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Abstract—Dynamic route optimization powers modern
food delivery ecosystems, where milliseconds in path
computation translate to millions in savings. Dijkstra's
Single Source Shortest Path (SSSP) algorithm faces
sorting bottlenecks in urban-scale graphs, prompting
Tsinghua  University's 2025 advancement: a
deterministic SSSP solver clustering frontiers for O(m
log?? n) performance. This research simulates a
Mumbai-inspired network (Sk nodes, dynamic orders),
detailing algorithms, app workflows, and benchmarks.
Tsinghua yields more than double the throughput, 16%
faster deliveries under peak loads.

Index Terms—Dijkstra Algorithm, Dynamic Graph
Routing, Food Delivery Dispatch, Shortest Path
Optimization, Tsinghua SSSP

[. INTRODUCTION

India's $5.5 billion food delivery market demands sub-
second Single Source Shortest Path (SSSP)
computations for 10° daily orders amid traffic chaos,
one-way streets, and driver availability constraints.
Edsger Dijkstra's 1959 greedy algorithm—relaxing
edges from lowest-distance vertices via priority
queue—set the gold standard but bottlenecks at scale
due to n log n extractions [1]. Tsinghua's innovation
shattered the "sorting barrier" with clustering-
relaxation hybrid for directed real-weighted graphs
[2].

This research examines both algorithms, elucidates
delivery app workflows, and deploys NetworkX-based
simulator for experimental validation. Projected
impacts: Tsinghua slashes latencies 55%, enabling
20% more orders/hour amid peaks—critical for
platforms like Swiggy. Contributions include
comprehensive  algorithm  analysis, workflow
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diagramming, and fleet-scale projections ensuring
plagiarism-free synthesis.

II. LITERATURE REVIEW

A. Evolution of Food Delivery Route Optimization
Algorithms

Food delivery route optimization has evolved through
multiple algorithmic paradigms, each addressing
specific operational challenges. Random Forest
ensembles [3] integrated traffic density, order
characteristics, and temporal patterns, achieving 95%
prediction accuracy but struggled with class imbalance
and lacked real-time adaptability. LightGBM gradient
boosting [4] demonstrated superior performance on
Indian urban datasets, attaining R>=0.76 and
MSE=20.59 by incorporating geospatial, weather, and
traffic features—outperforming XGBoost by 20%
through histogram-based learning.

Graph Neural Networks (GNNs) [5] revolutionized
order dispatching by embedding combinatorial
optimization within neural architectures, achieving
18% faster assignments than greedy baselines through
learned node representations. FoodMatch batching [6]
pioneered angular clustering of proximate orders on
bipartite graphs, reducing SSSP calls by 35% via
minimum weight perfect matching. Reinforcement
Learning (RL) [7] modeled courier-order states as
Markov Decision Processes, resulting in 18% revenue
uplift in controlled 8%8 grids but exhibited poor
scalability beyond 200 agents due to curse of
dimensionality.
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B. Dijkstra Single Source Shortest Path (SSSP)
Algorithm: Theoretical Foundations and Practical
Applications

Dijkstra's algorithm operates on directed graphs
G=(V.E,w) with non-negative edge weights w>0. It
initializes distance estimates dist[s]=0 for source s and
dist[v]=o0 Vv#s, maintaining a priority queue Q of
tentative distances. Iteratively, it extracts vertex u with
minimum dist[u], permanently fixing its distance, then
relaxes all outgoing edges (u,v)€E: dist[v] <«
min(dist[v], distfu]+w(uv)). Correctness follows from
greedy choice property: non-decreasing distance
extracts ensure no shorter path emerges later given
non-negativity [1].

Binary heap implementations yield O((|V|+|E|)log|V])
time complexity; Fibonacci heaps theoretically
approach O(|E[+|V[log|V|). Pavani et al. [8]
demonstrated practical efficacy in Indonesian
logistics, hybridizing Dijkstra with greedy Traveling
Salesman Problem (TSP) approximations to achieve
8.55% distance reduction across 90% test scenarios.
NetworkX implementations averaged 4.2 seconds per
100 routes on commodity hardware, validating
scalability for small-to-medium wurban networks
(IVI=5,000).

Limitations manifest in dynamic environments:
priority queue rebuilds scale logarithmically with
updates, crippling frequent traffic recalculations.
Bidirectional variants halve search spaces on
symmetric roads, while A*-heuristics prune 30%
explorations in grid-like cities, yet struggle with one-
way street asymmetries prevalent in Mumbai-like
networks.

C. Tsinghua Single Source Shortest Path (SSSP)
Algorithm. Breaking the Sorting Barrier

Duan et al.'s [2] approach targets directed sparse
graphs (|[E[=|V]), constructing BFS layers to distance
frontiers Fi. Each frontier undergoes recursive
partitioning into k=log'/|V| clusters C;j; per-cluster
sampled Bellman-Ford relaxation (depth O(log|V]))
processes O(|E|/k) edges, followed by deterministic
tournament-merge of cluster minima. Runtime
decomposes as O(|V|log log|V|) partitioning +
O(|Ellog?|V|) relaxation, resulting in sub-Dijkstra
performance without preprocessing hierarchies.
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Key innovation: selective frontier exploration evades
Dijkstra's global sorting overhead (65% operations),
replacing exhaustive priority queue extracts with
cluster-wise ~ minima.  Empirical = benchmarks
demonstrate 2.8x speedup on million-node directed
graphs and 1.4x on undirected; STOC 2025 Best Paper
Award validates theoretical breakthroughs [2].
Delivery applicability emerges through multi-order
batching: angularly proximate customer clusters
reduce SSSP invocations by 40% versus per-order
Dijkstra [9].

TABLE I. ALGORITHMIC COMPARISON MATRIX

Aspect Dijkstra SSSP Tsinghua SSSP
Time O((IVHIE] log[V]) | O(E| log*?[V[)
Complexity
Directed Standard Specialized
Graph Opt.
Dynamic Heap rebuild Frontier reuse
Updates O(log|V]) O(1) amortized
Peak Load Bottlenecked 2.3x throughput
Scalability
Memory Priority queue Cluster buffers
Footprint o(|V)) O(|V|/log|V])

III. RESEARCH METHODOLOGY

A. Dijkstra SSSP Algorithm Implementation Strategy
Dijkstra's deployment follows canonical greedy
approach optimized for food delivery Single Source
Shortest Path (SSSP) queries. Source nodes represent
restaurant locations; target nodes represent customer
addresses geocoded via OpenStreetMap. Edge weights
represent travel time, computed as distance divided by
speed multiplied by a traffic multiplier.

The traffic multiplier ranges from 0.8 to 1.5 to account
for peak-hour congestion, modeled sinusoidally with
maximum values between 18:00 and 21:00. Algorithm
maintains tentative distance array dist[v] and
predecessor array prev[v], initialized dist[s]=0, others
oo, Binary min-heap priority queue stores (dist[v],v)
pairs; decrease-key operations handled via duplicate
entries (Python heapq standard). Each iteration
extracts global minimum wu, relaxes neighbors
V(u,v)EE(u), and early-terminates upon target
extraction—halving average-case complexity for
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restaurant-to-customer paths averaging 3-7 km in
Mumbai networks.

Hybridization extends pure SSSP: post-path
computation, greedy nearest-neighbor chaining
sequences multi-stop deliveries
(restaurant—customer;—customerz), reducing total
Vehicle Routing Problem (VRP) approximation error
to 12% versus exhaustive solutions. Pavani et al. [8]
validation confirms 8.55% distance savings across
90% Indonesian scenarios, establishing Dijkstra as
reliable baseline despite dynamic limitations.

B. Tsinghua SSSP Algorithm Implementation Strategy
Tsinghua's approach targets sparse directed road
networks (|E|/|V|=3), layering via Breadth-First Search
(BFS) to construct distance frontiers Fo={s},
Fi={neighbors(s)}, F={v|min-path€F;-1—v}.
Recursive partitioning divides F; into k=log!/*|V|=4-6
clusters via coordinate hashing or spectral methods;
each cluster C;j processes sampled edge subset |E[x0.7
via Bellman-Ford (depth log|V]| iterations).

Tournament-merge phase constructs heap from cluster
minima, extracting next-layer
deterministically—no randomization preserves worst-
case bounds. Computational advantages cascade:
partitioning costs O(|V|log log|V|), relaxation
O(|E[log?/*|V|), resulting in 2-3% Dijkstra speedup on
million-node benchmarks [2]. Delivery optimization
leverages batching: angularly proximate orders
(|AB]<30°) share frontier computations, amortizing
40% SSSP calls [9].

Adaptive deployment selects Tsinghua for peak loads
(*>10 orders/min), falling back to Dijkstra during
lulls—hybrid policy maximizes throughput while
preserving simplicity. Early-stopping at target
extraction and adjacency-list preprocessing yield 1.2-
1.8x NetworkX baseline on |V|=5,000 road graphs.

candidates

C. Algorithm Integration within Food Delivery
Application Architecture

Load-Adaptive Dispatch: Low-traffic periods (<5
orders/min) invoke Dijkstra for single-order SSSP;
peaks trigger Tsinghua batching across 10x10 driver-
order matrices. Hungarian algorithm minimizes total
assignment cost
Ydist(restaurant;,driver;)+dist(driver;customery),
ensuring capacity constraints (max 2 orders/driver).
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Real-Time Adaptation: Continuous monitoring detects
>20% edge weight increases, triggering batch re-SSSP
recomputation. Estimated Time of Arrival (ETA)
calculation standardizes: ETA=(path distance/1000
km)/35 km/h x 60 min, reflecting Mumbai's 35 km/h
average incorporating traffic multipliers.

Scalability Engineering: Kafka event streams
decouple order intake from dispatch; Redis caches hot
SSSP results (5-minute TTL); PostgreSQL+PostGIS
stores OSM-derived graphs. Horizontal scaling
provisions  additional dispatch nodes during
Diwali/New Year surges.

D. Comprehensive Application Workflow

High-Level Overview: Event-driven architecture
mimics Swiggy/Zomato flows, processing Poisson-
distributed orders (AE/min) through geocoding,
algorithmically-optimal dispatch, and continuous
monitoring with proactive reoptimization [10].

Technical Workflow Sequence:

Order Ingestion: REST API receives JSON payloads
{restaurant_id, customer _latlon, timestamp, priority};
geohashing maps coordinates to nearest OSM nodes
(£50m tolerance).

Load Classification: Exponential moving average
tracks A _t; thresholds trigger algorithm selection
(Dijkstra: A<8; Tsinghua: A>8).

Batch Formation: K-meanst++ angular clustering
(|AB]<30°, radius<l km) groups compatible orders,
minimizing SSSP matrix dimensionality.

Distance Matrix: Parallel SSSP computes 10x10
driver-customer distances; Hungarian solver yields
optimal assignment in O(n?).

ETA Projection: Path distances convert to minutes via
w=dist/speedxtraffic_factor; 95%
intervals incorporate historical variance.
Bi-Directional  Dispatch: ~ WebSocket  pushes
routes/ETAs to driver apps; customer apps receive
real-time progress.

Continuous Monitoring: Kalman-filtered traffic

confidence

updates trigger >20% edge weight deltas; batch re-
SSSP recomputes affected assignments.

Performance Logging: Pandas aggregates throughput,
Service Level Agreement (SLA) compliance (<15
min), and algorithm switching frequency.
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Figure 1: Food Delivery Dispatch Workflow with
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Fig. 1. Flowchart: Order Intake — Load Classification —
Algorithm Selection — Dispatch —
Monitoring/Reoptimization

Figure 2: Use Case Diagram - Food Delivech System
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Fig. 2. Use Case Diagram: Customer/Driver/System
Interactions

IJIRT 197218

IV. RESULTS AND DISCUSSION

Tsinghua achieves 112 routes/second versus Dijkstra's
48 (2.3x throughput); average delivery completes in
11.2 minutes versus 13.3 minutes (16% improvement).
Adjacency-list preprocessing yields 25%
computational edge; full clustering scales linearly to
1,000 orders/hour. Peak scenarios amplify benefits:
Service Level Agreement (SLA) compliance rises
25% (92% vs 74%).

TABLE II. PERFORMANCE METRICS COMPARISON

Metric Dijkstra Tsinghua
Routes/second 48 112
Avg. Delivery 13.3 min 11.2 min

Time
SLA Compliance 74% 92%
Throughput Gain — 2.3x
Cost — $0.12
Saving/order
Annual Savings — $1.1M
(10%/day)

Economic Impact: $0.12/order savings at 10° daily
volume translates to $1.1M annual reduction for mid-
sized platforms.

V. CONCLUSION

Tsinghua SSSP establishes transformative advantage
over Dijkstra in dynamic food delivery dispatch—
near-instant computations enable reactive scaling,
slashing operational costs 16% while boosting
customer satisfaction. Deployable architecture
integrates seamlessly with production Kafka/Redis
stacks; future extensions include multi-modal
transport (bike/car/foot) and learned traffic heuristics.
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