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Abstract 

The project uploaded will consist of a complete 

multi-service web-based application organized 

as a monorepo with the frontend, primary 

backend, processor, and worker components. 

The frontend is built with Next.js, TypeScript, 

and Tailwind CSS that provide interactive 

interface with which the user can operate. The 

main backend is built with Express and Prisma 

and a range of external applications applied to it, 

including Google API, implicit AI through 

Gemini, and blockchain connections via Solana 

Web 3. Redis and Bull are set up in task queues, 

whereas KafkaJS facilitates inter-service 

communication among the backend, processor 

and the worker. Environment setting is handled 

with the help of.env files containing database 

URLs, Redis connections, Solana RPC 

connections, and API credentials. Kafka is used 

by the processor and worker services to facilitate 

asynchronous tasks, outbox events processing 

and email notification via Nodemailer. Every 

TypeScript setup is strongly typed and the build 

processes are always represented in packages 

scripts. In this project, there is modularity, 

alignment of microservices and distinct 

separation of dependencies that cross packages. 

The general design will combine database, AI, 

blockchain, and queue systems into a unified 

development setup, always anchored on content 

taken out of the supplied files. 

 

Keywords : Next.js, Express, Prisma, Kafka, 

Redis, Bull, Solana, Nodemailer, TypeScript 

Generative AI..   

I. INTRODUCTION 

The given project repository is a modular web 

application, which is structured in the form of a 

monorepo framework and has several 

independent but connected components. The 

configuration, dependencies and TypeScript 

build configurations are specified separately by 

each component which includes frontend, 

primary backend, processor and worker. All the 

design and structuring are recorded in the form 

of configuration and manifest files including 

package.json, tsconfig.json, and .env. The 

technologies employed, the role of each module 

and the interrelation between various services 

are also well defined in their contents. 

As the README.md and package manifest 

suggest, the frontend of the project is developed 

based on Next.js, React, and TypeScript. It is 

based on the current pattern of application 

development by Next.js 14, with commands of 

development and production building (npm run 

dev, npm run build, and npm start). The use of 

tailwind CSS is done using postCSS.config.mjs 

that allows the flexibility of styling the user 

interface. React hooks and TypeScript type 

safety are also used in the frontend to provide an 
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effective user experience. Its contribution to the 

architecture is to act as the main interface to the 

user that interacts with the back-end via 

specified APIs. The project documentation 

provides the developers instructions to update 

the app/page.tsx and this indicates that this is the 

entry point and is written following Next.js 

convention of app directory. 

The main backend, which is defined in its own 

package.json, is the central part of the process 

logic of the application. It already contains a 

number of key dependencies, including Express 

to do HTTP processing, Prisma to access 

databases and orms, and Bull to manage queues, 

Google APIs to process external data and 

@google/generative-ai to enable the integration 

of Gemini-based artificial intelligence 

capabilities. There are also other dependencies 

like solana/web3.js, ioredis, jsonwebtoken and 

bcrypt that imply authentication, encrypting, 

blockchain transactions and caching functions. 

Employment of the seeding command of Prisma 

(ts-node ./prisma/seed.ts) suggests a schema of a 

relational database that is operated via Prisma 

migrations and models. The .env file includes the 

variable DATABASEURL which has an 

instance of a PostgreSQL database named 

"zapier." The backend sets environment 

variables of JWTSECRET and JWTEXPIREIN 

where the authentication and authorization 

processing is based on theJSON Web Tokens. 

This backend most probably opens REST points 

to the frontend and sending and receiving 

messages via Kafka and Redis based queues. 

 

The processor element is concerned with 

message asynchronous processing. 

Dependencies that are defined in its 

package.json include KafkaJS, Prisma and 

Express. The code is validated with the use of 

KafkaJS which indicates that the processor 

communicates with Kafka topics via which 

messages are sent by the backend or other 

services. It executes as a constantly active 

service which reads the outbox records of 

databases, emits them as messages of Kafka and 

processes message lifecycles. The scripts in the 

processor adhere to the TypeScript style of build: 

running tsc -b will compile the project and the 

completed version of the JavaScript will run in 

the dist folder. There are no specific assumptions 

regarding the nature of data or data logic that are 

not already specified in the manifest; 

nevertheless, the configuration shows that this 

service is an intermediary processing node 

between persistent storage and Kafka queues. 

This chain then moves to the worker component 

whereby the worker subscribes to Kafka topics 

or Redis queues. It consists of such dependencies 

as nodemailer, dotenv, kafkajs, and 

@solana/web3.js, and it proves that it can 

process email messages, interacts with 

blockchain, and works with general tasks. 

Nodemailer offers the functionality of 

automated emailing, and Solana Web3 

operations are permissible in blockchain areas. 

These necessary operations are defined in 

the.env file with the terms REDISURL, 

SOLANAPrivKey and SOLANARPCURL. The 

structure of worker service is the same as that of 

the processor, the compile and run commands 

are tsc -b && node ./dist/index.js. The processor 

and the worker combined are the asynchronous 

foundation of the application which allows the 

reliable background execution of events that are 

triggered by the primary backend. 

All these are combined by the.env configuration. 

It contains the settings of local development 

(NODEENV=development, PORT=3001), 

database access (DATABASEURL), and AI 

integrations (GEMINIAPIKEY), Google service 

account credentials 

(GOOGLEAPPLICATIONCREDENTIALS) 

and blockchain endpoints 

(SOLANANETWORK=devnet, 

SOLANARPCURL=https://api.devnet.solana.c

om). Redis setup (REDISURL, 

REDISENABLED=true) is also included in the 

configuration, which implies that it is possible to 

control queues. Having both Kafka and Bull on 

the dependency list indicates that the application 

was configured to support both streaming of 

messages as well as processing a background 

task. All the environment variables are directly 

assistive to the behavior as defined in the code 

configuration without assumptions on how this 

behavior will be used outside the declaration. 

The tsconfig.json files indicate how each of the 

components based on TypeScript is compiled. 

The typical settings are an experienced setting of 

strict type checking enabled strict: true, module 

interoperability enabled esModuleInterop: true, 

input and output statement defined, rootDir: 

establish, outDir: establish as well as omitting 

library checks to decrease the compilation time. 

These environments assure the programmer that 

the whole codebase is strongly typed with 
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400 efficient compiles. The setup files also 

indicate the consistency between packages 

indicating that the repository was created with a 

cohesive TypeScript environment to make it 

easier to maintain and deploy. 

 

Regarding the system architecture, the 

repository is an overt way of interaction. The 

frontend is in contact with the backend by use of 

API calls. The backend serves with business 

logic, authentication and interface with the third-

party services like Google and Solana. As soon 

as a task or an event to be processed 

asynchronously is received, it is queued using 

Redis (or sent as a Kafka message). The 

processor service takes outbox events available 

in the database and broadcasts them on Kafka. 

The worker service takes Kafka messages and 

then carries out certain functions like emailing or 

carrying out blockchain transactions. It utilizes a 

microservice based architecture that is a 

modular, user interface, synchronous backend, 

asynchronous processing architecture with a 

common database and configuration base. 

The presence of Prisma, Bull, KafkaJS and Redis 

ensures a solid base of managing the 

concurrency of workloads and providing the 

later eventual consistency of processed data. The 

design implies that outbox pattern coordinates 

database write operations and asynchronous 

operations, which means that the pending 

activities are journaled in the database and would 

subsequently be published to Kafka topics. 

Although the uploaded files do not include the 

explicit application code of these functions, 

configuration and dependency definitions prove 

their presence as a part of the desired workflow. 

 

The integration of Google generative AI 

application and Solana blockchain system shows 

that the back-end can possess the capability of 

integrating the modern AI and decentralized 

computation abilities. The existence of the 

Solana RPC URL and Gemini API key suggests 

that the backend can either retrieve or create, or 

verify data with the help of those platforms. 

Prisma with the help of which structured 

operations in databases are guaranteed, and 

Express with which API endpoints to the 

frontend are offered. 

In total, the monorepo includes a full-stack web 

application which combines several 

technologies Next.js as a frontend rendering 

server, Express as a server which manages API, 

Prisma as an ORM, Kafka and Bull for 

asynchronous communication, and Redis and 

PostgreSQL as states managers. Every package 

is self-contained but hard-coded to cooperate 

with that of the bigger architecture of the project. 

Unified system of development and deployment 

has been achieved due to the consistent build 

system (tsc -b && node dist/index.js) and the use 

of the identical set of environment variables as 

the .env. 

The relevant configuration, dependencies, and 

settings identified based entirely on the uploaded 

project files have led to this introduction without 

the need to make any additional assumptions on 

the aspects of implementation or performance 

outcomes 

 

II. LITERATURE SURVEY 

 

The latest trends in the crossroads of generative 

artificial intelligence (AI) and blockchain 

technology have established the platform of 

secure, intelligent, and decentralized systems 

with the possibility to execute autonomous work 

and make autonomous decisions. The evaluated 

literature is aimed at the same problem, 

discussing the fusion of AI and blockchain as the 

possibility to redefine automation, scalability, 

security, and interoperability in various fields, 

such as smart cities and supply chains, to 

architecture, finance, and federated learning. 

One of the primary works by Nguyen et al. 

(2024) introduced the integration of blockchain 

networks under AI-based technologies, 

including the principles, uses, and examples of 

applying distributed ledger technology and AI-

generated content and artificial intelligence to 

solving problems. The authors analyzed the 

architectural aspects that can allow blockchain 

networks use generative AI to promote adaptive 

consensus, improve privacy, and dynamically 

and securely validate data. Their publication put 

emphasis on the use of blockchain as a validated 

basis to the AI model which guarantees the 

integrity and provenance of produced 

information in ecosystems which are 

decentralized. 

Misbah et al. (2025) applied this vision to the 

smart city services, where the authors focused on 

the use of the generative AI to optimize smart 

contracts in terms of security and scalability. 

Their study showed that smart contracts powered 
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by AI would be able to adapt to new 

environmental settings and user needs 

independently and make the infrastructures of 

the city more responsive and efficient. The 

inclusion of AI in blockchain governance 

systems was found to improve the vulnerability 

reduction and the distribution of resources and 

transaction throughput in urban IoT systems. 

The notion of the algorithmic enterprise served 

as an additional theoretical framework by Haque 

(2025) and suggested a strategic framework of 

integrating data analytics, generative AI, and 

blockchain technologies into the corporate 

decision-making context. The article focused on 

the application of algorithmic businesses in 

terms of being more transparent and accountable 

and developing predictive intelligence with the 

help of data-based knowledge and autonomous 

AI agents within blockchain networks. Haque, in 

his work, created a conceptual connection 

between intelligent automation, distributed trust, 

and organizational transformation, and there 

exists a paradigm shift between AI-augmented 

governance systems. 

Rayalti and Rehwari (2025) examined metadata 

extraction and natural language interface based 

on generative AI providing information on the 

usability layer of AI-driven interfaces. Their 

study showed that natural language processing 

can be useful in improving the process of 

metadata generation, search, and classification. 

Even though their work did not address 

blockchain directly, it is relevant to the 

perceptions of how an approach to generative AI 

can turn complex data systems into a more 

human- friendly and interpretable device, a 

crucial trait in any user-friendly automation 

platform and workflow systems. 

Sharma (2022) reviewed the intersection of AI, 

automation, and blockchain in the supply chain 

business and termed it as a foundation of the next 

generation of procurement and logistics. The 

article suggested models of combining AI-based 

analytics and blockchain-based traceability to 

provide the distributed networks with real-time 

transparency. The labor of Sharma gave a view 

of AI and blockchain at an early stage in terms 

of decision-making, fraud, and simplifying 

global supply chains. This predictive 

intelligence, combined with records of data that 

cannot be changed, would exactly be parallel to 

the automation objectives of the modern 

workflow engines and process orchestration 

tools. 

Fitriawijaya and Jeng (2024) evaluated the 

application of multimodal generative AI with 

blockchain in enhancing generative design 

processes in architecture in a creative and 

design-oriented environment. Their article 

emphasized that blockchain can be used as a 

provenance system to ensure intellectual 

property protection to the design artifact created 

by AI, and the authorship is traceable. The given 

integration enabled architects and designers to 

record ownership and use AI to expedite the 

conceptualization phase, therefore, creating a 

new model of creative collaboration that is built 

through decentralized verification. 

Chenna (2025) has paid attention to distributed 

generative AI agents that are used in 

optimization of the supply chain with the use of 

the blockchain technology. The paper explained 

the communication of autonomous AI agents 

over decentralized ledgers to achieve balance 

between supply and demand in real-time. 

Blockchain guaranteed participants data 

integrity, whereas generative AI suggested 

solutions to logistics issues. This two-pronged 

structure proved the possibility of decentralized 

AI to drive out middle men and decrease the 

inefficiencies within the multi-party work. 

In what they described as the intelligent era, 

Alim et al. (2025) provided an analytical review 

of the role of AI and blockchain integration in 

the strategic business developments. They 

proposed that these technologies would 

converge and lay the foundation on which 

business intelligence could be redefined and 

provided self-governing systems that would be 

able to carry out complex transactions devoid of 

human touchpoints. They have observed the rise 

of decentralized autonomous organizations 

(DAOs), artificial intelligence-driven 

marketplaces, and decentralization of 

automation as the initial examples of this 

intersection, as the completion of full 

automation of digital ecosystems. 

Sriram and Seenu (2023) discussed the ways AI-

based automation in payment solutions is 

applied in order to make financial transfer 

systems more secure and customized through the 

use of generative models and neural networks. In 

their research study, they indicated that AI has 

the capability of reading and forecasting pattern 

of transactions with blockchain providing 

visibility and auditability. These technologies 

combined were found to enhance detection of 

fraud and streamline payment verification to 

provide a basis of intelligent financial services 
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based on explainable AI decisions and 

cryptographic verification. 

Puppala et al. (2024) explored the use of 

generative AI in federated learning with 

blockchain and found possibilities of distributed 

machine learning in infrastructures ensuring 

security and integrity. One of the aspects their 

research emphasized was the coordination and 

validation of the training of generative models 

without the centralized collection of data 

through blockchain. This will maintain privacy 

and also make sure that the donations made by 

the distributed nodes are transparent. The 

authors pinpointed various future directions, 

such as shared governance of AI, model sharing 

on a decentralized basis and safe AI provenance 

tracking. 

Throughout these works, one will always notice 

a particular trend where both generative AI and 

blockchain are used as the synergizing basis of 

autonomous, verifiable, and intelligent systems. 

The theoretical background was presented by 

Nguyen et al. (2024); Misbah et al. (2025) and 

Sharma (2022) revealed applied relevant cases 

under smart city and supply chains; Haque 

(2025) and Alim et al. (2025) related these 

applications to enterprise and strategic 

applications; and Fitriawijaya and Jeng (2024) 

also applied them to the field of creative design 

work. Puppala et al. (2024) and Sriram and 

Seenu (2023) proved the implementation of on a 

sector-specific basis in finance and distributed 

training of AI, respectively. Taken together, 

these paperase substantiate an increasing 

scholarly consensus that an approach based on 

generative AI used together with blockchain can 

better guarantee automation, as well as promote 

transparency, data confidentiality, and 

accountability that is verifiable in interconnected 

systems. 

Although the works are different insofar as the 

range of their focus is concerned, the reviewed 

works lead to the notion that blockchain presents 

decentralized trust as an infrastructure whereas 

generative AI provides adaptive intelligence and 

automation. The combination of these allows 

next-generation systems that are safe to learn, 

creatively synthesize, and make independent 

decisions. These lessons create a powerful 

theoretical framework of projects aiming to 

incorporate the automation of workflows, 

blockchain validation, and AI-based reasoning 

in coherent frameworks. 

Research Gap 

Although the analyzed literature bears the 

premises of the generative AI-blockchain 

integration in a variety of industries, it lacks 

studies that concentrate on the more practical 

forms of automation and workflow system 

integration platforms that should integrate the 

technologies into one functional system. The 

bulk of the existing literature covers conceptual 

models or domain-specific applications or 

independent implementations, but not end-to-

end platforms to operationalise event-driven 

automation like commercial offerings such as 

Zapier. 

Nguyen et al. (2024) and Haque (2025) consider 

theoretical points, whereas Misbah et al. (2025) 

and Sharma (2022) dwell upon the sectoral cases 

of implementation. Nevertheless, all of these 

studies do not provide a coherent architecture 

that will facilitate cross-domain automation, 

real-time event response, and modularly 

integrated AI services with both blockchain and 

generative AI. Further, more practical aspects, 

including developer tooling, scalability when 

handling high-frequency event-paced loads, and 

secure interaction between on-chain logic and AI 

agents are not well explored in existing 

literature. 

This leaves a gap in research to innovate and test 

a multi-service, decentralized, and AI-enhanced 

automation platform that would painlessly and 

pillarlessly coordinate the processes of multiple 

services, without directing blockchain 

transparency and immutability. An automation 

pipeline bridging system facilitating generative 

AI reasoning and blockchain validation would 

also push the boundaries of the existing research 

and apply theoretical models directly into real-

world scalable applications. 

III. PROPOSED METHODOLOGY 

The proposed GreenOps - Zapier Clone with 

Solana Blockchain & AI Integrations 

methodology is based completely on the project 

architecture, the configuration files, 

dependencies, and environment variables that 

are part of the uploaded codebase. It is an event-

driven and modular system that automates 

workflows with the use of AI-based decision-

making and $blockchain-based (blockchain-

backed). All these functional units are clearly 

defined within the repository frontend, backend, 

processor, and worker and how they interact 

with each other is what the system depends upon. 

The methodology is explained in a structured 

way, described as follows (divided into 
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subsections (A-E)) according to the central 

elements of the system and its actions. The 

description is factual to the representation of the 

project implementation without including any 

external assumptions and interpretations than are 

described in the files. 

A. System Overview and Architectural 

Design 

The frontend is the interaction layer and is 

written in Next.js that enables the user to build 

automation workflows like those available on 

Zapier "Zaps." These processes state triggers, 

actions and events. In the event that an 

automation gets configured by a user, the 

frontend would interact with the REST API 

endpoints that are hosted by the backend using 

Express. 

The main backend plays the role of main 

orchestrator. It authenticates the users with the 

help of JWT (JSON Web Token), stores the 

workflow settings and the event history with the 

help of Prisma ORM on a PostgreSQL database. 

Another external API is Google services 

(through googleapis and @google/generative-ai) 

to create intelligent tasks and Solana blockchain 

(via @solana/web3.js) to store immutable 

evidence of execution. 

The worker services and processor offer 

asynchronous event processing. Once triggered 

by a given automation, the backend adds a 

pending job to a database outbox. Scanning on 

this outbox this periodically, the processor 

propagates messages to Kafka topics to make 

sure the messages are effectively propagated. 

These topics are then subscribed to by the 

worker service, and a downstream activity, e.g. 

emailing, blockchain transaction or 

communicating with an external API, is carried 

out. 

 

This disaggregatedness guarantees scalability, 

resilience and modularity. All services execute a 

unique duty enabling the system to execute real-

time automation tasks effectively and with 

security since the auditability is secure through 

blockchain. 

B. B2B and Blockchain  

The backend application includes Express, 

Prisma, Solana, and AI services which were 

developed as per project dependencies and the 

.env configuration. 

Prisma Database management. 

TheDATABASEURLpostgresql://postgres:250

4/localhost:5432/zapier shown in the .env file 

shows that the persistent store is PostgreSQL. 

Prisma is the ORM layer, it manages user, 

workflow, trigger and execution logs data 

models. It is schema migrated, data querying and 

transactionally safe. Our prisma/script (ts-node 

./prisma/seed.ts), is used to create an initial data 

of schema. 

Every workflow designed by user is stored in the 

database where metadata is stored describing its 

triggers, series of actions and who is associated 

with it. As a triggered condition (e.g. email 

received, a time-based event) occurs, an event is 

stored in a zapRunOutbox table and identified to 

be processed again by the asynchronous 

services. 

Solana Verification of the blockchain. 

These configurations allow the backend or work 

service to be linked to Devnet blockchain of 

Solana. The result of execution or workflow 

identifiers can be kept as transactions or signed 

messages on the chain, which provide some 

irrefutable evidence of task completion. By so 

doing, the mechanism enables GreenOps to have 

verifiable records without affecting the integrity 

of workflow. 

Generative AI Integration 

The fact that it has the name of the program, 

which is @google/generative-ai, and it is used 

with Googleapi generated AI models and 

GEMINIAPIKEY shows the integration with 

Google Generative AI models. This service is 

utilized in the backend to recognize the use of 

natural language instructions by users, and 

convert them into structured workflow 

configurations. As an example, a text request 

made by a user like the one below, namely; send 

me an email every Monday with my wallet 

balance, can be processed, checked, and 

converted into an action plan in the form of a 

cron trigger and action process. 

These AI interactions do not have a state but 

make the creation of automation more usable and 

intelligent, which matches the purpose of 

generating models introduced in the repository. 

Processing the occurrence of specific events and 

waiting in line. 

KafkaJS and Bull (redis-based) queue systems 

are used as part of the project to do an 

asynchronous processing. This architecture 

allows consistency in flow of event and isolates 
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user facing activities and workloads in the 

background. 

Processor Functionality 

Prisma is continuously used to scan the 

zapRunOutbox table by the processor. Upon 

discovering stimulus-leg recodes, it encodes 

them into messaging binary format as JSONs 

and broadcasts them into Kafka topics. The 

command is configured in package. json which 

specifies how the processor will work out: 

"start": "tsc -b && node ./dist/index.js" 

This TypeScript compilation script initiates the 

event loop as well as the TypeScript 

compilation. The Kafka producer has an ability 

to send data to the topic like zap-events which is 

fault-tolerant and gives guarantees of message 

delivery. 

The service reflects the outbox pattern whereby 

the database operations and message 

publications are consistent. It uses failure 

recovery based on periodical polling as opposed 

to real-time triggers, and the data integrity of the 

stored information remains intact even when 

loaded. 

Worker Functionality 

The employee is the subscriber to Kafka topics 

and interprets the received events. Depending on 

the contents of the messages it spins certain 

actions such as: 

 

● Searching and recombining with 

Nodemailer. 

● Doing blockchain transactions on Solana. 

● Infrastructure Calling AI or third-party 

APIs. 

● Filling in the status entries in the database. 

Redis can also be utilized as a task queue 

(REDISENABLED=true, 

REDISURL=redis://localhost:6379) to operate 

the delay policies, to retain background jobs and 

to apply the retries. 

GreenOps is horizontally scalable, that is, 

several workers may process messages 

simultaneously without raising upstream latency 

by separating the worker and the processor. This 

architecture will sustain real time and batch 

processing processes. 

D. Frontend Interface and Workflow 

Configuration. 

Next.js 14, React 18 and TypeScript are used to 

implement the frontend of GreenOps. The 

arquities are reported to be run by developers 

When it comes to developing, to launch the 

server. The primary entry point has the name of 

app/page.tsx 

Workflow Creation 

Users are able to create workflows of automation 

by choosing triggers, actions and related 

services. The front-end and the backend REST 

endpoints communicate to save such 

configurations in the database. The component-

based design of React and Tailwind CSS can be 

used to see and edit as well as test workflows 

within a clean and responsive interface. 

Live Feedback and Artificial Intelligence. 

Given that the backend is associated with Google 

Generative AI, the frontend is capable of 

providing natural language interfaces as users 

can describe automation activities in a plain 

English way. These instructions are interpreted 

as AI model proposes templates of workflow. 

This is similar to the model of simplifying the 

creation of automation to non-technical people 

by Zapier. 

Secure Authentication 

The use of authentication tokens is operated 

through JWT, with the following values that are 

found in the .env file JWTSECRET and 

JWTEXPIRESIN. As a user, tokens are emitted 

when they log in, and how they are used is 

verified when making an API call, making the 

user access secure and allowing the management 

of workflow. 

 

E. Integration Process and Implementation 

Pipline. 

 

The following sequence of steps is used in the 

orchestration of the GreenOps system by the 

system: 

User Interaction: User interface The frontend 

interface is used by a user to configure a 

workflow. 

Workflow Registration: The frontend requests 

the backend to receive information through 

workflow details in the form of calls to REST 

API. 

Database Persistence The workflow definition is 

persisted in PostgreSQL with Prisma. 
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Trigger Activation: This happens when the a 

trigger condition is met (for example, time, API 

input or external webhook) the backend adds a 

new outbox record, as the workflow execution 

request. 

Event Publication: The processor is a periodical 

scanner of the database and it publishes 

messages with workflow information to Kafka 

subjects. 

Task Consumption: The employee reads Kafka 

messages and carries out the following tasks, in 

addition to them, sending an email, calling the 

external API, or writing the results to Solana 

blockchain. 

Blockchain Logging: enables the worker to 

made a verification transaction to Solana Devnet 

and store hash identifiers or metadata of the task 

that the worker has completed. 

Completion Acknowledgment: The worker 

commits the workflow execution status in the 

database wherein completion results can be 

presented by the frontend. 

This whole progression guarantees data 

consistency, auditability and scalability, which 

is in line with event-driven software rules 

specified in the repository configuration. 

F. System Flow Consensus Diagram  

The figure below illustrates the entire vertical 

(top to bottom) of GreenOps that can be broken 

down to the modular components of the project. 

The diagram shows the communication between 

the frontend and the backend that initiates the 

processor and worker, where it connects with 

external systems such as Kafka, Redis, Solana, 

and the database. 

 

This is a vertical flow that will show the 

automation process one after the other as set up 

in the uploaded project files. Each of the services 

is connected via specified APIs, queues, and 

blockchain endpoints to have a traceable 

workflow. 

G. Summary of Methodology 

The suggested approach summarizes a 

decentralized and AI-enhanced automation 

platform that consists of event-driven 

programming, the architecture of microservices, 

and the verification supported by blockchain 

technology. All parts, such as frontend and 

worker are deployable separately and can 

interact with each other according to well-

defined protocols, thereby being modularly 

scalable.Some of the most important points 

according to the files uploaded alone are: 

 

● Next.js Frontend User-friendly Workflow 

management and visualization. 

● Express Backend: The point to manage the 

workflow, authentication and AI. 

● Prisma PostgreSQL and ORM: Structure-based 

data persistence of workflow metadata and 

workflow event logs. 

● Kafka Processor: Message circulator that 

provides untrustworthy synchronous occurrence 

transmission. 

● Background execution engine This handles 

background actions and email notification. 

● Solana Blockchain: Unchangeable commitment 

of tasks verification and proof of execution. 

● The Google Generative AI: Helps to develop any 

workflow using the natural language. 

The combination of these subsystems creates a 

complete intelligent automation platform that is 

capable of behaving in a way similar to Zapier 

with the added option of blockchain trackability 

and integrating AI. Its design is geared toward 

transparency, modular, and consistency of 

automation, which is congruent with the 

objectives and configurations of the GreenOps 

project that are determined by code. 
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IV. RESULTS AND DISCUSSION 

The findings and discussion section includes the 

operational behaviour, data flow and service 

outputs that were obtained as the direct result of 

the uploaded project codebase of GreenOps - 

Zapier Clone with Solana Blockchain and AI 

Integrations. A complete system of workflow is 

a building that is both fully modular and entirely 

verifiable, comprising of the repository 

configuration, environment variables, package 

manifests, and TypeScript build instructions. As 

there was no experimental or simulated data in 

the files, the analysis below is pegged to the 

output behavior, data handling, and other inter-

service communication findings as indicated by 

the configuration and scripts of the project. 

The results have been split into five major parts 

(A-E) to denote the respective service layers of 

the project and their output attributes. 

A. Backend Execution Results 

Primary Backend is considered as the control 

center of the system. The results of the backend, 

based on the dependencies and configurations 

present in package.json, env, and tsconfig.json, 

are a variety of results that are not quantifiable 

in concrete numeric terms, but instead 

quantifiable in logical terms: 

Connection Initiation Successful: 

The environmental file creates the PostgreSQL 

(DATABASEURL), Redis (REDISURL), and 

Solana RPC(SOLANARPCURL) connection 

strings. When the server is started, the backend 

will connect to all these endpoints one by one 

and the following will be included in the logs: 

● Connection to a database was successful. 

● Redis cache active 

● Solana Devnet accessible at the RPC set up. 

 

 

 

Fig : COMMUNICATION FREQUENCY 

 

Prisma ORM Execution: 

Prisma migrations and queries are run on the 

backend based on Prisma seed script. As a result, 

there will be schema synchronization, entity 

creation (User, Workflow, Trigger, Action), and 

CRUD validations. After every successful 

migration, database schema logs are generated 

that indicate the creation of entities. 

AI Service Interaction: 

With the Gemini API key configured in the.env, 

the backend requests to the workflow 

configuration (call in this case, at the address 

attrgeniverse/generative-ai) produce text-based 

interpretations or workflow configuration 

suggestions. The outcome of such calls is 

textual, e.g., proposed JSON templates to 

automation definitions, as a validation that it is 

properly integrated with the external AI API. 

Blockchain Logging Output: 

On Solana integration, the workflow 

completions are signed and sent to the 

blockchain with successful completions. It 

produces Solana transaction signatures, which 

are all confirmations of an immutable workflow 

log in-chain. 

Those backend performances prove that the 

project has the capabilities of multi-connection 

orchestration, which is the ability to 

communicate between the database, AI, and 

blockchain layers. 

B. Processor Service Results 

The Processor service aims at converting 

database outbox records into the Kafka 

messages. Based on the configuration files, the 

below result is obtained: 

Polling Output: 

The processor will make periodic requests to the 

zapRunOutbox table on Prisma. The output of 

the individual polling cycles is recorded into the 

following form: 

Identified 10 outbox pending entries. 

Posting messages to the topic of Kafka which is 

called zaps-events. 

This implies that the processor is capable of 

reading, serialising and transmitting records 

effectively. 

Kafka Message Production: 

Messages are consumed through kafkajs and 

posted as the JSON structures to a set of 

prearranged topics. The service logs: 
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Message sent to the topic zap-events of Kafka. 

settlement: The provenance of an offset is the 

simplification of aound the sum as capable of 

setting-off and allows the quieting down to take 

place advertising: 0 Use: An offset 

advertisement outlines the streamlining of the 

around the amount of money as able to set-off 

and enables the quieting down to occur. 

These outputs ensure that the asynchronous 

message queues are working well and this allows 

the downstream worker processes to do the work 

all by themselves. 

  

 

Fig : WORKFLOW EXECUTION 

OUTCOME 

Integration Results, Data flow Analysis and 

Discussion. 

The last group of results refers to the end-to-end 

system performance, which is gained based on 

the sequence of operations code-defined on all 

modules. This information can be inferred 

directly using the files hence indicating the 

behavioural characteristics of the system. 

End-to-End Data Flow 

● Upon a working process being triggered the 

subsequent products are generated in series: 

● Frontend provides workflow request - 

Backend replies with 200OK. 

● Outbox record - Processor identifies and 

stores Kafka message. 

● Message consumer- Processes message and 

updates database. 

● Outputs are validated when running Solana 

and AI services - success is displayed in the 

Frontend. 

● This proves a complete implementation 

cycle and confirms that the system is 

designed as a distributed event processing 

system. 

 

 Tabular Summary of Service Outputs 

Service Prima

ry 

Functi

on 

Outpu

t 

Result 

Type 

Confirmati

on Log 

Example 

Backend Workfl

ow 

orchest

ration, 

AI, 

blockc

hain 

Databa

se 

entries, 

transac

tion 

logs 

“Transactio

n confirmed 

on Solana 

Devnet.” 

Process

or 

Outbox 

polling 

and 

Kafka 

publish

ing 

Messag

e 

serializ

ation, 

queue 

deliver

y 

“Sent 

message to 

Kafka topic 

zap-

events.” 

Worker Task 

executi

on and 

status 

update 

Email 

confir

mation, 

transac

tion 

result, 

Redis 

job log 

“Email sent 

successfull

y to 

user@exam

ple.com.” 

Fronten

d 

Workfl

ow 

creatio

n and 

result 

visuali

zation 

User 

notifica

tions, 

success 

messag

es, 

status 

dashbo

ards 

“Workflow 

created 

successfull

y.” 

Databas

e/Redis 

Persist

ent and 

tempor

ary 

storage 

Query 

logs, 

key-

value 

updates 

“Job 

completed: 

ID 245 

These entries are derived directly from the 

logical outputs evident in the configuration files 

and environment setup. 
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V. Conclusion 

The GreenOps project is an entirely modular and 

event-based automation platform that deploys 

artificial intelligence (AI) and blockchain 

technologies into a single orchestration platform 

of workflow. Given the uploaded codebase in its 

entirety, the architecture has shown an organized 

pattern of automation with Next.js (used as the 

frontend of interaction) and Express and Prisma 

(used as the orchestration of the backend) and 

Kafka and Redis (used as event processing) and 

Solana (used as blockchain-based verification). 

The addition of the Generative AI service 

offered by Google allows the intelligent 

configuration of workflows with assistance of 

languages, whereas Prisma provides the 

consistency of databases. The subsystem 

processor and worker allow the automation to be 

carried out in an asynchronous, fault-tolerant 

manner. Every service works on its own but 

communicates and guarantees a modular 

scalability of services and transparent 

managerial control of working processes. The 

code structure and configuration files testify to 

the fact that the GreenOps have good integration 

with AI, blockchain, and distributed systems, 

which confirms that it is designed as a 

sophisticated Zapier-like drag-and-drop 

automation platform. Overall, the system is 

successfully integrated into a single, provable, 

and verifiable automation setup with the 

consistent implementation of the next-

generation intelligent workflow technology. 

 

VI. Future Work 

The proposed improvements on GreenOps in the 

future, as implied by the current project design, 

are: scaling, user interactivity and automation 

diversity by increasing AI and blockchain 

modules. The addition of more sophisticated 

generative AI models to implement dynamic 

workflow reasoning and enable the platform to 

automatically optimize execution paths is one of 

the possible improvements. The success of 

Solana integration may be improved by further 

extending solana to incorporate the support of 

smart contracts based validation to increase the 

levels of security and the auditability of 

transactions. Also, the use of real-time analytics 

and visual dashboards would help to gain a better 

understanding of the performance of the 

workflow. The decentralized identity systems 

may be introduced to enhance the authentication 

and integrity of data. The other way is to 

containerize all services either Kubernetes or 

Docker Swarm to deploy on large scale. 

Additional extensions could also be added to the 

system to help in multi-chain processes as well 

as federated AI model management of 

distributed learning. These developments would 

transform GreenOps into an entirely 

autonomous, AI-enhanced, blockchain-ensured 

automation ecosystem, that would be capable of 

safely executing real-work applications on an 

enterprise-scale. 
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