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 1  Overview 
 Wirk World, LLP is proud to announce the first decentralized autonomous organization (DAO) 
 supporting a novel programming framework for smart agents and smart contracts on the 
 Ethereum blockchain. Most DAOs run on blockchain technology. Ours is no different. We 
 believe the DAO is the future of employment, ownership, leases, contracts, and other business 
 deals. Our DAO ecosystem shall incorporate token-based economics that combines free 
 education, smart contract employment, and the ability to conduct peer-to-peer transactions to 
 accomplish these endeavors. We are offering our own cryptocurrency—W1RK tokens—as a 
 means of digitizing assets, peer-to-peer payments, and exchange for fiat currencies—all in an 
 easy-to-use, user-focused distributed application (dApp). Wirk was created to keep pace with 
 global economic growth and to sustainably open the world to employment opportunities, while 
 overcoming international cultural and social differences. This is not about 
 yet-another-crypto-currency or dApp for DeFi, or Gaming. Rather, this is about creating a DAO 
 supported with decentralized artificial intelligence (AI) for Good. Good for people. Good for the 
 Planet. 

 This idea is about providing free education for all with employment upon 
 graduation—anywhere in the World. The challenge we are trying to overcome is that:   where you 
 were born and the country you now live—for better or worse—should not prevent you from 
 participating in the global gig economy and the New Information Age.     DAOs such as this  is 
 likely the future of careers in the Information Age, one that is trending to decentralization. To 
 that end, the following presents this intriguing idea and our novel solution. 

 Welcome to Wirk World! 
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 2  Wirk World Platform 
 The Wirk World platform has been designed to break through the barriers of entry for those 
 who would otherwise be unable to get an education towards the skills needed to find and keep 
 a good job. Integral to doing this is realizing a multidimensional system solution comprising 
 these key things: the DAO, blockchain technology, and AI—particularly the subfield of machine 
 learning algorithms embedded within and executing in concert with smart contracts on 
 blockchains. 

 We build AI into Wirk as  smart agents  that guide clients  through education and upskill, thereby 
 filling any gaps in their education and ultimately match them with Wirk contracts according to 
 their innate abilities and newfound skills. All these processes are handled autonomously 
 through data-driven and AI-powered smart contracts that provide each user with the best, 
 personalized experience through their education and employment journey. 

 To explain the Wirk World Platform and our value proposition, we have organized this paper as 
 follows: 

 1.  Meet your Personal AI Agent 
 2.  Enroll in Free Education 
 3.  Get to Wirk with Smart Contracting 
 4.  Smart Monitoring and Assistance 
 5.  Get Paid with Personal Finance Assistance 
 6.  Refresh and Repeat 

 2.1  Meet your Personal AI Agent 
 The Wirk World mission is to build a global community of developers, employers, employees, 
 and service providers matched through AI-based interactions and all working together through 
 smart contracts on the blockchain. The innovative combination of AI and blockchain will 
 radically improve the Wirk Life of workers, education for employment, and employers around 
 the World. 

 2.1.1  Enroll in Free Education 
 Our training programs are powered by AI to deliver a personalized education plan based on 
 each person’s personality type, aptitude, skills, interests, and user preferences. Our AI  smart 
 agent  is as unique as each user's background and personality.  Because of this, we have built 
 our platform with a completely open, transparent business model and blockchain-based 
 systems to keep our organization’s conduct on display for all to examine, keeping our 
 reputation above reproach. 
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 The education will be funded by fees through smart contracts execution and tokenomics: cost 
 savings reaped by eliminating bank fees and other third-party expenses that tend to drive up 
 costs. Rather, smart contract service fees, positive-energy credits, and the exchange of tokens 
 themselves will generate income that can be channeled to education services. 

 2.1.2  Get to Wirk with Smart Contracting 
 Once you have completed your education and skills training and passed your tests—don’t fret, 
 the tests are fun—you will be eager to demonstrate to yourself and your personal smart agent 
 how much you’ve learned. 

 > Yes, learning can be fun, and rewarding. Now it’s time to get to 

 work, or as we like to say “wirk”. 

 Your agent is there now to find employers with jobs already staked with W1RK tokens. Your 
 agent will match you with one or more jobs that are a perfect match for your personal 
 attributes, innate abilities, and your skills. 

 2.1.3  Smart Monitoring and Assistance 
 The session with the Wirk agent would be something like this: 

 > Now you’re working, ahem, “wirking”. How do you like your job? 

 Your employer? Let your personal smart agent know. 

 > Need assistance? That’s what your smart agent is for. Having 

 difficulty? Your smart agent can help, and always there to 

 encourage you. 

 Ultimately, your smart agent will know when your job is completed to the satisfaction of your 
 employer, automatically, via the smart contract. 

 2.1.4  Get Paid with Personal Finance Assistance 
 You got paid in tokens. Now what? 

 > So, you successfully completed your job. Nice job! 

 > Need help using your tokens to buy things? 

 > Exchange tokens for other cryptocurrencies? 

 > Want to exchange your tokens for fiat money? 

 How? Your smart agent will show you based on your location, situation, and preferences. 
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 2.1.5  Refresh and Repeat 
 > Now take stock in how you did, and what you learned. 

 > How did this newfound knowledge and skills help you? 

 > Next steps: Keep learning, apply your knowledge and skills. 

 > Continue your growth to be the best version of yourself. 

 You get the gist. 

 3  Programming the Wirk World 
 Now that we know what Wirk World will do for the community, how will we program it? This 
 programming task is complicated because Wirk aims to be a distributed application (dApp) on 
 the Ethereum network system supporting all wirk members anywhere in the world. Indeed, the 
 system will need to accommodate a multiplicity of users with jobs from employers, with 
 differing and even disparate attributes, assumptions, and conditions. So, the Wirk system will, 
 eventually, need to  auto-generate  smart contracts (  programs  , albeit from well-defined and 
 verified templates) such that the programs are verifiable. Moreover, our notion of smart agents 
 to assist users requires that artificial intelligence through machine learning (what we call AI) be 
 an integral part of our system. Incorporating AI into Ethereum (or any other blockchain system, 
 like Polygon) is itself a complex undertaking that has only begun in the blockchain tech 
 community and has not yet been realized to our knowledge. We hope to be leaders in this 
 endeavor and grow a community of developers. 

 This section will discuss the enabling technologies to be developed: 

 1.  Wirk Framework: Data Flow Programming Paradigm 
 2.  Distributed Architecture: Modular System of Generative Flow Networks 

 3.1  Wirk Programming Framework 
 The smart contract on an AI-based framework places data flow (information-driven) 
 programming at its core. In so doing we will achieve semi-automatic coding, learning, 
 verification, and real-time reasoning in one unifying framework supported by a singular model 
 of computation. This  model of computation  intends  to support the state-transfer model of the 
 Ethereum Virtual Machine (EVM) on which smart contracts execute: from transaction-driven 
 code programmed in the languages of blockchains. As a  unifying  model of computation it also 
 supports a transaction-driven data flow graph model that can be used to program machine 
 learning (ML) algorithms needed to realize the smart agents, program performance models 
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 needed to analyze smart contracts, and verify the correctness of the system for testing and 
 auditing purposes. 

 3.2  Distributed Architecture 

 3.2.1  Supporting both Smart Agents and Truly Smart Contracts 
 The  smart contract  is the immutable program code in  the Ethereum system that executes on 
 the EVM. Transactions are the starting point of every activity in an EVM-based blockchain 
 network. Transactions are the inputs that cause the execution of smart contracts on EVMs that, 
 in turn, update variables like balances and, more generally, modify the state of the blockchain 
 [1]. The EVM is a state-transition system, a  state  machine  , and transactions cause changes in 
 state. Wirk uses the EVM blockchain to keep data objects updated per these transactions. We 
 will build on two EVM-based blockchain networks: the Ethereum Mainnet and Polygon 
 sidechain (Ethereum Layer 2 scaling platform) for faster transactions and lower fees: 

 ●  The  Ethereum Mainnet  will be used for 
 1.  minting  W1RK tokens (our ERC-20 utility tokens) occurs  and transfers to other 

 (child) blockchains as necessary, and 
 2.  voting  in the DAO to best secure the project as much  as possible from 

 vulnerabilities of sidechains and saves gas when voting. 
 ●  The  Polygon sidechain  1  will be used for 

 1.  the remaining  business logic  , to maximize transaction  throughput and minimize 
 transaction costs, thus 

 2.  allowing us to  scale  this project to other EVM-compatible  networks, 
 3.  so that the  same contracts  could be published on those blockchains as well.  2 

 There are two classes of data objects that are maintained (created, updated, persisted) either 
 on  - or  off  -chain: 

 1.  user-specific data  that is owned by the user client  and governed as such, and 
 2.  user-generic data  that is collected from all users  but obfuscated so to be generalized. 

 Some  user-specific  data is persisted in the blockchain  when qualified as part of the global 
 database of record for job training, job qualifications, job contracts in progress or executed, 
 and job performance past and present. The  user-generic  data also persists in a distributed 
 database, but this type of data may be kept on a sidechain or other data buffer and persisted 
 to the blockchain as needed. Both classes of data are used to train the Wirk smart agents to be 

 2  So published without any need to mint yet more ERC-20 tokens since tokens are already in the parent 
 network, those tokens could be transferred from there through bridges to child blockchains. 

 1  Polygon was selected because for EVM compatibility and greater cost effectiveness compared to 
 Ethereum. Polygon also has a viable development community compared to other sidechain platforms. 
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 a personal assistant to each user: a generic agent pretrained from generic data offline (and 
 off-chain) to evolve into better personal agents when instantiated for a new user; an 
 instantiated specific agent continues active learning online (and on-chain) with the benefit for 
 user-specific data. Federated learning is used when data privacy and data movement is not 
 possible otherwise. 

 In summary and in keeping with Web3 values: 

 1.  Wirk AI should not have a direct access to user-specific data. The user must  allow  the 
 AI use of personal data to train smart agents. So, the process may look like this: User 
 retrieves and decrypts his data from the blockchain and sends it to Wirk AI from the 
 client's side. Certainly, no login/password pairs should be used; rather, only NFT or 
 blockchain address can give an access to the data. 

 2.  We will use a token-based sign-in so that profiles are linked to NFTs, not addresses, 
 with a protocol that has accounts for all members of the community. This way, users 
 can transfer funds off-chain without paying gas fees and much quicker than if you 
 transfer funds on-chain. 

 3.  User-generic data could be stored anywhere and Wirk AI should not delete it if the user 
 leaves the service.  3 

 4.  We can guarantee that users own their data only if it is stored on the blockchain. 
 Otherwise, servers could be stopped, and the data could be lost. Technically, we can 
 use a data buffer for better efficiency. Writing data on the blockchain all the time is 
 costly so we may store new data in the traditional encrypted storage and record it on 
 the blockchain periodically (weekly or even monthly). 

 5.  Since users own their data and it is on the blockchain it cannot be deleted. Wirk AI will 
 only be a service that works with federated data provided by user and does not store 
 data itself. The user can close an access to this data anytime and stop using the 
 service. Any user can destroy the key to that data to make sure it can never be 
 accessed in future. 

 3.2.2  Wirk System 
 The proposed architecture of our Wirk system is shown in Figure 1. The system is designed to 
 be very modular with well-defined interfaces. On the far left, we employ a multitenancy service 
 for each type of user to accomplish the required tasks. On the far right, the different data 
 modalities must be dealt with to accomplish the tasks. Doing so requires the aid of ML that 
 allows programming the required functions with the data itself. We make the ML solutions 
 modular to leverage any existing commodity software that can be incorporated. Where ML 

 3  at least according to EU laws 
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 solutions are lacking, we will develop our own using our model of computation presented later 
 and with the help of the TensorFlow framework. 

 Figure 1: Diagram of the Wirk system architecture to be developed 

 The ML modules support the higher-level processes that are also composable with trainable 
 parameters as well. These processes send and receive messages among these ML modules 
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 and generate the data (messages) to perform pattern recognition. To recognize patterns, one 
 must first learn to generate them, hence recognition images and speech, learn to generate 
 speech, text, and recommendations, and realize the smart agent personalized for each client. 

 At the center of this system is the Wirk AI that will be engineered to orchestrate the processes 
 to accomplish the tasks. To that end, both the AI core and subordinate processes will be 
 designed with the formalisms of graph models: Bayesian networks, Markov chains and 
 networks, and graph neural networks. These design models will be stitched together from the 
 fabric of a unifying model of computation of generative flow networks. The specifics of this 
 approach are discussed in the next section. 

 3.2.3  Generative Flow Networks 
 Nearly all useful models of manmade and natural phenomena are, or can, be conceive as 
 state-transition models. Indeed, nature seems to evolve elegant and optimal designs that tend 
 to maximize the flow itself as the objective (reward) function [2]. 

 For the purposes of crafting and training our ML process models for our smart agents and 
 smart contracts, we use the  generative flow network  ,  or GFlowNet [3], and abbreviated here as 
 a GFN. This is a new type of generative model trained so that it can sample data objects  𝑥 
 (data structures, sets, graphs, code) through a  sequence  of constructive steps  . In this context, 
 flow  refers to the unnormalized probabilities (or  energy functions) associated with state 
 transitions decided by functions  from given a current state,  , to a new state,  . This  𝑇 :     𝑠  →  𝑠  '  𝑠  𝑠  ’ 
 model is akin to other graph models with flows: dataflow graphs, Markov chains, Markov 
 networks, queuing networks, and stochastic Petri nets that attach weights to edges between 
 nodes that represent probabilities, energy, cost, or potential functions. And like these other 
 models, there is a notion of  flow-balance conditions  that must be satisfied, usually one that 
 satisfies the Markov property: the future is independent of the past given the present. Finding a 
 solution to these models means finding the settings of the parameters that achieve flow 
 balance. 

 Each sequence of decisions considers state trajectories  and actions  τ =     𝑠 
 0 
,     𝑠 

 1 
,  𝑠 

 2 
,  … ,  𝑠 

 𝑓 ( )
 decided by a stochastic policy  Each step is a state transition  with probability ( 𝑎 

 0 
,     𝑎 

 1 
,  … ) π  𝑠 

 𝑡 ( ).

 proportional to  , some given (or learned) non-negative integrable reward function. This also  𝑅 ( 𝑥 )
 gives rise to a  stochastic policy  for constructing  and sampling this generative process 
 according to  actions.  Actions can represent transactions  that not only change the system state, 
 but meant to construct things like plans, designs, contracts, code, analyses, and audits. These 
 things are the data objects used for input and generated as output. This is done in a 
 non-parametric Bayesian formulation where everything is a random variable, and the proper 
 use of prior probability distributions and hierarchical distributions of distributions can be 
 leveraged in the training and inference. 
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 A GFN is a  generative model  because after (and even during) training, we can sample data 
 objects from it [4]. This is better than other generative models for our needs because its 
 training objective is to match a reward function  to the model rather than fitting a dataset. Just  𝑅 
 as in reinforcement learning, the reward function is what describes the task to be learned—just 
 what we need to learn the tasks the Wirk AI must perform. The GFN generates data objects 
 with probability proportional to a normalized reward function and an inference machine that 
 can answer questions and predict probabilities about some other things, like system state 
 variables—observed or hidden, possible state space, and the most likely state transitions to 
 future states given certain input transactions and events. We can therefore also reason about 
 the possible/likely actions that can take place for a given state trajectory. 

 The most basic component of a GFN is a  neural network  that defines its constructive policy: 
 i.e., how to sample the next state  given the previous state  , through the choice of an  𝑠 

 𝑡 + 1 
 𝑠 

 𝑡 

 action  [4]. The new state becomes the input for the next application of the policy, until a  𝑎 
 𝑡 

 special action signals the end of the sequence. This concludes the state sequence and yields a 
 data object  generated from the final state  along with a reward  to encourage (or  𝑥  ←  𝑠 

 𝑓 
 𝑠 

 𝑓 
 𝑅 ( 𝑥 )

 discourage) the policy from generating such a solution—and so encourage more (or less) 
 solutions like it. Being also  stochastic  , this constructive  policy is capable of balancing 
 exploitation (of what works well) with exploration (of what may work even better). At any point 
 along the way in this process, we can be assured that each data object  is generated with  𝑥 
 probability proportional to  —a proper probability distribution over  when normalized to  𝑅 ( 𝑥 )  𝑥 
 sum to 1. 

 4  Teaching the Smart Agents 
 Wirk World will employ subject matter experts and educators to help train the Wirk AI so it can 
 personally engage with, teach, and contract “wirkers” anywhere in the world and guide them 
 on their journey. These are the smart agents that will also monitor the performance of wirkers to 
 encourage, minimize obstacles, overcome shortcomings, maximize success, and verify that the 
 job has been performed according to the smart contract terms. 

 4.1  Optimal Learning 
 We aim to realize  computational intelligence—  learning,  reasoning, predicting, planning, 
 designing, writing—in a way inspired by, and akin to the way humans do with the benefit of our 
 neocortex [5]. To do this, we have, and will continue to build on the theories of optimal learning, 
 Bayesian probabilistic reasoning [6], [7], Markov network model of flows for prediction [3], [7], 
 [10], [3], and generative models. 
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 Reasoning or each plan or each explanation for some given context can be described by a 
 graph obtained by reusing building blocks (causal mechanisms or relations between entities), 
 and conditional GFNs can be trained to sample them or provide probabilistic quantities of 
 interest (conditional probabilities, typically). 

 Human invention is  sequential  because our brain uses sequential reasoning and learning (what 
 we informally call thinking and predicting as we navigate our environment through our senses). 
 This type of learning takes a lot of time for our human neural network (the neocortex). However, 
 Wirk has been designed to not only learn and evolve iteratively but can do so with the benefit 
 of high-performance computers, manmade algorithms that take shortcuts and approximations, 
 and essentially enjoy accelerated timelines. The Wirk AI will be a distributed, cooperating, and 
 self-organizing smart agents. We will pre-train the smart agent models outside the blockchain 
 with historical data and then deploy the smart agents to process and transact messages. We 
 will also use new data buffered, federated, and later added to the blockchain to continuously 
 train the deployed agents with a new epoch of training with each new block of transactions and 
 data added to the blockchain. 

 Our training protocol  is based on a combination of  Active Learning  and  Federated Learning 
 to acquire noisy data samples most useful for training to infer invariant patterns to encode in 
 our ML models. 

 data samples  example data points 

 data exemplars  example patterns 

 Active learning  is the selective choosing of data  points with highest expected information 
 content for the training set. This is done sequentially using Bayesian model likelihood functions 
 and in the direction of the  knowledge gradient  [11]. 

 Federated learning  is a machine learning technique  for training models across multiple 
 decentralized nodes (servers or edge devices) where each hold some local dataset for training 
 but none of the data samples are exchanged [12]. In this context, federated learning can be 
 used to train a generic agent model in a decentralized way on local data collected from each 
 user without the data moving. 

 4.2  Think Globally, Compute Locally 
 We first train the smart agent models to learn from the data generated by active learning for 
 each user. We then use federated learning to update the model parameters across all agents 
 and users. 

 To sum up, active learning is used to train the smart agents. The agents learn continuously with 
 attention mechanisms focused on user-specific patterns and from user-generic patterns 
 acquired through transfer learning. The combined learning is based on sequential Bayesian 
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 learning and inference and is optimal in this context [11]. With this optimal learning, we account 
 for the costs of data acquisition and processing to update the model parameters. 

 5  Verification of Smart Contracts 
 Smart contracts are, traditionally, not very smart. Smart contracts are just code, usually with 
 simple predicate logic and if-this-then-that control flow: when certain conditions are met, the 
 program executes, performs some transaction to some outcome, which includes messages 
 sent to other nodes in the network. The “smartness” is typically limited to make the smart 
 contract code verifiable. We know that we can run an AI/ML program with data on the 
 blockchain itself on any blockchain network with smart contracts because the programming 
 language is Turing complete. With Ethereum, the language Solidity or Vyper is Turing-complete: 
 it can execute any algorithm devised by a human. But now the programming language is too 
 expressive and powerful, and we're now faced with the Halting Problem: the impossibility of 
 verifying in a small finite time whether the smart contract (the code) is correct—i.e., whether it 
 will be eventually stop before hitting the predefined gas limit and will it perform correctly in the 
 end. 

 So, the model of computation is usually limited on purpose to a simple state machine (finite 
 automaton), or more powerfully, a pushdown automaton when restricted with certain 
 standards, like ERC-20. This makes the smart contracts analyzable and verifiable by miners. 
 More expressive still, add a second stack, and you can now have loops of instruction streams, 
 yet unroll them from one stack with the help of the second stack to realize more sophisticated 
 contracts, yet still analyze and verify the unrolled loops. 

 We propose a different approach: to use formal methods—theorem proving methods and 
 exhaustive state-space exploration and analysis methods—to verify these truly smart contracts 
 by formally proving that they are correct. Moreover, this can be done in a tractable way with 
 method proposed here to ensure that mining is efficient (and thus bring down costs by making 
 computation more efficient). These are methods that the author has learned, practiced, and 
 innovated to design, engineer, and verify programs for spacecraft computers. Such software 
 must be proven to be correct before you launch them into space, which makes for a much 
 harder problem than verifying contracts on the blockchain. We can do this! And the technology 
 we will develop to do this is indeed novel and innovative in the context of blockchain. 

 5.1  Model of Computation 
 Considering the enormity of the state space of very large blockchains, it would be infeasible to 
 construct these graph models manually. Rather we need a high-level language for specifying 
 the possible blockchain evolution, which is subordinate to the execution of many instructions 
 and transactions in the smart agent processes. Such a high-level language would have to 
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 include in its model of computation the notion of random variables, the probability distribution 
 functions as well as arithmetic and algebraic operations on the random variables through the 
 associated distribution functions. Then, the language could be used to write down the 
 probability graph model—of a collection of smart contracts subordinated to smart agent 
 processes—as a program itself. In this way, when the program is compiled, a very detailed 
 graph model in the form of a stochastic process called a General State-space Markov Chain 
 (GSSMC) is generated as the low-level model—the low-level machine code, if you will. This 
 machine code is formal and well-defined, so it can be understood by a computer, analyzed, 
 and even executed to solve the model using numerical methods. The solution algorithms 
 involve exploring and enumerating the state space either exactly with formal methods or 
 through random sampling, usually from MCMC methods. 

 Our modeling languages of choice comprise the most useful ones that fall into the category of 
 graph models  . Graph models include Bayesian networks  (also known as belief networks) and 
 hidden Markov models (HMMs). The Markov chain is exactly a probabilistic state machine that 
 can model the construction of a blockchain. The (stochastic, extended) Petri net (PN) is 
 Turing-complete and can, therefore, model the execution of smart contracts on the EVM [13]. 
 The stochastic PN (SPN) model emits an underlying GSSMC, which is equivalently a model of 
 a discrete-event simulation. A reachability graph (RG) of a PN is a directed graph   ,  𝐺 = ( 𝑉 ,  𝐸 )
 where    is the set of reachable markings (PN states),  and   represents the directed  𝑣 ∈  𝑉  𝑒 ∈  𝐸 
 edges that connect markings, however large, that can be analyzed and checked for desired 
 properties, which is used for formal verification. If the PN is said to be “timed”, this means that 
 delays are attached to transitions that cause the PN to sojourn in states for some deterministic 
 or random time. We then call the PN a  stochastic  Petri  Net (SPN). The underlying reachability 
 graph of a SPN is a GSSMC as the notion of “state” now includes the  age  of the PN marking, 
 or equivalently, the  remaining time  until a transition  fires, thus causing a change to a new state 
 [8]. 

 Indeed, for useful modeling formalisms, we have many choices. So, we need a  model of 
 computation  as an intermediate representation that  is expressive, thus powerful, yet 
 convenient. For this we choose the aforementioned Generative Flow Network (GFN). It checks 
 all the boxes. Though we can construct a GFN model manually when special crafting is 
 warranted to leverage special knowledge being captured, the easier way is to use a high-level 
 language to generate the low-level GFN. We propose to develop the toolchain shown in Figure 
 2 that will use the languages of Python and stochastic Petri nets for the good reasons 
 discussed here. In subsequent development phases we might even consider creating our own 
 compiler for Solidity, Vyper, or other to translate the source code of smart contracts directly to 
 GFN models. But, for now, we will be content with Python and Petri nets. 
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 Figure 2: Wirk Framework Toolchain 

 As the toolchain in the figure above shows, we have replaced the classical MCMC sampler by 
 a trained GFN model—the advantage being that the GFN can exploit the  pairs seen ( 𝑥 ,     𝑅 ( 𝑥 ))
 during training sequences and then use that information to further generalize matters 
 elsewhere in the process [4]. That is to say, the GFN generalizes from seen (statistics) modes of 
 the unnormalized probability (energy) function to new modes, and then jump directly to those 
 modes by simply  sampling  from the GFN. In contrast,  the MCMC is disadvantaged in that it 
 must stochastically  search  for new modes by making  lots of small perturbations in its random 
 walk of the state space. The GFN way is better, faster, cheaper. 

 There is much related work in the literature on the topic of formal verification of smart contracts 
 [14]. The approaches tend to fit in one of two classes, either contract-level or program-level. 
 Our approach falls in the contract-level camp because we intend to model the state-transition 
 behavior of a given contract and as affected by transactions. This can be easily modeled by 
 Python/SPNs (source) and GFNs (model of computation) by gleaning the salient features of 
 behavior from the smart contract code (Figure 2). 

 Program-level approaches to verification instead parse the source code itself (Solidity or Vyper) 
 and emit the model of computation directly for analysis and verification. This would require us 
 to develop our own compiler. While this is could be done with LLVM [15], as used by other 
 modern languages, we think that contract-level modeling is a good start—considering 
 everything else there is to do to build the Wirk system and dApp (see Roadmap). As we alluded 
 to above, subsequent development phases may revisit this topic and consider a new compiler 
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 technology. Perhaps one of the works sited in [14] will provide a compiler for us in the future. 
 For now, we feel that our approach is more than sufficient considering that there is little to no 
 tools available now for this kind of formal verification. Indeed, some of the related work also 
 uses Petri nets, though  colored  Petri nets. But colored  Petri nets are just a modeling 
 convenience, as the extended stochastic Petri net we use is already Turing-complete—so no 
 added modeling power can be had by coloring the tokens. We believe our approach presented 
 here is novel as well as innovative in its use of generative flow networks as a model of 
 computation. This affords us many benefits, as already stated, and soon to be leveraged in our 
 development Roadmap presented at the conclusion of this white paper. 

 5.2  Computational Efficiency 
 As to the practicalities of turning the thousands of EVMs, affording the gas is a challenge. It 
 could use a lot of gas if not done properly, and gas is expensive on Ethereum. This challenge 
 has occupied our time of late. The gas prices of Ethereum could prohibit any AI/ML process on 
 the blockchain itself. We propose to side-step this problem in at least two ways: 1) the use of 
 side chains to execute the smart agents in a way that is more cost-effective and 2) with self- 
 sustaining bio-gas systems and credits for energy-efficient contracts to reduce our carbon 
 footprint. 

 We propose to execute the smart agents in a sidechain using Polygon that runs as Layer 2 
 where the execution of the smart agents is more efficient and does not burn the expensive gas. 
 Rather, our own fuel in W1RK tokens and priced cheaper. The whole point to blockchain 
 networks, as we know, is to incentivize users and miners to take part in operating and 
 maintaining this distributed network of computers and device clients at the edge. We also want 
 to incentivize developers like us to write efficient and verifiable code, to make efficient use of 
 memory and bandwidth, and want them to perform mining so that we have blocks to run with. 

 6  Roadmap 
 The road ahead to develop Wirk World has many challenges. We hope that the approach 
 presented here strongly suggests that it is not only possible, but practical and worthwhile for 
 the reasons discussed. This Roadmap to the future can be summarized around a two-phased 
 development plan, which is discussed in the remaining sections: 

 1.  First,  centralized smart agents  for decentralized  smart contracts (Figure 3) 
 2.  Then,  decentralized smart agents  so that everything  is distributed (Figure 5) 

 We intend to design and develop our solutions to evolve iteratively with agile software 
 engineering practices. The development plan for engineering and scientific staffing is 
 diagramed in Figure 6. 
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 6.1  Phase 1: Centralized Smart Agents 
 In the first year, we will build the Wirk system on the Ethereum and Polygon blockchains to 
 hold the distributed database of transactions between users: newbies (being educated), the 
 educators (both for humans and the smart agents), wirkers (educated and employed), and the 
 Wirk employers. The blockchain would store all salient states and data that over the Wirk Life 
 Cycle. This is portrayed in Figure 3 where the nodes are defined as: 

 Full node 

 ●  Stores full blockchain data so all states can be derived from full node. 
 ●  Participates in block validation, verifies all blocks and states. 
 ●  Serves the network and provides data on request. 

 Light node 

 ●  Stores the header chain and requests everything else. 
 ●  Can verify the validity of the data against the state roots in the block headers. 
 ●  Useful for low-capacity devices, such as embedded devices or mobile phones, 

 which cannot afford to store all the blockchain data. 

 Figure 3: Wirk will be realized in  Phase 1  development  to operate with  centralized  AI 

 Where our distributed database and ledger of client transactions with educators and 
 employers, payment transactions—the entire state transition history there for transparency, 
 auditing, and performance monitoring of all Wirk processes among all participants: students, 
 educators, employers, and wirkers alike. 

 The GFN is our model of computation of the state-transitions initiated by transactions for both 
 the smart contracts and  our  smart agents embedded  in the Ethereum system, either through 
 oracles to the smart agents or embedded at the edge or in a sidechain. 
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 6.1.1  Goals 
 ●  Build the Wirk World dApp on the Ethereum blockchain. 
 ●  The blockchain will be used for transactional data that should be stored safely to persist 

 the unalterable history of all transactions. 
 ●  The Wirk AI agents will be engineered and realized in the Google Cloud using 

 TensorFlow and supporting Vertex AI resources [16]. This will afford us the cutting-edge 
 tech and the least technical and schedule risk towards achieving our goals in Year 1. 

 6.1.2  Objectives 
 ●  Develop a GFN model of computation—a fabric to stitch together our system of 

 computational solutions. 
 ●  Use the above Wirk Framework, design and code the smart contract templates (to seed 

 the auto-generator feature) that can perform all the needed tasks in the Wirk Life Cycle. 
 ●  Develop the smart agents using the GFN model of computation with the language and 

 run-time system of TensorFlow. This involves adapting existing ML solutions through 
 APIs, adapting existing TensorFlow solutions for the same, or coding new TensorFlow 
 solutions where needed. 

 ●  With the help of Vertex AI, develop Wirk AI of smart agents with GFN models in 
 TensorFlow that makes use of the ML solutions above as procedures and functions. 

 ●  Design and implement the AI training protocol and reward functions for the GFN models 
 so that human SMEs can teach the Wirk AI through active learning and reinforcement. 

 ●  Test, demonstrate, improve the design and code with an incremental development 
 model. 

 6.2  Phase 2: Decentralized Smart Agents 
 In Phase 2 development, as shown in Figure 4, we will migrate the smart agents from being 
 centralized to a decentralized system with embedded ML. This will distribute the smart agents 
 with ML solutions that are both embedded at the edge and in a sidechain. In so doing, Wirk AI 
 will be able to leverage the thousands of EMV nodes into one large, distributed virtual 
 computer without the cloud service. Enlisting the entire Ethereum/Polygon platform gives rise 
 to a supercomputer, distributed, tamper proof, controlled by none, and benefiting all. 
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 Figure 4: Changes to architecture from Phase 1 to Phase 2 

 In addition to the Full and Light nodes, we add something new: smart agent nodes with ML 
 functions at the edge, or Edge ML. This is portrayed in Figure 5 where the added node type is: 

 Edge ML node 

 ●  Same as Light node. 
 ●  Also has embedded, distributed AI functions to service each client. 
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 Figure 5: Wirk will be realized in  Phase 2  development  to operate with  decentralized  AI 

 6.2.1  Goals 
 ●  Capitalize on what we engineered in Phase 1 and make quality-of-service 

 improvements for an enhanced user experience. These improvements will also further 
 reduce costs and maximize throughput (minimize latency) using a sidechain designed to 
 allow the centralized smart agents to be distributed across the Ethereum network as 
 shown in Figure 4. 

 ●  Decentralize the Wirk AI smart agents to the edge to allow distributed execution 
 alongside the blockchain itself. 

 ●  To that end, translate the TensorFlow models developed in Phase 1 to TensorFlow Lite 
 [17]. 

 ●  Develop a sidechain as an independent EVM-compatible blockchain that runs in parallel 
 to, and compatible with the Mainnet. 

 o  Like any sidechain, communication with the Mainnet is via two-way bridges. 
 o  Our sidechain will run under its own rules of consensus and block 

 parameters—under the policy and execution of our model of computation 
 realized by the GFNs—and, at its terminal conclusion, the resulting data objects 
 will be persisted to the blockchain on Mainnet. 

 o  For efficiency reasons, these terminal transactions and data objects can be 
 buffered and submitted to the Mainnet in a lazy way over spanning a longer 
 period to alleviate Mainnet congestion and keep costs lower. 

 6.2.2  Objectives 
 ●  Design and develop the distributed, cooperating, and self-organizing smart agents. 
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 ●  TensorFlow is a beast. We cannot readily put that dependency and burden on our 
 smart agents or smart contracts, especially on EVMs. Rather, there is TensorFlow 
 Lite for deploying previously trained models on a bare bones, light-weight, 
 highly-optimized version designed as a run-time system for embedded ML functions 
 at the edge [17]. This is ideal and a proven technology supporting smart phones, 
 tablets, and other resource-limited devices. This path to embedded distributed ML is 
 supported by the languages used to program apps on these devices [18]. We will 
 translate our previously trained GFN-based TensorFlow models to TensorFlow Lite, 
 integrate, test, and repeat until optimized. 

 ●  Investigate the use off-chain Layer 2 scaling strategies with the Polygon platform to 
 allow the smart agents to interact with the Ethereum system more efficiently, with higher 
 throughput, and low latencies—all needed for the best user experience. Off-chain 
 solutions are implemented separately from the Mainnet, as they require no changes to 
 the existing Ethereum protocol. Our sidechain (Layer 2) solution will derive its security 
 from the Mainnet (Layer 1) consensus: 

 o  Rollups perform transaction execution outside Layer 1 and then the data is 
 posted to Layer 1 where consensus is reached. As transaction data is included 
 in layer 1 blocks, this allows rollups to be secured by native Ethereum security. 

 o  State channels utilize multisig contracts to enable participants to transact 
 quickly and freely off-chain, then settle finality with the Mainnet. This minimizes 
 network congestion, fees, and delays. The two types of channels are currently 
 state channels and payment channels. 

 ●  Reduce the cost of transactions and maximize throughput by implementing Layer 2 
 rollup strategies that scale up efficiently as an Ethereum-based system. 

 ●  Design of fuel tokens and protocols for the Wirk AI sidechain. 
 ●  Optimize and scale up the system. 
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 Figure 6: Diagram of entity relationships to staffing 
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