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MiniProject

Mini-Project 4: Cloud Computing

Today we deploy our algorithms in the cloud, on large data centers hosting many servers, each
of which hosts many virtual machines. Managing the assignment of virtual machines to real servers
is immensely difficult, and even small improvements can yield large financial gains. Here are some
of the challenges you might think about:

• In the basic version of the problem, each job has some requirements (e.g., CPU, memory,
network bandwidth, etc.). Each server has some resources (i.e., total CPU, memory, band-
width). Each server can run several VMs, i.e., can be assigned many jobs. Come up with an
assignment of jobs to servers that satisfies the constraints while minimizing the number of
servers. (This is a multidimensional bin packing problem.) You can test out many different
solutions and see which work best.

• The problem becomes harder when jobs arrive and leave, i.e., the on-line version. As jobs
arrive and leave, assign them to machines. How many servers do you need in this case?

• Perhaps the jobs have priorities: it is more important to execute the priority 1 jobs, while the
priority 100 jobs can wait. If a low priority job is running, it can be halted and replaced with
a higher priority job. Assume you have a fixed number of machines that are always running,
using energy—your goal is to minimize the wasted resources, i.e., to maximize the usage rate
of the servers.

Now can you do better with the online version? For example, perhaps you schedule on each
machine one high priority task and several low priority tasks. When a new high priority task
comes along, you can halt the low priority tasks and replace them. In this way, your machines
are always in use.

There are many variations you might think of, looking at different cost metrics (e.g., energy,
resource usage, job delays) and different settings.

The following website has some interesting bin packing data sets: http://people.brunel.ac.
uk/~mastjjb/jeb/info.html. However, it does not have any good real cloud computing data. I
am still looking for good data sets on real data centers. (Let me know what you find.)
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