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Technologies [11, 19, 22, 23]
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Phase-change RAM
(PCRAM)

Spin-transfer torque RAM
(STT-RAM)

50ns read latency 2-20ns

500ns write latency 2-50ns

4 F2 cell size 6 F2

108 cy write endurance <1015 cy



Characteristics [12]
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Read-write asymmetry [2, 25]

Expensive write operations require

⇒ reduced number of writes

⇒ changing physical properties to reduce latency

read latency/energy

write latency/energy

write endurance

leakage power

cell size

• PCRAM

• STT-RAM
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Processor [9, 10]
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Goal:

Technology:

Implementation:

improved forward progress

STT-RAM / PCRAM

– replacing volatile components or

– duplicating components or

– adding NVM-block for processor state backup



Caches [8, 18, 24]
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Goal:

Technology:

Implementation:

– improved power consumption

– non-volatility

STT-RAM

– replacing last-level cache and/or

– replacing higher-level cache
(and changing physical attributes of STT-cells)



Main memory [13, 20, 24]
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Goal:

Technology:

Implementation:

– non-volatility

– improved power consumption

PCRAM

– replacing DRAM
→ possible combination with non-volatile last-level-cache

– hybrid architecture:
→ both volatile and non-volatile main memory or
→ non-volatile main memory with volatile bu�er
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Challenges
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Hardware

→ low write endurance 1

→ read-write asymmetry 2

→ high write energy 3

Software

→ inconsistency 4

→ corruption 5

Security 6

1: [4, 13, 20, 21, 26] 2: [2, 25, 26] 3: [13, 20, 17, 18, 20, 26] 4: [1, 15, 14, 16, 5, 7, 20, 24] 5,6: [1]
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Hybrid systems

→ NVRAM and DRAM DIMMs
→ persistence as a service
→ Twizzler [3]

Whole–system persistence[14]

→ only NVRAM DIMMs
→ all application data persistent
→ all system data persistent

Neverlast: Towards the Design and Implementation
of the NVM-based Everlasting Operating System[6]

→ implemented on MSP-EXP430FR5739
→ all data resides in NVRAM
→ prototype including process management

To appear in Proceedings of the 2021 Annual Hawaii International
Conference on System Sciences (HICSS ’21), 2021.
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NVRAM ...
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... is available in form of di�erent technologies

... su�ers from read-write-asymmetry

... is used for components of non-volatile systems

... poses new challenges to system developers

... allows for systems with

→ hybrid architectures
→ whole-system persistence

... leaves a wide �eld for future research
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