
US 20040254907A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0254907 A1 

Crow et al. (43) Pub. Date: Dec. 16, 2004 

(54) 

(76) 

(21) 

(22) 

VERSATILE INDIRECTION IN AN EXTENT 
BASED FILE SYSTEM 

Inventors: Preston F. Crow, Ashland, MA (US); 
Robert S. Mason JR., Mendon, MA 
(US); Steven T. McClure, Northboro, 
MA (US); Susan C. Nagy, Waltham, 
MA (US); Richard G. Wheeler, 
Belmont, MA (US) 

Correspondence Address: 
EMC CORPORATION 
OFFICE OF THE GENERAL COUNSEL 
176 SOUTH STREET 
HOPKINTON, MA 01748 (US) 

Appl. No.: 10/644,458 

Filed: Aug. 20, 2003 

DOES 
INODE HAVE 

EMPTY 
ROW 

? 

140 § 
SHIFT EXTENTS FOLLOWING 
POINT OF INSERTION DOWN 

(63) 

(51) 
(52) 

(57) 

Related U.S. Application Data 

Continuation of application No. 09/301,057, ?led on 
Apr. 28, 1999. 

Publication Classi?cation 

Int. Cl.7 ..................................................... .. G06F 7/00 

U.S. Cl. ................................................................ .. 707/1 

ABSTRACT 

Amemory storage device has a ?le storage operating system 
that uses inodes to access ?le segments. Each inode has a 
plurality of roWs. A portion of the roWs can store extents 
pointing, directly or indirectly, to data blocks. Each extent 
has a ?eld to indicate Whether the extent is an indirect extent 
or a direct extent. 
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VERSATILE INDIRECTION IN AN EXTENT 
BASED FILE SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] This application is a continuation of the parent 
application Ser. No. 09/301,057. This application relates 
generally to ?le systems, and more particularly, to extent 
based ?le systems. 

[0002] Computer systems manipulate and store data ?les 
that often include a sequence of ?le segments. Each ?le 
segment occupies a consecutive sequence of physical stor 
age blocks. The different ?le segments may, hoWever, be 
stored at Widely separated physical storage locations. 

[0003] A ?le system makes the details of data storage of 
data ?les simpler for softWare application programs. The ?le 
system enables high-level applications to address stored data 
through abstract concepts such as directory name, ?le name, 
and offset rather than through actual physical storage 
addresses. This system for addressing data storage makes 
softWare applications less dependent on hoW data is physi 
cally stored so that the applications are less tied to the 
physical storage system and more portable. 

[0004] FIG. 1 illustrates a ?le system that UNIX based 
systems employ to translate betWeen abstract ?le names and 
physical storage addresses. The ?le system performs trans 
lations With the aid of tWo types of structures, Which are 
stored on a data storage device 10. The ?rst type of structure 
is a directory 12, Which maps abstract directory names and 
?le names to other directories 13 and index nodes (inodes) 
15, 16, respectively. The second type of structure is the inode 
15, 16, Which maps abstract ?le segments to the physical 
data blocks 17, 17a, 17b storing the segments. 

[0005] The inodes 15, 16 include lists of extents 21-27. By 
de?nition, the consecutive extents 21-24 of each inode 15 
correspond to consecutive ?le segments and indicate the 
storage addresses of the segments by an address pointer and 
a length. The address pointer indicates the physical address 
of the ?rst data block, for example, blocks 55, 59, storing the 
?le segment. The length indicates the number of consecutive 
data blocks assigned to store the segment. For example, the 
extent 21, Which points to the address of the data block 55 
and has length three, and includes the three data blocks 
55-57. 

[0006] Each inode 15, 16 can also include one or more 
special extents 24, 27 stored at special positions of the inode 
15, 16, that is, the last roWs allocated in the inodes for 
extents. The special extents 24, 27 point to data blocks that 
store additional extents. For example, the special extent 24 
points to the data block 97 that stores additional extents 
18-20, 28. The additional extents 18-20 point to strings of 
data blocks 95 storing segments, and enable extending the 
end of the ?le to increase the associated ?le’s siZe. The last 
extent 28 of the data block 95 can also be a special extent 
thereby providing for further extensions of the end of the 
?le. 

[0007] Some ?le systems translate betWeen large ?les and 
physical storage. FIG. 2 illustrates a ?le system 30 capable 
of translating an abstract ?le 31 to data blocks stored on 
multiple physical disks 32, 33. To provide enough storage 
space for the large ?le 31, the ?le system 34 interacts With 
an intermediate abstraction layer, a virtual logical volume 
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35, Which translates physical space 36-37 in the separate 
physical disks 32-33 into a single virtual space 38. Then, 
softWare application 39, Which accesses the ?le 31, sees the 
single large virtual volume 35 and is unaWare of the separate 
devices 32-33. 

[0008] One objective of the present invention is to provide 
a ?le system that gives a more ?exible method for extending 
an existing ?le. 

[0009] Another objective of the present invention is to 
provide a ?le system adapted to storing large ?les. 

SUMMARY OF THE INVENTION 

[0010] In a ?rst aspect, the invention provides a memory 
storage device, Which uses at least one inode for accessing 
?le segments in storage devices. Each inode has a plurality 
of roWs. Aportion of the roWs store extents pointing to data 
blocks. Each extent has a ?eld to indicate Whether the extent 
is an indirect extent or a direct extent. 

[0011] In a second aspect, the invention provides a method 
for storing data ?les, Which is performed by an operating 
system stored in a memory device. The method includes 
steps for Writing extents to an inode assigned to the ?le, 
Writing data to ?rst and second data blocks, inserting an 
indirect extent in the inode betWeen ?rst and second ones of 
the extents, and Writing a third extent to a third data block. 
The ?rst and second ones of the extents point to the ?rst and 
second data blocks. The indirect extent points to the third 
data block. The third extent points to a data block storing a 
segment of the ?le. 

[0012] In a third aspect, the invention provides a distrib 
uted storage system. The storage system includes a global 
cache memory, a plurality of processors coupled to the 
global cache memory, and a plurality of data storage devices 
coupled to the global cache memory. Each processor has a 
local memory for storing an operating system. The devices 
and processors are capable of communicating by posting 
messages to each other in the cache memory. Each of the 
devices has a processor and local memory storing an oper 
ating system. Each operating system includes an extent 
based ?le system for abstracting ?le names to physical data 
blocks in the storage devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Other objectives, features, and advantages of the 
invention Will be apparent from the folloWing description 
taken together With the draWings, in Which: 

[0014] FIG. 1 illustrates physical structures used by a 
prior art ?le system to abstract data storage; 

[0015] FIG. 2 schematically illustrates a prior art method 
for abstracting large ?les; 

[0016] FIG. 3 illustrates a distributed storage system 
having a global cache memory; 

[0017] FIG. 4 illustrates hoW the ?le system of the dis 
tributed storage system of FIG. 3 translates large ?les to 
physical storage volumes; 

[0018] FIG. 5 illustrates physical structures used by the 
?le system of FIGS. 3 and 4; 
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[0019] FIGS. 6A and 6B illustrate the format of the 
extents in the inode of FIG. 5; 

[0020] FIG. 7 illustrates the use of direct, hole, and 
indirect extents by the ?le system of FIGS. 3, 5, 6A and 6B; 

[0021] FIGS. 8A and 8B illustrate hoW indirect extents 
enable expansions of a ?le at middle points; 

[0022] FIG. 8C is a How chart illustrating a method of 
expanding a ?le With indirect extents; 

[0023] FIG. 9 is a schematic illustration of nesting of 
indirect extents; 

[0024] FIG. 10 is a How chart illustrating a method of 
storing a ?le in multiple logical volumes; and 

[0025] FIG. 11 illustrates one embodiment of the header 
of an inode. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] FIG. 3 illustrates a distributed storage system 40 in 
Which a global cache memory 42 couples to a plurality of 
processors 44, 45 and storage device drivers 47-49. Each 
processor 44, 45 and driver 47-49 has a central processing 
unit (CPU) to control input/output (1/0) with the global 
cache memory 42 and permanent memory, for example, 
ROM or EPROM, storing microcode. The microcode 
includes an operating system (OS) With a ?le system. The 
various device drivers 47-49 may have multiple storage 
disks arranged, for example, in RAID con?gurations. 

[0027] The global cache memory 42 provides a symmetric 
environment for communications betWeen the processors 
44, 45 and the drivers 47-49. The processors 44, 45 and 
drivers 47-49 send requests to and respond to requests from 
the other processors 44, 45 and drivers 47-49 by Writing 
messages in predetermined locations of the global cache 
memory 42. The messages identify the intended recipients 
by physical addresses. The recipients recogniZe and read the 
messages posted in the global cache memory 42. Thus, the 
global cache memory 42 acts like a blackboard on Which the 
processors 44, 45 and drivers 47-49, Which recogniZe each 
other as separate logical devices, Write messages to each 
other. 

[0028] FIG. 4 illustrates hoW the ?le system 50 on each 
processor 44, 45 and driver 4749 of FIG. 3 can map ?le 
segments of one ?le to different logical devices and vol 
umes. For example, the ?le system 50 maps different seg 
ments of the ?le 51 to different ones of the drivers 47-48. 
The ?le system 50 translates the abstract ?le name and offset 
for the ?le 51 directly to physical segments 52, 53 stored on 
the different drivers 47-48 Without creating a virtual volume, 
unlike the ?le system 34 shoWn in FIG. 2. Since the ?le 
system identi?es the driver 47-48 storing each segment 52, 
53, the processors 44-45 and drivers 47-49 address those 
drivers 47-48 directly to manipulate the segments of the ?le 
51. 

[0029] FIG. 5 illustrates physical structures that the ?le 
system of FIG. 3 uses to translate betWeen abstract ?les and 
physical data blocks. The physical structures include direc 
tories 61, 62 and inodes 63, 64. Each directory 61 translates 
abstract ?le names and directory names to physical 
addresses of inodes 63, 64 and directories 62, respectively. 
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Each inode 63, 64 stores a list of extents 65-66, Which map 
consecutive ?le segments to strings of physical data blocks 
80-82, 84-85, 92-94. 

[0030] The physical directories 61, 62 and inodes 63, 64 
are stored in the global cache memory 42. Copies of the 
relevant directories 61, 62 and/or inodes 63, 64 may also be 
stored locally to volatile memory of the processors 44, 45 
and drivers 47-49. The locally stored copies speed up 1/0 by 
the various local operating systems. 

[0031] Each data block 80-82, 84-85, 92-94 has the same 
siZe, for example, 4K bytes. Nevertheless, the extents 65-66 
can map ?le segments of different siZes to physical storage 
locations. To handle ?le segments of different siZes, each 
extent has a length ?eld that indicates the number of data 
blocks in the string of data blocks that stores the associated 
?le segment. 

[0032] The various extents 65, 66 of each inode 63, 64 
may map to data blocks 80-82, 84-85, 92-94 of different 
logical volumes LVl, LV2. For example, the extents 1 and 
2 of the inode 63 map to the data blocks 80-82, 84 in a ?rst 
logical volume LVl, and the extent 3 of the same inode 63 
maps to data blocks 92-93 in a second logical volume LV2. 
The different extents 65, 66 can map different segments of 
a single abstract ?le to different ones of the drivers 47-49 
and to different physical disks and partitions therein. 

[0033] FIGS. 6A and 6B illustrate the format of the 
extents in the inodes 63, 64 of FIG. 5. Each extent of the 
illustrated embodiment has three ?elds including an address 
pointer ?eld, a length ?eld, and a ?ag ?eld. 

[0034] The address pointer ?eld indicates both a logical 
volume and a physical offset of a data block in the logical 
volume. In one embodiment, the pointer ?elds for the logical 
volume and the data block therein are 2 bytes and 4 bytes 
long, respectively. For this ?eld siZe and data blocks of 32 
kilobytes, the extent ?elds can identify about 140><1012 bytes 
of data in each of about 64K different logical volumes. Thus, 
the ?le system of the distributed storage system 40 can 
handle very large ?les. 

[0035] The length ?eld indicates the number of consecu 
tive data blocks in the string assigned to a ?le segment. In 
the above-described embodiment, the length ?eld is 4 bytes 
long and thus, distinguishes a Wide range of string lengths. 
If the values of the length ?eld equal the number of data 
blocks in the associated string, strings can include from one 
data block to about 4><109 data blocks. 

[0036] In the above-described embodiment, the ?ag ?eld 
uses tWo bytes to characteriZe types of data blocks pointed 
to by an extent. A ?rst portion of the ?ag ?eld indicates 
Whether the data blocks are locked or unlocked, that is, 
available or unavailable. The locked designation indicates 
that access to the data blocks is limited. The processors 
44-45 and drivers 47-49 may change the ?ag ?eld of an 
extent to the locked designation While manipulating data in 
the associated data blocks so that other devices do not access 
the data blocks in parallel. A second portion of the ?ag ?eld 
indicates Whether empty data blocks have been Zeroed. By 
using the not Zeroed designation, the ?le system can allocate 
a data block to a ?le Without Zeroing the block beforehand. 
If a subsequent access Writes the entire data block, the block 
Will not have to be Zeroed saving processing time. A third 
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portion of the ?ag ?eld categorizes the data type stored in a 
data block into one of three types, that is, real ?le data, 
non-data, or extents. 

[0037] FIG. 7 illustrates the relationship betWeen the third 
portion of the ?ag ?eld and the data type of the data blocks 
pointed to by an extent. If data blocks 100 have real data for 
the associated ?le, the third portion of the ?ag ?eld indicates 
that the associated extent 101 is a direct extent. If the data 
blocks are not yet allocated, the third portion of the ?ag ?eld 
indicates that the associated extent 102 is a hole extent. The 
hole extent is useful for reserving a range of offsets of a ?le 
Without consuming disk space to back up the offsets. Finally, 
if the data blocks, for example data block 105, store more 
extents, the third portion of the ?ag ?eld indicates that the 
extent, here extent 103, is an indirect extent. 

[0038] FIGS. 8A and 8B shoW hoW the operating system 
uses indirect extents to groW the middle of a ?le. FIG. 8A 
shoWs an inode 110 assigned to the ?le. The inode 110 has 
consecutive direct extents 111, 113, 119 that point to data 
blocks 114, 215, 330 storing originally consecutive seg 
ments of the ?le. FIG. 8B shoWs the ?nal ?le in Which an 
indirect extent 112 has been inserted betWeen the tWo 
original direct extents 111, 119. The indirect extent 112 
points to more extents stored in a data block 116. These 
extents, in turn, point to neW data block 117 and original data 
block 215. Since the indirect extent 112 is physically located 
betWeen the tWo original extents 111, 119, the segments 
stored in the blocks 117, 215 (indirectly pointed to) are 
logically located betWeen the original segments stored in the 
blocks 114, 330. Inserting the indirect extent 112 has groWn 
the middle of the associated ?le by logically inserting the 
segment in neW data block 117 betWeen the originally 
consecutive segments in data blocks 114 and 215. 

[0039] The ?le system, illustrated in FIGS. 5-8B, alloWs 
any extent of an inode to be indirect, because the ?ag ?eld 
indicates the type of each extent. This free placement of 
indirect extents Within the inodes enables an operating 
system to logically insert a neW data segment betWeen any 
tWo selected data segments of a ?le Without physically 
moving data blocks. To insert a neW data segment, the 
system inserts an indirect extent into the ?le’s inode betWeen 
the tWo extents for the selected data segments. Then, the 
system makes the indirect extent point to a data block storing 
neW direct extents that point, in turn, to the consecutive 
pieces of neW data segment. The neW direct extents are 
logically located in the inode at the point Where the neW 
indirect extent has been inserted. 

[0040] Since the insertion of the neW segments does not 
involve moving previously stored ?le segments, ?le expan 
sions can be less time intensive and more convenient With 
the present ?le system than in prior art ?le systems. Prior art 
?le systems that expanded ?les either by moving data blocks 
of ?le data or by appending ?le data to the end of the ?le 
often required substantial time to move previously stored 
data. 

[0041] FIG. 8C is a How chart illustrating a method 130 
of inserting a neW ?le segment betWeen tWo adjacent ?le 
segments. To insert the neW segment, the operating system 
?rst determines Whether at least one empty roW remains for 
Writing a neW extent to the ?le’s inode, for example to inode 
110 of FIG. BA (step 132). In FIG. 8A, the operating system 
Would determine that the inode 110 does not have an empty 
roW. 
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[0042] If the inode has an empty roW, the operating system 
shifts doWn the original extents corresponding to segments 
that Will folloW the segments to be inserted by one roW in the 
inode (step 134). Then the operating system inserts a neW 
direct extent in the neWly emptied roW of the inode (step 
136). Finally, the operating system Writes the neW ?le 
segment to a neW data block pointed to by the neW direct 
extent (step 138). 

[0043] On the other hand, if the inode does not have an 
empty roW, e.g., the case of FIG. 8A, the operating system 
selects a neW, available, data block to use as an indirect 
block (step 140). In FIG. 8A, the neW indirect block is the 
block 116. Then, the operating system Writes the extent 
folloWing the point of insertion to the second roW of the neW 
indirect block (step 142). In FIG. 8B, the operating system 
Writes the extent 113 to the second roW of the data block 116. 
Next, the operating system Writes a neW direct extent in the 
?rst roW of the indirect block (step 144). In FIG. 8B, the 
operating system Writes the neW extent to the ?rst roW for 
extents in the indirect block 116. 

[0044] Next, the operating system inserts an indirect 
extent into the roW of the inode previously occupied by the 
extent noW in the second roW of the indirect block (step 
146). The neW indirect extent points to the neW indirect 
block and has a length equal to the sum of the lengths of both 
extents in the indirect block. In FIG. 8B, the operating 
system Writes the extent 112 pointing to the data block 116 
to the inode 110. Finally, the operating system Writes the 
neW ?le segment in the neW data block pointed to by the neW 
direct extent (step 148). In FIG. 8B, the neW ?le segment is 
Written to the data block 117. 

[0045] FIG. 9 illustrates an example Where the ?le system 
nests indirect extents. In the example, the inode 110 includes 
indirect extent 120, Which points to data block 121. In turn, 
block 121 includes indirect extent 122, Which points to data 
block 123, and block 123 includes indirect extent 124, Which 
points to block 125. 

[0046] Nesting indirect extents enables groWing a ?le 
betWeen any tWo original ?le segments Without siZe limits. 
Nesting also introduces extra costs during accesses. Each 
access to a ?le segment pointed to by nested indirect extents 
costs extra look ups and additional look up time. 

[0047] FIG. 10 is a How chart illustrating a method 150 of 
allocating data blocks to a ?le from a plurality of logical 
volumes, for example, the volumes LVl, LV2 shoWn in FIG. 
5. The operating system assigns an inode to the ?le by 
Writing the inode address and the ?le name to a roW in a 
directory (step 152). In FIG. 5, the operating system Wrote 
the inode address for the inode 63, in entry of the root 
directory 61 for ?le name A. The operating system selects a 
logical volume With a larger than average contiguous region 
of available data blocks (step 154). The operating system 
determines the maximum number of available contiguous 
blocks in each logical volume from data in the volume’s 
header or from information in a superblock spanning the 
entire storage system. The operating system allocates a 
string of data blocks from the contiguous region of the 
selected volume to the ?le by Writing an extent, Which points 
to the string, in the ?rst roW of the inode assigned to the ?le 
(step 156). The extent indicates both the logical volume and 
an offset of the ?rst data block of the string of blocks Within 
the selected logical volume. 
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[0048] Later, a request from a software application for 
more data blocks for the ?le is received by the operating 
system (step 157). In response to the request, the operating 
system determines Whether the region contiguous to the 
physical location of the previous segment of the ?le has 
more available data blocks (step 158). If region has more 
available blocks, the operating system allocates a neW string 
of blocks immediately folloWing the physical location pre 
vious segment, i.e., contiguous With the previous segment 
(step 160). Then, the operating system increases the value of 
the length stored in the length ?eld of the previous extent for 
the region by the number of blocks in the neW string (step 
161). If no blocks contiguous to the previous segment are 
available, the operating system again searches for a logical 
volume With a larger than average contiguous region of 
available data blocks (step 162). The neWly found logical 
volume may be a different logical volume. Thus, the neW 
string of data blocks may be allocated to the ?le from a 
different logical volume. 

[0049] In some embodiments, the allocation of more 
inodes is dynamic and stimulated by potential need. This 
dynamic allocation results in less Waste of storage space by 
unused inodes. Dynamic allocation also implies that the 
physical addresses of the inodes are not predetermined. 
Since the physical addresses are not predetermined, separate 
structures record the address of each inode for use by the 
operating system in the event of a system failure. 

[0050] FIG. 11 illustrates the headers 170 of one embodi 
ment of the inodes 63, 64 of FIG. 5. The headers 170 
provide the separate structures used to record the addresses 
of each inode. Each header 170 has entries 172, 174 for the 
addresses of the next inode to be allocated and of the 
previously allocated inode, respectively. These entries are 
Written to the header 170 When the associated inode is ?rst 
allocated. 

[0051] By performing a serial chain search on the entries 
172, 174 of the headers 170 of each inode, an operating 
system can ?nd the addresses of each inode by using a 
predetermined address for the ?rst allocated inode. The 
serial chain search ?nds inodes sequentially by hopping 
from found inode to found inode. After a system failure, the 
serial chain search enables a sequential reconstruction of the 
control data structures of the ?le system. 

[0052] FIG. 11 also illustrates an entry 176 of the inode 
header 170. The entry 176 is binary valued and indicates 
Whether the inode stores a data ?le or a list of extents. One 
binary value of the entry 176 indicates that the inode stores 
a list of extents for the associated data ?le, and the other 
binary value indicates that the inode stores the data ?le itself. 
Thus, each inode can either store a list of extents or a small 
data ?le. 

[0053] The operating system Writes the binary value to the 
third entry 176 to indicate storage of a data ?le When the 
associated inode is ?rst created. Then, the operating system 
uses the inode to store the associated data ?le. When the siZe 
of the data ?le surpasses the limited space available in the 
inode, the operating system converts the inode to an inode 
for storage of lists of extents. 

[0054] To perform the conversion, the operating system 
moves any data already stored in the inode to data blocks, 
Writes extents in the inode to point to the data blocks, and 
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changes the entry 176 to indicate extent storage. To store 
more data of the associated data ?le, the operating system 
Writes more extents sequentially to the inode and stores the 
neW data segments in the data blocks to Which the neW 
extents point. 

[0055] Storing small data ?les in an inode directly reduces 
access times for data. Data retrieval from such ?les does not 
require a separate search for an inode and a data block. Thus, 
employing unused inodes to store small data ?les reduces 
the amount of time needed for look ups. The cost of 
constructing an inode that can store either a list of extents or 
a data ?le is small. The cost is one more entry in the inode’s 
header 170. 

[0056] Other additions, subtractions, and modi?cations of 
the described embodiments may be apparent to one of 
ordinary skill in the art. 

1. A memory storage device having an operating system 
Which uses at least one inode for accessing ?le segments, the 
inode comprising: 

a plurality of roWs; and 

a portion of the roWs storing extents pointing to data 
blocks, each extent having a ?eld to indicate Whether 
the extent is an indirect extent, a hole extent or a direct 
extent. 

2. The memory storage device of claim 1, Wherein each 
inode is adapted to alloW any portion of the extents stored 
therein to be indirect extents. 

3. (Canceled) 
4. The memory device of claim 1, Wherein each extent 

further comprises a length ?eld, the length ?eld of each 
indirect extent indicating the number of data blocks pointed 
to indirectly by the indirect extent. 

5. An automated method of storing data ?les in a memory 
storage system, comprising: 

assigning an inode to a data ?le to be stored; and 

Writing a plurality of extents in the inode, each extent 
pointing to a string of one or more data blocks for 
storing a segment of the data ?le and having a ?eld for 
indicating that the extent is one of an indirect extent, a 
hole extent, and a direct extent. 

6. The method of claim 5, further comprising: 

replacing each of a plurality of the direct extents by at 
least one indirect extent pointing to a data block; and 

Writing to each data block pointed to by one of the indirect 
extents the direct extent that is replaced by the one of 
the indirect extents. 

7. (Canceled) 
8. (Canceled) 
9. (Canceled) 
10. (Canceled) 
11. (Canceled) 
12. (Canceled) 
13. A distributed storage system, comprising: 

a global cache memory; 

a plurality of processors coupled to the global cache 
memory, each processor having a local memory for 
storing an operating system; and 
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a plurality of data storage devices coupled to the global 
cache memory, the devices and processors capable of 
communicating by posting messages to each other in 
the cache memory, each of the devices having a pro 
cessor and local memory storing an operating system, 
each operating system including an eXtent based ?le 
system for abstracting ?le names to physical data 
blocks in the storage devices, Wherein each eXtent 
includes a ?eld to indicate Whether the eXtent is an 
indirect eXtent, a hole eXtent or a direct eXtent. 
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14. The system of claim 13, Wherein each operating 
system is adapted to map ?les to data blocks by assigning an 
inode to a ?le, each inode capable of storing a plurality of 
extents. 

15. (Canceled) 
16. The system of claim 13, each operating system being 

a UNIX based system. 


