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1 APPARATUS FOR DELI VERI NG FORVMATTED DATA TO. CENTRAL PROCESSI NG Ugﬂ%é%mﬂ
pt esent invention relates to nmultinedia appa : ' '
tel evi sion transmission system for deliverihg dREPUNGERGSHEETS™ON $@r mat
to central processing units (CPUs) operatingf{in either little endian or bijg
endi an manner. Al npst all conputer systens tﬁaﬁsﬂ"@%d@a@d o 18 Pagedt-e m-
t hat provi des separately addressabl e | ocati off@ Glam(shyt epaged 04 B{dabigednﬁ‘ﬁjs)
of data, meaning the byte is the mninmum adinasswingt®) SpadBit.. of 14

------------

_ ; : : déd .
Longer data units, which may be referred to . (16. bits) and/or, 'Tong
words (32 bits), are accessed, pro- cessed ara% A\sitgﬁrgd BEPOEP Ul Bflenced

of bytes in adjac | ocations. CPUs enpl oy one of two_nernods for
accossi ng 15 and BPARMIDS AR EIgSERING FORMA T TEIRIATS. TR GENER Afe hod
is to store a longer data unit froRROCESSING UNITSi fi cant byte to its npst
significant byte in increasing nmenory addresses. A CPU using this nmethod

for accessing and storing longer data units operates in a manner generally
termed little endi abhe Apresenhoinventiod relates 20 swltimedilaocagparatus asucti t

fromits no | g i syt ; | LT t erden 4 i ng
menory addr?ssa%'s%@ 1%952% Fetlﬁ?lgkﬁgts(%%‘gé@gyrs id@%gﬁi, efadrﬁddgpg{?fiﬁ | onger
data units opéfaé?e aYing, a gememon fozmat | tp P@F%ah Peeessg it KCR{Mess

Little Big Fopbrating BndgiderO littlé O8fdian oPxbiy endiak? Mxadfy] O0x56  0x34

Ox 1002 0x34 Oxﬁﬁnggte]agﬁ%ﬂ%eﬂﬁgﬁg%@ml%y inclu%leT'g‘BlnFenIloh} | ustrates

an exanpl e of the stora . _ .
system that provides separately addressable locations for bytes

10 (8-bit units) of data, meaning the byte is the minimum address-
able unit of data. Longer data units, which may be referred to as
words (16 bits) and/or long words (32 bits), are accessed, pro-
cessed and stored by CPUs as sequences of bytes in adjacent
memory locations. CPUs employ one of two methods for accessing

15 and storing such longer data units in memory. A first method is to
store a longer data unit from its least significant byte to its most
significant byte in increasing memory addresses. A CPU using this
method for accessing and storing longer data units operates in a
manner generally termed little endian. A second method is to

20 store a longer data unit from its most significant byte to least
significant byte in increasing memory addresses. A CPU using this
method for accessing and storing longer data units operates in a
manner generally termed big endian.
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| Endian | Epdian

0x1000Q} 0x78 0x12
0x1001 0x56 [0x34
lox1002] 0x34 |ox56
0x1003)0x12 0x78

TABLE I

25




word (32 bit) variable 0x12345678 at | ocation 0x1000. in nenory in both the
little endian and big endi an arrangenent. The systemillustrated in TABLE
I, includes a nenory addressable at a byte 5 level. That is, the byte is
the m ni num addressabl e data unit, or, put another way, each byte is stored
in a separately addressable |ocation. The long word variabl e 0x12345678 is
stored in sequen- tial nenory |ocations §tart|ng at location 0x1000. In a
little endian system the |east significant byte (i.e. 0x78) is stored in
the 1 0 | owest nenory location (i.e. 0x1000), wi th successively nore
significant bytes stored in succeeding nenory locations. In a big endian
system the nost si d@BLEahtillogtrate§iare ex@nids ofs the stemge nof ke |longst

menory | ocatiog, a §3205& nawet bx?ﬂf«ﬁﬁa VA Y?éaQﬁﬁx 09000 (iﬁm;n %;5@

stored in succee ocatl ons 1S | rrportan
proper executi §h Qﬁ 1&mepﬂmn ARd Big £ndéan (FANEEMCHHe nok e .swstqm

|t0[]0|oer arr?ngenhnsttlr:iteﬂ tma‘mumxequ&clgﬂest:hemafrmyaﬁﬂdﬂelsafjmerzlﬁnh Eyfet ?msl
IS IS NO cau Y- uge e n ool s
for transl atf’l Sé"egu ?é‘ag %g Eﬁsbft ﬁjg &B rﬁaﬁ%‘ﬁ%&%ﬁ? %ﬁa @ﬁ?@q evel
| anguage) i nt opuheanathew ewancicaok bme is ostoradatin CRUseparatelyli addieksatilag
constant or 'nlédaQionvafTﬁE' r%a d“%n%l@f()kl'zfutsg?sp[soﬁ%rﬁﬁofr{msfe ukh- the

CPUis alittle endi an en esetoosem Ie endi an
format appropr H2 emPB}OWh atieps %F‘FFF'F&rqty,oanOPth i s 1B #jliftendi an cPy,
t hen these tookadizn esn';ttenqath:e llaadthaghi@ca&ndbgte (ne @ 78p pisoproréd €inf @kie t hat

Gt eracttve) EHS Femty TocaHbR0 (RS BRI ROGH” it %%%W%&yomﬁs
transmitted frergmflcent rbates csmedomtsaccemmg memoaryohecatims. r dmpae bPU,
and in pa”'CU'eﬁﬂxatnh% gt afhd QhoR! sr’g@uﬂ&&ﬂ té r(i?er thz; Pedrel | IPQHEO "

data units, |slnot kn wn to l{ohe cen%ﬂr %@é QP usi ng
endi an f or mat s IQVESte MEMOLY logatigny 03 ki Wé“hr?&cﬁ%?&ﬁ ¥ t9vé
transm tted cosjgtiicant dgytesn stofed cinf isaatéeding ntrmaortyl lecitibesii Si on systens

have been pygposed p jhiGhoMh8E For IE' Brabdl SRIBUHSH oF' Q9pAPram that
the data be stored in memory in the proper arrangement for the
CPU executing the program. In current systems this is not a
problem because every CPU includes program development tools
for translating source programs (e.g. assembly language or higher
20 level language) into the native machine code for that CPU,
including placing constant or initial variable data into memory in
the proper format. If the CPU is a little endian CPU, then these
tools emit data in the little endian format appropriate for that
CPU. Similarly, if the CPU is a big endian CPU, then these tools
25 emit data in the big endian format appropriate for that CPU.
Recently, however, distributed systems such as multimedia
(interactive) systems have been proposed in which computer
programs are transmitted from a central location to remote
locations. The remote CPU, and in particular the endian format
30 used by the remote CPU for longer data units, is not known to the
central location. In fact, CPUs using both endian formats are
expected to be able to receive and execute the transmitted
computer program. Specifically, interactive television systems
have been proposed in which video, audio and computer program



3 conmponents wi Il be broadcast froma central |ocation, through a satellite
i nk, to individual subscriber |ocations. Each subscriber |ocation wll
include a television receiver for displaying the received video and audio

i nformati on, and a CPU for executing the 5 received conputer program
information. Different subscriber |ocations may have different CPUs using
different endian formats. It is envisioned that the code portion of the
conputer progranms will be intermediate code which will be interpreted by an
interpreter inplenmented on the CPU in the subscriber location. 1 0 However,
the CPU in each subscriber |ocation will be expected to have available to
it certain preompimgentowilheee fhapadeast oftaimp sentreh logatien, thrasgh mout i nes

will be inpl egppiRek 'lfhlé hego rlﬁﬁi\)biﬁuﬁp(iﬁb%nb&e lSPéﬂléﬁs t hEashbsMscABEr

| ocation to XI mze E Elgﬁlﬂd elsecutlon % gq % pgce:sse by t hese
native code ro?tatHIL "il @ {GISVISIOR HreChREY 1% €that CPU.
One sol ution nmeggivedevideot andsandiot informationnandf at GPE diop udxercupinggtisen from
the central 4 di. nd d little
endi an CPUs. > %@élk'ggl ﬁ§ H'@th{]o%leo%éfg&r el%ﬂbt?@éﬁ?ﬁa ﬁ}t?&%% @%r%rfb%(%gr am dat a
be transmittedocations geayeave riiffeseny IGRWs |wsing diferenh fmdga@n rmats.or nat
and a second time ip xkléﬁmuﬁm matf teTelode T Postios IR théel sdmphtepandwi dt h.

It d ble to t . 1 he, ellite | but
ke that | dat £TORATE VAl chesEmEnt ”wcfdﬁiﬁlgﬁe%aﬁihearﬂe&rp‘m{ Bhdi an
format. 25 an ihterpreter dmp;lenmntekd pr rthe pCPY afn the swbsseber ilocationon, a
di stri but eq GC}WEX& Sﬂﬁ[%t @113['[' ol W8S s%bﬁ@ﬁ{;éxa'loéélﬁﬁ{ i %@deig%&téﬁ i ty of

remote | ocatl ons ocat’i on syst.em generates a conput er
progr am consi ¥vég aypilable dp %w@rﬁaﬂmr@sco HOBF"‘\%l |Pi$éfQ§§B§ga dat a

section cont aigyniion Piskisal iThesef rd@ﬁﬂesﬁ&rillhlﬁes m@&heﬁiedt e ghat dativets is
either a mninu adg &E&f a(g a un c q}?ﬁmo ﬁa atalunl t. Eachel onger
data unit cont tﬁ {h €of o SAHPR 'O, Ppaxiguze t&ﬁ,ﬁgﬂ The
modul e al so i rufl edesutéosva e datoraccessedi biynthasat nativentadey irogtihexcat i ons
gfy Jhonger 42 anyl b8 ¥okdd n' Bife Llifar® F6Hh8M of AHaE PG, OCation computer
One solution might be to transmit two versions of the
computer program from the central location: one for big endian
CPUs and a second one for little endian CPUs. This solution, '
however requires that all computer program data be transmitted
20 twice over the satellite link, once in big endian format and a
second time in little endian format. This is wasteful of bandwidth.
It is desirable to transmit data only once over the satellite link,
but make that data of use to CPUs using both the big endian and
little endian format.
25 In accordance with principles of the present invention, a
distributed computer system includes a central location and a
plurality of remote locations. A central location computer system
generates a computer program consisting of one or more modules,
each of which includes a data section containing a plurality of data
30 units. Each of the data units is either a minimum addressable data
unit or a longer data unit. Each longer data unit contains a plurali-
ty of minimum addressable data units. The module also includes a
swap section containing data identifying locations of longer data
units within the data section. A remote location computer system



4 receives a nodule, and contains a |oader. The | oader swaps the m ni num
addressabl e data units of the longer data units in the data section. A
transmission link transmts the nodule fromthe central |ocation conputer
systemto the renote | ocation conputer 5 system BRI EF DESCRI PTI ON OF THE
DRAWNG In the drawing: FIGURE 1 is a block diagramof a distributed
conputer system enploying the present invention; 1 0 FIGURE 2 is a
menory | ayout diagramillustrating the at- rangenent of a data section, and
alternative correspondi ng swap data sections; FIGURE 3 is a nenory | ayout
diagramillustrating the coding of a swap section according to an

G agram 111 st eeehRsea iodhlo, bl XUrtahs RIRALE FELE Iohdds BRLY ey UL
section coded m@&wngdﬁbew@méa@ ynitsueE the dongey slata Moty 4 Q}e a

(iii stri but edI Cfdmut _eect;%.syss% etrartyimisOhonn §inkh erawsadentthe nmeduleofromn tid CURE
, a centra C (0] cl.uaes S r I er
ot oar am code sraital obdfor' CnpRMreEh Mo LT Rlo] ERBdN SRR
system i ncl udlesystesentral processing unit (CPU), read/wite nenory (RAM,
read only memory (ROM), an@RIEFUHESCRIPPICGN ORTHIEDRASNISGCh as CRT

termnals and printers, coupled together in a known manner via a system
bus, none of €adEa¥MEin. The conputer system further includes a mass
storage device 10, EIGURBer dsindlock alikgrawn ofnandistributed ocgahpatero t he

ided by a prootathly wHBRNhe e presshl SRR "0 Gt Thuted from
the centrallPocati oRIGHRE p? lisad i memeryrlayout diageem dillustiatingsthesani in
program devel opffRitimerdtN@faRPUhGRseBoR! UHPHIRTINIGPS EdReGUHIMAL! swap
data sections; _ _
FIGURE 3 is a memory layout diagram illustrating the coding
of a swap section according to an embodiment of the present
15 _invention; and
FIGURE 4 is a memory layout diagram illustrating an
example of a data section and corresponding swap section coded
according to FIGURE 3. :
FIGURE 1 is a block diagram of a distributed computer
20 system employing the present invention. In FIGURE 1, a central
location includes a computer system for preparing computer
program code and data for transmission to remote locations. The
computer system includes a central processing unit (CPU),
read/write memory (RAM), read only memory (ROM), and input
25 and output devices such as CRT terminals and printers, coupled
together in a known manner via a system bus, none of which are
shown. The computer system further includes a mass storage
device 10, also operating in a known manner and coupled to the
system bus in a known manner.
30 In operation, the computer system is used by a programmer
to generate computer programs to be distributed from the central
location to a plurality of remote locations. As is usual in program
development, the application programmer uses the computer
system in a known manner to generate a source document (not



systemin a known manner to generate a source docunent (not 5 shown),
whi ch may consi st of one or nore source and/or control files (not shown).
The source docunent is processed in a known manner by various prograns
(e.g. conpilers), executed on the conputer system each of which can
produce intermedi ate results, 5 to generate final nodules, ready to be
distributed to the renote |ocations. The nass st.orage device 10 holds data
representing the internediate results of the program devel opnment process,
e.g. one or nore object files such as an object file 12; and one or nore
final nodul es of the program devel opment process such as a nodule 1 0 14.
In FI GURE 1, ashpuar)l nnke:?\ may icoasix0 oflone as mopeitsounee cridéor contiole 12

and gener at es gfigs YideUndvi) ”Dﬂﬂéeﬁok‘f'ce'dbcﬁrﬁ@ﬂnﬁr phOcdigedlARCHT Righyp N oI €
detail below. In ah interactive television system “for q%ﬁ?ﬁrzg , application

programs for .mmrerernbwndafwas RIQETARIS 48 2of CUPBHEFS: i Rcdbe 1 5

td el e?/l sion si gmimgnar esysteml, opach tof agliichcahn opradurer ammdlage NEEsR1@Ir fim

eve oprrent n C iate.results

of the pr ogrsta%gdg 3%%3&&& ‘?&ulleg 3‘%% C@? ?islthgﬁgcp#ﬁe ebjrsl@tm?l le 12
“includes dat alﬂewmm iThg oassustepage csimrece( it hoddswdata arepresenyimigoithe abl e
122. The syanhte%ﬁlécﬁmee réSAee B hes fb”gran{ Al sment rtseéé@bf A Its

data type, and the ad ess Jch that, vari e stored
when the pr ogrinfioge SREGE £HCs Wb s %wm OBlsEf dilgob2y anreRe @brmors, s
i nformation rahatluley eficthedpragtaywedévelopmeny nfrolcesslsuehla® 4 ombdales data

ypes, such @0 fy IHBGREN, hOBGetRiE: (BRuAP S IEEAPSY, ABRY Sne Whlect .

post i nker processes, tn & wn nanher
representing tmedeleedd: apflegencratasnas owiput)thenmashier M .cin | mtroanmeti to o
code of a knowe desbfibbdCin rmafb Id’éftﬂll béB¢i. ate code section 142 of the

nodul e 14. The postljgynker 20 her anal yses |fn a kno manner fhe
i nfformation in the ﬁﬂolln'teé?ﬁtevelff TS0 SYBfEILt %o"cﬁ%m ’ ?Bfg“ﬁ'éwe’r ates -
a data programs for influencing the 1nteract10n of viewers with broadcast

135 television signals are developed by application programmers using
program development tools in the central location. One of the
intermediate results of the program development tools is the
object file 12. The object file 12 includes data representing
executable code (not shown), and a symbol table 122. The symbol

20 table 122 contains data relating each variable name, its data type,
and the address in memory in which that variable will be stored
when the program is executed. The symbol table 122 further con-
tains information relating each data type in the symbol table 122
to basic data types, such as byte, word and long word, as

25 described above. :

The postlinker 20 processes, in a known manner, the data in
the object file 12 representing the executable code (not shown)
and generates intermediate code of a known structure in an inter-
mediate code section 142 of the module 14. The postlinker 20

30 further analyses in a known manner the information in the
symbol table 122 of the object module 12, and generates a data
section 144 including data representing an image of the data in
the symbol table 122 as it would be stored in a memory when the



section 144 including data representing an i nage of the data in the synbol
table 122 as it would be stored in a nenory when the 6 program code
contained in the code section 142 the nodule 14 is executed at the renote
| ocation. The nodule 14 (and all other nodul es, not shown) are transmtted
to the plurality of renote |locations via the 5 transm ssion |ink 30.
Transm ssion link 30 consists of known enents such as out put adapters
coupled to the system bus of the central | ocation conputer system

schedul ers, packetizers, nultiplexers, RF satellite uplinks, satellite
transponders, RF satellite downlinks, denultiplexers, and input adapters
coupl ed to 1 (pragsamt eoddusombinedconphe ecodey stetiont 14 aheempidaléd defktis on

(none of whi c%,&rﬁgﬁu?@g%‘? ;I'%&N%tham-@ii.on | ink operates in a known manner

to transfer the e central location to the renote | ocation
as required. In an The dnaduleyd4t fand,jall @ther medyleshaoteshown) rezation al so

1 5 contai ?s &rﬁﬁ!ﬁ?ﬁa@fmt ﬂ{@\ﬁlﬁfﬂﬁyvbﬂ?&éﬂ%l‘é er)]'éﬂtibrgsi l@malltzxe?eagt |tf) 'th
acconpany conput er progr représent e A modul.e and all other
nodul es, no[ses %ﬁ?‘.ss*ﬂ‘g 1{[& g{ﬁ's?@?'\fﬁ&éﬁognﬁnkugpocg?ﬁﬁtgl of XnoWn ket i zed
and nul ti pl exezlemegés sachaks noutput haddptensodatpled4 to othieosystanc dmsosi t the

I nteractive t Ll ' i ' l.gn L S¢; adcast to all
of the renote "’g‘\c{%"?i gﬁ%ﬁg&p{é Wgﬁgéigg? gﬁ?ﬁﬁfé&%wﬁk@lx% ?algrl%&ngé%énner. The
renot e | ocati ohulRleXerscBE, satel]ite | uplinks. qeatetits, rapspordarsctRRg/ provi di ng

t hi s conposi t esatelital dowidinksy. démuitiplRxefaNanar infitoedapers ESipled to

denmul tiplexi Ro.the nodule(s) fromthe television video and audi g 25

s onal s Trk0te ISHEROHuE IdTLa GRAPLKT SR, 3t e ki IoediEn Indit ofn
manner and prewbinbedre oshyweknsThhi transmisston |linke apiesates singrakeowror
example, the {glaxbsi@nuandnd MY AUGhR Q9P (R cBAuANABLAGh (@ dhe
tel evision recelver Qr a. at a subscriber lTocation. I'n addition, 1t is
further possi biemots, losation s geayiredi on 30 conputer systemto execute the

conput er program r efy eseihestactive television system, the central location also
15 contains a source of television video and audio signals meant to
accompany the computer program represented by the module 14
(and all other modules, not shown). The television video and
audio signals are packetized and multiplexed together along with
the module 14 to form a composite interactive television signal.
20 This composite signal is broadcast to all of the remote locations e.g.
via a satellite link in a known manner. The remote locations have
receivers including detectors for detecting/providing this
composite signal, and e.g. inverse transport processors for
demultiplexing the module(s) from the television video and audio
25 signals. The television video and audio signals are processed in a
known manner and presented to systems which may utilize these
signals. For example, the television video and audio signals may
be supplied to a television receiver or a VCR at a subscriber
location. In addition, it is further possible for the remote location
30 computer system to execute the computer program represented
by the module(s), and, as a result of the program execution, gener-
ate image video signals and sound audio signals. These computer
generated video and audio signals may be combined with the
television video and audio signals, respectively, to generate a



by the nodul e(s), and, as a result of the program execution, gener- ate

I 'mage video signals and sound audi o signals. These conputer. generated video
and audi o signals may be conbined with the tel evision video and audi o
signals, respectively, to generate a 7 conbi ned tel evision/conmputer

mul timedia presentation. Further, it is possible for a user to interact
with the executing conputer program(e.gé by use of a renote control unit)
to interact with the displayed nultinedia presentation. One skilled in the
art of inter- 5 active television systemdesign will understand how all of
t he above may be performed. As described above, each renote | ocation has a

conput er syst ejorhbialeddi tﬁge\asﬁﬂﬂcé’ﬂm u@eMMu@ﬁme@llm&ﬁ,ntﬂnﬂn var FﬁkﬁleknpUt
and out put devj cgs égsqé \IXB S ett Prﬁ known manner
via a system b‘h SR ko ar otBeP Vr? Yvh 19(‘?1 Hﬁe?ombq?rl nput
devi ce (not smmgyamo(mgesbyt hige ooff purembte twntminlsmmt)s gooimtefack 8idht thet he
system bus. A p 0, C rols
t he operati §1 dl?ﬁﬁﬁlfa(si f‘ﬁﬂﬁ?@i‘gg. %&%wggﬁa dgggr g%llr& ?{E {I Saﬁgg{& %gl;f rom

the trans- B RGHSstelvISIAR S(steth desigad vilh eindersiand r Bowhallc gfiethgect i on 52
and the data sebz-weormEyl bt petfoemdM 50. When the recei ved nodul e has been

| et el t f h t 62
per manent 1y stored % é%s%%abn a5VE Bch bl ML A8 &' BmBBtetescr i beo
above) in 20 tsysterpdackuding on GBU Hhda Redit 3% atROM 60}, canst aarioysiinpun a
known manner . a?RiT%dtgﬁé rdé@/‘iéé%“%nbﬁ shaemqofim %%‘ﬁ?lélf‘ té%eﬁffel:'mr &f ﬁﬁo% dat a

storedlnth data section 5 st.ruction t he
i nt er pret erl §2M3RRGK JA] ?h‘é’s&%@ ARt SPEIRURB o1 By kpQWwN
executes the pmaghem Ohe input Hévxlce (/wdtl slhmonm douples nhercmt herof eiee a

par et e narah pisSEE A B aB0HRTR gy X i P RT da%%egc’ﬁnﬁ% SBPEor m such
functions, therosibingudlr exgentingi ontthe C&lht eontselst ﬂlfh apecatiere ofathisbrary 64
input device. When a desired module is received from the trans-

15 mission link 30, the loader 40 transfers the code section 52 and
the data section 54 into the RAM 50. _

When the received module has been completely transferred
into the RAM 50, an interpreter routine 62, permanently stored in
the ROM 60, accesses the intermediate code (described above) in

20 the code section 52, and executes it by interpreting it in a known
manner. Some instructions in the code section 52 will refer to
data stored in the data section 54. When executing these
instructions, the interpreter 62 accesses the desired data in the
data section 54 and executes the program.

25 It is well known that interpreters are a very slow means for
executing programs. While speed is not always important, there
are functions for which it is desirable. To perform such functions,
the computer system in the remote location includes a library 64
of routines coded in the native code of the CPU in the remote

30 location.

However, as is described above, respective CPUs at different
remote locations may operate according to different endian for-
mats. That is, some remote CPUs may operate according to the big
endian format, while others may operate according to the little



of routines coded in the native code -of the CPUin the-remote 3 0 | ocation.
However, as is described above, respective CPUs at different renote

| ocations may operate according to different endian for- nmats. That is,
sone renote CPUs may operate according to the big endian format, while
others may operate according to the little 8 endian format. If the data
section is generated and transported in gne of the endian formats, for
exanple in the big endian format, the native libraries 64 for renote CPUs
operating according to the big endian format may access |onger data units
stored in the d(éa 5 sectlozr;ESéEdl ectl using the nost efficient

mul ti-byte reatRUAR fermas. Ak i08nds Beneratsdeang trapsporied iipe

libraries 64 ofne efotle @ﬂdsamrfemms:ugﬁﬁceﬁmpng momdublglértdn@n efodinaf, for mat
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bef ore the datbig €sdidn rfeymate rpabcmd longes datasumithsttared an tbmedhmad to
these routi nesgectynC F4Mitedilyn Uhgk Wos@seff?ﬁEhphﬁultﬁ% &‘eﬁﬂ

principles of the present, |nvent| nod % ener |
central |ocat |\Yﬁ“efﬁ?tt‘YF'ermr°’HHFUHB§ %Yaé{/]@g‘be u e t‘i’% bi‘HéeSs °§ect i on
146 incl udes deemaoten@RIds i ogerating cacedrding ttbetlthatlﬂtleeendmn Tdrindomgegt dat a

uni ts are stor éges;fgg,nggw (R4 Ghite ond ke 473! ¥EIIOad deanIREL fabl e 122

in the object ermine’ ata sec se | onger
data units ar ebxtesrby. SWhEPMstthﬂnkéﬁomothev\h% gndipgickornfateto dhe ohigler 20

data unit, ppkesdian SOV M beféret @l?éeﬂétﬁ’ itSelf Cﬁata? bBe f&ie@ﬁéd’ eThi%C%td'dQn
W|th|nthe dat a ,secti.on 144 at. which the | gnger 1F€ unit resid en the
p

object file 125YRNapial, qvshprad doy Beser youdnetiant méenﬁ%@st ARickl%p) o
is stored in tae pogspbleecti on 146 of the nodule 14, and is transnitted over

the transmission |ipk glqhhg EO‘S aé]‘lgﬁ?lhfgpg?a{&cgﬁ 1@{&'}@10\9{ t{het Bfodule

i nt ernmedi ate code sec I on
14, generated in the central location, further includes a swap

15 section 146. The swap section 146 includes data indicating where
within the data section 144 longer data units are stored. The
postlinker 20, while analyzing the symbol table 122 in the object -
file 12 can determine where in the data section these longer data
units are stored. The postlinker 20, when it identifies a longer

20 data unit, makes an entry in a table to indicate the relative
location within the data section 144 at which the longer data unit
resides. When the object file 12 has been completely analyzed,
data representing this table is stored in the swap section 146 of
the module 14, and is transmitted over the transmission link 30 to

25 the remote locations along with the intermediate code section 142
and the data section 144.

In the illustrated embodiment, data is stored in the data
section 144 in the big endian format exclusively. The swap
section 146 contains data indicating where within the data section

30 144 longer data units are stored. In the remote location, the '
loader 40 stores the code section 52, the data section 54 and the
swap section 56 of the received module in the RAM 50. If the CPU
in the remote location operates according to the big endian format,
then the RAM 50 locations containing the swap section 56 are not



In the illustrated enbodi nent, data is stored in the data section 144 in
the big endian format exclusively. The swap section 146 contains data

i ndicating where within the data section 30 144 |onger data units are
stored. 1In the renote |ocation, the | oader 40 stores the code section 52,
the data section 54 and the swap section 56 of the received nodule in the
RAM 50. If the CPUin the renote |ocatiap operates according to the big
endian format, then the RAM 50 | ocations containing the swap section 56 are
not 9 needed, and they may be rel eased to be used for other purposes.
The | oader 40 may then eﬁort conpletion of its function, and the _
interpreter 6MegHgdnAnd, dhey pmayybesreleasedatn brased fore ‘othera pUREedts. bi g

endi an format Teedobyert 40 wsottﬁemé o?t completibn & ﬁshefuﬁémﬁ aﬁadthet he
CPU in the rermLeIotcatégn ch vati accolﬂP gyto%thgelltt ﬁ di an .
format, then CRETPEREE, 640G, diaiive @’%Tyet AGLESS 4N qatasin he
data in the swhp brg:temdmxﬁeformat aisedyby othat remote (GRW. t he data section 54 »
unich the supp sectfORndthd th&ahaadC e acpguﬁl'cﬁe%&?&at foc4Boh a{;é&e | oader

1 0 40 swaps the bytes o S conver That dabd unit to

the little enditgh quspﬁ%mgf lt%nﬁhphé“g? gewanafpmwnﬁbenmeeloaaier » the
| onger data Urbdf&rélastﬁnpleltmlgem pesuest! emalyreshehd idatd einetiid aywdpr mat, the

RAM 50 | | d
they may be. r SeBUEBASEy AP suefy ABRRISE il e NifaccBilTs, fat %3&%‘? 40
may report corgap issstioh S6sirndinates ocontainsowi hopgeredatat emgt, ether l@rieand
native i brla®y4(§ds&ﬁ>sb‘iﬂb nbjrr]t'é§ fi’(%fﬁ | ifta ﬁﬁ?a‘ﬂﬁﬁs "%Jdnv@f-tlﬁ eth‘ﬂtat@atén th' S

nat fve 1§ braryungh Pajitdutle: SndiamJoRnet AEUR Uie oF AR KB o Afberd 20
and wite natiale ofnshe ulohgem davaidmty davénall lbesnacbhverted! teviiss dittisyst em
oper ating i n BIRIRR OBy OHE: ReM. 30 RiBrons bl iR, fhe, SFA. SBdin
transnmitted dadé are nhelqngecatmmiedoaeé thelyt mayt beetgleaseady to hee tusadsforssi on
of the data 5 other purposes. Then the loader 40 may report completion of its
function, allowing the interpreter 62 and native library 64 to
begin its execution. Because all of the data in this remote location
is now in the. little endian format, the routines in the native
library 64 may operate using the most efficient multi-byte read
20 and write native instruction available.
‘An interactive television system according to the present
invention allows CPUs in remote locations operating in both the
big endian and little endian formats to access transmitted data in
their native modes, without requiring the transmission of the data
25 twice from the central location, once in big endian format and a
second time is little endian format. - All that is required is the
generation of a small swap section in each module by a postlinker
routine in the central location; and an additional step in the loader
routine of remote locations containing CPUs operating in the
30 endian format different from that of the transmitted data, to swap
the longer data units before completion of the loading.
FIGURE 2 is a memory layout diagram illustrating the ar-
rangement of a data section 144, and alternative corresponding
swap data sections 146a and 146b. In FIGURE 2 the data section



25 twice fromthe central |ocation, once in big endian format .and a second
time is little endian format. All that is required is the generation of a
smal | swap section in each nodule by a postlinker routine in the central

| ocation; and an additional step in the |oader routine of renote |ocations
containing CPUs operating in the 30 endian format different fromthat of
the transmtted data, to swap the | onggrgdata units before conpletion of
the loading. FIGURE 2 is a nmenory |layout diagramillustrating the ar-
rangenent of a data section 144, and alternative corresponding swap data
sections 1l46a and 146b. In FIGURE 2 the data section 10 144 is
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et 0ol ® oy ST IR sbfiahBfe Sokfashontiny Y8"4R) pfie (of dReLpfdané: L oo d”
vari abl e, il | Bpecificallys eadnsofsthmgopftwmarmbde&us | ity t eariabilee theur t h
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illustrated as consi st consecutive variable is
a byte vari abl@nsﬁﬁ'éﬁll’%eblétﬁerﬁbﬁ fonrthypiagiable alswér Hﬁrarvaa@bée the fifthat ed -
as consi sting vairiabl® iswa [oHEs aeord Wanbbleﬁslllu-@ﬂﬁltai NRY coffisaagr 6€. foﬁ? ot her

variables in t 44 [ var.i-abl es

vari abl es or & g%ﬁvdée@teg’bltég S”f'm; @g}ﬁ% g ?&teel gfifia ﬁ dagﬁi of t he
figure illust rsarweatla variahle | tsplaemrdawaunbbf dltsmpedjaasa consistiog ©f6a. |In
this 15 'm%qwt&hkeéhqu; ed.S TheRhiy,f Gf &ﬂﬁEe VBE! 5ftef #zﬂuéﬁl@s dat a

section 144, e order, th I N t ta section, each entfr
i ndi cati ng thet?lﬁl atdpsechignc #’f‘eé‘ﬂb‘ﬁ F"e varjgbl F%ev@ﬁépvé’ééﬁ/@én
146a, there argr seugnwemrvasam@s_r espondl ng to t he seven vari abl es

1 lstrated by a o orb o, AR el 1of R EE" %, A% Benk8 MnSRIRE 27 o .
Speci fically, firsé fmplementatient of e swapt data shetiomdl 46a. | oIn tBis t o i ndi cate
that the firstiipleméeith@OhCIhére iOVAf entry for each variable in the data
section 144, in the order they appear in the data section, each
entry indicating the size of the corresponding variable. " In the
swap section 146a, there are seven entries corresponding to the
seven variables illustrated in the data section 144. The contents
20 of each entry is illustrated by a letter to indicate the type of the
corresponding variable. Specifically, the first two entries contain
the indication "B" to indicate that the first two variables are byte
variables. The* next entry contains the indication "W" to indicate
that the third variable is a word variable. The next entry contains
25 the indication "B" to indicate that the fourth variable is a byte
variable. The next entry contains the indication "L" to indicate
that the fifth variable is a long word variable, and so forth. As can
be seen, in this implementation, there are three possible lengths
for a variable (B, W or L), so the length may be represented by
30 two bits, and four such indications can be packed within a smgle
byte.
Alternatively, only the location of the longer data -units
within the data section may be contained in the swap section. This
is illustrated in the swap section 146b illustrated on the right



vari abl es. The next entry contains the indication "W to indicate that the
third variable is a word variable. The next entry contains 25 the
indication "B" to indicate that the fourth variable is a byte variable. The
next entry contains the indication "L" to indicate that the fifth variable
Is a long word variable, and so-forth. As can be seen, in this

I npl enmentation, there are three possibhq | engths for a variable (B, Wor
L), so the length may be represented by 30 two bits, and four such

i ndi cati ons can be packed within a single byte. Aternatively, only the

| ocation of the longer data units within the data section nmay be contai ned
in the swap shand cide 1fi FIGERE |2ist Imtiesl illnstritedspomioneof i the datéb

illustrated o i gt ¢4 ape NAN gSideE I E, 2. | hll u ed
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data section 144 whidh weuldd nseddta denswapapd ctrom e sadamifarmabrtaat to
the other. Eage othéry | BaéhertaAnsSed istap keéetsdd atladiratedl4@bldecont ai ns an
of f set val ug vvhltch 0i nt? tg trle | o a‘{plnon. tgl QPthgﬂd?'ta seﬁ{ilo 144 of a
| onger dat a> ufPRtaIn, @0, OFfSSE Yalug ¥ fiich, Rointg, 19, the - lgqapion, athip the oy in
the swap sect data $ei@borc ddtdaiofisa dopgemntdata tunit, hand cc syporofothat henit.hi r d

vari abl e, and dendicat 1.Qn £ bl | vadd ), The
next entry po?ﬁlggllﬁt%n?ﬁeﬂh% gtrﬁa%tn Flﬁyvgl?i&g}l\g&lgﬁ ?ﬁéﬂﬁatq é‘%?gg??%%&if4 and
contai ns an i RAIHEE jtenthedocatien of;thedhird yaglaplg,gangdran vadicasoa thajur

bytes). The n@xis @niwotdPoariablet Qtvidibyges)entThe dlekel¥ntry Poingoy ahds an

I ndi cation hh?}tf t hat. \ﬁﬂ”abltﬁ |§ i vvocrd \ r4|4abl e%(ftw? .bgt es).. dEa h entry in
a swap secil o] g{:cvc?ﬁﬁ 5 o i alanfﬁ S A I FOR YR I%?g‘él € loé‘nough to
contain the otliatethasovariablet is thdongcmeidorvaviabld rfoure bytesd. sddwei aext and t he
| ndi cation of chly péRfsl fo (HRL sLOGR! 9arighe, ARE! QotafhsC B! hﬁﬁcﬁ’ﬂtﬂ for the
| onger data units, "not every data unit. Alternatively, there ma; e .
separate |i st &hatophat¥ariablscism wardapatable @wo, hytes)st Fach epuy.i &

vari abl es andswapepectiér® d¢cirdiny ta80thionimplementationbhrst baclargantry in

each such }isstadgshl @1lbaEAR" e Jefide OPdiatir 08" eHbClodalic Stk mat) e
section, and the indication of the type in that location. But there
are entries only for the longer data units, not every data unit.
Alternatively, there may be separate lists for each type of
variable; i.e. one list for the word variables and a separate list for

20 long word variables. Each entry in each such list need only
contain the offset pointer to the location of the variable in the data
section 144, _ .

In either such implementation, the postlinker 20 (of FIGURE
1) analyzes the symbol table, and generates the swap section 146

25 to identify the locations in the data section 144 of the longer data
units, as described above. The loader 40 first loads the swap
section 56 then, if necessary to change the endian format of the
longer data units in the data section 54, traverses the data in the
swap section 56, identifies the locations in the data section 54 of

30 the longer data units, and swaps the bytes of those locations. For
a swap section as illustrated in 146a, the entire data section 144 is
scanned, and if the entry in the swap section 146a indicates that
the location contains a longer data unit (a word or long word
variable) those bytes are swapped. For the swap section as



section 144. In either such inplenentation, the postlinker 20 (of FIGURE 1)
anal yzes the synbol table, and generates the swap section 146 25 to
identify the locations in the data section 144 of the longer data units, as
descri bed above. The | oader 40 first | oads the swap section 56 then, if
necessary to change the endian format of the [onger data units in the data
section 54, traverses the data in the i%ﬁp section 56, identifies the

| ocations in the data section 54 of 30 "t‘he |onger data units, and swaps the
bytes of those | ocations. For a swap section as illustrated in 146a, the
entire data section 144 is scanned, and if the entry in the swap section

I146a i ndijcat e;illhlmiteﬂhm I mﬁib t,i escle ¥mtAi A the @g&@r tsﬁ@ﬂi@n URI prdc?,syw hyor
ong word vari se es,are s ed. r the swap section as
2171 Wt r at ad Srephah, RS bRt o b AEREH. localion of, 8" Bt dkelin,
swappi ng the Hykds at the indicated |ocation in the data section 144. In
roder . progr anmi 19 thARKARS pro@idniRisy Bnguakten varfBm eV 8fieaP! o

d abl es,

formed from_the basic bit r escri bed above,

e : ong vari

and arranged icRmplexcvatiablesy qrar}@r}avma@ke asig ey verd, oang dpngt ruct ures
c]9nt ﬁi ning ar veysl Vartables,r aiyegeﬂba?SamV@lamdramhgeanh]g e%t?ﬁéthi%S of dat?
of the sane t or ti ki at_t er tvpes of  .data. e.size o
1 0 the swap éggﬁyisma{éggbghg@ﬁ‘c‘{e{l&egy ailgéfjgﬁsaﬁ%%%é?%g ‘io(f‘tﬁl@tl%ta'érw Fci ent
represent at i obush rspagesenisrofaidat trepals, inorepetiienn ofotlataadifatiiees. FI GURE
3 1s a memory dhakOWpdll apIrRMAitibHS dfabhfitinlsNGs QPPN GIOBatCS P g BPr Ui ons
of a swap ieq“;thon 146 accor |ngq%,to th qprr@?i) 1 ,e[]t (vaentlon. . The

ar r angenent! HNE VAR L0, | 166 Tedy Yt SPediaf PO e PEEMIY esponds
to the swap sefficoentl4épresofitaticdUiE 2¢peatedhivatiablecntgpes ao pattésnsi oft he
swap section fvci{rifﬁ‘ byte in the data section. Additional conpression is

achieved in a swap section 146 as illustrated in FIGJRE 3 by taking
advant age of FIGURE 3 is a memory layout diagram illustrating the coding

of fespective portions of a swap section 146 according to the pres-

15 ent invention. The arrangement of the swap section 146 illustrat-
ed in FIGURE 3 corresponds to the swap section 146a (of FIGURE
2) in which there is an entry in the swap section for each byte in
the data section. Additional compression is achieved in a swap
section 146 as illustrated in FIGURE 3 by taking advantage of

20 repetition of data of the same type and repetitions of patterns of
types of data.

In FIGURE 3, the remote locations contain CPUs which. have
three basic variable types: byte, word and long word; and which
require that the longer data units (word and long word) be

25 aligned. That means that byte variables may be stored at any
location within the memory, word variables may only be stored at
byte locations having even addresses, and long word variables
may only be stored at byte locations having addresses divisible by
four. Such arrangements are well known, and will be. understood

30 by those skilled in the art of computer system design.

Special long words, called pointers, are separately desig-
nated "P" in FIGURE 3. Pointers are well known programming
constructs, and are treated specially during the loading process. .
They are the same size as long words, i.e. four bytes, they must be



20 repetition of data of the sane type and repetitions of patterns of types
of data. In FIGURE 3, the renote |ocations contain CPUs which have three
basic variable types: byte, word and | ong word; and which require that the
| onger data units (word and | ong word) be 25 aligned. That neans that byte
vari abl'es may be stored at any location within the nmenory, word vari abl es
may only be stored at byte | ocations hgy%ng even addresses, and | ong word
vari ables nmay only be stored at byte | ocations having addresses divisible
by four. Such arrangenents are well known, and will be understood 30 by
those skilled in the art of conputer system design. Special |ong words,

cal I ed poi nt ersgoredr e;n$yep£cr®tyeé>4069ﬁoﬂs maahﬁg a&&rebgbsFuﬂ«iBﬁalé byofdiirers are
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here. The arr ain the data section is represented in the
swap section 146 asThe surangeméntbypf edateodmedthien datee seatinar isl reprbsentedoed

bel ow. The Schﬁ”ﬁlé% Odb Mot ﬂ@&ssﬁ rfé‘% of Gy téi Lb%dehrﬁ{ Qge'rﬂaﬂléiURE 3
}‘l rst consi d r@ﬁg gaf SeCtJI‘ge 0 W %)d[a ISVI € éo al i gned
ong wor ds.1 8 Hdes 1881 8132 9 Rg *b Seft ‘F allPsry "t he
only perm ssi itrstedr i FIGURENBsfigdt bytisidemar itedldasa (sdeﬁo@r(aioeohho&ﬁ) agl i gned
(desi gnat ed » ety AVERP A Righed JBHE Sl ﬁ?%fr‘f% SR 9% 1 ong
word in nenory202Adar éke ceppar defs 1mhcatmg1dth§| @a y)qurm;ssxbh earpEear e
ments of byte variables (designated "B"), aligned word variables
15 (designated "W") and aligned long word variables (designated "L"
for long words or "P" for. pointers) within an aligned long word in
memory. Addresses on the left hand side of the table 202 are
illustrative of long word aligned (divisible by four) addresses in
the data section, and are not meant to indicate actual address in a
20 data section. |
As can be seen, there are six permissible arrangements of
variables within an aligned long word. The top entry, numbered
"0" on the right hand side, illustrates that an aligned long word
may contain four separate byte variables (B). The second entry,
25 numbered "1", illustrates that an aligned long word may contain
two byte (B) variables followed by a word variable (W). The third
entry, numbered "2", illustrates that an aligned long word may
contain a word variable (W) followed by two byte variables (B).
The fourth entry, numbered "3", illustrates that an aligned long
30 word may contain two word variables (W). The fifth entry,
- numbered "4", illustrates that an aligned long word may contain a
long word variable (L); and the sixth entry, numbered "5",
illustrates that an aligned long word may contain a pointer (P). No
other arrangements are permissible.



illustrative of long word aligned (divisible by four) addresses in the data
section, and are not neant to indicate actual address in a 20 data section.
As can be seen, there are six permssible arrangenents of variables within
an aligned I ong word. The top entry, nunbered "0" on the right hand side,
illustrates that an aligned |ong word may contaln f.oour separate byte

-variables (B). The second entry, 25 nunbered "1", illustrates that an
aligned long word may contain two byte (‘B) variabl es fol | owed by a word
variable (W. The third entry, nunbered "2", illustrates that an aligned

| ong word may contain a word variable (W followed by two byte vari abl es

(B). The fourth en r AR t | @ae ong 30
word may contain tvt\Kjoéf\?\gr%vngg%P (7' a I%hg?@?tlbﬁg wéft’l i} %eggg 2
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and the sixth Hd mapmbsrbar e ‘right hadd sidatefs thdrantay ial tabe 20Rng word
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represent ed Soywerd, eist bynaru codeds vingo st,bm bits 146 2 knewnumpannesn (Ihesei ght
hand si de of tthﬁ‘eee%fsy a'ré‘ ﬁﬁéﬁ@dmﬁo flﬁaortﬁﬁe%”tmé‘ﬂ Eiﬁlﬂaﬁﬁtemsotbﬁ@“ abl es

within such a g ng 5 word r | nt ree bits.in a
known nanner. n’rﬁei? aﬁgr Eg tg‘f"'t gng}'ezpﬁs’é‘r ttgﬁ #IVH?R) Steﬁgof‘hiéé FYLESRAHNE i cant
bits (bits 7:@o5phatOflighed hengnvwoyd 204 imedsuee whpombsmom l46achieved
correspondi ng ;0 | i ke

achieved in th&el gl-\il\é/;%kva ctslg&?g% Wgﬁl%&v}m{lg‘& &Eaezﬁ{ry 2038% E@h@ Sécssec- 1
0Otionto rle(brtéyérip zepreaeRly aonumhﬁse@ﬁtq%e@ww l‘tﬂ‘i’glm dworgs ﬂ@m)ry,
each cont ai ni ngerldg S%ﬁ@hpébﬁt%'ilﬁn(gf tN@réaﬁ@ tteTHeof Widlilé‘sﬂ bithe (bits

ﬁuﬁbirlo?)rigﬁr@%&?tsﬁ'g”ﬁts?kﬁ Yol rlsﬁ?l g Bimery rFelos: T
si gni ficant binwneriéhke valde nNneepreséntizag ue mber hﬁveepemd)mse dfrtime O to 31.
Thi s nuner| Calpattern represented by the three most significant bits. The
15 numerical value N can have a value from O to 31. This numerical
value N represents the number of repetitions of the pattern - 1. A
‘numerical value N of "0" represents a repetition value of 1, i.e. a
single occurrence of the pattern 206 in the data section. A
numerical value N of "1" represents a repetition value of 2, and a
20 numerical value N of "31" represents a repetition value of 32.
Thus, the number of repetitions of the pattern represented by the
binary coded value 206 which may be represented by a single
byte entry 204 in the swap section 146 may run from 1 to 32.
_ As described above, variables in a program may be complex
25 combinations of the basic data types, including structures, arrays,
arrays of structures and/or structures containing arrays. These
complex combinations are constructed of sequences of basic data
types arranged in a specified manner. The binary values not used
for coding patterns from table 202, i.e. "6" and "7", are used for
30 coding sequences of basic data types, and repeats of previously
defined patterns, respectively, such as may result from repeated
instances of such structures and arrays. FIGURE 3b illustrates the
coding of a portion of the swap section 146 representing a repeti-
tive sequence of patterns from table 202. When such a sequence



value N represents the nunber of repetitions of the pattern - 1. A
numerical value N of "0" represents a repetition value of 1, i.e. a single
occurrence of the pattern 206 in the data section. A nunerical value N of
"1" represents a repetition value of 2, and a 20 numerical value N of "31"
represents a repetition value of 32. Thus, the nunber of repetitions of the
pattern represented by the binary coded Sal ue 206 which may be represented
by a single byte entry 204 in the swap section 146 may run from1 to 32. As
descri bed above, variables in a program may be conpl ex 25 conbi nati ons of
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three bits (7 Sl\i e swap sect to indicate
that this ent APMeri¢He valle e@PF%?F“I&G‘ Peﬂpéﬂ@ﬁtgr gepedtighemce odntheot a

pattern of |lrgequenés ThHRES. thaSnumb'ékG;REe 8titidss | of fh&URkendidied he five

| east S|gn|f|cant bits in thef ? ﬁy%(é 210 is a binary coded value N
representing tﬁguﬁ'ﬁ?ﬁ)&a%fr“rne&éqmt f the specified sequence. In this

case, the binary cdded nextebyteallRainethe swppesestion tqontaimsbthe dength -
repetitions - ¢ gf th@eséq&négqﬂ?qgé SJ%SS 108 'M@bﬁﬁd Ce}E Hgtgﬁhiﬁe'hd)@ﬁ gt the

identified sequence ma e next e swap

section cont aﬂﬂ%@%e“?e%t‘rﬁscl‘%@ﬁ Pﬁ’é"’%eqf lowing ¢ %ﬁn%“erclﬁlgﬁi‘ 146 and
i s determ rnesl bytea212 is a series of bytes 214, coded as described above with

respect to FIGURE 3a. The number of bytes in the series 214 is
determined and a number N equal to the number of bytes - 1 in
the series is binary coded and inserted into the sequence length
byte 212, as described above.
20 When a complex structure is defined, e.g. in the symbol table
122 (of FIGURE 1) the arrangement of basic data types necessary
~ to represent that structure may be determined by the postlinker
20. Whenever an instance of such a data structure is defined in
the symbol table 122, an entry as illustrated in FIGURE 3b is made
25 in the swap section 146. An array of such structures may be
represented by a number of repetitions of that data structure,
specified by a binary coded number N representing the number of
repetitions - 2, as described above.
If, another instance of that data type is defined later in the
30 symbol table 122 (of FIGURE 1), then instead of reinserting the
sequence entry previously inserted as in FIGURE 3b, a separate
entry, termed a back pointer entry, is inserted into the swap
section 146 referring back to the previoué sequence entry.
FIGURE 3c illustrates the coding of a back pointer entry. In a back



manner to. be described below. Follow ng the sequence length 1 5 byte 212 is
a series of bytes 214, coded as described above with respect to FI GURE 3a.
The nunber of bytes in the series 214 is determ ned and a nunber N equal to
the nunber of bytes - 1 in the series is binary coded and inserted into the
sequence |l ength byte 212, as described above. 20 When a conpl ex
structure is defined, e.g. in the synbglgtable 122 (of FIGURE 1) the
arrangenent of basic data types nnecessary to represent that structure may
be determ ned by the postlinker 20. Wenever an instance of such a data
structure is defined in the synbol table 122, an entry as illustrated in

FI GURE 3b is padrtepsentny.t Rebinasy vadvei 6H' isiecoded amtoathefmesic ignificantur es
may be represepfedbiY of (TR Bfre’ 2RST AL ANFIGUREYa dAd FIURE! 968,
speci fied by %ygapary coded nﬁnber Nre rﬁseﬁtlng th@ gunber,o repetitions
- 2, as descritBedi¥®deast FignitnaRt, bits; AL theHIYs DYifa 2 19araniain e jbinasyt i ned
later in the g9degnhombieabNe régéesenfing| (HeRmulibert énrépesitimt @f tigd nserting

t he sequenc 2 V] d i [ , e entry,

termed a ba§k%8%?%tu§!fe%§”§%€/ SO, @resbhicd, 53 B2 blckBAIALE

referring bacikentry.t Ha FIGURKES3GcthgenumbentNyis thecormigs of repetitiens -t he

coding of a b@?karRP!ﬂéP?éseﬂ&i 'Y nunibe? BACHkpetitibn® RBIME0EBSIY, a binary
n

lue "7" i ded th ificant three bits of the first byt
216, s in FI GURE Sieameriie28, presoity n Hiffeciny Ihei sk ssetidnor ¢ ne

first byte 2l1d4éoitazknta thengprgviousbd insedted $equepcesenmtriynoast escribbdr of

titi f. .t ' ' k
bornter ent:Gin) RGPRILEMOUThE Giser (oSSR RERARECHE Bhicy Hepfeni®l
and represent $he ewirsat back qeinteri spYY; rand Aheopagviowply efinegdyt e 218

represents an sghfiefde idhtiyle THRP oTB:i Points Gol @k sequéhce NERYTHO bSke
I nserted sequ e .eniﬂ%%p as. de?c g&

k riagd 0in FIGUQ; 3b. Eﬁe offaeh
represents th Be GylQusty dehined  SAUERFE AU @8 SOVSHAULARYry, and
t he previousl ythdedrrowdfrom the back pointer offset byte 218 in FIGURE 3c to
15 the.sequence length byte 212 in FIGURE 3b. Using the coding
scheme illustrated in FIGURE 3, the locations of the basic data
types: bytes, words and long words within the data section; may
be easily determined by the loader 40 (of FIGURE 1) by traversing
the entries in the swap section 146. Longer data units: words,
20 long words and pointers, may be found and byte-swapped, if it is
necessary to change the endian format of those data units.
FIGURE 4 is a memory layout diagram illustrating an exam-
ple of a data section 144 and corresponding swap section 146
coded according to FIGURE 3. In FIGURE 4, portions of the data
25 section 144 are illustrated on the right hand side of the figure, and
corresponding sections of the swap section 146 are illustrated on
the left hand side of the figure. Bytes forming the entries in the
swap table are illustrated as horizontal rectangles. Some of the
bytes are logically divided into portions, indicated by vertical lines
30 within the rectangles. The bits comprising each portion are illus-
trated above the swap section 146. Each horizontal rectangle in
the data section 144 corresponds to an aligned long word in
memory which contains four bytes. These bytes, B1, B2, B3, and
B4 are illustrated above the data section 144. The addresses on



sequence entry. This offset points to the sequence | ength byte.212 in the
previ ously defined sequence entry, as illustrated by the arrow fromthe
back pointer offset byte 218 in FIGURE 3c to 1 5 the sequence | ength byte
212 in FIGURE 3b. Using the coding schene illustrated in FIGURE 3, the.

| ocations of the basic data types: bytes, words and | ong words within the
data section; may be easily determ ned oy the |oader 40 (of FIGURE 1) by
traversing the entries in the swap section 146. Longer data units: words,
20 long words and pointers, may be found and byte-swapped, if it is
necessary to change the endian format of those data units. FIGURE 4 is a
menmory | ayout theagftofi ¢daks of athenfjrstnsisx alighed dong wodds arsaneamintal44 and

correspondi ng ;§ (o] d GRG I
portions of tﬁewgﬁa&eq}dlggtgﬁggglmﬁgﬂs Eg?rag eghon t z"’h‘% Eﬂcﬁ‘ejﬂé si de
of the figure, anaﬁgsgm cosaHanntp §B%t¢45ﬁsse@ﬂl°t“he b prsangengnt1 26

illustrated Orvdriwblbef)tpd@al&dttﬁndeaai mlu@ufatawaﬂxgxﬁ)dt @6ng owbrd dist he entrl es

in the swap & abl.e il L uskh s horiz ntal It gnal es

bytes are | gllgg}qa?ecgl{y 8ecsiﬁ ?ﬁ gp’tt?o‘fﬂla 1‘T’le"‘ca ed °rfy v‘ngqSV&FIaBFehes 30
wi thin the reconsigting of Thwo laduelmngnhytss ng ‘dacHoper long werd vatiable, t r at ed
above the SV"ano‘iﬁgsttin?‘ o%“ﬁwur@t?ﬁ&rﬂﬁgoﬁﬂékmanﬂeﬁt'qﬂg &r 'angbﬁﬁefjaél section -

144 corresponds t | n menory i ch €ontai'ns Tour
bytes. These HANSISULE of pdoupd J‘& BOYEE i || usirated above the data

slect | 03 I144 The adIiBi@Sfms s:mtah gried’ l?rt@ welds f thacdatafsdckionf I1445Ejoﬁl X

al | ghe (0]

ol oned, | ando RIGORY 4, Folbin; fadiahids St Wine pAtkrds B B ST 7
arrangement oftypesias aeg iilbsteatedpiss the table 202 Hni FIGVREt3d alhgned | ong
word is 5 indigag gﬁiat'ibh@"OB thi&i%h?‘ "Byt 6n k! ﬁgh? ofathe\/\hrfsprsu@ weg dyords

vari abl-e, consi st ni ng byt es; or..a
vari abl e, cons?¥t ﬂ?fg ‘b‘?mé’ﬁ‘hro alh%ipat an dhe a%e%ww‘msofon% PRIk er, al so
consi sting of dleorasidjlostratey] lint the. table 202st six aligned Iong words in the

data sectiongl44 ofppe fipgt entry in the swap section 146 corresponds to the
first aligned long word in the data section 144. That aligned long
word is at address 0x0000, and contains four byte variables "B".
The binary coded representation for this pattern is “0", which is
coded into the three most significant bits, 7:6:5. There is only one

20 such consecutive pattern, so the number of repetitions is 1. The
number N, coded into the five least significant bits, 4:3:2:1:0, is the .
number of repetitions (1) - 1, or'0. The next five entries in. the
‘swap section 146 correspond to the next five aligned long words
in the data section 144 and are similarly coded.

25 The next illustrated entry in the swap section 146 corre-
sponds to a pattern in the data section 144 which is repeated
three times. In this case, the repeated pattern is a word variable
W followed by two consecutive byte variables B. This pattern is
represented by a binary coded value "2", as illustrated in table

30 202 of FIGURE 3. The binary coded value "2" is stored in the three
most significant bits 7:6:5. The number of repetitions, in this case
is three. The number N, coded into the five least significant bits,
4:3:2:1:0, is the number of repetitions (3) - 1, or 2.



1 0 FIGURE 4 contain variables in the same patterns of basic data types as
are illustrated'in the table 202 in FIGURE 3a. The designations "0" through
"5" on the right of the first six |long words are the nunber of the pattern
in the corresponding long word, also as illustrated in the table 202. 1 5
The first entry in the swap section 146 corresponds to the first aligned
long word in the data section 144. Thatygligned |long word is at address
0x0000, and contains four byte variables "B". The binary coded
representation for this pattern is "0", which is coded into the three nost
significant bits, 7:6:5. There is only one 20 such consecutive pattern, so
the nunber of repetlihe @extiiflustratece eptiypdn the swapdseatian tI46 fconsisteeaft
significant biffve cbn3edutive. bytest AfidNEePIesett heRRdatdéPsequbhce df or 0.
The next five entries tl.ﬁ.the swa%CsectJ 2?9“146 corre%s‘{)uﬁﬁnd tP th ext five
al i gned | ong WEHGEDS.n (AL FEAUCTCR (OG!S NG SPBSCqUive,AIgng g 25 -
The next il usvomisedonrtaining the heansevguatterns i wdrlb vaoiabte Wpdollowied by
pattern in tsh a i .an 4 i K- t tq I S
case, the rtespgg?egagg teir‘}r% Pé&a‘)\;\ygra grk\/sarﬁ} aﬁ@ﬁﬁg{’ﬁé&ga BgE%nv\& 1 n%?ecut ive
byte vari abl edoBg Wiord eontaiing the Qatesanebdws @nseeutive cwaed Xatiue " 2",
as illustrategblés Wbl nd3 this2{}2 feflowe& B ah aﬁ?ﬂeal Iy wisrdedomaldifig' 2" 1 S

stored 1t he 0" GsufRtbesd SIhE SOR Visahid ;ST SeBORREL 12 rcpRBi | LOn
bits, 4:3:2:1ltwicé.s ihetheuebenespéndiageentryoirs the)swapl,sestiod. 146, thé The
e U A i R C ST 84 00E Nk ol A uARERECL 10
of two conseclifsvd:Gbi gncld FIGYRB AR coh £ivsi legst signifigantobits ar: a word
variabl e Wfoldodeddwith & tn\ummnlsecet?]daletd)xhe manhbab|ofsrépetitivng o thel | owed
by an aligned | ong worgd contalning t.he of .consecuthl ve wor d
vari- abl es Wseiﬂgn?em 2’ % *l Hst IBngﬁbﬁ ed \tno Wit ¢ ﬁt'é‘ln\ﬁgﬁb t he
pattern of a INnig the dumberadf gepetitivns (2pqu@noe 0.s Theenaxtdbyte contains
15 the binary- coded number of entries representing the length of the
sequence - 1. In this case, there are three following entries
describing the sequence (as will be described below), so the value
stored in the sequence length byte is the number of entries (3) -
1, or 2.
20 ‘The three following bytes describe the sequence itself, coded
as illustrated in FIGURE 3a. The sequence illustrated in the corre-
sponding section of the data section 144 starts with two
consecutive aligned long words, each -containing the pattern of a
word variable W followed by two byte variables B. This is two
25 repetitions of the pattern numbered 2. Thus, the first byte
describing the sequence in the swap section 146 has a 2 in the
three most significant bits 7:6:5, and a 1 (number of repetitions
(2) - 1) in the five least significant bits 4:3:2:1:0. The next aligned
long word in the sequence in the data section 144 contains the
30 pattern of two consecutive word variables W. This is one repeti-
tion of the pattern numbered 3. The byte describing this pattern
in the swap section 146 has a 3 in the three most significant bits
7:6:5, and a O in the five least significant bits 4:3:2:1:0. The final
aligned long word in the sequence in the data section 144 contains



twice. In the corresponding entry in the swap section 146, the 1 0 first
byte contains a binary value "6" in its three nost significant bits 7:6:5,
as in FIGURE 3b. The five least significant bits are coded with a nunber N,
equal to the nunber of repetitions of the sequence -2, as illustrated in
FIGURE 3b. In this case, the nunber N is the nunber of repetitions (2) - 2,
or 0. The next byte contains 1 5 the bi{pary coded nunber. of entries
representing the length of the sequence - 1. In this case, there are three
following entries describing the sequence (as mﬁll be descri bed bel ow), so

the value stored in the _se ue ce.l engt nber of entries (3) -
1, or 2. 20 the patfgen of acsin el!)%gtg"%?f §“6 eFP el OF6 Hepsatitioge| f |

codeg as illust rthéeﬁamernFlnGdREerSd 4Thérlw¢5&60¢e80kihlﬁgrﬂilECbattbrhhﬁx corre-
spondi ng sect jon t ar, t ve

al i gned | ong é\l\% 5‘9’ egg(; a| n| tdﬁﬁ ﬁ‘[ éltr“f\e W&t &gﬂ vari ;@Fé

fol lowed by tWé:hyesdvarQ abl@@ Bveﬂnast |S$Itlﬂ@al.2‘5bltép’éft3| ilghs of the pattern

nunbered 2.5 Thus, Th@enéitr muétYétﬁddéﬁﬁ'S" i QHetmaﬁeéHéﬁBﬁeMB E&?sx&é’aef
section 146 has 2 in th hree nost Signifi.cant” bt :5, and a

Crorber of v oBEe (bYiste 4T repISsents thect AeReHOas of Jher SEARinG Just
4:3:2:1: 0. Theesveitedalin gthed datangevtdon! 144.t hThise guenyc én i thet swaplageztivnct i on

144 cont ai nstli%ﬁ o?gq{lﬁa&’hﬁr? B%t %”B&?ﬁ%%cut tme ﬁé\b{h@ gﬂ,;e 0§§ Y%rh}:h' S is

one repeti -
pattern in t h@agﬁ\dptssgc@l on T fhees leass $18ntfllféa"tthglé% 4idk 1{9 Qﬁmall%aﬁhte bits

7:6:5, and] g ﬁum'bei'h@f teyaxtt@t@sst(3§lgnléﬁ qantTlta tnexé B3ite: doftainkhgn f | nal
al i gned | ong ta,section 14

the pattern o%{ée% rﬁgtﬁepﬁﬁguenﬁac%awlgg I %‘E thep Seqpencs;, "'%‘Be?’t’ﬂ? of of the
patt ern nunbethed efitry Thethzy tsevape sectidm nti6G Hins whach ethe sequemeeswap secti on

L4000, 2 B B8 g, YNHER"Sy by Sl By 800 saflehd 10 1 vE
swap section lengthohytest(sontaining RA)t &, thenprevpnslye illystratede eptiyetnt i ons of
the sequeng§ thstswap section 146. _
In this manner, the type of variable contained in every byte
in the data section 144 is represented by a corresponding entry in
the swap section 146. The swap section 146 may be generated by
the postlinker 20 (of FIGURE 1), as described above, by analyzing
20 the symbol table 122 and generating entries in the swap section
146 representing the basic variable data types making up the
variables referred to in the symbol table 122. The received swap
section 56 may be analyzed by the loader 40 and the longer data
units in the received data section 54 located and byte-swapped, if
25 necessary, to convert them to the proper endian format.



described in the data section 144. -This entry in the swap section 146
begins with a byte containing a "7" in the three nost signif- icant bits
7:6:5. The five least significant bits 4:3:2:1:0 contain the 1 0 nunber of
repetitions (3) -2, or 1. The next byte contains-an offset representing a
back pointer to the sequence length byte of the entry in the swap section
146 in which the sequence was originallg descri bedmmnmsllg mﬂ"m an arrow
to the sequence length byte (containing 2) in the I rat ed
entry in 1 5 the swap section 146. In this manner, the type"of Svatiable
contained in ry.byte in the data section 144 is_ represented by a
correspondi ng&Mi n the swap section 146. The swap section 146 nay be
generated by the postlinker 20 (of FIGURE 1), as described above, by

anal yzing 20 the synbol o ad t he swap
section 146 repr esentl ng ?‘ﬂl a5| 2 \[/&girnlggﬁglgéa?gm?%é?sﬁrlal ggup t he

vari abl es refdistidbutesl i gpmputesy systematamprising:The recei ved swap section

56 nmay be amal yzed; et |stadRn ‘b@nﬁ)ﬂﬁei h®r! geﬂ@trau@hgt @ggﬂmts in the

recei ved data secti cgn 54 Ioc ed an e swapped necessary, to
convert t hem FTEHE Hieop MG nm,c s 20 1. A nul tinedia
transm ssi on system i ncl udi rg d’ntajlﬁt:tmhutmmmsi}mgt er phyraligmofcdaw i sing: a

central |ocation conputgtf OEa&?Qﬁté‘tﬁrﬁg ‘Félﬂgab{lé e@f; %Eitnll nf‘ Mé‘é

including: a data sectiqn, ni esth data
unit being one of a m rﬁb%ﬂnﬁiﬁédﬂégs%@ea d&ﬂﬁebrﬂaﬁa almit,aea@h dengeradatani t

each |ongerpdata unit cenier é6mpeistng®! &' gluraNt JOfoﬂﬂrﬂixﬁHm:ﬁdddm%HlS data

units; and a swap Secu% cogggrlsrﬁp ata identifying | ocations of

respective | onger data t ¥t A the data section. a renpte Iocation

conputer system responsive a swipe seotiohe compprsiagt datas ddentfidhg bow-

containing a |oader fory ?ﬁ“f r&cﬁbﬂ% ! BStaagis e qnseg@pgh&g sE@ﬁoﬁ“ ni mum
a sinth at

addressabl e data units o ta unit a section ‘at
| ocati.ons identi f|%dfef59f°ftehé° m.wmwétegww%@@tteéﬁon&w& to the

15 module representative signal, and containing a loader for
extracting the module and swapping the minimum addressable
data units of longer data units in the data section at locations
identified by the data in the swap section; and

a transmission link, for transmitting the module repre-

20 sentative signal from the central location computer system to the

remote location computer system.

2. The multimedia transmission system of claim 1
wherein:

25 the plurality of minimum addressable data units in a longer
data unit are arranged in a predetermined order in the data
section; and

the loader swaps the minimum addressable data units of
longer data units by reversing the order of the minimum .address-

30 able data units.
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a transmssion link, for. transmttlng t he nodul e representatlve signal from
t'he central Iocatlon conmputer systemto the renote Iocatlon corTrru‘rer—% '

system 2. The nultimedia transm ssion system of cI t he
plurality of m ni mum addressable data units in a | onge ME Heuua
arranged in a predertnined order in the data section; ps

the m ni num addressabl e data units of 2dnger data uni ts by reversing the
order of the m ni mum addressable data units. 3. The mul ti medi a
transm ssion systemof claim1 wherein the transm ssion link conprises: a

transmtter in the,cent tian conputer. syste a_recejver in the
renote | ocation co?n:)ut Tﬁ%y gﬁ{fle’gﬁ% 2 %Pbsﬂq eSYPHW, Ot {]ﬁVQdibet ween t he
transmtter awhereimeither traasmissi®he limki tdomepliises:r ansni ssi on system of claim
1 wherein: the cengra,langﬁ 11 qﬂ E%téﬁftrélomdt c?: Efej%fterhe' evi si on

vi deo and audi o mgﬂr;als an transmtter Turt es a nul tiplexer
for combining the Eﬁﬂeéverreb‘ie nfemPle loratian WWB“E%eSYiiPE\n anédn vi deo

and audi o sfgnal s aosdtelliveatink)deovpliedebetwtai abei vansMitter cafgosite
signal; and e%eéivt ge renmote |ocation further conprises a denultiplexer for
separating t hE V&¥1 si on vi deo and audio si gnals and the nodule fromthe
recei ved conposite AVI signal, and utilization nmeans for the tel evision

video and audio signal sTpe. muluﬁlercﬁﬁetrﬂﬁémié%%xvcﬁﬁgerﬁ 6?%%' gcation
conput er systerpge[ conprising: a source of a signal” nodule including: a data

section, compMI§¢Ma plurality of data units, each data unit being one of
a mni mum addr essatﬂee otatml uh:chtmnd fwrthmgmnplases anisburceaof tedeigiordat a

uni t_conprisi ggyg, péng!;aaudié! ﬁlgnﬁl mtfi‘é’d{r%?ﬁﬁﬂké’r ?&Etﬂ?i’ Géc{rﬁpx& {5? g swap

section, conprisin den | 6cat i ons of | onge & within
the data sect PoHti reufnrtmnbmpgsébmmd@&pmpze%emapvmswabfwmr| es,

ga;:h ent:y ' nﬁ}éﬂibrﬁlﬁoﬁoﬂde%n aR@Nhadid 3 nlciifé ol ﬁﬁ('ijﬁ'efﬂ/' Rg S pattern Of_
aﬁdaaulmoafie\rM RO A RATRERRU Y, AV orempdatie; SlEnotRer for
the remote location further comprises a demultiplexer for-
separating the television video and audio signals and the module
from the received composite AVI signal, and utilization means for
the television video and audio signals.

20 5. A receiver including a remote location computer
' system, comprising: :
a source of a signal module including:
a data section, comprising a plurality of data
units, each data unit being one of a minimum address-
25 able data unit and a longer data unit, each longér data
unit comprising a plurality of minimum addressable
data units; and
a swap section, comprising data identifying loca-
tions of longer data units within the data section; and
30 a loader program resident in a remote location computer for .
conditioning said remote location computer to swap the minimum
addressable data units of longer data units in the data section at

locations identified by the data in the swap section.
DA
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conditioning said renote | ocation conputer to swap the m ni num addressabl e
data units of longer data units in the data sectionat—toecations identified
by the data in the swap section, wherein a pattern_of data units within an

aligned long word conprises one of: four consecut| ’mwwm’mujHMHlﬂ a Iong
word vari abl e; and a conbi nation of byte variabl es bl e .
The receiver set forth in claim5 wheréi2 the signal modul e "sodr c&

conprises a detector coupled to a transmssion |ink, for detecting a signal
i ncluding the signal nodule. 7. The receiver set fort hinclaimb5

e o e gner e 0 R dalbd Sy RE S5 B P! RIS Klgal” ot
separating si gnedulepgonree commprises aetletectorogoupliso tanal uammlmgndmk and a

utilization ”ﬁ’@f‘sdét@étlﬁ@earﬁgﬁil\/‘?ﬁ’clhair@”tﬁéOﬂgﬁhﬂ‘%ﬂod’tﬂ‘é audi o signals. 8.
The receiver set forth iTn claimb5 wherein: a m ni rum addr essabl e dat a

unit is a byte variable; a longer data unit is one of a word vari abl e
consisting & two Wyt es Thendeeeivangewwdorthyar icdiine $onsherdeimg of four bytes;

daL e L 2re, oLOnRE hbdibee daaP firll iflBRed) AR Shicihign,

consecutive ali ne& recerv
wher ei n t he swigegeand (ﬁr\ldﬂgrﬁlﬂéﬁlséoamh ses a plurality of entries

i denti fyi ng dat a Ufthéssyﬁeﬁh Sﬁ‘ﬂtlféiceoﬁf ri¥els 038 ehfil6ipIOL s fbp §égﬁrgﬁﬁ
secti on. 33 rec ,ver, se er ei,.h each

9
repetiti on S A ‘U%S eqﬁ??’y tﬁ%ntﬁrqvé%‘gnaﬁl‘grﬂ c8Rdig r??gfbalﬂaﬁ
representi g0 altﬂmtxqummems dbf sthie trecdiled pteée/vlsum sadee naed rzanhesent ative
entry, and said hg pder is responsive to said back pointers for swapping the
m ni num address§ € data units of longer data units in the data section at
| ocations identified by the respective sequence. 11. In a nultinedia

transm ssion systerg, a CEH¥ frateiveEcakt Forth in claim 5 wherein:
a minimum addressable data unit is a byte variable;
15 a longer data unit is one of a word variable consisting of two .
bytes, and a long word variable consisting of four bytes;
data units are stored in the data section in an aligned
manner in consecutive aligned long words; and
the swap section comprises a plurality of entries, each enfry
20 including a portion containing data identifying a pattern of data
units within a corresponding aligned long word in the data section.

9. The receiver set forth in claim 8 wherein the swap
section further comprises a plurality of entries identifying data
25 units in a sequence of aligned long words in the data section.

10. The receiver set forth in claim 9 wherein each
sequence repetition representative entry comprises an entry
containing data representing a back pointer offset to the previous

30 sequence representative entry, and said loader is responsive to
said back pointers for swapping the minimum addressable data
units of longer data units in the data section at locations identified
by the respective sequence.
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corrputer system conprising: a source of conputer programdata conprising a
synbol table in an object file; a postlinker, coupled to the conputer

program data source, for scanning said program data data
nodul e conprising: a data section, conprising a plu Bﬂmﬂmpﬂlﬁm its,
each data unit being one of a m ni num addressabl e ‘data uni onger

data unit, each |onger data unit corrpri§| ng a plurality of m ninmum

addr essabl e data units; and responsive“to the format of data in the data

section, generating a swap section, conprising data identifying |ocations
of longer data units within the data.section. 12. The nmul ti nedi a

transm ssion systfam setTherrebeiver cde fﬁrth'Umf chaime 8 Mfmélinshnpaﬂ%m ((j)f
transmtter, upl.e trans 0 the data
maure, 15, GHRRuRGs Pt A 2l g, Wordl ShrBRRCRR B L' e 5,
further conpri si ngfour coBsecwsing chytef vaslabléssi on vi deo and audi o signals;

and a mul tipl exer, ywouRlidchve "By ke|v%Y1'a§lé%n féllG%H 52uacevoran0 igBRONSI ve
to the nodul e, for gener at | nqgs %l 05|te Si i ncl La m)dule
d

and the tel2visiord W8 Wehabx. ¢ o consﬁcatwm Bywed.
transm ssi on syst efwo | eonsedutivea wamdt vakiabtespuard system a renote corrputer

system and a tranﬁ%r\ﬁil wggnbaﬁggﬁ ed between the central conputer system

and the renote co net hod for operating the central conputer
system conprising the steps of: generating an object file containing a

synbol table; scanppng tmea qhnﬁﬁheaial QrimsiiRSRINA g semP @ Rntrat! uding a
dat a sectlnﬁ ontainin | ural i %x%/ of data units, each data unit bei ng one

of a mni 0o A9 P aSYHEML 2 AMPIIYAger data unit, each |onger data
unit conprising a alsowkcet gf cdomputeni prograndrdassabl e data units; scanning

Lhe syrbol 1200, L SGRSRILE, 2ol I6CLhibide BRGNS die SiRg, sect! o
section; for scanning sa1d program data and generatmg a data module
comprising:

15 a data section, comprising a plurality of data
units, each data unit being one of a minimum
addressable data unit and a longer data unit, each
longer - data unit comprising a plurality of minimum
addressable data units; and responsive to the. format of

20 data in the data section, generating a swap section,
comprising data identifying locations of longer data
units within the data section.

13. The multimedia transmission system set forth in claim
25 12 further comprising a transmitter, coupled to a transmission
link, for broadcasting the data module.

14. The multimedia transmission system set forth in claim
13 further comprising:
30 a source of television video and audio signals; and
a multiplexer, coupled to the television signal source, and
responsive to the module, for generating a composité signal
including the data module and the television video and audio
signals. R
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generating a signal representing the nmodule; and transmitting the nodul e
-representative signal to the renpte conputer system vi-a—the—transm SSion

link. 15. The nmethod of claim14 in which the central co t t
further includes a source of an audio signal and a souﬂﬂﬂ!ﬁﬁﬁﬂiﬂ\‘ﬂm“w
signal, further conprising, after the step of generati s *
representing the nodule, the step of gyltiplexing the audio signal, the
video signal and the nodul e representative signal to forma conposite AV
signal. 16. In a nmultinedia transm ssion system including a central
conput er system generating a signal representing a nodule which includes a

data section conpt3si rbhex poltimedia todnsgaissiomnisystenzaggt fenth imiclaisei ng one
of ‘a mni mu b hutef tproffard HRHAIS6utd! & UWidymiSackablenger data
unit conpri ggg‘gggﬁﬁrg i ?’S’h@ rr% rﬁ ngm addr essabl e dat a-Snyni ts, and a swap
section conp# ﬁbdg‘:tdﬁltl%c identifying |ocations of longer data units within
the data section; a renpte conputer system and a transm ssion |ink coupled

bet ween 24 the; genty al .S . t ut ef..system
for transrr?tti ng {ﬁe n%’dd’l égﬁ’ggﬁgélean#%hs\%@ggna?“%?g%htghfeaggn%rg?ﬁcorrput er
systemto theal mmnpumnpyﬁtem,systmt%cmmgffﬂst@peﬂaﬂi Ag the renote
conput er sysgafymedEibh Sling TcBﬁPfé@ﬁ%tﬁlfe'enrQH@' Yertall R F esystem
representative signal; extracting the data segh(gn from aple gﬁﬂu' e

repr esent at i 324 sthGnAPMOLS  GoRpRIRY shdelnp TEthod for, SReTatieg, Jhf)| o
repLelsent at | yentsalgrampiitenvsysiemg coheprikinhg the tstepswafp secti on; ?ndhfor
each locajpon in c i #en . c i ne of the

| onger datg uni t,s,é&i r_gﬁﬁgngﬁt ég%%t nﬁ%u%bétfgﬁle@ng?gﬁﬁg?a&mﬁ,s of the one
of the |onger datscamning the objest sfiley te ngensrater apmadide MnglydiRgadidr essabl e
~data units igatahQetB@OREoftaimng N tplutdlity ofh@ataeuhitd, @achl data éfit i n which

Ui of Vi deof DAV 90y BY (AR BB RSB CAbIRLpatio N ARACE SongeE ABnent the
modul e repr easait aéaichelcsﬂmaﬂamﬂdmd;brmmprisiggfalrplhlealityomgomemtisimlupr esent i ng
ahvi dteo sigpghdg&qag& a0 ﬁfi&r;‘al , Wherein the receiving step conpri ses
the s e.ps ' scanning the symbol table to generate a swap section in the

module, the swap section containing data identifying locations of

longer data units within the data section;

generating a signal representing the module; and
20 transmitting the module representative signal to the remote
computer system via the transmission link.

17. The method of claim 16 in which the central computer
system further includes a source of an audio signal and a source of
25 a video signal, further comprising, after the step of generating a
signal representing the module, the step of multiplexing the audio
signal, the video signal and the module representative signal to
form a composite AVI signal.
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recei ving the AVI conposite signal; separating the audi e—g—gnal—een@gnerm_
t he video signal conponent, and the nodul e representative si ﬁ“m conponent

fromthe conposite signal; and supplying the audio si gnH"lm I’W Ilﬂﬂm

video signal conponent to a utilization neans. 25 18
transm ssion systemincluding a cen- tral conputer system generat| Ag &
signal representing a nodule which inclugles a data section conprising a
plurality of data units, each data unit being one of a mninmum addressabl e
data unit and 5 a longer data unit, each longer data unit conprising a
plurality of mninmum addressabl e data units, and a swap_ section conprising
data identifying | dfati das2omultmasia duansmissien wystem ineludings as&en-t i on:

ge;] tepglt ecgonﬁgtﬁr c%st Y RET ﬁ tg%ﬁ@fdgldégg'é)fhlghﬂk repte@taﬁdngehwaﬁm” étrtléren i
S |
the modul o 1 eptBiS %f%ﬁpeasswﬁit "SeCBiR: FaMDtihe, s auNEAE) of Hath PEEN ne
‘renpte conput exachy datamundt m:lt@cbtt&)rofopenammgmt lRddresseble datgpwinét amgdst em
conpri sing tj;eag St Qlfaar\ﬁﬁ xa&g 1&1?@{@91 ki RIS atg e%mt ofl S

extractlng t sectlion e repres
extracting t hénmwmeédﬂtﬁfs#b)@mdta% Yritsy| and ebr&‘géﬂt sgqtiqn sqogmmsmg

traversing thejfat Rienti ?ﬂ@ 8B4 GEC lofolong@ndd2@ units tmm@aﬂi& daeatseen in
the data section identi '

ed as ct%nt alning on aof ttge on erwi(atca uqlﬁfs,
swappi ng the M mAnTSRIAECOIRPehSr oMy | N2 rARSTHSSIER iRk eBRBlad oa o
units. 26 IsetweEhe thet beniralf coinaputer 18ystem mdcrthe heemptmalonyputer at ed
10 system, for transmitting the module representative signal from
the central computer system to the remote computer system, a
method for operating the remote computer system comprising the
steps of:
receiving the module representative signal;
15 extracting the data section from the module representative
signal;
extracting the swap section from the module representative
signal;
traversing the data in the swap section; and
20 for each location in the data section identified as containing
one of the longer data units, swapping the minimum addressable
data units of the one of the longer data units.



by the central conputer system is an audi o/video/int er—aeﬁ#e—fﬁ%‘l—)————

conposi te signal containing as a conponent the nodul e representati | gnal
and containing further conponents repre- 5 senting a viB “ ,l“‘UE ﬂ“ﬁ .
audi o signal, wherein the receiving step conprises the o '3 ng -

the AVI conposite signal; separating the audio signal conponent, the video
si gnal conponent, and the nodul e repres2fitative signal conponent from1 0
t he conposite signal; and supplying the audi o signal conponent and vi deo
signal component to a utilization neans. 20. The nethod of claim18, in

toven the o uraly (g g RO ROSERS PR SpChR M el s BOBRG o
step conpri sesbY hthesteantegl compuiengsysiemorigepnopudind vidag/iniaracdiveessabl e
data units in (AVI) QuaRposifs Rigll containing as a component the module
representative signal and containing further components repre-
5 senting a video signal and an audio signal, wherein the receiving
step comprises the steps of:
receiving the AVI composite signal;
separating the audio signal component, the video signal
component, and the module representative signal component from
10 the composite signal; and .
supplying the audio signal component and video signal
component to a utilization means.

20. The method of claim 18, in which the plurality of
15 minimum addressable data units in a longer data unit area
arranged in an order in the data section, wherein the swapping
step comprises the step of reversing the order of the minimum
addressable data units in the longer data unit.



