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1 i , example
i+1 , i
, write_buf
LSEEK, ,
( )
FARE(failure after real-time event)
2,

example,
i

checkpointing i
fd=open(“example’,O_WRONLY |O_APPEND);
write (fd, write_buf, BLOCKSIZE);

/*failure occurs, here*/

checkpointing i+1/* should be here*/

Fig.l FARE fault
1 FARE

i ;
FAD(failure after deleting)
FARE,FARW FAD

(VFO)
.VFO

(VFO)

21

VFO

example

FARW(failure after reading and writing the same area)

fd=open(“example’, O_RDWR);
checkpoint i

read (fd, read_buf, BLOCKSIZE);
Iseek (fd, 0, SEEK_SET);

write (fd, write_buf, BLOCKSIZE);
[*failure occurs, rollback*/

checkpoint i+1/* should be here*/

Fig.2 FARW fault
2 FARW
UNLINK :

Open; Close; Seek; Read; Write; Unlink; Dup; Dup2

i+1

http:/ www. jos. org. cn
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, i+1
VFO
VFO 3
VFO ,
), :
2.2
, FileEntry
,FileEntry pFirstBlock,
, .Block
FileBlock: . ,
typedef FileBlock{
char * szBlock; 1! ;
Int i StartPos; /!
Int iEndPos; 1l
Int iBlockSize; I ;
Block* pNextBlock;  // ;
}
FileEntry:
typedef FileEntry{
char* szFileName; /!
FILE * pFile; 1l
Int ifDeleted; I
Unsigned Long iBlockFlag; I
Block* pFirstBlock; /!
FileEntry* pNextEntry; 1
}
Virtual FileM anager: ,
1 :
typedef Virtual FileM anager{
FileEntry* pFirstEntry; /I
}

23

\ Virtual FileM anager

FileBlock,

1/10 ) )

64 ) 0/1
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231 VFO

Virtual FileM anager
Write File* f1,Char* string
{
(VFO) I
: while( )//
Open: . Virtual FileManager { ) i )
if Virtual FileManager
) ) 1 Virtual FileManger
Close: ; if (strlen (string)<BlockSize){
. . . /I string VFO
Read: Virtual FileManager, bresk://
, ' , }
. else{
, read ' Il string VFO
Write: string=string+BlockSize;// ;
}
' ' ' i Hiend of while;
) ( 3 )- Y/End of Write Function;
Unlink:  VirtualFileManager Fig.3 Virtual filewrite operation
) 1. 3
232
, 4
i ;
Fopen(...);
[Fread (....)];
[Fwrite(...)]; VFO o (STABLE STORAGE);
[Fseek (...)];
Fclose(...);
Label: i+1;
{
1) Virtual FileManager
Harsh ;
@) , )
3 Virtual FileManager ;
}
Continue;
Fig.4 Step checkpointing
4
, L abel , i ;
i+1, , : : D~O)
D). : : i ,
[ ;
2. , i : ,
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3. ()N : ,
i , j ,
, j . Virtual FileManager
( Harsh ), Virtual FileM anager
, i+1 , i+1
24
VFO ,
VFO , ,
) . ,
VFO
. ) ,
, FileEntry Block
. 2 —
. , ,
. )
25 VFO ( 5 )
S—
—— S
TimmalFis VTG -
| — | ot
Call 19} remmaw
r
ﬂhi s YT
vl i 1:‘-:: =TI
Al el
Fresle ¥ ¥
M—M ............ ]
talLL L
1™ FRLE §
. Heoarl: derics H nmuun-ml
pades || | | [ L |
L) ] D] [ [ Ll [
Fig.5 Virtual file operation
5
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’ ’ )

libckp,libfcp,WOB

, WOB ,
WOB, libckp  libfcp , VFO (1)
) Jibckp
,VFO libckp,libfcp (2)
VFO ,

. (3 . ;

4
VFO , ) )
4 VFO . , 1/10

; VFM ,
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A Files Checkpointing Approach Based on Virtual File Operations'
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Abstract: Checkpointing and rollback recovery of Unix process are the underlying technique of fault tolerance
for distributed system and parallel environment. To save and restore the state and the content of active file of the
process is an important aspect of checkpointing and rollback recovery. A new file checkpointing approach called
virtual file operation (VFO) is presented. VFO buffers all the write operations after a checkpoint until the next one,
making all the operations between two checkpoints atomic as a whole. By step-to-step checkpointing, and managing
file as blocks, this approach achieves lower overhead than the others.

Key words: file checkpointing; rollback recovery; VFO (virtual file operation); file set; fault
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