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whi ch enabl es hes. : ‘ ..re data streans of a file (where
a dat a streams—a—stgtefice S7- I n one exanple, the Apple[err]
Maci nt osh[err] Hierar (R:nlatedsummHBy@tQ@Sdmdmm%hﬁéﬁﬂhC@Péﬂﬂﬁpported per
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Comput o, o spplication Seral NAT/LEs- 44 Mathid and &ppaanss HEATEINAER conbi nat i on
of afile naneoﬁiwtea.médpmsy@émr' to open a stream and t hen uses
conventi onal Mcal |s (e.g., read O, wite 0, |seekO, etc.) to
operate on t ha&& am Undesirably, if a new fork (data stream is
added to the file systEhepresent invention relates to a computer system and, more

particularly, to the accessing of a file system thereof.

10 Background of the Invention

Operating systems exist today which have a file system which enables
the user to access one or more data streams of a file (where a data stream is a
sequence of data bytes). In one example, the Apple® Macintosh® Hierarchical File
System, two data streams are supported per file: one stream is called the data fork,
15 and the other is called the resource fork (Apple and Macintosh are registered
trademarks of Apple Computer, Inc.). A programmer selects a particular stream via
a combination of a file name and a bit parameter to open a stream and then uses
conventional file system calls (e.g., read (), write (), Iseek(), etc.) to operate on that
data stream. Undesirably, if a new fork (data stream) is added to the file system, and
20 consequently a new bit parameter required, existing programs must be rewritten to
_permit access to the new data stream. Such program rewrites are a costly overhead
for the user. *
The 08/5@ operating system available from IBM, is another
hierarchical file system:(OS/Z is a registered trademark of International Business
25 Machines Corporauon) » The High Performance File System offered by OS/2 also
supports two data streams per file: one stream contains the normal file data, while
the other stream contains extended attribute information which has been associated
with this file. In OS/2, different operating system calls are used to manipulate each
of the two data streams. Such an arrangement requires a separate set of operating
30 system cafils when a new data stream is added. Undesirably, existing programs must
be xewnttem when new og?aung s’g§tem caus are o added.to thg OS/2 repertoire.
"What is desifed is a téehmquewmdl ei;ﬁblé'é tanft yperanng system to

access an ever-mcreasmg number of data streams of any file in a manner which is

N

compatible with existing operating system calls and commands, thereby eliminating
35 the need to rewrite existing programs.
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segment is then used to select for access a data stream associated with the desired
base name file. The present invention thus enables a file system to access the data

' (: 10 streams of any file in a manner which is compatible with existing operanng system

calls and user level commands thereby eliminating the need to rewrite existing
programs.

According to other features of the invention, an appended segment may
be used to access attributes of a stored file, or to designate an operating system to be
15 used to process a particular data stream.
Brief Description of the Drawing
In the drawing
FIG. 1 illustrates a block dlagram of a computer and its operating
system which is useful in describing the operation of the present invention;
20 FIG. 2 shows the logical and physical structure of a file and a file
system;

FIG. 3 defines various terms useful in describing the present invention;
FIGs. 4 and § illustrate a flow chart describing various operating
features of the present invention; and

25 _ FIG. 6 is a table illustrating examples of various prefixes and suffixes
used by the present invention.
High Level Description

In the following description, each item or block of each figure has a
reference designation associated therewith, the first number of which refers to the
30 figure in which that item is first located (e.g., 110 is located in FIG. 1 and step 501 is
located lIhFIG 5). _ :

" FIG. 1 deplcts a computer based ﬁle system 100 which operates under
control of a UNIX® operating system 110, shown using a high-level architecture
layer diagram. (UNIX is a registered trademark of UNIX System Laboratories, Inc.

35 (hereinafter USL)). The layer diagram includes a user level 120, a kernel level 130,
and a hardware level 140. The user level 120 interfaces to a user 101 enabling
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-2 - Summary of the Invention In accordance with the apparatus and net hod
of the present invention, a file system accesses previously stored data
flles using a file nane defined as including a base nane and at | east one
appended segnent. The appended segnent(s) 5 may be a prefix, a suffix, or
both a prefix and suffix of the base namgg Wen a file access request is
received, the file nane is parsed into a base nane and a segnent(s). The

base nane is used to,search the stored files obtaip, a desired file. An
appended segrm@ffesy © thefle system 100 oob ?é?ﬂP&%%‘g W‘ﬂ@t@@?’ﬁ’e‘&rﬁﬂassom at ed

wi th the desi dix#t 1188xe nane file. The present invention thus enables a file
systemto access the ta t,aaa f any file in r_whi

conpati ble with exist ?%%%@F&?Sli 11‘?9 '@g&@ﬁﬁ%éfefgmﬁ?ﬁ&%%&"?o%nds

t her eby el i m ThehamgwarelemelddOtpsovides the opemting systenp i WY withbasigservicds ng t o
other featu eﬁe&fed%?%gh@iﬁ?%@”’l‘h@ﬁe @MQQO%%@WQ% WargCCESS

attri butes of or to designate an stemto be 15
used to procel“é’ rpv@m&ﬁom%swace& “sﬁk'éﬁl ysulagig themhi ng

I'n the draw ngrok ﬁrd&mellhmyﬂcmm Vibwingithé systsnd B3 Qﬁcmf Layersy iheloparitingt -
operating system is commonly called the system kernel 130, or Just the kernel, emphasizing its
isolation from user programs. Because user programs are independent of the
10 underlying hardware, it is easy to move them between UNIX systems running on
- different hardware. The general description of the well-known operation of a UNIX
operating system is derived from Chapter 2 of the book entitled "The Design of the
UNIX Operating System" by Maurice J. Bach.
_ The system call interface 131 represents the border between user
15 level 120 (user programs 121 and program libraries 122) and the kernel level 130.
System call interface converts user program calls into UNIX system calls. System
calls look like ordinary function calls in C programs, and libraries map these
function calls to the primitives needed to enter the operating system in a well-known
manner. The set of system calls inc¢ludes those that interact with the file system
20 driver 132 and those that interact with the process control subsystems 133, The file
system driver 132 manages files, allocating file space, controlling access to files, and
" retrieving data for users. Processes interact with the file system driver 132 via a
specific set of system calls, such as open (to open a file for reading or writing), close,
read, write, stat (query the attributes of a file), chown (change the record of who
25 owns the file) and chmod (change the access permissions of a file). The file system
driver 132 accesses file data using a buffer 136 that regulates data flow between the
kernel and secondary storage devices. The buffering mechanism interacts with block
I/O device drivers 137 to initiate data transfer to and from the kernel. Device
drivers 134 are the kernel modules that control the operation of peripheral devices.
30 Block I/O devices 141 are random access storage devices; alternatively, their device
drivers 137 make them appear to be random access storage devices to the rest of the
system. For example, a tape driver may allow the kernel to treat a tape unitas a
random access storage device. The file system also interacts directly with "raw" or
character /O device drivers 138 without the intervention of a buffering mechanism.
35 Raw devices, sometimes called character 1/O devices 142, include all devices that are
not block devices.
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system which is useful in describing the operation of the present

I nvention; 20 FIG 2 shows the | ogical and physical structure of
afile and a file system FIG 3 defines various terns useful in describing
- the present invention; FIGs.-4 and 5 illustrate a flow chart descri bing
various operating features of the present,invention; and 25 _ FI G
. 6 is atable illustrating exanples of various prefixes and suffixes used by
the present invention, H gh Level Description_ In the follow ng description,
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| ocated ir FI s&h&&%‘n‘éﬂ‘lée ﬂie ﬂ'éé‘ﬂflgveélg ﬁﬂgglgrprﬁﬁes‘éﬁoqqqqéu §'Fg’nf§’00 whi ch
oper at es undeintecapt wheh leading dfileifilermé monyefonexecation STiwnprodds scsdmﬂ/nd usi Eg ?
hi gh-1 evel sarghi i : ' ST TRS =T rademark o
UNIgX Syst er51)1 L%Eg)&sgﬁ??ggéaa}(%wq@&{@g%gﬁ%@é’ﬁ@ C ] jaﬁe‘gtf/%'r di agram

i ncl udes a user | evel Some of shesystem calls fen congolling processes intladecthe evel  140.

The user | evefolldwihg: Toflf {cRéatSa héw Prote®), eked (GRARY tHeGmage of a program onto
the running process), exit (finish executing a process), wait (synchronize process
execution with the exit of a previously forked process), brk (control the size of

10 memory allocated to a process), and signal (control process response to
extraordinary events). _ -

N " As previously noted, file system 100 enables the user to access files
‘stored on disk 180. A "file" is best viewed as a logical information object which
may include one or more data streams and which has an owner and permissions and

15 other attributes, and one or more file names. A data stream is best viewed as an
independent sequence of data bytes that can grow or shrink independent of any other
data streams on the machine. Hence, the following are file operations: rename, link,

- change ownership, change group ownership, and change mode. The following are
data stream operations: read, write, and lock (a portion of a data stream).

20 With joint reference to FIGs. 1, 2 and 3 we déscribe an overview of a
file system. Every file is named by one or more path names, 310. A path name, as
shown in 310, includes file names (e.g., home) separated by delimiters (/). The
internal representation of a file is given by an inode, which contains a description of
the disk layout of the file data and other information such as the file OWner, access

25 permissions, and access times. The term inode is a contraction of the term index
node and is commonly used in literature on the UNIX system. Every file has one
inode, but it may have several path names, all of which map into the inode. Each
path name is called a link. When a process refers to a file by path name, the kernel
parses the path name one file name component at a time, checks that the process has

30. permission to search the directories in the path, and eventually retrieves the inode for
the file. For example, if a process makes the call "open (fhome/jqp)" the kernel
retrieves the inode for "/home/jqp". As shown by 315 a "file system tree" for a full
path name starts with a slash character ("/") and specifies that the path name is
relative to the "root" of the file system tree. Following the branches that lead to

35 successive component names of the path name "/home/jqp/2@memoirs” designates a
full path name while "home/2@memoirs" does not. A path name does not have to
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-3- access to the file system 100 to obtain the desired file stored in
menory-(e.qg., disk 180). The user level 120 includes the user prograns 121
ahd libraries 122. The hardware | evel 140 provides the operating system 110
with basic services 5 needed by conputer 100. The kernel level 130
interacts directly with the hardware |evel§ 140 providi ng conmon services to
user level 120 programs and insulating themfrom hardware idiosyncrasies.

View ng the system as ers theo at,l J,S commnly
called the sy§fa§‘r#%@|’ Ib“(i%‘qbeo‘k"’s{ fed refatiye, “ﬁﬂﬁé&% i sol ation
from user progxesuting pescessby emitingthednisiakslashdn |dmjm1b naise.t This, stamng]‘mm
under | yi ng har | 8 W R ni ng
on different ha V\t/aedr“eeb /h&%é tﬁef)pi@ﬁ\é%p?lmogﬁgiﬁﬁ%e ﬁﬁ%aﬁﬁ%\%ﬁﬁ g{r]atlon
of a UNIX opemamerig @9@9@1@. s derlved from Chapter 2 of the book entltled

Tlhle Desi 9ns of tl gi UNlma%B&aaidertﬁm %tll)ivé\ﬁiéh' &eﬁknﬁafma m
bt ogr ams. 121 SHEREPO R B CPRIETLS 1R 8 A6 IS DRSS RIS AR ASHH RS B9 o
cal I i nt er f ac prefixand suffixcanrberused toselecehlteanate data seansofsthe panishlas fileSfidd em

system object) designated by base name. A base name 330, as shown in FIG. 3, may
be a conventional "physical” file name 331, (typically stored in a directory) or a
-~ 10 prescribed syntax 332 or a non-substring-based name 333 which are described in my
previously referenced co-pending patent application-which is incorporated herein by
reference.
When a process creates a new file, the file system driver 132 assigns it
* an unused inode. Inodes are stored in a section 223 of the physical file system 220,

15 as will be described shortly, but the file system driver 132 reads them into an in-
core-memory inode table when manipulating files. The UNIX system typically
keeps regular files and directories on block devices such as disks. An installation
may have several physical disk units each containing one or more file systems. A
file system 220 is organized as a sequence of logical blocks, each

20 containing 512, 1024, 2048, or any convenient multiple of 512 bytes, depending on
the system implementation. Multiples of 512 are used by convention and there is no
intrinsic reason to use 512 byte blocks.

A physical file system may have the physical structure illustrated by 220
of FIG. 2. The boot block 221 (only on some file systems) occupies the beginning of

25 afile system, typically the first sector, and may contain the bootstrap code that is
read into the machine to boot, or initialize the operating system. Although only one
boot block 221 is needed to boot the system, every file system may have a (possibly
empty) boot block. The super block 222 describes the state of a file system--how
large it is, how many files it can store, where to find free space on the file system,

30 and other information. The inode list 223 is a list of inodes that follows the super
block in the file system. Administrators specify the size of the inode list 223 when
configuring a file system. The file system driver 132 references inodes by index into
the inode list 223. One inode is the root inode of the file system: it is the inode by
which the root directory structure of the file system is accessible after execution of

35 the mount system call. The data blocks 224 start at the end of the inode list and hold
the contents of data streams (i.e., file data). An allocated data block contains the
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calls look like ordinary function calls in C prograns, and libraries map
these function calls to the primtives needed to enter the operating system
in a well-known nmanner. The set of systemcalls includes those that

interact with the file system 20 driver 132 and those-that interact with
the process control subsystens 133. The fkle systemdriver 132 manages
files, allocating file space, controlling access to files, and retrieving
data for users. Processes interact with the file systen1dr|ver 132 via a
specific set 8¢tughdataof adas sireamefin Ble andcan belong poneandionly onsrfile imtheng or
writing), clogg,ﬁﬁ@ﬁg wite, stat (query the attributes of a file), chown
(change the record ofiwho 25 the fiJe) and ¢h Qge éhe access
pernissions of a file)t FW@“PPPQ “?WPHPW?@F”&@@i%Hgﬁé?§§ utilizedinan i ng
a buffer 136 EnhincedBile SyaemdBFS) ftplembaiedonna UNEX kystert isiagd viraead fitkar y

G fvers 137 ¢ Dy sok NI SeRORER ViRl H Sslets () Ppéet atpaliRY' °°

drivers 134 anB fildsystcor opsrations.u Adthoughithe poesentinvention dloes notirequirgfa IJESl pher al
devi ces. 30 Bl ﬁmﬁs’n@\@ﬂ’ e}ﬂ:oﬁu}é’ R RO EpREE AdelTh ekpidih tﬂé’iﬂv@ﬁﬁon

alternatively elr deV| rivers 3 make_t hem agf)ear ta ran

access storagé’F§éW&9§8Q%f ‘bﬁ@ﬁté@t gflelsﬂﬂemms 3‘@(@%&
driver may al hiwhﬁxﬁbenknﬁgﬁﬁpdrﬁnﬂo&ﬁﬂematamwgﬁmﬁmwm@&ﬁ@ storage

dovi o dr1 ibr SVRADTFS BREAmE" ot cr vent i on of 'a buffering mechan om 35
Raw devi ces, soneti meVESprowides h fileasystem typOintiependest ibte2face trprograms dnd
devi ces t hat @i&ers while allowing each particular file system to process file system operations in

their own manner. File system type dependent kernel routines do the work specific

to the type.

15 A key strength of VFS is that it allows new file system types to be
defined and implemented by third-party software houses. The set of kernel
interfaces that constitute VFS are available in a VFS file system type writers’ guide

available from USL.
General Description
20 The present invention permits access to each of these data streams in a

manner that is compatible with existing UNIX systems via special file names. This
special file naming scheme uses a file name which includes a base name and a prefix,
a suffix or both. Additionally, the present invention can be utilized with any
operating system which accesses files by file name.

25 An overview of the capabilities of the present invention will,
illustratively, be described with reference to a file name comprising only a prefix and
a base name. Obviously, a file name which uses a base name and suffix combination
or a prefix, base name and suffix combination could also be used to obtain the same
capabilities.

30 The present invention, as utilized in an Enhanced File System (EFS),
uses a file name prefix string to permit access to non-default data streams. For
example, the default EFS configuration may operate as follows: the file name "foo”
accesses the default (Oth) stream of file "foo". That is, the absence of a prefix in
front of "foo" results in the access of the default or null (Oth) data stream, the file

35 name "1@foo" accesses the 1st stream of file “"foo", the file name "2@fo0" accesses
the 2nd stream of file "foo," the file name "3@foo" accesses the 3rd stream of file



not bl ock devi ces. -4- The process control subsystem 133 is responsible
- for process synchronization, interprocess conmunication, nenory nanagenent,
dnd process scheduling. The file systemdriver 132 and the process control
subsystem 133 interact when loading a file into nmenory for execution. The
process control 5 subsystem 133 reads executable files into nmenory before
executing them Sone of the systemcalls for controlling processes include

" the follow ng, for cregte a few process),.exec (overl t he i f
br ogr am ont o Tt a0 30 Sho ThisareBiie Snere Tebiis o SuseBisibR panipngasy) © o
(synchr oni ze episting ENIXxapplications (e.g 1 vi(h) shéd)) amidf sezvigesde.go Remptd Bilk ed

process), br 9{1@&@ the size of 10 nenory allocated to a process), and
si gnal (cont.irsg%&pr cegg response to extraordinary events). As previously

noted, file system 100nensefdbesemaultipledatasteams san be tosuppers mudtipls clienfk 180.
Afile" ig Q)?é{-ati}i% SYRém$ Ko examipledboth thO MiRirit6vh HIES &id O8/"¢Highry i ncl ude
one or more qot R mance Fie Sysicm (HPES) Sapport two Gara sieams per Ble. “tn Both the

Macintosh HFS and OS/2 HPFS the resource fork and extended attribute data are -

used to hold data such as icons, fonts, history, subject information, application-

specific configuration parameters, etc. -

- - 10 Utilizing the present invention, a UNIX-based file system may support
file servers for heterogeneous client machines (e.g., Macintosh and OS/2) as follows:
stream 0, e.g., 212, contains the shared (regular) data; stream 1, e.g., 213, contains
the Macintosh Resource fork; stream 2, e.g., 214, may contain the OS/2 extended
attribute data, and other streams; e.g., 215 may be used for secondary data or

15 extended attributes for other operating systems, such as the UNIX system.

The file system 132 keeps track of each of the streams, and assures that
they are each independent in the way that they are accessed, and yet consistent for
file operations (e.g., rename, change ownership...).

Detailed Description
20 With reference to the layer diagram of FIG. 1 we now provide a more
detailed operating description of the present invention.

With joint reference to FIGs. 1 and 4 we describe the detailed operation
of the present invention. The present invention is implemented to perform a file
system-specific lookup feature as part of the standard lookup path name feature

25 which-occurs during a conversion of a path name to a vnode. The present invention
permiits a single inode to contain multiple data streams, so the term vnode shall be
used to refer to the virtual node that is associated with a particular data stream.
Hence, with four data streams per file, there will be four vnodes per inode. Unless
otherwise stated, a vnode refers to the Oth data stream of a file. |

30 The initial access to a file is by its path name, as in the open, chdir
(change directory), or link system calls. Because the kernel 130 works internally
with vnodes rather than with path names, it converts the path names to vnodes to
access files. An algorithm of the UNIX system kernel parses the path name one file

. name component at a time, converting each component into a vnode based on its

35 name and the directory being searched, and eventualily returns the vnode of the input

path name.




15 other attributes, and one or nore file names. A data streamis best
viewed as an independent sequence of .data bytes that can grow or shrink
i Adependent of any other data streans on the machi ne. Hence, the foll ow ng

are file operations: renane, |ink, change ownership, change group
owner shi p, and change node. The fol | ow nggre data stream operations: read,
wite, and lock (a portion of a data stream. 20 Wth joint

reference to FIGs. 1, 2 and 3 we describe an overview of a file system

Every file i s named byltsners 40120 andisteps 442439 Mlustraig the existing stepszof therown
in 310, incl ugath danmetoNab@Scdrivetsion bﬁi&ﬁ)aresaiaﬂyate@éh&n s6 hdt e ddisiled/ ) . The

I nternal represent.ati of a fileis qai an_i,nod I ch, contains a
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nane one file nanme nponent @ a tine, checks t hat &P ocess has .30

per ni ssi on t o “STERL Vf‘h@“’&lﬂe § permassipn . OPERY 2 RAMG, JEPRANG B\ o
t he i node for pbhmerfmﬂmreﬁﬂﬂngxm&l dnthefcomqmnt,\a'ss e;atahteteraiatne open

(1 hOITE/j ar)o gd?ﬁg&d@ thﬁ@? g#ga
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("/") and spe®rkemael spAes; ﬁﬂm@ogmsrﬂlﬁm mgde; create mode comams the permission

bits if the file is to be created; vpp is a pointer to a vnode pointer for the result; and

crwhy is the reason why this routine is called, it is defined if and only if file mode
has the Fcreate bit set.

15 In step 402 a file name is received from the user program 121. In
step 403, the kernel 130 checks if the Fcreate bit is set. If so, then in step 405 a
command vn_create( ) is generated in the conventional manner. The command of
vn_create indicates to the kernel 130 that the process call wishes to create a new file,
an operation which is well-known and not important to an understanding of the

20 presentinvention.

" If the Fcreate bit is not set then in step 407 the path name is checked to
determine if one exists. In our example, recall the path name is
"/home/jqp/2@memoirs". If path name was a null then in step 409 an "entry not
found" error is returned to the system user.

25 If path name is not a null then in siep 411 the trailing delimiters or
slashes in the path name are eliminated. (Note our example has no trailing slashes
after “memoirs"). In step 413, if the first character of *name’ is a "/" character
(indicating a path name starting at root), then the working directory is set to root,

~ otherwise the working directory is set to the current directory. In step 415, it is

30 determined whether the working directory is a directory. If not, then in step 417 a
"not in directory" error is returned to the user. If working directory is a directory,
then in step 419 the leading file name component (i.e., "home" in our example) is
stripped off the path name.

In step 421, the stripped off file name component "home" is compared to

35 "." If equivalent, then in step 423 the system will reference the current working

- directory and then control returns to step 415. If file name component is not "." then



relative to the "root" of the file systemtree. Follow ng the branches that
Iead to 35 successive conponent nanes of the path nane
/honE/JquZ@hennlrs designates a full path nane while "hone/ 2@envirs"
does not. A’path nane does not have to -5- start fromroot but can be
designated relative to the "current diregtory” of an executing process by
~omtting the initial slash in the path ndme. Thus, starting from current
dlrectory ‘/hone”, the path name "Bin" designates the file whose full path
name is "/ hoifesten 425 itis COmpared to "..".| i equivaleatitoc’s."therinistep 427dbeparentofent i on,

the file nanpedgfreRt woikinddite iéx‘éfé?é’dl%d'iﬁdflx 9 Sufc?@ﬁl l4gsi ncl ude a

prefix, a bagge nape and s.uf and the I X" can, be used to
sel ect al t er NAIEVHEL ﬁe%f%eé’?&ft’lﬁﬁyﬁt?@’sﬂﬁqlﬁgi‘lﬂk&l’ featyrg of the; preseptinventng; ect )
desi gnat ed Fys mﬁs@mnmmsbaqerfoaﬂm S the stippedwfnfilerhafieChome™. gay be a )
conventio sic re adir ory) or
a 10 pres |beg Zyntg’!1 é@é%@igﬁ%ﬁ‘sﬁé‘iﬁﬁﬁ%g’?ﬁeﬁ?ﬁ&bﬁ c‘ﬁ&élr
descri bed i nimalater parageaphybutsttfice ittoday thap thedimippedenfEfile napel "homel on whi ch
I's incor por ajfthddehs pRARYor SGHR (@ 'dHown by 321). Hence, after the steps of FIG. § are

performed on the file name "home" it returns to step 429 with a vnode reference to
access the file object of the file "home". If no vnode reference was found then an

10 error is returned to the user in step 431. Otherwise, in step 433, the system checks if
the vnode reference refers to a data object which is a symbolic link. If so, then in
step 435, the contents of the link are placed at the front of the remaining path name.
Otherwise, in step 437 the system determines whether there are more file name
components in the path name. If no more file name components then in step 439

15 control is returned with a vnode reference to the data object. If more file name
components exist then control is returned to step 415 for further processing.

With reference to FIG. 5 we now describe the present invention, as
illustratively embodied, as a file system-specific lookup feature. We describe the
processing of the file name "home" of our example path name

20 “/home/jqp/2@memoirs”. In step 501 the requester’s execute permission in the
current directory is checked in the standard way. If permission does not exist an
access error is returned to the user in step 502. If permission exists, then in step 503,
a check is made to determine if a prefix or suffix exists. Recall from FIG. 3 that file
name 320 may include three segments, a prefix, a base name and a suffix. Some

25 possible prefixes and suffixes are listed in Table 600 of FIG. 6 which is stored as part
of super block 222 of FIG. 2. If no prefix or suffix is found then processing
continues to step 507. Recall in our example file name "home" no prefix or suffix is
used. Since the file name "home" does not contain any of the possible prefixes listed
in Table 600 of FIG. 6, in step 505, the base name is equivalent to the ﬁle name

30 - "home" and the current directory is searched for the base name.

| If, however, a prefix or suffix match is found in Table 600, a software
flag is set indicating respectively that a prefix and/or suffix match exists. Basically, a
prefix or suffix match is determined by comparing each prefix and suffix located in
Table 600 with the file name. Prefixes and suffixes are typically stored in the super
35 block of the file system.
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When a process creates a new file, the file systemdriver 132 assigns it an
unused i node. Inodes are stored in a section 223 of the physical file
system 220, 15 as will be described shortly, but the file systemdriver 132
reads theminto an in- core-nenory inode table when mani pulating files. The
UNI X system typically keeps regular filegssgnd directories on block devices
such as disks. An installation may have séveral physical disk units each
~containing one or nore_file Séstensh A file system 220 is organized as a

sequence of |ogical blBesepS prefix erosuiix is sydpped from the purpasted file,parge,y
conveni ent . mul c®theIbasehiahRs. QRS 507, 1Be @itediths i Yeakehet ubiAk @EHasd | ON.
Mul tiples of 512 gre ysed b OH entian and there is.no inkLripsic onto
use 512 byte Hfagl?k&suﬁlnﬁhv&\{‘égq ‘\él‘}aéﬂeﬁﬁmga?ya?fgﬁ’fﬂ%s 1’|§rsf“c§§?pé rcture
i | lustrated bya '2ase mmd”lis¥ound i the dirwotory|thakinAtp §ldrthy prefix oo suffikiflags are
systens) ocgupi h LApI . ' i I rst
sector, andgné!)!/lg%oeﬁt an?oe?ﬂ%gggg%{fg{(}%%u@%k&h&%%ﬁﬁg%g%%ﬁi n@(-)rlst éeplﬁ%éghi ne to
boot, or i nitiassaciased with thecOth dpta§tregmibase name. hBnshfos ourexsmple; Sox filpngee 221

i s needed to_b@ginet e Prictie TR the O dath stréhn® ¥Ethe "homY" fi18\0Bjedt wBRdBeD! Y enpt y)
boot bl ock. The super bl 9@50??@2@“” bes the state,of a fil e system,-how

large it is, HB step| ar cgntinuedpEacessing in they previausly desenbsd ¢ he
file system 3fanmend ot her information. The inode list 223 is a |ist of

nodes thalgl ol | oW 1 bk s SHEEY o Bt wh sl i tle 18 Hith Thed 1 'rllni s

specify the“size of the‘i™
- the success status along with the reference vnode of the selected data stream of the

object base name.
_ Thus, in our example, path name “/home/jqp/2@memoirs" after the file
name "home" is processed via steps 501, 503, 507, 509, 511, 513 and then by steps
15 429, 433.and 437. Subsequently, in step 415, 419, 421, 425 and 427 the file name
“jqp" is processed. Since “jqp" has no prefix or suffix, it is processed in the same
manner as "home", i.e., by steps 501, 503, 507, 509, 511, 513 and then by steps 429,
433 and 437. After processing file names "home" and “jqp" the file name
"2@memoirs" is processed in a similar manner. Thus, steps 415, 419, 421, 425 and
20 427 are performed. However, since "2@ memoirs” has a prefix, i.e., "2@" step 505
is performed and a prefix flag is set. Thus, processing proceeds from step 501, 503,
505, 507, 509 511 to step 515. In step 515, the feature returns the success along with
the reference vnode of the data stream specified by prefix "2@" for the file named
"memoir”. For example, the data stream specified by prefix "2@" may specify fonts
25 oricons that should be utilized with the text of the "memoirs” file. The various types
and uses of prefixes and suffixes are described in a later paragraph.

With reference to Table 600 of FIG. 6, we briefly describe examples of
some of the various configured prefixes and suffixes that can be utilized by the
present invention. If the base name is referred to as the physical file name the

30 combination of the <prefix> <base name> <suffix> can be referred to as a virtual file
name where each of the virtual file names share the data with the base name file.
One example of an application of the virtual file name capability would be to
simulate on a UNIX system the Macintosh (MAC) file name structure, i.e., "file
name, bit" where bit indicates whether the file is the data file or resource file.

35 According to the present invention, a prefix or suffix would identify the bit
information, e.g., <bit> <file name> or <file name> <bit>, respectively, to the UNIX




configuring a file system The file systemdriver 132 references inodes by
I ndex into the inode list 223. One inode is the root inode of the file
system it is the inode by which the root directory structure of the file
systemis accessible after execution of 35 the nount systemcall. The data
bl ocks 224 start at the end of the inode gLst and hold the contents of data
streans (i.e., file data). An allocated & ta bl ock contains the - 6-
actual data of a data streamof a file and can belong to one and only one

file in the fSyftems/Another applicagige wouldbe torprovide pn ©Séhattribwieeapabilityta 4~ be
descri bed as UNIX bystsin Th @9/2ienaad i tdIowaY Sy VBl S) surlDlneredy! ed on a
UNI X systemusing.a yvirtual filg 5 stem So UNI X systens uSe a Virtua
File System ( ungy Eéfs‘ie“@?f{ﬁ?@é‘fﬁ %a 19 be gcpssed yiasandad e sy, Al t hough
the present iprimitivésoe.gd@pen,redd, weigliciasedodES nechani s mVFVFiS p;ow (rjez gf he
Syetom vV 1 o Syot om "ot B o Ruieb UBlophd Betb 8 mrt e s B frilfrae
i mport ant t o Shi%e Thegrefispesoiotabla:600may b repesanted by ede bymoreedigils, SVR4. 0
VFS ar chi t eCicreters or symbols. For example, the prefix "1@" may represent "extended
attributes” of an OS/2 system while prefix "2@" may represent the resource file of a
Macintosh system. The prefix "unx@" may represent a UNIX system extended
. 10 attribute capability. Other examples of prefixes may include "old@" to signify an
) older version of the base name file, while "CI@" may represent the compiled or -
interpreted version of the base name file. _
While the present invention has been described as accessing data of a
previously-stored file, another application may be to access general characteristics or
15 attributes of that data. These characteristics were not necessarily stored explicitly,
but rather were computed or tested at run-time. For example, a total-file-size stream
could be added that, when opened and read, returned the character representation of
the total number of bytes of storage used by all of a file’s data streams. '
Thus, using my file naming convention a user can access any file
20 ‘’attribute(s)’ as a file --i.e., using open(), read(), write(), close--that is associated
with areal file. ’Attributes’ include existing attributes such as: owner, group, mode,
etc., as well as new or enhanced attributes such as: file type, subject or summary of
contents, history, relationship between this object and any other object, icons,
configuration data, a compiled/interpreted form of the file, application-or file-type-
25 specific data [e.g., use total size as an example of virtual data stream, virtual data
stream create when accessed.]
In the above attribute list the compiled/interpreted form may be a virtual
characteristic accessible as a virtual file. The other attributes listed are generally
physical characteristics accessible as a physical data stream.
30 Thus, more particularly, my file naming convention may be used to
access any file attributes (described above) via a file sharing mechanism or protocol
such as: Network File System, Remote File System, Andrew File System, etc using
our file naming convention to permit an extensible number of secondary streams to
be associated with a file in a compatible fashion. Moreover, because the scheme is
35 based on file names it probably can be used with any future file sharing mechanism
' which can access files using file names. In addition, my file naming convention may



VFS provides a file systemtype independent interface to prograns and users
whil e allow ng each particular file systemto process file system
operations in their own manner. File systemtype dependent kernel routines
do the work specific to the type. 15 A key strength of VFS is
that it allows new file systemtypes to _bf)l_def.i ned and i npl enented by
third-party software houses. The set of kérnel interfaces that constitute
"VFS are available in a VFS file wtemtype witers' guide available from

USL. General beysed topreyidegscess to Mac resour¢ecfopk, Q%A exte tribhtesestes fromuccess

N st o Opétati ysEinisARIo) ot SuppOIGE piidhlat el 0 abcett oS X1 8¢ | 10
Tl o Sl eon ks Kipilly: theipesent Ewentinhanay by Wilized Wity APergine SUSm

Addi ti onal | y, whivh supporesy file systexhiaocessible wsing filelnazesl Wi t h any operating
syst em whi accesses file. . . Ver ] f the
capabiliti ?; of the pr‘gis‘éatgltis ?%Wedneﬂ&(')ﬂr}ﬁvq\,? me?éy Iﬂ}u&gg tr“éet?fvtg g?ﬁﬁga%%g{rhgbed
wi t h ref er encprineiples pf the presort invantionsOhgr amangemepisand meshodsganbee nane.
Cbvi ously, a f4 ' i %&a,mg@ﬁ‘#ﬁ%' ' ¢ or a
prefix, base ?\lg#rlgmgﬁ?g cfsgsggﬁ%rﬁ%‘tgl on coul d "al so beﬁ‘)t}ls“g t%ﬂg%ta n the
same capabi | i of the present invention.



30 The present invention, as utilized in an Enhanced

(EFS), uses a fite manme prefix—string to permt acces mgiq{pgajBEENj ta
/BB ehapienGED

streams. For exa EFS confi guration fol | dws:
the file nanme " Ilmmllpmﬁmn Mldef aul t (Ot h) streamig

I's, the absence X Isn” kront of F C results in the access of the
default or null (Ot h) data stream the file 35 name "1@o0" accesses the

- 1st streamof fi]Je "foo", the file nane "2@ 00" accesses the 2nd stream of

file "foo," thedM¥e name "3@o00" accesses the 3rd streamof file -7 -
"foo" and so on. Thl s1.pAdile ¥ iswn&pﬂi&ﬂﬁs ﬁﬁreﬁhtlﬁxgadcbmtmembmmsucs of
mani pul ated b st| n@g&Nl é onze% vi(1l), sh(1l)) and services
(e.g., Renote %1) 58 Yt hese mul ti ple data streans

can be to support ITU| tmq:ﬂmfcﬂp&nngsﬁ&qmmﬁrengv@asmofmaeoeasr;ﬂqecstboth
t he Maci ntogh em (HPFS) support
two data st?eﬁégﬁ?@&g@eﬁhm”?d:% EﬁéﬁdEﬂ and OS/ 2 HPFS the
resource fork and ext SReAhd fer seasc aswmmwmmwew as

i cons, fonts, sélestaiesiredtie] & | nf ormation, application-
‘ means for accessing a data stream associated with said desired base
name file, said data stream selected using at least one of said appended segments.

10 2. The apparatus of claim I wherein at least one of said appended
segments is a prefix of said base name.

3. The apparatus of claim 1 wherein said at least one of said appended
segments is a suffix of said base name.

4. The apparatus of claim 1 wherein said base name file is a data file and
15 wherein said accessed data stream is a Macintosh resource fork.

5. The apparatus of claim 1 wherein at least one of said appended
segments is used to identify a file attribute which is to be accessed from one or more
of said stored files.

6. The apparatus of claim 1 wherein said base name file is identified
20 using non-substring-based criteria.

7. The apparatus of claim 1 wherein at least one of said appended
segments is used to access, as a file, an attribute of one or more of said stored files.

8. The apparatus of claim 1 wherein
said base name file is a data file and wherein
25 at least one of said appended segments is used to access an operating
system which is to be utilized for processing said data file.

9. The apparatus of claim 1 wherein said base name segment includes a
first set of one or more characters which provides a direct memory address to locate
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o

specific configuration pararreters etc. 10 Utilizing the present

i_nventi on, temmay support file sp+vers—for
heterogeneous c , Maci ntosh and OS/RJHISsSHERT WAS BEEKleam
0, e.g., 212, S aned (regul ar) data; stream 1, REPDAGER13,

cont ains the MaC| nt osh Resource fork; strgam?2, e.g., 2I#—Tay contat+fi—the
OS/ 2 ext ended attrl bute data, and ot her streams; e.g., 215 may be used for
secondary data or extended attributes for other operatl ng systens, such
as the UNI X syéﬁwﬁhmm@omﬁmaiwxmwhwdmmmeach of the streans,
and assures that they are each independent in the way that they are
accessed, and yet co s%gnt for fj Ile oper,ati,ons, %ﬁ renanme, chan
“ownership...). Detail'dd B&IEPFHY FB Clagn wherein said & MG SegRERtaccesse ﬁe

| ayer di agr angmhpsfﬁomﬂﬁdmmﬂwhmml de a nore detail ed operating

description of the pr %?% %%ﬁi 1 and 4
we descri be the detai ﬁ@g%s era |ohﬂlg¥1 e&pljpgfgg%s[;?%\s/é‘ﬁ%?%fb&r& resent

i nvention s ¢hapacters ta identify whiclr enerafsaid group offilesshaukd be accessedkup f eat ure
as part of the standard | ookup path nanme feature 25 which occurs during a
conversion of a path _nape to a vno The present .invention permts a

Si n\él e :node to (F:)ont z}a qﬁﬁ???%?t\ésﬂg‘ﬁél e sggﬁlh'uésfe@:lf wndeRal | pe
used to ref erUN@Xtdperathg sysidm.node t hat |s associated with a particul ar data
stream

12. A-method of operating a file system apparatus to obtain data or

characteristics of data of previously stored files characterized by the steps of
10 ' parsing a file name received as part of a file access request into a base

name segment and one or more appended segments,

searching said file system using said base name segment to select a
desired file, and
| accessing a data stream associated with said desired base name file, said

15 data stream selected using at least one of said appended segments.
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Hence, with four data streans per file, there will be four vnodes per
I node. Unless otherwi se stated, a vnode refers to the P a_streamof a

ftle. 30 The initial access to a fileis b in
t he opén, chdir (change directory), or link system callls. GG
kernel 130 works internally with vnodes rather than with pa 3
converts the path names to vnodes to access files. An algorithmof the UN X

- system kernel parses the th name, one file n conpgnent_at _a tine,
converting each (MMXHPFWS a@e&aﬁmweémﬂaﬁ#ﬁme%e
directory. bei Abstesdr ched, and eventually returns the vnode of the input
pat h nane. - -8- The,s ' -4 nd_st.ens - Ll ustry e

exi sting steps of the%éﬂ%ﬁ%%s?‘%a?%X%mégﬁ{}g%@%sﬁ%&ﬁ é?y %’ggéﬁﬁ é‘?l y
descri bed so mbmtdatdsredamsassosintesitberawiithn The fil¢sarpacssssad using @ basecomanid-| G 5)
can be explsai gadnd %s@ciﬁﬁéﬁ'dﬁﬁ'sn??xﬁ(s?%%c@@éﬁﬁ he a prefix and/or a sufit It USer

program 121 makes a pgocess call, ., open (p name, .open vno flag),
the oper at i ngbas§8¥Ben @rﬂ@mpfqa shedhase pape may edissd t3glegehdata leswhilg.the

prefix and/or suffix may be used to access data streams which, illustratively, may

include information used by the file system in the processing of the data file. Using

this file naming structure enables the file system to handle the base name file and its

10 associated data streams together as one file using the standard file commands.

- .
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command vn_open(nane, seg, file node, create node, vpp, crwhy) in step 401
The ecommand vnopen perfornms perm ssion checks and opens a file by nane,
returning a pointer to the resulting vnode. In the command vn open the
paraneter nane 10 contains the path nane; seg is the address space the file

nane is in, either user space or kernel ce; file node is the open node;
create node contains the perm ssion bits ¥f the file is to be created; vpp
is a pointer to a vnode pointer for the result; and crwhy is the reason why
this routine is called, it is defined if nl¥7|f file node has the
Fcreate bit set. 15 In step 40 i*l e fname is received fromthe

user program 121. In step 403, the kernel 130 checks if the Fcreate bit is
set. If so, then in step 405 a command vncreate( ) is generated in the
conventi onal manner. The connanq ¢f vn create indicates to the kernel 130
that the process calhpﬁdshes to 9 eade a new file, an operation which is
wel | -known and not inportant to an unde i f_ the 20 present
invention. If the Fcreate bit is -not se{:&mﬂﬂ% Eﬁ%EﬁtF&ﬁ YSHEM he path nane is
checked to determine iff one exists. In our exanple, recall the path nane i|s

/hone/JquZGﬁennlrs | fq h name was a null then in step 409 an "entry
not found" erroﬂOLi returned Yo the systemuser, 25 - If path nane
is not a null thenlin |stepUSERLLEVEE 126 ai|ing deliniters or 191

- |USER - ussn PROGRANS |/

C URARIS]_

KERNEL LEVEL 130 ¥ 131
l SYSTEM CALL INTERFACE [

132 133
\_ t 4
FILE SYSTEM DRIVER fe——{ PROCESS CONTROL

[ [BUFFER]
138 137

\I[CHARACTER] [BLOCK]L/
DEVICE DRIVER | 134

[HARDWARE, CONTROL |

HARDWARE LEVEL 140
)
ot HARDWARE DRIVER AN

CHARACTER 1/0] [BLOCK 1/0]

—+—¢T180




sl ashes in the path nane are elim nated. (Note our exanple has no trailing
sl ashes after "nenoirs"). In step 413, if the first character of 'nanme' is
a- "/" character (indicating a path nane starting at root), then the working
directory is set to root, otherwise the working directory is set to the
current directory. In step 415, it is 30 iﬂeterm’ ned whet her the working
directory is a ?r t or If not, then iy tep 417 a "not in directory”
error is return st h& user. |f working directory is a directory, then in
step 419 the leading file name conponent (i.e., "home" in our exanple) is
stripped off the path name. In st 2 goff file nane
conponent "hone" is corrpamﬁﬁtt :_!.gelﬁﬂ. ‘*'WUEL@ETQ/F;’A Igﬁf’l@ then In step 423 the
systemwi | | reference the—cetenrt—woring—tirectory—and—ttemcontrol
returns to step 415. If flleﬁﬂinléOQEorrponent is not "." then -9- in step
425 it is conpared to ". OWNERal ent to".." then in steg 427 the
parent of the current \M:rkl ngﬂé Sﬁig&ﬁdg @erenced and corntrol returns
to step 415. Ot herw se, |step Q U@ tem specific | qokup feature
of the present inventior], as HABTlASGESQtM in FIG 5, is perforjned on the

stripped-off file name " horne*"o.l.l_“;R FILE ATTRIBUTES

DATA 0. | STREAM SIZE
212 TIME OF LAST STREAM MODIFICATION
- STREAM DIRECT DATA BLOCKS

¢ STREAM INDIRECT DATA BLOCKS

RESOURCE 1. [STREAN SIZE
213

EXT. AZTITEIBUTES 2. [STREAN SIZE

UNIX ATTRIBUTES | 3. [STREAN SIZE

|~
_—
™
. | N
215 : B
N. [STREAN SIZE | |
C :

221\ 22~ 23N

BOOT | SUPER | INODE
BLOCK | BLOCK |  LST

DATA BLOCKS 224
PHYSICAL STRUCTURE OF FILE SYSTEN 220




. vnode refere

¥

5

nore detail
atri pped- of f
321). Hence,
"home" it ret

- obj ect of the fi
- error is ret

syst em check

synbolic |ink.

at the front
det er m nes
no nore file

control isr
FIG 5 we nov
as a file syg
file name "hg
step 501 the
checked in tH
is returned t
503, a check
FIG _3 that f

SN

The file systemspecific | ookup feature will be described in

n a | ater paragraph, but suffice it to say that the

file nane "hone" includes no prefix or suffix (as shown by
after the steps of FIG 5 are perforned on the file nane

urns to step 429 with a vnodf/ reference to access the file

. 0 v30de re érence was found then an 10

ed to the user in step 431. O herwise, in step 433, the

if the vnode reference refers to a data object which is a

If so, then in step 435, the contents of the |ink are placed
of the remaining path nanme. O ARATW DERIMITERS step 437 the system
ether there are nore fil conponents in the path nane. If
nane conponents then i 439 15 control is returned with a
ce to 3@ catRATIOINAME t- 2MEMBIRS ane conponent's exi st then
turned to step 415 for ffuryhey processing. Wth reference to

v descri be the present imyehtifon, as illustratively enbodi ed,
tem specific | ookup featu We descri be the processing of the
me" of our exanpl e pat RILBNAMERRO "/ hone/jgp/ 2@enpirs”. In
regquester's execute permssion in the current directory is

e standard way. If perm ssion does not exist an access error

o the user in step 502. If perm ssion exists, then in step

is mde to determine if a prefix or suffix exists. Recall
’ ~

from

e " ['~-ROOT
HOME
S15~FILE SYSTEM
TREE P BIN
L PASSWORD  MEMOIRS

320 ~ FILE NAMES - <PURPORTED-FILE NAME>
MAY COMPRISE

321 ~— <PREFIX><BASE NAME><SUFFIX>
<2.><MEMOIRS><.1>

330 ~— BASE NAME TYPES '
334 ~—A CONVENTIONAL 'I:HYSICAL' FILE NAME
i.e., "USK' OR "BIN'
332 ~ A PRESCRIBED SYNTAX .
SYNTAX 1 - iie, "ino = X,, gen = Y,"
SYNTAX 2 - A MORE FLEXIBLE SYNTAX
"FIND: USER = ROOT, MODE = 644’
SYNTAX 3 - A DATABASE QUERY
- SYNTAX 4 - A NATURAL LANGUAGE SYNTAX SELECTION CRITERIA
333 ~— A NAME THAT IS MATCHED USING A NON-SUBSTRING-BASED
CRITERIA, i.e., PHONETIC MATCHING




nanme 320 may include three segnents,

Sonme 25 possible prefixes and

which is stored as part of super block 222 of FIG 2.
suffix is found then processing continues to step 507.

exanpl e f|| arre "ho op
"hone" does t cont aFrEJQy o4e
FIG 6, in step 505,

t he base nane is equival

a prefix, a base nane and a suffix.
suffixes are listed in Table 600 of FIG 6
If no prefix or
Recall in our

fix or suffix is used ince the file nane

t he pOSSI bI YN0 IOPEN xesjol?sted i n Tabl e 600 of
nt 1ot file name 30

“hone" and the current directory is sediR o N e nane. |f,
however, a prefjgg or SUffIX match is found Tn§Table 60 software flag is
set indicati ng r haYESa pr X natch exists.
Basically, a premwt WO mat Ch— e ring each prefix

and suffix located in Table 600 with the fi NgInane. Pﬁflxes and suffixes

are typically stored in the super 35 blo | Sy TT
step 505 any prefix or suffix is : SAPATHONAME LD U i ¥i 0
produce the "base nane". In step 507, the ry is searc
"base nane" resulting when the file nanpe is pped of any ﬂﬁefix or
suffix. In step 509 if ELIMINATE TRAILING DELIMITERS
) (SLASHES) IN PATH NANE
' 413
SET WORKING DIRECTORY TO J
ROOT OR CURRENT DIRECTORY
¢ 415 (417
IS5 WORKING NOT A DIRECTORY.
DIRECTORY A DIRECTORY ERROR
419
STRIP LEADING NAME COMPONENT |/
423 OFF OF PATH NAME
Eg—tnsrmmcz THE CURRENT|_YES. 42
WORKING DIRECTORY W
REFERENCE PARENT OF | vgs NO 425
CURRENT WORKIG ' [<———"""15 NAE "7
. JRECTORY NO %) FiG. 5
¢ vl PERFORN FILE SSTEW- | 477
SPECIFIC LOOKUP SEE FIG. 5
429 . O FIG. 5 C-43
ENTRY NOT |
LOOKUP 0K FOUND, ERROR
I e
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0BJECT lﬁNQYMBOUC REMAINING
PATHlN_A_M_E
- MoRE ~( #7
FILE NAME COMPONENTS

IN PATH
NO.
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]
RETURN SUCCESS, WITH A
REFERENCE TO THE CURRENT OBJECT




a "base nane" is found in the directory, then in step 511 the prefix or
suffix flags are 5 checked. If no prefix or suffix is found then in step
513 control returns the vnode associated with the Oth data stream base
name. Thus, for our exanple, for file nane "hone", the vnode for the Oth
data stream of the "honme" file object mgg d be rebﬁln dt step 429 of FIG
4 for continued procesgt ﬂ I n the previ |y desc er.

If a prefix or suffix \gs ﬁoﬁnd in the file nanme, then the feature returns
t he success status al o b e reference vnode of the selected data
streantof t he obj ect _JMast ané Thus, in our exanple pat h nane

"/ home!/ j qp/ 2@rerpi 5" DAES e he file nane --: S processed via steps
501, 503, 507, &£ 429, 433 and 437.
the file name "jqgp" is

¢ < it is processed in the sane

y 3 eps 501, 503 507 - 509, 511, 513 and then by
Mter processing file nanmes "honme" and "jqgp" the
file name "2@renoirs” Eﬁrocessed in a simlar manner. Thus, st eps
415, 419, 421, 425 and 7 /8 Glperforned However, since "2@ nenoirs" has
a prefix, i.e. a m 0 S q«yforned and a preflx flag is set. Thus,
processing pre eNp OR" SUFFIXt ¥SED 50356 v 507, 509 511 to step 515. In

Subsequent |y,
processed. Sincs ]
manner as "hone",
steps 429, 433 and 4

step 515, the fealttkg retyras the success a ong Wi t h
| 305
e STRIP PREFIX AND/OR SUFFIX | / 13~

FROM PURPORTED FILE NAME :

T0 PRODUCE “BASE NAME" RETURN SUCCESS WITH

F REFERENCE TO FOUND

SEARCH ORECTORY | 37 FILE QBUECT
FOR ENTRY "BASE NAME™ 511

WAS
A PREFIX OR
SUFFIX
USED

541 YES

ENTRY NOT FOUND ERROR N—

RETURN SUCCESS ALONG WITH
REFERENCE TO THE SELECTED
( - DATA STREAM OF THE OBJECT
“. BASE NAME'

5’5J nc. 4
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"0LD@" ~ OLD VERSION OF FILE

"Cig" - COMPILED/INTERPRETED VERSION OF FILE




the reference vnode of the data stream specified by prefix—2@-—for-thes

f| Je naned " nenmgirt—Feor—exanple _the data stream spedi fimhdBMPNPEHEET

fray specify font]stHi8 SHEETIHASBEENAt shoul d be utilize vvrth 2r§ ﬁ@t‘ﬁ he
"menmoirs" file. [The vBERIAGEDt ypes|and uses of prefixe L SALYIIXES NV
described in a later paragrapimWth refasence to Tabl SCC oHF—FG

briefly. descri be exanples of sone of the various configured prefixes and

suffi xes that c zed.. t, 4 Qﬂxseﬂ ?ﬁgﬂ,se name is
referred to as ?ﬂ&?@ﬂy pgf%sh%%%ﬁgﬂgﬁcé%ﬁgﬁatron%% e <prefix>
<base nane> dAdbsfrictk> can be referred to as a virtual file nane where each

of the virtual file o re €
%P@g‘?‘atﬁe vr r %ﬁﬁc&iﬁ!@s%ﬁ:ﬁ@]ﬁw&b €or

exanpl e of an applic e nane capabj’lity would be to
si nul ate on marpista streams,3sspriated, °Fﬁ"6 S §IP RECESSEISING pame; o,

"file names Rhd theWssicitdd data g\ﬁhaﬁf(k)eﬁe wévetsedusinga préfixcanidéortaisaffioofthé i | e or
would | dent i DS TREPEH HOF ATGHRy e Bhse i EAY bt PR e aBaBE WhiBinel ! | E
<bit>, res pepteﬁxdnﬂ/ortsufﬂxrmam used to access datastreams wivich, illustragively,d8ay on woul d
be to providg Ak F¥crmafibd htdts thiéBRAYStinYin e frocessing of the data file. Using

this file naming structure enables the file system to handle the base name file and its
10 associated data streams together as one file using the standard file commands.

FIGURE 5
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_UNTXsystem In OS/2 a file nane is followed by a efd ufflxthereby

spermtting the extend t to be accesditm_l,q@
systemprimtives, e. Sﬂ-ﬂgﬁg T%ﬁﬁ@ ite, close, Eﬁ/}
the exanpl es describdd bel BWIHEER pref{x may al so [bOatat:}

The prefix types of Table 600 nay be represent ed V—ore , ;
characters or.synbols. For exanple, t-heL:Jpr-eflx 1@ rTHy—Tepresen

attributes" of an OS/2 system while preflx 2@ nay .
file of a Macintosh system The prefix "unx@ may: rm m mﬂ j})ﬂlE
extended 10 attribute capability. O her exanples o reel I

sour ce
ystem
cl ude

"ol d@ to signify amgqsdefingision of the base nane flle while "Cl @ may

represent the conplled terpreted versjion of e base nanme file.
Wil e the present ?ﬁ%n #@om%@dgﬂ! ﬁ% @a of a

previ ousl y- st or ed @P@%m %ﬁmm charactesnas o cdm g€ner al
characteristics orPfEB"‘O‘aﬂVrm

WNMWra{I efistics were

not necessarily smmewww g)nput ed or tested at

run-time. For exanpheflea
opened and read, retu
of bytes of storage uge
file nam ng convent]j
file --i.e., using

ﬁdnqteacmdmcecpe@rom if ssppenedechit ed
segmentx, each 2ppended segment being 2 prefix or
suffix associated with one or more base names,
cach appended segment identifying 2 different data
stream of said one or more stored base name files,
and said one or more 2ppended segments not iden-
ufying associated one or more base names,
means for receiving 2 file access request including
one Oor more appended segments and 2 base name,
' means, utlizing said table mesns, for parsing the file
2CCeTs request mto a base name segment and one or
more appended segments,
means for searching said file system using an operat-
ing system call including said base name segment to
select a desired stored base name file, and
means {or accessing a dara stream associated with said
desired base name file, said dats scream identfied
using at least one of said appended segments. _
2. The apparatus of claim 1 wherein at least one of
said appended segments is 2 prefix of said base name.
3. The apparatus of claim' 1 wherein said at ieast one
of said appended segments is 2 suffix of said base name.
4. The apparatus of cizim 1 comprising two appended
segmenn inciuding a2 prefix and 2 suffix of said base
gime segment
5. The apparatus of claim 1 wherein said base name
file is a data file and wheremn said accessed data stream
is 2 MACINTOSH resource fork.
Gﬁcxpp::zzmofclmmlwhmmddmredbuc
name flle is 2 data file and wherein said accessed data
steam includes one or more extended atmibutes associ-
ated with said data file, said one or more extended acwi-
butes identfied using said ar least one of the sppended
segments. -
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with areal file. 'Attributes—neltge existing attr
. group, node, etc., |dRHIQSHEERHATBEDY | enhanced attri

REPLAGERERS s

-__owner,

Heler®

* type, subject or sumraryRBPLAGEDt ents} history, relat onship'&etween t hjfs

obj ect and any

specific data

ot hér—obiect—itons, confi guration datBatea..! 4] J.UL..
conpiled/interpreted formof the filé, 1ép|5I I cation-or

[e.g., use total size as an exanple of virtual

data stream

virtual data strdanTbeegrpamien oicclaimed. whepeinhdaiabareesiedr i bute |ist the
£k Serds?h 13 PR BE sdid/ babe'MantFlacCt eri stic accessible as a

[ | file. Th : . I I cal
ol RS e

conpil ed/inter

nore particul arly,

attributes (de

Jt SHEE) QiR Which 18 Soshe ACRESEc hani sm or

protocol such

as: Network Fil e 9syEhe nppRenms cof-clasmsis wheretinsaidvbasiel pamdest em et c usi ng
our file nam nosesnvprdscoibedosyrani t an extensi bl e nunber of secondary

streans to be
because the sc
any future fil
In addition, -

asqQe | £ bl 1 WhEUP hiDlabld AROIAN.

nW

Mor eover,

it ik it i e T

| d .
muﬁ&ul«noncofs:idtppeud«edsegmmsu

" used to access, 23 2 file, an extended artribute of one or

more of sid stored files.

11 The apparatus of cizim 1 wheren

s2id bese name file is 2 datz fle 2nd wheren

at lesst one of said appended segments is used to

access an operaing system which is to be utilized
for processing sxid daca file.

12. The spparatns of claim 1 wherein said base name
segment mcindes & first set of one or more characrers
which provides 1 direct memory address o locate a
desired bese name file m 3 memory means associated
with said

, apparatos.
. 13. The apparams of claim 1 wherein ssid base name

segment accesses & group of stored files and wherein
s2id bese name segment further inciudes a set of one
or more characters o identify which one of said
group of files should be accessed,
14. The apperamus of claim 1 wherein said file system

 operates under 2 UNIX operating system.

15. A method of operating & file system appararus

. including a file system to obtain data or characteristics
.of data of previously stored files, comprising the steps

of:’ _

‘storing, m said file system, said files identified by a
base name, where one or more of said files includes
a plurality of data streams,

storing one or more appended segments in 2 tsble,
each appended segment being a prefix or suffix
associated with one aor more base names, exch of
said base names identfying a stored file, exch ap-
pended segment idendfying 2 different data stream
or said one or more stored base name files, and said

one Or more spprended segmens not idéndfyipg

a30Cisted One O more base names,
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- M2- be used to provide access to Mac resource fork, OS/2 extended
attributes, etc., from operating stenms that do not support the particular

‘mechani snms to ac rgeEls| Finally, the pres f
utilized with any %Eé%ﬁ@ystem whi ch supports a f|fI %Eé’iﬁfﬂ'c e
of é]?%nt rm m nt i on

using file nanes. has been descri be

illustrative of the application of the,principles of

Q her arrangenents and net hods can be inplenmented by those SKitTed

art without departing fromthe sp| rit and scope-of the present |nvent|on

- 13 - It is clained: 1. ATile systemap atus including a file system
for enabling access to data or \mmu E ga‘of data of previously stored
files using an operating syste | e system said apparatus
conprising a file systemfor storifhg said

iles identified by a base nane,
where one or nore of said files includes a plurality of data streans,

receiving a file access request including one or more
appended segments and a base name,

parsing the file access request into a base name seg-
ment and one or more appended segments as identi-
fied using said stored appended segments,

searching said file system using an operating system
call including said base name segment to select a
desired stored base name file, and

accessing a data stream associated with said desired
base name file, said data stream identified using at
least one of said appended segments.

16. The method of claim 15 wherein said at least one

of said appended segments is a prefix of said base name.

17. The method of claim 15 wherein one of said at
least one appended segment is 2 suffix of said base name.
18. The method of claim 15 wherein said base name
file is a2 data file and wherein said accessed data stream
is a MACINTOSH resource fork.
19. The method of claim 15 wherein said desired base
‘name file is 2 data file and wherein said accessed data
stream includes one or more extended dttributes associ-
ated with said daca file, said one or more extended attri-
s butes being identified using said at least one of the ap-
' peanded segments.
‘20. The method of claim 15 wherein said base name
uses & prescribed syntax.

I
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tsgglngr;[regnrs i ncl uding one of noie stored appended segme k BEPRARH ENp&RGED |
€ efng a. | associ ated with one or re mgqe
each appended selmm"l"'wmmmnb a different data streanCOFf i-g%ﬁg:’.gﬁe...or... '
nore stored base _nar‘hs Fil®s,s arrd said gne or nore appended segnments not
i dentifying associated one or nore basd manes, neans for receiving a file
access request including one or nore appended segnents and a base nane,
neans, utilizing said table means, for parsing the file access request into
a base nane se Fl_a@PﬁSl-one or nore appended segnents, means for searching
said file systen usi Hgjl@EysRAehFPardtas MERARP Lhlelsystanlfofémblingadteiaodamane
segnent to select a_desired stored base file, ,and neans for accessi ng a
data streatnchemsterigicsel Pt pardowbisiped Hesusnaopgiing Wiey ‘Ei‘i‘t@sé&r eam
appar at Us o P B B e of sai d_appended_seament

_ _ erein at |le one.. ai d appended seqnents is a
prefix of said %)ﬁ?ewﬁtﬁ%f.or gtoring sﬁ?ﬁ%’ﬁﬁ?‘éﬁ%g’b?%&?‘g‘?ﬂﬁ v&ﬁ’é“r %}enorsrgpxaa at
| east one &ff satdiifts IGIENAApIGAMBEBE Gath Strearfig)f f | X of sai d base name. 4.
The apparatus of claim1 conprising two nded (fcagsmsnts i ncl udi 094
prefix and a sublexmeansdasly gé??erfgnﬁogee%ﬁ%ﬁta.ppm ed segmeilts, each”appende

segment being a prefix or suffix associated with one or more base names, each appended

segment identifying a different data stream of said one or more stored base name files,
and said one or more appended segments not identifying associated one or more base
names, ,

means for receiving a file access request including one or more appended
segments and a basc name,

means, utilizing said table means, for parsing the file access request into a base
name segment and one or more appended segments;

means for searching said file system using an operating system call including said
base name segment to select a desired stored base file, and

means for accessing a data stream associated with said desired base name file,

- said data stream identified using at least one of said appended segments.

2. The apparatus of claim 1 wherein at least one of said appended segments

is a prefix of said base name.

3. The, apparatus of claim 1 wherein said at least one of said appended

segments is a suffix of said base name.

4. The apparatus of claim 1 comprising two appended segments including

a prefix and a suffix of said base name segment.

5. The apparatus of claim 1 wherein said base name file is a data file and
wherein said accessed data stream is a MACINTOSH resource fork.



5. The apparatus of claim1 wherein said base nafferdpiibichia GALA T | e
and wherein said accessed data streamis a MACI I\FI'OS resource%\f'o‘i”i&‘ler - 14

- 6. The apparatus of claim1l wherein said desi r(b
data file and wherein said accessed data stream i ncl: ,
extended attributes associated with sail# “data fil e, said one or nore extend
attributes identified using said at |east one of the appended segnents. 7a
The appar at us clai,m 1 wherein said access, stream_s, part of sai

base nane fil e%f aﬁh"ﬂ?@”&ﬁﬁ&f claia 1gyhegein sal %FFéﬂ@lsﬁ“%ﬂ‘efl%? datacfilet sai d

appended %64 Wﬁéx’éml Smdsﬁéeﬁedldi&mstréa&n ainthibiés @h&rélbﬂid?e Qdxtchdéd Cftibulds! ©
which is to be aratus of claim1l wherein said base

nane uses 296 géﬁﬁt@f’ saitgone TREreARdAtbutss identified psipg said 8t sai d

t abl e rrear)east'ﬁn‘duﬂm& appeRdskgiegs.appended segnment which identifies an
extended attri bute and wherein, using said table neans, said at |east one
of sai d appended segnents is used to access, as a file, an

7. The apparatus of claim 1 wherein said accessed data stream is part of said

% R e s = 2 o

base name file.

8. The apparatus of claim 1 wherein at least one of said appended segments
is used to identify a file attribute of a stored file which is to be accessed.

~ 9. The apparatus of claim 1 wherein said base name uses a prescribed
syntax.

10.  The apparatus of claim 1 wherein said table means includes at least one
appended segment which identifies an extended attribute and wherein, usmg said table
means, said at least one of said appended segments is used to access, as a file, an
extended attribute of one or more of said stored files.

11.  The apparatus of claim 1 wherein

said base name file is a data file and wherein

at least one of said appended segments is used to access an operatlng system

'\;_/ which is to be utilized for processing said data file.

12.  The apparatus of claim 1 wherein said base name segment includes a first
set of one or more characters which provides a direct memory address to locate a desired

base name file in a memory means associated with said apparatus.
13.  The apparatus of claim 1 wherein said base name segment accesses a
group of stored files and wherein said base name segment further includes a set of one

or more characters to identify which one of said group of files should be accessed.

14.  The apparatus of claim 1 wherein said file system operates under a UNIX

operating system.

I




ex;en“ded attribute of one or nore of said storeg=ftites—tt——>=Fha-apparat us
of* claim 1 wherein said base nane file is a dat REFLecamdtsenEim |lat | east
one of said appended segnents is used to access||an erbw st gm whi ch
is to be utilized for processing said 1olqata fil el Db & .V ..Mr.ai us of
claiml1 wherein said base nane segnerit+d hcl udes FrSt—ser—ef—ere Oor nore
characters which provides a direct nenory address to |ocate a desired base
nane file in a nory ans_assogi at with said a tus. .13. The
Rppar at us of ol m A MHBEGPROBIIRG,A le Histn SeRRH Rl SlEsysiah P of
stored fidmainaiath $heaficteratof@sLonNpiRRiousyBiittd filvs! Ehiprisieg théateps ofet of
one or nore charagcters fo_jdentify ',chiffnewc:)é 'sai d group oi) fil'es shoul d
be accessed. 15{0TNg RS SYBtER, Spid ilss ifentifipd Pyianbase ngme; Whers Aol

oper at es MBfesf shidbileX iR618d6Atd Pliradify bE Ahta streah§- 15. A nethod of operating

a file systemapparatus including.a file syst to obtaip data or,
characteristi nglgxpg g or xg?re@pg%%ggpgmgpgpﬁgtaﬂa g%h @Bﬁ#ﬁéf‘ﬁ&e‘?%%ﬁ eps

of : a 'prefix_ or suffix associated with one or more base names, each of said base names

identifying a stored file, each appended segment identifying a different data stream or
said one or more stored base name files, and said one or more appended segments not
identifying associated one or more base names,

receiving a file access request including one or more appended segments and a

\ ~ base name,

parsing the file access request into a base name segment and one or more
appended segments as identified using said stored appended segments,

searching said file system using an operating system call including said base
name segment to select a desired stored base name file, and

accessing a data stream associated with said desired base name file, said data .

stream identified using at least one of said appended segments.

16. The method of claim 15 wherein said at least one of said appended

segments is a prefix of said base name.

17.  The method of claim 15 wherein one of said at least one appended
segmet is a suffix of said base name. )

- 18.  The method of claim 15 wherein said base name file is a data file and
“wherein said accessed data stream is a MACINTOSH resource fork.

19.  The method of claim 15 wherein said desired base name file is a data file
. and wherein said accessed data stream includes one or more extended attributes
associated with said data file, said one or more extended attributes being identified using

 said at least one of the appended segments.

20.  The method of claim 15 wherein said base name uses a prescribed syntax.

—_———
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storing, in saird file system said files identified by a=-base napme . where
one or nore of said files includes a plurality of data |sREPBABEMSLEERGTONE
or nore;.%lppended segnments in a table, each appended segnent qesn a ?—
or suffix associated with one or nore base nanes, each ODatsal.d...b‘gg!? ............ S

identifying a stored file, each appended segnent identi
data streamor said one or nore stored base nane files, and said one or

mor e appended segnents not identifying asspgiated one or nore base nanes,
receiving a file access request including one or nore appended segnments and
a base nane, [SYSBEM@OR IPARSING: EXTENDED FIRGUNAMESI IN ANCOAFRAFINGASPSTEMONENt and

one or nore a ended
segnent s, sear cOross-Refer¢nté (oRdytedoAppli¢atipnan oper ati ng system cal |

including said base nanR.KeaNGRect rﬂaﬁ% i?ﬁ.rsgﬁ)sgﬁairgfgthg} @@Qa&@éﬁleﬁa@ file,
and accessing a data stream_assoclated W th sal esired "base nane file,
sai d data st r eafAncuEsntyrhegvithandpssigned osthe same avsigves hersphic oS dptestnent s.
16.  The netshogpplitationBeitall No 001383933 Mcihcid ardSsfarddinefor fAceedsthgapended
aﬁgnents is a pé@%}§ qﬁwéakﬂbgﬁﬁé nane. 17. The nethod of claim15
erein one of BUER st & Abpended segnent is a suffix of said base
name. o Technical Field , '
The present invention relates to a computei' system and, more
particularly, to the accessing of a file system thereof.
10 Background of the Invention
o/ ' Operating systems exist today which have a file system which enables
“the user to access one or more data streams of a file (where a data stream is a
sequence of data bytes). In one example, the Apple® Macintosh® Hierarchical File
- System, two data streams are supported per file: one stream is called the data fork,
15 and the other is called the resource fork (Apple and Macintosh are registered
*trademarks of Apple Computer, Inc.). A programmer selects a particular stream via
a combination of a file name and a bit parameter to open a stream and then uses
conventional file system calls (e.g., read (), write (), Iseek(), etc.) to operate on that
data stream. Undesirably, if a new fork (data stream) is added to the file system, and
20 - consequently a new bit parameter required, existing programs must be rewritten to
permit access to the new data stream. Such program rewrites are a costly overhead
for the user.
| The OS/2® operating system available from IBM, is another
A hierarchical file system. (OS/2 is a registered trademark of International Business
25 Machines Corporation). The High Performance File System offered by OS/2 also
supports two data streams per file: one stream contains the normal file data, while
the other stream contains extended attribute information which has been associated
with this file. In OS/2, different operating system calls are used to manipulate each
of the two data streams. Such an arrangement requires a separate set of operating
30 system calls when a new data stream is added. Undesirably, existing programs must
be rewritten when new operating system calls are added to the OS/2 repertoire.

What is desired is a technique which enables an operating system to
access an ever-increasing number of data streams of any file in 2 manner which is
compatible with existing operating system calls and commands, thereby eliminating

35 the need to rewrite existing programs. '




18. The, net hod of claim 15 wherein said base nane file is a data file and
wherein said accessed data streamis a MACI NTOSH r esftfee— 19 he
met hod#df clai m 15 wherein said desired base nanme fi || RER-ARENRN $‘i5$@‘ nd

wherein said accessed data streamincludes one or nofle ext rsi ﬂ" es
associated with said data file, said one or nore extgriti&l-at ¢ blng

i dentified using said at |l east one of the gppended s

et of el al m 45 UheTR putid B PR e A Bhte st
SYSTEN F0R pARSING extenoed FrLe Ritles” IR AP bt

Abstract
A computer-based file system includes files which may have one or
more data streams associated therewith. The files are accessed using a base name
5 and the associated data soream(s) are accessed using a prefix and/or a suffix of the
~ base name. For example, the base name may be used to select a data file while the
prefix and/or suffix may be used to. access data streams which, illustratively, may
include information used by the file system in the processing of the data file. Using
this file naming structure enables the file system to handle the base name file and its
10 associated data streams together as one file using the standard file commands.

FIGURE §



