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Agenda

Introduction:

Å Persistent Memory

Å NVML

Å PMEMCHECK

Tutorial:

Å Kernel support

Å NVML overview

Å libpmem

Å libpmemblk

Å libpmemobj C API

Å libpmemobj C++ API

Å PMEMCHECK



Just a little bit of theory...



What is it ?
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Persistent Memory

What is Persistent Memory ?

ÁNon-volatile

ÁRetains data without power

ÁByte addressable

ÁLoad/Store access

ÁMemory-like performance

ÁDMA-able

ÁNVDIMM
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Persistent Memory use cases

ÁBlock storage

ÁVolatile Memory

ÁPersistent Memory aware filesystem

ÁPersistent Memory aware applications
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Persistent Memory characteristics

ÁStores are not durable

ÁThe data must be flushed

Á8-byte atomicity

ÁVirtual address may change
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Persistent Memory kernel support

ÁNVDIMM subsystem

ÁDAX (Direct Access)

Ándctl ygithub.com/pmem/ndctl

ÁDAX support in ext2, ext4, xfs

https://github.com/pmem/ndctl


Non-Volatile Memory Libraries

https:// github.com/pmem/nvml
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Persistent Memory Programming Model
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NVML introduction

ÁSet of user-space libraries

ÁPMEM-aware applications

ÁSource code on github - github.com/pmem/nvml

ÁBSD license

ÁWeb page - pmem.io

ÁDistros (Fedora, openSUSE)
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NVML libraries

Library Description

libvmem Volatile memory allocator

libvmmalloc malloc() replacement using libvmem

libpmem Low-level support for persistence

libpmemlog Append only log structure

libpmemblk Atomic access to memory blocks

libpmemobj Transactional object store

libpmempool Managing library
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How to configure my Linux OS for persistent memory ?
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Kernel support

ÁKernel config: NVDIMM, DAX

ÁPersistent memory emulation:

yhttp:// pmem.io/2016/02/22/pm -emulation.html

yX86_PMEM_LEGACY

yMemmap=<size>!<offset>

ÁCreate filesystem

ÁMount with DAX

http://pmem.io/2016/02/22/pm-emulation.html
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Persistent Memory configuration



Quick insight into source tree
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NVML overview

ÁSource tree organization

ÁBuilding

ÁRunning tests

ÁExamples

ÁPackages
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NVML packages



Low level persistent memory support



21

libpmem examples

ÁHow to check if memory is Persistent Memory ?

ÁHow to access Persistent Memory ?

ÁDebug library and log messages

ÁHow to make memory persistent ?

ÁRunning examples under Valgrind pmemcheck
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How to check if memory is Persistent Memory ?
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How to access Persistent Memory ?
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Running pmem_is_pmem example
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libpmem: turning on log messages
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libpmem: pmem_persist - 1
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libpmem: pmem_persist - 2



Persistent Memory aware tool for Valgrind

github.com/pmem/ valgrind
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PMEMCHECK

ÁValgrind tool

ÁNeed to build nvml with special flags

ÁChecks correctness of persistent memory usage

ÁChecking data persistence

ÁSupport for transactions (libpmemobj)

ÁNVML: make EXTRA_CFLAGS=-DUSE_VALGRIND
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libpmem: valgrind support
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libpmem: pmem_persist + valgrind pmemcheck
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libpmem: pmem_persist - 2



Persistent Memory pools utils
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pmempool: available commands



Persistent Memory resident array of blocks
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Libpmemblk: examples

ÁPmempool introduction

ÁCreating pmemblk pool with pmempool

ÁOpening pmemblk pool

ÁReading pool parameters

ÁReading and writing blocks



37

pmempool: create command
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Opening pmemblk pool
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Reading and writing block
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libpmempool: running example



Persistent Memory Transactional Object Store
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libpmemobj

ÁCreating pmemobj pool with pmempool

ÁOpening pmemobj pool

ÁPMEMoid ypersistent memory pointer

ÁRoot object

ÁAllocations
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Libpmemobj: simple example

ÁApplication which stores list of people

ÁStores first and last name

ÁConstant size array
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Data structures
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Main function
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List of people
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Insert function - 1
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Insert function - 2
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ÑÞæáßðĊï ßëêïðîñßðëî



50

Clear function
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Recovery
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Running example
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Missing persist
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Valgrind pmemcheck


