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Abstract 

Modern artificial intelligence systems increasingly require human oversight in automated workflows. 

Traditional task management solutions lack the flexibility needed for agent-based architectures. The 

integration of human feedback loops presents ongoing challenges in enterprise AI deployments. A 

scalable task management framework addresses these limitations through service-oriented design. The 

system enables applications to integrate human-in-the-loop capabilities without building custom 

infrastructure. Tasks function as communication mechanisms between automated systems and human 

operators. The framework collects and validates data before passing information to downstream services. 

This architecture supports diverse scenarios from simple approval workflows to complex multi-agent 

coordination. The system operates through three core verticals: framework operations, notifications, and 

discovery mechanisms. Service integration occurs through well-defined API contracts and event-driven 

patterns. Applications are onboarded by defining task types with validation rules. Event streams distribute 

task mutations to interested subscribers. The loose coupling ensures independent deployment and scaling 

of integrated services. Cell-based architecture enables horizontal scaling across workspaces. Access 

control integration maintains security boundaries. The framework serves trust and safety applications, 

automation platforms, and agent orchestration scenarios. Future enhancements include hierarchical task 

structures, activity feeds, and public APIs for external ecosystem development. 
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I. Introduction 

More AI applications are being deployed, so it is more necessary to find ways to integrate human 

judgment and decision-making into AI systems. Traditional task management systems often lack the 

flexibility needed for agent-based architectures. The integration of human feedback loops remains a 

critical challenge in enterprise AI deployments [1]. 

Guidelines for human-AI interaction stress the importance of providing explanations of automated 

decisions and ensuring clear communication. Users need control over critical actions that affect outcomes. 

The balance between automation and human judgment determines system effectiveness. Well-designed 

interfaces support this balance through thoughtful task presentation [1]. 

Technical debt accumulates in machine learning systems without proper infrastructure. Hidden 

dependencies between components create maintenance challenges. Task management provides structure 

that reduces this debt. Clear separation of concerns prevents tangled code and unclear responsibilities. 

Infrastructure investments pay dividends in long-term system maintainability [2]. 

A scalable task management framework addresses these limitations through service-oriented design. The 

system enables any application to integrate human-in-the-loop capabilities without building custom 

infrastructure. This design decouples task management from business logic. Applications can use this 
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centralized task management but they can also be stand-alone entities. The framework can act as a 

communication channel for automation and the human user. 

 

II. Core Concept 

A. Fundamental Design Philosophy 

The task management system operates as a pluggable service component. Tasks function primarily as 

communication mechanisms rather than execution engines. The system collects and validates data from 

users. Validated information flows to other services that own business logic and actions. This separation 

ensures clear boundaries between task coordination and operational execution. 

Human-centered AI principles guide the architectural decisions. Systems must remain reliable and safe 

throughout operation. Trustworthiness depends on transparent processes and clear accountability. 

Context-aware design ensures tasks adapt to user needs and capabilities. The framework embodies these 

principles through its modular structure [3]. 

The framework dispatches work without orchestrating it. Services maintain autonomy in processing task 

outcomes. This design prevents tight coupling between the task system and dependent applications. The 

architecture scales horizontally across multiple workspaces and projects. Cell-based deployment supports 

workspace-level isolation and performance optimization. 

Ethical considerations influence system design choices. Transparent operations allow users to understand 

system behavior. Context awareness ensures appropriate task presentation for different situations. 

Sustainable development practices guide long-term evolution. The framework supports rather than 

replaces human judgment in critical decisions [3]. 

 

B. Communication Mechanism 

Tasks serve as the primary communication layer between systems and humans. The framework does not 

execute business operations directly. Instead, it gathers necessary information through structured 

interactions. Collected data undergoes validation before transmission to responsible services. This 

handoff model keeps responsibilities clearly separated [4]. 

Reliable systems maintain consistent behavior across different scenarios. Safety mechanisms prevent 

harmful actions from automated components. Trustworthy operations require verification and validation 

at each step. The task framework provides these guarantees through its design. Users can depend on 

predictable system responses [4]. 

Downstream services receive validated data and implement actual business logic. The task system does 

not know about what actions services will take. This independence allows services to evolve without 

impacting the task infrastructure. Changes to business rules occur in service implementations, not in the 

task layer. If concerns are separate, this eases maintenance and testing. 
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Table 1: Fundamental Design Components of Task Management Framework [3, 4] 

 

III. Key Features 

A. User-Facing Functionality 

The system provides a centralized task center for users where all assigned tasks appear in a unified 

interface. Filtering capabilities support discovery by project, workspace, or custom identifiers. The 

framework employs a JsonForm-based specification that enables scalable task definition and presentation. 

This specification allows service providers and AI agents to define task data structures programmatically 

while maintaining consistency across the system. Tasks are created dynamically using this specification, 

eliminating the need for predefined form templates [5]. 

The JsonForm specification serves dual purposes in the architecture. First, it establishes a contract for 

how services and agents transmit task data correctly to downstream systems. The structured format 

ensures data integrity and type safety during transmission. Second, the specification enables the user 

interface to generate generic forms dynamically based on task definitions. This capability allows the 

system to present appropriate input controls, validation rules, and help text without requiring custom UI 

development for each task type. The specification-driven approach scales efficiently as new task types are 

introduced to the system [5]. 

Explanation mechanisms help users understand why tasks appear. Clear rationale builds trust in system 

recommendations. Users need context to make informed decisions. The interface provides this context 

through structured information presentation derived from the JsonForm specification. Transparency 

supports better decision quality [5]. 

Task presentation adapts to different complexity levels through the flexibility of the JsonForm structure. 

Simple tasks require minimal user input with basic form controls. Complex scenarios support multi-step 

data collection workflows with conditional fields and nested data structures. Validation occurs at 
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submission time to prevent incomplete or invalid data based on rules encoded in the specification. The 

interface scales from individual task execution to bulk operations while maintaining consistent data 

quality standards [5]. 

Social science insights inform interface design decisions. People interpret information through existing 

mental models. Clear communication reduces cognitive load. The system presents information in familiar 

formats through the JsonForm rendering engine. This alignment with human reasoning improves task 

completion rates [5]. 

 

B. Service Integration Capabilities 

Service providers access comprehensive CRUD APIs for task management. The API design follows 

RESTful principles for intuitive integration. Authentication and authorization leverage existing access 

control systems. Services create tasks with custom metadata and tagging schemes. Updates propagate 

through the event system to all interested subscribers. 

Tree-structured representations organize task hierarchies. Parent-child relationships reflect natural 

decomposition patterns. The structure mirrors how humans organize complex work. Visual 

representations help users understand task relationships. This organization reduces cognitive complexity 

[6]. 

The framework supports flexible tagging for custom discovery patterns. Services define their own 

taxonomies for task organization. Tags enable multi-dimensional filtering and search. This flexibility 

accommodates diverse organizational structures and workflows. Services maintain full control over their 

task semantics [6]. 

 

C. Agent Workflow Support 

Automated agents create and update tasks programmatically. The API supports high-throughput task 

generation for agent orchestration. Agents subscribe to task events for automated response handling. This 

enables closed-loop workflows where agents react to user input without manual coordination. 

Video production principles inform notification design. Clear, concise messages engage users effectively. 

Visual hierarchy guides attention to important information. Production quality affects user perception and 

engagement. The notification system applies these principles to maintain user attention [7]. 

Complex agent workflows utilize subtask hierarchies. Parent tasks decompose into smaller, actionable 

units. Agents track dependencies between related tasks. The system maintains state across multi-step 

agent processes. This capability supports sophisticated problem-solving that requires human input at 

specific decision points [7]. 
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Table 2: Core Feature Categories and Capabilities [5, 6] 

 

IV. Architecture Principles 

A. Extensible Service Design 

The system follows plugin architecture principles. New applications integrate without modifying the core 

task infrastructure. Task type definitions extend system capabilities organically. Each service brings its 

own data models and validation rules. It provides structure, but not service-specific interaction 

requirements. 

Interactive machine learning uses a human-in-the-loop design of sorts. Medical informatics applications 

require expert validation. Clinical decisions need human oversight for safety. The task framework enables 

this oversight through structured workflows. Healthcare implementations leverage these capabilities 

extensively [8]. 

Modularity enables the independent evolution of system components. The task framework, notification 

system, and discovery layer operate as distinct modules. Changes to one component do not cascade to 

others. This separation simplifies maintenance and feature development. Teams work on different 

modules without coordination overhead [8]. 

 

B. Loosely Coupled Architecture 

The architecture maintains independence from specific platform implementations. No hard dependencies 

exist on proprietary systems. Third-party applications integrate using the same mechanisms as internal 

services. This openness supports ecosystem development beyond the original platform. 

Services interact through standardized interfaces only. Implementation details remain hidden behind API 

contracts. The task system does not need knowledge of downstream processing logic. Services similarly 

operate without understanding the task system internals. This mutual independence accelerates 

development velocity. 

 

C. Event-Driven Architecture 

The system leverages publish-subscribe patterns for event distribution. Task mutations generate events 

published to dedicated topics. Subscribers filter events based on task types and metadata. This design 

supports real-time notifications to users, agents, and services. Event streams enable audit logging and 

analytics without impacting core operations. 
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Moderator engagement patterns inform notification strategies. Community development requires timely 

information delivery. Algorithm-mediated systems need human oversight. The event architecture supports 

these engagement patterns. Moderators receive relevant updates without information overload [9]. 

Message queuing ensures the reliable delivery of task updates. Services consume events at their own 

pace. The system handles temporary failures through message retry mechanisms. Dead letter queues 

capture problematic events for manual intervention. This robust event handling supports mission-critical 

workflows [9]. 

 

D. Access Control and Scalability 

The framework integrates with existing authorization systems. Access control policies apply consistently 

across all task operations. Users see only tasks they have permission to view. Service-level permissions 

control task creation and modification rights. The system enforces workspace and project boundaries 

automatically. 

Hybrid intelligence combines human and artificial capabilities. Complementary strengths create powerful 

systems. Humans provide judgment and contextual understanding. AI handles scale and pattern 

recognition. The task framework enables this collaboration through structured interfaces [10]. 

Cell-based architecture enables horizontal scaling. Each workspace operates in an isolated execution 

environment. This isolation prevents cross-workspace performance interference. The system scales by 

adding cells as the workspace count grows. Load balancing distributes requests across available capacity 

[10]. 

 

 
Table 3: Architectural Principles And Implementation Strategies [8-10] 
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V. Three Core Verticals 

A. Tasks Framework 

The framework vertical provides fundamental CRUD operations. Create endpoints and accept task 

definitions with metadata and validation rules. Read operations support both individual task retrieval and 

bulk queries. Update mechanisms modify task state and associated data. Delete operations archive tasks 

while preserving historical records. 

State management tracks the task lifecycle from creation to completion. Transitions between states trigger 

validation checks. Invalid state changes are rejected with descriptive error messages. The state machine 

model prevents inconsistent task configurations. Audit logs capture all state transitions with timestamps 

and actors. 

 

B. Tasks Notifications 

The notification vertical publishes events to users, agents, and services. Multiple delivery channels 

support diverse notification preferences. Email notifications provide detailed task information. In-

application alerts enable immediate awareness. Mobile push notifications reach users on portable devices. 

Event topics organize notifications by task type and workspace. Subscribers express interest through topic 

subscriptions. Filtering rules refine which events reach each subscriber. Delivery guarantees ensure 

critical notifications are not lost. Retry logic handles temporary subscriber unavailability. 

 

C. Tasks Discovery 

The discovery vertical enables query and filtering of tasks. Assignment-based queries return tasks for 

specific users or teams. Tag-based searches find tasks matching metadata criteria. Temporal queries 

locate tasks within date ranges. Custom identifiers support domain-specific discovery patterns. 

Query results support pagination for large result sets. Sorting options organize results by priority, 

deadline, or creation time. The query API accepts complex filter expressions. Boolean operators combine 

multiple criteria. The expressive query language accommodates sophisticated discovery needs. Figure 1, 

Human-in-the-Loop Task Management Architecture illustrating the three core verticals and their event-

driven interactions with human users, services, and automated agents 
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Fig. 1: Human-in-the-Loop Task Management Architecture 

 

VI. Integration Model 

A. Service Onboarding Process 

New services begin by defining task types. Type definitions specify required parameters and data formats. 

Validation schemas ensure data quality at collection time. Services register their task types through 

administrative APIs. The registration process makes new task types available system-wide. 

Services implement event handlers for task mutations. Handler code subscribes to relevant event topics. 

The system delivers events matching subscription filters. Services process events and take appropriate 

actions. Error handling in event processors ensures system resilience. 

 

B. Integration Patterns 

Synchronous integration patterns use direct API calls. Services create tasks and immediately receive 

confirmation. Response payloads include generated task identifiers. This pattern suits scenarios requiring 

immediate feedback. The synchronous model simplifies error handling for simple workflows. 

Asynchronous patterns rely on event-driven coordination. Services create tasks without waiting for 

processing completion. Event notifications signal when users complete tasks. This pattern supports long-

running human workflows. Asynchronous designs scale better under high load conditions. 
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Table 4: Practical Implementation Scenarios And Approaches [8], [9] 

VII. Use Cases 

A. Trust and Safety Applications 

Trust portal implementations utilize ticket-based task workflows. Tasks route to appropriate review teams 

based on content type. Reviewers examine flagged content and make moderation decisions. The system 

tracks decision history and outcomes. Escalation paths handle cases requiring additional expertise. 

Content policy enforcement creates tasks for borderline cases. Automated classifiers identify potentially 

violating content. Human reviewers apply nuanced judgment to edge cases. Reviewer decisions train 

classification models. This human-in-the-loop process maintains high accuracy while scaling moderation 

efforts. 

 

B. Automation Workflows 

Automation platforms insert human approval gates into workflows. Automated processes pause at 

approval tasks. Human operators review proposed actions before execution continues. The task system 

bridges fully automated steps with human oversight. This hybrid design balances efficiency with control. 

Data processing pipelines create validation tasks for anomalous results. Automated quality checks flag 

suspicious outputs. Data stewards investigate anomalies and confirm correctness. The validation feedback 

improves anomaly detection algorithms. Human expertise complements automated quality assurance. 

 

C. Agent Orchestration 

Multi-agent systems decompose complex problems into task hierarchies. Parent tasks represent high-level 

objectives. Subtasks break objectives into manageable components. Different agents handle specialized 

subtask types. Human input occurs at key decision points where agent confidence is low. 
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Learning workflows gather human feedback on agent decisions. Agents propose solutions and create 

review tasks. Human experts validate or correct agent outputs. Feedback trains agent models to improve 

future performance. The continuous learning cycle enhances agent capabilities over time. 

 

D. Work Management 

Team coordination scenarios assign tasks to groups or individuals. Task claiming mechanisms prevent 

duplicate work. Delegation workflows route tasks based on skills or availability. The system tracks task 

ownership and status. Progress reporting aggregates data across task collections. 

Service desk implementations route support requests through task workflows. Customer inquiries 

generate tasks for support agents. Agent responses update ticket status and customer communications. 

Resolution tracking measures support team performance. The task system provides infrastructure for 

customer service operations. 

 

VIII. Future Roadmap 

A. Hierarchical Task Structures 

Planned enhancements include robust subtask support. Parent-child relationships will represent task 

decomposition. Dependency graphs will enforce execution ordering. The hierarchical model suits 

complex multi-step workflows. Subtask aggregation will provide roll-up status reporting. 

Task templates will enable rapid creation of common structures. Templates define subtask hierarchies 

with predefined relationships. Instantiating templates generates complete task trees. This capability 

accelerates workflow deployment. Template libraries will support organizational knowledge sharing. 

 

B. Activity Feeds and Collaboration 

Activity feeds will provide visibility into task histories. Timeline views will show all mutations to the task 

state. Comment threads will capture discussion context. File attachments will store supporting 

documentation. These features increase transparency and accountability within. 

Commenting systems will support collaboration on task resolution. Threaded discussions will capture 

decision rationale. Mentions will notify specific users of relevant comments. Rich text formatting will 

improve comment readability. The collaborative features reduce email and meeting overhead. 

 

C. External Integration 

Public APIs will extend integration opportunities to external partners. Webhook registrations will push 

events to external systems. OAuth authentication will secure third-party access. Rate limiting will ensure 

fair usage. The open API strategy builds ecosystem value. 

Marketplace offerings will provide pre-built integrations. Common business applications will have 

turnkey connectors. Integration templates will accelerate custom development. The marketplace reduces 

integration effort for common scenarios. Partner contributions will expand integration coverage over time. 

 

Conclusion 

The task management framework delivers critical infrastructure for human-in-the-loop workflows in 

modern AI systems. Service-oriented architecture allows systems to integrate without developing a 

custom infrastructure, while event-driven design patterns enable real-time coordination between 

automated systems and human operators so event consumers decouple from event producers. The three 
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core verticals of framework operations, notifications, and discovery cater to a broad range of deployment 

scenarios. Cell-based scalability ensures the system meets enterprise performance requirements across 

multiple workspaces and projects. Access control integration maintains security boundaries while 

enabling flexible collaboration patterns. The framework serves trust and safety applications requiring 

human judgment on sensitive content decisions. Automation platforms leverage approval gates to balance 

efficiency with oversight in critical processes. Agent orchestration scenarios utilize task hierarchies to 

coordinate complex multi-step workflows requiring periodic human intervention. Work management 

implementations benefit from centralized task tracking and team coordination capabilities. Future 

enhancements expand hierarchical structures, activity tracking, and collaboration features to address 

evolving organizational needs. Public APIs and marketplace integrations will extend ecosystem value 

beyond initial platform boundaries. Organizations adopting this architecture gain standardized 

infrastructure for human oversight in automated systems. The pluggable design protects technology 

investments against changing requirements and emerging use cases. The framework represents mature 

thinking about human-AI collaboration patterns that scale from simple approval workflows to 

sophisticated multi-agent coordination scenarios requiring nuanced human judgment at critical decision 

points. 
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