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The present invention relates to conputers, and nore particularly to the
di vi si on of menory areas therein for buffering purposes. It will be
understood that the term 5 "conputer” is used in a broad sense, to
enconpass a system which [e@MEUE ! s aN1aAd 1N pul ati on of
data, whether such processing and nmani pulation is the primary

pur pose of the systemor is subordinate or incidental to sone nore

speci al i zed ' teYEr 3 itQI :
t el evi si on syg';h g r&rséelk—%v?\ﬁ/ev\fg??n ??lﬁivams ?i& cggﬁ)ﬁte&/s‘? ﬁaggg@?gazgé%% t?ttﬁf‘ngrllsd?n of
limted to thatemoryt zmasothesgintfombuffering purpogess, Ibwtillite wmderstoadthkat ithe term
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term " t I‘on ctu r e,
terrestrial, : : ' [5 -dl e 4.al
transm ssion ysftegsr%gg ?%% Ienr?gg)él légfro?qngrdla yk‘?lglrl}ef)?%cg(% Sgﬁsug%g @g\ﬁ?ﬁ? @félt\}lgllé ?yothg
g e b e pOSel bl Ly Of sl ng. SUCh Systoms Lor a var ety of
. u | . N, | €
pur poses. One f‘b‘!““"f‘s such “\sﬁﬁ‘éfév‘?f" ef‘b‘lyeﬁ %Rfi‘f!&“ﬁq ﬁ‘ﬁ%‘F@@PisyﬁF‘}lswP{Q‘Wﬁvﬁé }éWéi“ be
user. As used 087l hat iR At {Mitdd @ thal system or systafis H{)ﬁ%‘t %es t%ﬁ{ gérgpplicablc

i ncludes any fransmission systemfor trdnsmtting or broadcastin
for exandl0e pmorargenyratlydiocy iveitdelvaristynof tompuaten sybitgs.al Adabed héfein, Sthe ttbgn
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present 20 invention.is particularly applicable to a broadcast digital
t el evi si on sysfigtal televigiprsystem” includes frrcs¥ample aay satellepterresisialceable and a
fixed tel ecomm%;%ggtgﬁps networ k for mul ti medi a i nternet

. applications and sO on. The present invention finds specific
application in a broadcast digital television system 25 I n which received

signals are passed,to a receiver/decoder and thence to a televisjon )
set. The ter maf%Pee%‘ievbrqfd@@btaleﬁranﬁfgb%awﬁequmwe@%maaﬂy efosi hropdeasting

recei vings telefibibp gl ggggggéunmteqhﬁga@mswe%gtg@é WleAERANyStoms, has

tel evision and/or ra erm SO conno

for decodi ng opemidveul thxi possibilityFofasingremttssystems forfa sadétyrafcminpeses deOnelef s
-may 1 nclude a decoder integral with tgef&te%}ed ver for 3Q decodi ng t he

recei ved si g_nélP%s? 13t PRY frragiyly Witk o7 %“@G&F@ndgﬁo‘&@l "digital
functioning | RaGaHiskiodsytbm Mdcludds By §hfAlilor§RARGR taBSRIMEE or broadcasting V'O
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- PCT/ EP98/ 0160%0r example primarily audiovisual or multimedia digital data. Whilst the present

20  invention is particularly applicable to a broadcast digital television system, the present
invention may also be applicable to a fixed telecommunications network for

multimedia internet applications and so on.

The present invention finds specific application in a broadcast digital television system
25  in which received signals are passed to a receiver/decoder and thence to a television
set. The term "receiver/decoder” used herein may connote a receiver for receiving
either encoded or non—encoded signals, for example, television and/or radio signals.
The term may also connote a decoder for decoding received signals. Embodiments
of such receiver/decoders may include a decoder integral with the receiver for
30  decoding the received signals, for example, in a "set—to;i box" or such a decoder

functioning in combination with a physically separate receiver.



|

anount of

- 2- The recei ver/decoder decodes a conpressed MPEG type signal into

a tel evisi 0@0348;4&9617 for the television set. The recei 35&%3,@@%5 S
controlled by a renote controller handset, through an interface in
t he receiver/decoder. The receiver/decoder is used to process the

jincomng bit stream and includes a conput e‘lz"system including a variety 5

Conirol oo O e Setofie et fsdanes & compressed NBACHme SiaBRLEl) Htseision sigpal
have a vari et f e I t QL3 reader . far
v v Y 16t & Rsion QLR Cfhe ﬁfgbfﬂé%gg%@fto@%rgﬁo?ggrﬁml Eeﬁmoeig c%ntrggcr

the user to pass an authorization ca Servic

the 10  user handset, tiwougledn interfse, in shdreoeivhgdatoddt. rBraicvevetdstbdel is\weedlto a
TV di splay unit, . and, a_second card reader for use with bank cards to
al | ow t he user PIasesscthe dRcATRGEDIt stream, apg inglydes A gompussrssystem ingjuding @ vasiety a

vari ety of gpor ; e S t he
| nt er net aﬁd fEﬁ aﬁ@%&?ﬁl%@%‘%ﬁgﬁ%gn%}l% %LQA’%@%“CE‘% B%rg?mggﬁwgai‘gt); 8t coiitrol and
conput er, et c. ofher functions.One way of providing the interactivity described
above is to run an application.,on the recei ver/ decoder through which

the television signal is received. It is desirable to enable a

el evision si gn: It is desirable to  enable a
oY O P Shara R AR it of FeUBhY pRaPLICI e 2 G

in
PCT/ EP97/ 02115readeadfo the usePtSTpdsPa AGhbiigatibascard Deouphxb@Bafiin WHEE Serones He
nore applications can_be downl oaded by a receiver/decoder and

comuni cat® wi B$eT ihputhesredito e s hapdthedd TV receivercesitiad wabde e JBY display asit,

paral l el and sgrj al..i mart.card readers, by neans f a
devi ce dri ver %gdr gesgl%%tdeﬁﬁg%%gﬁg%e{‘ 6&'}@} g"l“ﬁ( ‘E?é@ﬁ %’ei}fﬁﬁg&e’r‘s.cr to fgrfonpﬁlo%
been proposed bankpigftindtiohd)elt GRgyodléd hive f Pariety bﬁﬁﬁty@ddpﬁépﬁ%:%ﬁ Q théders ksice
wth a variety of different signal channels, such as a dem a
serial channel 2cC§553¢ afheenternet and Hignneanduetingvihpme( bamfing stamsactivhsc adddme
vi deo signal) g&qﬂﬂg{ et w pe card readers, and so on. The
recei ver/ decoder i ncludés a virtual machine which includes a run-tine
engine. Th® virtual machine is coupled to a device manager which is in turn
coupl ed 30 to the physical interfaces of the various channels via devices
and devi ce dri?8¢ ¥ay of providingthe interaetivitysdesebasl abosie i toumaranyapplisationsomttiec h

gg{ ’ :;ggg/r g‘i’gggﬁgcibgr/&%ell H8h which the VRN G is received. It ig_desirable to
system such asemblees eaniety /of applieation®to €briintiaicateabigy h VafetyWf prdical dévikes in
a fransparent manner. Our co-pending applications PCT/EP97/02115 and
20  PCT/EP97/02116 describe systems in which one or more applications can be
downloaded by a receiver/decoder and communicate with physical devices in the
receiver/decoder such as parallel and serial interfaces and smartcard readers by means

of a device driver for each device and an overall device manager.

25 It has been proposed to provide the capability for a receiver/decoder to interface with
a variety of different signal channels, such as a modem, a serial channel, a parallel
channel, an MPEG (compressed and coded video signal) channel, swipe card readers,
and so on. The receiver/decoder includes a virtual machine which includes a run—time
engine. The virtual machine is coupled to a device manager which is in turn coupled

30  to the physical interfaces of the various channels via devices and device drivers.

In computer systems, particularly systems which are incorporated in some larger
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menory is often limted. This nmeans that the nenory nmust be organi zed so
that the wobsmases of nenory space by the various functions PET/EPYSZI6ES) t he

systemis mnimzed. In addition, it may al so be necessary to
mnimze the time required to access at leagt 5 sone parts of the
menory. The present invention is particularly concerned with the

provi sion or ?%% | & aof‘ecciv,efj/dc&idfzi ?.?13 dighedl NS1eVRIBH %r radib? the abitint of

conventi onal nique for providing b ers i1s blf a dynamc Ssystem for
al | ocati ng t henensstyiis efteh infiesds . Thidoweeaas that nthé henmre seust be @nganized du that the
standard system has certajn disadvantages. |t Eends toresult,in

ed ppdbe system ipymippmizeded

for overhead %g%&&h‘oﬁnﬁ ‘may 3180 blefnege;}»s%:?gg@in i tnk I?i‘?nq[ required PYBE&SS of %Ssrt

required, it y require venment of nmenory rreate space

15 t he gxpagemerparts of the mofwmgr di ngly, the present invention provides a
buf fer managenent system for defining and addressing buffers in a
buffer zone in a nenory in a conputer system conpri sing: pool size

Storage means 1rapretf iiafRls ikl g coRBhed b3 BAVilhn o Hediiayion o

nmeans for buffer! mUWhatrhéifodyher ef rom t he address of a desired buffer in a
desi red pool . The present invention also provides a buffer
managenment system for defining and addressing buffers in a plurality

of buffer,zon in.a LY,.Jl.0.:a C ut er. syst.e 25 conprisi.ng, .for

each buf 10 2ane: SsPHERS eshuug 30 prRtahly Wufers B by &y dYapeite Sypet' for
pool sizes; bufib&iting the réduifeddsaffen NHowevers i tesresdr® cof@ghthiPsthndadd Bydtéar
si ze; and cal cul ati ng neans for calculating therefromthe address of

a desired buf hat cemain disadvantages. It tengsdp resultsip fragrentation o thermogmart a8d ifs| e

, ffer . ' it ] f f, di.ff
gy Tes. * BestiioPeriEhy) the L Kdrl WIRRC e rattbs o Als® if an expariids SF 6
The buffer Wﬂaﬁeﬁﬁﬁtrewﬁd,emrﬁ?nre@hir@@x%@nmﬁf bEbRck® ofRiRhioFR b BRGteAPace for
required and WO 98/ 4316
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avoi d conflict between applications each requiring nmenory.

Accordingly, the present invention provides a buffer management system for defining
and addressing buffers in a buffer zone in a memory in a computer system,
comprising: pool size storage means for storing a plurality of pool sizes; buffer size
20 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.

The present invention also provides a buffer management system for defining and
addressing buffers in a plurality of buffer zones in a memory in a computer system,
25  comprising, for each buffer zone: pool size storage means for storing a plurality of
pool sizes; buffer size stofagc 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.

30  For efficiency and simple management, any buffer zone is partitioned into buffers of
different fixed sizes, the buffers of the same size being grouped into a buffer pool.

The buffer management system can allocate buffers to applications as required and



Preferably neans are included for determ ning the pool sizes in cunulative
formand wo9si3mroring themin that formin the pool size sSPOI/EB®S/AIEENS. A
reserved area may be 5 defined at the begi nning of each pool, and neans
provi ded for selecting either the cyul ative pool size direct or the
out put of the cal cul ati ng neans. The desired pool nunber, desired
buf f er n“”beravcﬁﬂ‘io?ﬁﬁ!t'beﬁv&}itag: [RidR e‘i@ﬁ‘i&gﬂnﬁ Pty of - bounds

val ues. Preferably, Rs are includéed for detéecting overlap of

di fferent buffer zones The system may further include neans for
storing the s art dresses qQf the zones and neaps far

i
storing the eREFfera eesegs ¢ 1p¢judesd; terpyiniag the,poQl\pizes 4p cumulative Jexm @apf n g
means i ncl udi aanﬁg%f?anflﬁrthsef&mvwamt 1SEAY ét?ﬁgé B sadﬂrﬁﬁgﬁe%a%? beS

buffer zone fro he storing neans and neans termning

start addfessdefined at the Beginififigiof zacde posl, gndaheanst pranidedefor Releatitl erlserothe
the previous buffer zone. The present invention also _extends to a
recei ver/ dec o@@ﬂuﬁaﬁﬁ? paPhjza disastiarthe output ofthmerlmilating peeasm a‘be d’é@fﬂd PR

above. num ﬁfe%' Pfxﬁ'fér %?rar{gaé(es r@&l %emg?%gschgg& 0 fabou d
g neEha

pIurallty of app |ons el ng’ arrange

addr ess buffevﬂueg a.buffer zone for aIIocatlon to one appllcation
only and to define and address buffers in anot her buffer zone for

all ocation to the other applications. In addition, the present

i nventio JoPr O%"‘qgfgb@o g;?ctaggqrc ncﬂ?&gg‘??%et%?ﬁ ré‘ﬂ%?&f{%%f‘&ﬂ%?{n{@r zf[cgﬁgncgf a

buffer z rising

storing a plurality of pooI si zes; storing, for each pool, a
buffer size; and calculatlng therefromthe address of a
desired buf f ekh¢ §ysfememiy dyrthgioinclude means\for storipg dip start addresses of the buffer
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The present |%vent?n(§inm 223 f(e)§<tse°nndl§ ﬂ}f 5n?reatdﬁre(§scs of uﬁ' r‘ﬁ“ﬁfaf &R otg?eosvselﬂﬁ

buffers in  detectirg Bledniflindliydifg ohesnk efor Z€ueding Mhe sEBNBIY ehd addREER Wfedach
system corrpr|5| ng the steps, for_each buffer zone, of:

storing &S5pl ubwlferzpngroze ghe stpring means and means for detsFmimgng Mhethena stagasidress
buffer size; 8{‘9 buffcr zZgne is dgreatcf ﬂ&%h@tehﬁgadhﬂﬁg %E tl?%fc@?bu@%&?&? %ox?é a

desired buffer 1n

The present invention also extends to a receiver/decoder including a buffer
management system as described above.

20
The receiver/decoder may include means for storing a plurality of applications, said
system being arranged to define and address buffers in a buffer zone for allocation to
one application only and to define and address buffers in another buffer zone for
allocation to the other applications.

25

In addition, the present invention provides a method of defining and addressing buffers
in a buffer zone in a memory in a computer system, comprising the steps of:
‘storing a plurality of pool sizes;
30 storing, for each pool, a buffer size; and

calculating therefrom the address of a desired buffer ir a desired pool.



The net hod may furt her conprise the steps, for each buffer zone, of:

det er mi ni NYOA8M3KGol sizes in cunul ative form and 10 PCT/EB98J16%6g t he
pool sizes in that form The nethod may further conprise the step,
for each buffer zone, of defining a _stieserved area at the beginning

of each pool. 15 The nethod may further conprise the step, for each
buffer zone, tihPehtRint 16 extends to 4 BRtHOABY R hddrbdsndbiieat i
t he addresses'?lftl)? Eféﬁgﬁblh?fer npoo esx enes 1o 1.%he n‘%?%g@%u% ?Cg-rgsﬁlgbc%ﬁ%rl?se
the step, foraehchlityuffiarfferoacs nf a aiemedryrig &f computer systeamif ecrfiptising dse stepsies
of desired pool number, desired buffer nunber, and desired 20 byt e.

The net hod naﬁpff%f;hll?éff%é‘?&ﬁ’i e the step of detecting overlap of different

buf f er ZONEeS ¢enls .} further conprise the steps of:
storing the start ggéx%gs%gglg}%ﬁy?ﬁéggﬁ% el zones; 25 storing the
end addresses of t kerihgf fozreaziopest, acudfer size; and det erm ni ng whet her a
start address of a huffer zone is greater than the end address of the
previ ous buffer zoflculating thcmﬁ%ﬂitgﬁé‘i@@ﬁﬁ:ﬁ)f arissised bwifenins 7 desitedRAgbment
system may be inplenmented in hardware, 30 for exanple in a dedicated
integrated circuit; this may provide enhanced speed of operati on.

Preferably, hpnewRthodinaldaftherseiprive the Stepb forricals baffer 6w, @Fented in
software, preferably run by processing neans which runs the applications;

this all ows deteymining) theggool sizes in cumulative form; and
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greater i exi bili t§/t,°nfl§cfh? ngl ?%%Ssmctgﬂﬁo@ﬁ@ht s, and allows the systemto be
updat ed nore readily. A receiver/decoder including a

conput er system enbodying the invention will now 5 be described, by way
of exanple, wihh methed apese fusherneoraprse Higs stepn fohieagh buffer zone, of defining a

reserved area at the beginning of each pool.

15  The method may further comprise the step, for each buffer zone, of selecting either

the cumulative pool size direct or the addresses of the buffer pools.

The method may further comprise the step, for each buffer zone, of checking for
out—of—bounds values of desired pool number, desired buffer number, and desired
20  Dbyte.

The method may further comprise the step of detecting overlap of different buffer
zones. If so, the method may further c;)mprise the steps of:
storing the start addresses of the buffer zones;
25 storing the end addresses of the buffer zones; and
determining whether a start address of a buffer zone is greater than the end

address of the previous buffer zone.

Various functions of the buffer management system may be implemented in hardware,
30  for example in a dedicated integrated circuit; this may provide enhanced speed of
operation. Preferably, however, at least some of the functions are implemented in

software, preferably run by processing means which runs the applications; this allows



Figure 1 is a schematic diagramof interfaces of the receiver/decoder;
Figure 2 isygrogiddigyt i onal bl ock di agram of the receiver/decodeerEbssnieos
Figure 3 is a sinplified diagramof the relationship of the RAM nenory with
t he other nmenory units of the recei \LEL/ decoder; Figure 4 is
a diagram of the organization of a part of the RAM nenory; 15 Fi gure

5 shows. t he st 0. Bufifer [ C X i IS a
di agram of t hr:ér g%%ﬁ%&d?@”ﬁfr §§&’%r¥%§f9’@ﬁgg’g‘ﬁbn§ ur@iq{ts;the syfbc m tqilg%ig#iez&fp?]gma
di agram of a regdify.ed form of the organization of the RAM nenory;

Figure 8 is a sinplified diagramof the structure of the nenory nmanagenent
unit for the nmenory organi zation of Fig. 7; and 2 Figures 9A to

5
9C illustrate fhe nper En whi gh buffer us i S_associated. with .
different ol | dhieepa ot etahe Y chipghs A9fen cRBoRaRE Wi intenton, il paw
conput er syst &4 ddsbibél, byt why saleRhhbles WiCRIMBACIRCHE Frawings, inwhichf i r st be
described briefly. 30 Referring to Figure 1, a receiver/decoder 2020
or set-top-box for use in a digital interactive tel evision systemin
whi ch the devigigud'd 41 et GIBAH B Rredsfock B S Ribeiver/ectiBefS! 43167
be installed is schematically depicted. Details of a suitable digital
interactive tel evi sion system may be found in our co-pending
appl i cati ons RAZUERD & @ furgsional block dixgtam oftthe retieivsk/decades; of which are
her ei n igﬁfr porated by reference. For ease of reference, parts
descri be n nore detail in the aforenenti oned specifications are

Figure 3 is a simplified diagram of the relationship of the RAM memory with the

to

other memory units of the receiver/decoder;

Figure 4 is a diagram of the organization of a part of the RAM memory;
15

Figure S shows the structure of a Set_Buffer_Outline command;
Figure 6 is a diagram of the structure of a2 memory management unit;
20  Figure 7 is a diagram of a modified form of the organization of the RAM memory;

Figure 8 is a simplified diagram of the structure of the memory management unit for

the memory organization of Fig. 7; and

25  Figures 9A to 9C illustrate the manner in which buffer usage is associated with

different clients and devices.

To assist in understanding of the computer system, the digital satellite receiver/decoder
will first be described briefly.

30
Referring to Figure 1, a receiver/decoder 2020 or set-top—box for use in a digital

interactive television system in which the device driver of the embodiment is intended



5 general |y designated by the reference nunerals used in those

speci f i catworns/43167 As described in nore detail in the aPETERBSRI6Oed
specifications, referring to Figure 1 and 2, the receiver/decoder
2020 includes several ports; specifically,—pa tuner 4028 for the MPEG

signal flow, a serial interface 4030, a parallel interface 4032, and two 10
card readers 493G, ingfafled G seh&fBidallgr degictedi NDefils tofod stiftebleydipiah mrctactive
for bank cards (used for naking paynents, hone banking, etc). The
recei ver/ decotsdevisiopesystem mayris fryad 1arpurmocpeadiag 4pplications Q268 K

channel 4002 e.tel.eyisio | gnal . P he C

I ndi cate pref bﬁéﬁ;e@? %?ciosgxé%{:ofg%iﬁileartee}il%\%ns{nggfﬁg)%tﬁ%?’g IIelPh%m%ﬁ)r gg‘f g%%"?e?fn
producer. The (dfeghicyepardd BoscERER inSMBr dBALL- H Wi BfegémentiiRa, specitivatiomurece
Manager 4068 and a plurality of Devices 4062 and Device Drivers 4066 for
runni ng ofe ogencrally desighatad byrtbe 4ef6gnce numerals psed imthose spesificationsi hi s
specification, an application is a piece of conputer code for

controlling high level functions of preferably the receiver/decoder 2020.
For exanple, 2Q %es\ﬁﬂﬁéhi fordetdGh tROBEdrEMERtiOMA dpREiRafbns réfeRigCto Figure
controller on a button object seen on the screen of the tel evision
set 2022 and prask2sthe readivetAldcoderk2f20 inkludesn sevenalt parts; specificallyyactuoer 4028

o oposes. menudoriE MR eea i serislinterfaes ahh.R PentieSotblics W5t o

and provi@ges t t ; ' ARl '
rny be eilthe, idreafeR'Ale] bl K URRRGAAGonhiify AROLE R 4yRkn AR ohE 3r Ol

or ot her cardsnfused do1 mmkimgrpaghent$, hérae rbankinge efa)e cThie re@dad/decoder also
br oadcast and_ dqQwnl oaded into t he RAM or FLASH r f the,

recei ver/ deco udgy 2y interfgge 4034 o Pé‘é&qec %B@%@@P@ﬂ%&ﬁéﬁ& VHTV&JB’P signal
in the recei Vg&é&ﬁ&g%&h&@a{% add can indicagggjgﬁ%?éﬂceg e@ébﬁ&é&ﬂﬂ%&e%ciiév’iﬁén siks

resource files conprise graphic object ption uni es,

vari abl es bl o¢prograthmt) pesducens tTheaeceiners elyo axomeprise$ @asRumppimesdingore 4008«

e e AT A r R NS L ™ 20 L L g v

~ associ ated

d VO 98/ 43167 . . o
PCT/ EPos/ 1 60Pevice Manage 4058 ndea plurality of Deviges #062,apd Degics; Priysrs 466 for -

above- nment i On%&%;ﬁ%ﬁﬂﬁ&ef%%gmmmse. The recei ver/ decoder

. vol ume, but this physical organization is distinct fromthe logical 5
: organi zation. The nmenory may further he divi deld i.nt 0 mepory vol unes

i':

contains nmenory d into vol ume, a FLASH vol une and a ROM

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,
20  when the end user positions the focus of a remote controller on a button object seen
on the screen of the television set 2022 and presses a validation key, the instruction

sequence associated with the button is run,

An interactive application proposes menus and executes commands at the request of
25  the end user and provides data related to the purpose of the application. Applications
may be either resident applications, that is, stored in the ROM (or FLASH or other
non-volatile memory) of the receiver/decoder 2020, or broadcast and downloaded into

the RAM or FLASH memory of the receiver/decoder 2020.

30  Applications are stored in memory locations in the receiver/decoder 2020 and
represented as resource files. The resource files comprise graphic object description

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



with the various interfaces. Fromone point of view, the nenory can be
regarded agoogusigrPart of the hardware; from another point Opc¥ip¥snishe

menory can be regarded as supporting or containing the whole of the
system shown apart fromthe hardware. 1Qg- The conputer system can be
regarded as centred on a run tinme engi ne 4008 form ng part of a
virtual machidyga 437 as GBéciibed ifi GhéreittdiDinRiel dbort--abaticHedqideert isgecifitdttons.
"hi gh | evel " side), and, on the other side (the "low |l evel" side),
via various internediate | ogi cal units discussed below, to the

recei ver/ decager_hardware .4061. . The . .receiver/.decaoder h e can be
Fegar ded as. | W SARN G RHOdE St Bemoy driRCRINERAM §Bahe SHTATH T ofitRe
interface 2030, Qr ROM V618 Etbue GRE. phiiScdYPegasizhtieiNid Mifince GPort 08B, 1dghal
serial interface 4030, the parallel Interface 4032, the interfaces to the
card readers organizati@B6Thamenory may durthearcesdisiiet antormemotie nokuhdsaskociated
channel 4002)., . Wth efer}gnce sgecifirogal l"yrfho F‘_Tipggre 2, vari %u$
appl i cati ons WBB e yarious igieztacey; Fipm 95 POt Of iAW, Hak MRSTROTY (787 begrggarded af he
nore commonl y hidalré;Of8 théx £oPWi

resident in t%déltsgggd;?h as indirgagnﬁgodpatﬁ%&?? \ksr\v‘{’ltgeo%ﬁ%rars}p\?méflggggéir&d as
downl oaded i ruppotiingsorscamtgining the ovhalé of KMRESF stk ahewn epant dromh therhatdiware.
ports as required. 25 The virtual machi ne 4007 includes, in
addition to the run time engi ne 4008, sone resident |ibrary functions
4006 whi [ . ILBr LA s Dy us
functi ong@i n”@#gﬁaﬁg%g%ége c%;ﬁ/ﬁ%hrg-grﬁekﬁgéli r?g c4 %esd:&i}hglslg%ﬁ%t:%ggggg%%rﬁﬂﬁ
mani pul at i on parcof asirtuabpiaehiiect007e ks i cvupled to @apphedtions onfondaide (the "high
structures, ling, . drawing, etc., The library 4006 al so includes )

i nf or mati on alﬁﬁét squ)nﬁ%‘{’e‘_"hg&)oﬁ]ﬁr side e ﬁt”%é%ﬁel/e?lg@eé’é%ié@“@éﬁzmwmtﬁs
har dwar e and J%&Lc%l"’q{ tsV HistuSdRd" BERW, S t e 2Yébelv@PhEcoder - harBaites PARS: a‘gﬂe a
function use en downl oadi ng a new device 4062. Functions can be

downl oaded i nieceivérdddciodeahardwhei cap etroganed as frichSlihgtheRAlows porty as discussed

\F/,\g-l-?g;,ggi.gztso@ovc (the interface 2030 for the handset 2026, the MPEG stream interfgce 4028, the

The run tinme Qpgi RfeAAQ84030,00k Hatsllct GnRrid6y 4082, BB aaRIE06H g&y &didi Raders
coupled to a set of devices 4064 which are coupled to device drivers

4060 whi ch ar4036pandithe interface 4(13dptoettie modemengbback drannek 4002)ces. | n broad
ternms, a device driver can be regarded as defining a | ogical
interface, so that two different device drivers nay be coupled to a 5
comon physi cifithiefdrendd GRYiRAlYI IFigiRe 'ﬁ?lvlaﬁo@seaﬁaﬂiéﬁii&% 4057 RfeScoybfea tBNEe
devi ce driver; 1f "a devite is coupled to single device dtiver, the
devi ce Wl | ndrtnall thgchine 4007; somgenfi the exbre commoml y useak applicatidns hay be more or
functionality required for ¢ nication, so .that the .Jnheed for,
Sopar ate. devi g8 BimABEnE remarh Borhe s, S dbdReiet Sheapsdomhilh cers il be

anmong t hensel gfnloaded into the system, eg from the MPEG data stream or from other ports as

required.

25  The virtual machine 4007 includes, in addition to the run time engine 4008, some
resident library functions 4006 which include a toolbox 4058. The library contains
miscellaneous functions in C language used by the engine 4008. These include data
manipulation such as compression, expansion or comparison of data structures, line
drawing, etc. The library 4006 also includes information about firmware 4060 in the

30 receiver/decoder 2020, such as hardware and software version numbers and available
RAM space, and a function used when downloading a new device 4062. Functions

can be downloaded into the library, being stored in FLASH or RAM memory.



10 As will be described below, there are 3 forns of communication
fromthe dewoeszs167 4064 up to the run tine engi ne: by nmPETEPIS/01605
vari abl es, buffers, and events which are passed to a set of event
gueues. 15 Each function of the recei v@+/ decoder 2020 is represented as
a device 4062. Devices can be either local or renote. Local devices
4064 incl ude 'Ehmnnx:tinﬁa:ngB@MS is coupleddpreed¢vace siaga@rsﬁ}ﬂﬁ&odhimh is souplad tand

parallel interface VP and au er MPEG
section and t%ﬁ?teoéﬂ‘f‘fl‘é"ét 6 %red%QHPgﬁg toy ggice ég‘é@{ﬁ Q&GaqnWhlc are intum
remte [ocat] ol gftgé bROGH rREr?Acege bf0ad @b dQB08HVE UnACEAUES as
must be 20 Pithe e system aut ority or ‘designer, er t y a
devi ce and dajafmﬁ:giallagacal mtcrfacgrsmvﬂhdeﬁnmd[ff&iem@uvm dlryvdrhmay be coupled to a
recei ver/ decoder nmanuf acturer. run t| ne engl ne 4008 runs under

t he contrdl ofomARn W&?’Sﬁr%ﬁsé\o@"dﬁ’f’dwﬂ @B%i%y ¢ couplgd t0 moreithan one device
programm ng i f lded. i | 25
so that all rﬁvge:i’vfe}r 8%@% g&%&(m%rge I‘Lel’# Vf(a:c\éfd re(%,ﬁ}t‘ﬁ? hdé%&[edﬁigg |on®;2)g? nt
of view. designéti @0 E@irperate108 full fisnctionblityatyoinad ﬂﬁﬁﬁnﬁﬂuﬁlbaxon, so that the
recei ver/decoder 2020. It execut es I nteractive applications 4056 and
recei ves everiesdifoprm srresatadlerice drivesi i obvirtedddertain devings gnayyicopmyypicate
gr aphi cs and evices for services and uses functions of the 30
i brary 4006 é’g&r%}rgeq%ﬁ%k?’ogt he engi ne 4008 for specific conputation.

The run {9 ne engi ne 4008 is an executable code installed in each

recei ver/ decoder WO 98/ 43167
PCT/ EP98/ 0160%s will be descnbed below, there are 3 forms of communication frarp-the devices

Apal | cat one . 1OfActh Ahne b e ind; b BAY K o0 OGBSt it

including a sjaggpdetot @8t sfpdient fighesyst em (such as M5-DOS). The
engi ne 4008 is based on process sequencer units (which take vari ous
events such as a key press, to carry out various actlons) and contains its
own 5 ch h erent. h e .

I nterf aces %gﬁsxgét?omﬁﬁ%ge ?&gdcgﬁga?%sgl 1§ FEOIF secé)r %’ £§ %ﬁ%ﬂp@abcx\xces
process sequaraﬁebe @ithtr ¢ouaprdrsemae. SeLo®dl devices 4064 iifdludyd epRftcardaC BOARNt
causes the process sequencer unit to nove fromits current

. acti on- gr oup QOFneFIeE Fﬂéﬂalécmoéﬁmﬁ:rﬁﬁﬂ?llaﬁ dasadled dnterfaens, ?MPE@WHEP@HdOﬁUdMe
. event, f'ind dﬂgy ra&xﬁ a?f‘l@ﬁ’ﬁc?séégﬁmaa% %a&&? rife gtde 4@%@@: tf%}&

The engi ne 4 conprisesa co Ioa ar t8 road an
4056 into a remote location, differ from local devices in that a port and procedure must be

20  defined by the system authority or designer, rather than by a device and device driver

provided and designed by the receiver/decoder manufacturer.

The run time engine 4008 runs under the control of the microprocessor and a common
application programming interface. They are installed in every receiver/decoder 2020

25  so that all receiver/decoders 2020 are identical from the application point of view.

The engine 4008 runs applications 4056 on the receiver/decoder 2020. It executes
interactive applications 4056 and receives events from outside the receiver/decoder
2020, displays graphics and text, calls devices for services and uses functions of the

30  library 4006 connected to the engine 4008 for specific computation.

The run time engine 4008 is an executable code installed in each receiver/decoder



t he recei ver/decoder nenory 2028. Only the necessary code is | oaded into
t he RAM +LASH nenmory, in order to ensure optinmal UpgyrEbbS016

6 L. : . /EPI8701605
downl oadedwé)a%séa:is verified by an aut henti cation nechanrsm to
prevent any nodification of an appli cationb€056 15 or the execution of

any unaut horized application. The engine 4008 further conprises a

deconpr essor. . ' ] . ; | e medi . cqd LS.
conpressed 2@?0, tapg%@gdgé gﬂggt\g/fbﬁgtggfr% gl?tgép?&gﬂ&%ﬂdo%d ng “Pk’g{fﬁﬁﬁ%’g %&Eﬁ gine
transport strgges @ addptabie to any opérdtihg sysiemnp ieluding dekimgle taskosieratilesyeeds
must be decorrpresse%l efore Io};ang i% %’.nto éthe@glRAl\/l The Znﬂgfn)g 4008
al so conpri seésughas MSEPS)-eFhe engine 400% istbasesbompipcessaequancepunit ch ke

updat e varioug_var.i abl termne. stat. ) d.a or
checker . *SarlSis e ojén 453 A0S, LA p R SARINS g Rl B
(such as gn agjHelidt it@nanage eviehs fidleh | fodim Sthe Ubiffefht hafdvwe Hhtededsar @daRs a
"client", that is, a logical access-way to 25 t he device 4066 or the

devi ce nmanagehantide@athe Tisplaynpiagrephigs aed texhe Acprioeess saqedricenunit comprisesrebsat of
which is referred to inn# Ihaccrgsses iﬁ) t he device. A device 48_66 can have
several cli enfSONTREOURG5AFR SYCT CPRTTS 0% REPCES SRAVRGPL L 958OBe FRE KHETited
dependi ng actioRgEdi® tb¥R6thef actM-gRoupAR Aepdhdehé £t tHeThhfticfe? G fifck e, e
devi ce 4066 by a procedure " Devi ce: Cgen Channel ". This procedure
assi gns a cl i tnexesuielide acionsef thiejnemt actiordgrourc| i ent can be taken out of

t he devi (§ menager 4068 client list by a procedure "Device: - Close
Channel ": WO 98/ 43167

PCT/ EP98/ 0160%he engine 4008 comprises a code loader to load and download applidations 4056 intd he
access to devices 4062 provided by the device manager 4068 can be either
synchronous othegesaiver/dnsoder. memprys30vsar Gnlyube acesssary cadpivniweded mnto DevRAM

Call" ' Thi s i f ' t a whi IS, ] nedi.at el
avai | abl e or & FERSH piimded.Sp eI bt oG 4ot 1h devaeded Sal P gPripRs
desired respoppan auliRinticiion MEYRAINM 1O PEcRaE B8P mOUIRERAORNLE £ apBlicafisn 4056
Is used. This 1s a neans of accessing data which involves waiting for

a respond®, forthexxagutionselzany ynputhomaed applipationi dhe engine 4008ffurthierscomprises
mul ti pl ex or ttin ack able.fr.omthe EG st.ream .\Wen the

requested r esgﬁfcc %&5\%&1 Q% Ité? agﬁlcé'l\g}gﬂfoﬁ?%(a’p\)@fmio% IPWE‘a@\é{}eCOGIFPPFF@“%ﬁsﬁ%
to signal itsfor space 8dvihg ahd féstidownieddiny eesf tHeeMPRGLZ Bandpopinitreal! BY vileg a
nmeans of nanagi ng 10 unexpect ed events. As not ed "above, the main

| oop of the rbuiltrimgsceingi/decodsr medethel code musthe dacpmpiressed befopy ading it into

i 5, h N, . i :
control st elpd A, YBE Babidp 480 oo Bheaes 48 e hrEts ELRL ORI TeainiiPlien
15 20 huscodet tocapddee vagoms vaadblé Ralues mput dtertiifié SN ENAn@eS hdPhmleHRF M

havi ng consi derabl e flexibility in enabling an application to
communi cat e vfhesker. vari ety of devices.

Before using the services of any device 4062, a program (such as an application
instruction sequence) has to be declared as a "client", that is, a logical access—way to
25  the device 4066 or the device manager 4068. The manager gives the client a client
number which is referred to in all accesses to the device. A device 4066 can have
several clients, the number of clients for each device 4066 being specified depending
on the type of device 4066. A client is introduced to the device 4066 by a procedure
"Device: Open Channel”. This procedure assigns a client number to the client. A
30  client can be taken out of the device manager 4068 client list by a procedure "Device:

Close Channel”.



Referring to Figure 3, the receiver/decoder conprises a RAM nenory 4022
coupl ed- 20WO 98/d3187 mi cr opr ocessor 20 which is al so coupl ed t oPGT/ERFREH6#ENOI Y

4024, an EEPROM nenory 4024', and a ROM nenory 4026 over a bus 21.
The RAM menory 4022 is al so coupl ed-1b-a DVA (direct nenory access)
unit 22 through whi ch data (eg froman MPEG bitstream can be entered

directly intolhenacqessto devicesedfn2y proyided by thedevigqumapagsry 406D gan deoeigher

kbyt es | ong, ' | Vi ?[:5 ; : LGN LS. . n
reserved for s&@%ﬂ@oﬁé% %%&‘S ac%hlg'e?{c’g% §Pﬁlgjalégﬁrrsg%f%§s’ saygﬁogﬁmgnjbé“lrv 2‘:5' %ll
which is resegugddf oThidse Hynédne ofi sdodedingraiab BehidhVig iR diatélpdavailbbier orak €a
26 whi ch is used to contain a variety of information such as buffers,
appl i cati ons fBestigmlity 3whichadoes gt ainvolve Waitingnfont the- dpsirednresponss.i ndwrby
a functional specification allow t, . Januf acturer considerabl e
freedomih debvlf Rﬁoﬁ C%ﬁ%r 8\%?%8?%’ {i%yll%enyﬁ? ’fﬁ’ée& This R SHER Of REESHERSr y
SE?ZS%@?I s useda whigll iBelvedswaifing T h resRnbE 6P RamPR {dffinsMRer frequencie¥C
PCT/ EP98/ 01606 find a multiplex or getting back a table from the MPEG streah®- When the
specified by the f%gcti]gnal S. ificatign and, the hard rg. The VM 400]_and
the i AU ES Ul 15 SYARARLE, (A eHmE S BYE s, qhise O thgngig tpjsignal its
engi ne (RTE) 4Q08. AA further piick@ird Obewlcé! Svent pRIViALALT ARENTRYE Hﬁné@ﬂged
into the menory at different tines. 5 Communi cation I's necessar

bet ween ihe \ideAp&Aedimdenthie applications, and between ‘the different
applications thenselves. This comunication is handled primarily by

means of buffers, which are coormon to the VM and the various applications.
In the conmputge Ryt §Bdve? thE Whathi1bdp O BUILA! ik NGRiRY ' Iy Zidey Trer
area 32 in 10 the usevr area 26. E%ch t?ufferlzone 'S ?e@féﬂfg% aav%%)%ofrf\d
whi ch al so dgfroeess sefeencer units,dind wihon thé miiatlobpfeheouensean appropriate\événil
buffers. The co*mgnd defines a nynb(ér of buffer pools in the buffer
zone; for eaciPRHGLIS temporarly dragstensd 9 Anecisthe Progrss sefencer units. 5ng t he
nunber ofsbuffers in the pool are given. 15 A command

"SetQutl 1 neBuffers” partitions a "public" buffer zone. The buffers in

a public buf fBruszgren basedrethat thecammputarsystenepmvides arplatfdriehiving\comsidarstte

"Devi ce Open nnel Partition” partitions a "private’ buffer zagne for one
client for f%‘?b‘ﬂg‘f & 8?@1’6‘&@%%"&%%&9 CEFHE'P“&FFF%?”éthi %Vaan?ﬁ'iq(%éﬁt‘é‘cﬁirf fer
. zone can be allocated only by the client that nakes the partition,

but can be freed by any client. Only one public 20 buffer zone may be
defi ned, wherReferringploukighie §, the regeiveaidecoddrfcomprisaes Ryl menmtry 4022 coupled

20  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

which data (eg from an MPEG bitstream). can be entered directly into the RAM
memory.
25
The RAM memory 4022 is 256 kbytes long, and is divided into 3 areas: an area 24
which is reserved for use by the manufacturer of the computer system, an area 25
which is reserved for use by the virtual machine (VM) 4007, and a user area 26 which
is used to contain a variety of information such as buffers, applications 30, 30', 30",
30  data etc. The computer system is defined by a functional specification allowing the
manufacturer considerable freedom in designing the hardware to implement the

system; the memory area 24 is used in effect as an interface heiween the functions
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sinmultaneously. It is preferred that each client is able to partition at
nost onl y woes/43167 private buffer zone. The publ iectrEbdspiiéasone
cannot be nodified by clients after its creation, but a private 25 buf f er
zone nmay be created and del eted on demand__ll@L the client associ ated

t herew t h. Wien a client has partitioned a private buffer zone,
buffers are r i S5t i

and not the Séghﬁﬁgag%f ?’grfu;zlgﬁ%@ll SSF %l?%arqo;/l ﬂgeﬁ@l%%t&&aﬁ ’Iﬁ%f’s{%{té(ﬁeaﬁ&és S
t hat a buff ermicsoprocdssor 20 catetddeteatbedegirtied as tthe alrl tnrt éngine RTE) #008.i A

t he private buffer zone. s, |ocked og@%g&l,l oc&ged respect.ivel { 30

Fi gure 5 shoviarietieof diffezent apglirations mayhhe Antetee MsmAY R HiEwent Hmesne
public buffer zone. This conprises an initial entry 15 defining the
nunber of pools NP, WO 98/ 43167

PCT/ EP98/%91608ommunication is necessary between the VM 4007 and the applicationd,3nd between
foll owed by a set of entrjes 16, 16', etc., one for each pool, wth each
pool entry the different apnlications themselyes.s Jihis reminunicagionisihagdied drisaamlyshy e

PS of the po 6.l ; f f.f e I 4t cond
cubsent ry 18 BEPE S Wik sre comflon dd shE VM did' B BBLd oI afoRFC
nunber of bytes in the buffers) in the pool. 5 For conveni ence,

t hese and other paraneters used bel ow are |isted: o
NP: nunber oflngBercgmputer system, a plurality of buffer zonegyane defigied in a buffer area 32 in

Eg Bﬁ? :c ]é(f ! gﬁlzlé 'ﬁgé}ba%a %. lﬁéfcfx %?fel‘ Qoxpcoﬁl éeflzl’lgf_l)ﬁy apg%z};%%ich also defines the

BN: buf fer nudibigion(ofithpoblffer zone into individual buffers. The comBYNd dBiAE& NHEHSGET
(in buffer) 15 In the user nenory area 26, the pools of buffers are

arranged sequirkuffer |ppols ignihe fhuffer zone; fge grehhpag) die sireof dhebuffers inrtbowpoph
Fi 4. Th ' , ith Pool 1
cl)ggirgti ng O%n@%%ﬁ?xbg#b??%ﬁ‘ggff@x%"@otﬁé éﬁ%rg %?gx{isbuf fers, \(gﬁnd Pogf) 3

consisting of 1 buffer. It will also be noted that each buffer includes a
header, of 16 at its beginning. This header is s&lbiet into a
partijonser Bublisy’ hudter zonguhe buffesyin

Vitiual machipEegup Ut et G %, BASGIAE ol hredd D38y sl A

+ manager whi cH'DeaitebOper(Chianael Rartition" paftitiofis A dpAvatatBifersiong foabRe dient for

between the bus 21 and the user_area 26 of the RAM
efficient memory usage. The buffers in a private buffer zone can be allocated only

by the client that makes the partition, but can be freed by any client. Only one public
20  buffer zone may be defined, whereas a plurality of private buffer zones may exist
simultaneously. It is preferred that each client is able to partition at most only one

private buffer zone.

The public buffer zone cannot be modified by clients after its creation, but a private
25  buffer zone may be created and deleted on demand by the client associated therewith.
When a client has partitioned a private buffer zone, buffers are allocated for the client
from that private buffer zone, and not the public buffef zone; similarly when that
client requests that a Euffer is locked or deallocated after its allocation, a buffer in the
private buffer zone is locked or deallocated respectively.
30
Figure 5 shows the logical format of the Set_Buffer_Outline command for the public

buffer zone. This comprises an initial entry 15 defining the number of pools NP,



25 menory 4022. Figure 6 shows the |ogical organization of the buffer
manager f orwQ198/43167 public buffer zone. This is first initiRBCT/EBRWMGSa
Set Buf ferQut|i ne command under the control of the m croprocessor 20;
it is then used to address any desired buffgg- Wth reference to
Figure 6, the sub-entries PS and BS for each pool in turn are fed 30 to a
{ mul tiplier 35, fonBiveld Hyoh et o einkridal D6UDE' SetcS dhe. for AacR GoeljLivith Gacl Goob entry
initialized with the value 64k (which represents the start address of the
user area 26 consisting of hdirRrsubsenty 7 slefiningthd papk sige P&l afdhe poelr (G the mmyber

g S O ol L3k §ullfers in the poolyaid a $e56rd sub-entry 18 defining the buffer size BS of the

successi on of RiAGYEeSthESuBEY ok bytesAAdRE baftew)iif thargds. 16 into each
product; this 16 representsS the size of “the reserved section at the
start of e®ch pool. The accunul ator 36 therefore contains, in

succession, t start addresses of each of the buffer pools in
succession. T eCWSWCQ?%rtﬁe oﬂ’%e%tgﬁrsp%f?@#eéﬁ“fe& below At dtSiSfe address 5

regi ster 38 in which they are )gp. i Spegience. Al so, during
initialization, the nun%%?ﬁ‘gﬁb%gbol s NP is stored in a nunber of

pool s register 39, the pool sipeepoale stored in a pool sizes

regi ster 40, and the buffer sizes are.stored int ane sequence
in a buffer size register 41. 10 :FQﬂqlélﬁeréuF’b?F{ PEEP%S’{SiIBrRW%e buffers
can be adglyessed. To address a buf fgg, btfﬂ?é’r desired buffer is defined
by a pool “humber PN for the desired pool, a buffer number BN for t he
desired buffer in that pool, &Nt podiymebtennber ByN for the desired byte

wi thin that buffer. ) T&en]?ool number. PN is used to select the
appropriate entries for that ;13%81 bytterumber (in pool) ¢yl ative register 38
and the buffer size register Ty i i , which is a
fixed size, is fed to a wltiﬁ%’r%g, %”@?éﬁﬁ@%§wltiplied by the buffer
nunber BN. The resulting product is fed to an incrementer 46 which
adds 16 t

t he product. The utput of the cumul ative register 38 is
fed to antSddeln U WARGMETIGTY ica 26id8 HOGIS ?fr Mgcrmre agghged A entiatiyNromihe
out put of incr e j : g%%rr 8 ji b :
the output of a erﬁ #ﬁﬁ%ﬁoag%sog{?mg?ng erc§8%§scg'§dl?ﬁ%h%ovgn#?i &eogsér
49 as the desiwih RBabdr bxonsisting afs) tulfferdPocds? cohsistieg désé roadfels) tandoPoolhd
desired buffer ;

. of the _desire ool . 5 -Th uf f ey nanager al so
i ncludes err orc%ﬁﬁgﬂ_g 0 Lchyréer: tSIlF V’IH'P%Q lifoB‘PtciﬁlFﬁééPdPsF&%r includes pi{ggaqh?;, 8? 16
conparator 53 yEhe i RERMidE ITMs HEa 858 RPIPREo 2712P8PleSselfod WHRY RUvaiISsle

20 to users for use as buffer flags, etc, and a 4-byte section which is reserved for the use

of the virtual machine 4007.

The run—-time engine 4008 implements a buffer manager which can be regarded as
forming an addressing path 27 between the bus 21 and the user area 26 of the RAM
25  memory 4022. Figure 6 shows the logical organization of the buffer manager for the
public buffer zone. This is first initialized by a Set_Buffer_Outline command under

the control of the microprocessor 20; it is then used to address any desired buffer.

With reference to Figure 6, the sub—entries PS and BS for each pool in turn are fed
30 to a multiplier 35, which forms their products PS*BS. An accumulator 36 is
' initialized with the value 64k (which fcpresents the start address of the user area 26
of the RAM 4022 from a hard-wired value generator 42), and is fed with the



39, to check that the selected pool nunber is not greater than the nunber
of pools; woosusigat is, to check that the sel ected pool is wcihipos/bises

buffer zone. The buffer nunber BN is fed to a conmparator 54 which is
also fed with the output of the selected en%ry 30 in the pool size
regi ster 40, to check that the sel ected bat nunber is not greater

th th nmb f .buf ] ect e t h th
ol octod | SugreRioh of BRTERAS EG VedrLish Scdich e 1688 R g tFubiser
. 1s fed to a Cg'gp?erp?éseﬁts the size P 8/ fedlf€d section at the start of cach pool. The

"~ PCT/ EP98/ 0160

i which is al soatannviaton 36hthemifore ahtaifig ihsiiccession, tlfcestaﬂlaeldrssslcqoof)hacm of the
check that the desired %h;;{,nunber IS ngéq eate han the1 eng%cg
Che buf fer: t BEEeY BOOLS §i SGEESSIaM, aFhese pool sters a to 3 cunlatiys,

sel ect ed ff r S0

pr oduci ngls;n ‘?Egmt?f‘glﬁgﬁgﬁmé‘%?ﬁ&? aZ%;?h%)reé qﬁdsegﬁec ks ?‘1 q 'durgfguﬁ_rﬁﬁﬁhzaﬁxﬁré, the

. description saufrber bfpoalssNReS stdred in abmithber ¢f poslbaegister 39, hhé pool siaeweirei s

bei ng addr essed. However,, it may be desired,to address the 16-byte
header of a b§fored In a pool sizeggregistes 40, @l‘? dyibe uier isiees B \age SRted s the same

controlled byg bet ween normal buffer
accesses and mﬁ%@hgpﬁl %ﬁgf)%g%? %tg{egge termed buffer 10 cont rol
operations. For nor rral accesses, buffers are selected; the header of a

buf f er s only, sel ected for control &gr ations. ~ _The NC
si gnal i sl0 ed FPHOY"W lﬁﬂ}aﬂlﬁﬁq‘%é}?‘c bufferg-gan b pddresspds Aoraddress adwéfer,ithe gesired

si gnal b E
control oper at | ons on ftnlg& b%ﬁ B&E En ‘i?i gﬁﬁt&ﬁ e81 %g%vg%ug{%géﬁ%ﬁ?p gg{er
sel ects i nst ealk ddsired buffert incthatgsbdéranda byte number BgN. foStliecdesirad dyteak thinrthan

the cunmul ati ve regl ster 38 does not pass through the I ncrenmenter %46,
this results PHERe sel ection of the desired byte in the header rather

than in the buffer follow ng that header. 20 For control operations on
a buffer, the conparator 55 needs to be disabled. This conparator is

-t her ef or elSenamhecboby nuimbes PngzsIusBﬂ@)fselbcmmemﬂprdspﬂafte entaies €or eifat podl from the
di sabl ed for cont ratl t her co %or 56 is also fed with

the byte . Somulabier TBEiNehAg idhn BHHET S6r TEGRES A0 THRDHEe RFSBS, Bhigh 1
and i s enabl eq dto &l or
check that the fg&gfsghgdlsbff/;t eoﬁl}ﬂl%lgbh%ﬁ,f\f}{ser%g? ggirneﬁ]tglgﬁ?ﬁan 1 &t@ﬁﬁ?s@?@ it
checks that t MThegedubtiigeprodycteisifed o amllm:mhenteres@ widch adds 16 & tr ;ﬁbdﬂidle The
start of the selected buff§ . Qbvjous]| this check can be refined

di scrimnate QutPHERRhS ative K5gists 38os fed & apaddes F i where #ga%@%dqdatsu&theo
users fory byte!Rfinbet @*ﬁf fhd b@tggnr&ﬁ%aﬁ&ﬁe; Iaﬁfls byt & ag%thhlgas%ﬂ&b il &

reserved for e use of es re
Set Buf f er Qut | ad@cd:torthandtpmayf addeo 47 n The dmitput df addéd4B passEithrough a multiplexer

49 as the desired address; that is, the address of the desired byte of the desired buffer

of the desired pool.

25  The buffer manager also includes error checking circuitry. The pool number PN is
fed to a comparator 53 which is also fed with the number of pools NP from register
39, to check that the selected pool number is not greater than the number of pools;
that is, to check that the sclected pool is within the buffer zone. The buffer number
BN is fed to a comparator 54 whic,h-is also fed with the output of the selected entry
30  in the pool size register 40, to check that the selected buffer number is not greater
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 comparator
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paranmeter 14, as shown in Figure 5, defining the end of the user nenor

area 26.- WO®98/4316/D 98/ 43167 ' PCT/EP98/0160

PCT/ EP98/ 01605 - 16-

The last entry into the command would be sjgred in a suitable register, and
can be used to check that the buffer area does not extend beyond the

end of the Us§s wHidHIsYlso fed willi it sib of thBibufdrs inthe SEIRERY poUL, 16 BREK that?) gaf

unlikely, as space has to be left for the applications 30, 30, ,
etc. However, desireddyteonember is not greajerttban the lsag e dyffetithat B, to chegk that

than " ot B Slesiegh HF i HRIOE P B PhTiste pese Smpap gl fife g rne
Set Buf f er sQut erTtgﬁt, CROARME SR RrBE siREIERR i'f%zio”# thé @htd@ faybl i buf f er

zone at any ti FHowever, re-initrtalizing the buffer zone wll effectively
10 resubt in the loss of all (or nearly all) the information already in

the buffers, so the . . Set BufferQutl jne ¢o d wll, no Iy be. )
execut ed onl yTBh deysiRgion; st BF B zﬁpm‘;ﬁ.thﬂ a butter (i t{‘%&“@%i"gﬁﬁ’%gm&gé% PripEd
sofar, the Diidesedl BRowevgO R A bel diRirpdlto AARMD AL 10UHi€ header of RRfffer.2S
shown in Figure 4. Figures an show how private buffer zones are

i npl enent ed i The belectimebetaretnl dwse déwo oftions i cottmdied byvesighdleNfTbihich lseletwr

zone is suppl enment a nunber of private buffer zones 60, 60,
60", etc. Eache%cF%d%oémaF%“@éb&F‘FeéFeSz "Y@t d83Y dPfe GORYSRIFTCE | ke fermed Jpuffer

client cpgat eéorgg? fo%%i'a‘ﬁ%hg Bk neFm AR &BE  butfers are gtegl&gfd; ,[tﬁg he |cg%'?% btfer

Thus a private rzone is in a sense t'he proper ec

whi ch cr eat edis énly Iseleetedrfor ebiwes] aperativins. can access it to transfer
information to and 20 fromthe client which owns it. The buffer
managenent systemmay permt the private buffer zones to be | ocated
freely within er Y, :
contained | TE R/ERREAl IR il pRI Bk it Bl EER ik Srgnal
cont ai ni ng t hgeledts elnd sutpms of adder 4Boum describedwbevd.. Foti contiolpefatiefs tonethe
det ecti on_of got ential]ly conflicting usbilges of ry areas.

5 .ne
gader of anbuffesp howgver, gt muliplexer e %egeggo & toutput pfcadder dile

public buffer g Zoner - i j Pt ghi
e

command which 1s simlar
in Fi gure incrementer 46,AhBOresultDiy theesabentiChaofrtht Fesired bpre motiwerddemmathtes

two additional fi.elds: e fjrst dditional field contains the
i dentifier of ﬂlaﬂénéﬁ? Qﬂfffe]@@%@‘a{ls Hb”‘ttl'#"?é&’éom’rand, and t he second

. contains the nenory address of the start of the buffer zone. It is

conveni ent
- 20 For control operations on a buffer, the comparator 55 needs to be disabled. This

comparator is therefore enabled by the signal N/C for normal buffer accesses and
disabled for control operations. A further comparator 56 is also fed with the byte
number ByN and the number of bytes in the headers, ie 16, and is enabled by the
signal N/C for system accesses. This comparator check that the desired byte number
25  is not greater than 16; that is, it checks that the selected byte is within the reserved
arca at the start of the selected buffer. Obviously, this check can be refined to
discriminate between accesses to the 12-byte section which is available to users for
use as buffer flags, etc, and the 4-byte section which is reserved for the use of the
RTE.
30
If desired, the Set_Buffer_Outline command may also include a User Memory End

parameter 14, as shown in Figure 5, defining the end of the user memory area 26.
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to omt the nenory end field (shown at 14 in Figure 5). Figure 8
shows the | ogical organization of the buf f_ié_rranager 27 for the private
buf f er zones. The circuitry of Figu 6 is showmn as block 65. In

addition, the I,S.a t. of 45 , 0 h
appl i cations. &Egéﬁt 51n§r§ Hgfsz)emgl ?&%}Eﬁwbﬁd BL%@&%%? Igr?t ﬁgﬁpif 1f%gsn(i'r ggﬁg c%%%e

bl ock 65; in ga&itohetinhabtiRiFfed Greadddes Hob totend Béyarsl the@fdio? the user mephdie
the initial address of the private buffer zone for the corresponding

appl i cation. area 26. ((Abisvisnin genefahisstremekyhunlikely.c asspareCham e |bralefti farothe
command format incl.ude ' ann figeld for.. the initi.al address,of the

U fer ) The BPRURUSRES0 3038 dle FRtpvER itmaS osfhn it e BE0E0E 3 achigred Sp toar
used to sgl eCiheLhiffzohhRak be!lbéatbd! E6REWEHRENhe FnidBRI 6fethe UREr area rathePthahhe

private buffer zones. _The error signals fromthe units 65 and 66
can all be cosbitsbeginniggtdsalescribedaahdivei)on, however, an error unit 68
is provided, for detecting conflicts between different buffer 15 zones.

The addresses of the starts of the buffer zones are available directly,
fromthe regi $ @kinciple, the @E_Mfdi’@_@t&liﬁé SothatandF&n bdas&Nth ﬂﬁef\l%s&é;%&blmg
i s I e

circuitry of Figure 6 and initialization are slightly nodi

The cunul at i vbufduzerssat anyf $ime:  Bvoyer, aieninitisliziag the buffar zcmlwilés:fmctimély'

th i ls.int buyf f . i s regist t ended b 1
ol ace. " adbSnbodrrulindnhioon el foratealy, A o GERsmafin clatie f Secoarhuuthe
after the Set ﬁ?ﬂ&?r@ﬁthﬁ@c&%ﬁaﬂﬁ villalotmany bg%ﬁe&ﬁed &ﬂy'o?ﬁskjsggp I't?&liz%%.er

buffer zone, by ultiplying the si ze” of the | ast " pool
size, and that product is accunul ated in accunul at or 36 and the

oLt ot et SEURER T3 B TR ) Sy SRR 57
unit 68 is fegotﬁktdg SHosmS A Figudd &, epinaddressy 8fsneacRoWYbdwite HRfEr 28R

processes theSe to determ ne whether There are any overlaps. This can baem
done, forl5 implexmnfsdein the recaiverflengdarheAdirdicated rhove, dbielpabse buffer zone is

Sequence, 2" s ChTEh g ek i o ashaB b bl HE TR GO Bk B ™

when a fresh ByftesonOl Aséigndd®td8 lieRStRdtedient BreaR8"tBO pkidhtePbuffer zons Uhliafl! €
menory region, |ooking for a gap between two existing buffer zones which

desired, erases it. Thus a private buffer zone is in a sense the property of the client

which created it. However, other clients can access it to transfer information to and
20  from the client which owns it.

The buffer management system may permit the private buffer zones to be located

freely within the user memory area 26. However they are preferably all contained

within a memory area 32A separate from the memory area containing the clients, as

shown in Figure 7. This simplifies the detection of potentially conflicting usages of

25  memory areas.

The private buffer zones 60, 60', 60", etc. have the same structure as the public buffer
zone, and are defined by a Device_Open_Channel_Partition command which is similar
to the Set_Buffer Outline command shown in Figure 5. A
30 Device_Open_Channel Partition command includes two additional fields: the first
additional field contains the identifier of the client generating the command, and the

second contains the memory address of the start of the buffer zone. It is convenient
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just larger than the desired new buffer zone. There is actually a
m nor di screpancy here. The addresses in L{tg regi ster extensions 38A

are actually not the true buffer end addresses but the addresses

i mediately’ & omfthé @wnitytdnd mild{sifwi he1duf Fasurgspes. However, this
di screpancy is trivial, and can be resol ved for exanple by

decrenenting the end addresses by 1 bit between the units 65 and 66
and the error_unit ures A t I 1 lustrate the manner
Which buffer FiERieS At bgdosieu pratiertion of i PYiteranpiages 2440 B dritan iter
Fi gure 9A Shoxﬁaeenmelamaimfbf F?ghk@l s bﬁbwlaslmadkess In ad‘fﬁaﬁ‘%érehﬁsa s
vari ous processes (conmands) to all.ocate 5 buffers BF1 to

Buf fer BF3, whirther i blocksl 66keuhe fexs eadh efathed applnczaﬂbasi) Eagh ccbﬁ eIm:serInckbylsan
al l ocati on coman s also allocated by

client leﬁﬂ@taﬂgiﬁ%%cpgcgdp Lok §55iiR ca%*b& the blgg‘SZF ﬁ\ﬁ KEistsyZAois used|tpO
oper 101 W1 ik e e B U B ST ompnbl o

finished. 20 (As mentioned aboBeifthe DeBfe8 Open & t@lmnnblo@kﬁﬂxdﬁ)coﬁimmﬂ focinht inthedes
original alloc ft?écin of this buf f unknown; it m ht have been

al | ocat ed by &tedddorythe mitial address Oélﬁ?léntf“ff The bipsksc ‘iﬁ?i a
| t
Rufror BE womeRidiG: B2, AREHCRAREL BY silet o‘@‘épﬁ{ss’%{:.@[‘i“éf z?’%é’ﬁ 3 esirsd 9ps

event addr essefitherivatecbtfférl Aoneshi s event has not yet been sent.

Buf fer BF5 was allocated by client CL1 for a synchronous access being
performed with device DV2. The buffer could al so be aI I ocat ed by the

device. The
oper ati on. 39116 © g%rlgﬁé)%{ et(}\;ﬁ\}sléw Aﬂseﬁéugéthl %ﬁﬂg g%&é_aﬁ-‘h t%eén
taken of f t hehdow&ter,fa)r erderviie68 is provided, for detecting confhcts bctween different buffer

15 ZOnes.

The addresses of the starts of the buffer zones are available directly, from the register
42 and registers 42A. For the end addresses, the circuitry of Figure 6 and its
initialization are slightly modified. The cumulative address register 38 contains the
20  start addresses of the various pools in the buffer zone. This register is extended by
1 place, as shown at 38A. Also, the initialization procedure is continued after the
generation of the start address of the last pool of the buffer zone, by multiplying the
size of the last pool and its buffer size, and that product is accumulated in accumulator
36 and the result transferred to register extension 38A. The register extension 38A

25 therefore contains the end address of the buffer zone.

The error unit 68 is fed with the start and end address of each buffer zone, and
processes these to determine whether there are any overlaps. This can be done, for
example, by arranging the buffer start addresses in sequence, and checking whether
30  each start address is greatcr than the end address of the previous buffer zone. This
unit can also be used, when a fresh buffer zone is to be generated, to search for a

suitable memory region, looking for a gap between two existing buffer zones which
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after the g‘%’gﬂhronous access involving buffer BF5 has occurred but before
t he end of the 1/0 asynchronous accggs i nvol vi ng buffer BFL.

Buf fers BF1 and BF2 both continue to exist; ‘neither of these is linked to

5 devi ce DV i nued to exist because it is
th th d sBed fetv ﬁﬁﬁ:r%ﬁ&
| ocked. HoweverJUSt 1“%“ 4 e ¢ another client could de-allocate it.

10 Buf fer BF4 was aI | ocat ed by device DV1 addressed to client
CL1, and has t herefore, been de-all glcat e,ﬂ,b i&grlt has ceased to exjst.
This is true dWers isrchi yamlnorlﬁgmg ety e e AdAresnss 1n the TsEister NSNS

put in the queys gk Mu,%uggg&'t iRt drgé‘ fb?ﬂéf B4 addresses b bht gﬁb%cﬁesstzé ‘fﬁnffggrgl?

event has been sent, has een
comand frsom Eﬁhvﬁﬁgltl@:ﬁcﬂélof thé buffer zones. Hoszt-frJ‘ this %&cba&:yruettnbﬁﬁ rand can
de-allocated by client CL1 following its, us gure 9C shows the
situation aft & r@qol‘@ﬁltfoceviam@lg be/aieéwnmr%@gfthwad %%esfés/bzé bit betwegm hgguits s

list, with a onmmand. 20 Buf fers BF1,
BF2, and BF5 ﬁgsge%&d)%%aﬁ%%egg(del eted) by the device manager
to clear the rrem)ry. Buf fer BF3 has not been de-all ocated,

because it is locked. It will be 25 de-allocated by another client.
The precise d&igiuress 94f ta §€ illystrates reamanneroin which, Buifer ysagenist assn@ated with

ot Luar o 10 o toiget, jer Spf Ml gl oh° Skl MR ST RURG B whioh, g
described i n qein@ptr hdstused ,vahGuSEEﬁfcessl&@(&ﬁnﬁlbﬁds)dG(iU@adtedi Biffers IBH16@ BFS.d

circuits capable of performng the operations required are comrercially
avai l abl e or can be readily designed, and these can be used as the basis

for a hardware g, RAgGHHE rv%x?ﬁ is QhioBRES WisSIiReaRIYcBRt) b LifeRt PL2IEY Gn?

_ dedi cat ed har dwar e accelerato
allocation command ALLOC.

15
Buffer BF2 was also allocated by client CL1. This buffer is currently in use
by device DV1 for an I/O operation which is not yet finished, through a command
I/O; it will not accept a de—allocation command (FREE) until the I/O operation is
finished.
20
Buffer BF3 has been locked by client CL1. The original allocation of this
buffer is unknown; it might have been allocated by client CL1, some other client, a

device addressed by client CL1, or a device addressed by some other client.

25 Buffer BF4 was allocated by device DV1 to be associated with an unexpected

event addressed to client CL1. This event has not yet been sent.
Buffer BFS was allocated by client CL1 for a synchronous access being
performed with device DV2. The buffer could also be allocated by the device. The

30 execution of the application can continue only after this operation.

Figure 9B shows the situation after client CL1 has been taken off the list for device
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i npl enent various of the operations required, thereby reducing the
processi ng power required to run theqgoftware. However, the
operations required may be i npl enented in software if sufficient
processi ng po inv 9@,@@ e
been descri be |f%&?%€f¥@c(§ﬁoﬁgafccee§f§$ eogﬂg%dmml‘ %S%Cﬁgﬁgdg’?gei edi%ym
each conponentof theolfét dsynchvonbusoaicessnimivobving putfeeBED! e f eat ur es. Wth
the information given and specifications provided, actual inplenentation of
t hese features should be straightforward for one skilled in the art,
and the precise detwgj i {SITERE X
certain nodul es cOtﬁz‘lﬁ'ﬁseﬁlﬁlpFréc}reBrgiegaghnE%imsfg??*v\lafe, %&%Pgﬁgﬁgygwrl tdgtn0
in the C @ ogrdenige MV1.anguage and preferably conpiled to run on the
processor used to run the application; however, sonme conponents nay
be run on a separate processor, and sone or all conponents may be
i npl enent ed by i | : % L es.
conponents are ner equyf?c?%%ﬁ%%ﬂ@é%%%gmtbﬁggt{%ﬁ\}te?\-{]{%ggp?m;ﬁ qgfwée%,, axe%P%Ll or
i npl enment ed | RpgtheAtli@it\cotld deallocaedt. i n particul ar, sonme conponents nay
be conbined with others which performsimlar functions, or some nmay
{be omtted in sinplified inplenentations. Hardware and software
{ i npl ementaf i ons of f I: regl v m. x bo.
bet ween conponents @ﬁgﬁqwﬁ%ﬁ‘%aﬂl&cﬁt&ﬁe&%gédlgg?n\ggﬁggﬁs ;ede&) Xhentii?ﬂ%ﬁ "ﬂdt g%s
readi |l y under skerefdré betn tdeeallodtéd, dpsit feist ciaged! thyediste MAigM@ e bV if the
computer software, and such |ike are perfornmed on or using electrical and
|i ke signal s. uncxpectedsvenihias nokYriehashSERY Gh Buthilthe gueycopiclejappieationanging);
be patched |0 iFhNath 1A if the evlft AABBA Séhe! BRI Bi€ Bl SR ULABRLIL by °
present inventioOn, in a Menory In a conputer system a plurality of
buf fer zones qIFCKebmieshdftom thefdeeicemWagenent system A command
defines a nunber NP of pools of buffers in a public buffer zone, and
for each léool, a pool size PS of the nunber of buffers in the pool and the

si ze BS 30 - of they bhLhge nhnbleniOLodioEs By Cligke ERIAIANGHNS RYBLE™ | S
To

initialized to store, eac er zon e er sl nd to
cunul ate and store the pool sizes. address a buffer, the buffer
managenent system determ nes the address of the start of WD 98/ 43167
PCT/ EP98/ 0160%Figure 9C shows the situation after client CL1 has taken itsclf_off the device
' manager's list, with a Device: Close Channel command.
20
Buffers BF1, BF2, and BFS have been de-allocated (deleted) by the device

manager to clear the memory.

Buffer BF3 has not been de-allocated, because it is locked. It will be

25  de-allocated by another client.

The precise details of the implementation of the various functions described above,
and their distribution between hardware and software, are a matter of choice for the
implementor and will not be described in detail. It is, however, noted that dedicated
30  integrated circuits capable of performing the operations required are commercially
available or can be readily designed, and these can be used as the basis for a hardware

accelerator, or more preferably modified to produce a dedicated hardware accelerator,



the buffer fromthe desired pool and buffer nunbers, using the stored
i nf or mat i ORyo 9g/43167 The buffer management system al so defi nesper/sposiencosnt

t he begi nning of each buffer. Checking for out-of-limts conditions
can al so be provided. Various private buffir zones, allocated by
respective different clients, can be sim'I‘PTy defined. 5 It will be
under stood that the present inve&ltion has been, d s%ri gedvmabove 'Burelg bié]
way of exanpl 40 implementi Yariows; o the ppegatans) reguiied, NRIEHY TRAPHPE R PIOEEHREof
t he i nvent.ion, ' sefhnl Sk + 1l e
appropri ate) ARYe f°q‘|‘:‘?§‘ré‘{’ ?rfgh;{rlllg %irfgﬁr%gSﬁ%v%ﬂéﬁ%ggﬁégéé%bgﬁggg%eﬁt 3; eor

in any approprifppléneifled irr sofbwaratii sufficient processing power is available.
-22- CLAI M5 1. A buffer managenent system for
defining and addressing buffers in a buffer 5 zone in a nmenory of a

conputer syst S@iﬁ ég&ﬂ%‘% %@5 bied cb;ﬂgé 2 s hiVe %I)fcﬁ 3cr?d%ﬁelg I??r?]nf‘?]feth features and

plurality -of nNenory I guous alTocate ﬁennry, each
pool  eNinmsProvidedby esuh dusigonentfogetir mitioptional arldyseferable fedturehie
pool s having a plurality . of such buffers _contiguqusly allocated in

that pool, andWithéhe infiormation givenang specaigations providagh, actualipyplraentation oftheseng

the sane size as other ff i . e Q. .. hSLNg:
means for rec ?/tf“ﬁeﬁ ,sﬁ?%llra%eeasg#%%foop?a{dht}‘é{ (s)’lt?éz)‘géﬂﬂt%sr"(i {hntg'? %g%g{iﬁ gée Rrﬁ%lg;%g%ielg h%f
the bufiegs the ilnpRimddee , Asnd dxagply)fdegtainsinodules cobidt b daplemented in
performng multiplications, in turn, on each received pool size and
the respell i vesofwiarw preferably anidtendn thaCarpgrgmmiag language pad predergblyf camppiled
cach pool - 1 haSi AR 6 RrassrioE ey ip Fiftfhe pBliARnRBNE ) borkl Botrbned® ey,
nmeans for scorpdign drP4 s€eite pRGdessdrhgndostinhebr 8ll Z6mpohertd atay be impleefled by
pool address storage neans for storing the results of the accumul ation; and

o

20 dedicatadahardwareneans for cal cul ati ng an output address of a
“desired location in a particul ar pool froman entry in each of the
“ buffer size storage neans and the pool address storage neans for

that pool1S  The abo¥e modufestutidl WmpoRBRE arehieray silwrafioe, agdithe idvgntioimay be
. addressing buffers in a plurality 25 of buffer zones in a nenory of a

conput er syst emplemented dnf 2 vagieifeoh AAYRgaRd, pinypaticelar, some cogIPORERSSMAY, Rehe
menmory cont! gUQMiNe B ahER Which MR Nishilaf AILHBAC or DK thad'bd Gifed in
nory, a one of S

one buffer of THe | eas € poo aving a pfurality o

such buffers simplifie¢ dmpletimtsions.aHapdwirehndrsofteate haplemeatationaofi chetf bEthd n
the or each plural-buffer pool ) . .
functions may be- freely mixed, both between components and within a single

20  component.

It will be readily understood that the functions performed by the hardware, the
computer software, and such like are performed on or using electrical and like signals.
Software implementations may be stored in ROM, or may be patched in FLASH.
25
To summarise the preferred embodiment of the present invention, in a memory in a
computer system, a plurality of buffer zones are defined by a buffer management
system. A command defines a number NP of pools of buffers in a public buffer zone,
and for each pool, a pool size PS of the number of buffers in the pool and the size BS
30  of the buffers in that pool. The buffer management system is initialized to store, for
each buffer zone, the buffer sizes and to cumulate and store the pool sizes. To

address a buffer, the buffer management system determines the address of the start of



havi ng the sane size as other buffer(s) in that pool, the system
conpri si ngWO®¥43délch 30 buffer zone, a respective buffer nd¢IFRIBMAI605

systemas clained in Caiml. 3. A systemas clainmed in Caim
2, conprising means for detecting overlap_gf_ different buffer zones.
35 4. A systemas clainmed in Claim3, Wwherein each pool address

storage rTEarlsFl-i{eSbuffcr ﬁorﬂ&ﬁ@ﬁ%@ﬂc&#g@é&?@ bhfter ﬁﬁﬁl%rs?gﬁ‘ialgstﬁe %Fortag' ('}'nformﬁt'on.

respective burter zone, as ter rom sal cunulation, a
conprising, f Uhe daffer mahdgement systemmdsvsddfines st leatergattthe begidning of each buffer.
-23- addr ess of thF re%Pectlve buffﬁr %one,,tgi overl ap detecting
' means i ncl udi Gfeeking, fory gyyt—of-limits conditions; ¢an alsR, be prpvided,y Varigus paivatetaffesy

cach buffer Zong afbddRAy FhedfeliffeRind Slients, can bIEilGHy desfiledl  address
5

of a buffer z s gre an en ress a previrous

buffer zoge. 5 : A systemas clainmed in any preceding
claim conprising, for the or each . buffer zone: . means
for receivinglt wg} bey understopd thatothp oressat inveation has heemdasariped abpwe purely by

identity for the pool containing. [ a,buffer i.dentity for e
buffer in that"3§d chaﬁ??e’ %Cipng}%%llflil%%%)ﬂ%?) f %fc‘;‘(k:ai{] £ be cawlltglé’h&l?co)h(cqpﬁe?# B’tey
of that |ocat iR@nfith.t IRichbfehfieé disclosed in the descAiBads 4nd (vABKHE Eprotidtélethe

buffer size storage nmeans with the received pool identity and

readi ng t her etlaims tand wlrawingssimay thsr prowided dindspenglepdby| or dind any appropriate
means for,.addressi ng the pool address storage neans with the received pool
identitylgnd F@ggvﬁ'OQherefron1a pool address indication for the addressed

pool : and 15 wherein said calculating means is arranged to

cal cul ate an output address of the | ocation to be addressed fromthe
read pool address indication, the read buffer size, the recei ved
buffer identity and the received | ocation identity. 6. A system

as claimed in Caimb5, wherein the calculating neans is operable: 20
(a) to performan addition on the read pool address indication and the

recei ved | ocation identity; (b) to performa

mul tiplication on the read buffer size and the received buffer

identity; and (c) to performan addition on the results of
the addition (a) and the 25 mul tiplication (b). 7. A system as
claimed in daim5 or aim6. wherein each pool has a reserved area
of the nmenory of a predeterm ned size at the beginning of that pool, and

t he cal cul ating means is operable to add the predeternined size to

t he address which is 30 bei ng cal cul at ed.



8. ~ Asystemas clained in daim?7, and selectively operable, in an
al t er nat i veyo 98/43162ddr essi ng node, to address the reserved apcpBPISI016(
pool s, in which the pool addres storage nmeans i s addressed with the

recei ved pool identit ooI 35 address indicattom s
read therefromand prbvP gﬁ%B E‘Fput Jdress 9. A system as
.claimed in any of d alhs.k Ronprilsing, for the or eacﬁhbﬁlﬁeﬁ@iasBeenReplaced
zone, neans for checking for out-of- bounds values of the rec
identity, bu MS identity, and location identity.
recei ver/decogdré'lrﬁtl udi ng a buf fer nmanagenment system as claine
preceding claim A receiver/decoder as clained in CI al m 10
conprising neans for stor .cati sa
buf fer managedent <yEE Fﬁ%ﬂ?ﬁj’mﬁeﬂt %F%S@dd%lﬁngéﬁwiég’%ssmgtbu%g{ﬁ ¥ed buffﬁr a
buffer zoge f ?@énl‘ h 3 RHuRRybea com ggﬂn and to address buffers
3 t%{)ar@t er d}gﬁe for gl I (%Jg

in 10 ano ation t ot her applications.
12. A net hod of qbebl sizen gtorapd mchﬁsefesstngngmfﬁlmahty of podldites; zone in a .
. menory of conput er system chara.cte ised in that fhe buffer zone

{has a plurality of b}‘f}g&? 8iz¢ §torags means for stopipg, 1T caeht PRAl ATUFTEL|SiZ5: 4PLd i n
"the nenory, each p ¢ e adlire CqdTRER

" | east one of the pgg‘_’é‘ﬁﬁﬁg?’%&‘ﬂ%‘f&% %g mf'kfe E%leufdgiersg Ot(g%n‘%l guoggl ;ﬂn
fallocated in ahksirgbpbol. and each buffer in the or each plural -buffer pool
havi ng the sane size as other buffer(s) in that pool, the nmethod
conpri si 48 the steps of: receiving, for each pool t he size

of that pool gs th ﬁ’f?%}%
buffer size o 'tha?‘goo , %%%F%P%sﬁ%gﬁ?% mgtafl%ﬁg‘,gllg%n g?#lfcm%qeémﬁh%
. recei ved pool ofbafferazuhes iea meesyay tin a&ompixfeelsystbmemmpdsmg,cﬁmmahdt bufifert Zome:

products of the mul tip |Icatl(% tor,ing, for each
pool , the number ofPOBL$IFRSOTags PEARS PG sfering a plurality of POOISSI‘B*?SP ng, for each

pool , the buffer S|%§F; %etsg)gé&?pﬂ%w s Br %H}lg %%?BQF AW FR A and

storing the results ion 1n es$ storage feans; and
25 15 cal cehizulatigg memns férocalcubdting tdmcﬁgnamecnﬂdpm; i dddesired disffer in
desired location in a particular pool froman entry in each of the
buffer size s %d%%lns and the pool address storage neans for

t hat pool . 13. A nmethod for defining and addressing buffers in a
Rlurality of buffer zones 30 in a nenory of a conputer system each

buf f er zone havi ng Aa syitemakecoyding tpocihim i2niddheling meansefonrdeteding guaiap pf
allocated in t&? $)“5¥/ each pool having at | east one buffer of t he
menory, at | e deferepfPudter 2RBShool s having a plurality of such buffers

conti guoygl y

4. A system according to claim 3, including means for storing the start addresses
of the buffer zones and means for storing the end addresses of the buffer zones, the
overlap detecting means including means for receiving the start and end addresses of
each buffer zone from the storing means and means for determining whether a start

25  address of a buffer zone is greater than the end address of the previous buffer zone.

5. A system according to any preceding claim including means, for the or each
buffer zone, for determining the pool sizes in cumulative form and storing them in that
form in the pool size storage means.

30
6. . A system according to any preceding claim including, for the or each buffer

zone, means for defining a reserved area at the beginning of each pool.
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allocated in that pool, and each Buffer—in the or each plural-buffer pool
havi ng t he wis9843167 J fer(s) in that pool, wPoe/EPes/bIBdS
conpri si ng,“&?or each E’* r,m ’mlﬂ 5 met hod of defjning and
addressing buffers in a bdffér %one as claiged in C ai m {LZHIS SHEET HAf BEEN
met hod as clainmed in Caim13, conprising e step of de}ecti REPBHMEEPap of
i ferent buf fer 6ygtom secording g glaims 3 sng § opluding mcags, or the pr eachutter
wherein each pgal RedeRetingt éiflRgetheeanmulative pool ssize elfrether sthar butpdt o€ stheof
the respective buffer zone, as determ ned from said 5 accunul ation, and
conpri sing, focalcedatihg bigRher zone, the steps of storing the end

address of the respective buffer zone, receiving the start and end

addresses of each buffer zone, and determ ning whether a start
address of a Buffery zaf&nisecaidddl & alky18f the precedin@l#ime iAclddingsmednsa for the
previ ous Euffg'r zone. 10 1%?& A)Pret hodpas clgi med in any of Clains 12

to 15, conpri st each buffertdoneoforehetking for outbof-thoundpmalues p desizedpasl number,
receiving, for, a l.qcation to be dressed in the nenory, a pool identity
for the de%éﬁ"&&ﬁﬁtné‘ﬂhcﬁga’i‘ﬁ%tsufzgi’ggﬁ'on, a buffer identity for the

buffer in that pool containing that | ocation, and a | ocation
identity of that location in that buffer; 15 addressing the
buf fer size sBoragd meziveridecoder includingi 2/ buffpomianagearant isystamgaccording to any
readi ng therefromthe buffer size for the addressed pool; and .

addr essi ﬂ& t h@TYYBS @t ess storage nmeans with the received pool identity

- and readi ng therefrom a pool address indication for the addressed

pool ; and cal cul ating an output address of the location to be
addr essed froiDt he A regdivpr/décogier accarting tasclpimi P ciacluding meansfonsioring # pluralitye

T

~conprises thegzone for aflb@ionOic o8 application only(&nd Beidetingidhd adiragidbiffers ian
“ the read pool address indication and the received | ocation identity;

~ (b) perf dSm ngnethewbuffer Zongtfoo nlleeationdortbe @theyfapplicationd. and t he recei ved

 buffer identity; and ' (c) perform ng an addition on the

results of the addition (a) and the 30 mul tiplication (b). 18.

A method as clai nedy infetkdPoNtidtnifg akd atdiedsing VhfERiin acufferpoae iMasnénory in
reserved area of the nenory of a predeterm ned size at the beginning of-

that pool, and computer SySems fompristngestens fonpri ses the step of adding the
predetermined size sEo(}intghae pﬁ.@gﬁ&s& pool sizes;
20 storing, for each pool, a buffer size; and

calculating therefrom the address of a desired buffer in a desired pool.

12. A method of defining and addressing buffers in a plurality of buffer zones in
a memory in a computer system, comprising the steps, for each buffer zone, of:
25 storing a plurality of pool sizes;
storing, for each pool, a buffer size; and

calculating therefrom the address of a desired buffer in a desired pool.

13. A method according to claim 12, further comprising the step of detecting

30  overlap of different buffer zones.

14. A method according to claim 13, comprising the steps o’f:f/__,

et Has Been Replaced
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35 -which is being cal cul at ed. 19. A nmethod as clainmed in Claim

18, conpri an al ternative addressing PCT/EP98/01605
- 26- %838/&31@7 S SHERT 1@Asigss|ng the reserved areas of the pools,
in which the pool address ggpLAcepstorage ngans is addressed with the
., recei ved pool identitt pective pool addr ess
, i ndication therefr | s the output address.
5 20. A net hod as al rre ?ﬁﬂﬁ% 9%(%%5#%% z%gestao 19, and including, for
the or each sootifgethe znd addichees sif ehe bhiffehzaesnand or out - of bounds
val ues of the received pool identity buffer identity | ocat |‘§)n
i dentity. zktemlmuswthﬁ@aﬁg&éﬁgr%gf SnRuitsr 298¢ iiH |gﬁ"gf‘t%¥n an the en

addr essi ng bufafé@{_%%rogi i %L{O%Bagcr zd2ne |n a menory of a conputer system

substantial ly SCri A recei ver/ decoder
substantiagly as herein descri bed. 23 A nmet hod for defining and
addressing buffers in a plurality of buffer zones in 15 a menory of a
conput er syst ek. subdumethod pecprdiag e pay of glaims1dct@, 14, further comprising the steps,

for the or each buffer zone, of:
determining the pool sizes in cumulative form; and
storing the pool sizes in that form.
10
16. A method according to any of claims 11 to 15, further comprising the step, for

the or each buffer zone, of defining a reserved area at the beginning of each pool.

17. A method according to claims 15 and 16, further comprising the step, for the
15  or each buffer zone, of selecting either the cumulative pool size direct or the addresses

of the buffer pools.

18. A method according to any of claims 11 to 17, further comprising the step, for
the or each buffer zone, of checking for out-of-bounds values of desired pool

20 number, desired buffer number, and desired byte.

19. A buffer management system substantially as herein described with reference

to and as illustrated in the accompanying drawings.

25 20. A method of defining and addressing buffers in a buffer zone in a memory in
a computer system substantially as herein described with reference to the

accompanying drawings.
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