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Introduction and Structural Context of Metro Manila Mobility 

The urban mobility landscape of Metro Manila and its surrounding metropolitan areas represents 
one of the most complex, fragmented, and heavily burdened transportation networks in the developing 
world. Traffic congestion in the Philippines is no longer merely an issue of excessive vehicular volume; 
rather, the deeper, more systemic challenge is structural uncertainty.1 For the daily commuter, the inability 
to predict travel times, vehicle availability, and fluctuating transportation costs transforms mobility from a 
routine daily task into a profound structural constraint that hampers both individual productivity and 
broader macroeconomic activity. Recent data from traffic studies, including the widely cited TomTom 
Traffic Index and analyses from the Japan International Cooperation Agency (JICA), estimates the 
economic cost of this congestion at approximately PHP 3.5 billion per day.1 This massive economic bleed 
disrupts work schedules, inflates operating costs for businesses, and severely limits labor mobility and 
access to essential services across the urban sprawl. 

At the core of this systemic unreliability is a significant structural imbalance in public 
infrastructure. Data from the Asian Transport Observatory highlights that the Philippines possesses a mere 
1.4 kilometers of Bus Rapid Transit (BRT) and formal metro rail per one million urban residents, which is 
drastically lower than the Asian regional average of approximately 6 kilometers.1 This severe 
infrastructural shortfall forces an overwhelming majority of daily travel onto an over-saturated road 
network, largely shifting the burden onto a highly fragmented mix of formal and informal public utility 
vehicles.1 Millions of workers from bordering provinces such as Cavite, Laguna, Bulacan, and Rizal pour 
into the capital daily, navigating a chaotic environment characterized by long queues, profound 
exhaustion, and intense unpredictability.2 

For individuals who do not possess private vehicles and rely exclusively on public transportation, 
the daily commute is a daunting undertaking. The network is composed of high-capacity rail lines like the 
Metro Rail Transit (MRT) and Light Rail Transit (LRT), dedicated busways such as the EDSA Carousel, 
regular city buses, and a vast, localized web of paratransit options including traditional and modern 
jeepneys, UV Express vans, and motorized tricycles.3 A primary pain point for the daily commuter is a 
lack of cohesive geographical and routing knowledge. Routes frequently change due to municipal 
ordinances, traffic rerouting, or the informal nature of the transit mode itself. In this environment, 
commuters frequently find themselves lost or unsure of which specific vehicle to board to reach an 
unfamiliar destination. 

Traditionally, the accepted coping mechanism for navigating this unpredictable environment is to 
simply ask a stranger, a transport operator, or a fellow commuter for directions. However, this relies on a 
presumption of social ease that ignores a significant demographic of the commuting public. For 



individuals suffering from social anxiety, the prospect of initiating a conversation with a stranger to ask 
for navigational assistance is incredibly daunting, often leading to severe psychological distress.1 When 
faced with this barrier, anxious commuters often choose to navigate entirely on their own, leading to 
increased error rates, longer travel times, and heightened levels of stress. 

To address these compounding systemic and psychological challenges, this report proposes the 
development and deployment of a comprehensive, highly optimized mobile navigation system entitled 
"Boarding Instructions & Your App for Hassle-free Exploration," operating under the acronym 
B.I.Y.A.H.E. Grounded in the central operating philosophy and tagline, "Made by the Commuters. For the 
Commuters," this application is engineered to eliminate the uncertainty and social friction of the daily 
commute. By leveraging user device telemetry for live location tracking, the system will allow users to 
input a desired destination and instantly receive five distinct routing options, categorized by speed, cost, 
and alternative transit modes. The platform will dynamically calculate accurate fare matrices, provide 
precise expected times of arrival for both the user and the impending transit vehicle, and integrate 
real-time promotional discounts. Furthermore, because traditional mapping methodologies fail to capture 
the nuances of informal transit, B.I.Y.A.H.E. will source its real-time data through advanced 
crowdsourcing mechanisms, creating an ever-updating, highly reliable transit graph. 

Diagnostic Evaluation of Existing Transport Navigation Platforms 

To understand the necessity of a novel system like B.I.Y.A.H.E., one must critically evaluate the 
limitations of the digital navigation tools currently available to the Philippine public. While global 
navigation behemoths such as Google Maps and Waze are ubiquitous, they are fundamentally optimized 
for road networks and private vehicle routing.4 Waze, for instance, excels at providing real-time traffic 
updates, hazard alerts, and dynamic rerouting for drivers by leveraging the Global Positioning System 
(GPS) telemetry of other users on the platform.4 Google Maps offers a robust visual interface and some 
formal transit schedules where available, but its architectural logic prioritizes the uninterrupted flow of 
vehicular traffic over the complex, multi-modal reality of the pedestrian commuter.4 

The systemic bias of these global platforms is evident in how they interpret urban infrastructure. 
A poignant example of this limitation is the analysis of the BGC-Ortigas Bridge project in Metro Manila. 
While the bridge was intended to improve connectivity between two major central business districts, the 
design heavily favored vehicular flow, funneling cars directly into narrow streets and creating massive 
induced demand and localized choking.8 Global mapping applications view this bridge as an optimized 
thoroughfare, entirely ignoring the reality that walking across it is nearly impossible and biking is 
borderline dangerous.8 For the pedestrian commuter, algorithms that prioritize vehicular speed over 
human accessibility offer highly degraded utility. Furthermore, these platforms possess a massive "blind 
spot" regarding informal public transport. Jeepneys, UV Express vans, and tricycles, which do not operate 
on fixed, globally published schedules or formal route maps, are largely invisible to the routing 
algorithms of Google Maps and Waze.4 

Dedicated local transit applications, most notably Sakay.ph, have attempted to fill this critical 
void. Sakay.ph operates as a specialized public transport commute application that maps jeepneys, regular 
and Point-to-Point (P2P) buses, trains, UV Express, and even the Pasig River Ferry.3 It provides 



step-by-step directions, fare estimates, and comparisons by trip time and cost.3 While highly useful, the 
platform has historically faced immense challenges in maintaining the real-time accuracy of its route 
database. The sheer volatility of informal transit routes in the Philippines means that a centralized 
authority cannot manually update the network graph fast enough to reflect reality. Critics and users in the 
local startup ecosystem have noted that without a highly incentivized and robust crowdsourcing 
mechanism, dedicated transit applications struggle to curate data and offer sustained value over time.11 

Furthermore, international benchmarks indicate that users desire a level of interactivity and 
holistic system visibility that is currently absent in the local market. For example, commuters point to 
highly successful international models like the Yandex Metro app in Moscow, which provides a complete, 
interactive map of the transit system where users can simply click a start and end point to see an exact 
route, including transfers and highly accurate ETAs.11 B.I.Y.A.H.E. aims to synthesize the specialized 
local knowledge of platforms like Sakay.ph with the interactive, crowdsourced real-time responsiveness 
of platforms like Waze, wrapped in an interface specifically designed to eliminate the cognitive load and 
social anxiety associated with urban navigation. 

System Architecture and the C++ Native Performance Imperative 

The ambition of B.I.Y.A.H.E. requires processing a metropolitan-scale, multi-modal graph 
network, executing complex multi-criteria optimization algorithms, and simultaneously rendering 
dynamic visual data, all within the constraints of a mobile device processor. Standard mobile application 
development relies heavily on high-level, managed languages—Java or Kotlin for Android, and Swift for 
iOS. However, for a routing engine that must evaluate millions of potential path permutations 
instantaneously, relying solely on garbage-collected languages introduces unacceptable performance 
bottlenecks. Therefore, the core routing and data processing logic of B.I.Y.A.H.E. must be engineered 
using C++. 

Cross-Platform Integration and Foreign Function Interfaces 

While the routing engine is locked into C++, the application must still be accessible to the widest 
possible demographic across both Android and iOS devices. Maintaining two entirely separate codebases 
is inefficient and prone to synchronization errors. Therefore, B.I.Y.A.H.E. will adopt a modern 
cross-platform development framework, a methodology that has seen exponential growth in the software 
engineering sector over the last decade.14 As of the current technological landscape in 2025 and 2026, 
frameworks such as Flutter, React Native, and Kotlin Multiplatform dominate the cross-platform 
ecosystem.14 

For this specific project, the architecture will leverage Flutter for the Presentation Layer and C++ 
for the Core Native Layer. Flutter allows developers to build fluid, native-looking graphical user 
interfaces for multiple operating systems using a single Dart codebase.14 The critical integration between 
the Flutter UI and the C++ routing engine is facilitated by Dart's Foreign Function Interface (FFI). The 
FFI provides a zero-overhead bridge, allowing the high-level Dart code to issue direct system calls to the 
compiled native C/C++ libraries.17 This hybrid model is highly prevalent in performance-critical 
applications; for instance, enterprise software companies often employ engineers dedicated specifically to 
building C++ modules that are injected into higher-level Java or Kotlin architectures via the Java Native 



Interface (JNI) or FFI.18 By compiling the C++ engine directly via the Android Native Development Kit 
(NDK) and Apple's equivalent LLVM toolchains, B.I.Y.A.H.E. ensures that its core pathfinding 
algorithms run at bare-metal speeds while maintaining a beautiful, accessible, and easily maintainable 
cross-platform interface.18 

Multi-Modal and Multi-Criteria Transit Routing Algorithmic Engine 

The defining feature of B.I.Y.A.H.E. is its ability to take a user's live GPS location, accept a 
destination, and instantly output five highly specific transit options: the cheapest route, the fastest route, 
and three distinct alternative paths based on different modes or transfer combinations. To achieve this, the 
C++ core must utilize advanced routing algorithms tailored specifically for public transit networks. 

The Insufficiency of Dijkstra's Algorithm 

The most famous and widely implemented algorithm for finding the shortest path in a graph 
network is Dijkstra's algorithm, conceived in 1956.19 Dijkstra's algorithm is a greedy search that explores 
a graph by maintaining a priority queue of unvisited nodes, continuously picking the node with the lowest 
cumulative distance from the origin, and relaxing its outgoing edges to update the distances of 
neighboring nodes.19 While this is theoretically optimal for road networks where travel times are 
generally static and continuous, it falls entirely short when applied to public transportation.21 

Public transit networks are heavily schedule-based and time-dependent. You cannot simply board 
a train at any arbitrary millisecond; you must wait for the scheduled departure. Furthermore, the "quality" 
of a transit journey is not defined by distance alone. A passenger evaluating a route considers multiple, 
often competing, criteria simultaneously.23 A route might be incredibly fast but require three stressful 
transfers, while another route might take twenty minutes longer but allows the passenger to sit on a single 
air-conditioned bus for the duration of the trip. Because these criteria cannot be easily converted into a 
single unified metric, Dijkstra's algorithm produces either suboptimal journeys or requires prohibitively 
long query times when forced to evaluate complex, time-dependent transit graphs.21 

Round-Based Public Transit Routing (RAPTOR) 

To circumvent the limitations of node-based exploration, the C++ engine will implement a variant 
of the RAPTOR algorithm—Round-Based Public Transit Routing. Developed specifically for public 
transit, RAPTOR completely abandons the Dijkstra methodology.21 Instead of exploring individual 
intersections or nodes, RAPTOR operates in distinct "rounds." During round k, the algorithm calculates 
all reachable transit stops utilizing exactly k trips (e.g., round 1 calculates all places you can go on a 
single bus; round 2 calculates where you can go with one bus and one train transfer).21 

The immense speed advantage of RAPTOR lies in its localized scanning. It looks at each specific transit 
route (such as the entire line of the MRT-3) at most once per round.21 It does not rely on heavy 
pre-processing, meaning the algorithm is exceptionally resilient in fully dynamic scenarios—such as 
when a jeepney route is suddenly closed due to crowdsourced reports of flooding or heavy traffic.21 

Multi-Criteria Optimization and the Pareto Set (McRAPTOR) 

Because the user request explicitly demands five different options balancing cost, speed, and 



alternatives, the system requires a Multi-criteria formulation, leading to the implementation of the 
Bounded McRAPTOR algorithm.20 Multi-criteria route planning seeks to find a mathematical "Pareto set" 
of journeys. In this framework, a journey P is said to "dominate" a journey Q if and only if P is equal or 
strictly better than Q across all evaluated criteria.22 The Pareto set is the collection of all journeys that are 
not dominated by any other possible journey.22 

For B.I.Y.A.H.E., the C++ McRAPTOR algorithm will optimize across four primary criteria: 

1.​ Arrival Time: Minimizing the total duration from origin to destination.22 

2.​ Financial Cost: Minimizing the cumulative fare paid across all boarded vehicles.27 

3.​ Number of Transfers: Minimizing the sheer number of vehicle changes, which directly correlates 
to physical exertion and commuter anxiety.22 

4.​ Walking Distance: Minimizing the time spent navigating pedestrian infrastructure between 
unconnected transit terminals.22 

By calculating the restricted Pareto set, the engine generates an array of optimal journeys. The 
presentation layer then filters this set to display the requested five options. The "Fastest" option simply 
extracts the journey with the lowest absolute Arrival Time. The "Cheapest" option extracts the journey 
with the lowest Financial Cost. The "3 Alternative routes" are drawn from the remaining Pareto optimal 
set, typically presenting options that offer fewer transfers or utilize different modes of transport (e.g., 
favoring a direct UV Express ride over a cheaper but multi-transfer Jeepney-to-LRT combination). 

ULTRA Integration and Early Pruning Techniques 

A historical weakness of public transit algorithms is managing the transitions between stops. 
Often, a journey is significantly optimized if a user simply walks five minutes down an alleyway to catch 
a different bus line, but algorithms struggle to process unrestricted walking because it exponentially 
increases the number of mathematical edges in the graph.22 To solve this, the engine integrates the 
ULTRA (UnLimited TRAnsfers) framework, which allows for fully multimodal journey planning 
involving schedule-based public transit and non-schedule-based transfer modes like walking or riding a 
tricycle.22 

Processing unlimited transfers in a dense metropolitan area like Manila poses a computational 
risk. To ensure the McRAPTOR query remains under 100 milliseconds, the C++ code will employ a 
highly advanced "Early Pruning" technique.20 Early Pruning accelerates the algorithm without sacrificing 
the mathematical optimality of the Pareto set. It pre-sorts all possible inter-stop walking connections by 
duration.20 During the transfer relaxation phase of the RAPTOR loop, the algorithm applies a strict 
bounding rule: the moment a transfer connection exceeds a duration that could possibly yield an earlier or 
better arrival than the currently known best solution, the algorithm terminates the loop for that stop.20 
Empirical testing on metropolitan networks indicates that Early Pruning yields speedups of up to 57% on 
dense transfer graphs.20 This ensures that B.I.Y.A.H.E. can evaluate vast, complex tricycle-to-train-to-bus 
combinations instantly, preserving battery life and delivering immediate results. 

Dynamic Fare Modeling, Promotional Integration, and the 2026 Matrix 



Providing a guaranteed "cheapest" route requires the algorithm to process financial cost as a 
primary optimization weight. The Philippine transit fare system is complex, highly regulated, and 
frequently adjusted based on global economic pressures, such as fluctuations in petroleum prices and 
Middle East tensions.29 The Land Transportation Franchising and Regulatory Board (LTFRB) dictates 
baseline metrics, but the system must also adapt to automated discounts and dynamic promotions to fulfill 
the user's specific request for promotional visibility. 

The 2026 Calibrated Fare Matrix 

The generalized cost engine within the C++ layer models financial expenditure by accumulating 
the base fare of each selected transit leg and adding the succeeding per-kilometer charges.27 Based on the 
calibrated fare adjustments instituted by the Marcos Jr. administration and the LTFRB to shield the 
transport sector from operational cost spikes, the algorithm utilizes the following structured fare matrix 
for Metro Manila operations in 2026 29: 

 

Public Utility 
Vehicle (PUV) Mode 

Base Minimum Fare 
(First 4 to 5 km) 

Rate per Succeeding 
Kilometer 

Reference Source 

Traditional Jeepney PHP 14.00 + PHP 2.00 29 

Modern Jeepney PHP 17.00 + PHP 2.30 29 

NCR Ordinary City 
Bus 

PHP 15.00 + PHP 2.49 29 

NCR Air-conditioned 
City Bus 

PHP 18.00 + PHP 2.98 29 

Transport Network 
Vehicle Service 
(Sedan) 

PHP 65.00 (Base) Variable platform 
distance rates 

29 

Airport Taxi 
(Flag-down) 

PHP 115.00 Variable time/distance 
charges 

29 

While formal bus and jeepney fares are strictly modeled according to these LTFRB dictates, 
informal modes such as tricycles present a distinct challenge, as their fares are highly localized and often 
negotiated. The routing engine assigns a baseline estimated cost for tricycle transit based on geographic 
zoning, but it relies heavily on the system's crowdsourcing mechanisms to dynamically update and refine 
these specific edge weights over time. 



Automated Discounts and Sectoral Subsidies 

A core mandate of the Philippine transport regulatory framework is the provision of mandatory 
fare discounts for vulnerable sectors. Students, Senior Citizens, and Persons with Disabilities (PWDs) are 
legally entitled to a standard 20% discount on all regular public utility vehicles, including buses, jeepneys, 
and trains.33 During the user onboarding process, B.I.Y.A.H.E. allows individuals to flag their profile with 
the appropriate sectoral status. Once active, the C++ routing engine automatically applies a 0.80 
multiplier to all applicable transit edge costs before calculating the Pareto set, ensuring that the 
"Cheapest" route is mathematically accurate to the individual's specific economic reality. 

Dynamic Promotional Interventions 

Beyond standard discounts, the application fulfills the requirement to display and integrate 
promotional data, significantly altering route recommendations. The Department of Transportation 
(DOTr) and private rail operators frequently utilize aggressive pricing strategies to stimulate ridership or 
alleviate road congestion. 

For instance, recent policy shifts by the Light Rail Manila Corporation (LRMC) and the DOTr 
have further subsidized rail travel. Eligible sectors (Students, Seniors, PWDs) now receive a massive 50% 
discount on Single Journey Tickets across LRT-1, LRT-2, and MRT-3 lines, and the administrative hurdle 
of filling out physical forms has been entirely scrapped.36 The application's fare engine will calculate rail 
costs at this 50% reduction for flagged profiles. 

Furthermore, the system is designed to respond to temporary government interventions, such as 
the Net Service Contracting Program. When the government rolls out programs paying operators per 
kilometer to soften the impact of fuel costs, certain routes—such as the EDSA Busway—may experience 
intervals of zero-fare or heavily subsidized travel.35 The backend architecture will ingest these updates, 
temporarily dropping the cost parameter of the EDSA Carousel edges to near zero, prompting the 
McRAPTOR algorithm to forcefully recommend the carousel as the undisputed cheapest route for that 
duration. 

The application will also feature a dedicated logic loop for family and group travel. Recognizing 
the "PAMILYA Pass 1+3 Promo" available on weekends for the LRT-2 and MRT-3, the engine evaluates 
passenger count.39 If a user indicates they are traveling with a group of up to four people on a Sunday, the 
algorithm identifies that the primary ticket holder pays the standard fare while three companions travel for 
free.39 The aggregate financial cost of the journey drops drastically, making the rail option 
overwhelmingly favorable compared to boarding four individuals onto a jeepney. The UI will explicitly 
tag this route with a "Promo Applied" badge, fulfilling the user's specific visibility requirements. 

Real-Time Tracking, ETA Synchronization, and High-Capacity Corridors 

Uncertainty regarding vehicle arrival is a dominant source of stress for the daily commuter. To 
mitigate this, B.I.Y.A.H.E. must move beyond static timetables and provide dynamic Expected Times of 
Arrival (ETAs) for both the overall journey and the individual transit vehicles, utilizing the user's phone 
GPS for precise origin tracking.41 



ETA Modeling for Paratransit 

For paratransit systems like jeepneys and tricycles, strict schedules do not exist. Therefore, the 
application calculates vehicle arrival and journey durations using historical crowdsourced velocity metrics 
combined with real-time traffic density APIs. As users with the app active move along a designated 
jeepney route, their device telemetry acts as a passive probe, updating the average speed of that specific 
graph edge in the system.9 This allows the application to inform waiting users of accurate approach times 
based entirely on current flow dynamics rather than idealized road speed. 

High-Capacity Corridor Tracking: EDSA Carousel and Rail Systems 

For high-capacity, dedicated right-of-way spines like the EDSA Carousel and the metropolitan 
rail network, the ETA modeling shifts from purely probe-based tracking to frequency-based predictive 
modeling augmented by live data. 

The EDSA Busway Carousel operates 24 hours a day, 7 days a week, separated from regular 
traffic by dedicated median lanes, resulting in significantly faster travel times.42 Because it operates on a 
prioritized system, its arrival frequencies are highly structured based on the time of day.42 The 
B.I.Y.A.H.E. engine codifies these operational rhythms to provide accurate expected vehicle arrivals: 

●​ Maximum Peak Capacity: During the morning rush (6:00 AM - 9:00 AM) and evening rush (5:00 
PM - 8:00 PM), the system deploys maximum fleet capacity. Buses are expected to arrive at 
intervals of merely 3 to 5 minutes.42 

●​ Midday Operations: During standard daytime service (9:00 AM - 5:00 PM), frequency relaxes 
slightly to regular 8 to 12-minute intervals.42 

●​ Overnight Service: From 8:00 PM to 6:00 AM, the frequency drops to 15 to 25-minute intervals, 
maintaining continuous but reduced service.42 

The user interface will display these temporal brackets. During rush hour, instead of attempting to 
track an individual bus via GPS (which is computationally unnecessary given the extreme frequency), the 
application will reassure the user with a status of "High Frequency: Arriving in < 5 mins".42 Similar 
predictive algorithms govern the rail systems, factoring in the DOTr's maximum deployment mandates, 
such as the operation of 19 train sets during peak hours on the MRT-3.40 Furthermore, the routing maps 
are dynamically updated to reflect infrastructural changes, seamlessly integrating newly opened EDSA 
Carousel median stops and concourses (e.g., Philam, Kamuning, and SM North EDSA) to ensure the 
pedestrian routing reflects the precise physical location of the overpasses and boarding gates.44 

Designing for Cognitive Accessibility and the Mitigation of Social Anxiety 

The architectural and mathematical superiority of the C++ routing engine is ultimately useless if 
the user interface induces stress or confusion. A primary motivation for the creation of B.I.Y.A.H.E. is 
addressing the psychological burden of commuting. Many individuals experience intense social anxiety, 
making the traditional methodology of "asking someone for directions" deeply uncomfortable or entirely 
paralyzing.1 When navigating complex, overcrowded urban environments like Manila's transit hubs, the 
constant stimulation, physical compression, and fear of getting lost trigger a fight-or-flight response.7 



In environmental psychology, the anxiety caused by new and unfamiliar environments is termed 
"neophobia".45 Studies tracking visual attention and spatial cognition demonstrate that in crowded social 
settings, human presence acts as a powerful distractor, capturing attention and actively reducing the 
brain's ability to process task-relevant cues like navigational signage, thereby increasing the rate of 
behavioral and wayfinding errors.46 Therefore, the application must serve as a perfectly reliable, silent 
guide that completely insulates the user from the necessity of human interaction. 

Visual Landmark Navigation 

Traditional mapping applications provide a north-up, top-down geometric map.47 While useful for 
drivers, this aerial perspective is highly abstract for a pedestrian attempting to locate a specific, unmarked 
UV Express terminal beneath an overpass. The cognitive strain required to translate a 2D map into a 
chaotic 3D reality heightens anxiety. 

To counteract this, B.I.Y.A.H.E. will implement Visual Landmark Navigation.48 Human biology 
is instinctively wired to use visual landmarks as primary cues for spatial orientation.49 When the 
application provides step-by-step instructions, it will supplement abstract geometric directions with 
crowdsourced photographic references.49 Instead of merely stating "Board at the corner of Taft and 
EDSA," the UI will present an in-situ photo of the actual waiting shed or landmark. Providing a 
personalized, photographic route gives users a profound sense of control and predictability, acting as a 
direct psychological anchor that reduces the stress of uncertainty in unfamiliar transit nodes.49 

Calm Technology and Progressive Disclosure 

The structural layout of the UI will be governed by the principles of "Calm UX" design, 
engineered specifically to lower cognitive strain and reduce decision fatigue.53 The invisible weight of 
digital stress accumulates quietly through complex hierarchies, excessive choices, and visual clutter.53 

B.I.Y.A.H.E. mitigates this through Progressive Disclosure, a technique that introduces 
information only as it becomes necessary.53 

1.​ Input Phase: The initial screen is minimalist, utilizing the phone's GPS to auto-fill the 'From' 
location, leaving only a single, large, highly legible input field for the 'To' destination. 

2.​ Selection Phase: The five calculated routes are presented in a clean, strictly organized list. To 
prevent choice paralysis, each option is tagged with a single definitive metric (e.g., "Cheapest", 
"Fastest", "Fewest Transfers"). The visual hierarchy relies on ample whitespace and calming, 
muted color palettes—strictly avoiding the high-saturation reds or harsh contrasts that 
unconsciously trigger alarm.54 

3.​ Navigation Phase: Once a route is selected, all extraneous information disappears. The user enters 
a focused, step-by-step instruction flow.54 

Forgiving Interactions and Reassuring Microcopy 

Anxiety is amplified when a user fears that a single wrong tap will ruin their navigation. The 
application will heavily feature forgiving interactions, such as clear undo functions and effortless route 
recalculation without aggressive error states.53 Furthermore, the microcopy—the small instructional text 



within the app—is crafted to comfort and guide. Instead of robotic, jargon-heavy prompts, the instructions 
mimic clear, friendly human directions, offering constructive and reassuring feedback that builds user 
competence without the fear of judgment associated with asking a stranger.47 

Crowdsourced Data Integrity, Consensus Algorithms, and Gamification 

The operational viability of the tagline "Made by the Commuters. For the Commuters" hinges 
entirely on the efficacy of its crowdsourcing model. Traditional top-down data collection methods are 
fundamentally incapable of mapping the nuanced, highly fluid reality of Metro Manila's paratransit 
networks. Crowdsourcing turns the millions of daily transit passengers into a vast network of real-time 
sensors, providing low-cost, high-fidelity data on route changes, traffic congestion, and unannounced fare 
adjustments.56 

However, the primary vulnerability of crowdsourced systems is data quality and malicious 
manipulation.59 If an anomalous report alters a transit graph edge incorrectly, the C++ McRAPTOR 
engine will output flawed Pareto sets, destroying user trust. 

Trust Management and Supermajority Consensus 

To ensure the absolute integrity of the transit data, B.I.Y.A.H.E. will deploy a robust Trust 
Management System utilizing advanced consensus algorithms, drawing inspiration from highly reliable 
environmental and scientific crowdsourcing platforms like Galaxy Zoo and the LiquidCrowd 
framework.59 

Data submitted by a user (e.g., a notification that a specific jeepney route has been diverted) does 
not immediately rewrite the master graph. Instead, it enters a validation queue. The system employs a 
Supermajority and Decision-Tree Consensus Algorithm, requiring redundant corroboration.59 An 
event must be flagged by multiple, independent users before the system considers it verified ground 
truth.59 

Crucially, the system implements User-Weighting via a Reputation Mechanism.59 Not all 
contributors possess equal mathematical weight in the consensus algorithm. A newly registered user's 
submission carries a fractional weight, requiring high levels of corroboration from other users to trigger a 
systemic update.59 Conversely, a user who consistently submits accurate data that is subsequently verified 
by the wider community is gradually promoted in the trust hierarchy.59 A submission from an "Expert 
Route Auditor" with an established track record of accuracy might require zero or minimal corroboration 
to update the map, significantly accelerating the platform's responsiveness to real-time events.57 
Simultaneously, AI pre-screening algorithms will automatically detect and filter out blatant anomalies 
(e.g., a reported fare of PHP 5,000 for a jeepney ride), flagging them for administrative review without 
punishing honest mistakes.59 

Gamification and Token Economies 

Incentivizing continuous, high-quality data contribution is the final architectural hurdle. Relying 
solely on the altruism of an exhausted commuter is statistically unsustainable. The application must 
leverage psychological design to motivate behavior change and active participation.63 



The implementation of a sophisticated Gamification framework is required to sustain the data 
ecosystem.64 This framework balances two distinct motivational vectors: 

1.​ Intrinsic Motivation and Social Recognition: By borrowing mechanics from successful 
platforms, the application will feature community leaderboards, ranks, and specialized titles.59 
Contributors earn visible recognition (e.g., gaining the status of a "Verified Transport Guide" for a 
specific geographic sector). This taps into the fundamental human desire for community status and 
mastery.59 

2.​ Extrinsic Motivation and Token Incentivization: To secure truly high-quality data monetization, 
the platform will implement a tangible reward loop.66 Users who upload verified Photo Landmarks, 
confirm ETA accuracy, or submit updated tricycle fare matrices earn in-app utility tokens. By 
partnering with major Philippine e-wallet providers (such as GCash or Maya) or the prevailing 
transit card ecosystems (like the Beep card), these tokens can be converted into micro-rebates, 
offering commuters tangible financial relief on their daily journey.4 

By seamlessly integrating these economic and psychological incentives, B.I.Y.A.H.E. transforms 
the passive commuter into a highly motivated, active participant. This guarantees that the underlying C++ 
algorithms are perpetually supplied with the most accurate, ground-truth data available, ensuring the 
system remains eternally relevant and responsive. 

Conclusion 

The daily commute within Metro Manila represents a profound intersection of systemic 
infrastructural failure and individual psychological endurance. The reliance on a deeply fragmented, 
informal public transit network creates an environment defined by structural uncertainty, directly 
contributing to massive economic losses and significant personal distress, particularly for individuals 
struggling with social anxiety. Existing global navigation platforms remain structurally blind to the 
nuances of this paratransit ecosystem, while local alternatives struggle under the immense weight of 
real-time data curation. 

The "Boarding Instructions & Your App for Hassle-free Exploration" (B.I.Y.A.H.E.) system 
provides a highly engineered, mathematically rigorous, and intensely human-centric solution to this crisis. 
By bypassing the limitations of traditional Dijkstra algorithms and garbage-collected programming 
languages, the application leverages the bare-metal performance of C++ Native architecture alongside the 
Bounded McRAPTOR and ULTRA algorithms. This allows the system to instantly evaluate millions of 
transit permutations to deliver the absolute fastest, cheapest, and most comfortable route options to the 
user, complete with dynamic fare matrices and real-time promotional deductions. 

Furthermore, by acknowledging the reality of neophobia and cognitive load, the platform utilizes 
Calm UX principles and Visual Landmark Navigation to serve as a perfectly reliable, silent guide, 
completely removing the stressful necessity of seeking directions from strangers. Finally, through the 
implementation of highly incentivized gamification and mathematically rigorous supermajority consensus 
algorithms, B.I.Y.A.H.E. successfully harnesses the collective intelligence of the commuting public. In 
doing so, it fulfills its mandate—building an infallible, constantly evolving transit intelligence system 
made entirely by the commuters, for the commuters, and transforming an environment of urban anxiety 



into a landscape of predictable, hassle-free exploration. 
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