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Memory Overview
NVRAM is significantly faster than other types of storage, capacity is pretty high,
and no energy is needed to maintain its state. But:
• NVRAM speed is much slower than that of DRAM
• Other storage technologies offer significantly better price/capacity ratios
• Writing NVRAM consumes more power than writing DRAM
• NVRAM requires fail-safe guarantees from the system:

• power failures on NVRAM-systems may turn a sequential process into a non-sequential one
• a program has to deal with its own state from previous interrupted runs

Problem Statement

Storage

Donec in nisl. Fusce vitae est. Vivamus ante
ante, mattis laoreet, posuere eget, congue vel,
nunc. Fusce sem. Nam vel orci eu eros viverra
luctus. Pellentesque sit amet augue. Nunc sit
amet ipsum et lacus varius nonummy. Inte-
ger rutrum sem eget wisi. Aenean eu sapien.
Quisque ornare dignissim mi. Duis a urna
vel risus pharetra imperdiet. Suspendisse po-
tenti.

lorem.txt

00000000 00000000 c8b10000 00000000
20202020 20202020 20202020 20202020
20300900 00000000 e1b10000 00000000
dcb10000 00000000 0c770000 00000000
01000000 00000000 00000000 00000000
00000000 00000000 00000000 00000000

push r15
push r14
push r13
mov r13 , r s i
push r12
mov r12d , edi
push rbp
xor ebp ,ebp
push rbx
lea rbx , [ r ip+0x527b ]
sub rsp ,0 x148
mov [ rsp+0x54 ] , edi
mov rdi , [ r s i ]
mov [ rsp+0x68 ] , r s i

/bin/cat

NVRAM

lorem.txt <block 0-3>

/bin/cat <block 0-3>

/bin/cat <block 4-8>

push r15
push r14
push r13
mov r13 , r s i
push r12
mov r12d , edi
push rbp

xor ebp ,ebp
push rbx
lea rbx , [ r ip+0x527b ]
sub rsp ,0 x148
mov [ rsp+0x54 ] , edi
mov rdi , [ r s i ]
mov [ rsp+0x68 ] , r s i

page in
page out

00000000 00000000 c8b10000 00000000
20202020 20202020 20202020 20202020
20300900 00000000 e1b10000 00000000
dcb10000 00000000 0c770000 00000000
01000000 00000000 00000000 00000000
00000000 00000000 00000000 00000000
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Donec in nisl. Fusce vitae est. Vivamus ante ante,
mattis laoreet, posuere eget, congue vel, nunc. Fusce
sem. Nam vel orci eu eros viverra luctus. Pellentesque
sit amet augue. Nunc sit amet ipsum et lacus varius
nonummy. Integer rutrum sem eget wisi. Aenean eu
sapien. Quisque ornare dignissim mi. Duis a urna vel
risus pharetra imperdiet. Suspendisse potenti.

page in
page out
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Donec in nisl. Fusce vitae est. Vivamus ante ante,
mattis laoreet, posuere eget, congue vel, nunc. Fusce
sem. Nam vel orci eu eros viverra luctus. Pellentesque
sit amet augue. Nunc sit amet ipsum et lacus varius
nonummy. Integer rutrum sem eget wisi. Aenean eu
sapien. Quisque ornare dignissim mi. Duis a urna vel
risus pharetra imperdiet. Suspendisse potenti.

promote
demote

#0 0x00007ffff7fd1236 in ??
#1 0x00007ffff7fd1ca1 in ??
#2 0x00007ffff7fd83df in ??
#3 0x00007ffff7fdae6a in ??
#4 0x0000555555559716 in ??

#5 0x000055555555759e in ??
#6 0x0000555555556d4d in ??
#7 0x00007ffff7dd734a in ??
#8 0x00007ffff7dd73fc in ??
#9 0x0000555555556efa in ??

Process/bin/cat

push r15
push r14
push r13
mov r13 , r s i
push r12
mov r12d , edi
push rbp

xor ebp ,ebp
push rbx
lea rbx , [ r ip+0x527b ]
sub rsp ,0 x148
mov [ rsp+0x54 ] , edi
mov rdi , [ r s i ]
mov [ rsp+0x68 ] , r s i

map

00000000 00000000 c8b10000 00000000
20202020 20202020 20202020 20202020
20300900 00000000 e1b10000 00000000
dcb10000 00000000 0c770000 00000000
01000000 00000000 00000000 00000000
00000000 00000000 00000000 00000000

map

Donec in nisl. Fusce vitae est. Vivamus ante ante,
mattis laoreet, posuere eget, congue vel, nunc. Fusce
sem. Nam vel orci eu eros viverra luctus. Pellentesque
sit amet augue. Nunc sit amet ipsum et lacus varius
nonummy. Integer rutrum sem eget wisi. Aenean eu
sapien. Quisque ornare dignissim mi. Duis a urna vel
risus pharetra imperdiet. Suspendisse potenti.

map

#0 0x00007ffff7fd1236 in ??
#1 0x00007ffff7fd1ca1 in ??
#2 0x00007ffff7fd83df in ??
#3 0x00007ffff7fdae6a in ??
#4 0x0000555555559716 in ??

map

#5 0x000055555555759e in ??
#6 0x0000555555556d4d in ??
#7 0x00007ffff7dd734a in ??
#8 0x00007ffff7dd73fc in ??
#9 0x0000555555556efa in ??
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Capacity Scaling

Integrate these new types of storage-class memory (SCM) appropriately into the
memory hierarchy via the virtual-memory subsystem.
• NVRAM-based data cache for conventional storage
• Size-limited DRAM-based page cache for mutable data in NVRAM
• Page-cache persistence with strict time guarantees
• Power failure tolerance: residual-energy-window–compliant page cache

⇒ pave the way – for application and system programs – for the use of NVRAM

Solution Proposal

• NVRAM-based capacity scaling as a kind of OS-managed memory mode
• Extend capacity scaling with persistence guarantees
• Estimate worst-case period for the residual energy from the system power
supply

• Limit volatile system state to allow for persistence in case of power failure
• Detection of critical sections with regard to persistence of stale or
incomplete state

• Provision of a persistence-aware runtime system for data manipulation

MilestonesPAVE

There are over 35 000 packages available on
FreeBSD, which cannot utilize NVRAM:
• Make legacy software benefit from NVRAM
• Consistency without transactional programming
• Capacity scaling
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