
First Things First: A Discussion of Modelling Approaches 
for Disruptive  Memory Technologies 
  Herbsttreffen der Fachgruppe Betriebssysteme (FGBS‘21), Trondheim (Online), 20.09.21 
Michael Müller, Daniel Kessener, Olaf Spinczyk



First Things First: Modelling Approaches for DMT / Michael Müller / 2

The complexity of modern memory hierarchies

registers

RAM

disks

non-local storage



First Things First: Modelling Approaches for DMT / Michael Müller / 2

The complexity of modern memory hierarchies

registers

RAM

disks

non-local storage

L1-L3 cache

regsregsregs
Multi-core and many-core CPUs 
with shared and distributed caches



First Things First: Modelling Approaches for DMT / Michael Müller / 2

The complexity of modern memory hierarchies

registers

RAM

disks

non-local storage

L1-L3 cache

regsregsregs
Multi-core and many-core CPUs 
with shared and distributed caches

RAM

disks

non-local storage

RAM

disks

non-local storage

On-chip/on-board networks lead 
to non-uniform I/O and memory 
architectures



First Things First: Modelling Approaches for DMT / Michael Müller / 2

The complexity of modern memory hierarchies

registers

RAM

disks

non-local storage

L1-L3 cache

regsregsregs
Multi-core and many-core CPUs 
with shared and distributed caches

RAM

disks

non-local storage

RAM

disks

non-local storage

On-chip/on-board networks lead 
to non-uniform I/O and memory 
architectures

HBM HBM
   DRAM

NVRAM NVRAM

DRAM
Novel memory 
technologies have 
different properties



First Things First: Modelling Approaches for DMT / Michael Müller / 2

The complexity of modern memory hierarchies

registers

RAM

disks

non-local storage

L1-L3 cache

regsregsregs
Multi-core and many-core CPUs 
with shared and distributed caches

RAM

disks

non-local storage

RAM

disks

non-local storage

On-chip/on-board networks lead 
to non-uniform I/O and memory 
architectures

HBM HBM
   DRAM

NVRAM NVRAM

DRAM
Novel memory 
technologies have 
different properties

In-memory and near-memory 
computing can save bandwidth 
and offers parallelism



First Things First: Modelling Approaches for DMT / Michael Müller / 2

The complexity of modern memory hierarchies

registers

RAM

disks

non-local storage

L1-L3 cache

regsregsregs
Multi-core and many-core CPUs 
with shared and distributed caches

RAM

disks

non-local storage

RAM

disks

non-local storage

On-chip/on-board networks lead 
to non-uniform I/O and memory 
architectures

HBM HBM
   DRAM

NVRAM NVRAM

DRAM
Novel memory 
technologies have 
different properties

In-memory and near-memory 
computing can save bandwidth 
and offers parallelism

   DRAM

NVRAM NVRAM

DRAM

More flexibility with 
disaggregated mem.



First Things First: Modelling Approaches for DMT / Michael Müller / 2

The complexity of modern memory hierarchies

registers

RAM

disks

non-local storage

L1-L3 cache

regsregsregs
Multi-core and many-core CPUs 
with shared and distributed caches

RAM

disks

non-local storage

RAM

disks

non-local storage

On-chip/on-board networks lead 
to non-uniform I/O and memory 
architectures

RDMA

RDMA turns this into Giza

How could any system software efficiently manage these resources?

HBM HBM
   DRAM

NVRAM NVRAM

DRAM
Novel memory 
technologies have 
different properties

In-memory and near-memory 
computing can save bandwidth 
and offers parallelism

   DRAM

NVRAM NVRAM

DRAM

More flexibility with 
disaggregated mem.



First Things First: Modelling Approaches for DMT / Michael Müller / 2

The complexity of modern memory hierarchies

registers

RAM

disks

non-local storage

L1-L3 cache

regsregsregs
Multi-core and many-core CPUs 
with shared and distributed caches

RAM

disks

non-local storage

RAM

disks

non-local storage

On-chip/on-board networks lead 
to non-uniform I/O and memory 
architectures

RDMA

RDMA turns this into Giza

How could any system software efficiently manage these resources?

HBM HBM
   DRAM

NVRAM NVRAM

DRAM
Novel memory 
technologies have 
different properties

In-memory and near-memory 
computing can save bandwidth 
and offers parallelism

   DRAM

NVRAM NVRAM

DRAM

More flexibility with 
disaggregated mem.

Using Precise system models!



First Things First: Modelling Approaches for DMT / Michael Müller / 3

An adequate system-level model

Represents the overall 
hardware topology 
including DMTs

Provides information about 
communication costs

Enables updates to the 
model at runtime

has a whole system view 
including applications and 
system services, i.e., an 
application model

Provides performance 
predictions and optimized 
resource mappings
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[1] 
Hsieh, K., Ebrahim, E., Kim, G., Chatterjee, N., O’Connor, M., 
Vijaykumar, N., Mutlu, O. and Keckler, S.W. 2016. Transparent 
Offloading and Mapping (TOM): Enabling Programmer-
Transparent Near-Data Processing in GPU Systems. ACM/
IEEE 43rd Annual International Symposium on Computer 
Architecture (ISCA) (Jun. 2016), 204–216. 

[2] 
Khan, K., Pasricha, S. and Kim, R.G. 2020. A Survey of 
Resource Management for Processing-In-Memory and Near-
Memory Processing Architectures. Journal of Low Power 
Electronics and Applications. 10, 4 (Dec. 2020), 30. DOI:https://
doi.org/10.3390/jlpea10040030. 

[3] 
Mutlu, O., Ghose, S., Gómez-Luna, J. and Ausavarungnirun, R. 
2020. A Modern Primer on Processing in Memory. CoRR. abs/
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Models for NVRAM

▪ Simulator for NVRAM 
architectures1)

▪ Application-specific cost model 
for data stream processing2)

▪ Performance studies [Izraelevitz 
et al. ‘19]

▪ Programming models [Scargall 
‘20, George ’20, Köppen ‘19]

1) Wang, Z. et al., Characterizing and Modelling Non-Volatile Memory 
Systems. MICRO’ 2020.

2) Pohl, C. and Sattler, K.-U. A Cost Model for Data Stream Processing on 
Modern Hardware. ADMS’ 2017. 

• Existing models too detailed for online usage 
• Models without holistic view 
• Isolated performance analyzes (best case, single 

application)
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Schüpbach, A.L. 2012. Tackling OS Complexity with Declarative Techniques. ETH Zurich.
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Conclusion

▪ Increasing complexity of memory hierarchies calls for 
sophisticated system models 

▪ Only device-specific models and performance studies for 
DMTs 

▪ Most existing system models, do not model DMTs; And the 
ones that do are insufficient 

→Research on holistic models for systems with DMTs needed


