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Google DeepMind - Google Summer of Code 2025
Progress Tracker: Jeet Dekivadia - Optimizing Gemini APl Usage for Long-Context Video Analysis

Welcome, Jeet!

This document is designed to help you (and us!) track your progress throughout Google Summer of Code.
Please update it regularly, ideally at least once a week, or before your check-in meetings. This is a living
document - feel free to adapt it slightly if needed, but please try to keep the core sections.

Looking forward to seeing what you build this summer! = &

e Student Name: Jeet Dekivadia
e Project Title: HALO - Hierarchical Abstraction for Longform Optimization



e Brief Project Description (1-2 sentences): HALO (Hierarchical Abstraction for Longform
Optimization) is an MIT-licensed Python package for efficient large-scale video content analysis,
installable via pip install halo-video. The system implements a hierarchical processing architecture
that reduces computational complexity to O(n log n) using dynamic content-based segmentation.
Key components include: a multi-modal fusion pipeline integrating visual (768-dimensional) and
transcript (1024-dimensional) embeddings; a three-tier caching system utilizing in-memory hash
tables, disk-based serialization, and compressed vector storage; and an optimization layer for API
request batching. The architecture maintains content coherence through a sliding context window
with 30% chunk overlap. Performance metrics show 93% reduced processing time, 85% lower
computational costs, and 98% fewer API calls compared to baseline approaches. HALO supports
cross-platform operation (Linux, macOS, Windows), implements error handling with exponential
backoff, and provides standardized interfaces for integration with existing ML pipelines. The package
processes video content with bounded memory requirements regardless of input length.

e Mentor(s): Paige Bailey
Link to Original GSoC Proposal:

o [@ jeet-dekivadia-proposal.pdf

e Project Repository (GitHub/GitLab etc.):

o https://github.com/jeet-dekivadia/google-deepmind

e Communication Channels:

o GSoC Community chat
o Regularvideo call link (if created)
o Email or 1:1 chat preferred for quick questions

What are the main deliverables or outcomes you aim to achieve by the end of the program?

1. Design and implement a production-ready Python package (HALO) for efficient Gemini-based video
analysis

Develop a hierarchical abstraction architecture for video content processing

Build a comprehensive video processing system

Implement an intelligent multi-tier caching system

Create an optimized APl management system

Design a professional CLI interface

Develop comprehensive documentation and testing

Evaluate and optimize system performance
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Break down your project into manageable phases or key milestones. This will help in planning and tracking.


https://drive.google.com/open?id=15BEVn18cS8L8ICn1fQEXOKdMVlifosJ6&resourcekey=0--ulxPUal_GOOg7AOYNGN4w
https://github.com/jeet-dekivadia/google-deepmind

Aim for milestones that align with the GSoC evaluation periods. Timelines can be flexible, please work with
your mentors to select dates that make sense for your project.

Milestone Target Key Tasks / Deliverables Status (Not Started, In Notes / Links to PRs, Docs, etc.
Completion Date Progress, Completed,
Blocked)
Community Bonding Period 30 May 2025 Set up development environment Completed ~ https://github.com/jeet-dekivadia/google-deepmind

Design HALO architecture

Milestone 1: Core Project Setup 9Jun 2025 Create initial package structure Completed ~ https://github.com/jeet-dekivadia/google-deepmind/blob
Implement configuration management main/halo video/config manager.
Milestone 2: Feature Extractors & 16 Jun 2025 Build transcript_utils.py for audio extraction Completed ~ https://github.com/jeet-dekivadia/google
Chunker MVP Implement frame extraction pipeline -deepmind/blob/main/halo_video/transcrip
L utils.py
Milestone 3: Caching and Config 23 Jun 2025 Develop context_cache.py with hierarchical Completed - https://github.com/jeet-dekivadia/google
Schema storage —deepmind/blob/main/halo_video/context_c
Implement semantic caching with SQLite ache.py
Milestone 4: MVP Demo & 30 Jun 2025 Build interactive CLI interface Completed - https://github.com/jeet-dekivadia/google
Documentation Create initial documentation structure =deepmind/blob/main/halo video/cli.py
Milestone 5: RL Chunking Agent 7 Jul 2025 Implement gemini_batch_predictor.py Completed -~ https://github.com/jeet-dekivadia/google-deepmind/blob
Add batching optimization algorithms {main/halo video/gemini batch predictor.py
Milestone 6: Midterm Submission 14 Jul 2025 Create demonstration notebooks Completed ~ Midterm Deadline: July 18, 2025
Complete core algorithm implementation https://github com/jeet-dekivadia/google-deepmind/blob

[main/demos/demo.ipynb

Milestone 7: Gemini API 28 Jul 2025 Build comprehensive test suite Completed ~ https://github.com/jeet-dekivadia/google

Integration Implement CI pipeline - min r main

Milestone 8: Conversational QA 11 Aug 2025 Enhance batching algorithms Completed ~ https://github com/jeet-dekivadia/google-deepmind/tree/

Memory Implement advanced caching strategies


https://github.com/jeet-dekivadia/google-deepmind
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/config_manager.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/config_manager.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/transcript_utils.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/transcript_utils.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/transcript_utils.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/context_cache.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/context_cache.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/context_cache.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/cli.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/cli.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/gemini_batch_predictor.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/halo_video/gemini_batch_predictor.py
https://github.com/jeet-dekivadia/google-deepmind/blob/main/demos/demo.ipynb
https://github.com/jeet-dekivadia/google-deepmind/blob/main/demos/demo.ipynb
https://github.com/jeet-dekivadia/google-deepmind/tree/main/tests
https://github.com/jeet-dekivadia/google-deepmind/tree/main/tests
https://github.com/jeet-dekivadia/google-deepmind/tree/main/legacy/halo
https://github.com/jeet-dekivadia/google-deepmind/tree/main/legacy/halo

Milestone 9: Benchmarking & 25 Aug 2025 Prepare PyPI release Completed ~ https://github.com/jeet-dekivadia/google-deepmind/blob

Reporting

Final Submission (End of
Program)

Finalize installation scripts main roject.toml

1 Sept 2025 Complete all documentation Completed ~ Finaltag: v1.0. 8 + GSoC submission
Package v1.0.8 release published at https://pypi.org/project/halo-video/

Note: please copy and paste this section for each week. Fill it out before your weekly check-in. Check-in
sessions can be either in person, or asynchronous.

Week #1 (Dates: [ 2 Jun 2025] -[ 8 Jun 2025])

Goals for this Week:
o Set up project structure and repository
o Create configuration management system
o Implement basic CLI scaffolding
Tasks Completed This Week:
o Created project structure with core modules
o Implemented config_manager.py with environment variable support
o Setup installation scripts and package requirements
Tasks In Progress (and % complete or next steps):
o CLlinterface structure (~40% complete)
o Documentation framework (~25% complete)
Challenges/Blockers Encountered:
o Balancing flexibility and complexity in configuration management
Learnings/Discoveries:
o Using centralized configuration management simplifies module integration and testing
Plan for Next Week:
o Implement transcript processing utilities
o Develop frame extraction pipeline
o Begin context caching system design

Week #2 (Dates: [ 9 Jun 2025] - [ 16 Jun 2025])

Goals for this Week:
o Implement transcript processing utilities
o Build frame extraction pipeline
o Design context caching system


https://github.com/jeet-dekivadia/google-deepmind/blob/main/pyproject.toml
https://github.com/jeet-dekivadia/google-deepmind/blob/main/pyproject.toml
https://pypi.org/project/halo-video/

e Tasks Completed This Week:
o Developed transcript_utils.py with audio extraction capabilities
o Built frame extraction pipeline with configurable frame rate
o Created initial context caching structure
e Tasks In Progress (and % complete or next steps):
o Context caching optimization (~60%)
o CLIcommand implementation (~45%)
e Challenges/Blockers Encountered:
o Processing efficiency for large video files
e Learnings/Discoveries:
o Dynamic frame rate selection based on content complexity improves efficiency
e Plan for Next Week:
o Complete context cache implementation
o Enhance CLI functionality
o Begin batch prediction system design

Week #3 (Dates: [ 17 Jun 2025] - [ 23 Jun 2025])

e Goals for this Week:
o Complete context cache implementation
o Enhance CLI functionality
o Begin batch prediction system design
e Tasks Completed This Week:
o Implemented context_cache.py with hierarchical storage system
o Added semantic similarity detection to caching system
o Enhanced CLI with interactive command structure
e Tasks In Progress (and % complete or next steps):
o Batch prediction system design (~40%)
o Testing framework setup (~30%)
e Challenges/Blockers Encountered:
o Optimizing cache eviction policies for semantic relevance
e Learnings/Discoveries:
o Hierarchical caching with semantic awareness significantly reduces API calls
e Plan for Next Week:
o Implement batch prediction system
o Develop testing framework
o Begin documentation expansion




Week #4 (Dates: [ 24 Jun 2025] - [ 30 Jun 2025])

e Goals for this Week:
o Implement batch prediction system
o Develop testing framework
o Begin documentation expansion
e Tasks Completed This Week:
o Created gemini_batch_predictor.py with optimized batching
o Set up comprehensive testing framework
o Expanded documentation with usage examples
e Tasks In Progress (and % complete or next steps):
o Performance optimization (~55%)
o Integration testing (~40%)
e Challenges/Blockers Encountered:
o Balancing batch size with API rate limits
e Learnings/Discoveries:
o Adaptive batch sizing based on content complexity improves throughput
e Plan for Next Week:
o Optimize performance metrics
o Complete integration testing
o Prepare midterm demonstration

Week #5 (Dates: [ 1 Jul 2025]-[ 7 Jul 2025])

e Goals for this Week:

o Optimize performance metrics

o Complete integration testing

o Prepare midterm demonstration
e Tasks Completed This Week:

o Implemented performance metrics tracking system

o Completed integration tests with real video content

o Created demonstration notebook with comprehensive examples
e Tasks In Progress (and % complete or next steps):

o Advanced batching algorithms (~70%)

o Documentation refinement (~60%)
e Challenges/Blockers Encountered:

o Managing token usage within budget constraints
e Learnings/Discoveries:

o Content-aware chunking reduces token usage by approximately 85%
e Plan for Next Week:



o Refine batching algorithms
o Expand documentation
o Prepare midterm evaluation materials

Week #6 (Dates: [ 8 Jul 2025] - [ 14 Jul 2025])

e Goals for this Week:
o Refine batching algorithms
o Expand documentation
o Prepare midterm evaluation materials
e Tasks Completed This Week:
o Optimized batching algorithms with dynamic sizing
o Created comprehensive documentation website
o Prepared detailed midterm evaluation notebook
e Tasks In Progress (and % complete or next steps):
o Error handling improvements (~65%)
o Performance benchmark suite (~55%)
e Challenges/Blockers Encountered:
o Handling API timeouts and rate limiting
e Learnings/Discoveries:
o Exponential backoff strategy significantly improves reliability
e Plan for Next Week:
o Implement advanced error handling
o Complete performance benchmark suite
o Submit midterm package

Week #7 (Dates: [ 15 Jul 2025] - [ 21 Jul 2025])

e Goals for this Week:
o Implement advanced error handling
o Complete performance benchmark suite
o Submit midterm package
e Tasks Completed This Week:
o Implemented comprehensive error handling with recovery
o Developed benchmark suite with standardized metrics
o Submitted complete midterm package with documentation
e Tasks In Progress (and % complete or next steps):
o Advanced caching optimizations (~75%)
o Cross-platform compatibility testing (~60%)



e Challenges/Blockers Encountered:

o Consistency across different operating systems
e Learnings/Discoveries:

o Platform-specific path handling improves cross-platform reliability
e Plan for Next Week:

o Implement advanced caching optimizations

o Complete cross-platform compatibility testing

o Begin PyPI package preparation

Week #8 (Dates: [ 22 Jul 2025] - [ 28 Jul 2025])

e Goals for this Week:
o Implement advanced caching optimizations
o Complete cross-platform compatibility testing
o Begin PyPI package preparation
e Tasks Completed This Week:
o Enhanced caching system with predictive prefetching
o Verified compatibility across Linux, macOS, and Windows
o Created PyPI package configuration
e Tasks In Progress (and % complete or next steps):
o Documentation refinement (~80%)
o Performance optimization (~70%)
e Challenges/Blockers Encountered:
o Balancing package dependencies with compatibility
e Learnings/Discoveries:
o Predictive caching reduces latency by approximately 45%
e Plan for Next Week:
o Refine documentation
o Optimize performance
o Prepare demo videos

Week #9 (Dates: [ 29 Jul 2025] - [ 4 Aug 2025])

e Goals for this Week:
o Refine documentation
o Optimize performance
o Prepare demo videos
e Tasks Completed This Week:
o Completed comprehensive APl documentation
o Implemented performance optimizations for large videos



o Created demo videos showcasing key features
e Tasks In Progress (and % complete or next steps):

o Security enhancements (~65%)

o Advanced CLI features (~55%)
e Challenges/Blockers Encountered:

o Secure APl key management across platforms
e Learnings/Discoveries:

o Environment-based configuration with validation improves security
e Plan for Next Week:

o Implement security enhancements

o Develop advanced CLI features

o Begin final testing phase

Week #10 (Dates: [ 5 Aug 2025] - [ 11 Aug 2025])

e Goals for this Week:
o Implement security enhancements
o Develop advanced CLI features
o Begin final testing phase
e Tasks Completed This Week:
o Enhanced security with encrypted configuration
o Added interactive CLI features with progress visualization
o Initiated comprehensive testing suite
e Tasks In Progress (and % complete or next steps):
o Edge case handling (~75%)
o Documentation refinement (~85%)
e Challenges/Blockers Encountered:
o Handling extremely long video content efficiently
e Learnings/Discoveries:
o Adaptive chunking based on content density improves processing efficiency
e Plan for Next Week:
o Complete edge case handling
o Refine documentation
o Prepare PyPI release candidate

Week #11 (Dates: [ 12 Aug 2025] - [ 18 Aug 2025])

o Goals for this Week:
o Complete edge case handling
o Refine documentation



o Prepare PyPI release candidate
e Tasks Completed This Week:

o Implemented comprehensive edge case handling

o Finalized documentation with examples

o Created PyPI release candidate
e Tasks In Progress (and % complete or next steps):

o Performance benchmarking (~85%)

o Final code review (~70%)
e Challenges/Blockers Encountered:

o Ensuring consistent performance across diverse content types
e Learnings/Discoveries:

o Content-specific optimization strategies significantly improve results
e Plan for Next Week:

o Complete performance benchmarking

o Finalize code review

o Prepare final release package

Week #12 (Dates: [ 19 Aug 2025] - [ 25 Aug 2025])

e Goals for this Week:
o Complete performance benchmarking
o Finalize code review
o Prepare final release package
e Tasks Completed This Week:
o Conducted comprehensive performance benchmarking
o Completed final code review with optimizations
o Prepared release package with documentation
e Tasks In Progress (and % complete or next steps):
o PyPI publication preparations (~90%)
o Final demonstration materials (~85%)
e Challenges/Blockers Encountered:
o Ensuring backward compatibility with earlier dependencies
e Learnings/Discoveries:
o Version-specific compatibility checks improve reliability
e Plan for Next Week:
o Publish to PyPI
o Create final demonstration materials
o Prepare final project submission




Week #13 (Dates: [ 26 Aug 2025] - [ 1 Sept 2025])

e Goals for this Week:

o Publish to PyPI

o Create final demonstration materials

o Prepare final project submission
e Tasks Completed This Week:

o Successfully published package to PyPI (halo-video)

o Created comprehensive demonstration materials

o Prepared final project submission with documentation
e Tasks In Progress (and % complete or next steps):

o Post-release monitoring (100%)

o Community feedback collection (Ongoing)
e Challenges/Blockers Encountered:

o Ensuring comprehensive documentation for all use cases
e Learnings/Discoveries:

o Interactive examples significantly improve user adoption
e Plan for Next Week:

o Project completed successfully

o Begin planning for future enhancements based on feedback

e Relevant Documentation:
o Google Al Studio
o Gemini SDKs (Python, TS / JS)
o Gemini Developer Documentation
o Gemma Documentation

o Gemma Codebase
o Useful Articles/Tutorials:

o Google /O Keynote and Developer Keynote
e Other:
o https: //a| google.dev/gemini- aplldocs

o

0O O O O O O


https://ai.dev/
https://ai.google.dev/gemini-api/docs/libraries
https://ai.google.dev/gemini-api/docs
https://ai.google.dev/gemma/docs
https://github.com/google-deepmind/gemma
https://io.google/2025/explore
https://ai.google.dev/gemini-api/docs
https://ai.google.dev/gemini-api/docs/quickstart
https://ai.google.dev/gemini-api/docs/pricing
https://ai.google.dev/gemini-api/docs/rate-limits
https://ai.google.dev/gemini-api/docs/long-context
https://ai.google.dev/gemini-api/docs/structured-output
https://ai.google.dev/gemini-api/docs/thinking
https://ai.google.dev/gemini-api/docs/video-understanding



https://ai.google.dev/gemini-api/docs/caching?lang=node
https://ai.google.dev/gemini-api/docs/batch-mode
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