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Quantum Computing Just
Solved the Impossible
Logistics Problem That Costs

HIIHHHHHHHIEL/// \ [F
I |=

I

1

Logistics QanglesInc]| 1



O,Qangles

The Hiker in the Dark Problem

Think of classical optimization algorithms as
hikers descending a mountain in complete
darkness. They feel around with their feet,
always moving downward, until they reach
what seems like the bottom—a valley where
every step leads upward.  Mission
accomplished, right?

Wrong. That hiker has found a local
optimum—a valley that feels like the lowest
point because everything nearby is higher. But
just over the ridge might be a much deeper
valley, the true global optimum. The hiker will
never know it exists because their
method—always moving to the immediately
better option—prevents them from climbing
back up to explore further.

This is exactly what happens with classical
logistics algorithms processing thousands of
variables:

They find a decent route configuration.
Small tweaks make it worse.
The algorithm declares victory and stops.

The truly optimal solution remains
undiscovered.

Why This Matters Now More Than Ever

In today's logistics landscape, margins are
razor-thin. Fuel costs fluctuate wildly. Custom-
er expectations demand same-day delivery.
The difference between a local optimum and a
global optimum isn't academic—it's the differ-
ence between profit and loss, between market
leadership and irrelevance. Quantum comput-
ing fundamentally changes this paradigm by
exploring multiple solution paths simultane-
ously, escaping the local optima trap that has
constrained logistics optimization for decades.
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The Classical Bottleneck: When Math
Becomes the Enemy

Here's the brutal truth about logistics
optimization: the math doesn't just get harder as
you scale—it becomes physically impossible.

When Numbers Spiral Out of Control

Consider a delivery driver with just 10 stops.
Simple enough, right? Wrong. There are 3.6
million possible route sequences to evaluate.
Jump to 20 stops, and you're facing more than 2.4
quintillion combinations—Iliterally more options
than there are atoms in the human body.

This is combinatorial explosion in action, and it
gets worse fast:

A 50-stop route already pushes the boundaries of
what classical computers can handle efficiently.

Add just 5 more delivery points to that route, and
the computational demands exceed the capacity
of today's most powerful supercomputers.

For enterprise logistics managing hundreds or
thousands of stops daily, finding the true optimal
solution becomes mathematically intractable.

The Compromise That Costs Millions

Faced with this impossibility, the industry has
settled for "good enough" solutions. Classical
algorithms like genetic algorithms, simulated
annealing, and greedy heuristics trade accuracy for
speed. They find answers quickly, but those answers
are typically 1030% suboptimal.

That percentage has a price tag. For a 1000-truck
fleet, even 5% inefficiency translates to:

Millions in excess fuel costs annually
Consistent delivery delays

Missed service windows that erode customer
satisfaction.

Unnecessary vehicle wear and increased
maintenance expenses
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Quantum Mechanics Meets Logistics:
Superposition and Tunneling Explained

Here's the thing about quantum computing that
makes it revolutionary for logistics: it doesn't
play by the same rules as your laptop.

Reading Every Book at Once

Classical computers solve routing problems the
way you'd tackle a massive library—one book
at a time. Route A gets evaluated, then Route B,
then Route C, and so on. It's methodical, but
painfully slow when you're dealing with thou-
sands of possible routes.

Quantum computers leverage superposition,
where qubits exist in multiple states simulta-
neously. Instead of checking routes sequential-
ly, they evaluate all possibilities at once. Imag-
ine scanning every book in that library simul-
taneously rather than reading them one by
one. That's the power quantum computing
brings to large-scale logistics optimization.

Tunneling Through Mountains Instead of
Climbing Them

But here's where it gets really interesting for
logistics: quantum tunnelling. Classical algo-
rithms face a frustrating problem—they get
stuck in local optima. Picture this: you're
searching for the lowest valley in a mountain
range, but you can only walk. You find a nice
low spot, but there's a massive mountain block-
ing your view of an even deeper valley beyond.
Classical algorithms would need to climb that
mountain to check what's on the other side,
which is computationally expensive.

Quantum systems tunnel through these barri-
ers. They access distant solutions without
traversing the high-cost landscape between
them. For logistics, this means:
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* Escaping trap solutions that look good locally but
aren't globally optimal.

* Finding the truly best 500-stop delivery route
instead of settling for good enough.

* Exploring solution spaces that would take classi-
cal computers years to evaluate.

This isn't science fiction—it's physics. Quantum
states naturally seek lowest-energy configura-
tions, which mathematically correspond to opti-
mal solutions in logistics problems. That's exactly
what QAOA and Quantum Annealing exploit to
solve real world supply chain challenges.

The Technical Toolkit: QAOA vs.
Quantum Annealing

When it comes to quantum solutions for logistics,
two distinct approaches are emerging from
research labs into real-world applications: QAOA
and Quantum Annealing. Think of them as differ-
ent tools in your quantum toolkit—each with
unique strengths for tackling those stubborn
optimization problems that trap classical algo-
rithms in local optima.

QAOA: The Flexible Bridge Technology

QAOA (Quantum Approximate Optimization Algo-
rithm) represents the hybrid approach that's
capturing attention across academic institutions
and industry alike. Here's what makes it special:

o Alternates between quantum and classical
processing in an iterative dance

¢ Quantum circuits explore the vast solution space
while classical optimizers refine parameters.

e Gradually converges on optimal solutions
through repeated cycles.

* Designed specifically for current NISQ (noisy
intermediate-scale quantum) hardware.
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The beauty of QAOA lies in its resilience. It
works on gate-based quantum computers,
adapts to various problem types, and degrades
gracefully when hardware isn't perfect—criti-
cal advantages as quantum computing transi-
tions from theoretical exploration to practical
deployment.

Quantum Annealing: The Specialist Approach
Quantum Annealing takes a fundamentally
different path. Imagine cooling a problem
from high-energy chaos into low-energy
order, like water freezing into a perfect crys-
talline structure. That's essentially how
annealing works.

Physically implemented in systems like D
Wave's quantum annealers

Naturally suited for optimization problems
that map to energy landscapes.

Specialized but powerful for specific logistics
challenges.

Available for immediate deployment on
certain problem types

Making the Choice

Both approaches translate logistics con-
straints into QUBO (Quadratic Unconstrained
Binary Optimization) format, but your selec-
tion depends on specific needs:

Choose QAOA for flexibility and future
scalability across diverse logistics problems.

Choose Quantum Annealing for immediate
deployment on well-defined optimization
challenges.

As collaboration between logistics experts and
quantum computing researchers intensifies,
understanding these technical distinctions
becomes essential for organizations preparing
to leverage quantum-enabled supply chain
optimization.
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From Theory to Trucks:
A Practical Implementation
Blueprint

The gap between quantum theory and logistics
reality isn't as wide as you might think. Here's
how forward-thinking companies are building
the bridge from quantum computing labs to
distribution centers.

The Four-Step Integration Pathway

Start by identifying where your classical systems
hit walls. Multi-depot routing that takes hours to
compute? Dynamic rerouting that can't keep
pace with real-time traffic changes? Fleet-wide
optimization with overlapping time windows that
forces you to accept "good enough" solutions?
These bottlenecks signal opportunities for quan-
tum enhancement. Next comes translation. Your
logistics constraints need mathematical expres-
sion as QUBO (Quadratic Unconstrained Binary
Optimization) formulations:

* Capacity limits per vehicle
* Delivery time windows

* Driver hour regulations

* Fuel cost optimization.

* Customer priority levels

Choosing Your Quantum Approach

Problem characteristics dictate whether QAOA
or Quantum Annealing fits better. Current
quantum systems handle 50-200 variable prob-
lems effectively larger challenges require
decomposition strategies that break complex
routes into manageable quantum-sized chunks.
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From 'Feasible' to 'Optimal':
The Quantum Competitive Edge

The logistics industry has long operated under an
uncomfortable truth: "good enough" has been
the ceiling. Classical optimization algorithms
deliver feasible solutions—routes that work,
schedules that function, networks that oper-
ate—but they rarely deliver optimal ones. The
gap between these two isn't just academic. It's
money left on the table, service levels compro-
mised, and competitive advantages surrendered.

Quantum computing methods like QAOA and
Quantum Annealing are rewriting this equation
entirely.

The Real Cost of Settling for Local Optima

When classical algorithms tackle large-scale
logistics problems, they inevitably get trapped in
local optima—solutions that look good compared
to nearby alternatives but fall short of the global
best. For a supply chain managing thousands of
delivery points, hundreds of vehicles, and
constantly shifting variables, this limitation
translates directly to operational inefficiency.

The transformation quantum appro- aches
enable isn't incremental —it's fundamental. Early
research suggests quantum-assisted routing
could reduce operational costs by 15-25% while
simultaneously improving service levels. That's
not optimization. That's reinvention.
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The Mindset Shift: From Reactive to Precision
Logistics leaders must abandon the "good
enough" mentality that classical computing
limitations have forced upon them. The ques-
tion is no longer "Can we make this work?" but
"What's the provably optimal solution?"

This shift requires recognizing that:

* The bottleneck in modern logistics isn't physi-
cal infrastructure anymore.

e Trucks, warehouses, and roads aren't the con-
straint—computational approach is

e Quantum computing removes that computa-
tional ceiling entirely
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Let’s start a conversation, contact us at

@ marcom@qangles.ai

Visit our website

@ www.qangles.ai
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