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per Team, Inria Building, Paris

1 Context
Resource disaggregation has recently attracted significant interest as a solution to

simplify resource management in a data center [1,2,12,13,15,17,18,21,25,28,31,35,
36,38,39]. It consists of designing a data center with physical machines specialized in
a single type of resource (CPU nodes, memory nodes, GPU nodes...). These machines
are interconnected via high-speed networks, which enables a cloud provider to create
a virtual machine on demand by re-aggregating disaggregated resources.

In a disaggregated data center, remote memory access is slower than local memory
access [11,14,32]. To hide the increased latency, both industry and academia propose
to use local memory on the CPU node as a software-managed cache for remote
memory [12, 12, 21, 28, 35, 39]. In this setting, hot data is kept on the CPU node,
while cold data remains on the remote memory node.

Transparently executing an application on top of a disaggregated infrastructure
remains a challenge. Current runtimes are implemented either inside the kernel as
a swap device [12] or by relying on specific language features [28]. Neither of these
solutions is satisfactory. The swap device approach is fully transparent but not flexible
enough, since it is difficult to finely tune the Linux cache replacement policy to the
specific needs of an application. The language-based approach is more flexible, as the
replacement policy is directly embedded in the application. However, in this case,
remote memory access is no longer transparent, because it requires the use of special
data structures.
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2 Subject
With VoliMem, we propose a runtime that implements disaggregation while achie-

ving both transparency and flexibility. Instead of implementing the disaggregated
runtime directly in the kernel, we propose to implement it in user space by relying
on the virtualization instruction set of a modern processor. Thanks to virtualization,
VoliMem creates a second page table within the process, which is used to transpa-
rently implement swapping in user space. Because VoliMem leverages a page table,
it is fully transparent to the application. Moreover, since swapping is implemented
in user space, the replacement policy can be finely tuned to the specific needs of the
application.

In its current state, a process running in VoliMem can aggregate memory from
several memory nodes. However, the process cannot yet run across multiple CPU
nodes because VoliMem does not currently implement a cache-coherency protocol.
The goal of this internship is therefore to explore how a cache-coherency protocol
could be implemented in VoliMem, inspired by existing hardware protocols (i.e.,
MESIF and MOESI).

Work plan.

Month 1 : Related work,
Month 2-3 : Design and implementation of the cache-coherency protocol
Month 4 : Evaluations and report writing.

3 Advisors expertise
Gaël Thomas (Benagil team) is an expert in systems. He has been working on

NUMA architectures [4, 9, 10, 34], privacy [30, 37], performance analysis [5, 22], per-
sistent memory [6,16], concurrent programming [19,20,26,27], bug analysis [23,24,29],
and language runtime designs [3, 7, 8, 33].

4 Expected skills
The candidate must have a good background in system programming and C/C++.
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