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1. Product Overview

WorkSimulator is a web-based simulation and analysis application that helps users forecast the likely
completion dates of work items across multiple teams, dependency chains, capacity constraints, and uncertainty
ranges. The product is designed for environments where delivery work is not perfectly predictable and where a
single fixed delivery date is often misleading.

The application supports deterministic and Monte Carlo simulation. It allows users to import structured work
data, define teams and capacity periods, model dependency relationships, run simulations, review probability-
based outputs, identify bottlenecks, and export stakeholder-ready analysis packs.

2. Problem Statement

Planning tools frequently imply certainty where none exists. Delivery teams work with variable task durations,
changing capacity, cross-team dependencies, queues, and shifting priorities. When these constraints are
represented as a single committed date, stakeholders may receive a precise answer that is not actually reliable.

WorkSimulator addresses this problem by modelling uncertainty directly. It gives users a range of likely
completion outcomes, shows confidence levels, exposes bottlenecks, and provides evidence for prioritisation and
capacity decisions.

3. Product Goals

Generate deterministic and probabilistic delivery forecasts.

Calculate P50, P80, P90, best case, worst case, and configured percentile completion dates.
Model optimistic, most likely, and pessimistic work durations.

Respect work-step dependencies and team capacity constraints.

Calculate due-date probability for work items with target dates.

Identify bottlenecks, queue depth, and team utilisation issues.

Support comparison of multiple scenarios.

Export clear, populated Excel analysis packs with explanation notes.
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4. Non-Goals

WorkSimulator is not intended to replace a full project-management or task-management platform. Its purpose
is simulation, forecasting, bottleneck analysis, and scenario comparison.

¢ Do notreplace Jira, Azure DevOps, Trello, Asana, MS Project, or operational task boards.
¢ Do not capture timesheets or payroll data.

¢ Do not provide user-level productivity scoring.

¢ Do not automatically make delivery commitments without human review.

¢ Do not attempt full financial forecasting in the MVP.

5. Target Users
User Type Needs
Product Manager Understand delivery probability, explain roadmap risk,
compare scenarios, and communicate uncertainty.
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Delivery Manager / Programme Manager

Manage sequencing, dependency impact, capacity conflicts,
and due-date confidence.

Engineering Manager / Team Lead

Understand team demand, incoming queues, and evidence
for capacity discussions.

Senior Stakeholder

Review forecast confidence, risks, bottlenecks, and scenario
differences without needing simulation detail.

6. Core Concepts

with capacity.

Concept Description Typical Fields

Tenant Organisation-level boundary used for code, tenantName, active
data separation.

User Authenticated person belonging to a username, email, password, tenant
tenant.

Customer Grouping or sponsor for work items. name, active

Team Delivery capability or work centre name, description, queueOrder, active

Team Capacity Period

Capacity profile for a team from an
effective date.

team, effectiveFrom, headcount,
productivityFactor, hoursPerDay

Work Item Deliverable, project, feature, task, or workld, workName, priority,
initiative being simulated. createdDate, dueDate, active
Work Team Step Team-specific step required to externalld, workItem, team, optimistic,
complete a work item. mostLikely, pessimistic, dependencies
Simulation Configured forecast run. name, startDateTime, iterations,

weekdaysOnly, percentiles,
simulationType, distributionType,
status

Simulation Result

Stored outcome and supporting
analysis from a run.

resultType, completionDate,
confidence, step results, work item
results

7. Functional Requirements

7.1 User Authentication
Requirement

¢ Users must authenticate before accessing protected API endpoints.
¢ JWT-based authentication should be used.
e Protected API routes must reject missing or invalid tokens.

Acceptance Criteria

e Successful login returns a valid JWT.

e Invalid login is rejected.

e Protected endpoints reject requests without a valid token.

¢ Protected endpoints accept a valid token for permitted access.

7.2 Tenant Support

Requirement
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e Each user belongs to a tenant.
e Data must be scoped by tenant.
e Imported and created records must be associated with the authenticated user tenant.

Acceptance Criteria

¢ Users can only view tenant-specific data.

e Users cannot access another tenant data.

¢ Imported data is assigned to the correct tenant.
e New records are assigned to the user tenant.

7.3 Team Management
Requirement

e Users can create, view, update, and deactivate teams.
e Teams act as capacity pools during simulation.

Acceptance Criteria

e Users can create a team with a unique name.

e Users can update team details.

e Users can deactivate a team without deleting historical data.

¢ Inactive teams are excluded from new simulations unless explicitly included.
e Duplicate team names are rejected.

7.4 Team Capacity Management
Requirement

e Users can define team capacity over time.
¢ The simulation must use the latest applicable capacity period for the simulation date.

Acceptance Criteria

e Users can create capacity periods for teams.

¢ Capacity periods must have valid effective dates.

¢ Headcount must be greater than zero.

e  Productivity factor must be within the allowed range.

e Hours per day must be valid.

¢ The simulation uses the latest applicable capacity period.
e Missing capacity is clearly flagged.

7.5 Customer Management
Requirement

e Users can create, view, update, and deactivate customers.
e Customers group or categorise work items.

Acceptance Criteria

e Users can create customers.

e Customer names must be unique within the tenant.
WorkSimulator PRD



e Users can update customer details.
e Users can deactivate customers.
e Work items can be associated with customers.

7.6 Work Item Management

Requirement

e Users can create, view, update, and deactivate work items.
¢ Work items may have due dates for probability analysis.

Acceptance Criteria

e Users can create a work item.

e  Work ID must be unique.

e  Work name must be unique within the tenant.

e  Priority must be valid.

¢ Due date can be used for due-date probability analysis.

e Inactive work items are excluded from simulations unless explicitly included.

7.7 Work Step Management

Requirement

e Users can define team-level steps for each work item.
e Each step includes optimistic, most likely, and pessimistic durations.

Acceptance Criteria

e Users can create work steps for a work item.

e Each step must have a team.

¢ Each step must have valid duration estimates.

e  Optimistic duration must be less than or equal to most likely duration.
¢ Most likely duration must be less than or equal to pessimistic duration.
¢ Dependencies must reference valid step IDs.

¢ Circular dependencies are rejected.

¢ Duplicate external step IDs are rejected.

7.8 Dependency Management
Requirement

¢ The simulation must respect dependency relationships between work steps.
e A step cannot start until all predecessor steps have completed.

Acceptance Criteria

e A step with no dependencies can begin when team capacity is available.
e A step with dependencies waits for predecessors.

¢ Downstream dependency delays are calculated.

e C(Circular dependencies are rejected.

e Missing dependency references are rejected.
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7.9 Workbook Import
Requirement

e Users can import structured data from Excel.
¢ The import validates teams, customers, capacity, work items, steps, and dependencies before committing.

Acceptance Criteria

e Users can upload an Excel workbook.

¢ Required sheets are validated.

¢ Required columns are validated.

e Invalid dates are reported with row-level detail.

e Invalid durations are reported with row-level detail.
e Duplicate records are reported clearly.

e The import is transactional where appropriate.

¢ Imported records are tenant-scoped.

7.10 Simulation Setup
Requirement

e Users can configure and run simulations.
e Supported types are Deterministic and Monte Carlo. Supported distributions are PERT and Triangular.

Acceptance Criteria

e Users can create a simulation.

¢ Simulation names must be unique within the tenant.

e Iteration count must be within allowed limits.

e Percentile values must be valid.

e Simulation type must be valid.

e Distribution type must be valid.

e Simulations cannot run when required input data is missing.
e Simulation status updates during execution.

7.11 Deterministic Simulation
Requirement

¢ Deterministic simulation uses the most likely duration for each work step.
Acceptance Criteria

e Valid work and capacity data produce deterministic completion dates.
¢ Dependencies are respected.

¢ Team capacity is respected.

e Step-level completion dates are output.

e  Work-item-level completion dates are output.

e Overall deterministic completion date is output.

7.12 Monte Carlo Simulation

Requirement
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Monte Carlo simulation runs multiple iterations using sampled step durations.

Acceptance Criteria

The configured number of iterations is processed.

Each iteration samples durations from the selected distribution.
Dependencies are respected in every iteration.

Team capacity is respected in every iteration.

Percentile completion dates are calculated.

Summary results are stored.

Sufficient detail is stored for analysis and export.

Simulation failures are captured with clear messages.

7.13 Simulation Results
Requirement

Users can view simulation results for completed or failed simulations.

Acceptance Criteria

Completed simulation results can be retrieved.
Results include summary outputs.

Results include work-item outputs.

Results include step-level outputs where available.
Results are tenant-scoped.

Failed simulations return failure details.

7.14 Due-Date Probability

Requirement

The system calculates probability of completing each work item by its due date.

Acceptance Criteria

Probability is calculated for work items with due dates.
Work items without due dates are marked not applicable.
Outputs classify due dates as likely, at risk, or unlikely.
Due-date probability is included in workbook export.

7.15 Scenario Comparison
Requirement

Users can compare two or more completed simulations.

Acceptance Criteria

Users can select two or more completed simulations.
Completion date percentiles are compared.
Due-date probability is compared.

Bottlenecks are compared.

Team utilisation is compared.
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e Scenario comparison can be exported.

7.16 Bottleneck Analysis

Requirement
¢ The system identifies constraints that limit delivery flow.
Acceptance Criteria

e High-utilisation teams are identified.

e Excessive queues are identified.

¢ Delay-causing work steps are identified.

¢ Bottlenecks are ranked by impact.

¢ Bottleneck analysis is included in export.

¢ Bottleneck sheets include explanation notes.

7.17 Completion Date Distribution
Requirement

¢ The system supports completion-date distribution analysis for Monte Carlo results.
Acceptance Criteria

¢ Completion date frequencies are calculated.

e Histogram data is available for export where valid.
¢ Analysis explains forecast spread.

¢ Empty histogram charts are not included.

7.18 S-Curve Probability Analysis

Requirement
e The system calculates cumulative completion probability by date.
Acceptance Criteria

e Cumulative completion probability is calculated.

e S-curve data is available for export.

e S-curve charts are included only when valid data exists.
¢ Unavailable chart data is replaced by notes or excluded.

7.19 Team Utilisation Analysis

Requirement
e The system compares used capacity against available capacity.
Acceptance Criteria

e Available capacity is calculated by team and date.

e Used capacity is calculated by team and date.

e Utilisation percentage is calculated correctly.

e Zero available capacity does not cause divide-by-zero errors.
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e Meaningful utilisation analysis is exported.
¢ Unavailable utilisation analysis is explained or excluded.

7.20 Queue Depth Analysis

Requirement
e The system calculates how much work is waiting by team over time.
Acceptance Criteria

¢ Queued work is calculated by team and date.
e Growing queues are highlighted.
¢ Queue depth analysis can be exported.

7.21 Workbook Export

Requirement

e Users can export a completed simulation as an Excel analysis pack.
¢ The workbook must avoid empty charts and misleading sheets.

Acceptance Criteria

¢ Completed simulations can be exported as Excel.
¢ Only meaningful sheets are included.

¢ Empty charts are not included.

¢ Every sheet includes explanation notes.

e Percentages are formatted correctly.

e Dates are formatted correctly.

e Missing optional data is handled gracefully.

¢  Workbook generation errors are reported clearly.

7.22 Explanation Notes

Requirement
¢ Each workbook sheet includes plain-language notes to help non-technical readers understand the outputs.
Acceptance Criteria

e Each sheet includes notes.

¢ Notes explain what the sheet shows.

¢ Notes explain how to interpret values.

¢ Notes explain assumptions and limitations.
e Unavailable analysis is explained.

¢ Notes avoid overstating certainty.

7.23 APl Documentation
Requirement

e Swagger/OpenAPI should document endpoints, schemas, validation errors, file upload, and authentication.

Acceptance Criteria
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e Swagger Ul is available in development.

e Protected endpoints show bearer token requirements.
¢ Request and response schemas are visible.

e Validation errors are documented.

¢ File upload endpoints are testable.

e Simulation endpoints are documented clearly.

8. Key API Areas

The product should expose APIs for authentication, tenant management, customers, teams, capacity periods,
work items, work steps, workbook import, simulation creation, simulation execution, results retrieval, scenario
comparison, and workbook export.

9. Data Validation Requirements

The system should validate required fields, uniqueness, date formats, numeric ranges, enum values, dependency
references, circular dependencies, tenant ownership, capacity availability, and simulation configuration.
Validation errors must be specific, actionable, and suitable for display to users.

10. Reporting and Analysis Requirements

Reports should answer when work is likely to complete, how confident users should be, which work items are at
risk, which teams are overloaded, which dependencies are causing delay, and which scenario gives the best
confidence.

11. User Experience Requirements

The product should present probability rather than false certainty, expose assumptions, explain results,
highlight risk, avoid empty analysis, and provide strict but helpful import validation.

12. Non-Functional Requirements

The system should be performant for at least 1,000-iteration simulations on typical datasets, reliable under failed
runs, secure across tenants, maintainable through clean service boundaries, and observable through health,
logging, and execution metrics.

13. Success Metrics

Success should be measured through simulations run, imports completed, exports generated, average simulation
duration, successful simulation percentage, validation failure rate, scenario comparisons created, reduced
manual forecasting effort, and improved stakeholder confidence.

14. MVP Scope

The MVP includes authentication, tenant scoping, master data, capacity periods, work items, steps,
dependencies, Excel import, deterministic simulation, Monte Carlo simulation, key percentile outputs, due-date
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probability, bottleneck analysis, team utilisation, workbook export, explanation notes, and Swagger
documentation.

15. Post-MVP Enhancements

Future enhancements may include a browser-based Gantt view, interactive dependency graph, scenario builder
U], capacity adjustment simulator, Al-generated explanation summaries, Azure DevOps or Jira import, historical
calibration, asynchronous execution, portfolio forecasting, and simulation version history.

16. Key Risks

Key risks include misleading forecasts, poor input data quality, empty analysis outputs, performance issues, and
an overly complex user experience. Mitigations include clear language, strong validation, exclusion of empty
charts, performance monitoring, and plain-language UX.

17. Assumptions

The PRD assumes a Spring Boot backend, relational database, Excel import/export workflows, API-driven
simulations, team-level work steps, duration uncertainty, capacity variation over time, work-item due dates, and
Monte Carlo forecasting as the core value proposition.

18. Open Questions

Open questions include whether dependencies should cross work items, whether simulations should run
asynchronously, whether due dates should exist at step level, whether capacity units should be configurable, and
whether Al explanations should be generated automatically or controlled manually.

Endpoint Group Purpose

/api/auth Authentication and token issue.
/api/customers Customer master data.
/api/teams Team master data.

/api/team-capacity-periods
/api/work-items
/api/work-team-steps
/api/import/workbook
/api/simulations

Team capacity over time.

Work item management.

Work step and dependency management.
Excel import workflow.

Simulation setup and retrieval.

/api/simulations/{id}/run

Run a simulation.

/api/simulations/{id}/results

Retrieve simulation results.

/api/simulations/{id}/analysis-pack

Export analysis pack.

/api/simulations/compare

Compare scenarios.

19. Recommended Delivery Phases

Phase

Scope

Outcome

1. Data Foundation

Tenant, authentication, customers,
teams, capacity, work items, steps,
dependencies, validation.

Application can hold clean simulation-
ready data.

2. Import and Simulation Engine

Excel import, deterministic simulation,
Monte Carlo simulation,

Users can import data and generate
forecast results.
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PERT/Triangular distributions, result
storage.

3. Analysis Outputs

Due-date probability, bottlenecks,
utilisation, queue depth, completion
distribution, S-curve, scenario
comparison.

Users can understand risk,
uncertainty, and constraints.

4. Workbook Export

Excel analysis pack, explanation notes,
populated sheets, conditional charts,
formatting.

Users can share analysis with
stakeholders.

5. Productisation

Swagger, error responses,
observability, performance
optimisation, Ul enhancements,
security hardening.

The application becomes reliable and
easier to use beyond development
testing.

20. Summary

WorkSimulator provides a structured way to move from fixed-date planning to probabilistic forecasting. Its
value is not simply that it produces dates. Its value is that it exposes uncertainty, makes capacity constraints

visible, identifies bottlenecks, and helps users compare realistic delivery scenarios.

Core product promise: help users understand when work is likely to complete, how confident they should be,

and what is constraining delivery.

Epic Related Features

Authentication and Tenant Security User Authentication, Tenant Support

Master Data Customer Management, Team Management, Team Capacity
Management

Work Modelling Work Item Management, Work Step Management,
Dependency Management

Workbook Import Workbook Import, Data Validation

Simulation Engine Simulation Setup, Deterministic Simulation, Monte Carlo

Simulation

Results and Analysis Simulation Results, Due-Date Probability, Bottleneck

Analysis, Team Utilisation, Queue Depth

Scenario Planning Scenario Comparison

Workbook Export Workbook Export, Explanation Notes

Developer Experience API Documentation, Swagger, Validation Responses
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