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The pres®A843%A48nti on rel ates to conputer menories, and nHCAEFIFIMRcal |y
to the di vi sion of menory areas therein and/or to the updating of
the contents of flash menory. It finds particular application in a
recei ver/ decoder of a broadcast and 5 ~— k®ception system in particular a
recei ver/ decoder of a digi Lteractive satelljte tel evision

and/ or radi o system HoweverMPULIER | R QBEGANIZATION; o ot |inited to
that systemor systens of that type, but is applicable nore generally to a
W de variety: of conputer systens. I n conput er systens,
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functions required by the systemis . mnimzed. In addition,
al s be nécesmEEPuao SYAtem Ny patigelar anzeceiven/decedbriaf a digital interagtive astellitmst

sone parts- of . . aspect t he,.present, .inveption is
particularly Eczl)%g%ﬁggﬁl \é/;\ﬁ aﬁlql%esmﬁ'(c)@'ﬁgicg%’ 6trWSI be f"ahg"rﬁg%f]?df PBEHWFE‘EFH fers
i n the menorythat system or sySRensCotigtype) bat istagﬁﬂmbmﬁmfcogen&m¥ kel RGadwredy s 1S
by a dynam c system for allocating the required buffers.” However, in
t he present cB%F%RP“tFWYﬁ%Sandard system- . has certain disadvant ages.
It tends to result in fragnentation of the nenory, and its 20 speed is

restricted by the need for overhead operations. Al so, if an expansion of

t he bulnf exmsputer systgoisy paiticulariysystensouicre theopipardr sedtedlioitesrpatategmor y
t o creatﬁ space_for t he ﬁxgansi Qn. Accor?i ng to one aspect
of the prlsent® SIRIFEHSYSHRY e &5 @ Boruerilegodsy for diggtal television ogyradioyithgy and
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pool size storagle means for storing a plurality of pool sizes; u1g er size

st or age neansso that thefése oftroemery, spaey by tiehvarives furctions faguired by thasystem is
“cal cul ating Jar Lk at . therefromthe addiess of a. desired
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access at least some parts of the memory.

15  One aspect of the present invention is particularly concerned with the provision or

organization of buffers in the memory.

- The conventional technique for providing buffers is by a dynamic system for
allocating the required buffers. However, in the present context this standard system
has certain disadvantages. It tends to result in fr'ag:hcntation of the memory, and its

20 - speed is restricted by the need for overhead opcrations. Also, if an cxpansion of the
buffers is required, it may reqhire movement of blocks of memory to create space for

the expansion.

According to one aspect of the present invention there is provided a system for
defining and addressing buffers in a memory area in a computer system, comprising:

25  pool size storage means for storing a plurality of pool sizeﬁ; buffer size storage means
| for storing, for each pool, a buffer size; and calculating means for calculating

therefrom the address of a desired buffer in a desired pool. Preferably means are



WD 98/ 43248 '

PCT/ EP97/ 02112 -2 -

i ncl udedwioogs/4dedser mi ni ng t he pool sizes in cunulative for@tﬁﬂﬁmﬁ@ﬂﬁing t hem
i n that formin the pool size storage neans. A reserved area my be

defined at the beginning of each pool, and neans provided for

sel ecting either the cunul ative pool size direct or the output of

t he cal cul ati ng means. The desired pool ﬁ&hﬁer desired buffer 5 'nunber,
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di stinction formin th@pme&cdtdringﬁéﬁnskWﬁSerOéd &eARiaY bk IcBEIIR L Beghiidd ©
and non-vol atile nenories. - Vol atile menory retains its ot ents

only while poﬂEFaqhsIm@hﬁ‘EFiJW% BIQVFF@drf@hﬁl‘thmg cither the gumnlgtive Boaicsmeeduest as
soon as its p e nNgy- V. [ ai ns
its contents |8n ef | ‘#P?tle {/ﬁ%\/%%&{l%tmgt S ikolgswe?ﬂcsgg%)&td ooés%%a{ #gg?’d o g

maj or S  dimbémand desired byet mvee be whedkal Ifer mmnwyomrw vaRiegl- onl y nenory.
Vol atile menory is generally known as RAM while there are various kinds of
non-vol atile nmenory. RAMis normally witable, while read-only nenory is
known ASviRtdd b3s o lchbBfouldt Sid | c

har d- and- f ast. Any ng?r-?l%ésr?ust%g k%wgua?ggb emaal{igb%a]%hjg}é%mggﬁm

| east once, buttwsemdifferend kimds chGMhrlnbtgeis between vidatile ynd ann-+weolatile leinfories.

tents ch . albeit with lty, Thus th
Cvpee Such as JBREKT TSR SHAR RS (oRiEly (LAYl RO i6APgRlica B e memory,
EEPROM (el ect [gsid! ilsycotehtadd! @oR 89l Pls@prglfgées%& M»xﬁ&f%ﬁovol(aggdlg%@hem

The different kinds of nenmory have differe haracteri stics
read tind8 20retaiphils Gontf:rets efigisely ven $bits power sippbngabs siff.afhe other usajor
conbi nation o S .n.a SI’W%l e conputer system

Anot her aspecfhs%?é{ Hés B&g’segﬁ qqﬁq}%m?%q{ylagdé‘iﬁ‘?c@?lﬁéﬁc ¥h flash nmemory. A

fl ash menory is generally ROMIike, in that it is non-volatile. It
Is also intended to be used in a generally ROWIike manner, being
-read from but YRkatilememosy, it genealieJaownoas RANL o wiyileethereyare dvarigus \J&mdﬁt@fn to,

but only wi t hysomR1id hiabht RARPS ~only plTBIR

normal 'y divi aed into pagells)I typi cglk%ﬁ?a%ﬁmg%’ %ﬁé%d orw es |$1 . enb"nh

and writing tas ROM.f This hattee distipction 1b;zoqmgessamly hlani—endiefaaj | Ang memiory musto t he
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memory can have their contents changed, albeit with some difficulty. Thus there are

memory types such as PROM (programmable (je writable) read-only memory,
EEPROM (electrically erasable programmable read-only memory), and Flash.

The different kinds of memory have different characteristics (eg different read times
20  and different costs), so it is often desirable to use a combination of several different

kinds in a single computer system.

" Another aspect of the present invention is concerned with flash memory. A flash
memory is generally ROM-like, in that it_ is non-volatile. .It is also intended to be
used in a generally ROM-like manner, being read from but not written to. However,

25  flash memory can be written to, but only with some difficulty. Specifically, a flash
memory is normally divided into pages, typically each of many kilobytes in length,

- and writing to the flash memory is by page. In more detail, to write to the flash

memory, an entire page has to be erased and the new contents then have to be written
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into th‘ewgr%gé?edgspage; further, this witing has to be essgﬁgﬁgl‘}ﬁg}lysi ngl e
uni nterruptible operation. (Cbviously there can be a gap between the
erasing and the witing.) In pripciple, the information in the
flash nmenory may be organized into units of any size froma single

bl ocks of supaiih FESE P SRR Ghi rplgn o B B emtl S ShelE b pptioe ' °

permanent-  operatiof! EGHWiORE RACE bed QAFTBEMWREN IR erdsify BEH BIY Witing.)
sub-routine. The bl ock sizes wll nornmal |y be chosen to be % ess than
the page size (if a block is larger than a page, it will usually be

feasible to it 1§ into -.hl oCtks jch are less than the page size).

Typ cal Ly, wigerpelsie iF et & 5B At iefss 23 P P l0h 7 €80 of
the 10 i nf aiiepkdaa sigleadid dpwards. ]ih?ﬁctﬁé’t?h@@@i&, it QG h6RSallyhR digdifizedei Ny
updated to be read RAMto forman i mage_of the page; this inmage

t
'h RAM cah t Hale blecksfobyamipl size. A Hlogkemey RompreR Ve fables Af BYTABFTSn. | o
to be ent i - - ‘ e i
the page wni o TR RTRraag EytofhalelofE Bherdl®y, sbsroind e WS Rles W' ©

i mage can t hampnneallywt tchesentiadie lesstthart the fagasize (ifrmblyck is lhfger tHan Qpapes &l |

the bl ock size will _npt be fixed: that is, .different bl ocks w Il be,

di fferent will “%‘PQ%B‘? fc&ﬁt?ﬁestocsght HBVP&BSTR}"E‘QU‘@@CE s e hey therage Sizse

exi sting bl ocks are to be . discarded and fresh blocks are to be

~added. These difficulties can |largely be overcone by allow ng the
bl ocks to theTypicadily] svhes flasht mememy ds padeed St ispdesireble toheetain some &f theks t o

20 ar elier JRSPRIG Srefhgra’| drBatmtRe e b peee BoRE uppBEs 15 e s o o
movabl e, t herjplohRXM &feRh ddinRgs b BeqshglVihlsi Rge HERAM 26 thehbelRRAGted b

some sort of block |ocating or addressi ng data structure nmust bé mai nfai ned
. S0 that inserting whafexes newninfosmatigreistto be esteraddntecthe pagehy Ay thersgmedime,ki nd

nf ormat i on ABGUPEBARoR dhy gkl SRE Rt e e BORRS, ok ol ' ©°

This can be dafagecadi tien beavtineisbasi)ifito the fiasimesiony.| ed directory of
the bl ocks (their locations and nature) can be maintained at the begi nning
of the flash nenory, or a location directory of the blocks can be

mai ntai ned at g&ﬁcrd,_thc bloRR 9128 Will%hoP be 'HXE4; thaSH, SRRLY bfRKs GAFBe RifGkncan
i nclude a hea gl ving the nature _ _

- sizes.  This can obviously cause difficulty when some existing blocks are to be
discarded and fresh blocks are to be added.  These difficulties can largely be
overcome by allowing the blocks to the movable, so that when a page is updated, the
blocks to be retained in the page are rearranged so that any unused areas on the page

20  are merged into a single large unused area.

If the blocks are movable, then they cannot be addressed by fixed addresses. Instead,
some sort of block locating or addressing data structure must be maintained so that
the blocks can in effect be searched for by using sbm_c kind of name or descriptor.
With blocks of different sizes, this requires information about both the locations and
25  the pature of the blocks. This can be achieved in various ways. Thus a detailed
directory of the blocks (their locations and hatnrc) can be maintained at the beginning
of the flash memory, or a location directory of the blocks can be maintained at the

beginning of the flash memory and each block can include a header giving the nature
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of the DWOORM4324Bt ernatively, a separate block | ocating dapersppueiiy e can
be mai nt ai ned for each page of the flash nmenory. Al'l these

bl ock | ocating data structures have the cormon characteristic that updating
of the flash nenory is required for everyschange in its contents. To wite
a fresh 5 bl ock obviously requires flash nenory updating; deletion of a
bl ock siml ardehdlﬂq&l_d.rA&cmativcl?;,@si?ﬁﬂaftgﬂockﬁb&ﬁﬁg@Etai strutt®rd\@h H&%ﬁﬁ:’ﬁﬁ&ﬁ to
physically delete the block, the block | ocating data structure has to
be updat ed t §ox eaghpage of s lashamemesk i s no | onger valid. W have
realized that the need for flash nenory wupdating can be restricted to the
addition of fresh blocks; in other words, blocks can effectively be del eted
wi thout 10  AlpeHebe blogk Wdeihg Bgta Gfrudthires hhwsSthe EBAMION. charkotedistic Sdeupditing t he
bl ock | ocating data structure is held at |east partially in an _
ext ernal nenms¥ yhollesh Bemprkeist reguiFedyioREr sy change intiteeantents. of By Whits 2 ifreshin
EEPROM r ; : . h . [ .y_the
entire bibok tlosk gprioysty boifet HEUN B BR okl e 08 of DEoSKRRHARG 1Bty
flescri pt or S]; u@ﬁitia{)glnatj&ltbdmgh ithefnlaxmﬁd:dssdxy m?rphysdcag@ ?}cl&amhhtﬂlmtkplﬁicybloble f
ocations of .the ocks in the ash nepgory, with the_ descriptors . 0
the bl ocks bdPFfRE ﬂeﬁa&&sa‘“f%gﬁfe be updpe &s‘hﬁeﬁaaéf%kdfr np h@aﬂ ¥elids

t hensel ves. In both cases, the external directory may be organized
either as a single structure for the entire flash nenory or on a per
page basis.  We have reabipasl/that thet nged for dlash methory updatingi cae behestsicted tofth¢ he

external nenmony..h i Nt al,ni,ng. 2 in it.on t he.val i di f each bl ock,
nith the bl oandisay b Bl Sug’sgﬁ"f"p%’VSF‘E? ngck%can ettéchiyai b, fRlotd it
fl ash nergor Y.réqlﬁlﬁ%]upﬂﬁiing dfeitle FRSh mitend¥! emaadchitPEBEiY, the Hlodk lodRihg data.  Of
the validity of the blocks. To erase a block in the flash nenory, all

that is strptung isdwgld at legstcpratiglly inhen prtermplomemioay ontsisdeithe flash memeoner nal
menory from ' . : id. 25 Returning to the general
* page updati nét\é%?’o%g%ta%g ai %%Eggg atx)xge\;%o,ryt hi s procedure has a

problem If the power supply to the system should be interrupted during
this The external memory may hold the substantially the entire block locating data
structure, ie the block addresses and descriptors. Alternatively, the external memory
15 majr hold only the locations of the blocks in the flash memory, with the descriptors
of the blocks being included in the flash memory as headers of the blocks themselves.
In both cases, the external directory may be organized either as a single structure for

the entire flash memory or on a per page basis.

However, it is preferred to minimize the size of the external memory by maintaining
20 init 6n1y the validity of each block, with the block addresses and descriptors being
maintained in the flash memory itself. This reduces the external memory to a bitmap
of the validity .of the blocks. To erase a block in the flash memory, all that is
required is to change the bit for that block in the external memory from "valid" to

"invalid".

25  Retumning to the general page updating procedure discussed above, this procedure has
a problem. If the power supply to the system should be interrupted during this

procedure (or some other major system interrupt or crash should occur), the contents
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the RAMw || be lost, so the updated i mage of the page being witten into
the flash menory will be lost. The information previously in the
flash nmenory page being updat ed wi+l5 have been erased, as a
prelimnary to the witing of the updated page back into the flash

- menory. (And efithe Reddtveill bsdee, spi the updased iseass ofithie pagp beiagwritiendntoshe flashe
and. sinoe * Membpp Y bElest, T8 Habhnstion bvERI) STLE Moy mbBYE BEE Do)
general | y notugdatédwithhaviet besh |erased, as a prdlintinaryeb Ithe beitinp @frthexpdited phgw
F1'2h memory_ back ioto the HesiineBPct (AR BRSPAHES esae VHNENE Perh VH e 03K iait ot
"rvent  on® pr o gk BREEEY pnly brian f3o3o8le s BobeBhtS v BRE bech ILBRGR
TEans for Copysbg & page of the T aSh mobry a5 ah Lrags page mto G
RAM nenory aﬁ%ptu%@aeﬁﬁgc EKREWR ﬁagﬁsfy fn%baﬂyiéhq BonteHts 9#9 ngpttp%étcﬁ Page hpege

back | g QnaGkdd SEERE fg@g%gn;br;,_ e flash nmenory; a nain record table,
held in a separate 15 non-vol atile nory, identifying valid pages in the

flash nenory; and neans for updating the main record table when a

- page in the flash, nemp has b‘;el.lgn dated.,. ..  _The mempry hol ding the
ai'n record tOBf BoIRE B e SPER SrsebRRa fbaljete o CUSEIme i pRBIH At | ach
menory will normally be via the main record table. I n nornal

operation, the main recordtable will record sone pages of the flash 20
menory a30val Aecoadiag de Heip gspest, ithpypresant invention provides arflash mamary syemdge does

not conf ai al g i nf | O . [ Ll 1. vari ways; -
Phus it mmy. etk el ek MeonP RORIARR: o BhfRalely olitddle; B
anot her page; codiprisingiayedngfer bapding & page of thy flishn@embiyesy upifsge page into | N
"the present system updating, a, page,invol ves copyi ng the page bel ng, updated
from25 itsRAM semegy aae,epﬁbﬁmsﬁgc fPagsPagenBF3Rstier WREER dic Tage Pegr PaFkt he

copyi ng i nvol ¥idg giferent g&g@%i B8 fREh G L ERLR 10ford REb1BAE in RschiiEte
present system nust always maintaln
5 non-volatile memory, identifying valid pages in the flash memory; and means for
updating the main record table when a page in the flash memory has been updated.
The memory holding the main record table is preferably EEPROM memory. Access

~ to the flash memory will normally be via the main record table.

In normal operation, the main record table will record some pages of the flash
20 memory as valid and others as invalid, "invalid" meaning that the page does not
contain valid information. A page can .bc invalid in various ways; thus it may be
empty, it may have been succcésfully copied into another page, or it may have had its

writing interrupted.

In the present system, updating a page involves copying the page being updated from
25 its existing page in the flash memory to another page (with the copying involi'ing
| updating of the contents of the page). So the present System must always maintain
at least one page as invalid; the invalid page or pages can equally well be described

as "spare”. When a page is updated, the main record table is updated only after the
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descri bed -as "spare". \Wen a page is updated, the main record table
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copying of the page is conpleted. Thus if the copying of a page is

I nterrupted, the main record tabLeg wi |l remain unchanged, so the
original page will remain valid and the new page will remain marked-

as spare. The copyiyg nf tl&apageixb leempleeedr €Fliusi i€ thel @p@ing of a page i9lintaRaneQRE.
5 Even with the sy %;n#fgt described, there |s apotentlal dlffICU|ty
The system as 2R recold ta evillemain pechapgsd; se thepriginal @ﬁ&‘awlh&’-%%lnf'ﬁ’ed ped n

record table. t h rity
of thi's main fScary PRECHE! RuRil RRKRIspare. The CofyBRTE Bihite OB WELL] |
record tabl e wrlabatsenedery rapid conpared to the updat| ng of a page.
of the flash nenory, it may be possible to check the state of the 10

‘power supply inmedi ately before updating the main record table, using a
power 5 eRMiIthHBE Sfstea Just Uf::fchﬁé@ herE 3R Bbteitidl QiffRhIR. ATRe S3fens ¥SESM
operating for at |east as | ong as is required to update the nain
record tabl e. farctes@ntaldlrsfhcsmmgpdatmgef thginrein record tablec dt @ therofoze importages an

Cable | o ataPgrus baf o HiegBo S08s maRlefre MR whidim Tl ¢ rren i nel ude

15 means for checking the mai n record table for error when using it to
access the flash y, and for using the back-up record table if
the main recoﬁéPcFa%Fé‘Héafén&lﬁf é],aer #ain record tabjywgllite very rapidncomapasedi te 4hs e
has an error Yot £ r e

menory as inng%émi 0Est &% 0?13 ﬁfﬁé&uﬁgé‘g? 1|ty|’1 prﬂ%éb%gog bllﬁli {Le‘r:}%ec%tt}ecdsm]ea&%c

It is of Hour pewpnssp;ﬂ)j' dmbrediatdiy beﬁnyiupgatﬁfg theemaii recordc rablt, tusingea lpﬁtver t he

back-up 20 record tabl e he interr S copyi ng qccurs after
the main updaf \’E’ng i b S“%E‘H‘é“t ﬁﬁ?a}?ltyégﬁfﬁn@’&tfh% SYRhET (9BERIHRS fo5 % 8 Y
however. Any hgseds RGERIRAQb utpbﬁc ftllxe.aﬁxgm record tati[ET0 fé%ﬂlg é%i’ &nd lﬂﬁmb

- checking of the main record tab that main recor abl
error-free, saeeqord table fncludes en@nur tdatbtt@n/\sdchomand e skl Gopmi axm: eézaeki—uind

updating o ¢ Feord SR byt sl 0% Bhts nagel o Thr AV, wie Thguce

updat ed. 1Bhi s meadafdrgecking Hﬁ mﬂhe&&dﬂ@‘tﬂh foren@ Shef Sx?ﬂg&bﬁ)\/ébces%rtﬁe iffasH t

is, then the
memory, and for using the back-up record table if the main record table has an error.

Thus if the main record table has an error; the system treats the last updating of the

flash memory as invalid, just as if the updating had been interrupted.

It is of course possible for the copying of the main record table ieto the back-up
20  record table to be interrupted. This copying occurs only after the main updating of
thc.main record table has been completed, however. Any later access of the flash
memory will involve the checking of thc main record table; that main record table will
be error—free, so the back—up record table will not need to be accessed and its faulty

state will be irrelevant.

25  During the next updating of the flash memory, however, the main record table will be
* updated. This updating may be interrupted, as discussed above, and if it is, then the
back~up record table has to be used to access the flash memory as it was before the

updating. It is therefore undesirable to allow the back—up record table to be faulty.
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This can conveniently be achieved by copying the main record table into the
back- up record table as the first 7step in updating the flash nenory
(or at |east before the writing of the updated i nage page fromthe

RAM i nto the ¥Thisrcan gerjenisntly ke aghiewsd by copying themsinsecord table nto thetbattipows
fromthe above di sjop .t he_i nformat.i o r_data bl ocks in the flash
menory are not°oPx c%%daﬁ ﬁlef ﬁé{ea&go@ i‘fplds{\’ég. El}fsﬁ?sﬁemf?’ggh?%eﬁﬁﬁft B’&f e thg e

updat ed, - writing ®f tthe upédted Rhagkgage Tréthane RAM ihicOm: I%gﬁ@ age RA4Re flagyl nmay
al so have their positions In the page changed. Sone form of
directory is ERBOE Jor e required, so that the data bl ocks can be

found when required. This directory information can be held.in the 10.
record table or in the flash nenory pages thensel ves, or divided between
those twos It followoain thesabove discussion tit thevomeaion 22 datalbcksninghoi@agd t he
directory information does naot, nornal ly change, - unl ess the data

bl ocks t hensePFRETRAE ‘I?ﬁi‘?f‘g"&? lnggcgspoﬁ’gmﬁfneﬁéfﬂéﬁ HashoneReTYRAESS arcsyndaied,

it in the flaghyERInRHods ¥ thel fbvd K L one

el enent - of 15 gllal‘ e?:t ory- teype Ynf}glrn%??éﬁb%%f %ﬁd %ﬁ%ﬁgﬁ‘éﬁéﬁg\nﬁ?ﬁ%ﬁ?@he
data itsel f cinathgipags chdnged. Some form of dideetomeis therefore requirad,ascbthactheidauta
valid. It is therefore conyenient to.stqre data bl.ock . val i di t
information i MoFHe e‘&ﬁof"aﬂ%fé(&f@.“"%*fﬁcé‘ al r%‘ft%t’%f%m"i‘ﬂﬂ? g qfehﬂﬁf“éé'{‘i vel y
del et ed wpt hogkoraavblebr iR thtPHahenthery’ paasd tHBRBIVYs, ofdividdierREsthbs: Qe 1S
to change . the block's indicator fromvalid to invalid. 20 O
course, if thiecaiegs. with that block is updated at sone later tinme, the

bl ocks with invalid indicators will not be copied fromthe page
into the i mage page in RAM menory, so they will be deleted in a
nore physi cal weeiase redlizedéat frogéreral (tHe1@ivedtérylinformation dods nbfthérynall§ehbdge N

"the old page, which bhecqones the nfw spare page, but are of course
i naccessi bl e ¥Hessdhe dag therase ‘f?é\ﬂ“’sﬁléﬁﬂéecgégét isstherstage conveniat Hostpre

“updating of t m;gﬁﬁgryt ' i C ' K
conpl ete.) e ﬂj%%las%‘}a retcor talb}f gllat a{eart;eip %iéé %&"é’?‘?ﬁ’g‘tﬂ}f”y}%% gllcﬂmg?t ?for
each pagé5 a distctarf—typ¢ infoimation which may change without the data itself changing; that

is, whether or not a data block is valid. It is therefore convenient to store data block
validity information in the record table. This allows a data block to be effectively
deleted without having to update the flash memory; all that need be done is to change.

the block's indicator from valid to invalid.

"~ 20 Of course, if the page with that block is updated at some later timé, the blocks with
invalid indicators will not be copied from the pagc into the image page in RAM
memory, so they will be deleted in a more physical sense at that point. (They will
actually remain in the old page, which becomes the new _séarc page, but are of course
inaccessible there, and when that new spare page is used for the next updating of the

25 flash memory, their physical deletion will be complct'e.)

The record table therefore preferably contains, for each page, a set of data block
validity indicators, which may conveniently be in the form of single bits. This

increases the size of the record table, which in tum means that a variety of standard



validity indicators, which may conveniently be in the formof single bits.

This . I ncreases the size of the record table, which in turn neans
that a m9m$4@f st andar d WD 98/ 43248 . PCT/EP97/02112 .
PCT/ EP97/ 02112 - 8-

techni ques can be used to provide the error detection section; it is
preferred to use a cyclic redundangy check (CRC), though an error
detecting or correcting code or a hash-type function could be used.

The bl ock valtedhnigues osli bausudstof ovide RO Metddon Ssctibfl; i APprefaiedlio Qe gour se
be linked 5 to the blocks thenselves in that page in the flash nmenory.

This may be ¢3fic Fpundancy cheele (FRE).tthengh e rEon deteqiimgprigeorietingicodd axh
menory in thqla%{;\_qg%esmgﬁ&ggoﬁg bk Rl indicators in the record table.

It is preferre wever, to prOVId% a header 'in each page in the
flash menory which contains a set of pointers to the actual |ocations of
t he bl ocks in_that page, this permts greater freedomin the arrangenent of

the bl ocks 10Me &l 1di#% dndligatprsfor,a gage In the record fahle mystafi qouessthedinked
the c! . _ .
i nformatigon (tsthbfbegs RRERLVEStn ﬁ?a?%r géagf:hm;)qiaggk%ﬁgg,ggr@g r{fﬁ'ebc done by

I ncluded ei ther 1n the page header a star

bl ock itsel f keeping the Bloekd &t ther pagptin ahe flask hemone iadepsaest saquédve 43rthéer r ed

enmbodi nent. Thi.s i dent%f i cat& %rg X i_nformation may i %cl ude bl ock '

i nking i nf orFEYORS, 10 4Be F374E Eblcar dS BFRTETSSs DAREYRTe tnPguideen headpy nreach o 2

or nore bl oCkgge in the flash nfechotyiWiGEL asmaint aQbt Bbgoiﬁfeﬁ‘sst%%c B EMok A bnR opVi des
r

a receiver/decoder for use in a digital oadcast and reception
syst em i ncl udheblogkssipdhatipage; thisrpsryits greatenfroedot insthe arrangement nbibg bhacks
describ abqye. . Preferably, the receiver/decoder further

conpri ses’ ne lﬁcénsfcbvrcsﬂ%gbﬁ ?/"}gﬁg a conpressed 20 MPEG-type signal, neans for -
decodi ng the received signal to provide a tel evision and/ or radio

signal and neans for_ supplying the signal to_a television and/ or radio.
Preferred fedbaridentEication ifprmation (ea\pork ramaliter cadubloek ddher pagedmaplieel y
| \%i vay. of  includeP TR & thliphSe FGHE &S bi8ci REIBE GNP AN df Iy RGLEs. 1 N
' The latter option is the one adopted in the preferred embodiment. This identification
information may include block linking information, so that a large unit of data can be

15  split into 2 or more blocks.

A further aspect of the present invention provides a receiver/decoder for use in a
digital broadcast and reception system including a system or memory system or flash

memory as described above.

Prcfcrabiy, the receiver/decoder further comprisés means for receiving a compressed
20  MPEG-type signal, means for decoding the received signal to provide a television

and/or radio signal and means for supplying the signal to a television and/or radio.

Preferred features of the present invention will now be described, purely by way of

example, with reference to the accompanying drawings, in which:-

Figure 1 shows the overall architecture of a digital television system according to the

25  preferred embodiment of the present invention;



Figure 1 shows the overall architecture of a digital television system
according to the 25 preferred enbodi nent of the present invention;.

VO 98/ 43%Q488/43248 -~ PCT/EP97/02112
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Figure 2 shows the architecture of an interactive systemof the digital

t el evi si on syst em Fi g'cn9e- 3 shows t he arrangenent of :
files within dalei1 &ﬁdlntothe of anlnteractlve
recei ver/ deco shoy fflaé fectyrg of é“s‘i“FFﬁ"?‘i“f’F éél“ﬁ‘l“o%’kthﬁ digitalntedrvisione

rel evant partgygsfmthe conput er system Figure 5 is a diagram of
the organi zati’on of a part of the RAM nenory:; Figure 6 shows the
structure of a Set Buf fers conmmand, Figure 7 is diagramof the
structure of e re,8.is a block

di agr am of th g?'h"ys de i‘ﬁg’ C?‘F’&#ghﬁs withine medule G‘@}%ﬁ%‘l‘d“ﬁﬂt&ﬁ]ﬁc BFOOHe
flash menory gfng} m&a&%%gg,&@mgﬁﬂ and Fi gure 10.shows the

| ogi cal layout o menory pade and a sub-section of the

record table. An overview of a di g| tal television system 1000 is

conventi onal

3Pg}l\?a:' nt I ev*5 @P?n“ ghg %H gng.(??% %?Frﬁ@e%t] ‘Sﬁéc leinn At o tnd comptter systerm;

Figuré Sisa diagram of the organization of a part of the RAM mt:mory;~
Figﬁre 6 shows the structure of a Set Buffers command;
Figure 7 is diagram. of the structure of the meinory management unit.
Figure 8 is a block diagram of the system;
10  Figure 9 shows the logical layout of the flash memory and the record tables; and

| Figure 10 shows the logical layout of a flash memory page and a sub-section of the

"~ record table.

An overview of a digital television system 1000 is shown in Figure 1. The invention
includes a mostly conventional digital. teicﬁs‘ion system 2000 which uses the known
15  MPEG-2 compression system o transmit compressed digital signals. In more detail,
MPEG-2 compressor 2002 in a bro_'adcast' centre receives a digital signal stream
(typically a stream of video signals). The compressor 2002 js comnected to a
multiplexer and scrambler 2004 by linkage 2006. The multiplexer 2004 receives a
plurality of further input signals, assembles one or more transport streams and
20  transmits compressed digital signals to a transmitter 2008 of the broadcast centre via
linkage 2010, which can of course take a wide variéty of forms including telecom
links. The transmitter 2008 transmits electromagnetic signals via uplink 2012 towards

a satellite transponder 2014, where they are electronically processed and broadcast via



;15 MPEG 2 conpression systemto transmt conpressed digital signals. In
 nore detail, MPEG-2 conpressor 2002 in a broadcast centre receives a
di gi tal  WNQMRM324R r eam (typically a stream of vi deo miTgE®hs}112 The
conpressor 2002 is connected to a mul ti pl exer and scranbl er 2004 by
| i nkage 2006. The nul ti pl exer 2004 receives a plurality of further

i nput signals, assenbles one or nore trangpart streans and 20 transmts
conpressed digital signals to a transmitter 2008 of the broadcast centre

Vi a i nioagnalmmmhﬁﬂd:ﬁ te aartiofeceivtr 3@18; adeeventionall® i Ad i 6 a iR B

including tel ecom ‘?Aé ﬂ%e transmtter 2008 transmts
el ect r omagnet | VRGP FERts BY u%‘F Y12 dBhesignals received Dy seceiver 2818 are

Lransponder 2Qihsmiard duiiBleghitds Rlavkyiebad!Jogo RIALES? Sl y MOALFGRE V1 2

PCT/ EP97/ 0211 2nd connected to the end user's television set 2022. The receiver/decoder 2020 -
not i onal wnl 2016 to earth, ver .2018, convent in the form
of a dis hd§ dobS %ﬁé"dc"é’?Pstéﬁ‘% S’E}; Eﬁﬁ fignal ﬁ’a‘%s%‘FVlS*PHél@PG%éﬁge telsvisianest by

recei ver 2018 2ape. transmtted to an integrated recelver/decoder 2020
owned or rented by the end user and connected to the end user's

tel evision set 2022. The receiver/decoder 2020 decodes the conpressed
MPEG- 2 si gnal I i Si for the teI Vi Si N set

A condi ti onal %%@gﬁslgoéﬁs Xés%%ﬁ’ﬂ ga b SepEsted 0 ﬁ‘g fiplexpr 2004 ?B@Afg%md

t he o eceacm/ﬂek&ﬂeﬂmzozaﬂd);s jovsted paﬂ:@qﬁtttwb@addabtycchﬂem& pRARAHGRS
centre and partl |n t he decoder. It enables the end user fo access

digital televidseasier-of saeRlessthe anddisentroacsessidigitalitplewision Jupasdsests foppbheos. A
St o o S st e 2 HERSASSS AL SEURE A By o COTRCELS

of fers (t one or severa I SI’on*progr am

supplier), canoﬂnmemslmffemj(thatus ohher Seeeﬂl Wv&ﬁﬁmdgranﬁ%(éoldlﬂﬁyl the bidéﬁcast
decoder 2020 and user éﬁurc ase conmmer ci al

offers in eit FEFPlEDs E‘H‘sl&‘:r ’inﬁecrfc ﬁn%B%recelvcr decgder 2028 Ustng thidegpdes @620 and| 5
An interactiVvemadsdr§the é0P%er #a§ PukPBREThierb Al bAG s E?"J:xg'lcp b S Ce;‘?{a‘&d the

“recei ver/ decoder 2020 and again ' l'ocated partly 1in't roa cas re and
partly in or a pajiepadediodanodeenabl es the end user to interact with various
- applications via a nodenmed back channel 4002. Figure 2

shows the general architecture of the interactive television system 4000 of
20 the Idi g| faal intefaetives ispsterny 4060 160 Qogihedtdte tdtBS Ehiltipl%eN 2008 and the

receiver/decoder 2020 and again located partly in the broadeast centre and partly in
- the decoder, enables the end user to interact with various applications via a

modemmed back channel 4002.

Figure 2 shows the general architecture of the interactive television system 4000 of

20  the digital television systern 1000 of the present invention.

For example, the interactive system 4000 allows an end user to buy items from on-

screen catalogues, consult local news and weather maps on demand and play games

through his television set.

The interactive system 4000 comprises in overview four main clements:
25 an authoring tool 4004 at the broadcast centre (or elsewhere) for enabling a
broadcast supplier to create, develop, debug and test applications;

an application and data server 4006 the broadcast centre, connected to the



For exanple, the interactive system 4000 allows an end user to buy itens
from on- : screen catal ogues consult | ocal news and weat her maps on
demand antP p8'8¢4%anmes “through his television set. PCI/EP97/02Tie

i nteractive system 4000 conprises in overview four main el enents: 25

an authoring tool 4004 at the broadcast centre (or el sewhere) for enabling
a broadcast supplier to create, dewveljop, debug and test applications;
an application and data server 4006 the broadcast centre, connected to the
WO 98/ 43248  authoring tool 4004 for enabling a broadcast supplier to prepare, authcntxcate and
PCT/ EP97/ 02112

aut hori ng t ool foprgetsanpliFatians 3pf dgte fon Aelivrende the mpltipkxes Bnch‘Eﬁ‘ﬁP’éf 2004 for

aut henti cate OMPEG f t.he
il 11 pl oxer - and2oon fato GEAAEE-PRRSGH betin QRN o hfvaliebial e %‘Bﬂ s
transport strdmrrbrpaéqastctalthg'end]esep,rl vat e sectlon thereof) to

broadcast fo the end_use a virtual cl udi ng a run -
ti me engi me (RTE) 4?)5§§ a&ma&qlqe inglyding a mnetk‘EElfP&’B‘F 4¢Q%st"§PF’éds iR t he
recei ver/ decodgendfie comiastaltid 11’1%{31@931@61'/66@51:16?@912(}‘@@15&:(1 or e ted %f{he%?a%érng
an end user to receive, authenticate, deconpress, and cPap I cat1 ons
into the wor kifoy enahlipgyan g ser to mcweo@lthmtlt:aiaodwdmpwQmﬂdoadex@immm

The engine a00R e Yordis Rshr A05F oG rectiaritiatt 2D ByCPliehSep < B om

and enginea4008CatsoTRhs basiﬁcm’, hgenieedl-Pcse pblieAiont.h eThe espineesddeg oder
2020 and t he applic n and data server 06 to enable signals
i nstruct i HYy t Hedepspdent °ﬁ§lf§‘¥ Wars 2gd operating sysiemiaanghd appl i cations into the

MPEG- 2 / 08
transport sty pamighed Beck OGS 400h. ﬁe%ﬁe%ggf i‘l‘%cghcggccpdm%zo%] %ﬂg L the o)

interactive tel evision systemoperates usin
the 15 fu nctalpphsatmh ahli datasewin4006de coalde siznals ystruatitg tﬂeveroascwm nb adserd

thereln icati I nted in the engi ne 4008 as
"y esource f| I éég an RBWBS “ﬁ?%&’ﬁ @&28 f“?"é%’&&rs&'éam at the requeptnf t%@dd&%
Several nodul es may be required to make up an application. A " menory

"volune” of the receiver/decoder is a storage space for nodul es. An
"interface" i SlhgsinteragSivgoigievision siisthm experaldsduding "applicitiondbwilichaaentrolnthe t he

20 recejyerlgeadgne (0304 OMIRE NEEGR LAMSROLL SLIGRML, nonicuioTe

el ement s Tentione ous i
detail . are represented in the engine 4008 as "resource files". A "module" is a set of resource

files and data. Several modules may be required to make up an application. A
"memory volume" of the receiver/decoder is a storage space for modules. An
“interface” is used to download modules. Modules may be downloaded into the

20 receiver/decoder 2020 from the MPEG-2 transport stream.
The elements mentioned in the previous paragraph'arc now described in more detail.

For the purposes of this specification, an application is a piece of computer code for
controlling high level functions of preferably the receiver/decoder 2020. For example,
when the end user positions the focus of a remote controller on a button object seen
25  on the screen of the television set 2022 and presses a validation key, -thc instruction

sequence associated with the button is run.

An interactive application proposes menus and executes commands at the request of

the end user and provides data related to the purpose of the application. Applications



For the purposes of this specification, an application is a piece of

conput er code for controlling high |level functions of preferably the
recei ver mieesmsess 2020. For exanpl e, when the end usgir@sipkiions t he
focus of a renote controller on a button object seen 25 on the screen of

the tel evision set 2022 and presses a validation key, the instruction
sequence associated with the button is run An interactive
application proposes nenus and executes Tofmands at t he request of
the end user qu} ' : d . pRS [ 1h i cation.
Appl i cati ons _ B %cgg?si%%ggpﬁlﬁzlaaéﬁ, tﬁa? 1st, Q?onpd'j {n t?xc eR(S)M {or%[g&% or other
PCT/ EP97/ 0211 20n~volatile memory) of the receiver/decoder 2020, or broadcast and downioaded into

may be either resident a jcations, that (is, stored in the ROM (or FLASH
or ot her the M%ﬂ%&ﬁew9§th&f“"?‘?‘ﬁéer'{dé%@c(/@g?%ecoder 2020, or
br oadcast and downl oaded into the RAM or FLASH nenory of the

recei ver/ decoder 2020. Exanpl es of applications are:- 5 *
An | nitiati ngEApmplesaf iapplicalibes arecei ver / decoder 2020 is equipped with a

resident initiating appl.ication, which_js an adaptable col]ection of nodules .
(this 5’ @ %“t E‘BH‘?‘H@ @PHfoﬁc’HeaJhF nreFﬁiY"é?fﬁé? 12048 i usERPEdeWithI 3 ng
the receiver/ decodgdsident initiati licaB e Qhich iP5 dgﬁg, ' ; r.ad 4 hi the

. MPEG 2 environnent. s'll'ﬁg .1m @ 11.1g apl.a oA app ilcat?o_ glrcgé\??géeﬁs&lggrnzﬁ u‘é%,[(thﬁik%
whi ch' can be nodi f tesoh bsing ldefibedoindmast détdil hereunder) enablingl the redeivet/dectidecd.

It al so provides aghbhterface bet. n the.resjdent .
appl i cation and do%ﬂ#d(;at egeaWF é\?ﬁfoﬁg;ratwe in' the MPEG-Z%; efpvirgpment. The

Application. The stgslicdfioPRivideatdogt fedklredihithycAPH kfodific@MNby Bid Bfdhdcast
downl oaded or resi d%‘f’lt_, topr un on the receiver/decoder 2020.y %ﬂ S cas

appl i cat il8n supplier if gequireds X plsotprovidps @reintarfage dretwesani thel resident
service in order t af: . lication. Startup is
downl oaded i nto. mﬁx@‘%&éﬁ%%éﬁ?ﬁo%daeﬁ algghﬂa;t)lggged easily. It

can be configered soStaltap AppdicitivneThe siavtep applidation alihes awapplithBom) tither

each channel can bg sel e‘?t ed and run, either inmedi atelé af ter downl oadi ng
-or afPRplopded T BFIARRL tPAuR §B therseeiysr/dseedes 2020 gLhis arplication

application is | oagag dsng %o&@ﬁ‘azpo cxccuied on arrivdl%04 %er#24in20 elé %E)as(fi& R ed

by the startup when required. A Program Cui de. rogram
Qui de i s18n int er agprlicetion [Startup iscdowmihdaged into RAM and thersiforescahuibd updated

i or mati on about, Sy o e Blps ATV IS ok pFER e eicions etlebl SBach

channel of a di git edchichhenei samie efv¢tideind ridy, cHtBE iBGTddREelR aft@YddWhlbhifing &0t €
S ol e 200, R o loading. T2 fhe tase of preloading. the apliation & Toaded iy the
event P g S¢ oL p ing, PP 0

memory 2024 and is activated by the startup when required.

20 ® . A Program Guide. The Program Guide 5s an interactive application which
gives full information about programming. For example, it may give
information about, éay, one week’'s television programmes provided on each
channel of a digital television bouquet. By depressing a key on the remote
controller 2026, the end usér accesses an add—on screen, overlaid on the event

25 shown on the screen of the television set 2022. This add-on screen is a
browser giving information on the current and next events of each channel of
the digital TV bouquet. By depressing another key on the remote controller
2026, the end user accesses an application which displays a list of information
on events over one week. The end user can also search and sort events with

.30 simple and customised criteria. The end user can also access directly a selected

channel.



25 shown on the screen of the television set 2022. Thi s add-on

screen is browser giving information on the current and next
event s 0W0e9<§@ﬁz4@hannel of the digital TV boudeatEpyBg211z
depressi ng anot her key on the renote control | er 2026, the end

user accesses an application which displays a |ist of information

on events over one week. The end user canjfiLso search and sort events with
30 sinpl e and custom sed criteria. The end user can al so access
directly a sebect ed Pay Per View applicitivaihe Pay Per VI APHASHIS is an jnteracti

PCT/ EP97/ 02112 d B fjeractive

* A Pay Per Vissavigppiviedahleoen epgl ?%Y Flnnsli efy thppdigitalt ITBH bomgeet in

interactive e on _ea P\, chapnel of the
digital TV bouquet c?nﬁuncnonw{h thggm%\@&onﬁr AR i C{bﬁg ?‘f@cé"B H?‘?icﬁ?na‘l‘cc%sccess
system 3000. The efhd atspticativin using essTvV %‘ulde or channelttkr@wa&plAd‘cﬂﬁdxﬁn UgHeNg @
TV guide _or channel _browser. Additiopa appl i catl on

starts aufomati cal #8P xggtlcgb%q{tsaagxtcgnﬁpqllg%momag a(fé’t\éé‘f?é’élls(ﬂﬂq qurtie PPV
channel . The end u S t [ rough
s bl ThOGR B3 bitn S Moy T Bt YR el o B
3022 (using a daughtcr smartcarde 3920 ot edueplmnemmdxcamﬂ: sewee 302M(MiAgla or

the lik Th licati h dent t ROM
o Cthe el ver | QB Sisgbare a1y DTME coded, MIBUTEb b Gke) T A8RbcHAm of
the decoder 2020. may be cxthcr redddde {80 WW' iHeatdcRfter/ @Eﬁﬁ&qéﬁgé  or!!

end user can downl oad conputer tware using t ownl oad
appl i cat 10n. downloadabla mmgtéleaf’eMBbed:cmlppRﬂ)Zﬂatl on. The nmagazi ne

browser appli catl o] C vi deo, brqadcast of
i mges with e id uéﬁ%‘v&&aﬁ&ﬁpk}%ﬁoﬁ Eé?oé’é% %‘3"”1 user can dovgipad,eamputer
A Qi z appl i sptaaedusidg) EhelPC HoMRRad @Rpli@fiohs Preferably synchroni sed

with a . broadcast quiz progranme. As an exanple, multiple

choi ce questi®ns afhdagazine Browser appjicatipmyiie magazinebrowiserapptationgomptisssi si on
2022, and the user he. renpte

" cont roI | er 2026. ﬁeﬁgﬁf‘ghg%%f‘%ggﬁt 8?\ 28 esiW %r%{r%ﬂ%& %’8}&%‘)}1 Via on“ffgeecp

whet her LHe ansvverbutmns:orrect or not, and can keep count of the user's

score. Tele [ apllctlon I n one_exanpl e of the

t el eshoppi ng %ppl |%a$‘|“6r?PP catioh. 'HHe un Z gRRligptiongs pyefsERbly éangﬁlnégcér‘@fh a
transmtted to the,hakgitVelis dg6898ime2 080 t he
~ television 2022. USrI ng th lrcejljrir'o cont rolaﬁrgim?ﬁé nl1}1slte1 lcc%{lr? 5&15@%{%& e

sel ect a parti cul alisplayedh thhmscxecﬁ']ef thedteievision 2022, iahd the nisarecdn ssilact tahe
nodenmed back channel 4002 Q the a at nd data ,server 40Q6 or. to
a separate sal es SYRVEM'THe HCJFQBHO%ELHQ?%@%ED&W%HPH% URR. G37 AR B ded
to the regeiver/ dagefehethpO Sl dlsweiVid Bortdet OF @61, ah@ cfKebp theht AR AberkOr a
credit card whi ch has been i nsert ed |nto one of the card
readers 4036 of t Hiore. .

° A Teleshopping application. In one example of the teleshopping application,

offers of goods for sale are transmitted to the receiver/decoder 2020 and

displayed on the television 2022. Using the remote controller, the user can

- 25 select a particular item to buy. The order for the item is sent via the
modemmed back channel 4002 to the application and data server 4006 or to

a separate sales system the telephone number of which has been downloaded

to the receiver/decoder, possibly with an order to debit the account for a credit

card which has been inserted into one of the card readers 4036 of the

30 receiver/decoder 2020. |

) A Telebanking application. In one example of the telebanking application, the

user inserts a bank card into one of the card re_aders 4036 of the



30 recei ver/ decoder 2020. * A Tel ebanki ng appl i cati on.
In one exanple of the tel ebanking application, the user
inserts wdeMs24zard i nto one of the card readers 4036 of tpleg/Epo7/0211Y0

08/ 43248 : ' -
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recei ver/ decoder 2020. The receiver/decadej 2020 dials up the user's bank,
usi ng a tel ephone nunber stored in the -bank card or stored in the

recei ver/ decoder , ae@ivelf@ecotbe 20U Th b bW @ted 2828 dMKTRE tho fuséACkdrk | es
which. = _can be selected using the renote conttoller 2026, for
exanmpl e for downl o48ipgga tlephone number \gtered him tted dpinbnearli ne stored ainerlent of

cheque book et o,  eudivel@EEDaBie iR e apolication povidBE A BiRberof e iR *
exanpl e of the | nt esmipd sebscedasing the remote controlleAZUB6, fod ek ffiple FHSITwHTSA RS

fromthe user, such as a equesh to view a web page ] having a
particul aP URL, ar ¥idcHectclclions Hae @hHatemeat ef @esnunb| transfepings funds dber@een

t hese are sent by demmed | 4002 to the application and
dat a L@P%’H‘Zbﬁé@?ﬁ&@&%& ?tg’[e web page is then included
in the transnmessi oAn Internet Browser apflicatioh.nkh bfi©28aaple &ftHel Biterh@CBiowaer by

t he recei ver/decoder ,2020 via the uplink. 2012, transponder
2014 and downl i nk EM@?"%@W&%?%%%“ chF b5 ek @y iagEgHsst to view a web pagep(22.
15 Applications tlg,hgg, | Y ks | | e er
2020 and regfﬁggeﬁt ed aédr?épg%’l%em##fo:g#ﬂg?]}éé ?Egg(ggrc élg&cme}lgs% g’ofr%lp%(rji se
graphi ¢ 8Bj ect desthesgaresent by the modgmmed backschanmel #0038 toshdippiikativn dndfdataes,
instruction sequenge fi , lication files.and . data files.,

The graphi c obj ect % AR chO:agt ?@%QEPHP?MFT Iwég p&é%&‘rﬁ’ﬁ’é “E%‘édcgc‘f‘ééﬁg,amﬂ‘fésmns

man- machi ne 20 froinahé Boadedkt dehe,apidivedaly thirecdiver/dcrbiakbes vl iREKpiiy t
files describe the_data structures handl ed tgiy the application. The

i nstruction sequent®? {japspogderc401fcand fowntisk 204 6.nand displayedopre thet telsmisioaf t he
applications. The gpplication files provide the entry points for the
-applications. The applications constituted in this way can use
data files, such as icon library files, 25 i mge files, character font
files, c%our talg‘jre.fi | es and, ASCI| text files, An interactive

appl i cat on cARPUGEENS, BFe,stPresh B  THemORY; docationst i dls Aereivsdecodan @080 and

out puts. represented as resource files. The resource files comprise graphic object description

unit files, variables block unit files, instruction sequence files, application files and

data files.

The graphic object description unit files describe the screems, the man-machine
20 interface of the application. The variables block unit files describe the data structures
handled by the application. The instruction scqﬁcncc files describe the processing
opcratioﬁs of the applications. The application files provide the entry points for the

applications.

The applications constituted in this way can use data files, such as icon library files,
25  image files, character font files, colour table files and ASCII text files. An interactive

application can also obtain on—line data by effecting inputs and/or outputs.

The engine 4008 only loads into its memory those resource files it needs at a given

- time. These resource files are read from the graphic object description unit files,
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a given | me. ‘These resource files are read fromthe graphi c object
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I nstruction sequence files and application files; variables block unit
files are stored in menory followildg-a call to a procedure for

| oadi ng nodul es and renain | gcked_ there until a specific call to a

procedure for WBHMUSHER fefusBeruities 2pd appliqation files; variables\plogk Flm’f é'llla:srm'e stmchingur e

Fosource 111 oo anoly fBlloP g Ll 6 BRI R mbduld & remah ook per

~application fiunél 4(3@61;1ﬁc call to a procedure fanunlosiihe mvdors iswader of graphic
obj ect description unit files 4014; an undet er m ned nunber
of variables block unit files 4016; an undet er m ned nunber

of instructi ORyREYLERGE: fd F%@Tc‘l’.gr e y g40%9 such as a ?elf—s\ﬁ@sﬁlgg %PODJug £ at

data files 4020 such as i1co |Ies

font files cofatsoutcalfiles and data anmiprSiCk Ithd ﬁ»klhwing es. In the I\/PEG
"data stream each nodul.e ¢ [.is roup -of MPEG tables. Each . MPEG
tabl e nmay be for mattTREEaP é[%ﬂ%gf %ql%'sect ions. In the I\/PEG data stream

each section has amiﬂn@@f&n&ﬁuc&ﬂuﬁﬁcﬁo%@%ﬁ%}fxé Ob‘ﬁo %@ﬁsﬁx&r Emll@ the

serial and 15 paral |l el port, for exa are spli
into tabl es and se@Biusdetermined sumber of variables bidek Lmacfilesnmmryl ng wt h t he

' transport nedi um M re transported i EG data stream
in the form of datgnﬁlélgﬁte m%c?numger fa‘f’ 88£IS§H“f§%“ ﬁ&‘?fgﬁl 39 n respective

types of idata stresherd apprepaats) @ata\ﬂléﬁqod@ts@ch as fbfa ta
streans and tel et ext data streans. Each packet |s]conece gyg&%es 6}1—11%9 ﬁq&

Packet |dent i Frapcterions filss, qeoyy table filppam ASCH textviales. packet transported in
t he MPEG data stream A .programme nmap table (PMI table) contains a
list of the different data streans and defines the contents of each

data stream abwtredMFEG datalseredns gavht muéulPlcBinprises a grofp Bf MPBE @bies.! Fch
“device to the}vg;aﬁgzrhﬁe of .appl i tg%ions I n the data strea the PID
bei ng identi f ) %n}ap{eb RIS 35 2 number of seghionsy jIndhe Sﬂﬁ%@ﬂ@ sfreamhe
recei ver/ decogsh €k ihaes SiRAMINBTR Y . COMPHRS transt &
m croprocessor 20 which is also coupled t6 a FLASH rrer%? V' Vg 2-@ Srial and
15 parallel port, for example, modules similarly are split into tables and scctlons thc size

of the section varying with the transport medium.

Modules are transported in the MPEG data stréam in the form of data packets of
typically 188 bytes within respective types of data stream, for eiamplc, video data

_ streams, audio data streams and tclefcxt data étrcams. Each packet is preceded by a
20 Packet Identifier (PID) of 13 bits, one PID for every packet tfansportcd in the MPEG
data stream. A programme map table (PMT table) contains a list of the different data

streams and defines the contents of each data stfeam according to the respective PID.

A PID may alert a device to the presence of applications in the data stream, the PID
being identified using the PMT table.

25  Referring to Figure 4, the receiver/decoder comprises a RAM memory 4022 coupled
to a microprocessor 20 which is also coupled to a FLASH memory 4024, an
EEPROM memory 4024', and a ROM memory 4026 over a bus 21. The RAM
memory 4022 is also coupled to a DMA (direct memory access) unit 22 through



EEPROM nenory 4024', and a ROM nenory 4026 over a bus 21. The RAM
menory 4022 is also coupled to a DVA (direct nenory access) unit 22 through.
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which data (eg froman MPEG bitstream can be entered directly into the RAM
menory. The RAM nenory is 256 kbyges long, and is divided into 3
areas: an area 24 which is reserved for use by the manufacturer of
the system awhictedatdSeptfrah dnsMPRECR bitetgeant) can BeoenteRd divechy Vinfo! #! RARCHI ne
(VM, and a user area 26 which is used to contain a vari ety of

i nformati on siRIMAY. buffers, applications 30, 30', 30", data etc. The
system is defined by a functional specification allow ng the
manuf act urer considerable - freedomin designing the hardware to

i npl ement  t he Thy RAM memeryne 256 kbates tongd andsis divided intt 8 Ardal: A 416§ 24 achien

I nterface between the functions spe%i fied ba(‘ the functional 10 .

speci fi cat i on IBF8eR R orbsa\Ryr tBe manutaghireroffhe syssem; an qanga @fraich i repertedhf
operating dnedi xﬁi&ﬁhﬁ%‘ﬁiﬂ, d . .

m croprocgssoforz‘és%@ﬁlg%%et her %?al rs‘\ég%?g}eega%gwgﬁ?t}%{%s?&ngo %%g?lﬁea
(RTE) 4008. Avemetyof ynfofmationfsacleas buffeps,iappli¢atioss 3fh 30", 30", datatetc. | Tixdsydtent o
the menory at .different ti . . .Communi. cati on i s_necessary. between
the VM and th& élﬁéﬂl‘?dgﬁy | %r@?‘ﬁ%ﬁjﬁﬁl SRECHRSaHOR %l.ovfglg. hey Wﬁfaémcraﬁﬁsi/@?ﬁ%ns
themsel ves. ThiesddiRmuedigihs &t hasdvaedb Qﬂﬁl&ﬁicﬁﬁthk:'syst@di; fR3ASmory arca 28%s
buffers, which are cormmon to the VM and the variouS applications.

In the presenusedyin eHfectaat apminierfaca hetv@en theffimetions sperifiet) by sthasfedctional

define a f f.er 2.0.0.t . area, 26 and.t he .diyision of that
buf f er ar1 a i ﬁ?etg?#lcﬁh:&\l/la%ﬁ'ﬁe g)ard‘barc‘ Eﬁﬁi&’.“ ¥Rt ggd%ﬂ %@‘? 3 }Wﬂfxﬁgf’i’?f?%f fer
pool s; for eagystdid@br tht kemputaesystent, bad b VBRI SnPBe mitrdpideessBP2d calfhgbiter

nunber of buffers in the pool are given. Figure 6 shows the = [ogical
format of thebsEgaplednspgur imseagine (RREL 4008t variety ahdifferent applisations may

defining the qu&e)ﬁ?%?rfmQgé)}ngglg@ha%%%ﬁg\qgﬁﬁgy-a set of entries 36, 36"

e on N each pool entry consisting of a
first sub-entry 37 defining the pool size PS of the pool (ie the

mber of buffers in the.pool | -entry 38 25 defining th
Duf for i zo BGOT Nt Bre e RLoTRE (eM B¥ By iAo sxb bEFErRfia

the pool .15 ditferent applications themselves. This communication is handled primarily by means

of buffers, which are common to the VM and the various applications.

In the present system, a command (the Set Buffers command) is used to dcfine a
buffer area 32 in the user area 26 and the division of that buffer area into individual
buffers. This defines a number of buffer pools; for each pool, the size of the buffers

20  in the pool and the number of buffers in the pb_o_l are given. Figure 6 shows the
logical format of the Set Buffers command. This comprises an initial cn'tfy 35
defining the number of pools NP, followed by a set of entries 36, 36, .......... , one for
each pool, with each pool entfy consisting of a first sub—entry 37 defining the pool
size PS of the pool (ie the number of buifers in the pool) and a second sub-entry 38

25  defining the buffer size BS of the buffers (ie the number of bytes in the buffers) in
the pool.

For convenience, these and other para'm'ctcrs used below are listed:

NP: number of pools
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per pool - PS: pool size (nunber of
buffers in pool) BS: buffer size

PN:. pool nunmber 5 _ : =17- BN buffer nunber (in pool)
ByN. byte nunber (in buffer%] In the user nmenory area 26, the pools
of buffers are arranged seqB&RAMy from the begi nni ng of that area,

as shown in Figure 5. The actual Pgﬁgwtsuy@mbhsoffmﬁés RPPASY) W th
Pool 1 consisting of 5 buffers of dium si ze Pool 2 consisting of 6

buffers of 10 smal | size, andBBobuff@ sizmsisting of 1 buffer of large
siize. It will also be noted @h l b each pool of buffers includes a
reserved section, of 16 byt B8 PPl P¥ROFeqi nning. This section is

split inko a 12- byte sub- se@N: Qjﬁfféhhﬁ:ﬂ«]bérs(u@.ﬁ&bl) able to users for use as
buf f er flags, etc, and a 4-byte sub-section which is reserved for the.

use of the VM The BYN: bgonumhsr dimebniern buf fer manager which can
be regarded as form ng an 15 addressing path 27 between the bus 21 and
.the user area 26 of the RAM nenory 4022. Figure 7 shows the | ogical

organi zat i oni@thel ier Bithioey arearis)eie pobld 6f bistfdrs bt arranged sd:qmleﬁmzﬂlyl ﬁ@d thy a
Set Buffers command under the cont roI of the mecr ogr ocessor

it
then used t obegiariag$t thay atrasss BQwpp fégure 5. The actuphlayoyt B‘f"Péfrquréri%R%ﬁs the
sub-entries ot i er :
35, which fo@é’%e&?co; d‘%ﬁk E@%&O? neﬁgdgxclzgirﬁgﬂﬁaﬁr &gﬁ ?ﬁ@tl[m{fl zeg
with theoval um:aﬁiékze(md Bdol r3eqmsistng of 1 fheffst aftaxydsinesk vail ais*.wequ:d traéa - 26
of the RAM 4022), .and i.s.fed W|tht uc f.. nroduct s BS*BS
via an adder °%°f‘ Wﬂ?&%)bé{gg’? mncludes & geseryed, s ‘(9H’ ﬁfgﬁggf& %? SPRE N %8t s
the size of i{ &tlo 290L bR s@—sk&fonSHEER isXvailable to @R FoP @8Y as blstRr
accunul at or fore contalns, in succession, the start addresses 25

of each of tlﬂagsbwtd endpdbwlbs'tq subssastios Which xsrh@s*eedpﬁ@olthesmsarqf thel¥Msses are
"fed to a cunul ative address register 38 in which they are stored in
sequence. Al so, during initialization, the nunber of pools NP is

stored in a nueirere Qf)()@(iaﬁbﬁxﬂcﬁﬁlasbﬂcr?rﬂanafg&ewhlch canRQegatiedss frmisg aied in
a pool sizes register 40, and the buffer sizes BS are stored in
15  addressing path 27 between the bus 21 and the user area 26 of the RAM memory
4022. Figure 7 shows the logical organization of the buffer manager. This is first
initialized by a Set Buffers command under the control of the mxcroproccssor 20; it

is then used to address any dcs1rcd buffcr

In the buffer ﬁanager, the sub—entrics. PS and BS for each pool in tum are fed to a
20  multiplier 35, which forms their products PS*BS. An accumulator 36 is initialized
with the value 64k (which represents the start addrcss of the user area 26 of the RAM
4022), and is fed with the succession of products PS*BS via an adder 37 which adds
16 into each product; this 16 rcprescnts the size of the reserved section at the start of
each pool. The accumulator 36 thércforc contains, in succession, the start addresses
25  of each of the buffer pools in succession. These pool start addresses are fed to a
cumulative address register 38 in which they are stored in sequence. Also., during
initialization, the number of pools NP is stored in a number of pools register 39, the
pool sizes are stored in a pool sizes register 40, and the buffer sizes BS are stored in

the same sequence in a buffer size register 41.
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Fol | owi O P#AI2H&| i zati on, the buffers can be addressed. TecEEPyMESI2a
buffer, the desired buffer is defined by a pool number PN for the
desired pool, a buffer nunmber BN for the desired buffer in that
pool, and a byte nunber=ByN f.or the desinged byte within that buffer.
5 The pool nunber PN is used to select the appropriate entries for that

pool from t h&ollowing initializdtionj the buffes chmbe 8Biremsct. t Treadsinéss arbusfier, éhe degired er

40. The buffer _size BS is fed to a multi.plier. 4 ere i't_is

mul tiplied b?’“ffsﬁfels i e by, 2l Resper Y 15 B |dF§1%8 pool, assuﬁyi?&&wéff BN ToRg 1o
an i ncrenent gfe itk betferal iat p6oll Sad L1Byte REABELByN & tRYI8RIed BhtetWithin that
cunul ative register 38 is fed to an adder 47 where it has added to it the
byt e nunber Dboffer.ByN. The output of increnenter 46 is fed to an adder 48
where it is added to the out put of adder 47. The output of adder 48.
passes through a nmultiplexer 49 as the desired address; that is, . the

address af thﬁe%;égi hedb&yie i0hsdde Wret fRthpptiphate @itridsh®r that pool H&Ei thed

pool . buf f er manager al so includés error checki n%@ci rcuitry.

The pool nunisemulakive segiger 3§ e the buffeosizarmogiser 43 dhe duffer size B sded W t h
e Parber o gt LA 195ty o by SR gl =

pool nunber s t

check that thgduet BEt@€eb poicrdnsenitértd6 whichadduis @ thapesiuct! MEhdoth6ir ofithigrber
BN is fed to a conparator 54 which is alsg fed with the output of the

sel ect ed ent Fymulative register; 3is fedfo &y adder 4divdepsnit bas addsd sodtke bitginupphsr

sel ecte uf NEY ' g,rﬁpleer'- fierng. in
t he sel ggtg'ed ool ﬂ?ﬁg@?gmﬁ%&é ecrE‘EGt ﬁsgft?'dttﬁgﬁgg?%g%gg it % a(gduéjftgrtﬁ? S
within the sehpat eflagdenl47. Tie swpecifeaidey 4@ passabhthrough 4 sailtipdexar é8mpahat or

55 which is glso fed with the sizg of e hutfers i he, sel . ected |, to
check t hat t%&““d ad%‘csﬁe Ah ’édthﬁﬁ‘@r?‘?ﬁ r‘?%@?c Eessnﬁ:gﬁ)y 8r‘gat§’8%°f‘f‘i’éln ‘ifﬁ’é qegﬁ‘bt h of
the buffer; hafedisoolt © check that the selected byte is within the
"selected buffer. These conparators all feed a common 25 out put,
producing an error signal ERR if any of the checks fail. The
description f,ak._has ufifern_1s: heipg [ 'Imqer,
It may ' Sl%ﬁeb%ggé ?‘?aggéet%%@gla%lggéss %ﬁ% Jrhgglérrléléﬁag{r&s @gﬁ’é’ﬁ?ﬁﬁ‘g%’t e initial
area of 1& podtd of a bothparater 53 which isTdis fed|veidi themubbervof podld dPefrémaregiptet ONs
is controlled bé{a Si %nal N C, ich selects bet ween normal buffer

wh
accesses and 3qnfx chesly that the sricrier BeRlumber & R BreAl¢r tBan the number of pools;

that is, to check that the selected pool is within the buffer area. The buffer number

BN is fed to a comparator 54 which is also fed with the output of the selected entry
in the pool size register 40, to check that the selected buffer number is not greater
20 than the number of buffers in the selected pool; that is, to check that the selected
buffer is within the selected pool. The selected byte number is fed to a compal-'ator
55 which is also fed with the size of the buffers in the selected pool, to check that the
desired byte number is not greater than the length of the buffer; that is, to check that
the selected byte is within the selected buffer. These comparators all feed a common

25  output, producing an error signal ERR if any of the checks fail.

The description so far has assumed that a buffer is being addressed. However, it may
be desired to address the reserved or special 16-byte initial area of a pool of buffers.
The selection between these two options is controlled by a signal N/C, which selects

_between nommal buffer accesses and what may for convenience be termed buffer
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control- #8ns. For normal accesses, buffers are sel eBCEEPVPI? eser ved
initial area of a buffer pool is only selected for control

oper ati ons. The NNC signal is fed to the nultiplexer 49. For

normal buffer accesses, this si gnal - 19 5¢| ects the output of adder 48,

as descri bed abov For cqntrol qperations..on the reser,ved area of
2 b0 - hovev o) ARETHONE, (R BB GFets. PHLTRAS SEIeEth g aRoened Jaial arcs
47 direct. SipegphfitSpaRtd ohlyQRlebiRe f6H8dHtRN b}&afiG@l ster 38 does not pass
t hrough the - I ncrementér 46, this results in the selection of the

desired byte in the reserved area of t he pool rather than in one of

the buff fal | owing that d.a (]l (ol
onthe. buf or 137 SIC el BepTF Beopiedisibenn For ol BlsFofiebds 88 a0 "
conpar at or i Sgljdieg ﬁfeoélﬁpﬁn@fob&ﬁr 28, b GeseiiBER abdVEC F6f caiRfol®pefatibhisebn the
accesses and di sabl ed for control operations. A further conparator

56 is al s6 f ertsuived arsaeofipypasl, however, rthmmitlptbmr selects ixétend rmacmtpﬁt ﬁddgr in

t he reserved r C for
system accessg-i)81 ef%l ?’%cen%ar E]ia?h ﬁ%mh%lescuﬁ{]m} v?g%gl%} Géé i;a?s t%rno N{’mber
i s not great ejncidiemtct 66, thietesils inithe Sddetion otflflﬁtddsﬁed Bﬁle&ﬁ:tlﬁ(icﬁ&‘f/ﬁ arsa wf t hin
the 15 reserved area at the start of the se]ected pool. Cbviously, this

check can be thefpogbgnther than in epegeisthe brffarstiollowingdbs f&i%\é@sfﬁéato the 12-byte

sub-section which is available to : users for use as buffer flags,
etc, and the 4-byte sub-section which is reserved for the use of the
RTE. Forf cattrol ropelr,atibﬂmeoxsme Buffdrearsa, chencemgaratoy 55| meeds e be disabledser-

Menory En paranmet er wn in Figuyre 9, defini t he end, of
the user LHenofys SPRResior srheretire F“%Hi?‘f Yy the signal Ny(; 7 PRESRITENAGCERSS BRshmmnd
woul d be st or gdajdl forSéntaP chrB@&isSthfurtﬁ&dccﬁﬁﬁhQSr Sé@éjalso fed wﬁhothemrw
that the buffer area does not extend beyond the end of the user area

~26. (This is numgsr&d\éancbsbtememleyomtcmltlye, reasrvscbaméams ied6pamd Jefetxah‘lcd t he
appl i cations . 3 ., 30" .. .. .. . -EHowever Ynd 1.f .t.h
systemis desP%J H@f’?g?ﬂ{étfof ﬁ%s(g% aceesysit fws 5?’8%“@85%5 “6 ﬁ%ges&?ﬂe er e
in the m ddl em@thbérhie nds gfeawr @Ban’ 26;NBst 5)AChadksithat the selected ®gtenisiwichia She
descri bed above.) principle, the Set Buffers corrmand can be

used to Aiti &F‘Fri'éd fFFa abthe @Fﬂ & &he %ﬁlc%"rﬁinOOI Obviquslye Fh‘méa,n e refined
re-initializi ROkl GltwlEf Goctbdel 16T hETE LML ¥uB-884dn wRichE AvafbiPlo al

users for use as buffer flags, etc, and the 4-byte sub-section which is reserved for the
use of the RTE.

If desired, the Set Buffers command may also include a User Memory End parameter
20 34, as shown in Figure 9, défining the end of the user menﬁory area 26. 'I;he last entry
into the Set Buffers command would be storéd in a suitable register, and can be used
to chcck that the buffer area does not extend bcyond the end of the user memory area
26. (This is in general extremely unlikely, as space has to be left for the applications
30, 30', 30", wereeensee. However, it may occur if the system is designed so that the
25  buffer area can be located somewhere in the middle of the user area rather than at its

beginning as described above.)

In principle, the Set Buffers command can be used to initialize the buffer area at any

time. However, re—initializing the buffer area will effectively result in the loss of all
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(or nearMp W4B348t he infornmation already in the buffers, secrmryBetiiBuffers
comrand wi | | - normal ly be executed only on systeminitialization.
Referring to Figure 8, the systemconprises a flash nmenory 4024, a RAM
menory 4022, and an EEPROM nenory 4926 all coupled to a

m croprocessor 120 over a bus 5 121. (Alternatively, the EEPROM
menory may be(&%ﬁk‘lﬁdﬂﬂhé &ffbiriyatio@ alré&ly in the buffers; 56 Blie'Set Bifersletifanhanthilll | ash
menory is divi ded |nto es P1-P8 of equal size, as shown in
Figure 9. O peraeall cutpggel)'l:@ $ystemeindtialigatiqnor t he use of the

manuf acturer; the remsu ning pages are free for use by the user.

Figure 9 also shows the nmain record table register 122 and back-up record
table 10 reBb&h@xﬁg o2Biguishs, ahc ayseem eamdﬁﬁﬁs d ﬁadhhﬁcxﬁﬁl?m4ﬁ’m'rrh&no

I nformation in_ the at conpressed and coded form

. Speci fical | §92% H@dfﬂ? ﬁEPR%éP?%‘?PrXﬁQZG all CO“PI"(SlftOtaeFB}GEOPIQ‘—Z’S$‘§ 120 erer abuse,
and the sgcti 12 h (oT=ya[ a;w%’ c | f.es
the spare paggﬁll A#%%E& éctﬁlfcolEEP %fﬁl ab e 2 oEosuPsl%ds dcl) %f% e
sub-sections mxcmproc$2<7r ]JZOt)oThQﬂash mameryf:srdnédud”intnfS pipges \Pal-P8l op eqyed siag, t he

flash nenory the6 es 15 | eft apart frgmthe spare page an the
reserved pagegsP% ﬁb9 seck s pages, Pag%%ﬁr’és‘ﬁd’rmg‘fé"’t ﬁ?s\ése ®ni ng
pages in Sequﬁaﬁﬁacmrcr, the rcmﬁhﬁigrﬁgé@aérﬁﬁ@sf& 0& bpeeaatr.| ayout of a flash
menory page Pn and a sub-section 7-m of the record table and the

rel ati onshi p between them (Depend| ng on vvhere the spare page is, m
may equal n o n-1,) Consi der i th nor ge th|s
can contain al HHG Mm% %‘of"é %’Fcﬁ%’fk‘g IS?orgqablc rﬁ%{ftﬁr ﬁ%@“gg’ﬁﬁrﬁ?ﬂﬁ’s%ﬁgﬁ Qhlsr 130 —
whi ch conpai nggikfer 23} mdich aenesifiét ifath BEPROMI 4026. The @FbAndHoack- th&rch
section of the header 130 contains an offset or pointer to the start

of its data biaBleRis inppmeybatgampressed andegoded forpn Speaidicaldy the fingl segtioncles
wi thin the p blc 122 1s£r@% Eacﬁ?l]g:sseég’églé@ﬁrbft) at is ‘a page nufhibk GnRRRIC

“can therefor e In an contains a respectlve
header 132, 1ligiehtifies.the spatn petgcc dihe dipstisegtiond 27 of mﬂleymﬁ consists of ibtsabssecdmt i ng
to the bl ock, h t he nane t.he bl ock, a yversjaon nunber, the block
| ength, st at uﬁﬁftgﬁﬁgfgmpa}%ﬁa gd)f dhe vah% pages of - t?xe %fash memory (ie thc g pages

15 left apart from the spare page and the reserved page P8). These sub-sections

correspond to these remaining pages in sequence.

Figure 10 shows the logical layout of a flash memory page Pn and a sub-section
127-m of the record table and the relationship between them. (Depending on where

the spare page is, m may equal n or n-1.)

20  Considering first the flash memory page, this can contain a maximum of 16 blocks of
data. The page has a header 130 which contains 16 sections, one for each possible
data block. Each section of the header 130 contains an offset or pointer to the start
of its data block; this pointer is in effect the address of the block within the page.
The data blocks 131, 131, ......... in the page can therefore be in any order. Each data

25 block contains a respective header 132, 132, ......... which can contain a varicty. of
items relating to the block, such as the name of the block, a version number, the block

length, status information, and so on.
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The sub- é@g%%éﬁm127 mof the record table consists of 16 5???““@%@H2b|t
bei ng a bl ock validity indicator for the corresponding section in
t he page header 130 as shown. TA? process of updating a page in
t he flash.nennry wi Il now be descri bed. “t he mani pul ati ons

ired f d f 120.
ot ot he. rmtRe SUEPa a2 o B AL b Resnfiis Br Ak RE6 TBER B hetéra ok pat
is, the CRC of/ahduy indicB@¢ Fdrome carbspdfidin T%%thio% if The P RUIRAIRFNBOCRRFRET T O

the stored CRC in section 125. e main record table is then copied
into the back-up record table regi ster 123 (and, i f desired, the

back- . t abl f lid
Che copy ng. vl Briesr- il £ o e Ral Rt By Sl o b8 EREIES Bl 4
page) is copi ﬁﬁnfpﬁ.\mﬁbhh&qﬁir&@ fornpRig® updatiigQaré Berformed by ﬁé%i@%ﬁfc)éssoﬂ!%

sub-section 127-min the nmain record table for that page is
extracted, and any data bl ocks marked as invalid are deleted fromthe page

paosi g, it B AN e £RL 2 ot S AR Bl b Skt B ES,
i nt o the spacsstibad 126 and nm isScalcxﬂzeeﬂimﬁd Btgnpdrezgtmtﬂc siored ORO© Gk Sectibh a38.

remaining bl ocks will in, gener be separated - by bl ank areas of

vari ous si zes'i:'ﬁl'ﬁié‘}n ?F%Idtt%’él(:é? B CQpiF t”&ﬂ ﬂépr%CﬁE“Ib’éFﬁB’di tablgacgiger 123 (and,
"squeeze out” lftdzﬁiremﬁeesaactﬁa%e&% YRR cdd e bE'd ps&%a ‘6 Vazml'ﬁg fb%&stlf% aaesed
areas to Bottom of  the page nmage to forma sin arge unused
area. This entaroepyingavas error-fredle new data bl ocks can be written into the
page i mage (provided, of course, that the 20 page capacity is-not
exceeded). The bl ock header in the page imge is of course updat ed,
by changiiog i Nextpeiefage &ciﬁng uﬁ:hﬁc@@lﬂb PRISpdge PR Tofied iHdeh SatfRisk Redety ifto ke

page nmage. he sub-section of the record table for the page
_bei ng updat edR%é’% Wou’gheys“b'secméx]t2r7aﬁt dthermainteord dalde dor at pageTisat

ext ted b | i di A% bI f
any. now dat & BIACKE i Byt WAL il IFES: e i R nclh ol ° "

the RAM memory. The new data blocks are written into the page image.

It may be that the new data blocks will not fit easily into the spaces between the
15  remaining original data blocks. These remaining blocks will in general be separated
by.blank areas of various sizes. Thcy'a:c'thcre_fore shifted up the page image to
"squeeze out” the unused areas between t.hcm,' effectively moving the inused areas to
the bottom of the page image to form a single large unused area. This ensures that
the new data blocks can be written into the page image (provided, of course, that the
20  page capacity is not exceeded). The block header in the page image is 6f course
updated, by changing its pointers to the new positions of the data blocks in the page

image.
The sub-section of the record table for the page being updated was previously |
extracted from the record table. That extracted sub-section is now updated, by setting

25  the validity bits for any new data blocks which have been added to the page image.

Next, the whole of section 127 of the record table is extracted from the main record



Next, the whole of section 127 of the record table is extracted fromthe
mai n record WO 98/ 43248 o

PCT/ EPO7V@PBH5248 PCT/EPYT®@112
tabl e register 122. The sub-section corresponding to the page bei ng updated
(the old page) is effectively deleted. This is the sub-section which
was previously extracted by itself2 and has been updated. This new
sub-section (corresponding to the new page, ie the spare page into
whi ch the updabledegistgel2% Tei suh-sactin eoxespending tr the pagmbeaing updated (i old
sequence of sub-sectlions,at, t roptiate point. .For this, the

sub-secti ons H%F)Sls citec lv%f}dﬁggegﬂﬁ%{svﬁé%ﬁUQﬁgCt’(?Pd”l%iﬁlﬂwﬁé\R“ﬁ&%H txpstedo be
shifted al on sdlf, |dnd URs tHeén u ) - ' ' . and
make room fogbﬁ iﬁeéunew s%b-—s?:t?%ar?d THR %Eﬁl\%%%, tﬁ@"‘g%?é’?@ggéggié"e?‘ﬁgge in
t he RAM menorpegesiedbpbpage pageontonehich dheeupdatpd, pags is being writtde)isiifseeteld ftot he

spare pagg n er in section 126 of ,the maih record table. =10  Next, the
page numb?r ﬁﬁgfﬁaélegf)ca? s“béﬁfégiglésc%i 1B, 2pRIOpHRLs, BFt-§ Bog ﬁés’ (ééfg‘%‘bﬁﬁﬁ?ﬁei‘s B the
ol d page, Whigh pupes PERER Ihd BRI BRIVnEW PBePBBR: to be shifte t at ed
record table ?2 copied:-into the main rgq:gr dﬁ??btloebrggiﬂs? g{%?ztgﬁﬂi'%pu&lg

Final |y, the Sypusection wbinbdies deent delnted mad make geomd formblegemegibstestion22 ar e
copied into the back-up record table register 123, and, if desired,
the contents of the main record 15 table in register 122 andfor the
back-up recorNextatht apdated pagecinegl dal teOR AMBesliotyy is copied into th¥§fdte fphige, Ay St em
Is restarted,, eqg,. after powering down, the two record tables nay both

be checked fdfier\g}léaeadwi)? Spare PrEhBYmbY in sestiontlZ6id themain tecord tablen be

repl aced by the valid one (ie. the contents of the valid record
tabl e being copied into the invalid record table). 20 It will be
under st ol t HN¥ext,tthe pageasmiiter imthe spare papasectieris clesgeditb et pHge wember 6f tiie by
way of exanp i fications tgf detail can be nade within the scope of

Iz and rl;o%f
the i mPi\PpREs, Which now begemgs the 0P SBTRR8E%-0sed i n t he descr | ption, and
(where appropriate) the clainms and -

Next, the updated record table is copied into the main record table register 122.
Finally, the updated contents of the main record table register 122 are copied into the
back—-up record table register 123, and, if desired, the contents of the main record

15  table in register 122 and/or the back-up record table can be checked for validity.

When the system is restarted, eg. after powering down, the two record tables may both
be checked for validity; if either is found to be invalid, it can be replaced by the valid
one (ie. the contents of the valid record table being copied into the invalid record
table).

- 20 It will be understood that the present invention has been described above purely by
way of example, and modifications of detail can be made within the scope of the

invention.

Each feature disclosed in the description, and (where appropriate) the claims and

drawings may be provided independently or in any appropriate combination.

25  Inthe aforementioned preferred embodiments, certain features of the present invention



drawi ngs may be provi ded independently or in any appropriate conbi nation.

25. In the aforenentioned preferred embodi nents, certain features of the
present - MRASHBEN WD 98/ 43248 | PCT/EP97/02112

PCT/ EP97/ 02112 -23 -

"have been inplenented using conputer software. However, it will of course
be cl ear to the skilled man that 23ny of these features may be

i npl enent ed usi ng hardwar e. Furthernore, it will be readily

under st ood t hhtve beenfimplemantesi yserf ampactrisyitvie. However, it Widk shise belttear
RThA e CRC OETONINCY EREUL A SR T
and |ike signf S

appl i cations, pajtherBRRE, ROwil®eSREELY WhlidtStood that the HHcBons®PektGifiel! bfdne

Si gnal Generation and Broadcasting (Attorney Reference no.
PC/ ASB/ 19707) harSware, dbe dorhputerusndtwaire,land skelvdike ere pefrfomed wptos disidi erdeberical
Si gnal s, and ecel ver (Attorney Reference No. PC/ ASB/ 19708),

Br oadcast and%ygﬁﬂ 510 System and Condi-tional Access System
therefor (Attorney Reference No. PC/ ASB/ 19710), Downl oadi ng a
Computer File froma Transmtter via a Recei ver/ Decoder to a

Conput er (At t Srossyrefeednse dnowmdaibo 017-'0:09@811&1192 Epplications, all beafing tiensassd Hlingand

Ref or ence No. 9Bty Jal S81e8 SRR dRlon, 08 B/ oRiGett 15 ABe Refpremsp no. 15

PC/ ASB/ 19713) Pcmsmsem);venmyard oroasei itk h(m:ccx(/é‘st SIOEmeYpteRBERIIBAE Sighals,
PC/ ASB/ 19714), Tel evision or Radio Control System Devel opnent éAttorney

Ref er ence No. BBCRESHVEH @mclEﬁefeééﬁqanODg PV%SBFQWW aleneptiored

Data __ am A4 Qe c é@?/ ess trol
System (,&tot orﬁé’tty‘lgxﬁ EAACH e er ence %%SB% (%azoﬁg)ly ﬁeﬁ%&gg Fﬁg
System (Att orH@)jASE/I‘lQVH))peDanloadmgOa Gaﬁ(pﬁﬁﬁﬁ/ Fié 181)om aﬁldT&n@ﬁﬁt‘e@Sblaaruj
Reception Sys cel ver/ Decoder note Controlle

therefor (Att %‘F?Fé‘ffr %‘né@ Ro. W%Bﬁéﬁ?‘?’ﬁy R?FFé"”éFFsé\Ioos 8%33/19711), of

_these docuwen*r&n%?ssioaca{dpﬁe&?ﬁé% ReRidviddn @%ﬁ%&%@ and Wins BhraOfAttorney

applications i ncl ude present application
Reference No. PC/ASB/19712), Downloading Data (Attomcy Reference No.

15 PC/ASB/19713), Computer Memory Organisation (Attomey Reference No.
PC/ASB/19714), Television or Radio Control System Development (Attorney
Reference No. PC/ASB/19715), Extracting Data Sections from a Transmitted Data
Stream (Attorney Reference No. PC/ASB/19716), Access Control System (Attorney
Reference No. PC/ASB/19717), Data Processing System (Attomcy Reference No.

20  PC/ASB/19718), and Broadcast and Reception System, and Receiver/Decoder and

Remote Controller therefor (Attomcy Reference No. PC/ASB/19720). The disclosures

of these documents are incorporated herem by reference. The list of applications

includes the prcscnt application. |



-24 - -~ CLAIMS . 1. A menpbry systemin a conputer,
conpri si ng flash nmenory which is divided into .- separately witable
pages; RAVOPBH¥4); separate non-volatile nenory. for hol di nBC#EP97/02112 i n

record table identifying valid pages in the flash nmenory;. .means for_copying

a page 5 of the flash nenory as an inage page into the RAM menory and

updating the inage page; neans fer2dwriting thﬂhs emaelbda
a different page in the f1ash menory; and nmeans he
main record t £L&M§the non-vol atil e nenory when a page

2

flash nmenory has been updat ed. . rrermry system accor |ng o]
claim1, wherein the main record table identifies a spare page in the
flash memory, fhe vKisjdtéi fdswe?ﬁmigearmgadafasﬁagedff&@mhie%u;rp%xearrﬁqecompum
page into the identified spare page-in the Tlash nenor A
menory syst emsystems ¢omgrisingc pedlnsize Smﬁenws Her Qtpdaglanglurﬁéﬁmsﬁ |p90hsnzemged

he 1 ash memangter S8 sorphaganlor dorlel £PLy 60 vl Erct 050 ARG,

according $0 &ﬂéﬁn@ffoﬁd:a%dﬁtmk ﬂ:e:eﬁom/\dnera&dx@ssaowﬁawc@wﬁczofn 4 Hasled pool. -
menory. contains valid information. 5 A nmenory system accord| ng

to any-of claims 1 to 4 wherein: the main record table I ncl udes an
error detecti sect . vidad. o : r rd
Labl e P o b e ARIRERE Ll 1358 fib P oL ol BrialAG HBOISEES
it has been upsdaumi]atisedorddand stedng tliens m:ﬁm:fmmgntthcemtﬂlsizaramgdmteaﬂiﬂ.e for
error when using it to access the fl ash menory, and for using the
back-up record table if the main record table has an error. 6.

A nmenmory syst gn acgoisgiag Jc@or@lr% t@éth\éhﬁfe@idﬂs Tcﬁﬁn%ﬁél@dmg%&ﬁ& FQNgeIRd O 1S
a CRC secti on. A nmenory system according to any of
clains 1 to 6 redeevediarea dicthe depimpingatfleaclppool. i ncl udes for each page a set of
bl ock validity indicators for the data blocks in the correspondi ng

page. -

10 4. A system according to claims 2 and 3 including means for selecting either the

cumulative pool size direct or the output of the calculating means.

5. A system according to any previous claim including means for checking for
out~of-bounds values of desired pool number, desired buffer number, and desired

byte.

15 6. A system for defining aﬁd addreséin_é buffers in a memory area, substantially

as herein dcscribed_.

7. A memory system in a computer, comprising flash memory which is divided
into separately writable pages; RAM memory; separate non—volatile memory for
holding. a main record table identifying valid pages in the flash memory; means for
20  copying a page of the flash memory as an image page inte the RAM memory and
updating the image page; means for writing the ixﬁage page back into a different page
in the flash memory; and means for updating the main record table in the non-volatile

memory when a page in the flash memory has been updated.

8. A memory system according to claim 7 wherein: the main record table includes

* c L M S *



- 25- O s B¥&T Raplazecor di ng to any of claims | to 7
wherein |dent|f|c3t| mation for the blocks in a page is

i ncl udedv® A8/$3348 page. ll‘ “lu‘mlg A nenory' syst em accoP@/BRIHBIR| ai m 8
wherein the |dent|f|c ion for each block is included in
t hat bl ock. A nmenory system according to any of clains 1 to
9 wherein said separ ate non- vol atd3 e nenory i s EEPROM S

A menory system according to any of claims 1 to 10 wherein the record table
or t abAnessTardigtegtien sectipeiraad pdgesin there 41t peavidedia hackeyp essord table into -

sub-records ea | ati.n Y a A
menory syst eny’ g\ﬁ ﬁaﬁ!fall%?‘fcﬁg%zab# ef‘ﬂ”'ﬁggg %létcf&/f? ’? éﬁ%%&?ﬂ:é‘l’%%cq Haé‘%
acconpanyi ng szl 166 Shecking the mainlecord AbRELR edoOWhePdshs NGoAactdsa Sie IREOT Y

di vided into separ at ely witabl e pages, conpr.i sing; copying a page
of the flash rEfBPLY, asd k5 usipgdhe b%cgeup mrmmcnéﬂwrwalamord table hag g #rmong t he
i mge page; witing the i mage page back into a different page in the flash
15 menory; providing a main record table, held in a separate non-volatile

nenory, 5 9. i deAtmeéthéy systbinchep@ding tbtldiRes whesth fife ¥Ry detastibnugedaén 89 t he

main record table when a - page in the flash nenory has been updated.
14. A met hd B&WHP‘P}Q to claim13, wherein the main record table
identifies a spare page in the flash nenory, the inage page bei ng

witten into the identified spare page in 20 the flash nenory.
15. A net had. acc@nnhmgytsystexhancmrdﬁg tmhayeﬂf lﬁlaﬁnspaoévpmﬁnlthh?fu‘cbfd tfablei n

the main recar le is u e in the fl nenory has
been updat ed. mg“des for °a‘iIB page %Sﬁte&ﬂglﬂ é’vﬂg Htﬁl?‘ia 13, £9F éF dafay ksl!? s 15,
wherein a valdogeB8irYf pagk.ash menory contains vali d.| nf or mat i on.

10 11. A mémory system according to any of claims 7 to 10 wherein identification

information for the blocks in a page is included in the page.

12. A memory system according to claim 11 wherein the identification information
for each block is included in that block.

13. A memory system according to any of claims 7 to 12 wherein said separate

15- non~volatile memory is EEPROM.

14. A memory system according to a_ny. of claims 7 to 13 wherein the record table
or tables include a spare page identifier and a scq’ﬁencc of sub-records each relating

to a respective valid page.
15. A memory system substantially as herein described.

20 16. A method of updating a flash memory divided into separately writable pages,
comprising: copying a page of the flash memory as an image page into RAM memory
and updating the image page; writing the image page back into a different page in the
flash memory; providing a main record table, held in a separate non-volatile memory,

identifying valid pages in the flash memory; and updating the main record table when

I



- 26- 17. A nmet hod according to any of clains 13 to 16
conprising: including an error ‘detection section in the main
record; .WOP$4348g a back-up record table into which the mecmep97/02112
record table is copied imediately after it has been updated;..and_checking

the main record table for error when using it _to access the flash
menory, and using the back-up record Do table if tHbis Has BeeniRepkriee
has an error. 18. - A method according to cl ai e

error det eCtiQ'ﬁageeﬁHherﬂaisﬁ ﬁ?@ﬁ(_ﬁ’&”lﬁ& 8kn updated. @S a CRC. A
met hod according to any of claiis 13 to 18 wherein, for each page, a set of
bl ock validity indicators for the data bl ocks in the correspondi ng page is

any of ol ai s 13 16 PSURACEPIERE B AR LA CORPITIG ELFES B cHor GiPGIO e
‘blocks in a pagtoh Sn ithe hiage eecort; ti6viBMEe back-up record Zble inté wlBEH 8% main

according to claim20 wherein the identifjication information for each
bl ock is incltrgewd tabletip gopisd dmmediately aftersip has begn pdpied; andcdieeking theomaimy of

ceproy 5 ot B i R Ut W afect ok b Rpror, and 8556 B0 RE, 01

a spare page federd tabledf thenlain record tsble @apianegor0f sub-records each relating -
to a respective valid page is included in the record tabl e or '
tables. 20 24. A met hod according to any of clains 13 to “23 wherein

the main reco;sj. taRl Getidd accordingrgtgc&% 97 whelndkiley cHﬁé\&@ﬁcﬁ&P%j:&ﬂmt fie
page of the flash nenory as an ITrage page into nemnory.
calculated as a CRC. '

19. A method according to any of claims 16 to 18 wherein, for each page, a set
10 of block validity indicators for the data blocks in the corresponding page is included

in the record table.

20. A method according to any of claims 16 to 19 wherein identification

information for the blocks in a pagc is included in the page.

21. A method according to claim 20 wherein the identification information for each
15  block is included in that block.

22. A method according to any of claims 16 to 21 wherein the record table or
- tables are stored in an EEPROM.

23. A method according to any of claims 16 to 22 wherein a spare page identifier
and a sequence of sub-records each relating to a respective valid page is included in

20 the record table or tables.

24. A method according to any of claims 16 to 23 wherein the main record table
is checked for validity before copying the page of the flash memory as an image page
into RAM memory. ' |

A

[



25. A met hod according to claim24 wherein the nmain record table-is

copi ed W(%M}%s Thssrbafd-llas enaematztttabl e |m"red| ately after the checking
of the ral n record ta PCT/EP97/02112

-27 - dlngto cIa|m25 wherein the back- up
record table is checke validity imrediately after the copying
of the main recordtablethereinto -27 -~ 27. A met hod according to
any of clainms 13 to 26 wherein the valid data bl ocks in the I mage
page are rear Ranged Msthad; aererding tarmlaimd4 phewsin the medw recotietble is coﬁxcd 8.

A met hod of u d, I ded..into.s wrlt ages
subst anti al | nggﬁécfﬁ}scﬁ {)éo?f?ﬂb[&ﬁ %aéqc} @gtcfg’ t(itx?gdﬁ’&gf}{rg‘ﬁﬁ#ﬂdcw g’.f

29. A fl ashvalidiey.y systemin a conputer wherein data is held in bI ocks in
the flash - menory and a block | ocating data structure i s naintained
determ ning the | ocations and descriptors ofthe bl ocks, wherein the
bl ock | ocati nggdat t artiall

external nenory ou'?%élﬁ]&{e}hl)t9 hag&%fﬂg ﬁg(r?%ea%?ts ‘L'? rg‘f‘ftgc Baclk P ¥°c°§:gtablc b g‘f%ﬂ
nmenory acdéor difergvalidity | imimed2@clyaterctha cbjsﬁngxif elignahin e 601t tablé tiieinto.

EEPROM nenory. - 31. A flash nenory according to either of clains
29 and 30 wherein the external . menory may hold the substantially the
entire bl ock bgcatiag %Haacgg Aibe iy, rding
to either of clains 25 and ) V\%er ealﬁ?; otfﬁiezérnie'( lgl‘%?l 2I6 herbifl e UBEH)EX%%?%;Z( only
the | ocations Hbfhctln‘@gblpewaclrmndmgcd taeliminateounnsednptabest Hititwdﬁﬁthbnpt ors

of the bl ocks being included in the flash nenory as headers of the bl ocks

t hensel ves. 33. A flash nenory according to either of clainms 31
and 32 wherei pgt heAefﬁEﬁth%:f upﬂatxng a ﬂééh%&:%by 8i9idel 930 s€atBs Writhi9dpes

‘structure for the entire f
substantially as described.

10 29. A flash memory system in a cbmputer wherein data is held in blocks in the
flash memory and a block locating data structure is maintained determining the -
locations and descriptors of the b1ocks, wherein the block locating data structure is

held at least partially in an external memory outside the flash memory itself.

30. A flash memory according to claim 29 wherein the external memory is an
15 EEPROM memory.

31.  Aflash memory-according to cither of claims 29 and 30 wherein the external

memory may hold the substantially the entire block locating data structure.

32. A flash memory according to either of claim 29 and 30 wherein the external
memory holds only the locations of the blocks in the flash memory, with the
20~ descriptors of the blocks being included in the flash memory as headers of the blocks

themselves.

33. A flash memory according to either of claims 31 and 32 wherein the external

directory is organized as a single structure for the entire flash memory.

HII\II\ I!ll\l IIIH |l|\| H lIIl



20 34. A flash nenory according to either of clains 31 and 32 wherein

t he -ext er nal directory is organi zed on a per page basis. 35.
A fl ash.WMen¥43248ccording to any of clains 29 to 34 wherei pciErosigs nal
menory contains for each block only a validity bit, with the bl ock
addresses and descriptors being mai ntained in the flash nenory

Itsel f.- 28 36.

: : . - 28 - :
A receiver/decoder for use in a digital broadcast and reception system

including 34, 8 APARNMYMENSYHEAHinzAS RitHEBH Haife B HdrD Whe j s 1
to 12 or 29 to 35. %I? Amrgeceilver/decoder accordi rfgiﬂ%&gpgf‘gnrg% 36,

further conpr fis¢qtery is organized on a pergrags basis. r ecei vi ng a conpressed MPEG type
signal; 5 means for decoding the received signal to provide a
tel evision and/or radio signal; and - means for supplying

the signal to3s tephemidh ABmORI4&0rdiAE® any of claim339 to 4 WhERHY ;ﬁfe/y Qﬂ&‘ﬁgﬁgs

for use in a digital broadcast and reception system substantial _
herei n descr i memowy chntpias deepach block kalyas veligitthhitnyittrtheibhepk addresses and

5 descriptors being maintained in the flash memory itself.

36. A receiver/decoder for use in a digital broadcast and reception system
including a system or memory system or flash memory according to any of Claims
1 to 15 or 29 to 35. |

37. A receiver/decoder according to Claim 36, further comprising:
10 ~ means for rcéciving a compressed MPEG-type signal;
means for decoding the received signal to provide a television and/or radio
signal; and

means for supplying the signal to a television and/or radio.

38. A receiver/decoder for use in a digital ‘broadcast and reception system

15  substantially as herein described.
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