

  [image: Cover]




Turing Editorial Team

Post Quantum Cryptography Made Easy


A Weekend Pocketbook on Fundamentals of Post Quantum Cryptography In Everyday Language





  
    First published by The Turing App 2026

  

  Copyright © 2026 by Turing Editorial Team


  
    All rights reserved. No part of this publication may be reproduced, stored, or transmitted      in any form or by any means, electronic, mechanical, photocopying, recording, scanning, or otherwise without      written permission from the publisher. It is illegal to copy this book, post it to a website, or distribute      it by any other means without permission.

  

  

  
    First edition

  

  

  

  
    This book was professionally typeset on Reedsy

    Find out more at reedsy.com
  


  
    
      [image: Publisher Logo]
    

  





  To Alice and Bob, still trying to speak in private.







  
    
      “Nature isn’t classical… and if you want to make a simulation of nature, you’d better make it quantum mechanical.”


    

    
      - Richard P. Feynman 


    

  







  
  
  Introduction

  
  




Our world runs on cryptography. Banks, hospitals, governments they all rely on complex math to keep data secure. Every second, billions of messages emails, financial transactions, confidential memos are encrypted and sent over the Internet. 




But a new class of quantum machines may soon slice through these calculations at breathtaking speed. It is an open secret in intelligence circles that quantum computing would sooner or later topple the bedrock of global security. In the time it takes to brew a cup of coffee, a quantum computer could theoretically unlock the sums of prime factors or solve discrete logarithms once thought impossible for millennia.




Should quantum processors deliver on their promise, our financial transactions can be exposed; stock markets could face a cryptographic meltdown if high-value trades can be manipulated. Government secrets might no longer remain sealed for decades. Even everyday conversations those trivial text messages and personal emails could be harvested and deciphered in a future when quantum hardware matures.




This documentary delves into the complex race to future-proof our digital world. We will use everyday language to explain how mathematicians are fine-tuning lattice-based algorithms and engineers are developing “post-quantum” security upgrades on actual networks. How far is this supposedly doomsday? Will the cryptography that underpins modern life survive this looming quantum test? And what will it take to secure our communication in a post-quantum era? Let’s begin.
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  The Post-Quantum Horizon

  
  




Before we dive into the rescue plan, let us understand the threat. Quantum computing harnesses qubits, which are tiny quantum states that can be both 0 and 1 simultaneously. Unlike a conventional computer bit, which is strictly 0 or 1, the qubit’s superposition allows certain types of calculations to speed up exponentially.




Imagine a qubit as a sphere where a single qubit’s state can be represented anywhere on the surface. This flexibility allows quantum computers to process more possibilities than their classical counterparts.
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Even more intriguing is entanglement. When two qubits become entangled, measuring one affects the state of the other, even if vast distances separate them. This “spooky action at a distance,” as Einstein famously called it, underpins futuristic ideas like quantum networks and quantum cryptography channels, where eavesdropping can be instantly detected.




Quantum computing’s promise seems limitless. Pharmaceutical research, for instance, might drastically cut drug-development times by simulating molecular interactions far beyond classical power. Artificial intelligence could see leaps in efficiency, refining climate models or optimizing supply chains at an unprecedented scale. Tech giants like Google and IBM are racing to build stable quantum processors, fueling breakthroughs nearly every month.




But there is a dark underside. Shor’s algorithm, first published in the 1990s, demonstrates that a sufficiently large quantum machine can factor huge numbers in a fraction of the time a classical computer would require. Since modern cryptography rests on the hardness of factoring or related problems, a functional quantum computer could undermine everything from bank security to nuclear launch codes, rattling digital trust and national security alike.




The question is no longer if, but when. Most researchers agree that sooner or later, that day will come when quantum computers will destroy encryption as we know it, chewing it up and spitting it apart. The bigger concern is that if that day comes sooner than we think, the pillars of our connected world may collapse in a sudden, shocking cascade.




* * *




The Backbone Of Today’s Security




To understand why most researchers agree that cryptographic collapse is inevitable, we need to first understand a simple yet critical question: How do we secure everything in the first place? 




For decades, the RSA encryption algorithm has been the gold standard of encryption. Generate two massive prime numbers, multiply them, and rely on the near-impossibility of factoring them back out.




More recently, elliptic-curve cryptography rose to prominence, built around the discrete logarithm problem on carefully chosen curves instead of factoring large primes. In contrast to RSA, which depends on multiplying two massive primes, elliptic-curve cryptography often achieves the same level of security with much smaller keys. This efficiency makes elliptic-curve cryptography a popular choice in modern e-commerce, from online banking sessions to mobile apps, securing countless transactions worldwide.




At its heart, cryptography depends on secret keys, which are random strings of bits that lock and unlock data. The challenge is ensuring both parties share the same secret key without anyone else discovering it. That is where key exchange comes in. 




Imagine Alice and Bob want to communicate securely over the internet. If they just emailed each other a key, hackers could intercept it. Instead, key-exchange algorithms like Diffie–Hellman let them each perform simple calculations with publicly shared numbers, then combine those results in such a way that only they can derive the final secret. An eavesdropper sees only random-looking values.




Once Alice and Bob each arrive at the same secret key, they can switch to a faster symmetric cipher, such as AES, for the actual encryption of messages. This arrangement secures everything from browsing on your favorite website to authenticating financial transactions.




But herein lies the crux: all these carefully orchestrated steps, whether RSA, ECC, or Diffie–Hellman, rest on the premise that factoring large numbers or finding discrete logarithms remains practically impossible. 




And that is where the quantum threat begins.




* * *




The Quantum Threat In Detail




As we noted previously, public-key cryptography often relies on two hard problems: factoring large numbers and computing discrete logarithms. 




On a classical computer, these tasks can be astronomically time-consuming. For example, factoring a 2048-bit RSA key can require more processing power than exists in the world today. Quantum computers, however, tackle these problems differently, using parallelization at the quantum level.




Imagine you must guess which key opens a safe. A classical computer tests each key one by one, potentially taking an eternity. A quantum system, by contrast, can evaluate many possibilities simultaneously, drastically cutting down the search time. Shor’s algorithm is a prime example. Developed in 1994 by the American mathematician Peter Shor, it uses quantum parallelism to sift through potential factors or discrete-log solutions in a fraction of the iterations that a classical method would need.




Concretely, a classical supercomputer might run for millions of years trying to break a 2048-bit RSA key through brute force, but a sufficiently large quantum computer, if realized, could do it in mere months or less. If you would like to learn the mathematics behind quantum computers, later chapters examine this exact topic in depth, exploring the mathematics and physics of quantum computing systems.




The question of when quantum computers might actually break RSA and other classical ciphers is a million-dollar question. 




Jensen Huang, CEO of NVIDIA, speculated in early 2025 that practical, very useful quantum computers are likely 15 to 30 years away, given technical hurdles such as quantum error correction and the need for millions of qubits. However, later at NVIDIA’s GTC 2025 Quantum Day in March, Huang clarified and somewhat softened his stance, acknowledging the recent progress and inviting quantum computing firms to prove him wrong.




In contrast, Sundar Pichai, CEO of Alphabet, championed a more optimistic timeline earlier in 2025. Speaking at the World Governments Summit in Dubai, Pichai predicted that practically useful quantum computers could emerge within 5 to 10 years, drawing a comparison to the early-2010s development of artificial intelligence when Google Brain was just starting. 




The bottom line is, the road to a cryptographically relevant quantum machine is paved with formidable hurdles.




The first and arguably the biggest hurdle is qubit stability. Quantum bits are notoriously fragile, losing their quantum state through decoherence in microseconds unless they are isolated and cooled near absolute zero. One of the primary research areas in quantum computing is refining error-correction codes that can protect qubits from even tiny environmental disturbances. These codes often require multiple physical qubits to create a single logical qubit, inflating the total qubit count needed.




Second, scaling the number of qubits is easier said than done. While a few dozen qubits can demonstrate quantum advantage in narrow tasks, cryptography-shattering feats likely need thousands, or maybe millions, of high-fidelity qubits. Building and controlling such a machine demands breakthroughs in materials science, chip fabrication, and system architecture.




Third, cost and resource allocation loom large. Quantum hardware does not come cheap, and returns on investment are still speculative. Facilities require specialized cryogenics and incredibly precise engineering, so only a handful of firms, including tech giants such as IBM and Google, or deep-pocketed startups, can experiment at scale.




Despite these obstacles, the common belief in the community is that once a quantum architecture scales past certain thresholds, progress might accelerate exponentially. A decade from now, the quantum sector could look radically different, especially if error-corrected qubit counts surge. What is clear is that even if the horizon for a truly RSA-cracking quantum machine is uncertain, it is not so distant as to be dismissed, especially given the risk of “harvest now, decrypt later.”




* * *
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