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Abstract.

MapMates is a web-based location-based social platform that combines proximity matching,
puzzle-based communication, and gamification to improve safety and user engagement.
Using the Haversine method and cosine similarity, it achieved 0.76 Precision@5, 68%
puzzle completion, and 312 ms response time. The results show improved security, matching
accuracy, and user engagement compared with existing systems..
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1. INTRODUCTION

Existing navigation and social platforms do not adequately support safe, spontaneous, real-
world social discovery. Key limitations include inaccurate proximity matching, risks from
open messaging, and poor user retention [1-18]. Previous studies address these issues
separately, but lack an integrated solution. MapMates addresses these gaps by combining
proximity-based matching, secure interaction, and gamification within a single platform.

2. SYSTEM ARCHITECTURE AND METHODOLOGY

MapMates is built on a standard three-tier web architecture. The React.js frontend is
designed to handle all user-facing interaction. At the same time, the Node.js/Express server
acts as the processor for business logic and the API layer provider. Persistent storage, real-
time events, and authentication are managed by Supabase which is based on PostgreSQL.
Figure 1 depicts the flow of data through these layers.

2.1. Frontend

The React.js frontend is responsible for the management of map rendering, user profile
interactions, puzzle Ul, and Mapos reward display. Image rendering and marker placement
is handled by Leaflet.js, which listens to coordinate updates in real-time via Supabase
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Realtime subscriptions. All closeness and matching computations are done server-side; pre-
computed results are rendered by the frontend.

2.2. Backend

Node.js together with Express serve RESTful endpoints for sign-in relay, getting matches,
creating puzzles, and doing Mapos transactions. The access tokens of Supabase Auth JWT
are checked against sessions at each authenticated endpoint.

2.3. Distance Calculation: Haversine Formula

Because the user location is picked up from the browser's Geolocation API (WGS-84), the
distance along the great circle of the Earth is figured using the Haversine formula [Eq. 1]:

d = 2r X arcsinvy[ sin?(A@/2) + cos(d, )-cos(@: )-sin?(AA/2)
7 (1)

where @1, @2 are the latitudes of users u and v in radians, AQ = @2 — @1, AA=h2— A, and r =
6,371 km is the mean Earth radius.This formula is more accurate than planar distance which
can be pretty wrong beyond approximately 0. 5 km.

2.4. Puzzle-Gated Communication Model

If a match pair (u, v) fulfills proximity and interest thresholds, the system will trigger a joint
collaboration on a jigsaw puzzle. The puzzle level of difficulty (1 to 3) is dependent on the
match score: more similar results get simpler puzzles which give the best matches less
resistance. Chat is enabled in the database only when both users have correctly placed puzzle
pieces within the shared session time (10 minutes). Algorithm 1 captures this flow.

Table 1: Proximity-Interest-Puzzle Matching

Input: active user u, set of online users {v}
Output: match list M, chat unlocked flag
: Fetch location (lats, lon,) and interest vector I,
: For each v in online users:
Compute d = haversine(lat,, lon,, lat,, lon,)
If d < threshold:

Compute s = cosinesim(ly, Iv)

Ifs>0.4:

Add v to match list M; assign puzzle tier T = f(s)

: Present puzzle P(T) to (u, v) in shared session
: If puzzlesovea(u, v, timeout=600s):
10: Unlock chat; award Mapos coins to both users
11: Else: notify timeout; allow retry or return to step 2
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3. EXPERIMENT AND DISCUSSIONS

Experiments with 200 participants were conducted over two weeks. MapMates achieved
0.76 Precision@}5, outperforming distance-only (0.51) and interest-only (0.63) matching.
Puzzle-based messaging achieved a 68% completion rate.



3.1. Matching Quality

MapMates achieved 0.76 Precision@5, outperforming distance-only (0.51) and interest-
only (0.63) matching..

3.2. Puzzle Engagement
The puzzle system achieved a 68% completion rate, supporting controlled and meaningful
user interaction..

3.3. System Performance

Results for API endpoint latency were logged at 4,200 requests and at Node.js level. These
results are summed up in Table 2.

Table 2. API Endpoint Response Times (4,200 requests, 200 users)

Endpoint Avg (ms) P95 (ms) Max (ms)
GET /nearby-users 312 540 890
POST /match 186 310 560
GET /puzzle 94 150 230
POST /puzzle-solve 128 205 410

The researchers conducted experiments in a controlled environment to maintain uniformity
between tests. The Haversine and cosine similarity calculations at this performance level
show that all system endpoints achieve their 95th percentile requirement of sub-second
latency.

Table 3. Quantitative Comparison of Evaluated Systems

System Precision@5 Puzzle Avg Latency | Avg Session
Completion (ms) (min)
Distance-Only 0.51 N/A 210 5.9
Interest-Only 0.63 N/A 198 7.1
Proximity + 0.65 N/A 225 8.7
Auth
MapMates 0.76 68% 312 14.2
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Fig 3.1. MapMates User Interface - Discover page and Main Ul with Interactive map view.




4. CONCLUSIONS

MapMates is a location-based social platform combining interest matching, puzzle-based
messaging, and gamification for safe and meaningful interactions. Testing with 200
participants achieved 0.76 Precision@5, 68% puzzle completion, and 63% higher session
time, with latency below 500 ms. Future work will explore transformer-based embeddings,
spatial indexing, and privacy-preserving methods.
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