng, Yusheng Ci, Mengwei Xin, and Qiuju Huang. Scheduling synchro-
nization for overlapping segments in bus lines: Speed control and green extension strategies.
Journal of Advanced Transportation, 2022, 2022. ISSN 20423195. doi: 10.1155/2022/2428040.

Seyedmostafa Zahedi, Haris N. Koutsopoulos, and Zhenliang Ma. Dynamic interlining in
bus operations. Transportation, 52:827-850, 6 2025. ISSN 15729435. doi: 10.1007/
s11116-023-10440-x.

Peng Will Chen and Yu Marco Nie. Analysis of an idealized system of demand adaptive
paired-line hybrid transit. Transportation Research Part B: Methodological, 102:38-54, 8 2017.
ISSN 01912615. doi: 10.1016/j.trb.2017.05.004.


/doi/pdf/10.1287/trsc.1050.0137
https://www-sciencedirect-com.ezlibrary.technion.ac.il/science/article/pii/S0377221707000288?via%3Dihub
https://www-sciencedirect-com.ezlibrary.technion.ac.il/science/article/pii/S0377221707000288?via%3Dihub

[15]

[16]

[17]

[18]

[19]

Giovanni Calabro, Andrea Araldo, Simon Oh, Ravi Seshadri, Giuseppe Inturri, and
Moshe Ben-Akiva. Adaptive transit design: Optimizing fixed and demand respon-
sive multi-modal transportation via continuous approximation. Transportation Research
Part A: Policy and Practice, 171:103643, 5 2023. ISSN 0965-8564. doi: 10.1016/J.
TRA.2023.103643. URL https://www.sciencedirect.com/science/article/pii/
S09658564230006307utm_source=chatgpt.com.

Mengsi Zhou and Yadong Wang. Optimal routing and request selection for multiple service
routes in a demand-adaptive transit system. Frontiers of Engineering Management, 2025. ISSN
20960255. doi: 10.1007/s42524-025-4174-3.

Kendra Reiter, Marie Schmidt, and Michael Stiglmayr. The line-based dial-a-ride problem.
arXiv preprint, 123, 2024. doi: https://doi.org/10.48550/arXiv.2409.08860. URL https:
//www.dagstuhl .de/dagpub/978-3-95977-350-8.

Mark E T Horn. Fleet scheduling and dispatching for demand-responsive passenger services.
Transportation Research Part C, 10:35-63, 2002. doi: https://doi.org/10.1016/S0968-090X(01)
00003-1. URL www.elsevier.com/locate/trc.

Claudio Szwarcfiter. Simulation datasets and python code for off-corridor excursion bus opera-
tions. Mendeley Data, version 1, 2025. URL https://doi.org/10.17632/h2xjtc3b7s. 1.

10


https://www.sciencedirect.com/science/article/pii/S0965856423000630?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0965856423000630?utm_source=chatgpt.com
https://www.dagstuhl.de/dagpub/978-3-95977-350-8
https://www.dagstuhl.de/dagpub/978-3-95977-350-8
www.elsevier.com/locate/trc
https://doi.org/10.17632/h2xjtc3b7s.1

Agents4Science Al Involvement Checklist

1. Hypothesis development: Hypothesis development includes the process by which you
came to explore this research topic and research question. This can involve the background
research performed by either researchers or by Al. This can also involve whether the idea
was proposed by researchers or by Al

Answer: [D]

Explanation: The hypothesis was primarily developed by Al The researchers contributed the
initial interest in off-corridor service but relied on Al to identify and articulate the research
gap, propose the hypothesis, and draft the initial paper proposal. The Al also provided the
relevant literature; the researchers only downloaded the suggested papers from databases
and re-uploaded them so the Al could process the full content. This makes hypothesis
development largely Al-led, with researchers mainly facilitating access and validation.

2. Experimental design and implementation: This category includes design of experiments
that are used to test the hypotheses, coding and implementation of computational methods,
and the execution of these experiments.

Answer: [D]

Explanation: The experimental design, coding of the simulator, implementation of policies,
and execution of runs were carried out by Al. The researchers’ role was limited to guiding
scope—specifically, suggesting a reduction in the number of experimental factors to keep
the design tractable. Thus, this component was primarily Al-led, with minimal human input.

3. Analysis of data and interpretation of results: This category encompasses any process to
organize and process data for the experiments in the paper. It also includes interpretations of
the results of the study.

Answer: [D]

Explanation: Data processing, KPI computation, and interpretation of simulation outputs
were conducted by Al, including generation of tables, figures, and narrative insights. The
researchers’ role was limited to suggesting more granular result displays in order to capture
differences between scenarios. Overall, the analysis and interpretation were Al-led, with
minimal human contribution.

4. Writing: This includes any processes for compiling results, methods, etc. into the final
paper form. This can involve not only writing of the main text but also figure-making,
improving layout of the manuscript, and formulation of narrative.

Answer: [D]

Explanation: The main text, figures, and narrative flow were written and compiled by Al
Researchers’ contributions were limited to minor LaTeX adjustments (e.g., figure/table
positioning, subfigure formatting) and light formatting edits. Thus, the writing process was
overwhelmingly Al-led, with only superficial human input on manuscript layout.

5. Observed AI Limitations: What limitations have you found when using Al as a partner or
lead author?

Description: Two main limitations emerged. First, Al agents tend to push forward relent-
lessly, elaborating on any assumption or hypothesis regardless of its correctness or relevance.
If a premise is flawed or only tangential, the AI will nonetheless develop it into full sections
of a paper. This requires continuous human oversight to steer direction, correct errors, and
suppress unproductive tangents—akin to taming a wild horse. Second, Al cannot access
paywalled or restricted research articles directly. Researchers had to manually retrieve and
upload the suggested literature so the Al could process it, underscoring the dependency on
human mediation for data access.
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Agents4Science Paper Checklist

1. Claims

Question: Do the main claims made in the abstract and introduction accurately reflect the
paper’s contributions and scope?

Answer: [Yes]

Justification: The abstract and introduction clearly state the study’s focus on bounded off-
corridor excursions in overlapping bus lines, the formulation of two online accept/reject
policies, and the use of a simulation framework to evaluate service-reliability trade-offs. The
claims are consistent with the contributions delivered in the results and discussion sections
and are careful to frame findings as design guidance rather than universal prescriptions.

Guidelines:

* The answer NA means that the abstract and introduction do not include the claims
made in the paper.

* The abstract and/or introduction should clearly state the claims made, including the
contributions made in the paper and important assumptions and limitations. A No or
NA answer to this question will not be perceived well by the reviewers.

* The claims made should match theoretical and experimental results, and reflect how
much the results can be expected to generalize to other settings.

* It is fine to include aspirational goals as motivation as long as it is clear that these goals
are not attained by the paper.

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?
Answer: [Yes]

Justification: Yes, the paper acknowledges that results come from a stylized simulation of
two lines under off-peak conditions with simplified demand and dwell models, and stresses
that findings should be calibrated to real-world contexts before application.

Guidelines:

* The answer NA means that the paper has no limitation while the answer No means that
the paper has limitations, but those are not discussed in the paper.

 The authors are encouraged to create a separate "Limitations" section in their paper.

* The paper should point out any strong assumptions and how robust the results are to
violations of these assumptions (e.g., independence assumptions, noiseless settings,
model well-specification, asymptotic approximations only holding locally). The authors
should reflect on how these assumptions might be violated in practice and what the
implications would be.

* The authors should reflect on the scope of the claims made, e.g., if the approach was
only tested on a few datasets or with a few runs. In general, empirical results often
depend on implicit assumptions, which should be articulated.

* The authors should reflect on the factors that influence the performance of the approach.
For example, a facial recognition algorithm may perform poorly when image resolution
is low or images are taken in low lighting.

 The authors should discuss the computational efficiency of the proposed algorithms
and how they scale with dataset size.

* If applicable, the authors should discuss possible limitations of their approach to
address problems of privacy and fairness.

* While the authors might fear that complete honesty about limitations might be used by
reviewers as grounds for rejection, a worse outcome might be that reviewers discover
limitations that aren’t acknowledged in the paper. Reviewers will be specifically
instructed to not penalize honesty concerning limitations.

3. Theory assumptions and proofs

Question: For each theoretical result, does the paper provide the full set of assumptions and
a complete (and correct) proof?
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Answer: [NA]

Justification: The paper does not present formal theoretical results or proofs; it is based on
simulation experiments and empirical analysis.

Guidelines:

* The answer NA means that the paper does not include theoretical results.

* All the theorems, formulas, and proofs in the paper should be numbered and cross-
referenced.

* All assumptions should be clearly stated or referenced in the statement of any theorems.

* The proofs can either appear in the main paper or the supplemental material, but if
they appear in the supplemental material, the authors are encouraged to provide a short
proof sketch to provide intuition.

4. Experimental result reproducibility

Question: Does the paper fully disclose all the information needed to reproduce the main ex-
perimental results of the paper to the extent that it affects the main claims and/or conclusions
of the paper (regardless of whether the code and data are provided or not)?

Answer: [Yes]

Justification: Yes, the paper specifies the simulation setup, parameters, and KPIs in de-
tail, and all datasets, code, and run outputs are archived in a public repository to ensure
reproducibility (links to be provided after the review process to preserve anonymity).

Guidelines:

* The answer NA means that the paper does not include experiments.

* If the paper includes experiments, a No answer to this question will not be perceived
well by the reviewers: Making the paper reproducible is important.

* If the contribution is a dataset and/or model, the authors should describe the steps taken
to make their results reproducible or verifiable.

* We recognize that reproducibility may be tricky in some cases, in which case authors
are welcome to describe the particular way they provide for reproducibility. In the case
of closed-source models, it may be that access to the model is limited in some way
(e.g., to registered users), but it should be possible for other researchers to have some
path to reproducing or verifying the results.

5. Open access to data and code

Question: Does the paper provide open access to the data and code, with sufficient instruc-
tions to faithfully reproduce the main experimental results, as described in supplemental
material?

Answer: [Yes]

Justification: Yes, all simulation datasets, code, and run outputs are archived in a public
repository with instructions to reproduce the results. To preserve double-blind review,
repository links are withheld in the submission and will be made openly available upon
acceptance.

Guidelines:

* The answer NA means that paper does not include experiments requiring code.

* Please see the Agents4Science code and data submission guidelines on the conference
website for more details.

* While we encourage the release of code and data, we understand that this might not be
possible, so “No” is an acceptable answer. Papers cannot be rejected simply for not
including code, unless this is central to the contribution (e.g., for a new open-source
benchmark).

* The instructions should contain the exact command and environment needed to run to
reproduce the results.

* At submission time, to preserve anonymity, the authors should release anonymized
versions (if applicable).

6. Experimental setting/details
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Question: Does the paper specify all the training and test details (e.g., data splits, hyper-
parameters, how they were chosen, type of optimizer, etc.) necessary to understand the
results?

Answer: [Yes]

Justification: Yes, the paper specifies scenario design, parameter settings, performance
metrics, replication strategy, and simulation horizon in detail, providing enough information
to understand and interpret the results.

Guidelines:

* The answer NA means that the paper does not include experiments.

* The experimental setting should be presented in the core of the paper to a level of detail
that is necessary to appreciate the results and make sense of them.

* The full details can be provided either with the code, in appendix, or as supplemental
material.
. Experiment statistical significance

Question: Does the paper report error bars suitably and correctly defined or other appropriate
information about the statistical significance of the experiments?

Answer: [Yes]

Justification: Yes, the paper reports 95% confidence intervals across replicates and presents
variability explicitly in scenario-level figures, making the statistical significance of results
clear.

Guidelines:

* The answer NA means that the paper does not include experiments.

* The authors should answer "Yes" if the results are accompanied by error bars, confi-
dence intervals, or statistical significance tests, at least for the experiments that support
the main claims of the paper.

* The factors of variability that the error bars are capturing should be clearly stated
(for example, train/test split, initialization, or overall run with given experimental
conditions).

. Experiments compute resources

Question: For each experiment, does the paper provide sufficient information on the com-
puter resources (type of compute workers, memory, time of execution) needed to reproduce
the experiments?

Answer: [Yes]

Justification: Yes, the paper specifies that all simulations ran on a standard laptop (Intel
i7 CPU, 16 GB RAM, Windows 11 Pro), with each replicate completing within seconds
and the full set of runs finishing in only a few minutes, requiring no GPUs or specialized
hardware.

Guidelines:

» The answer NA means that the paper does not include experiments.

* The paper should indicate the type of compute workers CPU or GPU, internal cluster,
or cloud provider, including relevant memory and storage.

* The paper should provide the amount of compute required for each of the individual
experimental runs as well as estimate the total compute.
. Code of ethics

Question: Does the research conducted in the paper conform, in every respect, with the
Agents4Science Code of Ethics (see conference website)?

Answer: [Yes]

Justification: Yes, the research conforms fully with the Code of Ethics: it relies only
on synthetic data, involves no human subjects or privacy-sensitive information, poses no
safety, security, or discrimination risks, has negligible environmental impact, and ensures
reproducibility through open release of code and data.
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10.

Guidelines:
* The answer NA means that the authors have not reviewed the Agents4Science Code of
Ethics.
* If the authors answer No, they should explain the special circumstances that require a
deviation from the Code of Ethics.
Broader impacts

Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?

Answer: [Yes]

Justification: Yes, the paper discusses positive impacts such as improved accessibility and
equity in public transit, and notes limitations and potential downsides, including reliability
risks or inequitable service if safeguards are miscalibrated.

Guidelines:

* The answer NA means that there is no societal impact of the work performed.

o If the authors answer NA or No, they should explain why their work has no societal
impact or why the paper does not address societal impact.

* Examples of negative societal impacts include potential malicious or unintended uses
(e.g., disinformation, generating fake profiles, surveillance), fairness considerations,
privacy considerations, and security considerations.

* If there are negative societal impacts, the authors could also discuss possible mitigation
strategies.
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