International Journal of Research in Engineering and Science (IJRES)
ISSN (Online): 2320-9364, ISSN (Print): 2320-9356
www.ijres.org Volume 12 Issue 2 | February 2024 | PP. 177-181

Smart Design for Optimizing Large-Scale Data Center
Maintenance Scheduling

Anurag Reddy, Director Capacity Engineering, anurag_reddy@berkeley.edu
Anil Naik, Product Lead, Telecom & AR/VR, UC Berkeley, CA,anilgnaikd@gmail.com

Sandeep Reddy, Senior Program Manager, Consumer Technology, University Of Rochester,
NY” sandeepreddy4488@gmail.com

Abstract: This white paper addresses the inefficiencies and potential risks associated with manual maintenance
planning processes in infrastructure management. Current practices lack optimization, impact assessment, and
integrated decision-making tools, leading to suboptimal plans and safety concerns. The proposed solution
introduces an intelligent maintenance scheduling tool designed to enhance safety, improve efficiency, and
streamline maintenance activities. The paper discusses the identified gaps in impact assessment, decision-
making tools, human resource oversight, and project priority consideration, presenting a detailed analysis of
the current state.

The key objectives of the proposed solution include minimizing impacts on capacity and customer connectivity,
accelerating decision-making processes, and reducing engineering efforts. The suggested design schema for the
tool's front end involves two primary outputs: a binary feasibility assessment of proposed maintenance plans
and a utilization percentage metric by region and hour. The tool aims to provide clear insights into potential
violations and visualizations of capacity utilization for informed decision-making.

The input data required for the tool encompasses various parameters such as current and future capacity,
maintenance details, demand forecasts, storage and object storage capacity, holiday calendars, bandwidth
capacity, and network connectivity considerations. The tool's desired outputs include a binary assessment of
maintenance plan feasibility and a utilization percentage metric formula that considers constraints and
limitations.

In conclusion, the intelligent maintenance scheduling tool proposed in this paper offers a comprehensive
solution to the challenges faced in traditional manual planning processes. By leveraging advanced decision-
making algorithms and incorporating key data sources, the tool aims to revolutionize maintenance planning,
ensuring enhanced safety, improved efficiency, and streamlined processes in infrastructure management.
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I INTRODUCTION
In the landscape of infrastructure management, the critical function of maintenance planning is currently
navigated through manual processes, relying on general calendars. This manual approach, however, operates
with a limited understanding of the complex constraints and criteria that must be respected. As a consequence,
engineers find themselves engaged in extensive contemplation, leading to suboptimal plans and, in severe
scenarios, potential incidents.

This white paper is a response to the challenges embedded in the current maintenance scheduling
processes. It sheds light on the existing gaps in impact assessment, decision-making tools, human resource
oversight, and project priority consideration. The envisioned remedy comes in the form of an intelligent
maintenance scheduling tool—a solution designed to not only address these identified gaps but also elevate
safety measures, enhance efficiency, and streamline the intricate processes associated with maintenance
activities.
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The subsequent exploration delves into a detailed analysis of the present state, identifying gaps that
contribute to suboptimal maintenance plans and potential risks to infrastructure health. From deficient impact
assessment methodologies to oversight in human resource availability and a lack of consideration for project
priorities, this examination underscores the need for a transformative shift.

The intelligent maintenance scheduling tool proposed herein sets forth clear objectives: to minimize
impacts on capacity and customer connectivity, expedite decision-making processes, and intelligently visualize
potential bottlenecks, thereby reducing delays associated with a calendar-driven approach.

As we unfold the design schema and delve into input data sources, the aim is to provide a
comprehensive solution. This includes a binary feasibility assessment and a utilization percentage metric
formula, offering a nuanced understanding of the proposed maintenance plans. The goal is not just to verify
feasibility but to optimize the scheduling process with a keen eye on safety, efficiency, and holistic
infrastructure health.

In essence, this white paper proposes a transformative solution to the challenges in current maintenance
scheduling. It envisions a future where safety and efficiency intertwine seamlessly, guided by intelligent
decision-making and a proactive approach to maintenance planning.

1. CURRENT STATE
The examination of the current state reveals notable deficiencies in impact assessment, decision-
making tools, human resource oversight, and project priority consideration, collectively contributing to
suboptimal maintenance plans and potential threats to infrastructure health.

A. Impact Assessment

1) The current process lacks a comprehensive evaluation of simultaneous maintenance activities on
overall capacity.

2) Current impact assessments heavily rely on geographic proximity, introducing vagueness and lacking
confidence in exhaustiveness.

3) Maintenance of Critical Network Infrastructure (CNI) sites is inadequately addressed, necessitating
well-defined Service Level Agreements (SLAs) and enhanced visibility into link capacity for proper
management.

4) Poor visibility on Provider Network Interface (PNI) connections poses risks to customer connectivity
during concurrent downtimes in critical locations.

5) Constraints on Customer Service Management (CSM) sites require specific mechanisms and prior
notifications to efficiently handle maintenances.

6) Essential Project Platform (EPP) site maintenances are not incorporated into the calendar, impeding

accurate capacity evaluations and future planning.
B. Lack of Integrated Decision-Making Tools

1) Management of hyperscale and non-hyperscale capacities through separate models lacks integration
across network colocations.

2) Absence of clear metrics, such as threshold utilization or acceptable Round-Trip Time (RTT),
undermines confidence in scheduling maintenances during off-peak hours.

3) Manual reviews from Network Engineering Teams (NET) or Site Reliability Engineers (SRE) are
necessitated for decision-making, introducing delays and potential oversight.

C. Human Resource Availability Oversight

1) Scheduling occurs without confirming actual resource availability, leading to cancellations, incurred
vendor costs, and last-minute issues.

2) The holiday calendar of non-native regions is disregarded during scheduling, introducing potential
oversights.

3) Maintenance predominantly scheduled during off-peak hours results in engineers being allocated to
non-native regions against their preferences. Enhanced visibility into capacity and engineer preferences is
imperative to minimize off-peak maintenances and foster regionalization.
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D. Project Priority Disregard

1) The absence of systematic consideration of project priorities concerning overall infrastructure health
results in resource allocation misalignment.

In addressing these challenges, an intelligent maintenance scheduling tool is proposed, aiming to fill these gaps
and optimize the maintenance planning process. This solution incorporates robust impact assessments,
integrated decision-making tools, enhanced human resource oversight, and a systematic approach to project
priority consideration, ultimately fostering a more efficient and secure infrastructure management framework.

1. INTELLIGENT MAINTENANCE OPTIMIZATION

In the quest for enhanced infrastructure management, our proposed solution, "Intelligent Maintenance
Optimization," strives to revolutionize maintenance planning. With a focus on safety, efficiency, and
streamlined processes, this innovative approach aims to minimize impacts on capacity, expedite decision-
making, and intelligently visualize potential bottlenecks.

A. Key Objectives

Our proposed solution is geared towards achieving the following pivotal objectives:

1) Enhance Safety: Minimize adverse impacts on overall capacity and customer connectivity during
maintenance activities.

2) Improve Efficiency: Expedite decision-making processes, reducing the engineering efforts required for
effective maintenance planning.

3) Streamline Maintenance: Implement intelligence to visually identify potential bottlenecks, fostering a

proactive approach to reduce delays associated with a calendar-driven maintenance schedule.
B. Output 1: Binary Feasibility Assessment

The system will provide a binary response indicating the feasibility and safety of the proposed maintenance
plan:

1) Feasible and Safe (Yes): The proposed maintenance plan aligns with safety and capacity considerations
2) Not Feasible (No): If the answer is negative, the system will provide detailed information regarding the
violation, specifying the date, time, and region affected.

YES

OR

3) Calendar Visualization: Once the user interface (Ul) is developed, a calendar view will be
incorporated, color-coded to represent the feasibility status of proposed maintenances:

a) Green: Feasible and Safe
b) Red: Not Feasible (with detailed violation information)
S.no  Violation Date Violation Start Time Violation End Time  Site Name(s) Violation Region
1 11/7/2023 1:00AM 4:00 AM sin02 APAC
2 11/13/2023 5:00PM 6:00 PM ewrD1 NAMER
3 11/14/2023 2:00 PM 8:00 PM fra03, zrh01 EMEA

This intuitive visualization will empower users to quickly grasp the status of proposed maintenance activities,
aiding in informed decision-making and proactive adjustments to enhance overall operational efficiency.
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C. Output 2: Utilization Metrics Views

This feature comprises two distinct perspectives. Firstly, a granular examination with an hourly breakdown of
utilization percentages for each day:

1) Hourly Breakdown: Detailed insights into the utilization percentages throughout the day, offering a

average values derived from the hourly utilization percentage metrics. This macroscopic approach facilitates
quick assessments of overall system load, aiding in strategic decision-making and resource planning.

-

D. ffomprehensive Approach to Infrastructure Management
1) Input Data: This diverse dataset, meticulously sourced and structured, ensures a robust analysis for
informed decision-making in infrastructure management.

Service Data
Capacity i-1: Current Installed Capacity <br> i-2: Future Capacity (Work in Progress with estimated go-live date)
i-3: Current disabled colos <br> i-4: Existing scheduled future maintenances <br> i-5: Future maintenance

Maintenances iderati

Demand i-6: Current Native traffic by hour by colo <br> i-7: Future forecasted native traffic by hour by colo

Storage Capacity i-8: Capacity data - available supply capacity by cluster

Object Storage

Capacity i-0: Capacity data - available supply capacity by cluster

Holiday Calendar i-10: List of future days ilable for mai due to public holidays in different regions

Bandwidth Capacity  |i-11: Colos requiring advance notification for planned mai that itate colo downtime

Network Connectivity  |i-12: Backbone heavy sites needing considerations beyond compute capacity
2) Outputs: The tool is designed to produce two key outputs:
a) Feasibility Verification: The system validates the feasibility of the given maintenance schedule,
ensuring it aligns with safety and operational standards.
b) Utilization Percentage Metric: An evaluation metric indicating the utilization percentage per region per

hour.
Numerator: The amount of capacity that would be lost for maintenance in the given time.
Denominator: The total amount of capacity available to perform maintenance considering all constraints.

3) Formulation Process: This section elucidates the methodology for generating both Output 1 (feasibility

verification) and Output 2 (utilization percentage metric), providing a detailed walkthrough of the systematic
procedures employed in the intelligent maintenance optimization system.

. e R 10 e
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IV. CONCLUSION

In conclusion, the proposed "Intelligent Maintenance Optimization” tool, as outlined in this paper,
presents a groundbreaking solution to address the inefficiencies in traditional manual maintenance planning
within large networks of data centers. By meticulously analyzing the gaps in impact assessment, decision-
making tools, human resource oversight, and project priority consideration, the tool aims to revolutionize the
current landscape.

With a focus on enhancing safety, improving efficiency, and streamlining maintenance processes, the
tool's design schema incorporates a binary feasibility assessment and utilization metrics views. The feasibility
assessment provides a quick and intuitive understanding of proposed maintenance plans' safety and operational
alignment, while utilization metrics offer detailed insights into resource usage patterns on both hourly and daily
scales. The proposed solution not only identifies and rectifies deficiencies in the current state of maintenance
planning but also sets clear objectives to minimize impacts on capacity, expedite decision-making, and
streamline maintenance activities. By leveraging a comprehensive dataset and advanced decision-making
algorithms, this tool aspires to usher in a transformative era where infrastructure management is guided by
intelligent, data-driven processes.

In essence, "Intelligent Maintenance Optimization™ emerges as a beacon of innovation in infrastructure
management, poised to significantly enhance the safety, efficiency, and overall effectiveness of maintenance
planning for large data center networks.
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