IMMC 2025 Problem E (f#if& %#% English)

When Watts Meet Bits: The Power-Computing Collaborative Scheduling

Background
: ’ With the rapid development of information technology,

especially the widespread use of cloud computing, big
data, and artificial intelligence, the demand for
computational power is steadily increasing. Data centers
(see Figure 1) have become key infrastructure in modern
society. However, their high power consumption also
leads to rising energy use and carbon emissions. At the
same time, global attention to environmental protection
has made renewable energy sources (such as solar and
wind power) an important solution to the energy
challenge.

Figure 1 Internal layout of Google data center
(The image is sourced from the internet.)

In this context, balancing the computational power
demand of data centers with the pressure of power
supply has become an wurgent -challenge.
Specifically, during the global energy transition,
effectively integrating renewable energy sources
like wind and solar power (as shown in Figure 2)
with traditional electricity systems is crucial. The
goal is to ensure task scheduling meets service
quality requirements while maximizing green
energy usage, reducing carbon emissions, and
cutting electricity costs.

Figure 2: Renewable energy for power supply
(Image sourced from the internet)




Tasks

Assume that a certain data center has different types of power supply: traditional electricity and green
electricity. The power supply has an upper limit, and the electricity price fluctuates based on supply
and demand. Green energy is given priority, but when green energy is insufficient, traditional
electricity must be used. The data center has multiple computational tasks, and the computational
power demand for each task changes across different time periods. Each task also has a different
priority. Task scheduling must take into account the priority of each task, ensuring that critical tasks
(such as urgent computing tasks and real-time tasks) are not affected, while less important tasks can
be delayed based on the availability of power. Each server cluster has limited computational capacity,
and the power consumption of each cluster is linear during operation. The progress of computational
tasks is directly related to the allocated power and computational capacity. You and your team have
been assigned to use mathematical modeling to optimize the overall operation of a large data center
through reasonable power and computational scheduling to achieve the following objectives:

1. Design an optimization model for the collaborative scheduling of computational power and
electricity over a 24-hour period. The model should ensure that the data center can adjust the
allocation of computational resources based on real-time task demands, and dynamically
adjust power consumption in response to changes in power supply conditions. The goal is to
ensure that computational tasks are completed on time, preventing service quality from being
affected due to power shortages.

2. Through power scheduling optimization, reasonably adjust the proportion of green energy
and conventional energy usage to reduce the electricity costs of the data center. Meanwhile,
participants should maximize the utilization of green energy to achieve the dual goals of
emission reduction and operational cost savings.

3. Design an efficient scheduling algorithm based on balancing computational demand and
power supply, as well as cost optimization. The algorithm should be capable of quickly
responding to significant fluctuations in power supply and dynamically adjusting the
computational load to prevent both power surpluses and shortages.

Data Reference

1. Basic Architecture and Operating Principles of Data Centers: https://www.ibm.com/th

ink/topics/data-centers.

2. To facilitate scheduling modeling, relevant data for a 24-hour period is provided in
the subsequent appendix.

3. Your team may also obtain data through other channels, or use forecasting models to
generate predicted data for modeling.


https://www.ibm.com/think/topics/data-centers
https://www.ibm.com/think/topics/data-centers

Submission

Your team's solution paper should include a 1-page Summary Sheet. The body cannot exceed 20
pages for a maximum of 21 pages with the Summary Sheet inclusive. The appendices and references
should appear at the end of the paper and do not count towards the 21 pages limit.

Special Note

The principles of Honor System of IMMC also applies to the use of LLMs (large language models)
or generative Al tools. If a team uses any large language model or generative Al tool in completing
the modeling tasks, from problem research, model development, programing to paper/report writing,
the team must make honest, open and transparent disclosure, including making in-text citations and
detailing relevant content in the "References" section. It should be recognized that although large
language models or generative Al have the advantages of productivity tools, they also have obvious
shortcomings and pose risks to users (such as Al-generated content containing Al hallucinations or
possible plagiarism in the produced content). Whether or not using large language models or
generative Al tools itself in the team’s work has no impact on judges' evaluation; the judges seriously
remind every team that if any Al tool would be used, use it responsibly, correctly, honestly, open and
transparently.



Appendix

Table 1. Task Quantity, Computational Power Demand, and Power Consumption of 24 Hours

Time Period High Urgency Tasks Medium Urgency Tasks Low Urgency Tasks
00:00-06:00 Null 40 tasks (50 kWh each) | 60 tasks (30 kWh each)
06:00-08:00 Null 55 tasks (50 kWh each) | 70 tasks (30 kWh each)
08:00-12:00 Hdtasks (BOKWh =1 25 ks (50 kWh  each) Null
each)
12:00-14:00 34 tasks (B0 kWh 95 tasks (50 kWh each) Null
each)
14:00-18:00 152 tasks (BORWh =1 g1 ks (50 kwh  each) Null
each)
18:00-22:00 50 tasks (80 kWh each) 50 tasks (50 kWh each) | 40 tasks (30 kWh each)
22:00-24:00 Null 20 tasks (50 kWh each) 15 tasks (30 kWh each)
Table 2. 24-Hour New Energy Power Generation Supply
Time Chour) New Energy Power Generation Supply (MW)
0~1 0
1~2 0
2~3 0
3~4 0
4~5 0.5
5~6 1.4
6~7 1.8
7~8 2.1
8~9 2.4
9~10 2.4
10~11 2.8
11~12 3.2
12~13 34
13~14 33
14~15 3.1
15~16 2.9
16~17 2.6
17~18 2.5
18~19 2.3
19~20 1.5
20~21 1.0
21~22 0
22~23 0
23~24 0




Table 3. 24-Hour Renewable Energy Electricity Price

24-Hour Renewable Energy Electricity Price
Time (hour) Renewable Energy Supply Renfawable Energy Electricity
(MW) Price (RMB Yuan/kWh)
0 0 0.6
1 0 0.6
2 0 0.6
3 0 0.6
4 2 0.5
5 3 0.5
6 5 04
7 6 0.4
8 7 04
9 8 0.3
10 8 0.3
11 9 0.3
12 9 0.3
13 8 0.4
14 7 0.5
15 6 0.5
16 5 0.5
17 4 0.5
18 3 0.6
19 2 0.6
20 1 0.6
21 0 0.6
22 0 0.6
23 0 0.6




Table 4. 24-Hour Traditional Electricity Price

24-Hour Traditional Electricity Price
Time Chour) TradltmnalY]llll:ch:‘:‘;l,tlzf)Prlce (RMB

0 0.5
1 0.5
2 0.5
3 0.5
4 0.6
5 0.7
6 0.8
7 0.9
8 1

9 1.2
10 1.3
11 1.3
12 1.2
13 1.1
14 1

15 1

16 1.1
17 1.2
18 1.3
19 1.2
20 1.1
21 1

22 0.8
23 0.6
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