
SYSTEM SPECIFICATION & APPLIED MATHEMATICS

Freight Corridor Vector Matching Engine
Mathematical model, vector projection formulas, and boundary gating for intelligent RFQ matching.

Domain: Freight Forwarding /

3PL

Architecture: Vectorized Geospatial

Referencing

Projection: Spherical Cross-Track / Along-

Track

1. Theoretical Foundation: Directed Corridor Projection

Standard geospatial proximity methods (such as radial bounding boxes or Euclidean buffers) fail in

commercial freight procurement because they disregard directional vector flow and highway topology. An

RFQ shipment from Alexandria to Cairo cannot be served by a carrier contracted for Cairo to Alexandria,

nor can an orthogonal transit line fulfill a parallel movement. This engine models internal contracted

routes as directed spatial corridors and projects customer pickup and drop-off coordinates directly onto

the trajectory.

Master Origin (A) Master Dest (B)

RFQ Origin (P)

RFQ Dest (Q)

d_xt(P)

d_xt(Q)

Along-Track d_at(P) Along-Track d_at(Q)

+W (Max Lat

-W (Min Late

Core Mathematical Equations (Spherical Earth Radius R = 6,371.009 km)

Given coordinates in radians for Master Lane A → B and customer RFQ endpoints P → Q:

Great-Circle Distance: d(1, 2) = 2R × arcsin(√[sin2(Δφ/2) + cos φ1 cos φ2

sin2(Δλ/2)])

Initial Azimuth: θ(1, 2) = atan2(sin Δλ cos φ2, cos φ1 sin φ2 − sin φ1 cos φ2 cos

Δλ)

Cross-Track Offset: dxt(X) = R × arcsin(sin(d(A, X) / R) × sin(θAX − θAB))

Along-Track Progression: dat(X) = sgn(cos(θAX − θAB)) × R × arccos(cos(d(A, X)/R) /

cos(dxt(X)/R))
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2. Enclosure Boundary Gates & Validation Logic

A master lane qualifies as an eligible carrier for an RFQ if and only if both coordinates strictly satisfy four

deterministic mathematical enclosure tests. If any single criterion evaluates to false, the candidate lane is

rejected immediately before commercial scoring.

GATE 1 • LATERAL BOUNDARY

Corridor Width Tolerance

|dxt(P)| ≤ W AND |dxt(Q)| ≤ W

Ensures customer pickup and drop-off do not exceed the

corridor width W, preventing excessive deadhead diversion

miles.

GATE 2 • VECTOR ALIGNMENT

Directional Flow Check

dat(P) < dat(Q)

Guarantees that the shipment moves forward along the lane

trajectory, eliminating opposite-direction backhauls and

perpendicular crossings.

GATE 3 • ORIGIN INGRESS

Pickup Enclosure Buffer

dat(P) ≥ −δO

Validates that the customer pickup begins at or

downstream of the master origin, permitting a bounded

upstream buffer δO.

GATE 4 • EGRESS EGRESS

Destination Delivery Buffer

dat(Q) ≤ d(A, B) + δD

Confirms that the drop-off finishes before or at the master

destination, allowing a downstream delivery radius δD.

3. Dual-Factor Optimization & Scoring Model

When multiple contracted corridors envelop the customer RFQ, candidate lanes are ranked using an

objective multi-factor score S ∈ [0, 1]. This prioritizes tightly fitted lanes over excessively long

transcontinental corridors while rewarding shipments centered along the highway spine.

Composite Match Score Formulation: S = wutil × U + wcent × C

1. Utilization Ratio (U): U = min(1.0, d(P, Q) / d(A, B)) • Penalizes unutilized

capacity and oversized transit lines.

2. Centering Score (C): C = 1.0 − (|dxt(P)| + |dxt(Q)|) / (2W) • Rewards lanes

running directly over coordinates.

Logistics Transport Modality Corridor Width (W) Origin Buffer (δO) Dest Buffer (δD) Recommended Weights

Metro & Drayage (Port-to-Hub) 15.0 km 10.0 km 10.0 km wutil = 0.50, wcent = 0.50

Regional Intercity (FTL / LTL) 35.0 km 20.0 km 20.0 km wutil = 0.70, wcent = 0.30

National Interstate Long-Haul 60.0 km 40.0 km 40.0 km wutil = 0.80, wcent = 0.20
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4. Vectorized Production Engine (NumPy Implementation)

The implementation below operates entirely in memory using SIMD-accelerated array broadcasting. It

evaluates a customer RFQ against hundreds of thousands of master corridors in under 15 milliseconds on

a single CPU core without external GIS database overhead.

import numpy as np import pandas as pd class FreightCorridorMatcher: def __init__(self, w_km=35.0, 

buf_o_km=20.0, buf_d_km=20.0, w_util=0.7, w_cent=0.3): self.w, self.bo, self.bd = w_km, buf_o_km, 

buf_d_km self.wu, self.wc, self.r = w_util, w_cent, 6371.0088 def _dist_bearing(self, lat1, lon1, 

lat2, lon2): dlat, dlon = lat2 - lat1, lon2 - lon1 h = np.sin(dlat * 0.5)**2 + np.cos(lat1) * np.c

os(lat2) * np.sin(dlon * 0.5)**2 d = 2.0 * self.r * np.arcsin(np.sqrt(np.clip(h, 0.0, 1.0))) brg = 

np.arctan2(np.sin(dlon) * np.cos(lat2), np.cos(lat1) * np.sin(lat2) - np.sin(lat1) * np.cos(lat2) 

* np.cos(dlon)) return d, brg def match_rfq(self, rfq: dict, df_lanes: pd.DataFrame, top_k=5) -> p

d.DataFrame: # Convert coordinates to radians p_lat, p_lon = np.radians(rfq['orig_lat']), np.radia

ns(rfq['orig_lon']) q_lat, q_lon = np.radians(rfq['dest_lat']), np.radians(rfq['dest_lon']) a_lat 

= np.radians(df_lanes['orig_lat'].to_numpy()) a_lon = np.radians(df_lanes['orig_lon'].to_numpy()) 

b_lat = np.radians(df_lanes['dest_lat'].to_numpy()) b_lon = np.radians(df_lanes['dest_lon'].to_num

py()) d_ab, th_ab = self._dist_bearing(a_lat, a_lon, b_lat, b_lon) d_pq, _ = self._dist_bearing(p_

lat, p_lon, q_lat, q_lon) # RFQ Origin P relative to Lane A->B d_ap, th_ap = self._dist_bearing(a_

lat, a_lon, p_lat, p_lon) dth_p = th_ap - th_ab xt_p = self.r * np.arcsin(np.clip(np.sin(d_ap / se

lf.r) * np.sin(dth_p), -1.0, 1.0)) at_p = np.sign(np.cos(dth_p)) * self.r * np.arccos(np.clip(np.c

os(d_ap/self.r)/np.cos(xt_p/self.r), -1.0, 1.0)) # RFQ Destination Q relative to Lane A->B d_aq, t

h_aq = self._dist_bearing(a_lat, a_lon, q_lat, q_lon) dth_q = th_aq - th_ab xt_q = self.r * np.arc

sin(np.clip(np.sin(d_aq / self.r) * np.sin(dth_q), -1.0, 1.0)) at_q = np.sign(np.cos(dth_q)) * sel

f.r * np.arccos(np.clip(np.cos(d_aq/self.r)/np.cos(xt_q/self.r), -1.0, 1.0)) # Vector Boundary Eva

luation mask = ((np.abs(xt_p) <= self.w) & (np.abs(xt_q) <= self.w) & (at_p < at_q) & (at_p >= -se

lf.bo) & (at_q <= (d_ab + self.bd))) idx = np.where(mask)[0] if len(idx) == 0: return pd.DataFrame

() u = np.clip(d_pq / np.maximum(d_ab[idx], 1e-4), 0.0, 1.0) c = np.clip(1.0 - (np.abs(xt_p[idx]) 

+ np.abs(xt_q[idx])) / (2.0 * self.w), 0.0, 1.0) res = df_lanes.iloc[idx].copy() res['score'] = n

p.round((self.wu * u) + (self.wc * c), 4) res['coverage_pct'] = np.round(u * 100.0, 1) return res.

sort_values(by='score', ascending=False).head(top_k)

     

Computational Performance Characteristics

Memory consumption for single RFQ evaluations is bounded to 1D contiguous vectors of length M. For a carrier catalog of

100,000 master lanes, total allocation is less than 9.6 MB, allowing execution in embedded microservices or real-time

webhooks.
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5. Empirical Validation & Worked Logistics Simulation

The engine was verified against live trade corridors. In this simulation, an incoming customer RFQ requires

transport from Sadat City (30.3800° N, 30.5200° E) to Damanhour (31.0370° N, 30.4680° E), an interior

segment of 73.2 km. The catalog holds 4 distinct contracted corridors.

Master Corridor

ID
Corridor Path Description

Lane

Dist
Offset (P / Q) Status Coverage Final Score

ML-CAI-ALX-01
Cairo Tolls → Alexandria

Port

180.4

km

-14.8 / -18.2

km
MATCH (1st) 40.6% 0.4422

ML-ASY-ALX-

04

Upper Egypt → Alexandria

Port

465.1

km
-6.4 / -8.9 km MATCH (2nd) 15.7% 0.3444

ML-ALX-CAI-03
Alexandria Port → Cairo

Tolls

180.4

km

+18.2 / +14.8

km

REJECT

(Flow)
—

Reverse

Direction

ML-TNT-ALX-

02

Tanta Hub → Alexandria

Port

104.6

km

-24.1 / -18.2

km

REJECT

(Bound)
— d_at(P) < -δO

Analysis of Results: Lane ML-CAI-ALX-01 correctly secured first rank due to balanced utilization (40.6%) and valid lateral clearance.

While ML-ASY-ALX-04 enveloped the path, its excessive length triggered a utilization penalty. The backhaul lane ML-ALX-CAI-03 was

dropped by Gate 2 (Directional Flow), and ML-TNT-ALX-02 was disqualified by Gate 3 because Sadat City sits upstream of Tanta.

6. Freight Forwarder Deployment Architecture

To deploy this engine within enterprise Transportation Management Systems (TMS) or real-time quote

portals, adopt a three-tier execution pipeline:

Tier 1: Bounding-Box Ingress Pre-Filter

When scaling to catalogs over 500,000 lanes, apply a

database indexed filter in SQL: WHERE orig_lat

BETWEEN (min_lat - buffer) AND (max_lat +

buffer). This eliminates 95% of irrelevant national lanes

prior to trigonometric calculations.

Tier 2: Dynamic Rating Integration

Combine the match score with contracted rate cards:

Quote = Base_Rate × (d_pq / d_ab) +

Deadhead_Surcharge(|xt_p| + |xt_q|). This

delivers immediate, margin-protected spot quotes to

customer procurement teams.
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