1 ' 2204161 METHOD OF RAPIDLY OPENI NG DI SK FI LES | DENTI FI ED BY*
PATH NAI\/ES Description This invention relates to the field of data
processing and, nore particularly, to a nmethod of rapidly opening disk
files that are identified by path nanmes. The invention was designed as an

i nprovenent over a well known, commercially avail able syst @gcﬁ gse]; L;’]ype in
whi ch hardware, such as an - C | BM Per sohal Conputer, opéeraft der a
di-sk- operating system (DOS) and in which files are stored on fixed disks
using tree structured dlrectorles and path narres Inforrratlon Is stored on
a disk according to aMEIESROF RMPIDLY GREN SK A ectors, each
sector containing a predeterm ned nggbﬁTHoﬁA@gt es. In order to access a
desired sector, a head nust first be noved to the cylinder containing the
desired sector, the disk rotated past the head until the desired sector is
reached and then the sector is read apesdriptizontents placed in a buffer. In
| ooking at the total anpunt of tine required to access data on a disk, the
principal delay occurs during physical novement of a head. Were an

appl i cation reqthisesneentipyaredatemitoothpfjsld Af ¢4t precemsipg gnd.j more

desirable t&r‘&?%@-l@ @Smé%oﬁ%‘ﬁkbﬁfdltyh@péiﬁﬁbe&iéﬁ shpad cARverent . Files
are stored on sk in a cluster or clusters of sectors, each cluster

havi ng a pr‘@&ét’e’?’rﬁdn% BERA™e§f sectors. Each cluster has a uni que

different starting address. The | ocations of files on a disk is kept track
of by neans of fi.le allocatiqn tabl.e (FAT 3 & SePl ¥nE@n ON the
di sk. Each posi on"0 %t"ﬁ’ gf's gg‘g’go%glg %mg\%%ﬁ a d| %erent3 cluster and
copt ai ns arrcewergialafi aeediilakle FEstempE the dYprerincvhishehardf@seci cBdahidth a

= 8 ol B

fil'e or poifiv BOriddat k&ﬂgﬁﬁr Cllgséferraeéd toigef 'J BisiOPBklatingCsystem ¢suE)ai ned

in a single cluster. Long files are contained in clusters that are. chai ned
t oget her. and in which files are stored on fixed disks using tree structur

directories and path names. Information is stored on a disk according

" to a predetermined pattern of cylinders and sectors, each sector
containing a predetermioed number of Sytes. In order to access a
desired sector, a head muet first be moved to the cylinder containing
the desired secfor, the disk rotated past the head until the desired
sector is reached and then the sector is read and the contents placed in
a buffer. In looking at the total amount of time required to access
data on a disk, the priocipal delay occurs during physical movement of a
head. Where an application requires a large amount of physical I/0

. activity, it is desirable to reduce as much as possible the degree of

W head movement. Q

Files are stored on the disk in a cluster or clusters of sectors,
each cluster having a predetermined number of sectors. Each cluster has
a unique different starting address. The locations of files on a disk
is kept track of by means of a file allocation table (FAT) which itself
is stored on the disk. Each position of the FAT is associated with a
different cluster and contains an entry indicating there are no other
clusters associated with a file or pointing to the next cluster of the
file. Small files are contained in a'single cluster. Long files are

contained in clusters that are chained together.
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2 Files are |ocat.ed through the use of tree structured directories. Each
di sk contains a root directory, nmany sub-directories and a multiplicity of
firl es. ,A given file may be at the end of a path passing through the root
directory and several sub-directories. each director contains entries for
additional directories and files. A specihic file may be identified by
specifying the drive, path and filenane. For exanple, C. /D Rl/D R2/FILE 1
identifies a filename FILEL that is listed in directory DIR2, which is a

sub-di rect ory ;0! Ble 38adiStRdubR ! dhe D'rRJreQegmcemseubaﬂerc@sm y -of the

root directory, [ sted therein, of drive C. Wen a file is opened, it
i s necessd¥ap t@%&%‘s"éi{‘ﬁeﬁ GP?Wéla?ﬁf%éar"l‘Pﬁytﬁ%ﬁgﬁ?cé?’r’ieé‘f ardh@ directories

speci fi ed miltipEicRey loft eildacate glibien ctlln@o'tagrwe Geni BhdGft B&a2At paks@hg t he
filenane. I.n such,l atter gtlrector e entrltis and filenames are

sear ched (FFPREh fhe oot dlFeshery, ahd e SRUPEAL S-aiTPios R Aot BLERFEor
previ ous| ycompeired enthiesefov laiditdonal @dtreqtoanes tahdriflese dnspecdsigiflillehave

{0 08 TadSudieber ohbtr !y A0A5 e dfivkNekh! S e iRD, PEEYI OUS!Y

opened, the e entr i n whi enane 1s |isted,
cont ai ns agkamnie.y Ce Rl/EIRéMFUFFdéxj‘iWef‘f%eﬂFWﬁeﬂm FERRY &bporigslisgedhe

cluster whil @itd@oky IARBEGINISh isDdldudGasiicopPE Mmcewrlestmyﬁé&ah 1/0
activity nust occur to_acgcess the _rqot dir ctor eacg %lrec nd to
search t hrifR3nPeingof Fubr éjtreﬁf“”?y PE e Eo0Y T G c];‘ts thef ’s%

files are &ygeBegl many tines during the course of running a given program
and because each opening involves a |arge anmount of physical 1/0 activity,
a ralatively large anmount of tine can be lost. The invention is designed to
i nprove upon tWeempai Gileats openétbdibfisopesrissgrivytoppenssdi thy drivet Aol t hat

rapi dly opaisch 'éh@sug{lqli eSHERs da?ec@wwtspeétmxsmahe | JaOh €S i1¥kdoe
associ ated with the opening process. A nethod of operating a data

processi ngtl-se),g{.%qﬁtﬁ@(“c,qgt nﬁ;ﬁgrphe entry of the fllename In such latter
. directory, all of the entries and filenames are ‘searched until the

‘desired one is located. If a file has not been previously opened, there
will be no entry and therefore entries will have to be made before the
file can be used. If the file has been previously opened, then the
entry in the directory in whiéh the filename is listed, contains an
entry that is an index into th§ FAT that corresponds to the cluster
where the file begins. During such open procedure, physical I/0
activity must occur to access the root directory; each sub-directory and
to search through a long list of filenames. In some applications, the

\~ same files are opened many times during the course of running a given
program and because each opening involves a large émount of physicai I1/0
activity, a relatively large amount of tihe can be lost. The invention
is designed to improve upon the prior art method of opening by providing
a method that rapidly opens f11es and reduces the amount of physical 1I/0
activity associated with the opening process.

A method of operating a data processing 5ystem having a main
mémdry, a cache in the main memory, and a disk in which is stored a tree
structure of directories and files, each file being identified by a path

containing a chain of directories including one directory having an



menory, a cache in the main nmenory, and a disk in which is stored a tree
structure of directories and files, each file being identified by a path
containing a chain of directories including one directory having an ~.3 .
entry therein that contains information indicating where the file is stored
on the disk, characterised in that the nmgthod conprises thé steps of:
searching, in response to an initial request to open a first file, through
the chain of directories stored on the disk to read therefromthe

i nf or neht N thatk imathatg cederias t fifotmdtd oh Siddcat ing wherehehalifike istoring in

t he cache | unal i of alned enfri iLacl uding on ntry, f each of
the dif g?: %dr ?gs hlendsf%é f)lzli %c!{: gleltsﬁg i rt g%: fﬁﬂﬁe'},‘]quﬁ(g c@ﬁgrgsﬁtsrghecgr%?%sl ning the
i nformeffi on dictating where the file is stored on the disk, searching, in
response to a subsequent request to open the first file, through the chain
entries to locate the information indicating where the file is stored on
the di sk, SCAFEHNgy, i FeFRANSENQ apoind tid) medpestetipcPent d Kipeh f1l8econd fil e
i dent i fthﬁ?iaghytﬁe' Ak \WiEi aﬁdwsiiuéestme ?f tgor?sdi fc,e]g:_bm ims:éfﬁmﬁanﬁ as one
or nore,of, the di.recfaries, in the pat t irst file, . through the
entri eghleniﬁééﬁm%&gﬁel@éf?e%‘ﬁo% |rr?gplf°br%§gee 130?" fike i"rnegtl%rdll g’ and thereafter
reading fromthe disk such further information as is necessary to forma
compl et e Pl ig URCHRCERNE bl bfrafitsPBPMalRA oflridiCihdiBTA] QoI || NOW
be described, by way of exanple with'reference to the acconpanying draw ngs
wher ei §2t5Y o1 ¢ach ok thedirecteniggr inthe mathl v the| fisst ofjjlag 4nideone -
rel ati QasH RoptainlfgithéeiforRat ont B tABYHg GREBNIthEr filei & s@bted BnWhi Cch the
met hod 'és “giagri ed out, Fig 2 is a flow chart of general steps that occur
r espons8® 1G-S5 - : |

searching, in response to a subsequent request to open the first
file, through the chain entries to locate the information indicating .

where the file is stored on the disk,

searching, in response to a further request to open a second file
identified by a path which includes one of more directories the same as
one or more of the directories in the path of the first file, through
the entries in the cache corresponding to the common directories and
thereafter reading from the disk such further information as is

necessary to form a complete path to the second file.

An embodiment of the invention will now be described, by way of

example with reference to the accompanying drawings wherein;

Fig 1 is a schematic diagram generally illﬁstrating the
relationship of the invention to the environment or prior art in which
the method is carried out,

Fig 2 is a flow chart of gencral steps that occur response to a

user's request for a file;.



user' s’ request for a file;. Fig 3is aflowchart for the selection from
the main procedures of various details procedures; Fig 4 is a flow chart of
the | osk‘up procedure; Fig 5 is a flow chart of the insert procedure; Fig 6
is a flowchart of the delete request procedure; Fig 7 is a flow chart of
the del ete procedure; Fig 8 is a flow chart t he update procedure; and
Fig. 9 1is a flowchart of how DOS can i nvoke certain procedures of the
invention. Referring nowto fhe drawings, and first to Fig. 1, a data
processi ng syst@r1¥ asHlay stech fephpetdsationcERpuLBe mein procpinres of
processor vazicwsndeciiid pyedardsys 14 to a main nmenory 16 and di sk
controller 18. The controller in turn connected to a disk drive 20 which
contains a disk 22 having a conventional storage nedia thereon into which
bits of infornkig énisameflewcohaiddof Binei hapkopermbceduref system 10, DOS
procedures 24 are |oaded or resident in main nenory 16 and are prinmarily
used to control access to information on disk 22, DOS is associated with
syst em buf f er sSFi865i it @ fkvcRhant phrtdgginseit ctrocadwienation is transferred

bet ween di sk 22 and main néenory 16 in conventional fashion. Al'so | oaded
into and resident ip maip nmepory 16 are a set of procedures naned FASTOPEN
28 ‘that are acs%(?cpa{]seﬂ fr\f"(whc T 9t i 8% @?l*’—éeﬁmeﬁgmreaﬁ%esm the details

of the procedures being described hereinafter. If there is nore than one

orive 11 he Sy Sy WBLS, Whlke BF WSS floctfls 20 one for each

Y

Fig 8 is.a flow chart of the update procedure; and



formatted so as to contain a file allocation table (FAT) 32, and root
directory 34. Also illustrated in Fig. 1 is an exenplary flle structure, in’
which file 40 named FILELl is | ocated in sub-directory 38 naned D R2, \M:uch v
itself is a sub-directory of sub-directory 36 naned DIRL which is a |
sub-directory of root directory 34. Wth%t FASTOPEN pr ocedures 28
installed, the system operates in conventTonal well known fashion. FASTOPEN
28 is installed by initialising various variabl es described bel ow and
thereafter term natlng but staying resident within main nmenory 16 to be
avai | abl e forFifse®ats febtrRiti Chakt PRAICRPRY Breinvols | spreaiepEcsedushe afache 30
for each #leSkn¢lnitiéni N the system Each cache contains a bl ock of

i nformati on known as the drive cache header. Such header contains various
fields whose neaning is set forth in Table 1. Field Meaning 1
Header of LRURefeairingmowhtcs the idrawings, and @itstettotbid.as) acdaty of LRU chain

cache heddgr e srbosh 16" i A, B K Slbad compeer RN 007 0 0

each cacheroggssgy 2 b@nae%‘Eﬁ%EYeR)ﬁ byg dét e ¢ Baih memaryeh$ randsdiskch

cont ai ni ngrlchs1fdrel 8ls @he i dBhOESAkOth |th§ﬁ ec@nhéha;abé& alaidh@ssvenbries form
a chained data structure, that. is nore ﬁ descri bed bel ow.. The si ze of

cache 30 YHCP FRPtALRE Anftdt 28 avitag o°e§P¥“é§P ERfe FEOHR9E MG iasTRATEEN nunber
can be chisenwhivhobits afsyfbemu:lehaa&et rucdmedor payiddheperstion adfeeystieq t he

nunber Of (FnPé'ée% ocMrgg £4y aE‘Q%o@x?nP %gggdinbxaltnhe xﬁ?,r%r éhﬁ%glegxc?be

| ar ger t hard eepest nesting O SLh entries I‘ve
Meani ng primarily used to control access to information on disk 22. DOS is

associated with system buffers 26 into which or through which
information is transferred between disk 22 and main memory 16 in

conventional fashion.

Also loaded into and resident in main memory 16 are a set of
procedures named FASTOPEN 28 that are associated with operation of a
FASTOPEN cache 30, the details of the procedures being described
hereinafter. If there is more than one drive in the system, there will
be a number of caches 30 one for each drive. The disk itself 22 is
formatted so as to contain a file allocation table (FAT) 32, and root
directory 34. Also illustrafed in Fig. 1 is an exemplary file structure
in which file 40 named FILEl is located in sub-directory 38 named DIR2,
which itself ié a sub-directory of sub-directory 36 named DIR1 which is
a sub-directory of root directory 34. Without FASTOPEN procedures 28
installed, the system operates in conventional well known fashion.
FASTOPEN 28 is installed by initialising various variables described
below and thereafter terminating~5ut staying resident within main memory

16 to be available for use as needed.

As indicated previously, there is one cache 30 for each disk drive
in the system. Each cache contains a block of information known as the
drive cache header. Such header contains various fields whose meaning

is set forth in Table 1.



1 ‘Pointer to next LRU entry 2 . Pointer to next MRU entry 3
P0|nte‘y to child 4 Pointer to sibling 5 Poi nter to preceding
nede 6a Directory/file information TABLE 2 - ENTRY As will be
appreciated, the entries are maintained in a chain in such a manner that
when cache 30 is full of entries, and a neg entry needs to be added, the
new entry will replace the least recently Used (LRY entry in the cache
Thus fields 1 and 2 are used to chain the entries in.accordance with the
LRU, MRU (nost r tly used) 7. An entry is added for each
file that has begﬁgoapened anéi-&cy%ach sub-di r ect ory included in the path
to such file. Two files or directories or conbinations thereof in-the sane

sub directory are gonsi deeggest gfbﬁkuagh@ﬁugk dmgveksvand are called
"siblings". Any entry that is a sub-directory of another or a file is

called a "child". For seZfERHEPpistsen N e iRl @@iPn the cache are
arranged in a trees str.uctroletdrheo kst fummolimt entdy ehalth 3-5. Field 6

contains that infofmatio £ o) t ed th the nornmal directory
entry contai ned on t he dlr}soy%edlké n%)%ge&ltl% 1cwfh?e§d %f ormation is inserted

into field 6 of tHe naneDghkve yPand therefore is resident in main menory.
Such information can therefore be rapidly accessed when it is necessary to
open a file for-which there is a corresponding en in cache 30. The
information for a file i's fil edARE® &nd r@%ﬁﬁm&ﬁ'?lbutes, time of |ast
wite, date of last wite, first cluster in file, and file size. Referring

now to Fig. 2, V\’Ffs he aegplrl1 CaHé cacg rogra Pt& &u_ec en. a (fii | e,

t he\khown DOS ca APEHY upf’ st Br ‘p'eh & Ty a
file entries each containing the fields of 1nformatlon listed in Table
2. These entries form a chained data strﬁcture,_that is_mére fully
described below. The size of cache 30 will be determined by the desired
number of entries which number can be chosen through a system default
value or by the user selecting the number of entries. Normally the
“number selected by the user should be larger than the deepest nesting of

path entries in the drive..

Field. Meaning

~-Pointer to next LRU entry
Pointer to next MRU entry
Pointer to child
Pointer to sibling -

Pointer to preceding node

O & W NN

Directory/file information
TABLE 2 - ENTRY.

o as will be appreciated, the entries are maintained in a chain in
-such a manner that when cache 30 is full of entries,,and a new entry.
needs to be added, the new entry will replace the least recently used
(LRU) entry in fhe cache. Thus fields 1 and 2 are used to chain the

entries in accordance with the LRU, MRU (most recently used) concept.
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I's used. Such call goes to DOS 24 and FASTOPEN, as. previously |nd|cated
installed so as to |ntercept such interrupt and act on it. The first ,i,
deci sion of course is to determ ne whet her or not FASTOPEN-has been - X
installed and this is done in step 52. If it has not, then the procedure
advances in accordance with the prior art step 54 of accessing the disk to
| ocate each sub-directory and file in tfe normal manner after .which step 56
returns back to the user or appllcatlon I f FASTOPEN is installed, then
step 58 | ook est i.n _a manner, to,_be descr] re deta|

th be
her eaf t er®® F? ﬁ’ﬁé?eae%rﬁg S?T}blflf‘ﬁd:lhaﬁa’i?shﬁ?/eé’ SR 8B‘§jdéﬁn m)ht he process,

step 60 tdubRdDregmotiesintinded smdhehgathr teeswhpridecedsviol filxscor dance with the

prior arty QEQEoex%%s H cgé}& 1615 eddoe iy Le%mgzs&tt‘%g mﬂ&-{oﬁgrﬁ}ﬂes whet her

the path was part or converse ound. If it
was not p?msft@ﬁney f—tbmerdat |eqea1 ltenelsmoﬁeaqsat:ﬁlleﬁd“#mlem W ehBind, t hen

the sane dnakofdmat b@@-d@éeét% [ ¥ iaslgehddy oS LR B 1s5c4NRE 4 BMiNSd byosStep 56
back to the user. If the informtion_ was onl%/ partially found, then step

64, starti53g°H r"(’J‘ﬁP‘E'?‘Feq pErhEPbTISRhAR SheT TARE ‘Efnaﬁ’é%“‘?ﬁgei'f‘ PobFRE t hen
proceeds dtruacxs shidughdtisk pbinterChied dk hp-51. e neieldng qaatiir@ns‘haw‘ t he path

o coss T BB 084kl IR Fb HRRCR: SR80 ShEp SRepBligne L
has been areibéiall skaedifi exrept r@atth'eh:asppmfamaem uﬁfmﬁated)nntcs fietdidned to

the user. oﬁ@f,@r,{ah.egeﬁteyarm tﬁeretfts@e clenkéﬁdenarﬁn Rhid BEmPFQCESUMRE 1S known
as "main" and I's used to deci de whi of four sub-procedures are to be

used. The”’sfﬁﬁmiﬁ"eﬁe‘iﬂi‘r é’s‘elfifPﬁ@) hl@nﬁ%h‘-dég a"f"GSR@%ﬁheﬂ ditndgnecessayy| R e, and

"updat e" ,ogeasamuevﬁxywhir&}eseefa ke eahwyaaeﬂ&gr eﬁtfy ghtcdche Bxanphe be
i nvoked %gl nsertin numer al correspon ereto, in gne of
€

the proc SFm?telﬁf‘s%er? hIlﬁ A\ IAGae 28 &% Wlﬁgcl?f%gl?‘f ft $¥°2°% ook- up

oper at i onlas$t epités, date efuia%ﬁ wiite} ofilrgt cluster in file, and f11e size.

Referring now to Fig. 2, when the application or user program wants
to open a file, the known DOS call interrupt 21Hex, for opening-a file,
is used. Such call goes to DOS 24 and FASTOPEN, as previously
indicated, is installed so as to intercept such interrupt and act on it.
The first decision of course is to determine whether or not FASTOPEN has
been installed and this is done in step 52. If it has not, then the
procedure advances in accordance with the prior art step 54 of accessing
the disk to locate each sub-directory and file in the normal manner
after which step 56 returns back to the user or application. If
FASTOPEN is installed, then step 58 looks up the request in a manner to
be described in more detail hereafter. If there was an error that may
have occurred during the process, step 60 then branches to 54 and the
process proceeds in accordance with the prior art process. If there was
no error, step 62 then determines whether the path was partially found
or cohversely, if it was wholly found. If it was not partially found,
i.e., the whole path ana filename were found, then the same information
as is provided by step 54 is then returned by step 56 back to the user.
If the information was only partially found, then step 64, starting from
the point of what information has been found, then proceeds to access

the disk to locate the remaining portions of the path and filename.
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deci de whether it is an insert, delete or update operation respectively. I|f
none ef these operations are invoked, then an error signal is returned.
Theseayari ous sub-procedures will now be described relative to their
separate figures. Referring nowto Fig. 4, in accordance with the | ook-up
procedures, step 78 first |ocates the cachea30 associated with the
‘requested drive, Step 80 then sets the LRUThain fromthe pre-LRU stack.
This stack is a | ogical stack used to keep the tree-structured subdirectory
whi | e naintainingoLRU chai,n. Next i%gg 82 forns the start of a loop in

whi ch the cUFI¥hPoHdgs 15 i3sydeat i 96 2and stRP.1§8aFpysescthe BrPRASSt t9 Fet he

drive headerrepedtédcirenfdtep 646 uhbih theterddOopainet pdth bheriderdmenhasi@denentry.
Current-siblj ' t . f0.zero d the di.rectory or .filenanme is.looked at.
The end of pié _h%§' fSa ?I've’}&llé_:rtrleg{%e gg? EFm Hed by ﬁéﬁ'ﬂ?ﬁfgﬁ’i’ﬁgr?ﬁgnﬁ%ﬁﬁ lé‘(’i‘?‘;ll ue
zero and stepse®4 then decides if it has been reached. If it has not, which

woul d be the usual instance when a search first begins, then step 86, using

the pointer to the child fromthe current entry, would then find a child
entry fromthe cBPfRRTErHdQeFiBt dp B8 FHIREL (RATSERS ithe iRroredutceinpaBe &
chil dren. Th#iaiing, ands it his @Béd ot derildaswhiehi ol fhhir tAB-FrRGE@IER. addits BeaCt

woul d be indjcated.,b mnus.one .in the child,field., The desired. nang is
‘then conpar e‘él.se%’t ﬂ“ﬁ%éac’:ﬁrf"ﬁequlrlegnbfﬁg?- °Vnsifch£?:°§??ﬁ§r1 s&ﬂs%fg" & r%&ﬁ?‘? rof
step 90 is okl "obdate"stmspOPtivednd eShedre dpf fereRt) baedyresanighttfor current
node addr esSeddhphfthe. intdidEKeP 100406 %1 PAGKAL b B0 $ErrddiBnRLAF €SS
continues until “the filenane s ?oun at wnich the yes or positiv

det e nat | ofheTeEt it epe ®f BRPERLLESPS LRYABtTS -anth BRE qverbr Ftep 70

information &dlaessid ouNg bS1dokt-bp MRAriQioRStebl 75! 90 A reSdklifarily
negative detgrm natlog, t hen steﬁ?% | ooks at the_pointer to the sibling
field and by9SFi8oPefBrhdtha’ 1En MEGh WERS I, UBRF tEnoPTattisl FaSRSSHE Y HiYe
until no noref siohéidf)shedec opefdtiabs \alte Cinvoke®, thep addermirusiyhatl 0idDOS. When

returning toré%E%hed. These various sub-procedures wi;l now be described relative

" to their separate figures.

Referrihg now to Fig. 4, in accordance with the look-up procedures,

" step 78 first locates the cache 30 associated with the requested drive.
Step 80 then sets the LRU.chain from the pre?LRU stack. This stack is a
logical stack used to keep the tree structured subdirectory while

- maintaining LRU chain. Next, step 82 formé the start of a loop in which
the current node is a pointer and it is initially set to point to the
drive header and thereafter is then set to point to the current node
entfy. Current-éibiing is set to zero and the directory or filename is
looked at. .The end-of'path or filename is determined by encountering
the ASCII value zero and step 84 then decides if it has been reached.
If it has not, which wouid.be the usual instance when a search first

_ bégins, then step 86, using the pointer to the child from the current
entry, would then find a child entry from the current mode. Step 88
looks to see if there are anymore children. That is, is the entry the

: iast.child in the sequence. This fact would be indicated by a minus one
in"the child field. The desired name is then'compared wifh the child
filename. If such comparison as a result of step 90 is okay then, step

92 creates the pre~LRU stack, saves the current node address in the
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*
FASTOPEN wi | | set the pointer up to the directory or filenanme found in the
path/filename string provided by DOS. DOS, in turn, will look at the _°,
poi nter to determ ne whether the whol e path has been found,: or if onlwa ¢
partial path has been found or if it found nothing. Wen there are nore
siblings, step 96 sets the current nodefgpointer to the current ”sibling.
Referring to Fig. 5, the purpose of the Insert procedure is to insert
directory or file information as an entry in the cache, based on the

current nadexadid SHEcREE BicR! QP el TBiHeOBrocals8 PeohRndBk GRe A4 RAG® Tecord
entry from.the H_\gut and step 104 gets the next available entry. Until the

cache is FiIFPaRe 1§ fRuRcettt M)ichothe ¥ssnpr Positiyin detRraingidonyErom 8% i on or
entry is g4 peandieeetd lsees @ah&nd héitdcedd drhencdrhati@nshat @eefduny 1sed entry

based upaon,the 1 RU |list, | d then the next avail able epfr 0 be
repl aced By T he ﬁgm%drss'onxeg%g?%ﬁtolﬁ ugl%alrns 2 NP I E"{lgégl‘f% {;lheél ext ent
anyt hi ng stept ferlecks fatt thee pointent tgitbhei sipliog rfield isdebya loop meimy t hen

the new q;yc&ytﬁr%uggs;tabl%i, By sHaChs M d%cReflle n r1d§§ Ad2€ Sihiged node

and step 112 recorfds such node in the pre-LRU stack. a current”sibling
in step 1’78 1efthat wWyghl tims searo 241 TRENTaT & Q04 | YRePaFeEUINRRY FOWPRHtry as a
Si bl ing QfastbeerC wilP et et politie@l dd Y EHUNAL Pedto@P -orl £ilhake hGA A1

applicatign or er request.s that, rticular file be deleted, a procedure
not only B8 B?%‘lﬁ?#é‘aﬂgl%trilﬁgtl?f@vﬁ?%q?%?’r# $u§?°sf'a§?1it8ﬁnbd’tﬁsalJs°8kd%¢)et es any
cor r esporkhengoigrver i ©s deternise cdeltber Ehasyhola parhphass bebw fohad useriff equest

|0 Step Ty 4 8:RLa0 85 R, RIS B, g@‘ﬁg%@m RitBPdh L BlGC LGS, unet nef

FASTOPEN €en | ns not, ste accesses Sk -ang del eneb
the file %t BeranviiHge e FtER4%2G Srt® ket gt node . PAINtEASPOFRN currer® | s
instal | edsivtibgp the delete request 120 is nmade. In response to such
request, step 126 | ooks up the cache to determ ne whether or not there

Referring to Fig. 5, the purpose of the insert procedure is to
insert directory or file information as an entry in the cache, based on
the current node and current sibling information. Step 102 makes a name
record entry from the input and step 104 gets the next available entry.
Until the cache is filled, a new entry_would'simply be put into whatever
location or entry is free. Onée the cache is filled, then the least
recently used entry based upon the LRU list, would then be the next
available entry to be replaced by the newer one. Step 106 clears the
pre-LRU stack to the extent anything is there. If the current sibling
pointer is equal to zero, then the new entry is installed by step 110 as s
a child under the current node and step 112 records such node in tﬁe
pre-LRU stack. If a current sibling in step 108 is not equal to zero,

then step 114 installs the new entry as a sibling of the current node.

Referring now to Figs; 6 and 7, when an application or user
requests that a particular file be deleted, a procedure not only deletes
the file in the disk in usual fashion_but also deletes any corresponding
entries in the cache. 'Thus, in response to the user request in stegp
116, the process passes through DOS 24 and step 118 decides whether
FASTOPEN has been instalied. If not, step 122 accesses the disk and
deletes the file after which step 124 returns to the user. If FASTOPEN
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s a correspondlng entry. If no entry if found the procedure is sinply
exited. If the entry is found, it is removed fromthe tree structured LRU
chai nsy’ step 132 and that particular entry is put on the top of the LRU -
chain as being available for use by a new entry. A file entry is first

del eted and then ahy parent directories thﬁb do not contain any child or
sibling pointers. Referring nowto Figs. 8 and 9, theré are certain
functions built |nto the FASTOPEN procedures that can be invoked directly

by DGCS for acco g certgln functions ancilliary to functions that DOS
provi des. Thé*® ?*ée Lo Fhe S5LPTe FEAYPStolThé st i orfs TBFPREBthguch
file, witingeqess, bgueeslzen leokd bp ftite Ba&-lengoaieltéfl&rﬁndhéﬂheﬁsorlﬂat théde and
146 respectiyel t a, ues nd.th
branch to thyegu%ggtgeé\s'rs?}e’%?g\g?ﬂ% 1%%%“[{[}%0%#? | vec{ r%els t° §e‘%urr3m g‘stselfc‘)‘gﬁ’
136- 140 resp@titiefel I iisHat@taY disr ewndnyiterder yemoypdfiromathsl bxeestinntveed

associ at ed Wekdl chalh g 36 @62 alnd &Ehtepafﬁicuié}: hery Qg BY éiies‘c‘éb?%k%e
nmenti on was Eﬁde of the pre-LRU stack and this will now be expl ai ned

relative to PP A58 BYH 1gPLIeuFRE h“ﬁen%lﬂ/égwt%r&se“ofﬂt%émh%lénd
MRU poi nt er s £irstt Beletetr ares therAany hiarehocHssctdr@ps tHat Qo doathin ahygoes

fromthe rooghdl(?rggtsqut‘%go% (}ggh any sub-directories until it reaches

the fil ename an I's nmade in accordance with the order in
whi ch the various nodes are accessed Thus, -in an exanple of a file

accessed or specirbi&diRY dow B FEIGH! @éﬁalﬁlthéﬁeapé ekt in @&&&Jl‘éﬁs 'b%d{‘e
root directory, DIRL, DIR2 and FI'LEL. hi's ordering creates emto

t he\ext ent t hite £he FASOPPEN PE?,‘{e@PfjeWPEI 38 bhdnrekas d%’éﬁ?éﬁ-’{lly 8@%(f°ént ry

and shoul d sue&bn@miwnbeceieheﬁ efintoionseMateiEit Lo thinbt Rmeetsat! oo he
-remai ni.ng entrie e I'rﬁl bD cut_ o

obl em a ed by _usjng the
pre- LRU st acR"@nd°te- order nﬁeﬁgtz%nﬁrﬁ %clgéh%‘a’ f?}eiﬁ ¥W°%é°’éset°f ‘E# ?5
create an LRELH.awklhmgmr@hbym in |efabe onowd ldngppeade tandbstdpsel4nass4

recently useg c?%&yré%?gc{i ﬁ?f&rtgrﬁ?:ﬂlers t@i%g ﬁrrct\fnglﬂ q Peretqn Jed
and not any o t he ent ditectories t Inrtrally rep ace
then branch to the update steps of 134-140 The pos:t1ve results from

" steps 136-140 respectlvely update a directory entry, update a cluster

number associated with a file and delete an entry.

In the foregoing discussion, mention was made of the pre-LRU stack
and this will now be explained relative to the LRU stack, both of which
involves the use of the LRU and MRU pointers in the entries. As the
process steps through a path, it goes'from.the root directory and

\— through any sub~directories until it reaches the filename and a pre~LRU
stack is made in accordance with the.ofder in which the various:nodes
are accessed. Thus, in an example of a.fiie accessed or specified by

' C:/DIRl/bIRZ/FILEl, the order of entries is the root directory, DIRI1,

DIR2 and FILEl. 'ThiS'ordering cieates a problem to the extent that the
root dlrectory would be the least recently used entry and should such
entry be deleted for replacement, then access to the remaining entries
would be cut off. This problem is avoided by using the pre-LRU stack
and re-ordering the entries, once the path is set up, to create an LRU
stack.in which the filename would appear to be the least recently used
entry and therefore on replacement, it would be the filename and not any

of the parent directories that would be initially replaced.
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11 CLAIM5S 1. . A method of operating a data processing systemhaving a main:
menory, a cache in the main nmenory, and a disk in which is stored a tree
structure of directories and files, each file being identified by a pa.t.zh s
contai ning a chain of directories including one d| rectory havr ng an entry
therein that contains information indicallng whe ed on
the di sk, characterised in that the nethod corrprl ses the ste :
searching, in response to an initial request to |M| ‘Mﬂ“‘ﬁﬂﬁ}“l‘t through
the chain of directories stored oncgtheisdi sk to r
i nformation indicating where the fTTe 15 Tocated bn thé di'sk’ stori ng in
the cache a plurality of chained entries including one entry for each of
the directories in the path to the first file, and one entry containing the
i nf or |on [ h di searching, in
respog‘safe to "ll%ﬁé e\tmﬁq%tgs?m{aobgoae%s%% ?gteq'ph%@ﬁg l!t rough t he
chai nedvegQry | @sce@lel eedthe o l“mqm’rm!fldoﬁ disdi dmrbigh Vitfestonerea ftiree | s

st or ed QubBgredbskiire€8S:GRE Nhd ED1dsCSEUURS 81T baid Il £ &LWYSE gahopen a
second file identified %g?&fath whi,ch, i.ncl udes, one or gté)re directories the

sane asCHfaining g dadp ¢ GeEissy iagluding (ppe dinechery faving & | ¢,

t hr ougheritite ﬁatrémshaﬁ ddﬁean&chﬁfmaresp@n@lidagiﬁg) whiaee chsnfirledis ect ori es
andthereaf adn fr t.he.di ch f.urther Jnfor a

necessary F% diéghpﬁhg?; Ctertl?te l1‘le't“":sze}tf‘oﬁ‘aa}" L"(Pprqa%[sz(%g sst,&prret hod as
cl ai medofi:n cl a| m 1, wherein the system conprises a

searching, in response to an initial request to open a first file,
through the chain of directories stored on the disk to read therefrom

the information indicating where the file is located on the disk;

storing in the cache a plurality of ehained entries including one
entry for each of the directories in the.path to the first file, and one
entry containing the information indicating where the file is stored on
the disk, |

searching, in response to a subsequent request to open the first
file, through the chained entries to locate the information indicating
where the file is stored on the disk,

searching, in response to a further request to open a second file
identified by a path which includes one or more directories the same as
one or more of the directories in the path of the first file, through
the entries in the cache corresponding to the common directories and
thereafter reading from the disk snch further information as is

necessary to form é:complete path to the second file.
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glurality of disk drives and a plurality of caches cCh’U_?iEQ@L‘QJQ—Lhﬂ—
i'sk drlves conprises the step of: including in each cache a drive header
|den1;|.vy‘| ng a different one the drives; and in which,

response-to sai d subsequent request to open the fi rst E‘\WEM\\M
prelimnary step of accessing at |east ong 2f. the drive headers*td | dcate

the cache containing the chained entries. 3. A nethod as clained in claim
1, wherein the cache is of a size for containing a predeterm ned nunber of

entries, including ﬂehﬁo&ta%pélaajnealﬁ Eﬁ&ﬁpmsamres_?eﬁ, Rhé'Hskby RhprRayests for
opening a plurality of djifferent fil i[]] ng the cache with entrijes

cor r espondi n¥gatiy of fdflé}‘e‘?ﬁl"f’ﬂaé’é asﬁlBF?]rf(}Yl A (RENLS, CREFSSPANSING, (o Jhe

each fil e indiisat drigeshicohpfideasthes skempaif:recently used; and in response to
a request to open an additional file, deleting entries _correspondi ng to the
|.east recently used file and adding ‘entries corresponding to the additional
file. 4. A net himtladingd dnneathi cacheya pirdvedieader |identifivéhaid dgffarenttang of

storing poi ntgfs d%i‘ze%hearﬁ‘ﬁﬁ'vf?ﬁcﬂo create a chain of entries ordered froma
nost recently use file to a | east recently used file. 5. A et hod as

claimed in claim4 conprising the step of: creating one or nore new entries

fromthe further ixd @eapéma B despttsa kd QEl@%%éﬁ&léhe&ehﬁeéﬂ’lﬂioC@éhetﬁd)

formtherein | et ent
éarst ile ?n des éhe préiEthJ}grsEJ}eo§E§€%2§Lfkg at least one of

the drive headers to locate the cache containing the chained entries.

3. A method as claimed in claim 1, wherein the cache is of a size for

~containing a predetermined number of entries, including the steps of:

in response to_é plurality of requests for opening a plurality of
different files, filling the cache with entries corresponding to the

different files;

storing in the cache a history of each file indicating which files

is least recently used; and

in response to a request to open an additional file, deleting
entries corresponding to the 1east recently used f11e and adding entries

o/ correspondlng to the addltlonal file.

4. A method as claimed in any preceding claim including the step of
storing pointers in the entries to create a chain of entries ordered

from a most recently used file to a least recently used file.
5. A method as claimed in claim 4 comprising the step of:
creating'one.or more new entries from the further information and

adding the new entries .to the cache to form therein a complete path of

entries for the second file.




