
IPSJ SIG Technical Report

FreeBSD OFF2F

1 1 1

(OFF2F) OFF2F

FreeBSD 11.0-RELEASE

OFF2F

1.

Non-Volatile Memory NV

NV

NV

[1] NV

VEMS[2] NV

FSMAC[3]

NV SSD 2

ATSMF[4] NV

[5]

NV [6]

CPU NV

[7] NV

[8] NV

[9]

[10] NV

OFF2F

Object File Format consisting of 2 Files

2

2

1

NV

OFF2F

NV

1

Graduate School of Natural Science and Technology,
Okayama University

FreeBSD 11.0-RELEASE FreeBSD

OFF2F

2. OFF2F ODP

2.1

1

ODP

( 1 ) DK

DK

DK

SSD

( 2 ) NV

NV

NV

NV

2.2

NV

NV

ODP

c© 2018 Information Processing Society of Japan 1

Vol.2018-OS-142 No.2
2018/2/27



IPSJ SIG Technical Report

����

�������	
�

�
��

�����

��
��

������
���

������
���

������� �������

����

�������	
�

�����

�
��

��
��

������
���

������
���

1 OFF2F

4

2

4

4

2

OFF2F Object File Format consistiong of 2 Files

[10]

2.3 OFF2F

OFF2F 4

2

1

A

1

B

1

A XYZ NV

B ABC NV

A

( 1 )

�����������

�	
��
������

���������������

����
�� !"#�

$���%&'��������

$������������

2

( 2 ) XYZ NV

NV

2.4 OFF2F

OFF2F 1

A ABC

XYZ NV

ABC

2

( 1 ) ABC

( 2 ) NV

( 3 ) NV

( 4 )

( 5 )

( 6 )

NV

NV

ODP

2.5 ODP

ODP 3

NV

c© 2018 Information Processing Society of Japan 2

Vol.2018-OS-142 No.2
2018/2/27



IPSJ SIG Technical Report

��

���

�����
���	
��


�����������
��������

�������� 

�	���!"�#�
���	
��


�	���$���%&'(
"�#)��*

3

NV

2

1

3. FreeBSD

3.1

3.1.1

FreeBSD init

fork() exec() exit()

588 pid

pid25 pid pid613

4 A

4 A init

pid 4 A pid25 init

pid25

fork()

exec()

4 A 0.735

0.739 4 B pid25

fork() 4.662 4.6655

4 C 4 B pid25

sh fork() pid50 pid53 sh

pid52 sh exec() swapon

4 C pid25 sh fork() pid347

pid351 sh pid347 sh pid348

pid350 sh pid348 pid350

sh exec() mount

4

( 1 ) pid25 init
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fork() sh

( 2 ) pid25 sh sh
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6 5
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1 3
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1 4 pid25

pid25 fork()

exec() sh
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4 A exec()

4
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( D )1 exec() 2

1

7 7 A

pid25 sh fork() pid28 sh

pid28 sh exec() ps

ps exec()

ps

7 B pid25 sh fork()

pid60 sh pid60 sh exec()

sh pid60 sh

pid25 sh pid60 sh

exec() sh sh

7 C 7 D pid25

sh pid257 pid567 sh

exec() sh

exec()
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exec() 278

c© 2018 Information Processing Society of Japan 4

Vol.2018-OS-142 No.2
2018/2/27



IPSJ SIG Technical Report

�

�

��

��

��

��

��

� ��� ��� ��� ��� ���� ����

�
�
�
�

�
�

�
�
��
�
�

��������		
��

8

���������

�������	

��
����

�����������
���	��� 

9

3.2

FreeBSD

4 A

1

8 1 8

( 1 ) 61

( 2 ) sh fork() sh

fork()

( 3 ) exec()

( 4 )

3

3.3

FreeBSD 9

1

2

3

9 3 OFF2F

NV

1

frok() exec()

(byte) (byte)

1 adjkerntz 6,073 681 0 1

2 atmconfig 56,462 1,144 0 1

3 awk 192,681 3,528 0 3

4 basename 3,757 617 0 2

5 cat 8,615 817 0 5

6 cmp 8,521 737 0 1

7 cron 37,279 1,728 0 1

8 date 16,533 1,248 0 1

9 dd 20,557 824 0 3

10 devd 1,119,770 14,160 4 1

11 devfs 12,196 801 0 55

12 dmesg 5,129 744 0 1

13 dumpon 4,133 633 0 1

14 egrep 94,331 1,356 0 2

15 expr 16,114 713 0 8

16 find 48,966 1,256 0 1

17 fsck 15,380 897 2 1

18 fsck ufs 106,206 1,300 0 2

19 gpart 22,796 4,352 0 1

20 grep 94,331 1,356 0 1

21 hostname 2,694 593 0 1

22 id 8,744 801 0 2

23 ifconfig 154,722 27,152 0 12

24 init 1,012,833 15,075 1 0

25 ip6addrctl 7,763 761 0 2

26 kbdcontrol 34,843 900 0 7

27 kenv 4,180 641 0 3

28 ldconfig 17,799 944 0 2

29 limits 15,929 849 0 6

30 ln 6,736 729 0 2

31 logger 8,886 761 0 2

32 ls 27,928 1,232 0 1

33 mailwrapper 4,789 713 0 2

34 md5 19,723 1,720 0 1

35 mixer 8,558 689 0 3

36 mkdir 3,898 641 0 2

37 mktemp 3,882 649 0 2

38 mount 19,602 1,544 0 6

39 newsyslog 38,428 1,296 0 1

40 protect 3,395 609 0 1

41 ps 32,033 10,202 0 10

42 rcorder 8,769 737 0 2

43 realpath 2,311 569 0 1

44 rm 10,903 881 0 21

45 rmdir 2,727 585 0 2

46 route 26,438 1,025 0 7

47 savecore 15,415 985 0 1

48 sed 32,915 1,108 0 3

49 sendmail 4,789 713 2 2

50 sh 146,263 1,748 570 13

51 sleep 2,883 593 0 2

52 sshd 277,942 6,800 0 2

53 stty 18,054 1,680 0 1

54 swapon 14,569 984 0 2

55 sysctl 17,327 857 0 49

56 syslogd 37,812 1,556 1 1

57 tr 14,369 2,904 0 5

58 umount 14,390 929 0 1

59 uname 6,416 617 0 1

60 utx 3,880 625 0 1

61 vidcontrol 21,642 841 0 1

4,007,009 134,130 580 278
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1

2

FreeBSD

4. OFF2F

4.1

OFF2F

OFF2F

DK SSD

4.2

FreeBSD 4KB

4KB 2

PFt

PFd 1

PFt= (4KB) exec()

PFd= (4KB) (fork()

+exec() )

2

3,598

2,627

OFF2F

2,627

1

4MB NV

4MB OFF2F

4.3

[10]

9 FreeBSD

DK

SSD 3

Tdk DK (4KB) (6

)

Tssd SSD (4KB) (0.1

2

1 adjkerntz 2 1

2 atmconfig 14 1

3 awk 144 3

4 basename 2 2

5 cat 15 5

6 cmp 3 1

7 cron 10 1

8 date 5 1

9 dd 18 3

10 devd 274 20

11 devfs 165 55

12 dmesg 2 1

13 dumpon 2 1

14 egrep 48 2

15 expr 32 8

16 find 12 1

17 fsck 4 3

18 fsck ufs 52 2

19 gpart 6 2

20 grep 24 1

21 hostname 1 1

22 id 6 2

23 ifconfig 456 84

24 init 0 4

25 ip6addrctl 4 2

26 kbdcontrol 63 7

27 kenv 6 3

28 ldconfig 10 2

29 limits 24 6

30 ln 4 2

31 logger 6 2

32 ls 7 1

33 mailwrapper 4 2

34 md5 5 1

35 mixer 9 3

36 mkdir 2 2

37 mktemp 2 2

38 mount 30 6

39 newsyslog 10 1

40 protect 1 1

41 ps 80 30

42 rcorder 6 2

43 realpath 1 1

44 rm 63 21

45 rmdir 2 2

46 route 49 7

47 savecore 4 1

48 sed 27 3

49 sendmail 4 4

50 sh 468 583

51 sleep 2 2

52 sshd 136 4

53 stty 5 1

54 swapon 8 2

55 sysctl 245 49

56 syslogd 10 2

57 tr 20 5

58 umount 4 1

59 uname 2 1

60 utx 1 1

61 vidcontrol 6 1

2,627 971
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)

T (0.001 )

3.1.2 exec()

10 exec() 278

OFF2F

DK SSD
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DK DK 3.69 (21.519

5.830) SSD SSD 3.59 (0.363

0.101)

2,627 971

3 1

11 11

8 1 DK

8.99 (21.592 2.402)

SSD 8.33

(363.4 43.6)

OFF2F

exec()

OFF2F

5.

NV

OFF2F FreeBSD

OFF2F

2

NV

OFF2F FreeBSD
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