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INTRODUCTION

Just a little bit of theory...



PERSISTENT MEMORY



Persistent Memory

What is Persistent Memory ?
A Non-volatile

A Retains data without power
A Byte addressable

A Load/Store access

A Memory-like performance
A DMA-able
A NVDIMM




Persistent Memory use cases

A Block storage
A Volatile Memory

A Persistent Memory aware filesystem

A Persistent Memory aware applications




Persistent Memory characteristics

A Stores are not durable
A The data must be flushed
A 8-byte atomicity

A Virtual address may change




Persistent Memory kernel support

A NVDIMM subsystem
A DAX (Direct Access)
A ndctl y github.com/pmem/ndctl

A DAX support in ext2, ext4, xfs



https://github.com/pmem/ndctl

NVML

Non-Volatile Memory Libraries

https:// github.com/pmem/nvmi




Persistent Memory Programming Model
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NVML introduction

A Set of user-space libraries

A PMEM-aware applications

A Source code on github - github.com/pmem/nvml
A BSDlicense

A Web page - pmem.io

A Distros (Fedora, openSUSE)




NVML libraries

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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KERNEL SUPPORT

How to configure my Linux OS for persistent memory ?



Kernel support

A Kernel config: NVDIMM, DAX

A Persistent memory emulation:
y http:// pmem.io/2016/02/22/pm _-emulation.html
y X86 PMEM _LEGACY
y Memmap=<size>!<offset>

A Create filesystem

A Mount with DAX



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

Persistent Memory configuration

$ cat /etc/default/grub | grep CMDLINE
GRUB CMDLINE LINUX="rd.lvm.lv=fedora/root rd.lvm.lv=fedora/swap rhgb quiet|memmap=1G!'1G"
$ mkfs.ext4 /dev/pmemO
mke2fs 1.42.13 (17-May-2015)
Creating filesystem with 262128 4k blocks and 65536 inodes
Filesystem UUID: bcc4d502-7dae-49e2-81fe-b521200cbffb
Superblock backups stored on blocks:

32768, 98304, 163840, 229376

Allocating group tables: done

Writing inode tables: done

Creating journal (4096 blocks): done

Writing superblocks and filesystem accounting information: done

$ mkdir /mnt/pmem
$ mount /dev/pmem@ /mnt/pmem
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NUML OVERVIEW



NVML overview

A Source tree organization
A Building

A Running tests

A Examples

A Packages




NVML packages

$ cat /etc/redhat-release

Fedora release 24 (Twenty Four)

$ sudo dnf search 'Persistent Memory'

Last metadata expiration check: 4:08:50 ago on Sun Oct 2 16:20:20 2016.

N/S Matched: Persistent Memory

nvml-tools.x86 64 : Utilities for Persistent Memory

libpmempool.x86 64 : Persistent Memory pool management library

libpmem.x86 64 : Low-level persistent memory support library

libpmemlog.x86 64 : Persistent Memory Resident Log File library

libpmemblk.x86 64 : Persistent Memory Resident Array of Blocks library

libpmemobj.x86 64 : Persistent Memory Transactional Object Store library

libvmmalloc.x86 64 : Dynamic to Persistent Memory allocation translation library

libpmem-devel.x86 64 : Development files for the low-level persistent memory library
libpmempool-devel.x86 64 : Development files for Persistent Memory pool management library
libpmemlog-devel.x86 64 : Development files for the Persistent Memory Resident Log File library
libpmemblk-devel.x86 64 : Development files for the Persistent Memory Resident Array of Blocks library
libpmemobj-devel.x86 64 : Development files for the Persistent Memory Transactional Object Store library
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LIBPMEM

Low level persistent memory support




libpmem examples

A How to check if memory is Persistent Memory ?
A How to access Persistent Memory ?

A Debug library and log messages

A How to make memory persistent ?

A Running examples under Valgrind pmemcheck




How to check if memory is Persistent Memory ?

36 int

37 main(int argc, char *argv[])

38 {

39 if (arge 1= 2) {

40 printf("usage: %s <file>\n", argv[@]);

11 return 1;

42 )

43

44 size t size;

45 #ifdef USE_MMAP

46 void *pmem = mmap file(argv[1l], &size);

a7 #telse

48 int is_pmem;

49 void *pmem = pmem map file(argv[1l], @, ©, 0666, &size, &Iis pmem);
50 #endif

51 void *addr = malloc(size);

52

53

54 printf(“"pmem_is pmem:\n");

55 printf(“file : %d\n", pmem_is pmem{pmem, size));
56 printf("malloc: %d\n", pmem_is pmem{addr, size));
57 printf("stack : %d\n", pmem_is pmem(&size, sizeof(size)));
58

59 return 0;

60 1}
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How to access Persistent Memory ?

11 /*

12 * mmap_file -- memory map file and return mapped size
13 */

14 void *

15 mmap_file(const char *path, size t *size)
16 {

17 int fd = open(path, O RDWR);

18 if (fd == -1)

19 err(1, "lopen");

20

21 struct stat buf;

22 if (fstat(fd, &buf))

23 err(1, "lfstat");

24

25 *¥size = buf.st_size & ~(4096 - 1);

26 void *addr = mmap(NULL, *size, PROT_READ|PROT WRITE,
27 MAP_SHARED, fd, 0);

28 if (laddr)

29 err(1, "lmmap");

30

31 close(fd);

32

33 return addr;

34}
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Running pmem_Is_pmem example

$
$ truncate -s 8M /tmp/file

$ ./is pmem /tmp/file
pmem 1s pmem:

file : 0
malloc: 0O
stack : 0O
$

$ truncate -s 8M /mnt/pmem/file
$ ./is pmem /mnt/pmem/file
pmem 1s pmem:

file : 1
malloc: O
stack : 0O
$




libpmem: turning on log messages

$
$ export LD LIBRARY PATH=/1ib64/nvml debug

$ export PMEM LOG LEVEL=3

$

$ ./is pmem /mnt/pmem/file

<libpmem>: <1> [out.c:236 out init] pid 3604: program: /home/pmem/examples/is pmem
<libpmem>: <1> [out.c:238 out init] libpmem version 1.0

<libpmem>: <1> [out.c:239 out init] src version SRCVERSION:

<libpmem>: <3> [libpmem.c:57 libpmem init]

<libpmem>: <3> [util.c:96 util init]

<libpmem>: <3> [pmem.c:1161 pmem init]

<libpmem>: <3> [pmem.c:1099 pmem get cpuinfo] clflush supported

<libpmem>: <3> [pmem.c:1131 pmem get cpuinfo] using clflush

<libpmem>: <3> [pmem.c:1136 pmem get cpuinfo] movnt supported

<libpmem>: <3> [pmem.c:1148 pmem get cpuinfo] using movnt

<libpmem>: <3> [pmem.c:527 pmem map file] path "/mnt/pmem/file" size @ flags 0 mode
<libpmem>: <3> [util.c:154 util map] fd 3 len 8388608 cow 0 req align 0

<libpmem>: <3> [util linux.c:160 util map hint] len 8388608 req align ©

<libpmem>: <3> [util.c:170 util map] mapped at 0x7f0d85e00000

<libpmem>: <3> [pmem.c:454 pmem is pmem init]

<libpmem>: <3> [pmem linux.c:135 is pmem proc] returning 1

<libpmem>: <3> [pmem.c:636 pmem map file] returning 0x7f0d85e00000

OO0 0000
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libpmem: pmem_persist - 1

9 #include <libpmem.h>

10

11 struct my struct {

12 int a;

13 int b;

14 int c;

15 13

16

17 int

18 main(int argc, char *argv[])

19 {

20 if (argc 1= 2) {

21 printf(“usage: %s <file>\n", argv[e]);
22 return 1;

23 }

24

25 /* map pmem file */

26 size t len;

27 void *addr = pmem map file(argv[1], @, @, @775, &len, NULL);
28 if (laddr)

29 err(1, "lpmem map file");
30
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libpmem: pmem_persist - 2

25 /* map pmem file */

26 size t len;

27 void *addr = pmem map file(argv[1], @, @, 8775, &len, NULL);
28 if (laddr)

29 err(1, "l!pmem map file");

30

31 struct my struct *s = addr;

32

33 /* store value and make it persitent */
34 s-»a = 1;

35 pmem persist(&s-»>a, sizeof(s->a));

36

37 /* 111 not made persistent */

38 s->b = 2;

39 s->C = 3;

40

41 pmem_unmap(addr, len);

42

43 return 8;

a4}
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PMEMCHECK

Persistent Memory aware tool for Valgrind

github.com/pmem/ valgrind



PMEMCHECK

A Valgrind tool

A Need to build nvml with special flags

A Checks correctness of persistent memory usage
A Checking data persistence

A Support for transactions (libpmemobj)

A NVML: make EXTRA_CFLAGS®USE_VALGRIND




libpmem: valgrind support

$

$ export LD LIBRARY PATH=/home/pmem/nvml/src/debug
$ export PMEM LOG LEVEL=1

$

$ ./pmem persist /mnt/pmem/file

<libpmem>:
<libpmem>:
<libpmem>:
<libpmem>:
<libpmem>:
<libpmem>:
<libpmem>:

$

<]>
<]>
<]>
<]=>
<]=>
<]>
<]>

[out.
[out.
[out.
[out.
[out.
[out.
[out.

c:
1246
1247
1255
1260
1265
1270

O OO0 00

244

out init]
out init]
out init]
out init]
out init]
out init]
out init]

pid 17574: program: /home/pmem/examples/pmem persist

libpmem version 1.0
src version SRCVERSION:1.1-714-g8b0b468

compiled with support for Valgrind pmemcheck
compiled with support for Valgrind helgrind

compiled with support for Valgrind memcheck

compiled with support for Ualgrind drd
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libpmem: pmem_persist + valgrind pmemcheck

$

$
$ export LD LIBRARY PATH=/home/pmem/nvml/src/debug

$ valgrind --tool=pmemcheck ./pmem persist /mnt/pmem/file

==17639== pmemcheck-0.2, a simple persistent store checker

==17639== Copyright (c) 2014-2016, Intel Corporation

==17639== Using Valgrind-3.10.1 and LibVEX; rerun with -h for copyright info
==17639== Command: ./pmem persist /mnt/pmem/file

==17639==

==17639==

==17639== Number of stores not made persistent: 2

==17639== Stores not made persistent properly:

==17639== [0] at 0x4007D3: main (pmem persist.c:38)

==17639== Address: 0x5200004 size: 4 state: DIRTY
==17639== [1] at Ox4007DE: main (pmem persist.c:39)
==17639== Address: 0x5200008 size: 4 state: DIRTY

==17639== Total memory not made persistent: 8
==17639== ERROR SUMMARY: 2 errors

$
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libpmem: pmem_persist - 2

25 /* map pmem file */

26 size T len;

27 void *addr = pmem map file(argv[1], @, @, 8775, &len, NULL);
28 if (laddr)

29 err(1, "lpmem map file");

30

31 struct my struct *s = addr;

32

33 /* store value and make it persitent */
34 s-»a = 1;

35 pmem_persist(&s->a, sizeof(s->a));

36

37 /* 111l not made persistent */

38 s-»>b = 2;

39 s->C = 3;

40

11 pmem_unmap (addr, len);

42

43 return @;

4 )
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PMEMPOOL

Persistent Memory pools utils




pmempool: available commands

$ pmempool --help
usage: pmempool [--version] [--help] <command> [<args>]
pmempool 1.1-714-g8b0b468

Options:
-V, --version display version
-h, --help display this help and exit
The available commands are:
info - print information and statistics about a pool
create - create a pool
dump - dump user data from a pool
check - check consistency of a pool
rm - remove pool or poolset
convert - perform pool layout conversion
Sync - synchronize data between replicas
transform - modify internal structure of a poolset
help - print help text about a command

For complete documentation see pmempool(1l) manual page.
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LIBPMEMBLK

Persistent Memory resident array of blocks



Libpmemblk: examples

A Pmempool introduction

A Creating pmemblk pool with pmempool
A Opening pmemblk pool

A Reading pool parameters

A Reading and writing blocks




pmempool: create command

$ pmempool create --help

Usage: pmempool create [<args>] <blk|log|obj> [<bsize>] <file>
pmempool 1.1-714-g8b0b468

Create pmem pool of specified size, type and name

Common options:

-5, --size <size> size of pool

-M, --max-size use maximum available space on file system

-m, --mode <octal> set permissions to <octal> (the default is 0664)
-1, --inherit <file> take required parameters from specified pool file
-v, --verbose increase verbosity level

-h, --help display this help and exit

Options for PMEMBLK:
-w, --write-layout force writing the BTT layout

Options for PMEMOBJ:
-1, --layout <name> layout name stored in pool's header

For complete documentation see pmempool-create(l) manual page.




Opening pmemblk pool

6 #include <libpmemblk.h>

7

8 int

9 main(int argc, char *argv[])

10 {

11 if (argc < 2 || argc %2 1=0) {

12 printf(“usage: %s <file> [<blockno> <data>]\n", argv[0]);
13 return 1;

14 )

15

16 /* open pmemblk pool */

17 PMEMblkpool *pbp = pmemblk open(argv[1], @);
18 if (!pbp)

19 err(1, "pmemblk open: %s", pmemblk errormsg());
20

21 /* get block size and number of blocks */

22 size t bsize = pmemblk bsize(pbp);

23 size t nblock = pmemblk nblock(pbp);

24

25 /¥ allocate buffer for block operations */
26 char *block = malloc(bsize);

27 if (!block)

28 err(1, "Imalloc");
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Reading and writing block

30 if (arge == 2) {

31 printf("block size ¢ %zu\n", bsize);

32 printf("number of blocks: %zu\n", nblock);

33

34 /* read all blocks and print stored strings */
35 for (size t i = 8; 1 < nblock; i++) {

36 if (pmemblk read(pbp, block, i))

37 err(1, "pmemblk read: %s\n", pmemblk errarmsg());
38

39 if (strlen(block))

40 printf("%4zu: %s\n", i, block);

41 }

42 } else {

43 for (int i = 2; i < argc; i +=2) {

44 size t lba = atoi(argv[i]);

45 strncpy(block, argv[i + 1], bsize);

46 if (pmemblk write(pbp, block, 1ba))

47 err(1, "pmemblk write: %s\n", pmemblk errormsg());
48 }

49 }

508

51 pmemblk close(pbp);
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libpmempool: running example

$
$ pmempool create blk 512 /mnt/pmem/pmem.blk
$ ./blk /mnt/pmem/pmem.blk

block size : 512

number of blocks: 32202

$ ./blk /mnt/pmem/pmem.blk @ Hello

$ ./blk /mnt/pmem/pmem.blk 1 LinuxCon

$ ./blk /mnt/pmem/pmem.blk

block size : 512
number of blocks: 32202
@: Hello

1: LinuxCon




LIBPMEMOBJ

Persistent Memory Transactional Object Store



libpmemobj

A Creating pmemobj pool with pmempool
A Opening pmemobj pool

A PMEMoid y persistent memory pointer
A Root object

A Allocations




Libpmemobj: simple example

A Application which stores list of people
A Stores first and last name

A Constant size array




Data structures

W00~ Oy

#include <libpmemobj.h>

fidefine ENTRY TYPE NUM 1
fidefine MAX NAME 16
fdefine MAX PEOPLE 256

/* entry for one person */
struct entry {
size t id;
char first name[MAX NAME];
char last name[MAX NAME];

}s

/* list of people */
struct list {
size t count;
PMEMoid people[MAX PEOPLE];

}s
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Main function

162 if (argc l= 3 &R argc l= 5)

163 fatal usage(argv[0]);

164

165 PMEMobjpool *pop = pmemobj open(argv[1], "people");
166 if (!pop)

167 err(1, “"pmemobj open: %s", pmemobj errormsg());
168

169 recovery(pop);

17@

171 if (argc == 5 && strcmp(argv[2], "add") == @) {

172 if (insert(pop, argv[3], argv[4]))

173 err(1l, "insert: %s\n", pmemobj errormsg());
174 } else if (argc == 3 && strcmp(argv[2], "list") == @) {
175 list(pop);

176 } else if (argc == 3 && strcmp(argv[2], "clear™) == @) {
177 clear(pop);

178 } else {

179 fatal usage(argv[@]);

180 }

181

182 pmemobj close(pop);

intel‘ . 45




List of people

79 /* print first and last name of given person */
80 static void
81 print_person(PMEMoid oid)

92 I

83 struct entry *entry = pmemobj direct(oid);

84 printf("%21u: %s %s\n", entry->id, entry->first name,
85 entry->last _name);

86 }

87

88 /* list all people on the list */

89 static void

90 list(PMEMobjpool *pop)

91

92 PMEMoid root = pmemobj root(pop, sizeof(struct 1ist));
93 if (0ID_IS NULL(root))

94 err(1l, “"pmemobj root: %¥s\n", pmemobj errormsg());
95

96 struct 1list *1ist = pmemobj direct(root);

97 printf("Number of people: %lu\n", list->count);

98

99 for (size t 1 = @; i < list->count; i++)

160 print_person(list->people[i]);

101}
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Insert function - 1

48 /* insert one person to the list of people */

49 static int

50 insert(PMEMobjpool *pop, const char *first name, const char *last name)
51 {

52 /* get a root object */

53 PMEMoid root = pmemobj root(pop, sizeof(struct list));
54 if (OID IS NULL(root))

55 err(1, "pmemobj root: %¥s\n", pmemobj_errormsg());
56

57 struct list *1ist = pmemobj direct(root);

58 if (list->count == MAX PEOPLE)

59 err(1, "Sorry, the list is full...\n");

60

intel‘ . 47




Insert function - 2

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

/* allocate new entry */
struct entry args args = {list-»>count, first name, last name};
int ret = pmemobj alloc(pop,

&list->people[list->count], /* PMEMoid * */

sizeof(struct entry), /* allocation size */
ENTRY_TYPE_NUM, /* type number */
entry _constr, &args); /* constructor */

if (ret)

err(1l, "pmemobj alloc: %s\n", pmemobj errormsg());

/¥ increase number of people */

list->count++;

/* make the new value of people persistent */

pmemobj persist(pop, &list->count, sizeof(list->count));

return ret;
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NbaedRdCi

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
49
41
42
43
44
45
46

/¥ arguments for constructor */
struct entry args {
size t id;
const char *first_name;
const char *last name;

s

/* list entry constructor */
static int
entry constr(PMEMobjpool *pop, wvoid *ptr, void *arg)
{
struct entry *entry = ptr;
struct entry args *args = arg;

entry-»>id = args->id;

strncpy(entry->first _name, args->first name, MAX NAME);
strncpy(entry->last name, args->last name, MAX NAME);
pmemobj persist(pop, entry, sizeof(*entry));

return @;

Réeéeil o
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Clear function

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

/* clear all people from the list */
static void
clear(PMEMobjpool *pop)

{
PMEMoid root = pmemobj_root(pop, sizeof(struct list));
if (0ID_IS_NULL(root))
err(1l, "pmemobj root: %s\n", pmemobj errormsg());
struct list *1ist = pmemobj direct(root);
while (list->count) {
/%
* The following operations must be in appropriate order.
* Otherwise the recovery steps would be invalid.
*/
list-»count--;
pmemobj persist(pop, &list->count, sizeof(list->count));
pmemobj free(&list->people[list->count]);
}
}
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Recovery

124 /* perform recovery */
125 static void
126 recovery(PMEMobjpool *pop)

127 {

128 PMEMoid root = pmemobj root(pop, sizeof(struct list));
129 if (OID IS _NULL(root))

130 err(1, "pmemobj root: %s\n", pmemobj errormsg());
131

132 struct list *1list = pmemobj direct(root);

133 if (list->count == MAX_ PEOPLE)

134 return;

135

136 if (10ID IS NULL(list-»>people[list-»>count])) {

137 /*

138 * Need to perform recovery because new entry has been
139 * allocated but the counter has not been stored.
140 */

141 printf("Performing recovery:\n");

142 print_person(list->people[list->count]);

143

144 /* increase number of people */

145 list->count++;

146 /* make the new value of people persistent */

147 pmemobj persist(pop, &list->count, sizeof(list->count));
148 }

149}
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Running example

$
$ pmempool create --layout people obj /mnt/pmem/pool.obj

$ ./people /mnt/pmem/pool.obj
usage: ./people <file> add|list|clear [<first name> <last name>]
$ ./people /mnt/pmem/pool.obj list
Number of people: 0
$ ./people /mnt/pmem/pool.obj add Pawel Lebioda
$ ./people /mnt/pmem/pool.obj add Tomasz Kapela
$ ./people /mnt/pmem/pool.obj list
Number of people: 2
0: Pawel Lebioda
1: Tomasz Kapela
$ ./people /mnt/pmem/pool.obj clear
$ ./people /mnt/pmem/pool.obj list
Number of people: 0
$




Missing persist

61 /* allocate new entry */

62 struct entry args args = {list->count, first name, last name};
63 int ret = pmemobj alloc(pop,

64 &list-»people[list->count], /* PMEMoid * */

65 sizeof(struct entry), /* allocation size */

66 ENTRY TYPE_NUM, /* type number */

67 entry constr, &args); /¥ constructor */

68 if (ret)

69 err(1l, "pmemobj alloc: %s\n", pmemobj errormsg());

70

71 /* increase number of people */

72 list->count++;

73 /* make the new value of people persistent */

74 /* pmemobj persist(pop, &list->count, sizeof(list->count)); */
75

76 return ret;

77 }
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Valgrind pmemcheck




