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METHOD AND AlPABADlS FOR ENCODING BISTQRY OF -

FILE ACCESS TO SUPPORT AUTOMATIC m.E CACHING 

ON PORTABLE AND DESKTOP COMftJTERS 

FJBI,p OF lllE INVENl]ON 

The present invention relates generally to digital computer systems and more 

specifically to a system for manqing disk space in a digital computer system. 

BACKGROUND OF THE INVENTION 

I 0 In personal computer (PC) networks, much effort may be required by a user to 

manage disk space, both within the PC and on the network. For the purposes of this 

application, the term "personal computer" is intended to include desktop PCs, 

workstations, laptop, notebook and portable computers, so-called personal digital assistants 

(PDis), palmtop computers, and the like. 

15 · In PC networks having file servers, users may need to manage disk space on file 

servers in addition to managing disk space on personal computm. Prior art computer 

systems may not retain enough information concerning file access and storage on local PCs 

to allow for file management of both local and network drives in one step. 

A network file server may comprise one or more computers having large amounts 

20 of disk space made available for use by other computers on the network. Disk space on a 

file server may be accessed by other (client) computers on a network as if the me server 

disk was a local physical disk of a client computer. F"de management software may be 

provided to automatically manage local disk space on a PC. Such file nianagement 

software may not show to a user ~e mount points for the local hard disk. Rather, the file 

25 management software may automatically select which of the tiles ftom the file servers will 

be stored on local disk. 

A user may continue to decide which files will reside on which major disk unit on a 

file server, as well as which tiles should be moved to tape or floppy disk (e.g., for archive) 

or deleted altogether. Such file management programs may serve to cache files from a 

30 network server onto a local PC. For standard desktop PCs, workstations, and the like, 

such file cachil!S routines may be relatively simple. 
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However, for laptop, notebook, palmtop and portable computers, PDis and the like 

(collectively, "portable computers) file cachina routines may be more complex, as a 

portable computer may be disconnected fi'om a network on occasion. In order to 

determine automatically what information should be kept on a portable computer, prior art 

S techniques for disk caching may be extended. 

If a disk on a local computer is viewed as being a 1cache1 of files on the network 

file server, then automatic management of local disk space may comprise a~ 

management algorithm for the local disk. One of the most widely known and successfu1 

cache management strategies is ca11ed the "Least Recently Used" algorithm. The date and 

10 time of the last access of each element in the cache may be retained, typicaJ1y as part of a 

file header on the disk. Once the cache is fW1 and whenever a new file is needed in the 

cache, a file which has not been used for the longest time may be removed &om the cache 

to make room for a new.tile. 

There is a well-known problem with the Least llecently Used cache replacement 

IS algorithm. If a user decides to examine a large number of files on a file server, one after 

another, each of those files may be brought into the cache, causing another file to be 

removed &om.the cache. Once a user has examined a sufficient number of.files to fill all of 

local disk, then none of the files remaining in the cache reflect the usage of files by the user 

prior to the bulk file examination operation. If a user powers off the portable computer and 

20 disconnects f.tom the network, then the portable computer may not contain a usefbl set of 

files in the local cache for the portable computer. 

To more intelligently cache files in a portable computer bard disk, a history of file 

acCess may be required. Such a file access history may allow a caching algorithm to 

distinguish files which are used consistently over long periods of time from files which are 

25 being accessed less consistently. A caching algorithm may then retain.files which are used 

consistently. 

A potential difticulty with this approach is that a complete history of file access 

could quickly become a large amount of information. Prior art file storage formats may not 

permit the use of large, variable length data fields for storing file access information. Thus, 

30 a requirement exists for a technique for storing a history of file access in a small, fixed. 

number of data bytes. 
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. One file iystem to incorporate tile cacbhlg omo a local disk is the Andrew File 

System, created ·.t Carnegie Mellon University, ilow.sold and ~oped by Transarc 

Corporation of Pittsburgh. PA The Andrew system bas proven llUlllY of the basic 
. .. .. . . 

idvantages of caching files onto a local disk on Client workstations. The Andrew system 

S uses a Least llecently Used cache replacement aigorithm. The Andrew File System, 

however, assumes that client workstations are connected to a file server by a network at all 

times. and th11s does not readily support portable computers~ . 

The Andrew Yale System allows for reading a file wliich is in.the local cache even if 

it can not reach the file server temporarily. HowMr, the Andrew File System will not 

1 O allow writing to the file Without communicating with the fj)e server on which the file 

resides. If all of a user's tiles are believed to ~·on a file server, a user of a portable 
. .· •, . . 

computer may Jiot be able to write out any ·mes when~ &om the network. 

Such a limitation may be an unacceptable restriction on a portable computer. 

Ums ofportable·computers may wish to take advantap of a tl1e server. PC users 

15 may regard file servers as a place to copy local ftles. ID matty cases, files fi'om a PC may be 

compressed when stored on a file~· making it much more .. difficuh for other users to 

access such files even when found on the file server. The DOS command XCOPY has a 
. . 

flag which supports backing up. files by copying them. 

The XCOPY comlnarid makes it fairly easy to copy files onto a.file ~as a 

20· backup process in such a way that they are readily-.U,le by* users of the file 

server. Backed-up files may mimic the itructure of files on a ~le computer." This use 
ofXCOPY atloWs a portable computer to be~ to its file server in a limited manner. 

However, such a sohttion may Still requite a user to.manage local disk space on a 

portable computer, a labor intensive tuk. 1n· order to teorpiuze files, a user may have to 

2S reorganize files on both the file seiVer and on the pottable computer. A user may safely 

delete a file from a portable computer as the tile may still reside on the file server. 

However, in order to truly delete a file, a user must delete the file on both the file server 

and the portable c:oniputer. It may be easy to delete a file ~ the fil~ server when trying 

to reduce disk utilization on the file server, only to have the file re-appear when it is copied 

JO from the pC)rtable Computer back onto the file server. 

Unfortunately, portable computer file systems do not provide much assistance with 

the above-mentioned problems. Most portable computer file systems do not even retain the 
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date and time a file was last accessed, ma]cjng it nearly impossible to implement even a 

Least R.ecently Used replacement algorithm. 

Another prior art program created for portable computers, .called Infinite Disk 

creates a file attribute indicating the date and time a file was last accessed. The ~e 

S attribute may be used to implement a Least llecently Used disk management algorithm. 

Infinite Disk may automaticaBy delete files when a user reboots a portable computer in 

order to create a pre-specified quantity of empty disk space which may be utilized to save 

new files. 

The Infinite Disk program may copy such files to a new location before deJeting 

10 them. The program may copy files onto a file server or to a floppy disk and keep track of 

the locations of files. If a User attempts to acc:ess a file which does not reside on local disk, 

the Infinite Disk program may inform the user which floppy to insert into a floppy disk 

drive in order to copy the file back onto the portable computer's file storage system. If a 

requested file has been copied onto a file server, the Infinite Disk program may give a user 

1 S access to the file if the user is connected to the file server, but will not copy the file onto the 

local disk of the user's PC. 

The Infinite Disk program provides some limited assistance to a portable computer 

user. However, hard disks OD most portable computers are so large that it does D()t make 

much sense to try to augment the apparent size of the bard disk with floppy disks. Rather, 

20 it makes more sense to tblly utilize the existing hard disk on a portable computer. If a local 

hard disk is not large enough for a usets requirements, then it may make more sense to 

install a larger hard disk than to try to extend the size of local disk with floppies. 

In addition, the Infinite Disk program does not automatically cache files accessed 

when a user is on a network. Thus, it does not have the problem of the file cache being 

25 filled with irrelevant files by merely looking at files when connected to a network as with 

the Least Recently Used algorithm under the Andrew File System. The Infinite Disk 

program only deals with ftleS which a user might want to have OD a portable computer. 

Once a file bas been moved off of the portable computer by the Infinite Disk program, a 

user must consciously move it back agajn. This begins to be a significant task which must 

30 be done every time a user reconnects to a network. 

'The Infinite Disk program also has another problem which may be severe for 

portable computers. Wmdows and DOS operating systems are sufficiently fragile that 
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adding the Infinite Disk fimctionality to the system may threatE!ll the reliability of the file . 

system and the operating system. 

· Figure 3 illustrates dates of access for two files, Pn.E 1. and FILE 2 for a previous 

three ·month period. FILE I bas been comistently accessed once or twice a week tbr the 

5 last three~. PILE 2 has been sporadically .m.ect twice a month during the last . . . . . . . . 

three nionths. Far a user or a portable computer, it may be more desirable to keep FILE 1 

on a local hard drive and archive FILE 2 onto a system network. 

However, a caching program using the Least Recently Used algorithm may keep 

10 . FILE 2 on the loCal hard drive and archive FILE 1 OD a system network. The decision on 

which tile to cache is based upon the almost arbitraJy factor of last date of access. 

In summary, pmrious ~to make a :qm more productive by automatically 

managing local disk space have sutrered &om two CCJDtradic«uy requirements: . ;.-. . . 

1) The Least RecentJy Used algorithm is needed in order to place files for a 

15 pOrtable computer onto the local disk of the portable computer. 

2) The Least RecentJy Used algorithm should, however, not be used to manage 

all of the disk space OD a portable computer. 

StJMMAllY Qf' TBE_JNVENTION 

20 To oven:Ome the limitations of the prior art. the prosent invention provides a 

teclmique for creaims a. attribute ~ntainins ~ cOncemins the date. and 

frequency of use of a Parti* file .. The file attribute may be~ to a fixed, limited 
. . . . 

size in order to remain compatil>le with existing~ systems'. The file attribute of the 

present invention is carefblly ~to provide~~ amount of relevant date 

25 and fi'equency of use data, encoded into a minimum amount. (>f spac:e. 

ln COnjui1ction with the ptesent invention, _diJk .caching software may select files 

from a me seiver coupled to a portable computer and load those fileJ into the local hard 

drive of the portable compUter. Files within the local hard~ of the portable computer 

may be deleted or moved to the file server~-upon their date of last use and 

30 frequency of use. The file caching system may operate in a _manner transparent to the end 

user. Files having a high ftequency of use may be retained on the local hard drive, 

regardless of their date of last use, as detennined by a file caching algorithm. 
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Thus, wbeiJ. t1le. portable computer is disconnected &om the tile server, the -

computer may continue to operate with a collection of files most lilce1y to be accessed by a 

user. The user may be unaware of where a particular file is stored, or whether the portable 

computer is indeed coupled to the file server. 

BJ!Bp DESCRIPTIONS OF THE DRAWINGS 

Fipre I is a diagram illustrating • network system including a portable oomputer. 

Figure 2A is a diagram·illustrating a file structure. 

Fipre 2B is a diagram of a file access history attribute. 

10 Fipre 3 is a diagram illustrating different access histories for two different files. 

QBIAU.RP DESCRIPTION OF THE IN\1BNTJON 

The descriptions herein Ire used as examples only illustrative of the preferred 

embodiment of the present invention. However, it should be noted that the methods and 

1 S systems of the present invention may be applied in a similar manner in Other embodiments 

without departing ftom the spirit of the invention. 

20 

25 

Use of disk space on a portable computer may be classified in two large groups or 

"pools" as follows: 

1) Least Recently Used Pool - Files which have migrated from a network onto 

the local disk, but have not been recently accessed. Such files may be 

managed by a Least Recently Used cache replacement algorithm. 

2) Most Consistently Accessed Pool - Files which have migrated from a 

network onto the local disk which are consistently, but not recently 

accessed. These tiles may be managed by an algorithm which looks at the 

access history of eadl tile on the portable computer over a period of time. 

In order to cache files in the most consistently accessed pool, a portable computer 

may require that an access history be maintained even for those tiles which are not currently 

stored on the portable computer. Such an access history may comprise a figure of merit 

which may be assigned to each file. 

30 Higher scores may be assigned to files which have been accessed several times each 

day for a month or longer. Scores will remain high for files which have been accessed 
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several titnes during the' last week. Scores for files that at one time were accessed heavily 

will begin to degrade significantly once they have not been accessed for more than a week. 

The present invention uses at least one pool of local mass storage whose cache 

replacement algorithm depends upon information ibout history of file access in order to 

S manage portable computer local mass storage. The present invention also discloses a 

system for designing ·me ~1ccess history· file attn'bUtes. The present invention covers aB file 
. . 

access history file attnlnlte systems which may use any of the methods and apparatuses 

descn'bed herein for designing file attributes Which contain a history of file access other 

than the _simple elate and time last used file attribute. 
l O The method and apparatus of the present invention provides an encoding of access 

lS 

history of a file into a compact file attribute filed which may be of great value in 

constructing a file cachil1g product which may retain Deeded files on a portable computer in 

a manner superior to prior art methods. The greatest challqe for tile caching products 

occurs when supporting portable computers connected to a LAN dose to half oftbe time. 

Figure 1 illustrates a typical distributed system 100 within which the present 

apparatus and method may operate. Distributed system 100 may include a plurality of 

desktop computers 120 coupled through a plurality of connection ports 135 to a computer 

network 110 which in tum may be coupled to a plurality of file storage servers 140 each of 

20 which may be coupled to one or more tlle stOrage unit(s) ISO (e.g., disk drive). Network 

110 may include a netwDrk operating system 115 operating to allow for sbarins of network 

resourees such as file storage servers 140. When a portable computer 130, induding local 

storage 131, is connected to neiwork 11 O through connection port 135, a user may become 

accustomed to assuming that immediate access is available to all information on all file 

25 storage unit(s) 1 SO. 

The power of file caching in distnDuted system 100 environment is that a user may 

not be aware of the storage m8nagement technique. A user· may need only determine how 

much local storage 131 to acquire (te., select size of hard drive). The user may then 

assume that the automatic file caching system is sutlicient such that the user may only 

30 achieve better results through unacceptable levels of etrort. All files may be backed up 

onto· necwork 110, and may be made available for file sharing under tile access limitations 

implemented by network operating system 115. 
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If local st~fije_ 131 is large enough to store niost of the tiles needed by the user, . 

then a simple file caching system may work well. One problem, however, is if a user 

occasionally uses a wide range of data tiles throughout network 11 O then it may be difficult 

to clistingtdsb the tiles which should be on local storage 131 fi'om those which should 

5 remain primarily OD file storage unit(s) 150. 

Files which are needed only in the long term should not be stored in local storage 

131. Files which are used consistently over time should fall to the bottom of the priority 

list for removing from local storage 131. The present invention provides a user with an 

illusion that the user is connected to network 110 even when the user is not connected to 

10 network 110, without requiring attention fi'om the user to select tiles which will be needed 

except for "new• tiles which a user wants to store on local storage 131 before 

disconnecting from network 110. 

The present iDvention provides this illusion by maintaining information about the 

pattern of access to 61es stored on local storage 131 and tile storase unit(s) 150. It is 

15 common in the art for local storage 131 to maintain data representing the date each file was 

last accessed. However, a high quality file caching system may require an entire history of 

access to each file. Files may contain both data and attributes. Figure 2A is a diagram 

illustrating a file 200 of the present invention which may be stored in tile storage unit(s) 

1 SO. File 200 may contain a plurality of data items called records 210 and a file access 

20 history attribute 220. 

Figure 28 illustrates several fields of tile access history attnbute 220. File access 

history attribute may comprise several fields; date of history field 221, file access count 

222, nine-day history field 223, 80-day history 224, and long-term history 225. 

File access history attnbute 220 may be fixed in size. In the preferred embodiment, 

25 file access history attribute 220 may further comprise five specific file access history 

attributes 221, 222, 223, 224, and 225, as illustrated in Figure 2B. Each specific file access 

history attribute 221, 222, 223, 224, and 225 and each may have a different size. A 96-bit 

or 12-byte file access history attribute 220 may utilize 16 bits for date of history field 221, 

four bits for file access count 222, 18 bits for nine-day history field 223, 40 bits for 80-day 

30 history field 224, and 18 bits for the long-term history 225. 

A standardized application prosram inter&ce to all of specific file access history 

attributes 221, 222, 223, 224, and 225 may allow a cache replacement algorithm to be 
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written independent of the precise nature.of' file access history attn'bute 220 actually­

implemented oil a computer system. 

Iii the preferred. embodiment, the preSent invention provides a 12-byte file access 

history attribute 220 which may be more tbazi sutlicient information than needed for a file 

S caching system. However. one skilled in the art can appreciate that the method and 

· apparatus of the present ilivmltion may be applied without undue experimentation with file 

caching~ tO determine which portions of file history information may be more 

relevant than others. 

Thus, me access history attribute 220 may be tUrtber ~cted such that only as 

1 O much file history information is retained as is needed to make tile cachins software work 

well. In an alternative embodiment, file access history attribute 220 may be.implemented 

with a 48-bit file access history field which compares very favorably in size to the 32-bit 

date/time last accessed field of prior art DOS based lystems. 

Another advmtase of file access history attn"bute 220 is that for heavily accessed 

lS tiles, file access history attn"bute 220 may not ·have to be written every time a file is 

· accessed. Certain file attn'bute updates may have a higher priority to write out thaR others. 

A rather detailed file access history may be encoded into 12 bytes if it is configured 

to-contain more infonnation about recent history and less information about Jess recent 

history. Such a scheme meets the needs of file caching software, which needs fairly 

20 detailed infonnation about recent access to a file, but can summarize the pattern of use over 

longer periods of time in considerably less detail. 

If a file history encoding is relative to a cUrrent point in time. maintenance software 

may be pnMded (e.g., backafoundjob on portible computer 130) to perform a periodic 

pass over all file attributes to u~te file access history attribute(s) 220 and bring their 

25 encoding up to a current point in time. For most :tiel~ however, file access history attribute 

220 may be updated the first time a file is accessed on any given day. Thus, most of such 

processing may be distn"buted over other calculations, "and little or no additional disk writes 

may be needed to •shift"·· history information.· 

30 DATE OF IUSTORY FIBl.D 

Date of history field 221 may be u small as two bits. If periodic maintenance 

passes are performed over local storage 131 no more than once fNety other day, date of 
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history field 221 may be reduced to two bits to represent a number of days relative to the . 

start of the last maintenance pass. The date of the last maintenance pass may be stored as a 

16-bit absolute date (i.e., day, month, year) in another tile maintained by a file history 

maintenance background job program. Caching software may load the date of the last 

S maintenance from that file and then cleduct the date of history for individual files by adding 

the value from date ofbistory field 221 to the stored date of last maintenance. 

If the size of date of history field 221 is increased, the frequency of maintenance 

passes may be correspondingly reduced. Maintenance passes over local storage 131 may 

be eliminated entirely by m•kina date of history field 221 a 16-bit absolute date last 

10 accessed field, meeting month. ctate. and year. 

It may be usetbl to think of date of histmy field 221 in terms of two di1Ferent dates: 

1) The date of the beginning of the last maintenance pass over local storage 

131;and 

2) The date of the beginning of the current maintenance pass over local storage 

15 131. 

Part of the encoding of date of history field 221 places limits on the overall design 

of a tile system. Two variables may be considered: 

D - Represents how many days a maintenance pass over local storage 131 may 

be allowed to take. 

20 B - How long between maintenance puses over local storage 131. 

For variable D. usually, a day will be adequate, although two days may provide 

more tlexability. It is preferable that a maintenance pass over the tiles within local storage 

25 131 occur in background, at a low priority. Furthermore, the present invention takes 

advantage of the fact that files which are accessed normally may have a file access history 

attribute 220 updated as part of normal file processing, without causing additional disk 

writes. It is more advantageous to have D as large as possible. D codes may be pre­

allocated for dates during a maintenance pass over local storage 131, as any of the other 

30 codes may not be able to be used until the maintenance pass over local storage 131 is 

complete. 
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For variable B, ..there may be 2~ values which may be set aside for dates which . 

occur during a maintenance pus over .local ·storage 131. After .completion of a 

maintenance pass, no dates remain with a date of history field 221 prior .to the start of a 

current maintenance pass. 

s During the miintenance pus over local_ storage 131, there are three possible 

actions: 

I) 

10 

2) 

15 3) 

Convert the file access history· of a file whidi ~ not, been accessed since 

the beginnins of the current maintenance pass over local storage 131, but 

was accessed recently enough so that it is not using an absolute date of 

access history; 

Convert date of history field 221 to an absolute date for a file which was .. 
accessed rCasonably recently, but has not been accessed ibr about a week, 

thereby preventing the need for fwtber updates until the file is accessed 

again; or 

Convert the absolute date of access &oin the preYious epoch to the current 

epoch, for a very infi'equently accessed file. 

In order to minimize the number of file attributes modified during ·a maintenance 

pass over local storage 131, a maintenance pus over local storage 131 may be performed 

20 by first waiting for approximately a week before actually visiting any file attnl>utes. Then, 

as each file attribute is visited, the only changes made during the maintenance piss over 

local storage 131 may be of type 1, and not of type 1. 

There are B values which indicate dates more than D clays after the last maintenance 

pass over local storage 131 began, but before the current pass. The next maintenance pass 

25 over local itorage 131 must start no more than B+D days after the last·mamtenance pass 

began. B will always be at least 1. 

Such a scheme may allow a 4-bit field to have D=6 and B=3, or a S-bit field to have 

D=6 and 8=20. A two-bit field must have D=l and B=l. 

If portable computer 130 is not used for long periods of time, there maY be serious 

30 consequences during a current pass over local storage 131. Since file access history 

attribute 220 ~ects only the current status of the local disk 130 (any file migrated to the 

file storage server 140 and file storage unit(s) 150 may have its date of history field 221 
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updated to the current date or an absolute elate on the fly), it is possible to define the "days" 

of the date of history. field 221 to actually be defined to be virtual days on which portable 

computer 130 wu turned on at least once. These dates may then be filled into a table of 

dates for the codes of this field. Thus, long periods of inactivity may not force a 

S maintenance pass over local storage 131 as soon as it is turned on. 

If a maintenance pass over local storage 131 is not finished before running out of 

codes in elate of history field 221, the present invention may artificially pretend the next day 

bas not been reached until it bas finished the maintenance pass over local storage 131. To 

minimi:r.e damage to file access history attribute 220 in such a case, the priority of the 

10 background task which is making the maintenance pass over local storage 131 may be 

increased. 

The rest of the encoding of the history of file access aisumes the invention is 

looking from the perspective of the present. Every time :file access history attribute 220 is 

read, the present invention will immediately process date of history field 221, and adjust file 

15 access history attribute 220 to reflect the present date's perspective. Thus, file access 

history attribute 220 may always reflect the day on which they are viewed. 

m,E ACCESS COUNI 

File access count 222 may represent the number of times a file has been accessed on 

20 a current day and may comprise four bits. Once file access count 222 reaches its maximum 

· value, it remains at that value until reset by access on a subsequent day. Values for a two­

bit file access count 222 are summarized in Table I. 
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10 

.Two-bit Value ' Fiie .AcCess Cowtt 

00 OAccess 

01 1 Acc.esses 

10 2.Accesses 

s 11 3 or more Accesses 
TABLE I 

Thus, the number of accesses on a given date (date of history) may be compacted 

into as little as one bit. 

NJNE,.DAY IUSTOR.Y F!pl.Q 

Nme-day history field 223 may represent a CL1t11dative access histoiy for the 

preceding nine days. Nme-day history field 223 ~ ~e significantly coinpressed, for 

example, to 18 bits, with each of nine days repraeated by two bits. In an alternative 

IS embodiment, 27 bits may be used, with each of nine days represented by .three bits. 

Nme-day history field 223 may be analogous to a history of access for a current 

week. When data from nine-day history field 223 is combined with data from file access 

count field 222, a history of the last 10 days of access to a~ may be reconstructed with 

reasonable accuracy'. 

20 Nme-day history field 223 should consist of collapsed ~ues of daily access over 

the previous nine-days. Actual tile access.count 222 may still be used to obtain information 

about the present day, such that information about a total often days of access is known. 

Two- and three-bit encodings may be used to en.code the following range of numbers as 

illustrated in Table II. 

25 Three-bit encoding may be required in order to pin good experience with file 

caching software. One consideration is what should be done about files which were 

accessed only once when portable computer 130 was on network 110. If a large numbers 

of files are accessed once from file storage unit(s) 150, other filei which have been 

accessed many times recently may be deleted. It may be important to keep information 

30 about I?- single or double access in order to better determine details of a shorter {i.e, two­

bit) encoding. Two-bit encoding may have a special code for a single access, or it may 

combine 1-4 accesses into a single code. Thus the scheme of Table II is by way of example 

only. 
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Two-Bit'""'.'.~ 

.. Three-Bit Encodim: 

Bits #of Accesses Bits # of Accesses 
... 

00 0 000 0 

01 1 001 1 

s 10 2to4. 010 2 

11 >4 011 3to4 

- -· 100 5to16 

- - 101 17to64 

- - 110 65 to256 

10 - - 111 >256 

TABLED 

The present invention may use a 2-bit code to encode nine-day history 223 into 18 

bits (i.e., 2 bits for each of the last nine-days of access). Such a scheme may work 

15 especially well with a 3-bit date of history field 221 (D=2, B=4) and 3-bit :file access count 

222. allowing the first three portions of tile access history attribute 220 (date of history 

field 221, :file access count 222 and Dine-day history field 223) to be compacted into 24 bits 

instead of 48 bits. 

In an alternative embodiment which may be the preferred embodiment of the 

20 present invention, a 4-bit code may be Provided for three days. Three of these 4-bit codes 

may specify the pattern for 9 days. Three of the four bits may represent whether there is 

any access of the file on a corresponding day. The fourth bit may determine whether there 

was at least one day of significant access of the file. Encoding which represents no access 

at all, but significant access on at least one day may be interpreted as representing that there 

25 were at least two days of significant activity. 

BO-DAY WSIORY BEI.P 

80-day histmy field 224 may represent a cumulative access history, in an even more 

compressed form than nine-day history field 223. Data from file access count 222, nine-day 

30 history field 223 and 80-day history field 224 may be combined to reconstruct a file access 

history for the preceding 90 days (i.e .• previous quarter). In the preferred embodiment, 80-

day history field 224 may be 40 bits long. 
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80-day history 224 may be constructed'ffom eiaht 5-bit fields, each representing file 

access history for a ten· day period. Each S-bit field may be readily constructed ftom data 

fi'om file access count 222 and nine-day history field 223, which in themselves represent a 

ten day period. 

S Thus, once a detailed history bas-been constructed tor the last 10 days, it may be 

fairly easy to compress such information into the essential information needed for recent, 

but slightly aging information. For each file, on a single day, actMty may be classified into 

one of three activity states: no access (INACTIVITY), not a significant Dumber of accesses 

(ACTIVITY), and a significant number of accesses (SIGNlFICANT ACTMTY). Of 

10 interest to a caching program may be the length of the longest periods of inactivity within a 

ten day period. 

Theie three activity states may be encoded using a 2-bit code. The present 

invention may distinguish ac:tivity and significant activity u being >1 and >4 accesses, 

respectively. A 3-bit code, however, may allow for ibither distinction between >l, >2, and 

lS >4 accesses. In.the preferred embodiment, a S-bit cod8 of a ten day pattern of activity code 

illustrated in Table m 
In interpreting Table III, it should be noted that data of primary interest in the 

longest number of contiguous days in a row of inactivity within a ten day period. Thus, for 

example, value 01110 may indicate that the longest contiguous period of inactivity during a 

20 given ten day period was two days. There may have been several one or two day periods 

within that ten day period, however the longest contisuous period of inactivity wu two 

days. 

Moreover, the data encoded in the five-bit value representing a ten day period is 

indicative primarily of inactivity and significant actMty. The values for activity may be 

25 inferred generally by subtracting the amount of potential inactivity and significant activity 

from 10. Thus, the vahles for activity are not explicitly encoded in the five-bit value, but 

are merely infened, and are shown in Table m for purposes of illustration: 
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s 

10 

IS 

20 

25 

30 

3S 

5 Bit -
Code JNACTMTY. 

00000 0 

00001 lDay 

00010 2c.n.w 
00011 3C-Davs 

00100 lDav 
00101 2C-l>aYI 
00110 3C-Davs 

00111 lDav 

01000 2cna.w 
01001 3C-l>ul 
01010 lDav 

01011 2C-Davs 
01100 3CDavs 

01101 1 Day 
01110. 2C-Davs 
01111 3cna,,. 

10000 1Day 
10001 2C-Daw 
10010 ODavs 

10011 ODavs 
10100 1 Day 

10101 ODavs 

10110 4-5 C-Davs1 

10111 6-7C-Davs1 

11000 8-9C-Dava1 

11001 4-5 C..nn.2 
11010 6-7C.O.W.2 

11011 8-9C-Dn12 

11100 4-5Davs' 
11101 6-7 Daw' 
11110 8-9Davs' 

11111 ion.vs · 

NOTE: C-Daya denote contiguous Days 

1Includea F"mt Day 

2i.ctua.1ut day 
3Doesa't iDclade fint or 1111 clay 
4 Activity or Sipificallt Aclivity 

PCT/US9611180l 

-Paaem of Activilv Code (S bits). 

AC'l1V1TY SIGNIPICANT ACIWnY 

3-IODavs 0-7Davs 

6-9Davs =< 3Days 

5-IDaYS =< 3Dns 
6-7DaYI =< 3I>us 

•< 5Daw 4Davs 
•<3Davs 5Davs 

•< 10..v 6Davs 
=< 2I>aYI 7I>avs 

Ol>DI 8Davs 

•<3Dm 4I>avs 
=<4Davs SI>avs 
=<2Davs 6Davs 

ODaYI 7Davs 
•< IDay II>aYI 
=<4Davs 4I>ays 

•<2Davs 5 Daw 

•<3Davs 6Davs 
•<1Dav 7Davs 
=< 20..vs 8DaYI 

lDay 9Davs 
ODavs 9Days 

ODl.YI lODavs 

2-6Davs4 
3-4Davs' 
1-2Davs' 
2-6Davs4 
3-4Davs' 
1-2Davs" 
UDaw' 
3-4Davs4 
1-2Davs" 

ODaw on.vs 
.TABLEm 
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The fiVe..bit pattern of activity encoding cODCentrates on being able to encode a 

general graph of periods of iiuictiWy and periods of aignificant activity for a file. With 

eight of these encodings (40 bits); the average of period of inactivity between periods of 

activity can be discoverecl, u well u how intense a file is~ during periods of 

S activity. Tims, the time when a file is in a periocfof inactMty inay be prt.dicted and the file 

can be migrated to file storage .V... 140 -.id file storage unit(s) 150 until needed. 

Pattern of activity code (5 bits} may be combJned with a 3-bit c:ode specifying the 

avemge level of significant activity for those days·whic:h a file bas bad iignificant activity. 

If using the 3-bit code for 9-day access, and if significant activity were specified as >2 

10 accesses per day, then 3-4 accessee may be counted as being 3 accesses, 5-16 accesses as 

bemg 8 accesses, 17-64 accesses as being 24 accesses. 65-256 accesses as being 80 

accesses, and >256 accesseS is being 275 accesses. nm the average number of accesses 

for the number or days of sipi6c:8Dt actiWy may be calculated, and teiUlt in (3-6), (7-12), 

(13-26). (27-50), (S1~7S), (76-100), (101-200), and >200 accesses, u encoded into 3 bits 

15 of the average level ofsipificant activity. 

UPDATING 80-DAY mstoav 
Two :&etds are present which~ information about periods of time in the past. 

In order to minimim the need to move information ftom one portion of these fields to 

20 another, the precise manner in which these fields are usociated with dates or ranges of 

dates may .be DOD-intuitive. The nine-day history field may always contain information 

about yesterday and the eight days prior to yesterday; The 80-clay bistoiy, however, may 

only be upgraded once every 10 days. When the absolute date, taken as an integer is o 

modulo 10, then the ·information foJ: the. current day and the ninHtay history is encoded · 

2S into a 10 day encoding as req~ for the B<>-day biStory, and is added to the beginning of 

the 8<>-day history. The oldest infonnation that tills out of the 80-clay history is 

incorporated into the long-term history as descm"bed in the next section. 

LONG-IE.RM HJSTOllX m:xn . 
30 Long·term history 22S may cbaracterize access history over an extended period of 

time. Long-term history 225 may be even tbrther compressed than 80-day history field 224 

and may be, for exaniple, 18 bits long. 
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Once a tUll''~twter of activity (i.e., 90 days) has been encoded in file access count. 

222, nine-day history field 223, and 80-day histoiy field 224, then average periods of 

continuous inactivity and average periods of activity may be calculated and characterized. 

Long-term history 225 may be obtained by averaging information from the present history 

S together with long-term history. 

How en.coc1ing is pSformed may indicate how.far back a file has been accessed as 

well u patterns of access. If &le access history attribute 220 indicates that no recent 

accesses have been made, then that file probably should be OD file storage unit(s) ISO rather 

than local storage 131. 

10 A period of inactivity may be defined u a period of at least n days of inactivity, 

where n is a key parameter. A period of activity is defined IS a period of activity with 

fewer than n days in a row of inactivity. The value of n should probably be set in the range 

ofl-7. 

Table IV illustrates the number of bits which may be assigned for So-day history 

lS field 224, for ditrerent total bit configurations. The arrangement of Table IV is by way of 

example only. Other types of arrangements may be used without departing from the spirit 

and scope of the present invention. 

20 

2S 

30 

DESCRIPTION Bits, 18-bit Bin.. 27-Bit 

A Psiod of _A.-=-_.:-. 4 4 

A. Period or- . . 4 4 ,_ 

Number of Periods in A.-- s s 
A:. ·Intenmv 0 3 

Previous Period 0 4 
Current. . 0 2 

Current Period 4 4 

Cur11g11..iv Activelinactive I 1 

TABLE IV 

A 4-bit period values (Average period of activity, average period of inactivity, and 

current period) ftom Table IV may be encoded IS illustrated in Table V, where each value 

represents a number or range of days. 
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4-bitValue Rane or Nunib-. ofl)ays 

0000 1 
0001 2 
0010 3 

s 0011 +s .. · 
0100 6-7 
0101 · 1•9 
0110 10.12 ,' 
0111. 13-lS ·. 

10 1000 16-19 
1001 20-29 
1010 3~3g·· 

1011 40-49 
1100 SO-S9 

15 1101 60-69 
1110 70-79 
1111 :>80 

TABLEV 

20 The two-bit current intensity field :from Table IV (27-bit fOrmat) may represent the 

number or range of days of significant activity during the current period. The current 

period may be defined as the day 91 days before date of history 221. Currently 

· Active/'mactive bit from Table IV iDdicate Whether the file was active or inactive during the 

current period. Current intensity incbtes how many days die file was Sigliificantly Active 

25 during the period of activity. ' 

Thus, ftom the information provided :from Currently ~mactive bit and Current 

intensity, one can determine Whether there was ID extended period or ContigUous 

significant activity extending into long term historj 22S. . Such information may be useful to 

illustrate whether a file bas been consistently ind sipificaDtly accessed tbr consecutive days 

30 in the past. It may be desirable tO cache such tiles on, local storage 131. 

The two-bit current intensity field may be encoded u illustrated in Table VI. 

Two-bit Value Si ··- •ActiVitY 
00 NONE 

35 . 01 ·One Dav·· 
10 2-4Davs 
11 >4Daw 

TABLE VI 
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. : ~ .>·;~ i.:1 ~ . . .. 

The average"mtensity field of Table IV may reprelent the average number of 

contiguous days of siinificant activity during long term history 225 and may be encoded as 

mustrated in Table VI. Alternatively, the 2-bit value for average intensity may be encoded 

as {O, 1, 2, 6} days. When averqing, the actual number of periods up to a maximum of 

S four is used to calculate an average intensity, then rounded up. Thus, the moving average 

for intensity moves more rapidly than ones for period length. The number of periods may 

be 1-3~ with 0 being encoded as a~ illegal value for a period of inactivity. Table 

VI illustrates an alternative embodiment for encoding average intensity using three bits. 

20 

10 Three-bit Value 

000 
001 
010 
011 

15 . 100 
101 
110 
111 

If there are a total of more than 32 periods, the number of periods may be set to an 

appropriate number such that taking the current cycle at its current length, and the total 

history of time assuming all previous periods were of uniform length, will give the largest 

number of these cycles. Such a technique may accurately count the average length for all 

2S cycles after calculating an· average, causing periods of activity and inactivity to be decaying 

averages once there are more than eight periods. 

Long term history 225 will provide the most information for·files with long periods 

of either steady activity or steady inactivity. Long term history field 225 may provide 

histories of up to two years of legitimate data. The easiest way to make this more 

30 meaningNl is to add additional bits to the number of periods field to ensure at least six 

months of data. 

In an alternative embodiment, a 48-bit or 6-byte file access history attribute 220 

may utilize 4 bits for date of history field 221, 3 bits for file access count 222, 12 bits for a 

nine-day history field 223, 16 bits for an 80-day history field 224, and 13 bits for the long-

35 term history 225. 
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Note that it may .be important to write Ol,lt an u~ed file access history attn'bute . 

when setting the file ac:ceSs count to 1 or 2 wh~ the nine-clay bistmy field 223 is .zero. 

As discussed above, date of history field 221 may comprise a date on which a file 
. . 

access history was last updated. In Order to reduce or e1irninau, upda1ins file access history 

S attn'bute 220 for files which are not accessed, one ~e, or possibly ono bit in date of 

bistmy fidd 221 may be set aside to indicate that a 164,u (or pouably less) "absolute" 

encoding of the date ofhistory is being used· If absolute~ of the date of history is 

being used, date of'history field 221 may encroach on. some of the other fields in file access 

history lttribute 220. 

10 It may be ilDportant to carefblly select which fields within file access history 
. . . . 

attn1>ute 220 which may be encroached upon in order to IU.ow infi:equently accessed files to 

always use an absolute date. ODly heavily accessed files may use a small date field to 

identify a date of last acc;ess. In .particular, oldest days in nine-day history field 223 should 

be utilized·first fOr additional absohlte data bits. 

ts In the prefened embodiment, file access count 222 and Dino-day history field 223 

should not be encroached upon. Whatever parts of the file access history attribute 220 are 

encroached upon for an absolute date may be assumed to indicate no access during this 

point in ~e. If this is.nQt t1Ue, then an absolute date of access history may not be utilized. 

Even absolute date encoding may comprise I• than 16 bits. In such a case, two 

20 context-sensitive date syst~ may be in use. Two 16-bit absolute date values may indicate 

two different beginnings; one for a current epoch and one h a previous epoch. One 9-bit 

absolute date may aJlow changing of epoch every 256 days, fordng reconstruction of a file 

access history, even for files which have not been accessed in a long time, to about once a 

year. 

25 Such updates could be done· at very low priority as a. background processins job 

within portable computer 130. It should be noted that forpurposes·ofillustration, such a 

background jol) is discussed u being performed on portable computer 130. However, such 

background jobs may also be performed on other computers (e.g., desktop computer 120) . . . 

where file history data or disk caching is req'41irecl 
30 Moreover, such file bistmiea may be maintained Witmn files stored within file 

storage unit(s) ISO coupled to network 110 which in tum may run a maintenance pus 
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program as a background job. Network 110 may use file history data to detennine which . 

files within file storage unit(s) ISO are to be archived (e.g., backup tape or the like). 

Many system designers may want to simplify the design, and a cost of 16 bits per 

file attribute may be tine. Thus, there is a viable 96-bit (12-byte) encoding: 16-bit date of 

S histmy field 221, 4-bit current file access count, 18-bit nine-day history field 223, 40-bit 80-

day history field 224 with DO intensity information, and 18-bit long-term history field 225. 

As discussed above, the technique of the present invention may be employed both 

within an operating system software and/or as a background •maintenance" job, or may be 

employed u part of device driver software, applications software, or the like. Upon 

10 operation, the software of the present invention may determine file access history, as 

discussed above, upon access to a file within local storage 131, and/or as part of a 

bacqround "maintenance• job.· Such a maintenance job may take any number of hours, 

days, or even weeks to complete for the entire contents of local storage 131. 

Once an updated file access history attribute 220 bas been assembled, the file access 

15 history attnlnite 220 may be written onto local storage 131 u part of a file header. Disk 

caching software (optional), which may be provided as part of a package with file access 

history software, or may be provided u a separate package or by another vendor, may then 

utili7.e the file access history to perfonn disk caching on portable computer 130. With 

improved file access history attribute 220 available, disk caching software may more 

20 accurately cache relevant files onto local storage 131. 

ACCESS FUNCTIQNS 

W'lth any complex encoding, an important element is a iet of access functions which 

allow essential information which bas been encoded to be provided in a convenient manner. 

25 Several different access functions may be readily supplied. The purpose of access functions 

is to provide information, especially to caching algoritluns and the like such that various 

caching algorithms using various policies can calculate a priority for each file. Low priority 

files may be early candidates for replacement, while high priority files may be late 

candidates for replacement. 

30 Despite its inherent drawbacb, the Least Recently Used replacement a)goritbm 

performs surprisingly well in many situations. However, the Least Recently Used 

replacement algoritbin haS one major flaw; if a user accesses a large number of files at one 
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time, then the entire cache may be filled with useless information. Thus,. an improved 

caching algorithm may ensure files which have been used consistently are not discarded in 

&vor of files whidt are used less cOnsistendy. 

Access fimctions have sipjficant cost if the size of information returned is large. 

S Since the amount of information encoded about each· :6Je is substantial. it may be easy to 

write an access fimction which may return about 100 ~of data which provides, in·a 

simple and consistent format, access information abo~ a.file over its history. One such 

iilnction may be required, but it may only be µsed with low :tiequency. The most desired 

access tbnction may be one which provides a 32-bit priority in which various information is 
. . . . ·. . . . . 

I 0 encoded in a lliaDner which alloWs simple modification of the priority by modifying specific 

bytes or fields within the 32-bit priority. 

Files in a computer may be retained according to the following priority~ rated 

highest to lowest u follows: 

1) Ydes used consistently ever Jim:e they were mated. 

IS 2) Fdes used consistently recently. 

. 3) Files not accessed recently, 1Jut used consistently over a long period of time. 

4) Fdes created on the laptop, but not used recently. 

S) Files which are needed periodically, but are~ used outside of their period 

oftime .. 

20 6) Fdes accessed once today. 

7) Files used only once several days ago. 

BASIC PRIORITY ACCESS FUNCTION 

Thirty-two bit priority encoding may be created containing usetbl semantic 

· 2s information, but which may be readily manipulated by software wbicm prefels a different 

prioritization of the files. The purpose of each byte may be identift~ starting with the high 

order byte, as foBows: 

1) Consistencyofaccess 

a) Accessed consistently recently, cocle: 3 

30 b) Accessed consistently, but not now, code: 2 

c) Accessed consistently, but in distant past, code: 1 

d) Never accessed consistently, code: 0 
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~if)rofuse 

a) Significant activity flY«Y day 

b) % of days have significant activity - 8 states, not precise 

c) Not significant activity 

d) % of days with DO sipificant activity • 8 states 

Period of intensity 

4) Period of inactivity since period of intensity - negative - makes long period 

of inactivity lcrwer priority 

Thus, a thirty-two bit priority word may be divi~ into four bytes. If this is a 

generali7.ation of the Least Recently Used qoritbm, for a file which has been accessed 

today there may be ways of distinguishing the priority of different files based on consistency 

of access. This prioriti7.ation prefers tiles which have been aecessed consistently at some 

1 S point in time to files which have been accessed now. 

A file caching algorithm may provide some significant clislc space to files which have 

been accessed today but have not been accessed consistently. There may preferably be 

upper and lower limits on such allocated disk space. Utilintion of such disk space may 

depend upon how many tiles have been accessed recently but not consistently and how 

20 many files have been accessed· consistently. 

Encoding the consistency of access may comprise an integer values 0-3. The 

intensity of access may comprise an integer values 0-lS; 0-7 if no significant activity, giving 

percentage of days of activity during the period of activity, and coding 8-15 giving 

percentage of days of significant activity during the period of activity. Percentages are 

2S encoded semi-logarithmically, not linearly. thus code 7: 80-100%, code 6: 60-790..4, code S: 

4S-S9%, code 4: 30-44%, code 3: 20-290..4, code 2: 13-19'..4, code 1: 6-12%, c:ode O: O­

S%. 

The encoding of the period of activity may comprise an integer values 0-255 giving 

the number of days in the period of activity. The encoding of the period of inactivity may 

30 comprise integer values 0-2SS, with 255 being zero days of inactivity, 254 being one day of 

inactivity; and 0 being 2SS days of inactivity. 
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COMPLETE HJSTOllY ACCESS FUNCTION 

The complete history access function may be fairly simple. Fde access history may 

be diVidecl into two parts; the first 90 days and long-term history. For the first 90 days, a 

byte array may be provided containing the intensity of access on each day. For long-term 

S history, the numbers in the encoding may be provided in a conwPent form as follows: 

10 

1) Byte array for 90 days, intensity of access on each day, code O: no access, 

code 1: one access, code 2: 2 accesses, code 3: 3 accesses, code 4: 4 

&CCWSs eode S: more than 4 accesses 

2) Number of long-term periods recorded 

3) Average period of activity, in days 

4) ·Average period of inactivity, in days 

S) Average intensity of access 

6) Current period activefmactive 

IS 7) Length of current period 

8) Intensity of access in current period 

This representation may be independent of all of the variations between options, 

allowing user code to be independent of the internal representation of the bistoiy of access. 

20 Additional tbnetions may include the Date of History Access·F~ which 

returns the date of history as a 16-bit integer, This fimction may be used to minimi• the 

number of times calls are made to the access priority fianction. The Toda.Ys File Access 

Count Access Function may return the count of accesses. occurring on today's date. 

2S UPDATE FUNCTIONS 

The operating system may need to update the history of access. There may be two 

basic access fimctions; increment access count, and update history. The incRment access 

count function may require access to a current date as a gl~al variable. The update history 

function also accesses the current date as a global variable. 

30 One requirement for caching technology is that such functions may need to be 

relatively &st. Thus, for example, the 80-day history need not updated every day, but 
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rather only once eVeftj· 10 days. The nine-day history may be updated, for example, a -

maximum of once a day. 

INCREMENT ACCESS COUNT 

S This tbnction may require only one argument, namely a pointer to a histoiy of 

access data structure. Jn addition, the increment access count may have access to the 

global variable comprising todBys date. in the 16-bit format which· may be required by 

history of access software. The increment access count ·may update the history of last 

access in the history of access structure, if necessary. 

10 The Increment Access Count tbnction should return a value of 0 if a high priority 

15 

change was made to the history of access, 1 if a low-priority change was made to the 

history of access, and 2 if no change was made to the history of access. This information is 

likely to be used to determine how rapidly this file access information needs to be written 

onto the disk. 

upDATE tnSTORY 

This function may take the same argument as the increment function, a pointer to a 

history of access data structure. It may also use the global variable for today's date. The 

update history timction may update the history of last access in the data structure to be 

20 toclaYs date. The update history function may return a boolean value indicating whether it 

was necessary to update the structure or not. 

JNITIAT.!?;E WSTORY S'mUC'OJRE 

This function is invoked when creating a new history structure. The initialize 

25 history structure may initialize a new history structure to indicate toc:laYs date, but no 

access. It may fi.u1her take a pointer to the history of access structure. 

While the preferred embodiment and various alternative embodiments of the 

invention have been disclosed and described herein, it may be apparent to those skilled in 

the art which various changes in form and detail may be made without departing from the 

30 spirit and scope of the invention. 

For example, the main alternative which may be certain to contain the information 

needed is this 17-byte encoding; 16-bit date of history field 221, 9-bit file access count, 27-
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bit nine-day history field.223, 64-bit 80 day history field 224, and 18-bit long-term history. 

:tield225. 

This encoding may be used for people who want to experiment in optimizing the 

replacement algorithm. Once the algorithm has been optimized, then the part of the 

S encoding which is not needed can be eliminated. Thus, another eventual alternative s a 64-

bit file attn"bute which is likely to utilize 16 bits of date of history .field 221, 3 bits of access 

count, 18-bit nine-day history field 223, and 27 bits of long-tenn history field 224. 

Moreover, while disclosed· herein as storing file access history attribute 220 within 

corresponding file header, it may also be possible to store file access history attribute( a) 

10 · 220 in a central file location or in another storage area. 

In addition, while discussed above as being used for tile access history encoding, the 

present invention may also be applied to ~ases. Another elemeJlt of disk space 

management may reside in which portions of corporate data&...ses are replicated in a laptop 

in order to allow disconnected operation of business applications. In mch cases, each 

1 S record may require a history of access. All of the techniques discussed above for file access · 

history encoding may also be applied to the history of access of individual records in a 

database. 

Some corporate databases exist outside of file systems. While smaller databases . 

may reside entirely on a laptop or PC, larger ~ases may require additional storage. For 

20 such larger databases, a history of access for eacll locally replicated database record copy 

may be generated. Similarly, the techniques of the present invention may be applied to 

messages in a groupware discussion database or the like. 
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1. A method for encoding a file access history comprising the steps of: 

·generating a file access history date data field representing a file access history date 

Upon one of which a file access history and a file access for a particular file has occurred, 

generating a current access history data field representing a level of access for the 

S particular tile on the file access history date, . 

generating a near term history data field representing levels of access for the 

particular file for a fint predetermined number of days preceding the file access history 

date, 

combining the file access history date data fieJd, the current access history data 

10 field,. and the near term history data field into a tile access history attribute, and 

storing the Ile access history attnDute in a memory. 

2. The method of claim 1, tbrther comprising the step of generating a long term 
. . 

history data field representing at least average levels of access for the particular file for a 

lS long term period preceding the first predetermined number of days of the near term history, 

wherein said step of combining further comprises combining the file access history 

date data field, the current ~ history data field, the near tenn history data field, and the 

long term bi.story data field into a file access history attribute. 

20 3. The method of claim 2, filrther comprising the step of generating a quarterly 

history data field representing levels of access for the particular file for a second 

predetermined number of days preceding the first predetermined number of days of the near 

term history but after the long term period of the long term history, 

wherein said step of combining further comprises combining~ file access history 

25 date data field, the current access history data field, the near term history data field, and the 

long term history data field into a file access history attnbute. 

4. The method of claim 1, wherein said step of generating a file access history date 

data field comprises the steps of: 
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reading a file maintenance history start date absolute date data field stored in a • 

memory, 

reading a current date absolute date data field stored in a memory, 
. calculating a difference between the current data and the file maintenance history 

s start date, and 

storing the difference as a relative me 8ccel$ history date upon one of which a file 

access history and a file access for the particular file bas occurred. 

5. The methOd of claim 3, wherehi said step of generating a neat term history data 

10 field.comprises the steps of: 

retrieving a previously stored file access history elate data field representing a file 

access history d&te upon one of which a file access history and a file access for the 

particular file bad occurred, 

retrieving a current date absolute date data field stored in a memory, 

15 retrieving a previously stored current access history data leld 1epreserating a level of 

aecess for the partiCular file on~ previously sto~ file 8CCel$ history date, 

retrieving a previously stored near term history da~ field representing levels of 

access· for the particular file for the first predetermined DU111ber of days preceding the 

previous file access history date, ll_ld 
20 generating. :from the previously stored current access history data field and 1he 

previously stored near term history data field, a DB term history da~ field representing 

levels of access for the file for the first predetermined number of days preqding the cw:Tent 
date. 

25 6. The methOd of claim S, wherein said step of generating a long lenD history data 

field comprises the steps of: 

retrieving a previously stored file access history date data field representing a file 

access history date upon one of which a file access history and a file access for the 

particular file had occurred,. 

30 retrieving a current date absolute date data fi'*1 stored in a memory, 

retrieving a previously stored current access history data field representing a level of 

access for the particular file on the previously stored file access history date, 
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retrieving a previously stored near term history data field representing levels of­

access for the panicular file for a first predetermined number of days preceding the 

previously stored file access history date, 

retrieving a previously stored long term history data field representing levels of 

S access for the particular file for the long term period preceding the previously stored near 

term history, and 

generating, ftom the previously stored current access history data field, the 

previously stored near term history data field, and the previously stored long term history, a 

long term history data field representing levels of access for the particular file for the 

10 second predetermined number of days preceding the first predetermined number of days 

preceding the current date. 

7. The method of claim S, wherein said step of generating a quarterly history data 

field comprises the steps of 

1 S retrieving a previously stored file access history date data field representing a file 

access history date upon one of which a file access history and a file access for the 

particular file had occurred, 

retrieving a current date absolute date data field stored in a memory, 

retrieving a previously stored current access history data field representing a level of 

20 access for the particular file on the previously stored file access history date, 

retrieving a previously stored near term history data field representing levels of 

access foi the particular file for a first predetermined number of days preceding the 

previously stored file access history date, 

retrieving a previously stored quarterly history data field representing levels of 

2S access for the particular file for the second predetermined number of days preceding the 

first predetermined number of clays of the previously stored near term history but after the 

long term period of the previously stored long term history, and 

generating. fi'om the previously stored current access history data field, the 

previously stored near term history data field, and the previously stored quarterly history, a 

30 quarterly history data field representing levels of access tor the particular file 1br the second 

predet~ned number of days preceding the first predetermined number of days preceding 

the current date. 
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8. The method of claim 7, wherein said step of generating a long ierm history-data. 

field comprises the steps of 

retrieving a previously stored .file access history date data field representing a file 

access history date upon one of which a file .accesi history and a file access tor the 

s particular me bad occurred, 

retrieving a current date absolute date data field stored in & memory, 

retrieving a previously stored current access history data field representing a level of 

access for the particular me on the previously stored file access history date, 

retrieving a previQUsly stored near term history data field~ levels of 

10 access for the partiadar file for a first predetermined nuinber ()f days preceding the 

previously stored file access history date, 

retrieving a previously stored quarterly history data field representing levels of 

access for the particular file for the second predetermined munber of days preceding the 

first predetermined number of days of the pnMC>usly stored near term history but after the 

15 long term period of the previously stored long term history, 
retrieving a previously stored long term history data field representing levels of 

access for the particular file for the long teim period prececfing the first predetermined 

number of days of the previously stored near tenn hisiory and preeeding the second 

predetermined number of days of the previously stored quarterly history, and · 

20 generating. fi'om the previously stored current access history data field, the 

previously stored near term history data field, the previously stored quarterly history, and 

the previously stored Ions term history, a long tenn history data field representing at least 

average levels of access for the particular file for a long .-in period preceding the :first 

predetermined number of days and the second predetermined number of days preceding the 

25 current date. 

9. The method of claim 8, wherein said step of generating a long term history data 

field further comprises the step of: 

generating. from the previously stored current access history data field,. the 

30 previously stored near term history data field, the previously stored quarterly history, and 

the previously stpred long term history, a long term history data field further representing a 

level of access and continuous length of which level of access for the particular file for a 
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· period ending on the day preceding the first predetermined number of days and the second 

predetermined number of days preceding the current date. 

10. The method of claim 9, wherein the first predetermined number of days 

S comprises nine days, and the near term history data field comprises nine pairs of bits of 

data, each pair of bits within the nine pairs of bits representing a level of access of one of 

·nine days preceding the file access history date. 

11. The method of claim 10, wherein the second predetermined number of days 

1 O comprises 80 days, and the quarterly history data field comprises eight groups of five bits of 

data, each five bits of data representing levels of access for the particular file for a ten day 

period during the 80 days preceding the first predetermined number of days of the near 

tmm bistmy but after the long term period of the long term history. 

1 S 12. The method of claim 11, wherein the long term history data field comprises 

eighteen bits of data, said eighteen bits of data comprising: 

four bits of data representing an average length of contiguous periods of inactivity 

within the long term period, 

four bits of data representing an average length of contiguous periods of activity 

·20 within the long term period, 

five bits representing the total number of periods sampled in the long term period, 

four bits representing the length of the period ending on the day preceding the first 

predetermined number of days and the second predetermined number of days preceding the 

current date, and 

2S one bit representing the level of activity during the period ending on the day 

prereding the tint predetermined number of days and the second predetermined number of 

days preceding the current date. 

13. A series of operational steps to be performed as a background computer job for 

30 · updating a file history attribute, comprising the steps of: 

generating a tile maintenance history start date absolute date data field representing 

a start date of the.background computer job, 
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storing a :ti.le maintenance history start date absolute elate ~ field in a memory, 

accessing. in a sequence, a number or files stored in a memory of a computer, said 

accessing sequence comprising the steps of 

retrieving a file history attribute header, including a relative file access 

S history date Ind a file access history, ftom a file, 

reading the file maintenance history start date absolute date data field trom 
the memory, 

reading a current date absolute date data fieJd stored in a memory, 

calc\llating a difFerence between the current data and the file maintenance 

1 O history start date,. 

15 

storing the difFerence in the file header as a new relative tile access history 

date, 

recalculating the file access history relative to the current date to produce an 

updated fiJe access history, and 

storing the recalailated file access history in the file header. 

14. A computer-readable memory for directing a computer to generate a file access 

history when used by the computer, said computer-readable memory comprising: 

a first instruction portion for generating a file access history date data field 

20 representing a file access history date upon one of which a file access history and a file 

access for a particular file has OCCWTed; 

a second instruction portion for generating a current access history data field 

representing a level of access for the particular file on the file access ~ry date; 

a third instruction portion (Qr generating a near term history data field representing 

25 levels of access for the panicular file for a first predetermined number of days precedhig the 

file access history date; 

a fourth instruction portion for combining the file access history date data field, the 

current access history data field, and the near term history data field into a file access 

history attnbute; and 

30 a fifth instruction portion for storing the file access history attn'bute in a memory. 

lS. The comPuter-readable memory of claim 14, fiuther comprising: 
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a sixth instruction.ponion for generating a long term history data field representing 

at least average levels of access for the particular file for a long term period preceding the 

first predetermined number ·or days of the near t~ history; 

wherein said fourth instruction portion for combining further comprises instructions 

· S for combining the file access history date data field, the current access history data field, the 

near term history data field, and the lODS term history data field into a tile access history 

attribute. 

16; The computer-readable memory of claim IS, fbrther comprising: 

10 a seventh instruction portion for generating a quarterly history data field 

representing levels of access for the particular file for a second predetermined number of 

days preceding the first predetermined number of days of the near term history but after the 

long term period of the long term history; 

wherein. said fourth instruction pOrtion for combining further comprises instructions 

1 S for combining the file access history date data field, the current access history data field, the 

near term history data field, and the long term history data field into a :file access history 

attribute. 

17. The computer-readable memory of claim 14, wherein said first instruction 

20 portion for generating a file access history elate data field comprises: 

an sixth insttuction portion for reading a file maintenance history start date absolute 

date data field stored in a memory; 

a seventh instruction ponion for reading a current date absolute date data field 

stored in a memory; 

25 a ninth instruction portion for calculating a ditferen.ce between the current data and 

30 

the file maintenance history start date; and 

a tenth instruction portion for storing the difference as a relative file access history 

date upon one of which a tile access history and a file access for the particular file has 

occurred. 

18'. The computer-readable memory of claim 16, wherein said third instruction 

portion for generating· a near term history data field comprises: 
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an eighth instruction portion for retrieving a previously stored file .access history 

date data field representing a file access history date upon one of which a file access history 

and a file access for the particular file had o~; 

· a ninth instruction portion for retrieving a current date absolute elate data field 

S stored in a memory, 

a tenth instruction portion for retrieving a previously stored current access histocy 

data field representing a level of access for the particular file on the previously stored file 

access history date; 

an eleventh instruction portion for retrieving. a previo\ISly stored near term history 

10 data field representing levels of access for the·particular tile for the first predetermined 

number of days preceding the preVious file access history date; and . 

a twelfth insuuction portion for generathig, ftom the previously stored current 

acceis history data field and the previously stored near term. history data·~ a near term 

history data field representins levels of access for the file for the first predetermiiied number 

ts of days preceding the cumnt date. 

19. The computer-readable memory of claim 18, wherein said sixth instruction 

portion for generating a long term history data field comprises: 

a thirteenth instruction portion for retri~ a previously stored file access history 

20 date data field representing a file access history date upon one of which a file access history 

and a tile access for the particular file bad oCCWTed; 

an fourteenth insuuction portion for retrieving a current date absolute date data 

field stored in a memory; 

a fifteenth instruction portion for retrieving a previously stored current access 

25 history data field representing a level of access for the particular file on the previously 

stored file access history date; 

a sixteenth instruction portion for retrieving a previousl~ stored near term history 

data field representing levels of access for the particular file for a first predetermined 

number of days preceding the previously stored file access history date; 

30 a seventeenth instruction portion for retrieving a previously stored long tenn history 

data field representing levels of access for the particular me for the long term period 

preceding the previously stored near term history; and 
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an eighteentli •i.Dstruction portion for generating, ftOOt the previously stored current . 

access history data field, the previously stored near term history data field, and the 

previously stored long tenn history, a long term history data field representing levels of 

access for the particular file for the second predetermined number of days preceding the 

S first predetermined number of days preceding the cummt date. 

20. The computer-readable memory of claim 18, wherein said seventh instruction 

portion for generating a quarterly history data field comprises: 

a thirteenth instruction portion for retrieving a previously stored file access history 

10 date data field representing a file access history date upon one of which a file access history 

and a file access for the pariicuJar file had occurred; 

a fourteenth instruction portion for retrieving a current date absolute date data field 

stored in a memory; 

a fifteenth instruction portion for retrieving a previously stored current access 

IS history data field representing a level of access for the particular file on the previously 

stored file access history date; 

a sixteenth instruction portion for retrieving a previously stored near term history 

data field representing levels of access for the particular tile for a first predetermined 

number of days preceding the previously stored file access history date; 

20 a· seventeenth instruction portion for retrieving a previously stored quarterly history 

data field representing levels of access for the particular file for the second predetermined 

number of days preceding the first predetermined number of days of the previously stored 

near term hiStory but after the long terin period of the previously stored 10!1$ term history; 

and 

25 an eighteenth instruction portion for generating, from the previously stored current 

30 

access history data field, the previously stored near term history data field, and the 

previously stored quarterly history, a quarterly history data field representing levels of 

access for the particular file for the second predetennined number of days preceding the 

first predetermined number of days preceding the current date. 

21. The computer-readable memory of claim 20, wherein said sixth instruction 

portion for generating a long term history data field comprises: 
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a nineteenth instruction portion for retrieving a ~01.1sly stored file acceis history 

date d8ta field representing a file access history date upon one of which a file access history 

and a file access for the particular file had OCCUJTed; 
a twentietli instruction ponion for retrieving a current date absolute date data field 

5 stored in a memory; 

a twenty-first instruction portion for retrieving~ previously stored current access 

history data field representing a level of access for the particular file on the previously 

stored file access history date; 

a twenty-second instruction portion for retrieving a previously stored near term 

1 o history data field representing levels of access for th~ particular file for a first 

predetermined number of days preceding the previously stored file access history date; . .. . . 

a twenty-third instruction portion for retrieving a previously stored quarter)y history 

data field representing levels of access for the parW:u1al' file for the second predetermined 

number of days preceding the first predetermined number of days of the preViously stored 

1 S near term histmy but after the long term period of the previously stored long term history; 

a twenty-fourth instruction portion for retrieving a previously stored long term 
history data field representing levels of access for the.i>.m~ file for the long term period 

preceding the first. predetermined number of daY$ of the previously. stored near term history 

and preceding the second predetermined number of clays ·of the previously stored quanerly 

20 history; and 

a twenty-fifth instruction portion for generating, ftom the previo-1y stored cummt 

access history data field, the previously stored near term history data. field, the ~ously 

stored quarterly history, ind the previously stored long term history, a long term history 

data field representing at least mnge levels of access for the particular file for a long term 

25 period preceding the first predetermined number of clays and the second predetermined 

number of days preceding the current date. 

22. The computer-readable memory of claim 21, ~said sixth insttuction 

portion for generating a long term histoiy data field tbrther comprises: 

30 a twenty-sixth insttuction portion for generating, from the previously stored current 

· access history. d8ta field, the previously stored near term history data field, the previously 

stored quarterly history, and the previously stored long term history. a long term history 
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data field :further representing a level of access and continuous length of which level of 

access for the particular file for a period ending on the day prec•Hng the first 

predetermined number of days and the second predetennined number of days preceding the 

current date. 

23. The computer-readable memory of claim 22, wherein the first predetermined 

munber of days comprises nine days, and the near term history data :field comprises nine 

pairs ofbits of data, each pair of bits within the nine pairs ofbits representing a level of 

access of one of nine days preceding the file access history date. 

24. The computer-readable memory of claim 23, wherein the second predetermined 

number of days comprises 80 days, and the quarterly history data field comprises eight 

lfOUPI of five bits of data, each five bits of data representing levels of access for the 

particular tile for ten day period during the 80 days preceding the first predetermined 

1 S number of days of the near term history but after the long term period of the long term 

history. 

25. The computer-readable memory of claim 24, wherehl the long term history data 

field comprises eighteen bits of data, said eighteen bits of data comprising: 

20 four bits of data representing an average length of contiguous periods of inactivity 

within the long term period, 

four bits of data representing an average· length of contiguous periods of activity 

within the long term period, 

five bits representing the total number of periods sampled in the long term period, 

25 four bits representing the length of the period ending on the day preceding the first 

predetermined number of days and the second predetermined number of days preceding the 

current date, and 

one bit representing the level of activity during the period ending on the day 

preceding the first predetermined number of days and the second predetermined number of 

30 days preceding the current date 
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26. A method for: encoding a record access history comprising the steps of: -

generating a record access history date data field representing a record access 

history date upon one of which a record access history and a record access for a particular 

record has occurred, 

S generating a current access history data field representing a level of access for the 

particular record on the record access. history date, . 

generating a Dear term history data field representing levels of access for the 

particular record for a first predetermined number of days preceding the record access 

history date, 

10 combining the record access history date data field, the current access history data 

field, and the near tam history data field into a record access history attribute, and 

storing the record aeccss history attribute in a memory. 

27. The method Of claim 26, tbrther Ct)mprising the step of generating a long term 

1 S history.data field tepJ"esentirig at least average levels of aCcess for the particular record for a 

IO!lg term period preceding the first predetermined number of clays of the near term history, 

wherein said step of combining further comprises combining the record access 

history date data fiel~ the current access history data field, the near term history data field, 

and the long term history data field into a record access history attribute. 

20 

28. The method of claim 27, fhrther comprising ~e step of generating a quarterly 

history data field representing levels of access for the particular record for·a. second 

predetermined number of days preceding the first predetermined number of days of the near 

term history but after the IODg term period of the long term hi~, 

2S wherein said step of combining further comprises. com~ning -the record access 

history date data field, the current access history data field, the near term history data field, 

and the long term history data field into a record access history attribute. 

29. The method of claim 26, wherein said step of generating a record access history 

30 date data field comprises the steps of: 

reading a record maintenance history stan date absolute date data field stored in a 

memory, 
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reading a curi#it date absolute date data field stored in a memory, 

calculating a difference between the current data and the record mrimenance history 

start date, and 

storing the difference u a relative record access history date upon one of which a 

S record access history and a record access for the particular record bu occurred. 

30. The method of claim 28, wherein said step of generating a near term history 

data field comprises the steps of 

retrieving a previously ... record access history date data field representing a 

10 record access history date upon one of which a record access history and a record access 

for the particular record had occurred. 

retrieving a current date absolute date data field stored in a memory, 

retrieving a previously stored current access history data field representing a level of 

access for the particular record on the previously stored record access history date, 

1 S retrieving a previously stored near term history data field representing levels of 

access for the particular record for the first predetermined number of days preceding the 

previous record access history date, and 

generating, from the previously stored current access histmy data field and the 

previously stored near term history data field, a near term history data field representing 

20 levels of access for the record for the tint predetermined number of days prwsdjng the 

current date. 

31. The method of claim 30; wherein said step of generating a long term history 

data field comprises the steps of: 

25 retrieving a previously stored record access history date data field representing a 

record access history date upon one of which a record access history and a record access 

for the particular record bad occurred, 

retrieving a current date absolute date data field stored in a memory, 

retrieving a previously stored current access histmy data field representing a level of 

30 access for the particular record on the previously stored record access history date, 
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retrlevhis a previausly stored near term history data field representing levels of­

access for the particular record for a first predetermined number of days preceding the 

previously stored record access history date, 

retrieving a previously stored long teim history data field represeniing levels of 

S access for the particular record for the long term period preceding the previously stored 

near term history, and 

generating, &Om the previously stored current access history data field, the 

previously stored near term history data field, and the preWously stored long term histoiy, a 

long term history data field representing levels of access tbr the particular record for the 

1 O second predetermined number of days preceding the first predetermined number of days 

preceding the current date. 

32. The method of claim 30, wherein said step of generating a quartedy history 

data field comprises the steps of: 

1 S retrieving a previously stored record access history date data field representing a 

record access history elate upon one of which a record access history-and a record access 

for the particular record had occurred. 

retrieving a current date absolute date data field stored in a memory, 

retrieving a previously. stored current access history data field represeniing a level of 

20 access for the particular record on the previously stored record access bistoiy date, 

retrieving a pmriously stored near term history data field representing levels of 

access for the particular record for a first predetermined number of days prec«Jing the 

previously stored record access history date. 

retrieving a previously.stored quarterly history data field representing levels of 

25 access for the particular record for the second predetermined number of days-preceding the 

first predetermined number of days of the previously.stored near term history but after the 

long term period of the previously stored long term history, and 

generating, from the previously stored current ~ history data field, the 

previously stored near term history data field, and the previously stored quarterly history, a 

30 quarterly history data field representing levels of access for the particular record for the 

second predetermined number of days prec«Jing the first predetermined number of days 

preceding the current date. 
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33. The metlfua of claim 32. wherein said step of generating a long term histmy 

data field comprises the steps of: 

retrieving a previously stored record access history date data field representing a 

record access history date upon one of which a record access history and a record access 

s for the particular record had occurred, 

retrieving. a current date absolute date data field stored in a memory. 

retrieving a previously stored cummt access history data field representing a level of 

access for the particular record on the previously stored record access history date, 

retrieving a previously stored near term history data field representing levels of 

10 access for the particular record for a first predetermined number of dayS preceding the 

previously stored record access history date, 

retrieving a previously stored quarterly history data field representing levels of 

access for the particular record for the second predetermined number of clays preceding the 

first predetermined number of days ·of the preyiously stored near term history but after the 

15 long term period of the previously stored long term history, 

retrieving a previously stored long tenn history data field representing levels of 

access for the particular record for the long term period preceding the first predetermined 

number of days of the previously stored near term history and preceding the second 

predetermined number of days of the previously stored quarterly history, and 

20 generating, from the previously stored current access history data field, the 

previously stored near term history data field, the preYiously stored quarterly history, and 

the previously stored long term history, a long term history data field representing at least 

average levels of access for the particular record for a long term period pniceding the first 

predetermined number of days and the second predetermined number of days preceding the 

25 current date. 

34. The method of claim 33, wherein slid step of generating a long term history 

data field further comprises the step of: 

generating. from the previously stored current access history data field, the 

30 previously stored near term history data field, the previously stored quarterly history, and 

the previously stored long term history, a long term history data field further representing a 

level of access and continuous length of which level of access for the particular record for a 
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period ending on the day preceding the first predetermined number-of days l!1d the second. 

predetermined number of days preceding the CWTeDt date .. 

35. The method of claim 34. wherein the first predetermined number of days 

S comprises nine days, '1ld the near term history data field comprises nine pairs of bits of 

data, each pair of bits within the nine pairs ofbits representing a level of access of one of 

nine days preceding the record access history date. 

36. The method of claim 35, wherein the second predetermined number of days 

10 comprises 80 days, and the qUarterly history data field comprises eight groups of five bits of 

data, each five bits of·data representing leyels Of acces$ fc)r the particular record for ten day 

period during the 80 days preced;ng·the first predetermined IUDDber of days of the near 

term history but after the long term period of the long term history. 

15 37. The method ofdaim 36, wherein the long term history data field comprises 

eighteen bits of data. said eighteen bits of data comprising: 

four bits of data representing an average length of contiguous periods of inactivity 

within the long term period, .· 

four bits of data representing an average length of contiguous periods of activity 

20 within the long term period. 

five bits representing the tQtal number of periods sampled in the long term period. 

four bits representing the lensth of the period ending on the day preceding the first 

predetermined number of days and the second predetermined number of days preceding the 

current date, and 

2S one bit representing the level of activity during the period ending on the day 

30 

preceding the tint predetermined number of days and the second predetermined number of 

days preceding the current date. 

38. The method of claim 26, where.in the record comprises a message .. 

-43-


