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SMART CARD STORAGE SYSTEM AND FILE MANAGEMENT
METHOD THEREIN BACKGROUND OF THE INVENTION 5 1. Technical
Field This invention relates to embedding technologies, and more
particularly, to a smart card storage system and file management method
theMihRltkeRid STEHRA CBrEY SAFDS B NOKHN 2 MYSBoAGHONEN T
Related Art 10 With increasingly widespread use of smart cards,
functional requirements oMEr%érQ?arg &BdBbming more and more
diversified, which drives the smart cards to be developed ever faster in
respect of hardware configuration. For example, CPUs are evolving from

'QJﬁ' ?ﬂﬁl j &l,{g%ﬂ)}el%ﬁ-})it ones that are in extensive use

BAér?ogv(\?%wards tﬁ%ﬁﬂnes at are becoming increasingly popular; 15

1. TEREMEHEFRIQ evolving from the original ROMs, RAMs and EEPROM
through NOR FLASH memories towards those combining the NOR

AibASH andi BN - ASEhBeethies tASMISSIEN IBRITARSS FHEVAMN to a
from IS07816 single-interfaces towards MMC, USB and similar

smarnoiticchianagt fast éintesfat Eéde anan pastictianye thedstiosage tapaeiticalef smart
increasing by orders of magnitude from the 20 original byte level through
cardghng Yyptd [EVE{ BNoresent towards the mega-byte and even giga-byte

level. All applications and data are stored in form of files in the smart
2. Desgriptigi of Redatethd Bhart cards completely comply with definitions

in the ISO7816 , specifications, i.e., are classified into directory files
SR R S8 G A S v rH CRESE GRS on

R s S P e T ——
to bENRHABHLE L9dheRRd the ASGRST BeaaWLEABAREHAGHE For example,
CPUs are evolving from the original 8-bit ones through the 16-bit ones that are in
extensive use now towards the 32-bit ones that are becoming increasingly popular;
memories are evolving from the original ROMs, RAMs and EEPROM through
NOR FLASH memories towards those combining the NOR FLASH and NAND
FLASH together; transmission interfaces are evolving from ISO7816
single-interfaces towards MMC, USB and similar muiti-channel fast interfaces; and
particularly, the storage capacity are increasing by orders of magnitude from the
original byte level through the K-byte level at present towards the mega-byte and
even giga-byte level.

All applications and data are stored in form of files in the smart cards. File
types in the smart cards completely comply with definitions made in the ISO7816
specifications, i.e., are classified into directory files and elementary files. The
elementary files are further classified into a plurality of types including binary files,

fixed-length record files, variable-length record files and circular files. External

access to data in a smart card is to the end the access to content of a particular file
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in the memory of the smart card. A conventional smart card generally has
a chip of small capacity, so it can only accomplish very limited functions.

In this case, management of the file system in the smart card is relatively
simple; in more detail, such a smart card typically adopts a sequential file

in tHePaREnH9csTiaR Rethedmich arrefidahsURRAHeYibIscreaahs a chip of

deletion and space recycling of files. Taking a popular mobile phone SIM
smatiavd@s an, exanpleafooal gagdcsupplastinge 00 ishiosdnassages.and 8ds case,

telephone numbers, if a user is not interested in short message services
manpgewents hibeefdpans fontaslisphonmnueabé s, itletcorlyesitigne) imobike detail,

phone SIM card fails to support complementary use of the short message

suchy oy sPAEECARd Bl s sUsarspHab fitcotrasanvdlasatiqairmeghod which
supplement the remaining shqrt message space to the telephone number
doe%aﬁﬁ%%%ﬁﬁ@%ﬁ%@t%&ﬁ& L B RATOR A € ?a'%smpmys

B R B, R O RS i S hine

exem smart car SNOWS a memory allocati

100 hif flenSteusye AR dheocRnyeRinna saritcard, Esae?h(f_i'ﬁom%é%%t%haiﬂ'@hm

directory entry and a file body space, in which the file directory entry

mes§@eOrds-reic nformatiomeliihefilee erar, dh1efie namemile 128 capsh$entional
on. It can be seen from Fig. 2 that, the conventional smart card manages

mobiilepivithettdseqaahtfallspacsuphocatompieihedtaynain tie tiscaibcatetessage
the 20 maximum space in the card automatically when it is created, while

spacstiediiibe trkepdemeentiniiealipeatsdispabenvoonding ttatlettinsepphement the
they are created and the size thereof. For example, when a sub-file is to

remy@ing SRAURSSF 386 EnAhiodihsctBlgPient BuRBeksaanndlérithin shortage
remaiging space . in the current di

bec e ok S R S T B SSSHIE PR Ocation

metBiarting address of the remaining space; otherwise, if the remaining
space is not large enough, the sub-file will fail to be created. This method

igllocagipg.ile;spacesinseaenceasdie fSolAWR8art card. Fig. 2 shows a
memory allocation method for the file structure in the conventional smart card.

Each file consists of a file directory entry and a file body space, in which the
file directory entry records basic information of the file, e.g., the file name, file size
and so on. It can be seen from Fig. 2 that, the conventional smart card manages
files with the sequential space allocation method: a main file is allocated the
maximum space in the card automatically when it is created, while other files are
sequentially allocated space according to the time when they are created and the
size thereof. For example, when a sub-file is to be created under the current
directory file, it is checked whether the remaining space in the current directory is
larger than size of the sub-file to be created. If it is, the sub-file will be created in
sequence from a starting address of the remaining space; otherwise, if the
remaining space is not large enough, the sub-file will fail to be created.

This method of allocating file space in sequence has the following
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2 disadvantages: (1) The system allocates space to a file according to the
size designated when it is created; since the address space is allocated in
sequence, a file will have a fixed location once it is allocated space
successfully. 5 (2) The file size, which is pre-assigned when the file is
disadreatagdecannot be altered once the file is created, so the file size remains
constant during the use thereof. This may cause cases where the space
dfl thEHies i tomal @ddimades sizaveatted f{8) dttailsltogprovite sreeftattiueted when
.. mechanism that allows spaces of the two files to complement each other
it is wacateri s e dgas spases fised ligcateddrescanencunddesizdtigpaca fixed

while the otheri allocated an oversized space. (4) Although the file

locagpn, angs peigaliesatafsnasscuicrstiUsteted file cannot be recycled in

t tem. because each newly created file is allocated a space startin

e IHe Shea b ke B CRBRLs™ TR (k08 rgR AL vttt be
alter®l] BRRIQIROF RPACR 181G cardyk> fﬁl% APPUCALoNS Of s E%@ﬁaﬁgﬁng the use

become increasingly diversified and the storage capacity thereo
ther RFTEBEETIEANHRUQUSH e SWHRR BROVBREODAIIle Management dnethRdyasted:

gradually becomes unable to satisfy the need in practical applications.

BRIEF {SLVI AIRX [AE i EfRMENTHIMh 201 ishayentionspspridesot the two
smart card storage system and file management method therein, and
filesale e peimtesnenstorah entheadimgnup datingrahthdetetionfohfiléd censatbdasged an
well as alteration of spaces occupied by the files. By combining a file
undeggfbeedishagbriathamthcs omerrisAasmuwtstssd syaeem and by

D A s o S e
be r%%:}:;f;goai?lseg}iégg %gﬁjsnﬁe%%%\%rﬁeeec %%:iggvﬁlefanﬁllzsggrgg%gbﬁgﬂ}geaEcggiasted a space
starting from the already allocated address spaces. This causes significant waste of
the storage space in the card.

As applications of smart cards become increasingly diversified and the storage

capacity thereof increases continuously, such a conventional file management

method gradually becomes unable to satisfy the need in practical applications.

BRIEF SUMMARY OF THE INVENTION

This mvention provides a smart card storage system and file management
method therein, and also relates to storage, reading, updating and deletion of files
created as well as alteration of spaces occupied by the files. By combining a file
allocation table (FAT) with a conventional smart card system and by employing a
new method of managing file creation, this storage system overcomes the problem
that the prior art does not support flexible creation, deletion and space recycling of

files.

The objective of this invention is accomplished in the following way:
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3 This invention provides a smart card storage system, which comprises a
storage area and a control unit. The storage area comprises an FAT
storage area and a data storage area for storing file content, in which the
FAT storage area comprises a plurality of FAT entries and the data
sidragearsuomyidesaasplaratitydoftdate shotks), sddhicosreppesdingoiage area
an 5 FAT entry. The control unit is configured to search in the FAT storage

and grgantEpl amit Afheatiprpemer e prrBPESreasoiidnttinagel ateaiodie detostirge area

to a cogrespondence relationship_between the FAT entry and the data )
for ipAE g ﬁ?étssh%wﬁﬁhg@olﬁﬁ@ﬁe%s RS GA AL It FAT entries

anddtﬁg %&Q’S%}ta{ ei %}Qa(? gg%ﬁ%%gd% érll trg 1‘%2}? gett ar %qgc%(;%% hg?g%%aaoalqﬁ%g to an

storage area tomprises ctory entry Storage u

FATLOnAe gt Ve 8RRy ang: adile ROdY SPASe SIRiRgS H{éitﬁ%%ﬁ% 3, fle RQAY, FaT

space, in which the file directory entry storage unit and the filé body

entrRACecsioralge filbitaneclacatediin: sifiarentdrtmbiacksolbg6AMARE relationship
recorded in the FAT entry represents a number of a next data block

betwosguied’by therguarehtifideddfattéockreadt tike doasohohhaiectidipexiddataontrol
block, the value 15 in the FAT entry is a particular value representing an
dynamipallsich ifiie dithetal sok isiutioc Slpiedichiel v thaalitatllerBgeTaemtry is a
particular value representing the unoccupied status. This invention
prdsidate S1RT8ES ST AeaMRIGIRY Filtle KHERFSPr Ih e aareaecusibfagstoring a file
._system, in which greating a new file comprises the steps of: 20 A. The )
dlre&%oﬁ%SPHPﬁi?E%eﬁ Sﬁﬂ?%@%ﬁﬁ%&g@é{ré&fﬁmﬂ%&&hﬂ% fPAge, in which

% b@%k ac ordin% to a corres%ond?nce

r d_finds an unoccupied d ‘
e P R R P A e B e i
difralacatesihginoccupied data block found to a file directory entry of the

file to be created, writes the file information, and alters a value of the FAT

eTkey cSht&RriespRRAING iddheAdatailock i@ a PArHGHIBENBINE next data block

representing an occupied status; C. Repeating Step A to search for
occupietbyplededatmbiiiek s tltoaating tile dnsceoytiade the next data block, the value
in the FAT entry is a particular value representing an end; and if the data block is
unoccupied, the value in the FAT entry is a particular value representing the unoccupied
status.

This invention provides a method of managing file creation in a smart card storage
system , in which creating a new file comprises the steps of:

A. The control unit searches in the FAT storage area for an unoccupied FAT entry, and
finds an unoccupied data block according to a correspondence relationship between the
FAT entry and the data block;

B. The control unit allocates the unoccupied data block found to a file directory entry
of the file to be created, writes the file information, and alters a value of the FAT entry
corresponding to the data block into a particular value representing an occupied status;

C. Repeating Step A to search for unoccupied data blocks, allocating the unoccupied

data blocks found this time to a file body space of the file to be created,
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data blocks found this time to a file body space of the file to be created, 4
altering FAT entries corresponding to the data blocks into particular values
that represent an occupied status so as to from an FAT entry linked list,
recording a number of the first data block into the file directory entry
altedeemAdedntriSsepoB;capdnditeging dmeFdeTachtockomesppadicg o theltast that
data block occupied by the file into 5 a value representing an end. The file
reprgfeninalic iteh Rasie 8 AsclodEemt Péa&/iﬂz fersidenkad Hstarecaeding a

block number. Prior to Step A, the control unit also determines a
numpBgi r?i?@ %ﬁ%&é@%éﬂ%&b@ﬁ iu‘i‘&“?&@}"&ﬁ&@é&‘}&rﬁi‘é‘iﬁéén Step B, and
execut ly if the remaining space under .10 the current directory, is .
e e (R LA e i OB R MR ES B e e

4 vAeat é%ﬁlgﬁg% yfile, then in Step C, the start data block number of
the fil the fifé directory entry records a number of a data block

opgunigd Ry dilaidhectienesninsel e fitshauk-filedahereated #ndel a start
the directory file, and the FAT entry corresponding to the data block

datobtagdedibpée 15 file directory entry of the first sub-file records a number
of a data block occupied by a file directory entry of the next sub-file to be
cRranedoubitigr thetbirectomolilenibatbsaletermmuss allrdataiblogkpace under the
linked together to form the FAT entry linked list of the file body space of
curkgiyt glressiony firndf Herhifs Bde ectieeriedrpalanicisrycmalnteh spasteynder

C, the start data .20 block number qf the file in the file directory entr

the FIEEFHE HIbINBel ot AT HEAR BRSRPBEE dYSie $ BB ALl
18 HERRNAUI ARG e TR SRTTRRRNAAGI (e RAL MRRhta block

records a number of the secon ock OCCleiéd y

nunfOdY SPAGE Aldhf SR ANan e Rrnhie SIERGIdNE SaRIERL W¥ 2189t block

counts the number of the data blocks in 25 the file body space of the
occaigmemary fiige ansbitzieRrine CORral MRk IBSER @ be created under the
directory file, and the FAT entry corresponding to the data block occupied by the
file directory entry of the first sub-file records a number of a data block occupied
by a file directory entry of the next sub-file to be created under the directory file,
and so on. Thus, all data blocks are linked together to forrﬁ‘the FAT entry linked
list of the file body space of the directory file.

If the file to be created is an elementary file, then in Step C, the start data
block number of the file in the file directory entry records a number of the first data
block occupied by a file body space of the elementary file, and the FAT entry
corresponding to the start data block records a number of the second data block
occupied by the file body space of the elementary file.

Prior to Step C, the control unit also counts the number of the data blocks in
the file body space of the elementary file, and in Step C, the control unit needs to

find a corresponding number of unoccupied FAT entries from the FAT and link

them together before allocating these data blocks to the file body space of the
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find a corresponding number of unoccupied FAT entries from the FAT and

link them together before allocating these data blocks to the file body

space of the 5 elementary file. Storing content of the file comprises the

steps of: D: The control unit obtains the number of the start data block that
elensdgtesydata in the file body space according to the directory entry of the

created file; 5 E: The control unit obtains a corresponding FAT entry

atoonigneptachectant datacblopkisesnbestwftheffile and further obtains the

FAT entry linked list of the data blocks to be occupied by the file to be

disréde e e adnerotaunit thegmenbeswidhh st dorrdnpakabaintpres data

the FAT entry linked list until the file content is completely stored. 10

in thydjsithigitheersatea s st rouffetBtiftses i stdhs 6re#oFHE Gontrol
O S B AT PR R A e s

dataogf@éﬂs@%ﬂliﬁg&b% %é]hﬁlét%%&?ﬁ%ﬂ&cgﬁpﬁﬁtﬁ{gﬂaﬁe@t i?fliﬁ‘!ﬁe%oﬁé& of the

space; control unit obtains an FAT entry correspondinhg to the start

datadgSeROEK bEXREERIEING JaRRErFaTh dla fIRGk Muabena08dHINGhit begins to

obtains an FAT entry linked list of data blocks occupied by the file to be

storéipblatt enetéheaseatihgsontteer Wikedhiist fatke et siartldatadlodontent is
number according to the start data block number obtained in Step F and
compretfiseitofeah updated start address from the start address of the file
body space, so as to update the data blocks until a designated 20 length
df ek fing dbateivatRs cﬁeﬁﬁf@ééﬁ@apm@a@ﬁ@m@m&& or stored file

comprises the steps of: H: The control unit s’farch,es for a matching file

direbtisy Y ACHbAGHG G Al At B e HEGROBf BREHIadcPpeng to an
e R SRR D TS A ORI SRy
obtains a number of the start data block that stores data in the file body space;

G: The control unit obtains an FAT entry corresponding to the start data block
according to the start data block number and further obtains an FAT entry linked
list of data blocks occupied by the file to be updated, and then searches in the
linked list for a new start data block number according to the start data block
number obtained in Step F and an offset of an updated start address from the start
address of the file body space, so as to update the data blocks until a designated
length of the file content has been updated.

Reading the created or stored file comprises the steps of:

H: The control unit searches for a matching file directory entry according to an
identifier or a file name of the file to be read, and from the file directory entry,
obtains a number of the start data block that stores data in the file body space;

I: The control unit obtains an FAT entry corresponding to the start data block

according to the start data block number of the file and, from the FAT entry,

obtains an FAT entry linked list of data blocks occupied by the file to be read. Then
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25 I: The control unit obtains an FAT entry corresponding to the start data

block according to the start data block number of the file and, from the

FAT entry, obtains an FAT entry linked list of data blocks occupied by the

file to be read. Then 6 the control unit searches in the linked list for a data
the @totkohumisesestrthe startthed dsxltdise fend atsertingkorthmbtartodatiae start

block number obtained from Step H and an offset of the start address to

addrggs i berapadricseading deeds stark dataddlggksparbeshipgé daomeStep H
data hlocks until a designated length of the file content has 5 been read.

and B RANG b (Hoate o1 QIETodaE ISR 1 SERb T SHY dBRdgF body
unit searches for, a matching file directary entr cordin an.identifier

o T e O R T AL U0 B TR oo oo s

beerPRIANS @ number of the start data block that stores data in the file body
space; 10 K: The control unit obtains an FAT entry corresponding to the

sitdatachlosle Auinhiestokiained domfen dsand sten dpe FAT entry,
obtains an FAT entry linked list of data blocks occupied by the file to be

delEhedcdittenl thei cordrohenfodeletes chonidiiead ieaciof therdaiecbidekg to an
_according to the linked list until content of the last data block in the file
identifieheen ddkramand thediwhildsateleiadh FaTfaminyths Ghrdispotedingntry,

to the deleted data blocks to a value representing an unoccugied status;

obtajnsih BugkeLPh et th b Rsta R OcsRIByhRd it Betbry Rttty
fil be deleted,.and ding FAT [
LB VR G 1od S, J0H G SRS LAl g block
nmnf)%era&%‘éa‘?ﬁﬁéoiﬁ%%ﬁ ?Oamgr'%%%ﬁ%étﬁ§%°£: M E% SODURI HRIESEArChes) 4
or a matching file directory entry accor mgtr(l) Znidentifier or a filé hatne

list Of MRl deReREGHAEHE oM NG M HLRGIQTY BALY (HRPIBINFA DHIPRG etes

of the start data block that stores data in the file body space;
content of each of the data blocks according to the linked list until content of the

last data block in the file has been deleted, and meanwhile, sets each FAT entry
corresponding to the deleted data blocks to a value representing an unoccupied
status;

L: The control unit deletes the data block occupied by the directory entry of
the file to be deleted, and sets the corresponding FAT entry to a value representing
an unoccupied status.

Altering a space occupied by the created or stored file comprises the steps of:

M: The control unit searches for a matching file directory entry according to
an identifier or a file name of the file to be altered and, from the file directory entry,
obtains a number of the start data block that stores data in the} file body space;

N: The control unit searches for an FAT entry corresponding to the start data
block according to the start data block number obtained in Step M, obtains an FAT
entry linked list of data blocks occupied by the file to be altered, and then searches

for an FAT entry corresponding to the last data block of the file according to the
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N: The control unit searches for an FAT entry corresponding to the start

data 25 block according to the start data block number obtained in Step

M, obtains an FAT entry linked list of data blocks occupied by the file to

be altered, and then searches for an FAT entry corresponding to the last
linkethizstlock of the file according to the linked list; 0: The control unit sets

the FAT entries according to size of the space to be occupied by the

aherdefifontrot naidawetiothmit Alfenirsiz aavetudiog the Sikkesphtkcinphee to be

file directory entry 5 of the file to be altered. If the file space is to be
occypisdcRY theerlisrrrbiifit still needs to determine a usage status of each

ta block ing to the FAT entrjes in Step N; Step 0 also
TR e S EF T NEE ot 1 1HE MBBAReSloaioh e Recspigeentry
of tﬁ@%?é)%r%%n‘é&% s FAT 10 entries corresponding to one or more of the
unoccupied éata locks in the file to a value representing an unoccupied

Jletus, and peanviile ritecd @ EAL S HRAEIPRTINgIIthe I3k ddtdne a

block in the file to a value representing an end. On the other hand, if the
usadigspace fsiolbafnlsigade ther e 0 campeses Thenstepmof tp V1"

The control unit searches for unoccupied FAT entries in the FAT, and

diopatesldateonipekectresppading to the unoccupied FAT entries to the

file according to a target size of the file. Then the control unit alters an

KA éipprdieetpdirdnisguecths iesiodate Hidelspretiples eyntinel flaitosats FAT

value representing an end, and the FAT entries originally occupied by the

CIUYHR SHAGHRENS Mosel D FAT dRfBBsmREd iy Blnek ootk lle to a
o R SR TS 8 ol R A SR R AT e

~corr8£g?5¥ﬁi t&%&%ﬁ?ﬁ’@&’tﬁ%ﬁ%&ﬂ G TLeAUSIE D A TS VSR NG, S8
locate an or

search
On the other hand, if the file space is to be enlarged, then Step O comprises the

steps of:

O1": The control unit searches for unoccupied FAT entries in the FAT, and
allpqates data blocks corresponding to the unoccupied FAT entries to the file
according to a target size of the file. Then the control unit alters an FAT entry
corresponding to the last data block occupied by the file to a value representing an
end, and the FAT entries originally occupiéd by the file and the newly allocated
FAT entries are linked together to form a new FAT entry linked list of the file.

This invention is advantageous in that:

(1) As the FAT entries are associated with the data blocks in one-to-one
correspondence 1n the file system of this invention, we can locate and search for
each data block occupied by each file in a definite way through the FAT entries;

(2) Blank data blocks in the file system of this invention are all managed by an
FAT table, so instead of allocating a space for a file in the conventional sequential

manner, a newly created file is allocated a space by searching in the FAT table for
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each data block occupied by each file in a definite way through the FAT
entries; 25 (2) Blank data blocks in the file system of this invention are all
managed by an FAT table, so instead of allocating a space for a file in the
conventional sequential manner, a newly created file is allocated a space

numbyisesi chingrinpibe FAZ babisk fom@ alnehdissainsaegpiedaatsl deekdund to

and allocating unoccupied data blocks found to the newly created file.

the fthid entwuedsitlexibilityeohfite esdatiodits afidWs toantade afud aldeved to make
space fragments; (3) When a file is deleted, the space originally occupied

full B?etﬁé &Héf@aﬁmﬁﬁ;S recycled by simply releasing the corresponding
FAT entries; f(4) In case one file is allocated an oversized space_while

AAOEIR AbEdfededrictntisrshans Pig@atixpesitrid vl biufig foe fully

%Fo §upied %&}tae elosg:%s i&lthce()r(r)é/semizé% one, can l%?erg_leased and
reCYstigedied tohne tindardzet one, SRAhER respecxtllvé file size information

i§4§'f‘ﬁr8§s' Y ERPANG|DgHle %%%%%‘g ?gac]eoJlﬂEeZaB&ﬁ@%’ ﬁ@gdcﬁb%ated an

files complement each other in size, the fi es can configur

undéexkly @E&@?CMTBBJEEPE&%%E% Qb TRScabpY&ER Mt/ IWRCOR the
THE DRAWINGS Fig. | is a schematic view of a file structure; 15 Fig. 2 is

oveRiseheoaticyiewdlusitaiog aifide allocatiah methedundersdrdentienaind then
smart card; Fig. 3 is a schematic view of a storage structure of a file A

respactwedifily tei thisniforertion Figalesd soheoratipoislinfusiating tlomyaentries.
file space is re-allocated (prior to 20 the re-allocation); and Fig. 5 is a

Thugchandagicange il fEteativRprIRChHle epato1Bve-Hlldeatedafialatiazes can be

e-alloc tioqa) DETAIL(FR DESCRIPTION OF THE INVENTION
contigured flexibly as needed.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Fig. 1 is a schematic view of a file structure;

Fig. 2 i1s a schematic view illustrating a file allocation method in a
conventional smart card;

Fig. 3 is a schematic view of a storage structure of a file A according to this
invention;

Fig. 4 1s a schematic view illustrating how a file space is re-allocated (prior to
the re-allocation); and

Fig. 5 is a schematic view illustrating how a file space is re-allocated (after the

re-allocation).

DETAILED DESCRIPTION OF THE INVENTION
This invention provides a smart card storage system and file management method
therein. The smart card storage system comprises a storage area and a control unit.

The storage area comprises a file allocation table (FAT) storage area and a data
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25 This invention provides a smart card storage system and file
management method therein. The smart card storage system comprises
a storage area and a control unit. The storage area comprises a file
allocation table (FAT) storage area and a data 9 storage area for storing

stordi@ GRBERbr IRtWHICH te kAdisierageiRa cam mﬁﬁ%ﬁ)rﬁg\‘i aliaot Eiftfrises a
entries and the data storage area comprises a plurality of data blocks,

plurech edrFeshandiigs taah fhaTderirytorhgecantolosntipid eenfigiliadiiey of data
search in the FAT storage area for an FAT entry and control a file in a

blockatgdibsloarspainin S to an duklespundéheecreltitib nsitipshemfegnr tdeto search
FAT entry and the data block. In the system of this invention, the data

in thg didgstaragcarmprics an hel dirderorpdenpireloidge uni fstaingl acsrerding
directory entry and a file pbody space storage unit for storing a file body
t0 8 GERGSPIIRCE (AR AS NGy g A 278 116 CHE BORs
torage unit are located in, different data blocks. The file dirgcto
T S e e i R T ot i oo

entr§SHSHAME: RISt YRS @?ﬁ@%ﬁrge&s;gﬂ&agf Alark ?ﬁ&%%'ﬁ%g}gg@ﬁ&ggg unit

identifier of the file. The file body space storage unit is co

for sttfenendlyiier shiectgmudiemRihandtialementaociips <Mevesthagiically. 404 the

DF files which are a particular kind of files, the file body space storage
file boifysspanfigtiveddo stotes det afkdllisudifilesninden th disdiréetdiie fdécectory
and for EF files, the file body space storage unit is configured to store
entracligahgonteint oigerod/hestaliobatiginfstonatiersphediis afilk,as the name,
directory entries and file body space of the file are allocated different data

SizepfoPiks AFBRES SIOPAY AHehl IFaHedayardne o tRlghoeHihi dretidiadt the file.

ded in the FAT entry . t f t data blo
e GRG0 CLRHERR 20 MESBae b HAGP e T and

clor BRI e FIE IS AT SIS A DCHIAL VAING [CDIESPANND - e

an enq, an ed occupied, the value | ntry |

the lﬁ;%i}ﬁ@&g'%é@%@Jx%%r@ﬁﬁﬂti@%gﬂ%gﬂ%‘&wi&%x%t%tk'ér 91 ESSYSEREY thGer the
entry storage area comprises a plurality of FAT entries,

directory file; and for EF files, the file body space storage unit is configured to
store actual content of the file. When allocating a storage space to a file, directory
entries and file body space of the file are allocated different data blocks in the
storage area. In the system of this invention, the content recorded in the FAT entry
represents a number of a next data block occupied by the current file. If the current
file does not have the next data block, the value in the FAT entry is a particular
value representing an end; and if the data block is unoccupied, the value in the FAT
entry 1s a particular value representing the unoccupied status.

In this system, the FAT entry storage area comprises a plurality of FAT entries,
each corresponding to a data block; i.e., the number of FAT entries corresponds to
that of the data blocks in the data storage area. FAT file systems are categorized

into FAT12, FAT16 and FAT32 according to the bit number of respective FAT

entries for recording data blocks: 12-bit, 16-bit or 32-bit. Taking FAT16 as an
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each corresponding to a data block; i.e., the number of FAT entries

corresponds to 25 that of the data blocks in the data storage area. FAT

file systems are categorized into FAT12, FAT16 and FAT32 according to

the bit number of respective FAT entries for recording data blocks: 12-bit,
exarhPibiteac B2l blakingdedyit 6 @sody ieseXantiste) gatie datd.block

occupies two bytes (16 bits) in the FAT. The data storage area is divided

iftocadptarstinagt data biobksdeduakinasiderfelitstofidgtarekteds filgualrivesize for

data blocks are numbered from 1 as Block 1, Block 2, Block 3. ..., and so

storigg, aeRIEEdHespohe dithd oairsentr upRarehitiom Rags Pdaeks 3, Block 2,
and so on in the FAT storage area. In qther words, the FA ries in th

Blogint storadibioa dhe SOLIECE AT A dUS BSBETRine datd Sfge: AT
arga in one-to-one corr ndence. Hereinbelow, file processing in the .

cnt e S AT HoTigE R E LA SRR s in the

FAT'Trg{SFﬁ'ggé; il be descrbedwithraferenag o Gid A9 FATHA6ME SYSI8PE area in

IS Invention provides a method of managing file creation in the above

one SMatte Cae agers¥stem , in which creating a new file comprises the
steps of. A. The control unit searches in the FAT storage area for an

uderdupiddwATilentpypaeudifigdsian theocgbipied datarblack dceosding tawstem
correspondence 15 relationship between the FAT entry and the data
acciridiolg B. athencbndshemitcdlibcates ehdamvotupiededatibibektfotrignenge to an
file directory entry of the file to be created, writes the file information, and
FAT k18 sysiGBlof the FAT entry corresponding to the data block into a

PRt BN 0 B s 20.C Pt SEPA
e G e

At The control unit searches in the FAT storage area for an unoccupied FAT
entry, and finds an unoccupied data block according to a correspondence
relationship between the FAT entry and the data block;

B. The control unit allocates the unoccupied data block found to a file
directory entry of the file to be.created, writes the ﬁlé information, and alters a
value of the FAT entry corresponding to the data block into a particular value
representing an occupied status;

C. Repeating Step A to search for unoccupied data blocks, allocating the
unoccupied data blocks found this time to a file body space of the file to be created,
altering FAT entries corresponding to the data blocks into particular values that
represent an occupied status so as to from an FAT entry linked list, recording a
number of the first data block into the file directory entry determined in Step B, and
altering an FAT entry corresponding to the last data block occupied by the file into

a value representing an end.

If the file is not to be stored in a blank smart card, then the control unit also
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represent an occupied status so as to from an FAT entry linked list,
recording a number of the first data block into the file directory entry
determined in Step B, and 25 altering an FAT entry corresponding to the
last data block occupied by the file into a value representing an end. If the

detdi@iigeR ol forhal siegeshie @ ik aBartaai. dheBtHis SRIBIALUNERIZO and Step

determines a remaining space under the current directory prior to Step A,
A namy IStepxcAumedydrg ekl cutert onlnihthepars ainiter spaceurger diiectory is no
current directory is no smaller than the space necessary for creation of
smaer fitanDheinpacentiors et fite, ateaprocesshegfdiffers depending on the
type of the 5 file: If the file to be created is a directory file, the file body
HER et abd e heamprrssinsrd Jerofanendinieantibretipe of the
Hence, allocation of the file body space thereof is accomplished by Step
©B and Step C when the sub-files are created under the directory file, and
it} ssary xacute Step.C solely for se.10 of creating the
RS U T T e et B BFcctors

file SORMNIPESA qﬂ'fegg%rtyﬁ%mf%i%@ﬁlefesﬁsl%ﬁ&é,egﬂagaﬁqg%@% dﬁﬁe Body

as follows: as the directory file allows sub-files to be created thereunder,

spadbeltfdeedfadyspae Raoh caHiBeaRl epf cubtigsictaatediles are created

thereunder. Therefore, during the creation, what needed is only to search
undforthn émptydafd dlack spacedicandaionatexitdotthsdiieCtosjeentfiepatpose
the directory file, and the file body space thereof cannot be allocated until
of grpadnB-fies diredrastdtleTHat ishthe peodesS tshp creatingksubidifesuyderhen a
the directory file is just the same process of allocating data blocks to the

subfjleyapisser shirstane dtlshmesino Ihe aeoseis MESTGAtIBE thaigpestpAyle is
[ di file hasto b lculated at first:

a5 (50T B JE ARG UeeU ORI et SoD DR boty: fle

- S -fil ' | under the DF file. If th ini )

b()dgg‘ Cecgéﬂé%%%%%%é‘xﬁf?@e%c%sg@tt%fa ﬁ%'ﬁ%ﬁe?%’iﬁ%t?lﬁ?e 1;[Ihe f:euﬁ%@rauyﬂgrefow,

fil

a size smaller tha a 0 be create
duritiiZg e HeARCIORACHIRR T is only to search for an empty data block space

and allocate it to the directory entries of the directory file, and the file body space
thereof cannot be allocated until the sub-files are created. That is, the process of
creating sub-files under the directory file is just the same process of alloAcating data
blocks to the file body space of the directory file. To create sub-files under the
directory file, a remaining space under the directory file has to be calculated at first:
size of the remaining space under the DF file = size of the DF file body space —
size of sub-file spaces in total under the DF file. If the remaining space calculated
has a size small‘er than that of the file to be created (size of file directory entries +
size of the file body space), then there lacks an enough space for creating the file,
in which case the system returns a reply indicating creation failure to the
application terminal. Otherwise, if the remaining space is large enough, the file is
allowed to be created.

On the other hénd, if the file to be created is an elementary file, then the
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- size of the file body space), then there lacks an enough space for creating
the file, in which case the system returns a reply indicating creation failure
to the 25 application terminal. Otherwise, if the remaining space is large
enough, the file is allowed to be created. On the other hand, if the file to

conbrelcregitedisoar elememianmildbéen hdal? eantial ypit@lsorteumtstbesr the
number of data blocks in the file space of the elementary file prior to Step

elergeitamnhBldrp8tept € Stop cOnfrotthnit neSdsptd finbeac cortespandiosds to find a
number of unoccupied FAT entries from the FAT, link them together, then
COTTERRERERH S IRET bifcRiRE ehpifié Hodly spatecsf fherelahmeriay filipk them

eﬁwd_aléﬁler an FAT entry corresponding to the last data block occupied by
togsHherthrRa Lo caindeisrdatnhing kn OrideHdlethediraraspyofidhatriementary file,

S o S hereof is comprised of all sub-files thereunder. Hence, when |
and R e TP THE Gt ALk DR ATt A AT et @ nto
a Va‘?ﬁ‘érYeB%Q&ugiiﬁ%%ﬂ%f e records a number of a data block occupied 10 by

a file directory entry of the first sub-file created under the directory file, an

FAT @etaieoresPending. ¢ ihe dajadblock @ecupied by i@%edddﬁeéﬁg‘;ééb-mes

entry of the first sub-file records a number of a data bioc occupie

therfilendizediivycentnhoh the FecDreside-file ¢reriad wadrEthe M et filgaber in
an FAT entry corresponding to the data block occupied by the file

a filgicbteotgremingrofafi¢hsedondtsubiile reconds anlmumbes dhadat bleckupied
occupied by a file directory entry of the third sub-file created under the
by fpis R AR YarRiRoS T Hikst anbefte entajdihkaddistiuf diectinactoey fifeFAT

is formed. Fqr the elementary file, the file body space thereof is comprised

et SURTEP Lt it so%aﬁehl%kt%gméy%%k%rﬂbéﬁm fRrtry of the
ey S SRS S e s et et
the §&!’5ﬁﬁpﬁmiﬁﬁét&gﬁ?eﬁtq{ﬁ@%@(aﬂ(ectory file, an FAT entry corresponding to
the data block occupied by the file directory entry of the second sub-file records a
number of a data block occupied by a file directory entry of the third sub-file
created under the directory file, and so on. Thus, an FAT entry linked list of the
directory file is formed.

For the elementary file, the file body space thereof is comprised of actual
content thereof. Hence, the start data block number in a file directory entry of the
elementary file records a number of the first data block occupied by a file body
space of the elementary file, the FAT entry corresponding to the start data block
records a number of the second data block occupied by the file body space of the
elementary file, and so on. Thus, an FAT entry linked list of the elementary file is
formed.

Subsequent to creation of the file, storing the file content comprises the steps

of:

D: The control unit obtains the number of the start data block that stores data
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records a number of the second data block occupied by the file body
space of the elementary file, and so on. Thus, an FAT entry linked list of
the elementary file is formed. 25 Subsequent to creation of the file,
storing the file content comprises the steps of: D: The control unit obtains

in tiieefileibby sfdbe stastdiala flekk thadatarestiaia Adinctaadile frdy

space according to the directory entry of the created file; E: The control

uhit Sbtains1adomespdnding & Adrertppadoordingitetheystedoctitahiocke start

number of the file and further obtains the FAT entry linked list of the data
datfplerek tausehseceinibe Biyaradldudiss storaids TtherFthd conitrollimkiehginsf the

to 5 store the file content according to the FAT entry linked list until the file

date bRkt i BErRprateiysiordhe Adauheastmsers Aheiridsuedasikgins to

by the FAT in the file system of, th ention, discontinuous storage of a )
st I AT, A B APt e BEGp EBA UATY b dgenOtEnt i
i cord a linked list of data blocks 10 occupied by the file. In a
Conffﬁe%g?}za%{%%rﬁodiment of storing a file according to this embodiment, an

FAT antavvabis a5 0is qﬁmﬁg&p CERIRSRNM bUNBECHRIE] SAINSO Qe of

corresponding data block, and an FAT entry value of FFFF is defined to
thisrgpraseni, gt thereudaes ehexist a Mt daaRinekdiniielimkedilistan still be
Each FAT entry value 15 between 1-FFFF represents a number of the
accesspeativernByt gataidoek dichEATumenicfilecthal corfridadiisdlocaies blocks
different data blocks to the directory entry and file body space of the file
occpise biotbe fHer a data block occupied by the file directory entry, the
corresponding, FAT entry thereof records a number of a data_ block where

BifeBESH ety 8P BBl aRgof 6 16catees iR foikie @xiaeslpoent, an
FA'IE%E;ES/%{H%’ tgF EA;E eﬁé%{%@ i\t/(e)n ?eg?elggnrte%rnesgggggu%?eﬁngfa%lgs" of the
corresponding data block, and an FAT entry value of FFFF is defined to represent
that there does not exist a next data block in the linked list. Each FAT entry value
between 1~FFFF represents a number of the respective next data block of the
current file. The control unit allocates different data blocks to the directory entry
and file body space of the file to be stored. For a data block’occupied by the file
directory entry, the corresponding FAT entry thereof records a number of a data
block where a directory entry of a brother file thereof is located;k and if there exists
no brother file, the FAT entry is given a value representing an end, e.g., FFFE. For
the file body space, the corresponding FAT entry of each data block records a
number of the respective next data block allocated to the file; and if there does not
exist a next data block, the FAT entry is given a value representing an end.

The storing method of this invention may not only keep the flexibility in FAT
file management, but also increase the accessing speed during read/write
operations.

Hereinbelow, a file A will be taken as an example to describe a storing process
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the file body space, the corresponding FAT entry of each data block
records a number of the respective next data block allocated to the file;
and if there does not exist a next data block, the FAT entry is given a
value representing an end. The storing method of this invention may not

in demy kerp ;@g{@gpi{gypi@_@ﬂ 25 file management, but also increase the
accessing speed during read/write operations. Hereinbelow, a file A will

béliakfiteas de exasipieciadeseibe astaong piecass HbitsletaingtBteps are

reference to Fig. 3. The file A is an elementary file. To store this file, the
exefolfodiing steps are executed: (1) Determining whether a remaining space

under the current directory is 5 enough. If it is not enough, creation of a

new doBiSIBIBIAGt Witsed. @y Seareiagspatte mdpiohanauootudieettory is

data block and allocating the data_ block found to the directory entry of the
eno F%E‘topfl)g éstélr%tuf.’r}ﬂqﬁ%@a AEHPBAL BISRY Fuis Wlfoksaned W eMedirectory

T Y e e
bloGPHESRO TS BHRIREEPEMROCHESTAT whities ang,| lf%”@ e ta block 1

together; i.e., set a valUe of an FAT entry to represent a number of a data

is ablekaprregRanaiomte hemext A TFeNKY of the file. For example, in FIG.
4, six data blocks are allocated to the file body space of the file A. Then

ti&) comtrainmithiindséet eritties NdoBkSnéeddd 12, thd B3UPOESURIGEE of the

FAT entries and 15 allocates them to the file body space of the file A.
elerneagmryHiiés, thearAingnmytho Fa Tisaseot spealdie @ ifintber& ety e BFAT

is set to a value of 7, the FAT entry No. 7 is set to a value of 11, and so
entigis #Ad Bk ReNotoes thertHeclastet ey Bibekoi ahed Ale gutty det tepaesent a
alue gf EFFFE, which means &%there does not exist a next FAT entry in

nunfEr 2 Fhi 0 HiECEB R WS ol iS40 RIS 6 leoRpetample
in FIG. 4, six data blocks are allocated to the file body space of the file A. Then the

control unit finds FAT entries No. 5, 6, 7, 11, 12, 13 as unoccupied FAT entries and
allocates them to the file body space of the file A. Meanwhile, the FAT entry No. 5
is set to a value of 6, the FAT entry No. 6 is set to a value of 7, the FAT entry No. 7
is set to a value of 11, and so on. The FAT entry No. 13, as the last data block in the
file A, is set to a value of FFFF, which means that there does not exist a next FAT
entry in this file. Then the file content is stored into these data blocks to complete
the storing process.

It follows from the above description that, it is unnecessary to allocate a
continuous series of data blocks to a file in the system of this invention, and the file
can be searched, read and written in a complete form as long as the FAT entries
record the data block link of the file when the data blocks are allocated.

Hereinbelow, a method of updating a created or stored file according to this
invention will be described, which comprises the steps of:

F: The control unit searches for a matching file directory entry according to an
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20 the storing process. It follows from the above description that, it is
unnecessary to allocate a continuous series of data blocks to a file in the
system of this invention, and the file can be searched, read and written in
a complete form as long as the FAT entries record the data block link of

idetigiéiewhenhefrid Placksiars allocaiededS Hareinhelew. A Matied af entry,

updating a created or stored file according to this invention will be

obtalascribesibahichticomprisesdhesie s tordeaeo nreh &I filsSs der
a matching file directory entry according to an 15 identifier or a file name
ofitheHiectmtvelupdtitddaarsdafrdi the fitey directeppading tobtainsat data block
number of the start data block that stores data in the file body space; G:
accaiingoFrheisieBbiatastAnckATuBeY eodeRptirting toitseastdridatasiodkaked

. . accarding to the start data block number and further obtains an FAT entry
list IRﬁ(gat"‘s%Q%‘ﬁd%&‘mbeéisbéfc@tf‘pi@fbﬂptt‘?@ He4ated: i raserisbes 1n the

.. searches in the linked list for a new start data block .number,according to
hnkt%%e Is1 Art dath Bﬁ%kﬁﬁ{f{m e o lt%geﬂqﬁlg?épaﬁcé)ﬁglgﬁ SfsHiSoP it data block

nun’ﬁpé}%%gaﬁt@g ﬂ?‘@ﬁ% SPf ran t‘(ﬂ’? élt?srét %%%[@1%8%‘%{3 g#grf %%%ﬁe?es%f?ﬁntlothe start

update the data blocks until a designat ile con as

addhegnpatee. Sl Alse H%i$&99§£k%9t19é%§%il%@l@l§ﬁ@ﬁ%\Hgﬁfﬂfﬁé%%ﬁgth of

to Fig. 3 as follows. The control unit firstly calculates in which data block
the file updaiechsiaticaddredstlieés according to the target offset (i.e., the
offset of the position to be updated or read in the file from the start
pbéitioritos thpdilenamt eckmsgith of phe dataviidcksddenes for Pigpdses dfollows.
illustration, the first data block will be taken as an example of a start 15 _
Theaepired wWdiupbatdcuintet onrdighitssariosk ibreapidetadrstaritddiess Lies

file A, _and, acc% ing to the start data block number recorded in the

aceyy Riol) BMrAPSIHRIAR. (4 Cselic RES Rt firRp estanuiB diHRAa ik oa read in
the '&?g é%; eg‘ij L%E%ﬁﬁo&pggggﬂgqe&qf e 3&?{? Ia glr}gutﬁdoaft %ﬁet Qﬁt‘g %ﬁ)ocrllctse. rﬁler}e for
purpose of illustration, the first data block will be taken as an example of a start
address to be updated. The control unit searches for a directory entry of the file A,
and, according to the start data block number recorded in the directory entry of the
file A, searches for the first data block in the file A, i.e., the data block No. 5. Then
the control unit updates the file content in the data block No. 5. As the FAT entry
of the data block No. 5 has a value of 6, it can be known that the next data block in
the file A is the data block No. 6; then as the FAT entry of the data block No. 6 has
a value of 7, it can be known that the next data block in the file A is the data block
No. 7; in turn, as the FAT entry of the data block No. 7 has a value of 11, it can be
known that the next data block in the file A is the data block No. 11; and so on. In
this way, file content in these data blocks are updated until a designated length of
file content is updated completely.

Now, a method of reading a file in the aforesaid system will be described,

which comprises the steps of:
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of the data block No. 5 has a value of 6, it can be known that the next data
block in 20 the file A is the data block No. 6; then as the FAT entry of the
data block No. 6 has a value of 7, it can be known that the next data
block in the file A is the data block No. 7; in turn, as the FAT entry of the

datarloek ity uhRSsaaraig il nibeanhe fﬁ@%éﬂ%@ﬁ&‘}%&%’#&ing to an

block in the file A is the data block No. 11; and so on. In” this way, file

idemifitentrin thiéseaata blogks fite updrtedamtibaddasianaiedirndinetop entry,
file content is updated completely. Now, a method of reading a file in the

obtaforesaithbystenthwilitbe deschied, thatistocondatises the Slepo of. et

The control unit searches for a matching file directory entry according to
 an Taermirdr wiiteohtrns entdfllembecwadspmulingnialibdiksatirdatorhlock

ace egtré, obtains a number of the start data block that stores data in the file

BacEe)- S mr&.l%}ﬁ SRR anf Filre gHF‘ry%’éw&%‘@n&h@gEé%@“”%
o e R P A R s e
the QBGURIELRY the filglo HP{ﬁ@(i'-nmenng%efg%faéagyi{fo%ﬁ‘{cr?&&é%}h& the start

linked list for a data block number of the start address to be rea

addassaingriadhecsi@didataninskarnber eiirined.invetemtined iasedfset and

of the start address to be read from the start address of the file space, so

an dSd0o0theadditeadatasblacke uptl &rdgsigieaiestlengibsefdhenfileicogiars, so as
has been read. Also, the file A will be taken as an example to illustrate

to rehe feading plodessntiith defegpataltiefgh hiTthe Goatohtemit fisstlyeen read.
searches for a directory entry of the file A and, according to the start data
bfdeR: b bae rAcBrib@entakerdire @bryamaplcotanidl s alcsbgreheding tiecess

. first. data block.in the fjle A, i.e., the data block No. 5. 15 Then the control
Wlﬂﬂ?ﬁh@é‘&& e dBnerk i BREESLBIORSG spapchiel P diFRAjBY gadry of the

e D R B RS e
of ttRIaek MOBNBRR for the first data block in the file A, i.e., the data block No. 5.
Then the control unit reads the content in the data block No. 5. As the FAT entry of
the data block No. 5 has a value of 6, it can be known that the next data block in the
file A is the data block No. 6; then as the FAT entry of the data block No. 6 has a
value of 7, it can be known that the next data block in the file A is the data block
No. 7; in turn, as the FAT entry of the data block No. 7 has a value of 11, it can be
known that the next data block in the file A is the data block No. 11; and so on. In
this way, file content in these data blocks are read. Finally, as the FAT entry of the
data block No. 13 has a value of FFFF, it can be known that the file A ends here
because there does not exist a next data block. Thus, the file A can be read
completely.

This invention also provides a method of deleting a file in the aforesaid system

for a smart card, which comprises the steps of:

J: The control unit searches for a matching file directory entry according to an
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value of 7, it can be known that the next data block in the file A is the data
block No. 7; in turn, as the FAT entry of the data block No. 7 has a value
of 11, it can be 20 known that the next data block in the file A is the data
block No. 1 I: and so on. In this way, file content in these data blocks are

identefidr binalfylcandhe oA Thenflily of the diataddoskNoRBthasidevalueairy entry,
FFFF, it can be known that the file A ends here because there does not

obtzdnst Aiakeaath brostarThas, hieckighatsanrbe detdincom pltdlyd 5 Ts;
invention also Erowdes a method of deleting a file in the aforesaid system

' ol B SATEERH URTiER @8 3isE4 Themiep s BTeIPThé Rp it dhestart data block

f tching fil t ntry according to an 17 identifier or
e NS el B LTEted D WS Ty by inked

ist G B O B A S i U ggtetes

space; K: e control unitobtains an XT6h ry correspondi

con@aia?Ieaknh neMper LREAINEED 1&R-diAb TR H?ﬁ\g(ﬁqs?r{!g%llop#g{@éta@f the

FAT entry linked 5 list of data blocks ocGupied by the f| e to be delete

last Taen bieckontreheiril dleleiesceanientetieach ohthawatk blogksackorditgentry
to the linked list until content of the last data block in the file has been

corrdegetadingntbnibandetieeds g e atbckA Teniry abosrespeseing o dheunoccupied
deleted data blocks to a value representing an unoccupied status; 10 L.:
statye control unit deletes the data block occupied by the directory entry of
the f|Ie to be deleted, and sets the correspondlng FAT entry to a value
repre8& it An tHb e B tntanec @Qi@l@‘ﬁ@gbmébés@wm@éf entry of
3 as follqws. control unit f rstly

d.with ref t
T (R (e X T

er recorded in the directory entry of the file A, searches
an u%ékta%e flrst%%%gblock in the file A, i.e., the data block No. 5. Then the

CRNEOkMdeleting process will be described with reference to Fig. 3 as follows.
The control unit firstly searches for a directory entry of the file A and, according to
the start data block number recorded in the directory entry of the file A, searches
for the first data block in the file A, i.e., the data block No. 5. Then the control unit
deletes the content in the data block No. 5 As the FAT entry of the data block No.
5 has a value of 6, it can be known that the next data block in the file A is the data
block No. 6; then as the FAT entry of the data block No. 6 has a value of 7, it can
be known that the next data block in the file A is the data block No. 7; in turn, as
the FAT entry of the data block No. 7 has a value of 11, it can be known that the
next data block in the file A is the data block No. 11; and so on. In this way, file
content in these data blocks are deleted in sequence. Meanwhile, the FAT entry of
each deleted data block must be set to a value of 0 to represent an unoccupied
status of the data block, so that the system can allocate this data block to other files
to be created. This deleting process proceeds until the last data block in this file is

deleted. After the file body space is deleted, the data block occupied by the file
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deletes the content in the data block No. 5. As the FAT entry of the data
block No. 5 has a value of 6, it can be known that the next data block in
the file A is the data block No. 6; then as the FAT entry of the data block
No. 6 has a value of 7, it can 20 be known that the next data block in the

dirett® A isiihe BajaRIpek No déldrtusndam dreaAhanty /f shedatahlock aue of

No. 7 has a value of 11, it can be known that the next data block in the

0, tiike éoisclndidatehblacleiiiog ploand 6 v fidhis way, file content in these
data blocks are deleted in sequence. Meanwhile, the FAT entry of each
dElateddent otk onustibéeset toeahvalus of @tmgepgsent v umedcbpigdile in
25 status of the data block, so that the system can allocate this data block

the gisgrardiastembeTcheansdt T4, deiath g propasesphsceens ofitil the last
2@ ,g%ck in this file is deleted After the file bady space is deleted, the
RBERIpHH AP e 195 %.F%é&%ﬁyﬂh%%ﬂmoeﬁém@@@admo to

the FAT f ter f. 0, g.th
o e S R D R R e
obtAEINHBRAGE BecRied Ay 81%&%5?&8%%@6&&9 ?,ya%s'm C(?‘: maatce

card, which comprises the steps of: 5 M: The control unit sear

mataiiea:fiardiresRry-antne ageersing Aor andeabiRsRbAdHR %Wﬁeoétﬁ}? data

file to be altered and, from the file directory entry, obtains a number of the

bloditart dathigocktthastatodsdatadk henfiebobisRACE Nicpelcoptighs/Ril FAT
searches for an FAT entry corresponding to the start data block according

entrp linkestdis dafalbladd onkmivecobtained thStdp M, lmbtdinsedn A Tha searches
entry linked list of data blocks occupied by the file to be altered, and then

for §E Ahb SRR RIS TOMM G0 e S i datboplsafataenitekasttdifile to the
linkagjoro’llng to the linked list; O: The control unit sets the FAT entries

ing to size of the space to be occupied by the altered file; 15 P:
16 PROTONRE BRI ASHR YALF ShiRE R BRAR SIS B Whce 1o be
occupied by the altered file;

P: The control unit alters a size value of the file space in the file directory entry
of the file to be altered. |

If the file space is to be reduced, the control unit still needs to determine a
usage status of each data block corresponding to the FAT entries in Step N;

Step O also comprises the steps of:

Ol: According to the reduced size of the file space, the control unit sets FAT
entries corresponding to one or more of the unoccupied data blocks in the file to a
value representing an unoccupied status, and meanwhile, alters an FAT entry
corresponding to the last data block in the file to a value representing an end.

On the other hand, if the file space is to be enlarged, then Step O comprises the
steps of:

O1": The control unit searches for unoccupied FAT entries in the FAT, and

allocates data blocks corresponding to the unoccupied FAT entries to the file
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of the file to be altered, if the file space is to be reduced, the control unit
still needs to determine a usage status of each data block corresponding
to the FAT entries in Step N; Step 0 also comprises the steps of: 20 01.:
According to the reduced size of the file space, the control unit sets FAT

accERIIES RPESPRRANIZIQ, PRRLHIOTE RS NA M QQSWi%Ha&ﬂé?LO%S?%:g%mry

file toa value representing an unoccupied status, and meanwhile, a

corafohllieptty weriespendingocktiedaptidpi/tleckiip e filaliR 2aplenting an

representing an end. On the other hand, if the file space is to be enlarged,
endthandStep DA Gneptises tneidslstepscap@dl: Bheteofikokudittbeatetes flocated

unoccupied FAT entries in the FAT, and allocates data blocks
FAEsmaspdatininks tho geibecupicemamentries Toetteyfilmked distorfding fidea

target size of the file. Then the control unit alters an FAT entry

oS

Bohdn§BlHBad Sravsy gl easpisd Hgthd #ltd a value
Nt , and the FA tri iginall ied by the file
e N O TP P BAILE AP A IS e 5 R4 R can be
gvall l file, - is will lained ith refere
oA ot S0 B B A

No nerabesationqly ¢ap. be. segnfiom B igycé&ﬁ?és tﬁﬁéged‘gté)%%@l@,s & cIy= No.8,
blocks, namely, No.5, No.6, No.7, No.11, No.12, and No.13; and a file'B

No Scaupies thies dataddocks namely, iNe.8, ubey DARANOLS: 1hi§ data blocks at

presumed that the file A uses only the first four data blocks at 10 present,
preswith, telbkbeksl dikd Nar® 23dhdwhawhatchesbeirtgelaft lafusadsdhen, if
the user wants to reduce the space of the file A but enlarge the space of
tHeife B, the Wstissanspaedqiucertbenipere NOHhe Hirl A3)un ehkafije e space
an be transferred to the file B. That is, the file A now occupies the four

of atﬁa&k@m&%}swo%%(7-%@&&1@}%%@-iﬁeamé B3naw Beclified can be
trar}sr}%rfrlgg {joa%ﬁeb I %kg.l\ﬁigf 1s, the file A now occupies the four data blocks No.3,

No.6, No.7 and No.11, while the file B now occupies the five data blocks No.8,
No.9, No.10, No.12 and No.13.

To this end, the FAT entry corresponding to the originally last data block (i.e.,
the block No.10) in the file B should be altered to a value of 12 so that it will be
directed to the newly allocated data block No. 12; kmeanwhile, the FAT entry
corresponding to the last data block (i.e., the block No.11) in the file A should be
altered to a value of FFFF to indicate that no subsequent data blocks exist. The
altered spaces of the files A and the file B are shown schematically in Fig. 5.

With the FAT entries having been altered, the file sizes in directory entries of
the file A and the file B also have to be altered accordingly to indicate sizes of the
altered files.

The method of altering a file space of this invention is capable of re-allocating
size of the file. That is, in case one file is allocated a wasteful oversized space

while another is allocated an undersized space, an unused space in the oversized
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15 No.9, No. 10, No. 12 and No. 13. To this end, the FAT entry
corresponding to the originally last data block (i.e., the block No0.10) in the
file B should be altered to a value of 12 so that it will be directed to the
newly allocated data block No. 12; meanwhile, the FAT entry

oneQAFesPaRANg e dheast hlogk {L&+ e é?}:%’ctlgt Q- Hhb D e fo utilize

should be 20 altered to a value of FFFF to In at no subsequen
the date ptoghksexish ﬂegimge,{)gg}_spaces of the files A and the file B are
shown schematically in Fig. 5. With the FAT entries having been altered,
the fild sizesrimnditeetaby eatdesco the filead anel theafilecBralsndhayadmbes this
~altered accordingly to indicate sizes of the altered files. 25 The method of
Invefiedih g filecspricw of niis invetitich hecaphblnof veratiowatingdsizetaf the f the
. file. That is, in case one file is allocated a wasteful oversized space while
Priog fHinse i g cahsaaly interdiseibip seeatipnuririeticapand iptise recycling of
fl oversized 20 one can be transferred for use by the undersized one. This
es. o . .
dllows the user to utilize the storage space in a flexible way. It follows
fr ClptieR t the smart.card file system of this
O s ST S S b alch may oceur to

thosdisadMantageBoLIne, RIRARN é@iﬁgoﬂ%ﬁngpﬂ?‘%ﬂﬁr&ﬁn@%‘@ﬁ Eﬁ%i?&egtion.

deletion and space recycling of files.”Obviously, various ifications an
Thevefiationsiof thisinusntionimayerus tenthiase sidllad iRthe aHowitOHons and

departing from spirit and scope of this invention. Therefore, this invention
varigiotended totehcdmipasiiath sothimodificatipisAad 16vhnRONShRE st this
_fall within claims or equivalent technical scope of this invention. 21
Ve P
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CLAIMS 1. A smart card storage system, comprising a storage area and a
control unit, being characterized in that: the storage area comprises a file
allocation table (FAT) storage area and a data storage area for storing filéiCSLLP
content, in which the 5 FAT storage area comprises a plurality of FAT

CLAMMi®s and the data storage area comprises a plurality of data blocks,

| ggﬁg corresponding to an FAT entry, wherein the control unit is
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BRI S SArEnen fasPRT SEPREE R%A felosReE ATeariRdanreBheblunit.
ije o j t .aecordi ofr nce-relatjonshi
o 8 A S A i At B S EPL o e tabl
carigyseorigcanttohdynaduicaliy eafile e dtarytoriiy Altheofiteraortanhith the
the data storage area. 2. The smart card storage system of Claim 1, being

chirasterpgaarr heR s tha Risidy alcB/beprisssndibeidetaciprage area

entr rag it fqr.stori file, directary entry and a file bady s
S N TR SRR R AL RIS o
stehegantieasshth6! filaibedy sirReersi0fagR4#0H afanotatecinditer#hl for an

data blocks. 3. The smart card storage system of Claim 1, being
chafacesizedandhaonsontent fideorbedeint tha FA Tdetaryblepskeserterding to a
number of a next data block qccupied by the current file, and if the current

i@ ERRMGEREG AL AR BeRSBIGER, el 20 VeI & Alfiarhigak qand the
PESHENIPLNRLIS LERIREERIDN A ARAGI BV HIEARIY PIRCHRUNPG MR in the
the value in the FAT entry is a particular value representing an

ufiteccopient stathis.dhtfseszechedananaging file creation in the smart card
storage system of Claim 1, being characterized in that creating a new file

. chhfphisastprdisipsage sxstenheldohim Linhaiagrehaantariscd AT thavage data

N AN AR Rt A el R
g to a correspondencé relatio t e

taergai@-Plestsy and a file body space storage unit for storing a file body space,
and the file directory entry storage unit and the file body space storage unit are
located in different data blocks.

The smart card storage system of Claim 1, being characterized in that: content
recorded in the FAT entry represents a number of a next data block occupied
by the current file, and if the current file does not have the next data block, the
value in the FAT entry is a particular value representing an end; and if the data
block is unoccupied, the value in the FAT entry is a particular value
representing an unoccupied status.

A method of managing file creation in the smart card storage system of Claim
1, being characterized in that creating a new file comprises the steps of:

A. the control unit searches in the FAT storage area for an unoccupied FAT
entry, and finds an unoccupied data block according to a correspondence
relationship between the FAT entry and the data block;

B. the control unit allocates the unoccupied data block found to a file

directory entry of the file to be created, writes the file information, and alters a
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B. the control unit allocates the unoccupied data block found to a file
directory entry of the file to be created, writes the file information, and MCSLLP
alters a 22 tMCSLLP value of the FAT entry corresponding to the data

block into a particular value representing an occupied status; and C.
regieRting Bep ATtesearchformaRrEdPisd i blatkekaiR6alingiular value
unoccupied data blocks found this time to a file body space of the file to
hepteseaated aalteringieAtenisiesmdorresponding to the data blocks into
particular values representing an occupied status so as to from an FAT

entry (inkepdistngevomingta anterfof thedtistdatadiecklintethelfibeating the
directory entry determined in Step B, and altering an FAT entry
CHIESHBIRANGHS tlothst toamd Bloektarsuisicd Ble thediesirecacfathe file to be

ti 05.Th thod of Claim 4, bei haracterized in
S (RN R SIS B Lo T s i oG

4 .6.Th hod of Claim 4, bei rized. .
B R S e o SRS A s
yRgsr e curraphAiEecraRN G RIENMAL B, OE SxasUed @l e, entry

remaining space under the current directory is no 15 smaller than a spac

nisessay domceeghion ahthelfdeing. Aihe Aethies, Afd=alpA@hS RS Rt data

Claim 6, being characterized in that: if the file to be created is a directory

fido therciuBitap G, tirefsiaih datavaleckreprasbetiingthe firidirectory entry
records a number of a data block occupied by a file directory entry of a
firbesupetife to bl Claateduriiinghebimactoryzeid, i20 that! thieeFATE emtfgrmation

corresponding to the data block occupied by the file directory entry of the

st e Meterdtda @ limBelesr ahattsisie secuprartslat mboalractaier.
U e O o st e e drecon e g spon,
unit also determines a remaining space under the current directory, and Step A
may be executed only if the remaining space under the current directory is no
smaller than a space necessary for creation of the file.

The method of Claim 4 or Claim 5 or Claim 6, being characterized in that: if

the file to be created is a directory file, then in Step C, the start data block

- number in the file directory entry records a number of a data block occupied

by a file directory entry of a first sub-file to be created under the directory file,
and the FAT entry corresponding to the data block occupied by the file
directory entry of the first sub-file records a number of a data block occupied
by a file directory entry of the next sub-file to be created under the directory
file, and so on, and thus all the data blocks are linked together to form the FAT
entry linked list of the file body space of the directory file.

The method of Claim 4 or Claim 5 or Claim 6, being characterized in that: if
the file to be created is an elementary file, then in Step C, the start data block

number in the file directory entry records a number of a first data block
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10.

11.

entry linked list of the file body space of the directory file. 25 8. The
method of Claim 4 or Claim 5 or Claim 6, being characterized in that: if MCSLLP
the file to be created is an elementary file, then in Step C, the start data
block number in the file directory entry records a number of a first data

Rlecknred MG SHifle OsGHPIgHARE adiieRod SRARE.AS thgcClameYHUer entry

and the FAT entry correSponding to the start data block records a number

Qforrsepond data hieckt pcaupiest fyktheddedoadispaee of theeelgaeddarblock
file. 9. The method of Claim 8, being characterized in that: prior to Step C,

thecopitcbb bthaifiddsoodyumpiscthe frhm bmoétitergdtte blocks in the file

body space of the elementary file, and in Step C, the control unit needs to
finecaneeiredparidiagn fu e shaneccupied mATahHEy filomtepe(sAlTe control
and link them together before allocating these data blocks to the file body
SHHESPLIE B MBS TANPRRST 10F ﬁ*r?eqiﬁg%ﬁe}@@fmiﬁbfa,fﬂsiﬁ@dy space Of the
characterized jin that: stqrin ent of the file. 10 comprises the steps of: .
IR o it D e b P BF e AR Rlb0Ithd ibre nding
d \}_%%]e‘r:h ff ) n%%grx %%QCP %M&t%}&%dfﬁ%cﬁew %‘%% Olfilllli}et%r t_%ggether
file; and E: t econgo unit obtains a corresponding FAT entry according

18 dhs L St da i Lloek AuTherabths. MR apddy r§l?§&é38¥8&ﬂ§ dhedetitry file.

entry linked list of the data blocks occupied by the file to be stored, and

ter hewodtstt aminbegibsite sihigaterile cantenitaceniding dathe bAThe file
entry linked list until the file content is completely stored. 11. The method

of g & ahCsadps 1F; being characterized in that updating the 20

created or stored file comprises the steps of: F: the control unit searches

for a MatdsirmyfilEcdirsatorytertpythecovaigte! the start data block that stores

data in the file body space according to the directory entry of the created file;
and

E: the control unit obtains a corresponding FAT entry according to the
start data block number of the file and further obtains the FAT entry linked list
of the data blocks occupied by the file to be stored, and then the control unit
begins to store the file content according to the FAT entry linked list until the
file content is completely stored.

The method of Claim 4 or Claim 10, being characterized in that updating the
created or stored file comprises the steps of:

F: the control unit searches for a matching file directory entry according to
an identifier or a file name of the file to be updated, and from the file directory
entry, obtains the number of the start data block that stores data in the file body
space; and

G: the control unit obtains an FAT entry corresponding to the start data
block according to the start data block number and further obtains an FAT

entry linked list of data blocks occupied by the file to be updated, and then
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12.

13.

an identifier or a file name of the file to be updated, and from the file

directory entry, obtains the number of the start data block that stores data
in the file body space; and 25 G: the control unit obtains an FAT entry MCSLLP
corresponding to the start data block according to the start data block

RUmPREAN de ek eRanSEP £ Adw ey l%ﬁ%“ﬁ&@n@ﬁ%@%@é&din% to the
occupied by the file to be updated, and then 24 MCSLLP searches inthe

Iskaddiah fonacrenisidvddatadiock mirvkey accerding tofler YA dafdet start
block number obtained in Step F and an offset of a target start address

faddressthxiradalrssstod diecfitediodly Splaceody apiod)pdats thealate the data
blocks until a designated length of the file content has been updated. 5 12.
Theckfetndd aticiagmatedricigin dthisding eomiemtdrzduén thatatedding

the created or stored file comprises the steps of: H: the control unit

secmsthrst ahfateiing me Gidsiol) cheipaciurpriecdn atifispasting the

fil f the file to be read, and from the file direct try, obtai
(G Ber Ot Lt BARA IO AR AR Ches ata in the file body 10

spacey | %Eec(@?l'@lté?llﬂmt Qg[%ﬂ%%r': Al %rt:%%r(f Qe g(ﬁ?ﬁdépﬁ tcig%l &ey:zti%gording

1
data block according to the start data bloc humber nd, from

thedrATicRiinYr BPRRINSAMEAT e finkes fstehdaiablacks arcumiesi R ory

the file to be read, then the control unit searches in the linked list for a

dadenblobtahiinabenatdfeactattaddtesadbhscieath aaerdingrohasiIt body

data block number obtained from Step H and an offset of the start
agdress to be read from the start address of the file body space, so as to
read the data blocks until a designated length of the file content has been

read 11 3ha kentsth sabfaDims 4281 Blelnmenoybeimgeshardingriredlin thart data

deleting the .
block according to the start data block number of the file and, from the FAT

entry, obtains an FAT entry linked list of data blocks occupied by the file to be
read, then the control unit searches in the linked list for a data block number of
a start address to be read according to the start data block number obtained
from Step H and an offset of the start address to be read from the start address
of the file body space, so as to read the data blocks until a designated length of
the file content has been read.

The method of Claim 4 or Claim 10, being characterized in that deleting the
created or stored file comprises the steps of:

J: the control unit searches for a matching file directory entry according to
an 1dentifier or a file name of the file to be deleted, and from the file directory
entry, obtains the number of the start data block that stores data in the file body
space;

K: the control unit obtains an FAT entry corresponding to the start data
block number obtained in Step J and, from the FAT entry, obtains an FAT

entry linked list of data blocks occupied by the file to be deleted, and then the
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14.

15.

20 created or stored file comprises the steps of: J: the control unit

searches for a matching file directory entry according to an identifier or aMCSLLP

file name of the file to be deleted, and from the file directory entry, obtains
the number of the start data block that stores data in the file body space;

8?%&&‘&&&”&%9&89i&8}?f@ﬁ@%f‘%£cﬁ%?'ﬂf{é( goriesRRRdIng g MeStaidainked
block num T

er obtained in Step J and, from the FAT entry, obtairs an FA

aotryHinkeghistaf datablocks esadpisddy the file toiberdgleteds anddhen and
the 25 MCSLLP control unit deletes content of each of the data blocks

aceordingdo 4bs linked Jdistiuntit sontentiek the tesipdalditdock ihthedileed data
has been deleted, and meanwhile, sets each of the FAT entries
bbordsponding to thprdedetetedatairisiockpital s tadihse aepresenting an
unoccupied status; and 5 L: the control unit deletes the data block
occupieth e tdtairartdrddatey betHatadlackestiar Aidseditretory entry
corresp ndinggAT entry to a value representing an ungccupied status.

4. heiHie Kb orSlalfila Bk 16 bAHG TRAerEad et 0 4 value

altering a. space occy ied cPQ' tﬁle created or stored file comprises the
IEDIesen ﬂé)ﬁn nocelpicd status, L
Stéps or: . the control unit séarches for a matching file directory entry

31‘?6&?@&%@ ap Eeptier of & ilshae gLile Uedabediersd and: URRYing o

ile directory entry, obtains the number of the start data block that

sieres satapndis fileRoskspaesidVethaleuapHRHS@Rr for an FAT

entry corresponding to the start 15 data block according to the start data
blockviuthberoehiainedl inShehdd, fabtamstahirA Tikentilydnked distrof datarding

blocks occupied by the file to be altered, and then searches for an FAT
entancoteasgoridion 2ofithe kmndatd the file to be altered and, from the file
directory entry, obtains the number of the start data block that stores data in
the file body space;

N: the control unit searches for an FAT entry corresponding to the start
data block according to the start data block number obtained in Step M,
obtains an FAT entry linked list of data blocks occupied by the file to be
altered, and then searches for an FAT entry corresponding to the last data
block of the file according to the linked list;

O: the control unit sets the FAT entries according to size of the space to
be occupied by the altered file; and

P: the control unit alters a size value of the file space in the file directory
entry of the file to be altered.

The method of Claim 14, being characterized in that: if the file space is to be
reduced, the control unit still needs to determine a usage status of each of the
data blocks corresponding to the FAT entries in Step N;

Step O also comprises the steps of:

O1: according to the reduced size of the file space, the control unit sets
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block of the file according to the linked list; O: the control unit sets the FAT
entries according to size of the space to 20 be occupied by the altered ;g\ Lp
file; and P: the control unit alters a size value of the file space in the file
directory entry of the file to be altered. 15. The method of Claim 14, being

G ' [ i fi ' b Lynit,still
e e e (M B e
CAIECEPANHAAdOrEppcs At gBHAS IR RIERH M SIRE ASCHBRASES I alters an
steps of: 01: according to the reduced size of the file space, the control

URit Setan26 Mder&pdnBifgAToentiies aarrgsporsling:toioneher fileredf theyalue
unoccupied data blocks in the file to a value representing an unoccupied
stepussemthgmeanwdhile, alters an FAT entry corresponding to the last data
block in the file to a value representing an end. 5 16. The method of

16. ciapmmetheding Ehaimcldhedng sharaftpraame spaketid tehselibnrigelis to be
then Step Q comprises the steps of: 01': the control unit searches for
Mﬁﬁ%%&e&ﬁﬂrg%ﬁtﬁe%quﬁﬁ*?aqﬁﬂ’saﬂ cates data blocks

carresponding tg the. unoccypied. FAT entries t ile_according to
91ESRY co@ﬁ& AT Searchices C1”0r unoc 8%‘&{1 ﬁﬂ?semrgjfolgAT, and

target size of the file, and thenthe con rof‘dﬂlfalters ar(l3

di t : ' he fil 4e. :
alloEHLESPARAING (.the,last F’glﬁg% Oﬁfémiﬁg&%&gégblé%éeg?/e\t{ﬁgfﬁe tgn éhe file

representing an end, an T entries originally

accohginewlyaliacated Ao @Rties, aredinkad 1e9etiarip (MR AW AR T entry
entry linked list of the file. 27

corresponding to the last data block occupied by the file to a value representing an
end, and FAT entries originally occupied by the file and the newly allocated FAT

entries are linked together to form a new FAT entry linked list of the file.
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