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Abstract

We propose a peer-to-peer network where the work required to secure consensus

consists of biologically meaningful computation rather than arbitrary

cryptographic hashing. This network, named Ribosome, replaces the traditional

proof-of-work mechanism with a system that harnesses computational resources

for inverse RNA folding, molecular docking, and genomic sequence optimization.

Miners compete to discover nucleotide and amino acid sequences that satisfy

structural constraints, contributing to real scientific discovery while maintaining

the security properties that make proof-of-work consensus robust. The protocol

transforms what has historically been wasted computation into a decentralized

engine for pharmaceutical research, synthetic biology, and open-source

scientific advancement. 
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1. Introduction

The introduction of Bitcoin in 2009 demonstrated that decentralized consensus could be

achieved  without  reliance  on  trusted  intermediaries.  The  proof-of-work  mechanism

underpinning Bitcoin secures the network through raw computational effort, with nodes

competing to  find solutions  to  SHA-256 hash puzzles.  This  mechanism has  proven

remarkably  resilient,  maintaining  network  integrity  across  more  than  a  decade  of

operation despite numerous attacks and attempts at subversion.

However, Bitcoin's proof-of-work carries a fundamental inefficiency: the computational

work performed serves no purpose beyond securing the network itself. Miners dedicate

substantial electricity and hardware resources to solving cryptographic puzzles whose

solutions have no value outside the specific blockchain in which they are found. As of

writing, Bitcoin mining consumes energy comparable to some medium-sized nations,

yet produces nothing of scientific or societal utility beyond transaction processing and

value transfer.

This  inefficiency  has  motivated  considerable  research  into  alternative  consensus

mechanisms.  Proof-of-stake  systems  eliminate  the  energy  expenditure  entirely  by

securing consensus through economic collateral. Delegated consensus systems reduce

the  computational  requirements  by  limiting  the  set  of  validators.  However,  each

alternative introduces its  own trade-offs,  often trading the proven security model of

proof-of-work  for  new  assumptions  about  participant  behavior  and  economic

incentives.

The Ribosome Network proposes a different approach. Rather than abandoning proof-

of-work  entirely,  we  redesign  the  work  itself  to  serve  a  purpose  beyond  network

security.  Our  consensus  mechanism  requires  miners  to  perform  computations  that

contribute to biological science: discovering sequences that fold into target structures,

optimizing molecules for specific binding properties, and searching genomic databases

for patterns of interest. The cryptographic properties that make proof-of-work secure

remain  intact,  but  the  computational  work  now generates  scientific  value  alongside

network consensus.
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The core insight driving this design is that biological search problems exhibit properties

remarkably similar to cryptographic mining. Both involve searching vast combinatorial

spaces for  solutions that  satisfy objective criteria.  Both reward successful  discovery

with economic incentives. Both are naturally parallelizable and admit straightforward

difficulty  adjustment.  The  difference  lies  in  what  is  discovered:  SHA-256  nonce

collisions have no inherent value, while biologically active sequences have profound

scientific and commercial significance.

By  aligning  the  incentives  of  network  security  with  the  incentives  of  scientific

discovery,  we create  a  system where  the  economic actors  securing the  network are

simultaneously advancing human knowledge. This alignment is not merely aspirational

but is engineered into the protocol's fundamental mechanics.

2. Core Thesis: Useful Proof-of-Work

2.1 The Asymmetry of Search

A  functional  proof-of-work  system  requires  computational  asymmetry:  the  effort

needed to find a solution must  vastly exceed the effort  needed to verify it.  Bitcoin

achieves  this  through  SHA-256  hashing,  where  finding  a  valid  nonce  requires

attempting billions of hash computations while verification requires only a single hash

evaluation. This asymmetry ensures that network security cannot be compromised by

parties unable or unwilling to invest significant computational resources.

Traditional biological simulations fail this requirement. Simulating protein folding from

sequence  to  structure  involves  complex  molecular  dynamics  calculations  that  may

require  hours  or  days  of  computation  on  specialized  hardware.  More  critically,

verification  by  independent  nodes  would  require  re-running  these  simulations,

reintroducing the computational burden that proof-of-work seeks to eliminate.
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Inverse RNA folding, however, exhibits the necessary asymmetry. Given a target three-

dimensional RNA structure, finding a nucleotide sequence that folds into that structure

is computationally intensive, requiring search through combinatorial sequence space.

But once a candidate sequence is proposed, verifying that it adopts the target structure

can  be  accomplished  through  rapid  thermodynamic  calculations.  The  ViennaRNA

Package,  for  instance,  can  evaluate  candidate  sequences  against  target  structures  in

milliseconds on commodity hardware.

This verification speed is essential.  In a distributed network, nodes must be able to

validate proposed solutions quickly to maintain block propagation and consensus. The

inverse folding problem's asymmetric structure enables this validation while preserving

the difficulty that makes proof-of-work secure.

2.2 Properties of Biological Search Spaces

Biological search problems possess several properties that make them suitable as proof-

of-work primitives.

Combinatorial Complexity. RNA sequences are composed of four nucleotide bases,

while proteins consist of twenty amino acids. The sequence space grows exponentially

with sequence length: for a sequence of length n, there are 4n possible RNA sequences

and  20n possible  protein  sequences.  A  typical  functional  RNA  molecule  of  100

nucleotides  represents  a  search  space  of  4100 possibilities,  comparable  to  the  2256

keyspace of modern cryptographic hash functions.

Probabilistic Discovery. Unlike structured mathematical problems with deterministic

solutions,  biological  folding  problems  often  have  multiple  valid  solutions.  This

probabilistic  nature  mirrors  the  lottery-like  properties  of  hash-based  proof-of-work,

where multiple valid nonces may exist and the first to be discovered wins the block.

Objective  Scoring. The  fitness  of  a  candidate  sequence  can  be  evaluated  against

objective structural criteria. In inverse folding, the primary metric is the Root Mean

Square Deviation (RMSD) between the predicted structure and the target structure, or

the  free  energy  difference  between  the  target  structure  and  alternative  folds.  These

metrics provide unambiguous scoring that all network participants can independently

verify.

4



Parallelizability. Search for valid sequences proceeds independently across miners and

across hardware within each miner. There is no advantage to consolidating computation

on single machines, making biological search naturally resistant to the centralization

pressures that affect some cryptographic workloads.

Difficulty Adjustability. The difficulty of biological search problems can be adjusted

by modifying target complexity, sequence length constraints, or scoring thresholds. This

enables  the network to  maintain  consistent  block times in  the face of  varying total

computational effort.

3. Biological Search Proof-of-Work

3.1 Mining Primitive Definition

Mining in the Ribosome Network involves discovering biological sequences satisfying

dynamically  generated  structural  targets.  Each  mining  cycle  accepts  the  following

inputs:

Target Topology: The desired secondary or tertiary structure that candidate sequences

must adopt. Structures are encoded as constraints on base-pairing patterns, loop sizes,

and spatial arrangements.

Structural Constraints: Additional requirements beyond the target topology, such as

minimum stability thresholds, restriction site requirements, or motif preservation.

Energetic Thresholds: The minimum acceptable thermodynamic stability for the target

fold relative to alternative structures.

Sequence Restrictions: Constraints on the nucleotide or amino acid composition, such

as  GC-content  requirements,  codon  usage  preferences,  or  inclusion  of  specific

functional elements.

The miner must discover a candidate biological sequence satisfying all constraints and

present the following outputs:

Candidate Sequence: A nucleotide or amino acid sequence proposed as a solution to

the challenge.
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Score Proof: A computation demonstrating that the candidate sequence satisfies the

target constraints, including verification of the predicted structure.

Execution Trace: Documentation of the computational steps undertaken to discover

and validate the candidate.

Structural Commitment: A cryptographic commitment to the predicted structure of

the  candidate  sequence,  preventing  miners  from proposing  different  structures  after

discovering a solution.

3.2 Inverse Folding as Mining Workload

The primary mining workload in the Ribosome Network is inverse folding. Given a

target RNA secondary structure, inverse folding seeks sequences predicted to adopt that

structure under thermodynamic folding. This problem is NP-hard in the general case,

requiring search through exponential sequence space.

The analogy to Bitcoin mining is direct: In Bitcoin, the miner searches the nonce space

for values producing a hash below the difficulty target. In Ribosome, the miner searches

the sequence space for sequences producing structural predictions matching the target.

In Bitcoin, verification requires a single hash computation. In Ribosome, verification

requires running the candidate sequence through a deterministic  structure prediction

algorithm and comparing the result to the target. In Bitcoin, difficulty adjusts based on

total network hashrate. In Ribosome, difficulty adjusts based on network-wide solution

rate, targeting a consistent block time.

This structural parallel enables the Ribosome Network to leverage decades of Bitcoin

protocol development and the extensive tooling built around proof-of-work systems.

3.3 The Mining Cycle

The mining process proceeds through six stages:
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Stage 1: Challenge Generation. The protocol generates a structural challenge through

one of two mechanisms. In organic mode, challenges are submitted by external parties

seeking  biological  computation.  In  autonomous  mode,  the  protocol's  Fallback

Procedural  Generator  creates  synthetic  challenges  when  external  submissions  are

insufficient.

Stage  2:  Challenge  Distribution. Validators  broadcast  the  challenge  to  all  mining

nodes.  The challenge includes the target  structure,  constraints,  difficulty parameters,

and a time window for solution submission.

Stage 3:  Search Computation. Miners  execute  local  search algorithms to  discover

candidate sequences satisfying the challenge parameters. Search methods may include

stochastic local  search,  evolutionary algorithms,  or  deep learning approaches,  at  the

miner's discretion.

Stage 4: Local Evaluation. Each candidate sequence is evaluated against the challenge

criteria using deterministic structure prediction. Sequences failing to meet thresholds

are discarded; promising candidates proceed to validation.

Stage  5:  Solution  Submission. The  first  miner  to  discover  a  solution  meeting  all

criteria  submits  the  winning  sequence  to  the  network.  The  submission  includes  the

candidate sequence, structural prediction, and verification computation.

Stage 6: Consensus Validation. Validators independently verify the submitted solution

using canonical deterministic procedures. If the solution is valid, the block is finalized

and the miner receives the block reward.

4. Overcoming Distributed System Fatalities

4.1 The Determinism Trap

Biological  computation  presents  challenges  unknown  to  traditional  cryptographic

systems. Most biological simulators, including widely-used packages like ViennaRNA,

rely on floating-point arithmetic for thermodynamic calculations. This creates a critical

problem for blockchain consensus: different hardware platforms handle floating-point

operations slightly differently.
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Intel,  AMD,  and  Nvidia  processors  may  produce  marginally  different  results  when

computing  with  floating-point  numbers,  with  differences  emerging  in  the  least

significant bits. In a blockchain context, where every node must independently reach

identical  conclusions,  this  nondeterminism causes  the  network to  fork.  Some nodes

accept blocks that other nodes reject, leading to consensus failure and potential chain

reorganization.

The  Ribosome  Network  addresses  this  through  strict  fixed-point  arithmetic.  All

thermodynamic calculations are performed using integer operations with standardized

rounding conventions. The verification engine converts floating-point libraries to their

fixed-point  equivalents,  ensuring that  every  CPU and GPU on the  network reaches

identical conclusions regardless of hardware manufacturer.

The verification pipeline operates entirely within deterministic  execution containers.

These  containers  specify  fixed  seeds  for  random  number  generation,  canonical

precision  requirements,  and  standardized  runtime  environments.  Validators  never

execute  full  stochastic  simulations;  they  execute  only  the  deterministic  scoring

functions required for consensus.

Separating search from verification is essential. Miners may employ any computational

method  for  discovering  solutions,  including  methods  involving  floating-point

arithmetic, stochastic processes, or machine learning. The consensus layer accepts only

solutions that  pass deterministic verification,  ensuring that  all  nodes agree on block

validity.

4.2 The Impossible Shape Attack

A malicious  actor  could submit  biological  challenges  containing targets  that  violate

physical laws. A target structure might require impossible base-pairing patterns, or an

energetic  threshold  might  be  set  below thermodynamic minimums.  Such challenges

cannot be solved: no sequence exists that satisfies the constraints. If accepted, these

challenges  would  freeze  the  network,  as  miners  would  search  indefinitely  for

nonexistent solutions.
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The  Ribosome  Network  prevents  this  through  the  Kinematic  Pre-Validation  Filter.

Before  any  challenge  enters  the  mining  pool,  it  must  pass  automated  on-chain

validation confirming physical plausibility. The filter rejects structures violating known

constraints:  base-pairing patterns  must  be consistent  with Watson-Crick and wobble

pairing rules; minimum loop sizes must satisfy steric constraints; free energy thresholds

must be achievable given the target structure; sequence length requirements must be

consistent with the proposed topology.

Additionally, all challenges include a Time-to-Live parameter specifying the maximum

duration for solution submission. If no valid solution emerges within this window, the

challenge expires and the block reward is distributed through alternative mechanisms.

This prevents indefinitely stalled blocks from halting chain progression.

4.3 Target Starvation

A biological blockchain depends on a continuous supply of problems to solve. External

challenge submission creates a market for biological computation, but this market may

not  always  provide  sufficient  challenges  to  sustain  mining  activity.  Pharmaceutical

companies might pause research programs, academic collaborations might conclude, or

market conditions might reduce bounty postings. In such scenarios, the mining pool

could empty, and miners would have nothing to compute.

The  Ribosome  Network  addresses  this  through  the  Fallback  Procedural  Generator.

When external challenge submissions fall below a configured threshold, the protocol

automatically  generates  synthetic  challenges  derived  from  established  scientific

databases.  The  generator  draws  structural  motifs  from  the  Protein  Data  Bank,  the

Nucleic Acid Database, and other public repositories, mutating and combining them to

create novel folding challenges.

Challenge  generation  uses  deterministic  inputs  including  the  previous  block  hash,

validator entropy contributions, and epoch randomness. This ensures that all network

participants generate identical  challenge sets,  preventing any party from gaming the

fallback mechanism.
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The  procedural  generator  produces  challenges  across  multiple  biological  domains:

synthetic  RNA folds  with  varied  topologies  and  energetics;  binding  geometries  for

small  molecule  docking;  topological  protein  motifs  requiring  specific  structural

arrangements; genomic alignment puzzles requiring sequence pattern matching.

4.4 Hardware Centralization

Proof-of-work systems face persistent pressure toward hardware centralization. When

mining  becomes  sufficiently  profitable,  specialized  Application-Specific  Integrated

Circuits (ASICs) emerge, designed to perform specific computations more efficiently

than  general-purpose  hardware.  ASIC dominance  concentrates  mining  power  in  the

hands  of  manufacturers,  undermining the  decentralization  that  makes  proof-of-work

consensus credible.

Traditional  cryptocurrency  ASIC  resistance  focuses  on  memory  hardness,  requiring

substantial  RAM  access  that  is  difficult  to  implement  efficiently  in  specialized

hardware. Ribosome takes a different approach: dynamic workload mutation.

The  protocol  rotates  through  multiple  biological  search  domains  on  configurable

schedules. An epoch might require inverse folding problems, while the next emphasizes

molecular docking, followed by genomic alignment challenges. Each domain involves

different  computational  patterns,  different  scoring functions,  and different  constraint

representations.

More importantly,  the  scoring weights  and constraint  parameters  themselves  mutate

across  epochs.  Small  changes  to  thermodynamic  parameters,  scoring  thresholds,  or

penalty  functions  render  specialized hardware  obsolete.  An ASIC optimized for  the

current scoring function becomes inefficient when those weights shift.
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These mutations propagate through software updates that are trivial to apply on general-

purpose hardware but impossible to implement on fixed-function silicon. Manufacturers

would need to continuously redesign chips to match mutating algorithms, eliminating

the economic advantage that motivates ASIC development in the first place.

5. The Quantum Horizon

5.1 Quantum Computing and Traditional Proof-of-Work

The emergence  of  quantum computers  presents  uncertain  implications  for  proof-of-

work systems. Grover's algorithm enables quantum computers to search unstructured

databases  quadratically  faster  than  classical  computers,  theoretically  halving  the

effective security of SHA-256 hashing. For proof-of-work systems, this could mean that

quantum miners achieve disproportionate advantage over classical competitors.

The  practical  implications  remain  debated.  Quantum computers  capable  of  running

Grover's  algorithm  against  SHA-256  at  scale  do  not  yet  exist,  and  significant

engineering challenges remain before such systems become feasible. However, prudent

protocol design must consider the quantum threat.

5.2 Quantum Compatibility of Biological Search

The Ribosome Network's biological proof-of-work exhibits quantum properties distinct

from  traditional  cryptographic  hashing.  Inverse  folding  and  molecular  optimization

problems  are  high-dimensional,  noisy,  and  non-algebraic.  No  known  quantum

algorithm  provides  exponential  speedup  for  these  problems  comparable  to  Shor's

algorithm's threat to RSA or elliptic curve cryptography.

Quantum  annealers,  commercially  available  today,  excel  at  finding  low-energy

configurations in systems governed by specific Hamiltonian structures. This capability

could theoretically accelerate certain biological optimization problems. However, the

diversity of challenge types and the periodic mutation of scoring functions prevent any

single specialized architecture from achieving dominant mining power.
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Most significantly, the network welcomes rather than fears quantum participation. If

quantum computers connect to the Ribosome Network, they simply join the mining

ecosystem alongside classical hardware. The protocol's difficulty adjustment adapts to

quantum hashrate the same as classical hashrate,  maintaining consistent block times

while accepting quantum computational contributions.

5.3 Post-Quantum Wallet Security

While mining operations may coexist with quantum computation, user wallet security

requires different considerations. Current cryptocurrency systems rely on elliptic curve

cryptography for transaction signatures. Shor's algorithm enables quantum computers to

derive  private  keys  from  public  keys,  threatening  the  security  of  funds  stored  in

exposed addresses.

The Ribosome Network implements post-quantum cryptography for transaction signing

from  genesis.  The  protocol  supports  multiple  signature  schemes  designed  to  resist

quantum attacks: CRYSTALS-Dilithium, a lattice-based signature scheme selected for

NIST standardization; Falcon, another NIST candidate using lattice-based cryptography

with  shorter  signatures;  SPHINCS+,  a  hash-based  signature  scheme  relying  on  the

security of hash functions themselves.

Users  may  select  their  preferred  signature  scheme,  with  the  protocol  supporting

multiple  schemes  simultaneously  during  the  transition  period.  Smart  contracts  may

specify required signature types for specific operations, enabling gradual migration of

enterprise users to quantum-resistant schemes.

6. Economic Model

6.1 Token Specification

The Ribosome Network's native token, denoted RIBO, serves multiple functions within

the protocol: compensation for miners contributing computational resources; medium

of exchange for biological computation services; collateral for challenge bounties and

escrow arrangements; governance token for protocol upgrade decisions.
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The maximum supply of RIBO is fixed at 100,000,000 tokens. This hard cap ensures

scarcity  and  aligns  miner  incentives  with  long-term  token  value  appreciation.  The

supply schedule distributes tokens over time through block rewards, ensuring continued

mining incentives while preventing excessive inflation.

6.2 Block Rewards

The initial  block reward is  set  at  50 RIBO per block,  with block time targeting 10

minutes.  The  reward  schedule  halves  every  2  years,  creating  accelerating  supply

scarcity to incentivize early participation and secure network growth.

Reward distribution follows a defined allocation: 70% to miners (the majority of block

rewards flows directly to computational contributors); 20% to scientific treasury (funds

support  public  scientific  infrastructure,  open  datasets,  and  research  grants);  10% to

protocol  development  (compensation  for  ongoing  protocol  maintenance  and

improvement).

6.3 Dual-Pool Economics

The  Ribosome Network  supports  two  categories  of  computational  work,  each  with

distinct economic implications.

Open Science Computation represents the majority of mining activity. Challenges in

this pool generate solutions that become immediately public. The winning sequence is

published unencrypted on the blockchain, available for anyone to use, study, or build

upon. Miners are compensated solely through standard block subsidies.

Enterprise  Bounty  Computation serves  parties  seeking  private  computation.

Pharmaceutical companies, research institutions, or other entities may post bounties to

solve  proprietary  challenges  without  revealing  their  targets  or  solutions.  In  the

Enterprise pool, bounty posters lock RIBO tokens in smart contracts. Winning miners

encrypt  their  solutions  using  the  bounty's  designated  public  key  and  submit  zero-

knowledge proofs demonstrating solution validity without revealing the sequence.
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A portion  of  each  Enterprise  bounty  is  permanently  burned,  removing  tokens  from

circulation.  This  deflationary  mechanism  creates  value  appreciation  pressure  as

Enterprise computation grows, benefiting all RIBO holders.

7. Verification Architecture

7.1 Verification Requirements

Consensus verification must satisfy several requirements essential to network function:

Determinism (verification must produce identical results across all validating nodes);

Speed (target verification time under 100 milliseconds);  Objectivity (criteria must be

unambiguous); Economy (verification must be computationally inexpensive).

7.2 Verification Pipeline

The verification pipeline processes submitted solutions through a series of deterministic

stages: Structural Prediction (folding using canonical prediction algorithm); Structural

Comparison  (comparing  predicted  against  target  structure);  Threshold  Evaluation

(checking  computed  metrics  against  thresholds);  Anti-Gaming  Checks  (preventing

common gaming strategies).

7.3 Canonical Runtime Environment

Verification executes within a Canonical  Runtime Environment (CRE) that  enforces

determinism constraints: fixed-precision representations; deterministic random number

generation from specified seeds; standardized library versions; memory and time limits.

8. Network Architecture

8.1 Node Types

The  Ribosome  Network  comprises  several  node  types:  Mining  Nodes execute  the

proof-of-work algorithm; Validation Nodes verify submitted solutions and participate

in consensus; Archive Nodes maintain complete blockchain history; Light Nodes store

block headers without full state.
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8.2 Consensus Mechanism

The Ribosome Network combines proof-of-work for  mining with proof-of-stake for

finalization.  Mining  produces  blocks  containing  validated  biological  solutions

following  longest-chain  rules.  Proof-of-stake  validators  then  provide  finalization

guarantees, preventing long-range reorganizations.

9. Security Considerations

9.1 Attack Vectors

The Ribosome Network must resist  various attack vectors:  Selfish Mining; Solution

Reuse;  Precomputation  Attacks;  Reward  Hacking;  Equivocation.  Each  is  addressed

through protocol mechanisms and economic deterrents.

9.2 Biological-Specific Threats

Beyond  traditional  blockchain  attacks,  biological  proof-of-work  introduces  domain-

specific  security  considerations:  Challenge  Manipulation;  Model  Poisoning;

Centralized Target  Generation;  Chain Freezing.  The protocol  implements  safeguards

including pre-validation filtering, TTL mechanisms, and fallback challenge generation.

10. Scientific Impact

10.1 Open Science Contributions

The Ribosome Network generates  scientific  value  alongside economic value.  Every

solved Open Science  challenge produces  publicly  available  sequence-structure  pairs

that  advance  biological  understanding.  Researchers  studying  RNA folding,  machine

learning researchers,  and synthetic biologists all  benefit  from this public knowledge

production.

10.2 Enterprise Research Acceleration
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Enterprise Bounty computation enables private research that might not otherwise occur.

The zero-knowledge verification system protects proprietary targets and solutions while

proving  computational  work,  enabling  research  collaboration  without  intellectual

property exposure.

11. Deployment Roadmap

Phase  One:  Off-Chain  Marketplace. Initial  deployment  establishes  a  tokenized

marketplace for biological computation off the main chain.

Phase Two: Tokenized Rewards. RIBO token distribution through early participant

rewards and testnet mining incentives activates.

Phase Three: Distributed Validator Network. The main network launches with proof-

of-stake validation and external challenge submission.

Phase  Four:  Full  Biological  Proof-of-Work. Complete  protocol  activation  with

production-level mining difficulty and all features enabled.

12. Conclusion

The  Ribosome  Network  represents  a  new  approach  to  proof-of-work  consensus,

transforming the substantial computational resources dedicated to network security into

scientifically  valuable  output.  By  replacing  arbitrary  cryptographic  hashing  with

biological search problems, we create a system where the work required to secure a

blockchain simultaneously advances human understanding of molecular biology.

This alignment of incentives is not incidental but fundamental. The properties that make

inverse  folding and molecular  optimization suitable  as  proof-of-work primitives  are

precisely the properties that make these problems scientifically significant.

The  protocol  addresses  the  practical  challenges  of  biological  proof-of-work:  the

determinism trap through fixed-point arithmetic, impossible shape attacks through pre-

validation  filtering,  target  starvation  through  procedural  generation,  and  hardware

centralization through adaptive workload mutation.
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By bridging decentralized consensus with open science, the Ribosome Network creates

a new category of proof-of-work system where the energy and hardware devoted to

network security produce public goods alongside private rewards.

If  successful,  the  Ribosome  Network  demonstrates  that  the  substantial  resources

dedicated  to  blockchain  consensus  need  not  represent  pure  societal  cost.  Through

thoughtful redesign of what work means, distributed systems can contribute to human

knowledge while maintaining the security guarantees that make them valuable.
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