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FI EED OF THE | NVENTI ON [ 0002] The invention relates to nultinmedia devices.
Mor e specifically,?thefﬁinvention describes a dahg;packet st ream schedul er
sand pet hods of use thereof. BACKGROUND OF THE | =NTI ON [ 0003] Raster scan

“video transport protocols were originally devel oped for use wth cathode
ray tube (CRT) based display systens that nust take into account the i
fact thagﬁgg%géi%%hgépggﬁgs) is used to physically "paint" the displayed
| mage on . For exanple, a standard definition (VGA) video
image is formed of an active region that nom-nally includes 480 active
di'spl ay 1[0A@% eadheinvertior Felates fognpltimediy deyings.oMase specifically, thao x 480
resolution). In addition to the active region, however, a blanking region
that i s ninverdionplesoribes b datarpaciadt stréams scliedulenandmethodsof dive thérde® si gnal
since it-.represents that anount of tinme that is required for both
hori zontal and vertical retrace. For exanple, each frane of a VGA i nage
(i.e., one full franme being 480 |lines of 640 pixels each) requires
appr oxi ely. DI per line for horizontal retrace and a
peri od of=tiE—¢ . mately 45 line periods for vertical
retrace. In this _way (assum ng one pixel per pixel clock) the video signal
requi r ed [0803r anRgstex scan ¥idep drapspest protaselsuexe grigisally develgped ifer useA i nage
nmust be on the order to 800 pixel clocks (640 active pixel clocks + 160
bl anki ng wiitlxedthaleaay tijbe (CRT® badedrdisplay systema tisqt amist eke into aceonnf the def i ned as
t he bandwi dth of the displayable data over the total data stream

bandwi dt Fctithatad eléa&o%g%ﬁs%ﬁfus&ﬁf’@;{ﬂysﬁa%y 6418 displhydihed B Blideecent | v,
f S 'has.

as. the resolution o i ncréased in order to~ acco ate HDTV and

7 Bnepor Al H7 8RR 50e E Bi6RS bl (VoA ibh Wil SlraBify o v o

active region that nominally includes 480 active display lines each of which is formed
of 640 pixels (i.e., 64_0 x 480 resoluﬁon). In addition to the active region, howevet,a
blanking region that is not displayed but nonetheless is included in the video signal
.since it:represents that amount of time that is required for both horizontal and vertical
retrace. For example, each frame of a VGA image (i.e., one full frame being 480
lines of 640 pixels each) requires approximately 160 pixel clocks per line for
shorizontal retrace and a period of time equal to approximately 45 line periods for
vertical retrace. In this way (assunﬁng one pixel per pixel clock) the video signal
required to transport the video data necessary to display the VGA image must be on
the order to 800 pixel clocks (640 active pixel clocks + 160 blanking pixel clocks).
Therefore, the transport efficiency (as defined as the bandwidth of the displayable
data over the total data stream bandwidth) is on the order of 80% (i.e., 640/800).
[0004] More recently, as the resolution of CRTs has increased in order to
accommodate HDTV and other high end graphics applications, the efficiency of raster
scan video transport protocols have been increased to approximately 90%. by

requiring that the horizontal retrace be limited to 160 pixel clocks (thereby reducing
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requiring that the horizontal retrace be limted to 160 pixel clocks.
(thereby reducing GENSP127 3 PATENT. APPLI CATI ON t ¢ "associ at ed bl anki ng
iperiod). For exanple, given a UVGA image (i.e., 1600 x 1200), the
transport efficiency is approximtely 90% when the horizontal retrace is
mai nt ai ned at 160 pi xel clocks (1600/(1600+160)) Al though raster scan vi deo

transfer (R @dse6ialed bMrkify ferfoll s or(eRBm l&gﬂeﬂsrm@éﬁgt%’ %md, oot require

| arge buffers, they are, ~—however, inflexible int I's essentially

capabl e of displayi Rg.data as it i dere 0005] .In addition to
rast er scalrgggj’ eo"?’%ﬁ?l‘)s{ﬁﬂ%ﬂenﬁy&@86‘?"5’,’13&#{9&@#@&582}&%{‘?}?20“ 15685 18, deo
based systens has created the need for diégi tal video transport protocols.
One such draintaied\at §edpixebeledhs(1646/3660H1 60)oAkhough rasten scin FidEo tB8fdr  or

FireWreTMis based upon isochronous packet transport that relies upon a

| arge buf festoéals atehutficients(on tisef orGEHAT)904) apddornot fequiitalaps BEfférs tREY AEm bi t
rate and nmaintain synchronicity between nmnultiple data streans (such as a

video strgamepddintxbiSRhaifH eSnaM i i i0 strean.
Al t hough i sochronous packet lt r aens er )ror tBS&f§n§r%gﬂ§Mp§§9f§qgl exi bl e
(due to t heerid% e%acket based nature), the large buffer requirenents can be
very cost fy. f 006) Therefore, what is desirable is a data streamtransport
protocol that has the _efficiency (in terns of both transport efficiency
and nenor Y0408 our eaddition; to sastes syanp¥ideq transpas pegtoealsithe emergeree ofr ot ocol and
the flexibility of the isochronous packet transfer protocol. GENSP127 4
PATENT APRigitavidenb el sy raskirEaté ANUENEEORT [ARHAT #idlo wahdoe mbtoeelp! i ng a
mul ti nmedi a source device to a nmultinedia sink

One such digital video transport protocol referred to LE.E.E. 1394, or FireWire™ is

based upon isochronous packet transport that relies upon a large buffer (on the order

of 60Kb) in order to guarantee a uniform bit rate and maintain synchronicity between

multiple data streams (such as a video stream and an associated soundtrack in the

form of an audio stream). Although isochronous packet transfer protocols are

inherently flexible (due to their packet based nature), the large buffer requirements

can be very costly.

[0006] Therefore, what is desirable is a data stream transport protocol that has the

efficiency (in terms of both transport efficiency and memory resource utilization) of

the raster scan transfer protocol and the flexibility of the isochronous packet transfer

protocol.
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device by providing a source device having a transmtter unit coupled
thereto,- providing sipk-device having a receiver (init coupl ed thereto,
sfecejving a source data’ streamin accordance with-a native streamrate by
“the transmitter unit, coupling the transmitter unit and the receiver unit
by way of a linking unit, forming a multinedi a data packet stream forned
of a nunber of nultinedi ting a transport

schedul e for transferri ngsﬂﬁgﬁﬁuﬂﬁﬁgﬁ a agﬁg%@t streamin accordance
with a link rate between the transmtter unit and the receiver unit wherein
the nultinedia data packets are each a fixed size based upon the link rate
and a data streambit rate. [0008] = A nethod of scheduling a transport of
‘a nunber B00TRt a Hackridofioeiplingn multinmedia soareadevize do a midtimediasinkby way of a
data link by sending data packet attributes fromthe data packet source to
the data -&e&,ﬁ, | -%g)%ggﬁ,ri ; ; krhi link bit rate
for each %}’%?a ﬁggﬂram atg dsat%rc ggrﬁrgﬁggfﬁgghgnéfnef‘hﬁ g%lﬁdeﬁgﬁ’ce to the
sink, setti ni‘é‘? gﬁf(k(ﬁt. size for each o th(i'%p%ta str%avns based on the
conpar i ngPTOYRIRE Finkdexice haying g receiyer put coypicd thefelo, feqeiving 3 Sourg i ng at

| east one of each data packet, and transporting the conbined data packets
from t he sitsamcia aceprdance Jitha natiye styeam Fatg by the fmnsavties ¥9Hdi neROUPIBE DUt er
program product for scheduling a transport of a nunber of data packets

bet ween athd atansmitidr axnit amdithe retaivar snitky biaywéiy linkingamnitaformingwk t hat i ncl udes
cogput er code for sending data packet attributes fromthe data packet

sour ce t OmhitfnddRd &awgﬁk%i stithM oA OLd RImB& T nivMimedididalal paskels &id eam bi t |

r{a't_‘e ]EO a dﬁta I'1 nk rate for each of a number of data streans Lo be
For cacn bhonpE A PubRiic k2 Ren SO Sh iR Rl R R PRt o 7€

accordance with a link rate between the transmitter unit and the receiver unit wherein

the multimedia data packets are each a fixed size based upon the link rate and a data
stream bit rate.

[0008]: A method of scheduling a transport of a number of data packets between a
data source and a data sink by way of a data link by senﬂing data packet attributes

from the data packet source to the data packet sink, comparing a stream bit rate to a

e

> data link bit rate for each of a number of data streams to be sent from the source to the
| .) sink, setting a packet size for each of the data streams based upon the comparing |
wherein the packet size is a fixed packet size, combining at least one of each data
packet, and transporting the combined data packets from the source to the sink.

[0009] In yet ahother embodiment, computer program product for scheduling a
transport of a number of data packets between a data source and a data sink by way of
a data link that includes computer code for sending data packet attributes from the
data packet source to the data packet sink, computer code for comparing a stream bit
rate to a data link bit rate for each of a number of data streams to be sent from the

source to the sink, computer code for setting a packet size for each of the data streams
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based upon the conparing wherein the packet size is a fixed packet si.ze,
conputer code for conpining at | east one of each data packet, conputer
’codetfor transporting the combined data packets fromthe source to the
“sink, and conputer readable mediumfor storing the code. GENSP127 6 PATENT
APPLI CATI | ON BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a generali zed

represent i |nt rf 100 i n_accordance
with an eﬁé)g g%ﬁgﬂpﬁorﬁhﬁsﬁiﬁngnven?ﬂ{ g?r?% et%&e ?ﬁpﬂclkﬁféﬁ’ﬁ?@gugrw deo
interface s sten1that is used to connect a V|deo source and a video

di spl ay ufide fopcembme deastonerpf gach gate packet, spmputereedesfoptranspedingavent i on.
Fig. 3 shows exenplary main link rates in accordance wth an enbodi nent of
t he i nventhewombiiicg. date’packetsdrom teisource tkthd aink, patéomhpiter resdublelance with an
enbodi nent of the invention. Fig. 4B shows a main |ink packet header in
accor dancg e fRRtdrRBIRE (gt of the invention. Fig. 5A shows a system
arranged to provide sub-packet enclosure and multiple-packet nultiplexing
in accordance with an enbodi nent of the invention. Fig. 5B shows anot her

i npl ementation of the systemshown in Fig. 5A. Fig. 6 shows a high-1|evel
diagram of the nultiplexed main |ink streamas an exanple of the stream
showmn in Fig. 5. Fig. 7 show another exanple of a data streamin accordance
with the invention.
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Fig: 8 shows yet another exanple of a nultiplexed data streamin accordance
w th an enbodi nent' of the invention.: Fig. 9A showss a representative

'sSub- pdcket in accordance with an enbodinent of the invention. GENSP127 7
PATENT APPLI CATION Fig. 9B shows a representative nmain |ink data packet in
accordance with an enbodinent of the invention. Fig. 10 shows an exanple
of a sel eﬁﬂﬂﬁESéﬁlﬁﬁ@ﬁéMﬁﬁﬁRﬁWG Fig. 11 shows an exenplary |ink
training pattern in accordance wth an enbodi nent of the invention. Fig.
12 shows a representative system having a data stream scheduler in
accordance wth an enbodi nent of the invention. Fig. 13 shows a nore
detailed portion of the data stream shown in-Fig. 12. Fig. 14 illustrates
t he additi on ofFigalfshaws h gareralized repaesentatian 062 denss platfotrh displaydnterfacerent  of
the invention. Fig. 15 shows a degenerate case of a single unconpressed

dat a str eaon inaccardanéedwitl én ¥nbbdigieneofhé inentiof the invention. Fig. 16
shows a video display based upon the degenerate single data stream shown

in Fig. 15. Fig. s_%\ﬁ : id,d or _scheduling a
nunber of dat aglgétl?%ams |lr?gté%%%ﬁgg‘yelltgﬁcﬁs#ﬁ%r@é@%%ﬁ?éﬂ%@i nventi on.
Fig. 18 shows a flowhart detailing a prpcess; for formnpng the |link data
stream i Hd5@ SOHTER Videe display H‘B’(Sg‘? ?f'i?ﬁfdoaBF"WfL 3 phymbaedigents of '
illustrates a logical |ayering of the systemin accordance with an

the invention.

N . .o . . .
iJ Fig. 3 shows exemplary main link rates in accordance with an embodiment of
) the invention.

‘Fig. 4A shows a main link data packet in accordance with an embodiment of
the invention.
Fig. 4B shows a main link packet header in accordance with an embodiment
of the invention.
Fig. 5A shows a system arranged to provide sub-packet enclosure and
multiple-packet multiplexing in accordance with an embodiment of the invention.
} Fig. 5B shows another implementation of the system shown in Fig. 5A. -
) ' Fig. 6 shows a high-level diagram of the multiplexed main link stream as an
example of the stream shown in Fig. 5.
Fig. 7 show another example of a data stream in accordance with the
invention.
Fig. 8 shows yet another example of a multiplexed data stream in abcordance
with an embodiment of the invention.
Fig. 9A shows a representative sub-packet in accordance with an embodiment

of the invention.
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enbodi ment of the invention. Fig. 20 shows an exenplary special character
mappi ng using 8B/ 10B in~ accordance with -an embodi Z-ent' of the invention.
'Fig. /21 shows an exenplary Manchester H encoding schene in accordance with
“an enbodi ment of the invention. GENSP127 8 PATENT APPLI CATI ON Fi g. 22 shows
a representative auxiliary channel electrical sub |ayer i nt _ accordanfe \II<VI th
an enbodi nent af | Lon, Fig. 23..5s a representative main lin

el ectri cal sub%fl%i;deifs}{lo%ga&e@%aéa%%b& Wlflllfngﬁ\é\%rmﬁlfﬁ?ﬁ%?ﬁco i twith 3 ent i on.
Fig. 24 shoyws a representative connector in accordance with an embodi ment
of the in\ff'@\lg?’fi’é‘%ﬁmpfﬁ‘.e"z#“élﬁam a source state diagramin accordance with
an enbodi nent of the invention. Fig. 26 shows a display state diagramin

accordance wi t [Figarl Osstriows amexdmit of b beledtiveBitefredhed praphics3rage. 31 i 1| ustrate
vari ous conputer based inplenentations of the invention. --Fig. 32 shows a

fl owchart detafigd, tPeJ,-,gh' | L.on node of the
Interface in afcgo?gz;ﬁ%‘gggf'tgﬁé%‘ﬂﬁg&g% | rrengb%v%n?&e&?ﬁ{/%}r}h 8%?! g. 33 shows
a fl owcha 1] a process for providing a real time video image

qual ity c%’]}elgg‘%l}n%"g%@%'&%ggoﬁth sone aspects of the invention. Figs. 34A

and 34B show a_flowchart for a link set up process in accordance wth an
enbodi ment of F)]:gelz shQg 2 Egpresentative system having a data stream scheduler in

accordance with an embodiment of the invention.
Fig. 13 shows a more detailed portion of the data stream shown in Fig. 12.
Fig. 14 illustrates the addition of a fourth data stream in accordance with an
embodiment of the invention.
Fig. 15 shows a degenerate case of a single uncompressed data stream in
accordance with an embodiment of the invention.
Fig. 16 shows a video display based upon the degenerate single data stream
shown in Fig. 15.
Fig. 17 shows a flowchart detailing a process for scheduling a number of data
streams in accordance with an embodiment of the invention.
Fig. 18 shows a flowchart detailing a process for forming the link data stream
in accordance with an embodiment of the invention.
Fig. 19 illustrates a logical layering of the system in accordance with an
embodiment of the invention.
Fig. 20 shows an exemplary special character mapping using 8B/10B in
accordance with an embodiment of the invention.
Fig. 21 shows an exemplary Manchester II encoding scheme in accordance

with an embodiment of the invention.
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Fig: 35.shows a flowhart detailing a process for performng a training
session in accordance mith an enbodi nent of the ipvention. Fig. 36

vil lustrates a conputer (\syst em enpl oyed to inplenent the invention.

* GENSP127 9 PATENT APPLI CATION t DETAI LED DESCRI PTI ON OF SELECTED
EMBODI MENTS [ 00101 Reference will now be nade in detail to a particular
enbodi nent of the_._invention an exanple of which is [llustrated in the
acconpanyi ng dﬁ‘&mﬁ%@}&qws\ﬂﬁep@seqtﬂé"ei iary Ggnng! Ierecﬂ'écaij&bclﬁ)’%éﬂ in
conjunction.with the particular enbodinment, it will be understood that it
i s not i moeonfiadce with amembodienenhofthe inventian.t he descri bed enbodi nent. To the
contrary, it is intended to cover alternatives, nodifications, and

equi val ent s askigys v ileischutiveldin NE efebirichf subllilyet S9RRoffantble [ nvention
as defined by the appended clains. [00111 The invention will now be

descri bed_j I f hde .Spl ay system having a video source coupl ed
to a vi de‘g‘“@f’-‘%%}‘@?&%@g{@g?&*ﬂbg‘g@y of a packet based digital interface.
Atransmitter unit coupled to the source device receives any nunber of
packetized vi &8 Hhshowsiarepresendative cRBRGCHY i accgrdance withian embedimembut es. | n
terns of the video system under discussion, such attributes include video

format, odflthe infemtidn. etc. The receiver unit is coupled to the source hy
way of a data, or main link, and an associated auxiliary link used, in

part, to tr ansrfig.rzs SRwsla' Vardedtatd diRgthm i AbcoradmBwillan SIS eftOFitE _
receiver prior to the transm ssion of the data packets by way of the nain

' I;’j___r}k. In. '%oway, t he packet headers are used to primarily identify which -
data stream a data packet is associated and therefore can include only a

A . . . . .
trjeam | D, or Qther .such _identifier. In this wa acket overhead is
?U’gst antially I-Sg. WS adi ayog;gpprggalm & accordanceywi?h an embodiment of

the invention.
Figs. 27 — 31 illustrate various computer based implementations of the
invention.
~Fig. 32 shows a flowchart detailing a process for determining an operational
mode of the interface in accordance ﬁm an embodiment of the invention.
Fig. 33 shows a flowchart detailing a process for providing a real time video

i - image quality check in accordance with some aspects of the invention.

R

Figs. 34A and 34B show a flowchart for a link set up process in accordance
with an embodiment of the invention.

Fig. 35 shows a flowchart detailing a process for performing a training session
in accordance with an embodiment of the invention.

Fig. 36 illustrates a computer system employed to implement the invention.
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preserving main |ink bandwi dth for multinedia content, such as video and "
audio data providing an (eff|C| ent packet transport fechani sm In order to
co-ordinate the transmission of the data in the main link, a transport
stream schedul er provides for a flexible, efficient system nmethod, and
apparatus for scheduling any of a nunber of GENSP127 10 PATENT APPLI CATI ON
packeti zed data sDESANLEDSHESCRINEIQN QFSEURCEEREMBODIMENTS annel for
sending streamattribute data from a. source to a sink may al so be

provi ded. [00121 Each data streamis forned of a nunber of associated data
packets whose size depends upon the relative portion of Iink bandw dth

o associ at K0T ERb e B nD8'R fde3R s a BalRule Bl BB\ EST
link bit rate LBR and a streambit rate SBR._ by way of he, fol | owi ng
rel ati onshi fiveption an gxample gmhich is jliysjrated ﬂﬂwpsmnmyw&%?wywa lehacket

size is determned for each data stream based upon the relative bandw dth
of the dat atletineentionomiblebesdbstribed id abmjuhctivn vidin theipatticuldFembodinzen) iewilln t he
case where the maxi num packet size is 64 |link synbols, and the link bit

rate LBR i SpeunéQipeod Bat 139 fotliakin@ed toSiAiShd iBPERIGANS ieCdddastedt si zes
corresponding to selected streambit rates Table 1 Link Bit Rate (LBR)

symiol s SAESUSEHY) TRENayt B el o Rkl AogMERd R

0.25 Gbps/ | gcrlllﬁvglerlltls r;ls< n;s {,nb‘% iudedn \va%maﬂ eg‘falxhganrgescopc otL tﬁ% mvcntxc;]nkasS %(lis

by the appended claims.

[0011] The invention will now be described in terms of a video display system
having a video source coupled to a video sink, or receiver, by way of a packet based
digital interface. A transmitter unit coupled to the source device receives any number
of packetized video data streams each having associate stream attributes. In terms of
the video system under discussion, such attributes include video format, color deptli,
etc. The receiver unit is coupled to the source by way of a data, or main link, and an
associated auxiliary link used, in part, to transfer the stream attribute data from the
source to the receiver prior to the transmission of the data packets by way of the main
link. In this way, the packet headers are used to primarily identify which data stream
a data packet is associated and therefore can include only a stream ID, or other such
identifier. In this way packet overhead is substantially reduced packet overhead
preserving main link bandwidth for multimedia content, such as video and audio data
providing an efficient packet transport mechanism. In order to co-ordinate the
transmission of the data in the main link, a transport stream scheduler provides for a

flexible, efficient system, method, and apparatus for scheduling any of a number of
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[ 00141 The schedul er tine.division nmultiplexes (at the transnitter) and de-

my) tiplexes (at the rece(f{/er)'- the packets of the rrul(t-__i'pl e streans into a
corredponding link data Stream | n the described enbodi ment, the
transmtter reads the capability of the receiver in terns of, for exanple,
the maxi numdata |ink rate, the avail able buffer size and the nunber of
time base rmcketized daEBReamsiover the\dath linkivehekaduxilipry chdnpel foEsSHiny 11
PATENT APPLI CATION transmtter is able to determ ne the nost efficient
transport cQpbiOMfrutddat Rm SIS to aink\Bhy Sld®BEfiteRideddat a streanms can be

accommodat ed by the receiver all without the need to send additional

lnquiries t receivesr. Prior.to ¢q necy @%ﬂz sport,
the transm @pi?]enoflchhggfatsggmpé%g} 3& oggggxﬁpg%nﬁagﬁc% u azésﬁzgcg% v%léo@?n t he
case of video data, color format and depth, geonetry wel | as the packet
si ze associ sizedepens rpaniha relative portiiheh ik bandyrdih FQSEFF&@"&‘WP@”&EQ“&?’ but e
data, the size of the packet headers can be substantially reduced to the
poi nt wher edfis biyeaan.SForeppartitulirsdatesireameichn assavidtéd packelsizet S is relatedtora

efficiency is greatly increased over that provided in conventional packet

based transpatfnih phaePlise MIB, allBR Wit BieIUER bad'h s@any bit®ite SBRY By Ragefdue to

the larger size of "'the packet headers. [0015] In order to provide a basis
for the dis u§s' on. ofr 1tge s' nventive stream scheduler, a representative
digital vid 8@%‘?"8&1?% MW i bed wel | suited for inplenmentation of the

I nyention. [0016] Accordingly, Fig. 1 sh a_generalized representation of
a'-f‘_ﬁacket based digital vi deopﬁﬂ'—s&ﬂa@*gﬁﬁ?%éﬁgb well suited for
i npl erenting any of a nunber of enbodinents of the invention. The
ilntler f ace 1[@®18pnndaottlis avayy apacket sizeris doermined forreacteilate streamibaspd wpgn of  a
physical link 106 (also referred to as a pipe). In the described
enmbodi ment , ¢ha rEMARE ardiwiditod tisd datpdtFeat\ddmpatcddoardata latkechandoridth. Fbe

example, in the case where the maximum packet size is 64 link symbols, and the link

bit rate LBR is 2.5Gbps per lane Table 1 shows reprehensive packet sizes

corresponding to selected stream bit rates

Table 1
Link Bit Rate (LBR) ' Stream Bit Rate (SBR)  Packet Size (®S)
) 2.5 Gbps/la.nc - | 1.0 Gbps/lane 32 link symbols
| s 2.5 Gbps/lane - 0.3125 Gbps/lane 10 link symbols-
2.5 Gbps/lane ' 0.25 Gbps/lane 8 link symbols
InterLaneAlignment (ILA) 2 link symbols

[0014] The scheduler time division multiplexes (at the transmitter) and de-
multiplexes (at the receiver) the packets of the multiple streams into a corresponding
link data stream. In the described embodiment, the transmitter reads the capability of
the receiver in terms of, for example, the maximum déta link rate, the available buffer

size and the number of time base recovery (TBR) units. With this knowledge, the
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transmtter 102 that, if necessary, packetizes each into a corresponding
nuiber pf data packets 114. These data packets are fhen formed into
correspondi ng data streans each of which are passed by way of an
associated virtual pipe 116 - 120 to the receiver 104. It should be noted
that the link rate (i.e., the data packet transfer rate) for each virtua

| i nk can betrapsmitiersdblede deteamingrthe mosteffigigntiransperd gonfeguationrand; whethes
physical link 106 carrying data streanms each having an associated |link rate

(each of  wbi abt subsdqiedtalath dtfeameRhn bé AdBoaARdIa0Id 8/ the eqeeivdt Ay withednt thbe
particul ar data stream. GENSP127 12 PATENT APPLI CATI ON The data streans

110 - 114 Cﬂé}ﬁ @&%wqwaia %%ﬂfiesftQ HPreSHGH. Fhio¥ kod@oqmpglg&gg@gdg{ﬂﬁ%m’ etc.

[0017] Typic en the source Is a video source, reams 110 -
114 include varioys video signgls. that, can_have any nunber and type of

wel | - known TRESPRE: L tEALUSE naRRELP FeseipepREstreay URDUES GHEIARS e EASF e
digital, RGB, or consuner digital video. The video signal can be an anal og
vi deo si gnadf pidey datadcalérefosnatrand depth, géamdtyhssvelbasghé packebsizaassaciatedg vi deo
source such as for exanple, an analog television, still canmera, anal og
VCR, DVD pl @ythifeacls 4te 6trékn., ByconimGhiSiingl thisettribuié data, thetsmaff,thégicképp box
(with satellite DSS or cable signal) and the |Iike. The source 102 can al so

i nclude a dj bl cal : Wl . | sion
(DT, i g fldb o BRSGuRaiiahy radtely RPlk Bhink WNER dhifle et 0 5 BLEKE ' 00 1
any nunber and.type . of wel | own digital. formats sych as MPTE 274M 1995
(1920 x 108@‘ s%?%t“f%‘ﬁ?“s%‘? 85%%%?%38?%? ‘HP@P?%&J&‘ g‘é‘gﬁ’ff’,"“@%@rE 296M 1997
(1280 x 720 resolution, progressive scan), as well as standard 480

pr ogr essi vec‘?s‘ﬁ’&ﬂtl%aéE&kefb@%}fwoﬁmfo@&%lé thgh sequire isubstantially maye provi des an

anal og i mage signal, an
overhead due to the larger size of the packet headers.

[0015] In order to provide a basis for the discussion of the inventive stream
scheduler, a representative digital video system is described well suited for
implementation of the invention.

[0016] Accordingly, Fig. 1 shows a generalized representation of a packet based
digital video display interface 100 well suited for implementing any of a number of
embodiments of the invention. The interface 100 connects a transmitter 102 to a
receiver 104 by way of a physical link 106 (also referred to as a pipe). In the
described embodiment, a number of data streams 108 — 112 are received at the
transmitter 102 that, if necessary, packetizes each into a corresponding number of data
packets 114. These data packets are then formed into corresponding data streams
each of which are passed by way of an associated Qirtual pipe 116 — 120 to the
receiver 104. It should be noted that the link rate (i.e., the data packet transfer rate)
for each virtual link can be optimized for the particular data stream resulting in the
physical link 106 carrying data streams each having an associated link rate (each of

which could be different from each other depending upon the particular data stream).
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anal og-too-digital converter (A/D) converts:an anal og.voltage or current
st.gnal into a discrete Geries of digitally encoded{(nunbers (signal)

formi Ag in the process an appropriate digital inmage data word suitable for
digital processing. Any of a wide variety of A/D converters can be used.
By way of exanple, other A/D converters include, for exanple those

manuf act ur dheldata fareainis 140 —Tid¥aen taketany number offatmgsuchay vides, grapliekt r ee, and
others. [0019] For exanple, if the data stream 110 is an anal og type
signal, thguaw eeal og to digital converter (not shown) included in or
coupled to the transmtter 102 will digitize the analog data which is then

b & m -~ the o hhe
B umber o OCH” pAbishE. PR KGR A8 sofcd e A g FAOSRR o ' ©
APPLI CATI ON t itted, to the. ' 104 by wa ft iirtual link 116.
The T ooei voReIugavaaus VdenBiETBbHGE PateAD bt MADPe RvelmEyR

appropriately reconbining the data packets 114 into their original fornat.
It shoul d lfermats,esich hatorhpuasite ivideoy serial digitalnpagplie] digital, RGB drconsumere st r eam
rates. The only requirenent is that the |ink bandw dth of the physical |ink

106 be hi ghggiediRfdRo! e IR cANBUAN HaldgOfidebasighabprovidd e dourdeel 02

transmtted T In the described enbodi nent, the incomng data (such as pi xel

data i th f A ' ' irtual link
based upon elRtzorieSh0 s hbe RGRIHEE NS CrRabRRPREMGE " 1 F 06"
(or any of the constituent - vj rt\ygg E ks) does no

, s _does,con tional
iint er connedelgvisinanstill camgra, Bi]é}'erd%f%m > Ipser sgt?éﬂ’yﬁﬁﬁsir] cl ock.
[0020] In this way, the interface 100 provides a scal eabl e mediumfor the
tir dnsport dhnerpset top hox(rdthusatellite PSFor aablecignal) apd thedliker Ehedourcgd@2 ot her
application data as may be required. In addition, the invention supports
hot - pl ug evantalsdaheadé ddigital image source such as for example a digital television (DTV),

digital still camera, and the like. The digital video signal can be any number and type
of well known digital formats such as, SMPTE 274M-1995 (1920 x 1080 resolution,
progressive or interlaced scan), SMPTE 296M-1997 (1280 x 720 resolution,
progressive scan), as well as standard 480 progressive scan video.

[0018] In the case where the source 102 provides an analog image signal, an

analog-to-digital converter (A/D) converts an analog voltage or current signal into a

N
S

discrete series of digitally encoded numbers (signal) forming in the process an

appropriate digital image data word suitable for digital processing. Any of a wide

variety of A/D converters can be used. By way of example, other_A/D converters

include, for example those manufactured by: Philips, Texas Instrument, Analog

Devices, Brooktree, and others.

[0019] For example, if the data stream 110 is an analog type signal, the an analog |
- to digital converter (not shown) includcci in or coupled to the transmitter 102 will

digitize the analog data which is then packetize by a packetizer that converts the

digitized data stream 110 into a number of data packets 114 each of which will be
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and automatically sets the physical link (or pipe) to its optinum

transn ssion rate. The {nventi on provides for a | ow pin count, purely
digital display interconnect for all displays suitable for multiple
platforns. Such platforns include host to display, |laptop/all-in-one as
wel | as HDTV and ot her consumer electronics applications. [0021] In

addi ti on t otrpnsmitted taytheireicesvenr] @4 §y avalyiof thegeirtaal litiksidi6ayTheiragemeer 104 okl mat i on
can be enbedded in the digital stream providing essentially perfect and

i nstant di sgedYednsGtuteiht daiteahilng btyfhpgmpﬁdtei)ﬂfecérﬁ&”&ﬁﬂgetﬁe dats Packets
"Auto- Adjust"” and the |I|ike. The packet based nature of the inventive

I nterface p | 1414 t ,Qi'“ ' [, QtL: reans
such as nul ?% nceég\%e%g@%’?%p lff%ast gtsﬁglglﬁs%reglr?t au%dltgéﬁg]f?detg%ss b?(rgg(rrlr‘%ltﬁ medi a
applications. In addition, a_universal] serial bus (USB) . transport for

peri pheral HiematiNFaweam FicHi S99 oYy tegnirerentds thap thediihapdwidih o6t the need
for additional cabling. GENSP127 14 PATENT APPLI CATI ON [ 0022] O her

enbodi nent sphysidah&ink 106 be highedthap theyaggragateftandwidth bf data diream(sktecdbe bel ow.
[0023] Fig. 2 illustrates a system 200 based upon the system 100 shown in

Fig.1 that trhgsmified . R teduREsbedenticdffeROthe GRcodlng amtd (Suckiad pikefapiay unit
204. In the illustrated enbodi nent, the video source 202 can i ncl ude

either or b o] ¥ hgi ledB 8y 1 ed%% an anal og
| mage (or aﬁ{a"pé%’ €£: g%&g%tf}rlg??a?gg&e%g r%%ga‘c‘}aese o?(ﬂtﬂgceiﬁgl gl tgﬁqgtr?age
source 206, a digital. dat t.ream 210 i S pl.ovi to t transmtter 102
wher oas i n EREPRdERRioRn n Risray 7 ol ik L06ks by P e sordMoh  or  unit
212 coupl ed thereto, converts an anal og data stream 213 to a correspondi ng
di gi tal dat ¥irge} beks) does notias deieg Penyentienal infercennectssuch as PN&rapyooessed in

much the sanme manner as the digital data stream 210 by the transmtter
102. The di pixebgataipertlink character clock.

[0020] In this way, the interface 100 provides a scaleable medium for the
transport of not only video and graphics data, but also audio and other application
data as may be required. In addition, the invention supports hot-plug event detection
and automatically sets the physical link (or pipe) to its optimum transmission rate.
The invention provides for a low pin count, purely digital display interconnect for all
displays suitable for multiple platforms. Such platforms include host to display,
laptop/all-in-one as well as HDTV and other consumer electronics applications.
[0021] In addition to providing video and graphics data, display timing
information can be embedded in the digital stream providing essentially perfect and
instant display alignment, obviating the need for features like “Auto-Adjust” and the
like. The packet based nature of the inventive interface provides scalability to support
multiple, digital data streams such as multiple video/graphics streams and audio
streams for multimedia applications. In addition, a universal serial bus (USB)

transport for peripheral attachment and display control can be provided without the

need for additional cabling.
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204: can .be an anal og type.display or a digital -.type display or in sone
cases can process eithe . anal og-or -digital signals 8r ovided thereto. In
any cdse, the display unit 204 includes a display inferface 216 that
interfaces the receiver 104 with a display 218 and a D/ A converter unit
220 in the case of an analog type display. In the described enbodinent,
t he vi deo s[@022F 20RXhemembadimentspf theribeentive displaysnterfacswilkbedigamssednal |
desktop conputer, digital or analog TV, set top box, etc.) whereas the
vi deo di splgyowunit 104 can take the formof a video display (such as an

L]S:D tépe di splay, CRT type Ei splay, etc.). [0024] Regardl ess of the type
. : ink. h : , ]
i gi ti zed (HOZRLcedders Moairles o SRER Zhoohef opo) bR¥PsoB sRORF IR |

physical link 106 which includes a uni-directional nain link 222 for

i sochr onousthatisaised tor eamngctanddes seurcgiZ02and grvadeoisplay wnit 24 dathe 224 for
link setup and other data traffic (such as various |ink nanagenent

i nf or mat i onjllusktated embbdintent,ahe tideo §4UEE) 202¢am ineltde githebet bathm digital vi deo
source 202 and the video display 204. GENSP127 15 PATENT APPLICATION is ...

e [0025] Thﬁné’%h(lB{ !Ihgflkl VAdeo dotrde) 206 Rvd mmgeinihfge%ﬂﬂﬂhloﬁm%urlce) 208.

transmtting e 1sochronous data streans (such as nultiple

vi deo/ graphjcs stre nd ,.nulti-ch I ' | . ri bed
erbod ent . 11 e S gt s fHeialikep perr 08 s B Back BP0 s lpviti O3
channel s, each capable of transferri ng_‘a isochrdonous d {)g streans (such as
unoonpr esseHaRsiBRAT 102 wheress in ke casepbhgspalpe i “ﬁB‘I'IPFg i On¥ETiE
second (CGbps). Froma | ogical viewpoint, therefore, the main |ink 222

-appears as anis Ri2jbauphéd/theretd, coiyests andnakog data strbam 243 taya eomspending  pi pe,
digital data stream 214. The digital data stream 214 is then processed in much the
same manner as the digital data stream 210 by the transmit_tcr 102. The display unit
204 can be an analog type display or a digital type display or in some cases can
process either analog or digital signals provided thereto. In any case, the display unit
204 includes a display interface 216 that interfaces the receiver 104 with a display 218
and a D/A converter unit 220 in the case of an analog type display. In the described

embodiment, the video source 202 can take any number of forms (such as a personal -

desktop computer, digital or analog TV, set iop box, etc.) whereas the video display

NSty -

unit 104 can take the form of a Qideo display (such as an LCD type display, CRT .typc
display; etc.). |

[0024] Regardless of the type of video source or video sink, however, the various
data sﬁeams are digitized (if necessary) and packetized prior to transmissioﬁ over the
physical link 106 which includes a uni-directional main link 222 for isochronous data
streams and a bi-directional auxiliary channel 224 for link setup and other data traffic
(such as various link management information, Universal serial bus (USB) data, etc.)

between the video source 202 and the video display 204.
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multiple virtual pipes cap be established. In this way, |ogical data
str.eang,are not assigned to physical channels rathef,  each |ogical data
streanfis carried inits owmn |logical pipe (i.e., virtual channel described
above). [0026] In the described enbodi nent, the speed, or transfer rate, of
the main link 222 is adjustable to conpensate for |ink conditions. For
exanpl e, in[@28] i nFhemain kok 222 istheselypepdblefof simultaneously trdnsadttingan be
adjusted in a range approximted by a sl owest speed of about 1.0 CGbhps to

about 2.5 Chpgtipieisochanoas dath s@@aﬁpeghmsqhmgw@ézﬁgﬂapmem dndee Fig.
3). At 2.5 CGbps per channel, the main |link 222 can support SXGA 60Hz with

a col or depth,of .18 bit L DX ver i . .1 ul d be
not ed t hat g"#%‘&ﬂwegﬁu@ﬁgﬁﬁaégﬁug%tehr%% cr&%r?@ogmrle &ggga}%{lﬁkgn y the cost
of interconnect, but al so _reduces, the power coaggp [ Lch is an

wh
i npor t ant ¢ #iedudes aaumher of diffesend virtal ehanngls, 636 I Oitfqnw? Tl i cati ons

such as portable devices and the |Iike. However, by increasing the nunber
of channel sidoohfonous dath ktreamss (sudh asur2dmpoasedsgraglocs/ vid@ex@ audipd@akat2048
i mage resolution) with a color depth of 24-bits per pixel at 60Hz. or

QBXGA (2560 mu1eHid Sigavhits Bc@se@&ﬁ@(@lﬁﬁﬁt FrofH a lobfeabliet/pBit, théréfire,dhe Ml ,

wi thout data conpression. Even at the |owest rate of 1.0 Gbps per channel,
onLY L0 ChaAR9%S ket SOULE A S ONSHOAY bR SRRRERIAER RO (o 1,
excoeds. t he PP EGHTE! BIRFaFREP ORI oG BB REH HAAFAPIAE obat a sent
to the interface arrives at the transmtter at its native rate. A tine-base
recovery ( IBignedrp physicalwharhiels rather, cacielogical daga streageisepaieddn ith @Wat r eant s
original native rate wusing tinme stanps enbedded in the main |link data
packets, if lopgepiRs(y.c., vVirmhchandeltdzscribed above).

[0026] In the described embodiment, the speed, or transfer rate, of the main link

222 is adjustable to compensate for link conditions. For example, in one

implementation, the speed of the main link 222 can be adjusted in a range

approximated by a slowest speed of about 1.0 Gbps to about 2.5 Gbps per channel in

approximately 0.4Gbps increments (see Fig. 3). At 2.5 Gbps per channel, the main

link 222 can support SXGA 60Hz with a color depth of 18 bits per pixel over a single

channel. It should be noted that a reduction in the number of channels reduces not

only the cost of interconnect, but also reduces the power consumption which is an

important consideration (and desirable) for power sensitive applications such as

portable devices and the like. However, by increasing the number of channels to four,

the main link 222 can support WQSXGA (3200 x 2048 image resolution) with a color

depth of 24-bits per pixel at 60Hz. or QSXGA (2560 x 2048) with a color depth of

18-bits per pixel at 60Hz, without data compression. Even at the lowest rate of 1.0

Gbps per channel, only two channels are required to support an uncompressed HDTV

(i.e., 1080i or 720p) data stream.
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not ed, however, that foF appropriately configured dégltal di spl ay devices
»232 ghown in F| g. 2B, ‘tine base recovery is unnecessary since display data
‘is be sent to the display driver electronics at the link character clock
rate, thereby greatly reducing the nunber of channel S requi red with a

connensur edugt I n. 1S e and c r _the spl ay. For

exanpl e, @7"] till"ﬁzjf 8%(’@% |aar,n91n|_ e fﬁo %ﬁ‘?’ﬁéﬁr ed in such
a way that no t| me base recovery since display data is essentially

pi pel i ned beadwidth excgedoiis agaresatn bamdvvldﬂsofztga copgituent ¥irtnablinksy Rafadsentat i on
Wth.-row drivers 236 to drive selected display elenents-238 in the array--
240. [ 002%) tHetihrrfacsroiviesaiths trdrsinitiebst its 1wRitive Irfte.c ALME-dasorRcomirpod f or the
link rate and the pixel/audio clock rate. It has been researched and

s Lot LS eyt LBt A, % 3,

X 57 x 111 Hz 91 Thi ns .t hat. [ r d|o clo r can be
oxpr casod UAPEATIGTRTPR ARRAIeR S texnain ik i ookt Refdbsdry o festipdiahec T D +
3B x 5C x 11D A=4 bits, B=2 bits, C=3 bhits, andD=1 bit. GENSP127 17 PATENT
APPLI CATI @nferl, hgwevarNhatdfosegprenmasicly senfigured digilabdisplay drvices 232 shewanini s t he
serial link bit rate / 10 for a link that uses 10-bit character such as
8B/ 1 OB clFig. 28, dnm)baseyecbeeryii fuareeedsafyrsimoetdisplaydate s e seaktorthé displagere i s a
“benefit in defining the link rate with these four paraneters, X v B, C,
and D : Thgvhen&dionidsst tQink éHQfchérElbck@at%e@a%fb%P%}éaﬂg rpdaeﬁ{g/ @USLAbet o ks
from a |link clock For exanple, let's say t I'nk Tate I1s set as A' = 6,

@ =3 Cof éhani'nel‘g1 requlred with a commensurate reduction in complexity and cost for the

display. For example, Fig. 2C illustrates an exemplary LCD panel 232 coﬁﬁgured in
such a way that no time base recovery since display data is essentially pipelined to the
various column drivers 234 that are used in combination with row drivers 236 to drive
selected display elements 238 in the array 240.

[0028] Other embodiments describe a simple enumeration method for the link
rate and the pixel/audio clock rate. It has been researched and understood that all the
standard pixel/audio clock frequencies that exist today are a subset of the following

:) master frequency:
23.76GHz=210x 33 x57x 111 Hz

[0029]  This means that a pixel (or audio) clock rate can be expressed with four
parameters, A, B, C, and D as:
Pixel clock rate=2A *3Bx5C x 11D

A = 4 bits, B = 2 bits, C = 3 bits, and D = 1 bit.
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= 0 and the corresponding link rate is 135Miz. However, suppose the pixel
clock rate is set as A=8, B=3, C=6, and D= 0 (=108VHz), then the

pi xel clock can be generated fromlink clock as pixel clock rate is equal
tothe link rate * 22/ 5 1 . } [0031] Referring back to those systens
requiring tinme base recovery, the tine- base recovery unit 226 may be

inpl emented as a digital clock synthesizer. For an unconpressed vi deo
stream the tine stanp is stored in the packet header which as described
in nore detail below, is a 20-bit value. For a given stream four of 20
bits are stored in each header successively (TS3-0, TS7-4, TS 11-8,
TS15-12, TS19-16). Native stream frequency (Freq_native) is obtained from
| ink character clock frequency (Freq |ink char) as: Freq native =
Freqjink_char * (TS19-0)/220. [00321 The transmitter 102 generates this
time stanp by counting the nunber of native streamclocks in 220 cycles of
the link character clock frequency period. The counter updates the val ue
every 220 cycles of the link character clock. Since these two clocks are
asynchronous with each other, the tine stanp value will change by 1 over
tinme. Between. updates, the transmtter 102 will repeatedly send the sanme
time stanp in the header of the given packet stream A sudden change of
the tinme stanp GENSP127 18 PATENT APPLI CATI ON val ue (by nore than | count)
may be interpreted by the receiver as an indication of an unstable
condition of the streamsource. [0033] It should be noted that, no tine
stanp is comunicated for an audio stream In this case, the source device
inforns the display device of the audio sanple rate and nunmber of bits per
sanple. By determning the audio rate as below and the |ink character
rate, the display device regenerates the original audio streamrate.

TINr T T



Audio rate = (audio sanple rate) x (# bits per sanple) x (# channels)
[0034] A main |ink data packet 400 shown in Fig. 4A {ncludes a main |ink
packet* header 402 as shown in Fig. 4B that is formed of 16 bits where bits
3-0 are the Stream ID (SID) (indicating that maxi mum streamcount is 16), -
bit 4 is the Tinme Stanp (TS) LSB. Wen bit 4 is equal to 1, this packet
header has [0030] eadivesifgna link whosedirki rate (whichris the senallmkibit xate (19sfesaonl y f or
unconpressed video stream. Bit 5is a Video fi-ane sequence bit which

acts as theghieast usels 0Ll dhaictep siichods SB7E0B Eldicted)mbgbe diffeednt Gogothes from
"0" to "1" or from"1" to "0" at the video franme boundary (used only for

f
' d.vi R : |

v ough 10 eel 6% akg BG4 oS i efine IOUOERR VIR WRERAZbRrsl ) 1
bits. Bits 15-12 Ti St [ Str, [ D, 1 i on. . P/ Sl ich f
Unconpr esecd B @0l Toebenebt [beArACLy f B apER Y A o

[ 00351 One of the advantages of the inventive interface is the ability to
mul tiplex dlifikeloekt Fonéxanyile, detissaythelinkfratehs sdt ag Ah=0eBUF Bf€'rehtanddY mat s as
-well as have certain main |link data packets include a nunber of sub

packets. FoL gex@ntht é‘orr&bgndiﬁ’%’iiﬂhﬁ‘t\@is 135MIH. EHbWORr,Buppote ik piReltloeki de
sub- packet enclosure and nmultipl e-packet nultiplexing in accordance with an

enbodi ment Qf t lhyentd ikbphDa At sh . B9=10kkAIz)! Eg;m?ppisa

particul ar 'é"f%g}%%%(e{ﬁ"q)hg’ ¢s:ys ’E?n&?gabshg\% [ n)'litlhgﬁ m%rngncgﬂ%sﬁou d

t herefore not be nstrye s limting ejther the scope or J.ntent of the

@Eﬁsmm 19EWR&EAPF’M% pixelgipal pfeneauel S IR R 225k The

system 500 includes a stream source multiplexer 502 included in the

tir dnsmi t t er [0032] us Refemingdatk tocthesessystemmraquitipglimabateapcaystyathettierm 504

with the
| " base recovery unit 226 may be implemented as a digital clock synthesizer. For an

uncompressed video stream, the time stamp is stored in the packet header which as
described in more detail below, is a 20-bit value. For a givén stream, four of 20 bits
are stored in each heade‘r successively (TS3-0, TS7-4, TS11-8, TS15-12, TS19-16).
Native stream frequency (Freq_native) is obtained from link character clock

frequency (Freq_link_char) as:

N

Freq native = Freq_link_char * (TS19-0)/220.

[0032] The transmitter 102 generates this time stamp by counting the number of
native stream clocks in 220 cycles of the link character clock frequency period. The
counter updates the value every 220 cycles of the link character clock. Since the#e
twb clocks are asynchronous with each other, the time stamp value will change by 1
over time. Between updates, the transmitter 102 will repeatedly send the same time

stamp in the header of the given packet stream. A sudden change of the time stamp
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data stream 210 to forma-nultiplexed data stream 506. The nultipl exed data
stteam, 506 is then forwdrded to a |ink llayer multipKexer 508 that conbines
any of" a nunmber of data streams to forma nultiplexed main |ink stream 510
formed of a nunmber of data packets 512 sone of which may include any of a
nunber of sub packets 514 enclosed therein. A link |ayer de-nmultiplexer
516 splits Vilde fhy mop hred caunthmay beanferpsated by the reecivar @a gn indication9fan,
streans based on the stream|IDs (SIDs) and associated sub packet headers

whi | e a str aastalsle séndidomof thepiréaresord® further splits off the streaml
suppl enental data stream contained in the sub-packets. [0036] Fig. 6 shows

a high-1Ileve hagr | l{ﬁ?‘tﬁﬂ Eai]{eﬁ- oK miink an exanpl e
of the streLorg%giO :ﬁ‘g%ul?ﬁgg%hhga? en TRre 1éltcreams c%%?‘?rﬁ%?‘%ﬁ%xed over
the main link 222. The three streans jn thi xanmpl e are; UXGA graphics
(Stream | D Stregm. %BQWOB‘C\?PEFESEFS?‘F E‘E?Hﬂ%ﬁégﬁ{;gé‘ﬁﬁwaeﬁﬂ’é apdjorsample p =
3). The small packet header size of main |ink packet 400 mnimzes the

packet over tateand nuhbertofibits pext samiphe. Bycdetermyning dlie uditkraés 4si belamend thehe
reason the packet header can be so small is that the packet attributes are

conmmuni cat efink cRarhdter e tld displaycdaiveatgehdfatestht Ofigingl 4udeo §tfaanfesSi on of
t he packets over main link 222. [0037] Cenerally speaking, the sub-packet

| . : M : :
Cinconpr cssed vi dab e € (RENEIEmANEhe) Y0k B Py D £ BARMER) Y. )

iod di to..t i deo- Ki ng. i pd. Therefore,. iin |ink
Praffic for HEAIDT b riR b rad st A0Eeran ubkie R s B ae Uk B89t Ll
speci al character packets during this period. By capitalizing on the

abi lity to header f0%3s shawndaFigy attip famed of d ptbafs wherglhitsf ata the Sgesn t he

present invention use various nethods to conpensate for differences
bet ween t helDréSID)|(indicating ¢hatnaxinnen sEEMBEAORM 1L 06)PEIT ENS thé FRinke SAathpXT'S)

LSB. When bit 4 is equal to 1, this packet header has the least significant 4 bits of
Time Stamp value (used only for uncompressed video stream). Bit 5 is a Video frame
sequence bit which acts as the least significant bit of the frame counter which toggles
from “0” to “1” or from *““1” to “0” at the video frame boundary (used only for
uncompressed video stream). Bits 7 and 6 are reserved whereas bits 8 through 10 are
a 4-bit CRC (CRC) that checks errors for the previous eight bits. Bits 15-12 are Time
Stamp/Stream ID Inversion. (TSP/SIDn) which for uncompressed video .are used as
four bits of 20-bit Time Stamp value.

[0035] One of the advantages of the inventive interface is the ability to multiplex
different data streams each of which can be different formats as well as have certain
main link data packets include a number of sub packets. For example, Fig. SA shows
a system 500 arranged to provide sub-packet enclosure and multiple-packet
multiplexing in accordance with an embodiment of_the invention. It should be noted
that the system 500 is a particular embodiment of the system 200 shown in Fig. 2 and

should therefore not be construed as limiting either the scope or intent of the
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f pixel data rate when the source streamis a video,data stream For _
exanple, as illustrat ed(,i_;n Fig. 7, the pixel data rGte is .5 Go/sec, such
tchat & bit of pixel data is transmitted every 2 ns. In this exanple, the
link rate has been set to 1.25 Gb/sec, such that a bit of pixel data is
transmtted each .8 ns. Here, transmtter 102 intersperses specjal

charact ers ipventin ThHesysteniai0 ineludes a sireany soyraemfiplexer 50p inclydedin the
characters are disposed betvween a first bit of pixel data P 1 and a second
bit of pi xefrasbaiiferPR2 ubbé tEbing a sthedm ¢ tsepsicrabhtal date stesawe5041With the

di stinguish each bit of pixel data. Interspersing the special characters

bet ween bi t Jatd btrfink 810 #Pfofm @atiﬁfeﬁea Bifta 3r8de? 304, THRAURERBIERd dh Sirkdh

all ows the mal ntal n synchroni zation. In this exanple, the special
characters are Null _characters. | i ne. buf f S, needed for .such.net hods,
only a smal 50&5#5?“ forw tq ?’1@"1? P‘gﬁmﬁﬁ@??@ g@ﬁ @’ia'c?oé‘ﬁ Ifigs ayofa er,
relatively more logic is required on the receiving side to reconstruct the
vi deo si gnabf dafetreaprsdip ferm a madtiplexed maindinkistreami3df fermedafadqumberohir act er s
begin and end. [0038] An alternative to the interspersing nethod is to

al ternate canapaskets/s120ohfe ofavhiéh @Y inthide adylolf a nmbepdf subgueladteSsl, such as
nul | values. For exanple, Pl through P4 could be fed into a line buffer

i ncl uded | nﬁ%&se&i;ﬁﬁm %ﬁﬁklljagéride&g?fﬁp@% §16 PHEmE dhlltipléRdd Eta siftidh be fed

into the bu nore p a are avallable. Such inplenmentations

require ar tively | e uf fer space than, thedn [ S]Ng.: t hods
d@cri bed agmt&’@ P‘ﬂg‘?fb?%%gﬁ‘é%a PSS f"g?‘i' @‘ﬁé?‘e?‘ﬂg’? @?%fag‘h‘%?‘%é“ o fill
the line buffer will exceed the time required to transmt the data after
the Iine buttepacket hepders whilga stream [sink,dermultiplexgr Nﬂgﬁrﬁlmpl%&@ [ 00391 As
di scussed with reference to Fig. 5A, one of the advantages of the
i nventive i streani deepplantrital dakd dtreamn domtaimed inthesubmpacketb.ex vari ous dat a
streans, but also ' :

[0036] Fig. 6 shows a high-level diagram of the multiplexed main link stream 600

~ as an example of the stream 510 shown in Fig. 5 when three streams are multiplexed
over the main link 222. The three streams in this example are: UXGA graphics
(Stream ID = 1), 1280x720p video (Stream ID = 2), and audio (Stream ID = 3). The
small packet header size of main link packet 400 minimizes the packet overhead,
which results in the very high link efficiency. The reason the packet header can be so
; small is that the packet attributes are communicated via the auxiliary channel 224
prior to the transmission of the packets over main link 222.
[0037]  Generally speaking, the sub-packet enclosure is an effective scheme when
the main packet stream is an uncompressed video since an uncompressed video data
stream has data idle periods corresponding to the video-blanking period. Therefore, -
main link traffic formed of an uncompressed video stream will include series of Null
special character packets during this period. By capitalizing on the ability to
multiplex various data streams, certain implementations of the present invention use

various methods to compensate for differences between the main link rate and the
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t he encl osing of any of & nunber of sub packets within a particular main

| i'nk data packet. Fig. shows a representative subfpacket 900 in
dccordance with an GENSP127 21 PATENT APPLI CATION ( (~:. enbodi nent of

the. invention. The sub-packet 900 includes a sub-packet header 902 that
in the descrjb enbodiment is 2 bytes and is acconpani ed by SPS

( Sub- Packet Plxsf gét% yate yben the songestieam 1s a Videp datagfrgam; For examalepag ket in

whi ch the sub-packet 900 is enclosed contains a packet payload in addition
to the sub-jibsireted #0Big. 7hthe pinct] ditatrite is Subb/pecieh. thAQbirayiixdidatars ked by
SPE (Sub- Packet End) special character. O herwi se, the end of the main

packet (as sl Sy &M L ot | wn Fig.
BB) mar ke G B o s R S S TR s et

which it is,e sed, ve a.sub-packet does not .ne t.o end wth SPE
when its en%?ggﬁﬁﬁ? eﬂgﬁgﬁy%?mﬁgéaﬁgg aéP% gngam5§&§ DEFPERES | ar y
sub-packet format within a main |ink packet in accordance with an

enbodi ment #ectah gharpagices hetveren pixel datg s dilustrated iv Hig: Ralwonwegie! ¢haractesm of t he
header field and sub-packet payload is dependent on the specific

appl i cat i onarprdidpokeal hdtertenis Asst bitef pinel pata P tand @2econd Bd|pixel datath2cul ar | y
useful exanple of sub-packet enclosure usage is selective refresh of an

unconpr essegh&spueihl 6BarhdtBE AlldWALcdivdrudl i iREnguIsH da8h bt Qf phaedah! i butes  of
the entire frame 1002 (Horizontal/Vertical Total, |Inmage Wdth/ Height, etc.)

wll be COﬂEHg! via.. | L1 . since thos tributes
stay constan &Qf‘gﬁ‘ge g&%‘%ﬂ%@#ﬁéﬂh&%ﬁ%ﬁ?\%&@g%éﬁ taI ar%&scgfaet%ﬁ"} %% efresh
operation, only a portion 1004 of the image 1000 is updated per video
frane.  The Toam of & utelians s Bok to H@"ﬁ?ﬂag om@epaﬂgq@e%ﬁxmp!%ﬂ}ethe
portion 1004) nust be transmitted every frame since the values of the
rect angl e cunseidl elzaracters hrerhyeld charactersy Nedineduffenismeededofonsuchanethpdse i s t he

only a small FIFO, because the link rate is sufficiently fast. However, relatively more
logic is required on the receiving side to reconstruct the video signal. The receiver
needs to recognize when the special characters begin and end.

[0038] An altemative to the interspersing method is to alternate consecutive bits
of pixel data with special characters, such as null values. For example, P1 through P4
could be fed into a line buffer included in the transmitter 104, then one or more null
values could be fed into the buffer until more pixel data are available. Such
implementations require a relatively larger buffer space than the interspersing
methods described above. In many such implementations, the time required to fill the
line buffer will exceed the time required to transmit the data after the line buffer is
full, due to the relatively high link speeds.

[0039] As discussed with reference to Fig. 5A, one of the advantages of the
inventive interface is the ability to not only multiplex various data streams, but also
the enclosing of any of a number of sub packets within a particular main link data

packet. Fig. 9A shows a representative sub-packet 900 in accordance with an
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transm ssion of color |opk-up table (CLUT) data for required for 256-col or
graphi,g data where the 8-bit pixel data is an entry\.to the 256-entry CLUT
and the content of the CLUT nust be dynamically updated. [00411 The single
bi -directional auxiliary channel 224 provides a conduit to for various
support functions useful for.link set up and supporting nmin |ink

oper at i ons embodiEnsf e nyertop=fline sEp QiNnoludes asubrpackethepder Q21 i ary

application data such as USB traffic. For exanmple, with the auxiliary

channel 224hagindhe@dsanibéibsthbligt it Bbgtediahd i Roompamietbby SBS (SubePakets such
as sync |l oss, dropped packets and the results of training sessions

descri bed . b1 | : - LAl bawicf ai | s,
'E he transm efmfﬁ?f‘g{mcg%%ﬁﬁhgm%{% %Hc‘rigdtlgr%%gg {fg%ﬁ’ﬁgrég?%se?t eg or

P Al R o A R L 0

relatively slow and very reliable auxiliary channel allows for robust :
oper ati on snbe__;_racketh@ﬂilm:sybgmﬂkmmﬂﬁl(ﬁubcﬁ/@kﬁtlﬁndé sesgial charagten ed that in
sonme cases (an exanple of which is shown in Fig. 5B), a |ogical

bi - di r ect i op@erwidy,ithé aid/ofthiaffaal paket @8 hdivteddst enbbing COMwharagtepinthé t i on
522 of the bandwi dth of the main link 222 to transfer data fromthe source

devi ce 202 LOiiEiiiiindRy. o8 eitfs diidnd of Bbindhd Sl SR 000%GH ticiamRCl 524

fromthe sin evi ce 0 t'he source Vi ce n sone applications,

use of this logical, .bi-directiqgnal auxiliar hannel e _nore, desirable
t/rsﬁa)n usi ng %P‘:kﬁt%f‘t-o ‘H'HB“ s gqﬁgqeﬁeﬂqwgp{gq, aé}%ﬁﬁcgﬁe?@%eg&f’rﬁ%gq? ﬁ“n@?’g‘h 5A.
(Q042] Prior to starting the transm ssion of actual packet data streans the
tr ansni t t er SA® when itapriglesing maispacketchas napaylpad (g 9B Jhowe ap ex¢PRY sessi on

P

that is analogous in concept to the link setup of the nodem During |ink

training,. tiub-paeket fomathwithimasmdin liek padk2t mewciordance mathdar ¢mizulimentiof ithey

pattern so t hat the receiver 104 can
invention. It should be noted that the definition of the header field and sub-packet

. payload is dependent on the specific application profile that uses the sub-packet 902.
[0040] A particularly useful example of sub-packet enclosure usage is selective
refresh of an uncompressed graphics image 1000 illustrated in Fig. 10. The attributes
of the entire frame 1002 (Horizontal/Vertical Total, Image Width/Height, etc.) will be
communicated via the auxiliary channel 224 since those attributes stay constant as
long as the stream remains valid. In selective refresh operation, only a po;'ﬁon 1004 of
the image 1000 is updated per video frame. The four X-Y coordinates of the updated
rectangle(s) (i.e., the portion 1004) must be transmitted every frame since the values
of the rectangle coordinates changes from frame to frame. Another example is the
transmission of color look-up table (CLUT) data fér required for 256-color graphic
data where the 8-bit pixel data is an entry to the 256-entry CLUT and the content of
the CLUT must be dynamically updated.

[0041]  The single bi-directional auxiliary channel 224 provides a conduit to for

various support functions useful for link set up and supporting main_ link operations as
GENSP127 22 PATENT APPLICATION
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determ ne whether it can ;\Chl eve a solid bit/character |lock. In the
described enbodi ment, training related handshaking t{et ween the transmtter
102 and the receiver 104 is carried on the auxiliary channel. An exanple
of a link training pattern is shown in Fig. I 1 in accordance with an
enbodi nent of the invention. As illustrated, during the training session,
a phase | rémbg%mt@rww%mamémammatemmUﬂBu h&oe example twith thengest
that are used by the receiver to optimze an equalizer. In phase 3, both

bit | ock andugifirpchisnel 202k a displaycdevié@dn afoind i@ sotirck Mevick BRevenes subl aé S
GENSP127 23 PATENT APPLI CATI O\I reasonabl e. Typically, the traini ng peri od

|5 about 10 o5 108 b pabRs and T ERUITRE ShibikAEs i TaLr IR BBLE sRent - !

the receiver 104 does not ac |eve SO

102 via the auml ﬁrg annel .224 and tgﬁ ansmtter 102 reduces the |ink
rate and rep&aTBl% Het RAY ?Iﬁﬁalg'é‘§§F§§FPn S, WBH“?TOIO&"GWS&NH@H@QW&? ni ng
session conduit, the auxiliary channel 224 can be also used to carry nmain

| i nk packet rétﬁrb@mﬁld@@mﬁ-p@lp@né or ietemhiped)resaltd of the thilell tyirtihgsessiorr head of
packet transm ssions on the main link 222. Furthernore, the auxiliary

channel 224 tkigwvadypthe @dsed ldopcbré e BY EymbinR e jstabi, Agh! spedd inhinQatid on Dat a
(EDID) J information replacing the Display Data Channqewgh(%DC) found on all

e o il a tetatfveKFiOw ShaRERT (gL ud RASRhald R bGP el s Giestion

i nformati on about a nitor an Its capabi Ies, Inc ng v
i nformati on, maxi mum i e size C r haracteri.stics, factor e-set
timngs, fr 8&%%%?%85@‘%? ??ﬂcﬁtédnsaﬁ{f%eﬂliﬁ?f Z‘fdt tg?tr‘f‘r?@gle cpgss ( ‘E‘h@yaﬁg’rlﬁ g
nane and serial nunber. The information is stored in the display and is
used to comiisteissBown imFig &BY alogieak birditeghonah awmiiey.charstel §29 ean beet ween t he
nmoni tor and the PC graphics adapter. The systemuses this information for
confi gur at i estaplishpdgsing agportidie52%of the barmdwidthyof ttienmamiink 22?2 tb agasfedata | n
what is

from the source device 202 to the sink device 204 and a uni-directional back channel

524 from the sink device 204 to the source device 202. In some applications, use of

this logical bi-directional auxiliary channel may be more desirable than using a half-

duplex bi-directional channel described in Fig. 5A.

[0042] Prior to starting the transmission of actual packet data streams the

transmitter 102 establishes a stable link through a link training session that is

analogous in concept to the link setup of the modem. During link training, the main

link transmitter 102 sends a pre-defined training pattern so that the receiver 104 can

determine whether it can achieve a solid bit/character lock. In the described

embodiment, training related handshaking between the transmitter 102 and the

receiver 104 is carried on the auxiliary channel. An example of a link training pattern

1s shown in Fig. 11 in accordance with an embodiment of the invention. As

illustrated, during the training session, a phase 1 represents the shortest run length

while phase 2 is the longest that are used by the receiver to optimize an equalizer. In

phase 3, both bit lock and character lock are achieved as long as the link quality is
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referred to as an extended- protocol node, the auxiliary channel can carry

both asynchronous and:is chronous packets as requiré€d to support

addi tibnal data types such as keyboard, nouse and ni ¢rophone. [0043] Fig.
12 shows a representative system 1200 having a data stream scheduler 1202
I n accordance with an enbodi nent of the invention. It should be noted that

the syst emréso0able Typscnlly)the trairieg perriddsrationd 1 0escin whithwinid) ref erence to
figures 5A and 5B and shoul d t'herefore be considered only one of any

number of rﬁggﬂiﬂﬂﬁﬁfy Tbilfof dafa%ré SHETE ih@ 'i‘e ﬁ%? ‘i’?fi O not aliEvedoli
12 e

schedul er S |ncorporated I n or coupl e vi deo source 902 and

is, in turn 0 I nmul t.1 pl.exor 1204 . GENSP127 24 PATENT
APPLI| CATI ml%‘ic]ﬁ'ﬁpe‘P ghea'ﬁ #‘% 10g, Via B aprifjety rﬁ%ﬂqﬁé’é g&ﬁ‘@ﬂé‘“ﬁ?ﬂt he

I ncom ng data streams (1 S2, and S3) used to populate a link data stream
1208 duri ng 192 seducesithsflink rate and reneats dhe rainiag sessinfhedul er cycle time Twha.

In the described enbodi nent, the data buffer 1206 is typically on the

order of terds addltxbytoaprowmmg a eraimingQiessiciecbnidait otie auxiflirychhsifel 224 parcid T or
i sochronous vi deo transfer protocol s such as FireWrd"". In this way, the

l'i nk eff d
bandwi dt h o oAara e 2Ane AR o Lschifod e ke ifinp e 12
i mat el h 90% d b d
enbodi rent , YRES %ﬁpa‘.?f&?tetwmsgmniaﬁ%hﬁg@ Aok 2420 uthemoet My 202 by
tFJ{sL time djvision multiplexing to conbine size data Eackets P1, P2, and
3 J(whose sichamet?4eande gonfiguredite garyBrigndedDisplay IdeatificationData (BRI)i n

rel atlon to a link bandwi dth) fromeach of the data streans S 1, S2, and

83,) r espect inMotmatiohsrepldeing the:Dispy HatoGhinnel (MRCEfonad oh aﬁandmtd»ed@mmcket is
a function of the particular data streambit rate (SBR) and the link bit

rate (LBR). i iVBESA standasd dath fsniat 8at &dntdiREbasic information about a monitor and
its capabilities, including vendor information, maximum image size, color
characteristics, factory pre-set timings, frequency range limits, and character strings
.for the monitor name and serial number. The information is stored in the display and -
is used to communicate with the system through the DDC which sites between the
monitor and the PC graphics adapter. The system uses this information for
) configuration purposes, so the monitor and system can wofk together). In what is
referred to as an extended protocol mode, the auxiliary channel can carry both
asynchronous and isochronous packets as required to support additional data types
such as keyboard, mouse and microphone.
[0043] Fig. 12 shows a representative system 1200 having a data stream scheduler
1202 in accordance with an embodiment of the invention. It should be noted that the
system 1200 is based upon the system 500 described with reference to figures SA and
5B and should therefore be considered only one of any number of implementations of
the invention. Accordingly, the stream scheduler 1202 is incorporated in or coupled

to the i/ideo source 202 and is, in turn, coupled to a multiplexor 1204 and a data
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particular data streambit rate, the larger the particul ar data packet size
as-shown by the exanple ‘of Table 1. For exanpl e, if (the link bit rate LBR
is on the order of 2.5 Gops and the maxi num packet size is approxi mately
on the order of 80 link synbols (where one link synbol is defined as a
data unit per link clock and is typically 4ns) and using the assunptions
of Table 1 buffer 1208mRitabls far soriigenly 8rme ppdions of the imgming datd sg8sras (4, 0. 25
Gops) then data packet Pl associated with stream Sl is 32 link synbols

whil e the d8Ppand8Reised 2pcpithtds liak deristreasd 1208 Huﬁh%@@éiﬁo&@ft&ﬂéiro‘?&r@fe 10
i nk synbols and 8 |ink synbols, respectively. It should be noted that at

the 02Ol nnigig PLRAR R BRIEBHEOL. .0y Shnd St bbbt BENGEHer 1202

inserts an I nterlane nnent provi des "an al I gnnment

tool for th ceiver 204 that i typically .on the order of | i nk synbol s
| size | ni208 S TG o theipetsarad e o hiles AP opPOS R AERTOREbYREA T | ON
i i C" scheduler cycle tine Tschmis on the order of (32 + 10 + 8 + 2) 52.
| i nk synbol &yp{ashiarhsochmriods videa stansfer protasplsrsugh anFiee WireD'8 hsthishway, dwch | i nk
synbol represents approximtely 4 ns). [0045] It should al so be noted that

each data pHeKefficRnkfgbaed ap608 cahpahimCof th€ agd@agate of tht ipoylodd biawidtilagr of
data synbols D and stuffing synbols Nrelated to the streambit rate (SBR)

and the |i ngzwq] isfredrd %g%dgﬁ thY a%tkﬁﬁ#%a%ﬁ@et@pif Séﬂ%g@aé%ig‘égx?&%rﬂﬁ Jf those

saturations ere a streamis either a resulting in
an increase?é%é1decrease) of the scheduler cycle tine Tsched, the packet
size P for I8 nst ant by varying the number of stuffing symbols N in

relation to the nunber of data sg/nbol s D. Since with the addition (or
del etion) of0044] In the described embodiment, the link data stream 1208 is formed by the

scheduler 1202 by using time division multiplexing to combine size data packets P1,
P2, and P3 (whose size reflects the relative bandwidth for each data stream in relation
to a link bandwidth) from each of the data streams S1, S2, and S3, respectively. As
described previously, the size of each data packet is a function of the particular data
stream bit rate (SBR) and the link bit rate (LBR). In particular, the greater the
particular data stream bit rate, the larger the particular data packet size as shown by
the example of Table 1. For example, if the link bit rate LBR is on the order of 2.5
Gbps and the maximum packet size is approximately on the order of 80 link symbols
(where one link symbol is defined as a data unit per link clock and is typically 4ns)
and using the assumptions of Table 1 (i.e., SBR1 is 1.0 Gbps, SBR2 is 0.3125 Gbps
and SBR3 is 0.25 Gbps) then data packet P1 associated with stream S1 is 32 link
symbols while the data packets P2 and P3 associated with streams S2 and S3 are 10
link symbols and 8 link symbols, respectively. It should be noted that at the
beginning of each scheduler cycle time Tycted, the scheduler 1202 inserts an interlane
alignment packet (ILA) that provides an alignment tool for the receiver 204 that is

typically on the order of 2 link symbols in size. In this example, therefore, the
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data stream since the p{z_rr_ticul ar packet sizes remain the same for the
othher ,data streans and the scheduler cycle tinme Tsahed increases (or
decreases) then the nunber of stuffing synbols N increases (or decreases)
commensurate with the change in Tsched. In the "degenerate" case where

there remains only a single data stream en__ther e no styffin
synbol s N. ﬁqﬂ#fr qyrls ime Te e isontheg rﬂ@b&i"['mﬁ'go*f 5) @Lhrﬂgw S{"i‘h!g?jata
stream 1210 in accordance with an enbodinent. In particular, Fig. 13 shows

t he arr angeweult tahslditta apprprbndtelyR08 nd wdien fehénignkssymibol sepkesents t he dat a
stream 1208 using the val ues 'shown in Table 1. It should al so be noted

that dynam gakdymagly #asPr deleting a particular data streamleaves the
particul ar packet sizes fTor the remaining data stream unaffected.

Accor di ngly, L.g. 14 .il trate addi tion_ of fourth dat tream $S4
havi ng a sﬁopggm bqu squldéﬁﬁq 8‘9 @3& Eﬁ?‘? éatta B%%EEB%%E&F%‘%@%%W& si ze P4
‘of 20 link synbols GENSP127 26 PATENT APPLI CATION resulting in_ an increase
in T,,hM f rdate sioref thronymbgr of datesymbels i) and gufiing symbelshhrelaed tothef or a | nk
synbol equal to 4 ns). However, in order to keep the particul ar packet
sizes Pl, Rireanrisit fate (SBR)tandtthe lililebibratb @BR) byst uf fi ng synbol s N i ncreases
for each data packet. Conversely, in the case where a data streamis

del eted (such as S3, for exanple) the scheduler cycle time Tsched w |l
decrease accordingly with an commensurate increase in the nunber of data

synbols Din relation to the nungﬁmRéby@ﬂNQg synmbols N. In the
“‘degenerate" case where all data“streans save one is deleted, then the

remai ni ng data packet has no stuffing synbols N and there is no need for
any buffer thereby sinulating the raster scan transport protocols di scussed
above. [0048] Also, in the case where of the degenerate connection when the
| i nk data [0046] Therefore in those saturations where a data stream is either added (or

déleted) resulting in an increase (or decrease) of the scheduler cycle time Tsched, the
packet size P for remains constant by varying the number of stuffing symbols N in
~ relation to the number of data symbols D. Since with the addition (or deletion) of a
data stream, sixlqe the particular packet sizes remain the same for the other data
streams and the scheduler cycle time Tsched increases (or decreases) then the number
) of stuffing symbols N increases (or decreases) commensurate with the change in .
' } Tsched. In the “degenerate” case where there remains only a single data stream, then
there aré no stuffing symbols N.
[0047] Fig. 13 shows a more detailed portion 1300 of the data stream 1210 in
accordance with an embodiment. In particular, Fig. 13 shows the arrangement of data
symbols D and stuffing symbols N for the data stream 1208 using the values shown (in
Table 1. It should also be noted that dynamically adding or deleting a particular data
stream leaves the particular packet sizes for the remaining data stream unaffected.

Accordingly, Fig. 14 illustrates the addition of a fourth data stream S4 having a

stream bit rate of .625 Gbps that corresponds to a packet size P4 of 20 link symbols
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stream 1208 is a single, unconpressed video stream (8s shown .in Fig. 15)
the I LA, packets are plaéed in the idle period (the Kkorizontal blanking
region) of Si and the active display region is then represented by a

m xture of data synbols D and stuffing synbols N (see Fig. 16). [00491 It
shoul d al so be noted that the relative nunber of data synbols D provides
an enbedded ¢SHHEER ARINGrease iy oy fremytR tonk? linkesymbelse(thas tomespands toi?88s D
for a particular data streamw th relation to data synbols not related to

t he parti cuhsfor adatkesysibot aquabtod nshe Hdwneves,tin eader ¢ kedp the partibelagipdcketst r eam
In question. For exanple, in the case shown in Fig. 13, in order to

recover a stieam q0G6Kd b3 hEMALCthE Rﬁﬁ%eﬁ%ﬂﬁﬁ%ibg g%'lrﬂf)ols Pirdreabids gn be

determ ned by sinply determning the nu eam data synbols (M as

conpared to,the total, nunber .of stuffing s ol s and, stream dat synbol s
(P Nore: pdbPPatiety ComvaTRy-dR Esabe MBI Fate Srcams ol GReh Hsp- 6t ho
follow ng: Fstreamclk = fM [Py ~) * Flink clk GENSP127 27 PATENT

APPLI| CATI ONexdraple) fe sehedples gyclp imechgwrwill degreapreaqcerdinglywithos [ 0050] Fi g.
17 shows a flowchart detailing a process 1700 for scheduling a nunber of
dat a streansommeaasatedaoresse\ih the mumbenbpditaenhbell Dt inaelative B3 the Aumbbeof
process 1700 begins at 1702 by the transmtter sending streamattribute

data to thesmffifCstdls N! T e dégsrrddechseWherdi iEdita sttdimsahid bduyt e data is

sent by way of an” auxiliary link that couples the transmtter to the

by 1 “that co Fan ;
v | abl o) Do e Aol SEEbIRE ARG abOR T B SRR T e

transmtter has.received the data, streans at 1706, the stream 1 1
need for any buffer thereby simulating the raster scan transport protocols discussed

above.

[0048] Also, in the case where of the degenerate connection when the link data
stream 1208 is a single, uncompressed video stream (as shown in Fig. 15) the ILA
packets are placed in the idle period (the horizontal blanking region) of S1 and the
active display region is then represented by a mixture of data symbols D and stuffing
symbols N (see Fig. 16).

[0049] It should also be noted that the relative number of data symbols D
provides an embedded time stamp in that by counting the number of data symbols D
for a particular data stream with relation to data symbols not related to the particular
data stream provides the stream clock for the data stream in question. For example, in
the case shown in Fig. 13, in order to recover a stream clock Fsiream_cik for a particular
data stream can be determined by simply determining the number of stream data
symbols (M) as compared to the total number of stuffing symbols and stream data
symbols (P). More particularly, the stream clock Fsgeam cik is determined by the

following:

Fstream__clk = (M/P) * F link_ctk
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transport scheduler forns.a link data streamat 1708 while at 1710 the |ink
data streamis sent by way of a mai-n Iink by the tr%nsnitter to the

recei Ver.. Next,..at 1712, in those cases where an additional data streamis
to be added and the receiver is capable of both receiving and processing
the to be added data streamat ‘1714, the new data streamin added

t ranspar ent WhemgtMand ® ¢an betracasured bygheregeivre?04si ze for the previously
transmtted data streanms remain constant. [0051] Fig. 18 shows. a flowchart
detailing a[gesepes qri%BﬂﬂsHo@xrs  Aswithagr debelihg o jsrocekat1g06 foraehedulingacor dance

wi th an enbodi nent of the invention. It should be noted that the process

1800 i s a p%kmﬂgan%@b&qﬁﬁw&kmCQM&%mﬁ@ B it invei8n Ofrné N

process 1700, Accor e transport s etermnes the link bit
rate for the main |link at and the streambit rate for each of the
data st r eanBrocgssyly/0D bsgins gt iL‘Z(%Qb)b € fraysrpitey ?@H}%ﬁﬁew&mwg df*&éﬂé*m tter to
the receiver at 1804. Next, at 1806, the packet size for each of the data
streans i s tetveni nglle Jewalied pmhodiinent theattribyte dataissent byrway ofiar bit rate,
and a predeterm ned nmaxi num packet size. Next at 1808, data packets for

-each of t heaghatiarydinkaBafcouples e Rahsiated? to el rectiveg. Nekt)abET04pthededeiver sy ol s
and stuffing synbols. Once the data packets are formed and during a single

G vi st on RGBS SR ErbiEe (T RRRORTREREF EIFRULSS U BLAE R o,

cket fromeach of ,.the data streans to nt,to t ' t 1810
gfﬁd adds anSTARY | gtE‘F P@?ﬁ’i‘é‘ﬁfﬂﬁé({@vepﬁﬁ? aéa maéﬁi’@ﬁ%ﬁ%& gackets at

1812. At 1814, the transport scheduler signals the transmitfer to transmt
tihé concat etransportdahedulerdfrmnsa link data stream pt 108 whileat 441 thelmkdlatan ough 1814
until the <cessation of the transm ssion as determ ned at 1816. [0052] Fig.
19 i || ust r afecannis seqi away ef maiglirlkBdthe ftransmittey & ther@eiver. MNedcasrldbice

in those cases where an additional data stream is to be added and the receiver is
capable of both receiving and processing the to be added data stream at 1714, the new
data stream in added transparently at 1716 in that the data packet size for the
previously transmitted data streams remain constant.
[0051] Fig. 18 shows a flowchart detailing a process 1800 for forming the link

o ) data stream in accordance with an embodiment of the invention. It should be noted

that the process 1800 is a particular implementation of forming operation 1708 of the
process 1700. Accordinglvy, the transport scheduler determines the link bit rate for the
main link at 1802 and the stream bit rate for each of the data streams to be transported
by way of the link from the transmitter to the receiver at 1804. Next, at 1806, the
packet size for each of the data streams is determined based upon the stream bit rate,
the link bit rate, and a predetermined maximum packet size. Next at 1808, data
packets for each of the data streams is formed each including a number of data
symbols and stuffing symbols. Once the dafa packets are formed and during a single

transport scheduler cycle time, the transport scheduler (using time division
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wi th an enbodi nent of the-invention. It should be noted that while the
exact ,.nplenentation may vary dependi ng upon appli chtion, generally, a
sourcé (such as the video source 202) is formed of a source physical |ayer
1902 that includes transmtter hardware, a source link |layer 1904 that

i ncludes mul tipl exing hardware and state nmachine (or firmvare), and a data
st r eam sour seltgdeangsoncatenatescs dath packiet Epmysack of thealathsineama tubeassnbto at ed
software. Simlarly, a display device includes a physical |ayer 1908

(including therrecviner b CEI0VAIA 4dds di@iterlanealighmbnt padket!taytes cohBdtbndtéibdath ncl udes
de-nul ti pl exi ng hardware and state machine (or firmvare) and a stream sink

1912 that | i s\l td M t

firmere. ARScH o 18 ELA B WEWIRERTh O S i Bt ORI i e
whi ch the sQurce co njcates wth the link |ayer 04 and . simlarly, a

si nk appl i C'Z’FiCSHC“;S‘?‘Wq c{gtq B‘ngFtsi@m‘i r&ﬂ’;‘T‘Yer’ié‘:?‘l'j r?ﬂ?étsfltggg}grﬁli’mb\&l Hgs\ﬂh‘ifl% thehe sjink
1912 communicates with the sink link layer 1910. [0053] The various | ayers

wi |l now becassationsd ¢ht fransnosséortias det¢érmiBAURCEI®OEVI CE PHYSI CAL LAYER 10054]
In the described enbodi ment, the source device physical |ayer 1902

i ncl udes anqoekgrt r ikal195UastkAYLA lokRAPRaferdpd F00! SFIhE Hstemt! P00 RYREorlBfbz- 2. The
electrical sub layer 1902-1 includes all circuitry for interface

initializatyan/ ' : 4 1 jLcuit,
drivers/r ec%llm\;gg Eﬁbg’?ir?? ér%lét% ?glr% ﬁ%@gbb%@ ?Ug{g;ﬂagﬁoﬁ'?gﬁé&@?f%‘%Q PATENT
APPLI CATION i, serjal/serial-jo-parallel canversions, and
spr ead- specTRIFFE AL} Wapy prydepe PRAS: apRiication, eengrally. #gewres (Sush psthes
circuitry for, packetizing/de-packetizing, data scranbling/de-scranbling,
pattern gendfeq sauce H2)lis gwnpd af aseuyce phystcablayer I%Edb%trlyclugﬂsmsmm,er and
dat a encodi ng/ decodi ng such as 8B/ 10B (as specified in ANSI X3.230-
hardware, a source link layer 1904 that includes multiplexing hardware and state

machine (or firmware), and a data stream source 1906 such as Audio/Visual/Graphics
hardware and associated software. Similarly, a display device includes a physical
layer 1908 (including various receiver hardware), a sink link layer 1910 that includes
de-multiplexing hardware and state machine (or firmware) and a stream sink 1912
that includes display/timing controller hardware and optional firmware. A source
application profile layer 1914 defines the format with which the source communicates
with the link layer 1904 and similarly, a sink application profile layer 1916 defines
the format with which the sink 1912 communicates with the sink link layer 1910.

[0053] The various layers will now be discussed in more detail.

SOURCE DEVICE PHYSICAL LAYER

[0054] In the described embodiment, the source device physical layer 1902
includes an electrical sub layer 1902-1 and a logical sub layer 1902-2. The electrical
sub layer 1902-1 includes all circuitry for interface initialization/operation such as hot

plug/unplug detection circuit, drivers/receivers/termination resistors, parallel-to-
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1994, cl ause 11) that provi des 256 |ink. dat a charact ers and twel ve control
charagters (an exanple ©f which is shown as Fig. 13) for the main |ink 222
and Manchester Il for the auxili ary channel 224 (see Fig. 21). [00551 It
shoul d be noted that the 8B/1 OB encoding algorithmis described, for
exanple, in U S Patent Nunber 4,486,739, which is hereb |ncorporat ed by
ref er ence. smalléno@htommllﬁbsw\@m@m and spseadhepesirum-capabl QBIXI_’: cal 5

bl ock code that encodes 8-bit data bl ocks into 10-bit code vvords for

serial trarapiger 0902-2 inchellds cireitry forhpadkBtidingétpackesiningsdaim code converts a
byte wi de data stream of randomls and Os into a DC bal anced stream of Is

and Gs vm't n r ent

; &{d% a&'ﬁh t ﬁ'ﬁlmn% e

si gnal transi |ongmérgc{ ng’ %’émﬁ recover bf?ﬁg%r%%clleélt:@e% such as
transceiver ,110. reover al anced stream rov
‘advant ageo &Rt aPNﬁ?SétP eBERq‘Eg/E‘F%ﬁ’HEng%‘FI? Bﬁg@r@ i@ W"F m%}n@.o‘me
average nunber of 1 s and OGs in the serial streamis be nmaintained at
equal or ne99#yclaupedil) thabprevides 266 lislsdatachanactersandswelya conford chamstersai ns t he
di sparity between the nunber of. |Is and Gs to be -2, 0, or 2 across 6 and

4 bit block aﬁ)@kﬁiﬂ?ébﬁﬁhéﬁh@s&ﬁ@hMFlgct@ﬁBrﬂﬁlmﬁnlthEMﬁMaadﬁstcrﬁrfai codes
for signaling, called command codes. [0056] It should be noted that in

order to a\iﬁé?‘*’zﬁgfxgﬁg‘?""??ﬁgg ig@gv} erns exhi bited by unconpressed

di spl ay data (an , data transmtted over main |ink

222|sf|rs din a. ttalnlng
pac;kets r[h é%em H@ qugtﬁ tﬁB8§/2ﬁ) %ﬁ%’f‘ algmi‘ﬁ’é" ‘fﬁ |h Tf uncti on
|,SL i npl emented wit h Li near Feedback Shift Regl sters (LFS eq)i When dat a
engrypt i on axempleain Y. Patest Numhegrd,486,230, pybicing hereby ircemammed BY t i al  val ue of

an LFSR seed is dependent on an encryption key set. If it is data
scranbl i ng referdimet Askaownbiydhgsetoffiekillrin thexdrt, vizd 8BY10BIcbdéis aftilockdcode that

encodes 8-bit data blocks into 10-bit code words for serial transmission. In addition,
the 8B/10B transmission code converts a byte wide data stream of random 1s and Os
into a DC balanced stream of 1s and Os with a maximum run length of 5. Such codes
provide sufficient signal transitions to enable reliable clock recovery by a receiver,
such as transceiver 110. Moreover, a DC balanced data stream proves to be
advantageous for fiber optic and electromagnetic Wire connections. The average

number of 1s and Os in the serial stream is be maintained at equal or nearly equal

——

levels. The 8B/10B transmission code constrains the disparity between the number of
1s and Os to .bc -2, 0, or 2 across 6 and 4 bit block boundaries. The coding scheme
also implements additional codes for signaling, called command codes.

[0056] It should be noted that in order to avoid the repetitive bit patterns exhibited
by uncompressed display data (and hence, to reduce EMI), data transmitted over main
link 222 is first scrambled before 8B/10B encoding. All data except training packets
and special characters will be scrambled. The scrambling function is implemented

with Linear Feedback Shift Registers (LFSRs). When data encryption is enabled, the
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[0057] Since data streamattributes are transmtted over the auxiliary
channe|, 224, the main link packet headers serve as étreamidentification
nunbers thereby greatly reducing overhead and nexin zing |ink bandw dt h.
It should al so be noted that neither the main link 222 nor the auxiliary
i nk 224 has separate clock signal lines. In this way, the receivers on
mai n |ink 2mtiadvalugefian LESR deed ks depandentiph an eheryptiomakexrset. Ifakisrdatat t he cl ock
fromthe incom ng data stream Fast phase |ocking for any phase |ock |oop

(PLLs) ci r csfrimblingd WRhé@GRtMPtio tRE initif ¥alus Wlllbaied] s i mportant for since
the auxiliary channel 224 is half-duplex bi-directional and the direction

of the traff4 ch S C ' . the \liary
channel r ec@lo\?/’ ‘é p(’#gg%’ dﬂft%gt%éﬁ]p#%bsu téea\%vgggﬁgi%hé%él&g}é‘%%%@ﬂy ﬁg%‘}??v?%‘tt he
frequent and uniform signal transitions of Manchester |1 NU% code [ 0058]

At 1ink setthgpnain hak ppeket headers serve %ﬁvﬁﬁnhdqmﬁ&atmn%b%é@f AEEtYsi ng t he
handshake over auxiliary channel 224. During this process, known sets of
trai ning peduahgovcrbeabaid mrwamizihg linkibandwidih. ZRghoatd slbebéngted shat| i nk
speed. Success or failure is conmunicated back to the transmtter 102 via

the auxi | i ajdithePndieedin 2ak-22b fnok BR aukilRiiNE2S AhdsSepdtite R1dck RienaPRSA. LS
reduced and training is repeated until successful. In this way, the source

hysi cal | i S . .04 ' ) h f
pnhysica g%g‘?’%}?%ﬁex egenggﬁq%ﬁorﬂs? ll%%bﬁ%@@%&lﬁm&%kﬁzws%bﬁgﬁe g and herefore

nore suita r to nmonitor appfications. wever, unlike
conventional display interfaces, fthe main channel |ink data rate is
Gecoup! ed et e ok ligm HeBRomipg daligtierT, Haskabareoang RemehRa | i nk
bandwi dt h exceeds the aggregate bandw dth of the transmtted streans.
GENSP127 31lopinkmer(PABRL ¢t imktheIersReeE efetriaalsuly perliniymporfan 8wjsinthhes our ce
link ayer 1904 handles the link initialization and managenent.

auxiliary channel 224 is half-duplex bi-directional and the direction of the traffic

changes frequently. Accordingly, the PLL on the auxiliary channel receiver phase
locks in as few as 16 data periods thanks to the frequent and uniform signal
transitions of Manchester II (MII) code

[0058] At link set up time, the data rate of main link 222 is negotiated using the
handshake over auxiliary channel 224. During this process, known sets of training
packets are sent over the main link 222 at the highest link speed. Success or failure is
communicated back to the transmitter 102 via the auxiliary channel 224. If the
training fails, main link speed is reduced and training is repeated until successful. In
this way, the source physical layer 1902 is made more resistant to cable problems and
therefore more suitable for external host to monitor applications. However, unlike
conventional display interfaces, the main channel link data rate is decoupled from the
pixel clock rate. A link data rate is set so that link bandwidth exceeds the aggregate

bandwidth of the transmitted streams.
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For. exanpl e, upon receiving a hot plug detect event generated upon nonitor
pQwer-dup or connection Of the nonitor cable fromthe source physical |ayer
1902, “the source device Tink |ayer 1904 eval uates the capabilities of the
receiver via interchange over the auxiliary channel 224 to determne a
maxi mum main link data rate as determned by a training session, the
nunber of time-base recover SOPRCE DEVIEE EEXKILAYER avai |l abl e buffer size
on both ends, availability of: USB extensions and-then notifies the stream

source 19060pkopn ATe6LRE Bk Mfer POOWhLMERthe lifk Rblihlizatioh ant@Andgemantst
fromthe stream source 1906, the source link |ayer 1904 reads the display

capability EDI D or equival ent | ' : urce
link | ayer Eér(%aqgn@ﬁcdgpgq heg%&ﬁ&e%lﬁqtgﬁér@%ﬁigg t%@l{x@ﬁ%@?@@gﬁ 8@?“&}(}% via the
auxiliary channel 224, notifies the stream source 1904 WQQ{@G@ the main
link 222 haup enenngrctionsef the mopyer gahlefrom dhe W%F@W&'ééklwf ¢ FQUISS |
notifies the stream source 1904 of link failure events such as sync |oss
and buffer devded liklayark904 emalaatesObs capahititiesof $hawer¢ivervi jnterohange okerm
source 1904 to the receiver via the auxiliary channel 224. All

comuni cat i gaSuxitahy\GRfnél 22436 HeteAinine AndaMam rh¥iddinkditd fak SldeRAfiined

source/sink use the formats defined in the application profile |ayer 1914.

APPLI CATI PROFI LE LAY I al., the

Aol Cat 1 onPer SRS AR ERHAEE dACh I keco ARG R BERERTS 7 (o,
sink) will interface with the associated.]|i r. .The farmat defi ned
by X he appl #adlablsbubienfize en %@eﬁnﬁétraga‘i‘ﬁg‘“éfé’g ﬁ#ﬁ%‘e{?ﬁ oqsapflgle,anmgﬁégﬁ egori es,
GENSP127 32 PATENT APPLI CATION | C_Application independent formats (Link
Mes'sage f or theistrkarBtsaurge 190fof anassegizted lu&a'fqnbnlrmsﬁémnpow wawest s (numin

| i nk data mapping, tinme-base recovery equation
from the stream source 1906, the source link layer 1904 reads the display capability

(EDID or equivalent). During a normal operation, the source link layer 1904 sends "
the stream attributes to the receiver 104 via the auxiliary channel 224, notifies the

‘ stream source 1904 whet‘her the main link 222 has enough resource for handling the
requested data streams, notifies the stream source 1904 of link failure events such as
sync loss and buffer overflow, and sends MCCS commands submitted.by the stream

" source 1904 to the receiver via the auxiliary channel 224. All communications

e’

o between the source link layer 1904 and the stream source/sink use the formats defined

in the application profile léyer 1914.

APPLICATION PROFILE LAYER (SOURCE AND SINK)

[0060] In general, the Application Profile Layer defines formats with which a
stream source (or sink) will interface with the associated link layer. The formats

defined by the application profile layer are divided into the following categories,
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for the receiver, and S|Qk capability/streamattribute messages sub-packet
formats, if appl I cabl e).' The Application Profile Laf/er supports the

foll ow ng color formats 24- bi t RGB, 16-bit R&565, 18-bit RGB, 30-bit RGB,
256-col or RG (CLUT based), 16- bit, CbCr422, 20-bit YCbCr422, and 24-bit

YCbhCr444. 100611 For, example, the dlsplay deV|ce application proflle | ayer
(APL) 1914 iAppligationrindenengent formaty (Link Msssage rrldnknStagus ingeiry)and (APl )

describing the format for Stream Source/ Sink comuni cati on over the nain
link 222 t happlinatiandéeperdenpfeemant(aiirolink dataraiapping, tiatdaseretotedy equatiofiei ved
fromthe interface 100. Since sone aspects of the APL 1914 (such as the

power managesahs réeRRadd bk %b )%m&lﬂ%&l\r}\hﬁk%n{@agugegguﬂ t)ase Itﬂey are

common to all uses of the inte 100 ereas

noni t or functlon o ch_ a and trea

artri bute T apnable) Hi ARRTsat P RIe oty Suktonh e BUSRnsCtii PubEh thbis
streamthat is to be transmtted. Re(OJardI ess of the application, the stream
source 1904RGR,di6rus RGI56%5,d8rleRGB, R01bihRGB125%64cqler B 147 F bated),Hér t he
main link 222 is capable of handling the pending data strean(s) prior to

t he start ahit, @bCRR, 20-bit AFCHCr42% iind U dit YOBCE4ad. mai n | i nk 222. [ 00621 \Wen
it is determned that the main link 222 is capable of supporting the

pendi ng pack(iie13t r SFeHxmp maeagp@amamera?rsgén@%ﬁﬁaﬂ@aﬁgm Bius but es to

t he source Iayer 4 that 'Is then e r'eceiver over

the auxiliar These attrL used by
the recel versel i anplon R RuRuh s (RBD drpGiitk FedRimetdor scover
the origi naI data fromthe streamand to format it back to the streanis
native dat aSH&R Soyree/Sink comppwsatym qves thegnaindink 22 that dnclydssiacat i on

dependent. GENSP127 33 PATENT APPLI CATI ON
presentation format for data sent to or received from the interface 100. Since some

aspects of the APL 1914 (such as the power management command format) are
baseline monitor functions, they are common to all uses of the interface 100.

Whereas other non-baseline monitor functions, such as such as data mapping format
and stream attribute format, are unique to an application or a type of isochronous
stream that is to be transmitted. Regardless of the application, the stream source 1904
queries the source link layer 1914 to ascertain whether the main link 222 is capable of
handling the pending data stream(s) prior to the start any packet stream transmission
on the main link 222.

[0062] When it is determined that the main link 222 is capable of supporting the
pending packet stream(s), the stream source 1906 sends stream attributes to the source
link layer 1914 that is then transmitted to the receiver over the auxiliary channel 224.
These attributes are the information used by the receiver to identify the packets of a
particular stream, to recover the original data from the stream and to format it back to

the stream’s native data rate. The attributes of the data stream are application

dependent.
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[ 00631 In those cases where the desired bandwi dth is_not available on the
mai n Link 222, the stre@m source 1914 may take corﬂbctive action by, for
exanple, reducing .the inage refresh rate or color depth. DI SPLAY DEVI CE
PHYSI CAL LAYER [ 00641 The display device physical |ayer 1916 isol ates the
di splay device link layer 1910 and the display device APL 1916 fromthe
si gnal i ng t@06Ap! ody thesedades whete the desictd thandwidttsisinot availablecaythe orn The mai n
link 222 and the auxiliary channel 224 have their own physical |ayers, each
consi sting ik 822 QR GRlamSidrdeVdd nidydaled corteivd actidh b%',StUi’ ckaiple, feh@din%_

i ncludes the connector specification. For exanple, the half-duplex, bi-
directionalﬂﬁuxili%ﬁ% chqnnel 2%%mgfs both a transmtter and a receiver at
each end of Meamase refiesBre oo PPl g 22 An auxiliary Iink transmitter
2902 is provided with Iink characters by a |ogical sub |layer 1908-1 that
are then serialized serialized and transmtted to a corresponding auxiliary
| ink receiver 2904. The receiver 2904, in } turn, receives serialized |ink
character from.the auxil| DISPLAYYPEVICERHYSICAdr L s the data at a
link character clock rate. It should be noted that the najor functions of

t he source | ogical sub layers include signal encoding, packetizing, data
scranbling (for EM reduction), and training pattern generation for the

transmtter : il for the.,recei ' f :aps of the
receiver | ob@?&i s\tfﬁ"q @@@?y 9%V&$%R}’é§‘°aels1¥§er ép?éi}esg %aé%lﬁtgmgg[a ggﬁ g% Ihfzﬂlp ng, data
de-scranbling, and tine-base reqoverﬁ. NSP 27,34.PATﬁyI APPL| fTICN r(
AUXI LI ARY ClaxrnEd10amddbg display deyies APLIOL6 fiom the signaling tephnology used 19ry i ¢
sub l'ayer include data encoding and decodi ng, franing/ﬂe-franin% of data
and t her e aliak tam tapsmissisnireception. The main link 222 and the auxiliary channel 224
have their own physical layers, each consisting of a logical sub layer and an electrical
sub layer that includes the connector specification. For example, the half-duplex, bi-
directional auxiliary channel 224 has both a transmitter and a receiver at each end of
the link as shown in Fig 22. An auxilia.ry link transmitter 2902 is provided with link
characters by a logical sub layer 1908-1 that are then serialized serialized and
transmitted to a corresponding auxiliary link receiver 2904. The receiver 2904, in
turn, receives serialized link character from the auxiliary link 224 and de-serializes
o the data at a link character clock rate. It should be noted that the major functions of

the source logical sub layers include signal encoding, packetizing, data scrambling

(for EMI reduction), and training pattern generation for the transmitter port. While

for the receiver port, the major functions of the receiver logical sub layer includes

signal decoding, de-packetizing, data de-scrambling, and time-base recovery.
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auxi l i ary channel protocol: standal one protocol (limted to Iink
setup/,managenent functions in a point-to-point topo(ogy) I's a |ightweight
protocol that can be managed by the Link Layer state-machine or firmare
and extended protocol that supports other data types such as USB traffic
and topol ogi es such as daisy-chaiﬁga siEE gev:égs. It should be noted that
the data encodi ng and decodi ng ' regardl ess of the
protocol whereas fram ng of data differs between the two. 100661 Stil
referring to Fig. 29, the auxiliary channel electrical sub |ayer contains
the transmtter 2902 and the receiver 2904. The transmtter 2902 is

provi ded w {#0d5)] Nk TR AR fidictioRy of Rili# thaneBleBichiPBNayetiichilel data

serializes and transnmits out. The receiver 2904 receives serialized |link

character fr : ' . n | serializes.it .at link
char acter cftgécggﬁé]é%rlg d&ﬂéﬁé’g@ﬁﬁn&gg éﬁ%ﬁﬁgéﬁ?‘éé‘g‘gfhﬁ Rar's 8P ORHYMS Far y
channel 224 are termnated to g%round via 50-ohmterm nation resistors at
each end of 2uX¥ifiary sharne] pratpealistandalang pretacel (limited fobnksatun/managsmenhe drive
current is programrabl e depending on the link condition and ranges from
appr oxi mat efync8on4 i a paintioppont topolegy) i 4 ghtwesght pratgeal thah carabgymandged
Vdifferential jp of approximtely 400nV to approximtely 1.2V. In

el ectrical bgkie DiaREayerstité ARchinb Or fogivaie/mdRteniEprobR@aitay suppbasal is
driven. Wien starting transm ssion fromthe electrical idle state, the

SYNC pat t ' ' J .y th
descr Pgeder gtrhrg]c'l)g%tﬁgﬁ)te% @@ﬁ@%ﬂg@ﬁ@%g@%@ﬁ% a'?l Sg-gqiﬁﬁ%d %ilﬂlz(auxsl lary

channel differ.ential i r_signa t clock rate. 28 tinmes foll.owed by four
T vancHEuEd: TrinopBid nojedhal e BoacmiSding AEacdiodF o SiderEar L e
devi ce detects hot-plug and hot-unplug events A GENSP127 35 PATENT

APPL| CATI Onraggrdlessiod thequptogolgvherpasgramingeh date idiffers betwigers theitwe. and negati ve

signals of auxiliary channel 224.
[0066] Still referring to Fig. 29, the auxiliary channel electrical sub layer contains

the transmitter 2902 and the receiver 2904. The transmitter 2902 is provided with link
characters by the logical sub layer, which it serializes and transmits out. The receiver
2904 receives serialized link character from the link layer and subsequently de-
serializes it at link character clock rate. The positive and negative signals of auxiliary
channel 224 are terminated to ground via 50-ohm termination resistors at each end of
the link as shown. In the described implementation, the drive current is
programmable depending on the link condition and ranges from approximately 8mA
to approximately 24mA resulting in a range of Vdifferential pp of approximately
400mV to approximately 1.2V. In electrical idle modes, neither the positive nor the
negative signal is driven. When starting transmission from the electrical idle state, the
SYNC pattern must be transmitted and the link reestablished. In the described
embodiment, the SYNC pattern consists of toggling a auxiliary channel differential
pair signals at clock rate 28 times followed by four 1’s in Manchester II code. The

auxiliary channel master in the source device detects hot-plug and hot-unplug events
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MAIN LINK [0067] In the described enbodiment, the main Iink 222 supports
di;screte, variable Iink(rat es that are integer rrult(-p’l es of the |ocal
erystal frequency (see Fig 3 for a representative set of link rates
consonant with a local crystal frequency of 24-MHz). As. shown in Fig. 16,
the main link 222 (being an unidirectional channel) has only a transmtter
1602 at t hebyperiadicaliyndrivengaoraneasinyngithe positive andigpative sighals diY&pdiléa,rydevi ce.

[ 0068] As shown, the cable 2304 takes the formincludes a set of tw sted
pair W resghsn8 #ar each of -the Red (R}, Geen(Q, and Blue(B) video
signals provides in a typical RGE color based video system (such as PAL
based TV systens). As known by thoziAﬁI‘ﬁﬁkI in the art, twisted pair
cable is a type of cable that consi i ndependent |y insul at ed
wires twi sted around one another. One wire carries the sigpal while the
ot her wire (0963} ourlaéhp%@W@@?@ﬂpmwma%mmﬁﬁwgmw € not ed
that in sonme other systens, the signals could al so be conponent based

si gnal s ( PblinlPrates}thaf)areiimegef multipl&S® fithellnoallorysalSteguencyUsedFig 3tfthea cabl e,
each twisted pair is individually shielded. Two pins for +12V power and

ground are &gw&kﬂlﬁévesyﬂsfﬁﬁmie%%ﬁgdﬁhmﬁhhw 1 #éq HLiIgnt i al

pair is 100 ohnms +/- 20% The entire cable is also shielded. This outer
shield and i,ndj vi dual.. shi el d r r H@ My on both
ends. The cé‘ﬁ-ﬁt%%?n tﬁeﬁ’?’ear?'éa%slﬁgﬁzéi@&ggtﬁg oun -Q?t?l “a g%%‘rgré%ﬁ%l{li%e. A
ceanector 2400 as shown in Fig. 24 has 13 pins.in row hayvi .2 pi nout
that is i defensmiften;i Q03 at e sopce dgrige apdyonly 3 regeiveg 688‘@%‘ %9153@Y2‘%H°%nd t hat
on-the display device end. The source device supplies the power. [0069].
The main | i [0068P2 iAs showmi thetcable @304 takias theform intludes aset dfdwistedpain nk 222
I's AC coupled, the term nation voltage can be anywhere between OV (ground)
to CGENSP12ir2§ dné F&NhchoPthe RadI(R) Green(G), and Blue(B) video signals provides in'a

typical RGB color based video system (such as PAL based TV systems). As known

by those of skill in the art, twisted pair cable is a type of cable that consists of two

‘independently insulated wires twisted around one another. One wire carries the signal

while the other wire is grounded and absorbs signal interference. It should be noted

that in some other systems, the signals could also be component based signals (Pb, Pr,

Y) used for NTSC video TV systems. Within the cable, each twisted pair is

—

individually shielded. Two pins for +12V power and ground are provided. The

—

charaéteristics impedance of each differeﬁtial pair is 100 ohms +/- 20%. The entire
cable is also shielded. This outer shield and individual shields are shorted to the
connector shells on both ends. The connector shells are sﬁorted to ground in a source
device. A connector 2400 as shown in Fig. 24 has 13 pins in one row having a pinout
that is identical both for the connector on the source device end and that on the
display device end. The source device supplies the power.

[0069]  The main link 222 is terminated on both ends and since the main link 222

is AC coupled, the termination voltage can be anywhere between 0V (ground) to
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+3.6V. .In the described inplenentation, the drive current is programmabl e
depending on the |ink cohdi tion and ranges from appr()xi mately 8mA to
approximately 24mA resulting in a range of Vdifferential pp of
approximately 400nV to approximately 1.2V. The mnimum voltage swing is

selected for each connectiogn using a training pattern. An electrical idle
state i s priovéYedn thsdepsihed 1mﬁl§‘1‘ﬂf@garﬁ9ﬁtthﬁﬂﬂ<¥§9‘lmtéﬁ’r pegrammable gl e, neit her

the positive nor the negative signals are driven. Wen starting a
t ransm ssi afepénding eh det lirkcaindititineandtranges fitoheapgpramismidy 8&mAntost conduct a
training session in order re-establish the link with the receiver. STATE

DI AGRAMS [ i | IMER LYY inla AAYE BEV BieRFntiBE Pp bR apRbREnaedly St at e
di agr anms s%%ém%lﬁgéli gs. ZrS arll §6a de%é:ri bed bellov_v.gpAcg%r?di ngl y?’ Fig.25

shows the sgur st at e .di aqr scribed below. At an off ate,2502, the
systemis o@“&&%aﬂm%’f‘“?ﬁegy Zgyrc q Inigum yqliage S‘T"fngtlﬁﬁcq%c&ﬂ?t% i cnabl ed,
then the systemtransitions to a standby state 2504 suitable for power
savi ng and qoapedtiparusingtactcainiag patterme rAeelegtical ddle states rovdedofor pewer he
receiver is present (i.e., hot plug/play), the auxiliary channel is

peri odi cal |Marnigesent médesc lin akecfrival idies neived yhe fasitive aiod thee mepative sigmals ae
vol tage drop across the termnation resistors during the driving is

measur ed. ldriveh. Whel8taftinp 1'@shshlidiofroRCéctéal idle RaRS ARltranBARRE migON t he
measured voltage drop, then the systemtransitions to a detected receiver

state 2506 |indicat.in hat. a . Iyer Pufst 1., a hot plug
event has cﬁ’é’gﬁ&cfetfaé%flé3%5103,11:’%%\%@;%%F?tgﬁﬁs'g?ggl S notﬁ(rhttlaegglm\a/lg?r' det ect ed, then
the receiver detection is continued until such tine, if ever, a receiver
is detected or a tinmeout has elapsed. It should be noted that in sone

cases the source device may choose to go to "OFF" state from which no
further display detection is attSHAEEDISNEVIS; 37 PATENT APPLI CATI ON

[0070] The invention will now be described in terms of state diagrams shown in
Figs. 25 and 26 described below. Accordingly, Fig.25 shows the source state diagram
described below. At an off state 2502, the system is off such that the source is
disabled. If the source is enabled, then the system transitions to a standby state 2504
suitable for power saving and receiver detection. In order to detect whether or not the
receiver is present (i.e., hot plug/play), the auxiliary channel is periodically pulsed
(such as for lus every 10ms) and a measure of a voltage drop across the termination
resistors during the driving is measured. Ifit is determined that a receiver is present
based upon the measured voltage drop, then the system transitions to a detected
receiver state 2506 indicating that a receiver has been detected, i.e, a hot plug event
has been detected. If, however, there is no receiver detected, then the receiver
detection is continued until such time, if ever, a receiver is detected or a timeout has
elapsed. It should be noted that in some cases the source device may choose to go to

“OFF” state from which no further display detection is attempted.
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[Q0711 If at the state 2506 a display hot unpl ug event is detected, then

the system transitions back to the standby state 2304. O herw se the
sourcé drives the auxiliary channel with a positive and negative signal to
wake up receiver and the receiver's subsequent response, if any, is
checked. If there is no response received, then the receiver has not woken
up and sour[@87temailfiat theistatec2 596 atdisppayiert unplug kwendisdetecied; thgmdhe systent ecei ved
fromthe display, then the display has woken up and the source is ready
read the reggisitfins bhékio theBraRdby itate 2504 UOtheABisEtie sourek drigésthe uttiliary Si ze,
and nunber of tinme-base recovery units) and the systemtransitions to a

main link igitiali.zati . 8. ' . . ai ni ng
tart noti rHaaRROHEEhBeRI% Bfneanté v o Sak e veckiPar BTIREREGTEL , O
started by sending a training pattern Qqver the main link at a set |ink
rate and chbRequsAt IEsRANEE.f &R, a5 chepkady Ig&ﬁf‘ﬂ% .“°T‘F§B°P¥6€‘F"\H§¢%» thepthe 5

pass/fail bit for each of three phases and the transmtter will proceed to
the next pleasieenims motiwbket upandioupsemaink yn thestate B306. I dowaveras sighal
detected, the main link is ready at that link rate. At this point, the

interface t{30&di¢ddsm tife display, THén A8 isplay Bas woké & Zdllfle s@irbeisealy. the

link rate is reduced and the training session is repeated. During the

nor mal operatign state . C ' I 9di nitor a
T st at asterh Ak Bt i chepdife GUE B M MRS bl i Ao 1
system transitions to the_ standby state 2504 and waits .for.a hot plu
detlecti on etf@ftbasq WPOV%%%\@FPH(;}‘%%‘S’W transitions E?e“l%‘@’c“e‘b‘,ﬁ“f‘w@ﬁz?q?@s €t gm
transitions to state 2508 for a main link re-initiation event. [0073] Fig.
26 Jshows t h2508 andlisgeady ta eomingueearainiog suctywtifisatipneghasey. At a state 2602,
no voltage is detected, the display goes to an OFF state. At a standby node
state 2604, [JagR]. MeAtthisipdint] £agining sessivh iastarted by yercliyerhinitigpatierarover n

electrical 1dle, a voltage drop across the term nation resistors of

auxi liary chanieh rfik 3£sd Fink ri@nd checks an associated training status. The receiver
sets a pass/fail bit for each of three phases and the transmitter will proceed to the next
phase upon detectipn of pass only such that when a pass is detected, the main link is
ready at that link rate. At this point, the interface transitions to a normal operation

state 2210, otherwise, the link rate is reduced and the training session is repeated.

During the normal operation state 2510, the source continues to periodically monitor a

RS

- ) link status index, which if fails, a hot unplug e-vent is detected and the system
~ transitions to the standby state 2504 and waits for a hot plug detection event. If,

however, a sync loss is detected, then the system transitions to state 2508 for a main
link re-initiation event.
[0073]  Fig. 26 shows the display state diagram 2600 described below. At a state
2602, no voltage is detected, the display goes to an OFF state. At a standby mode
state 2604, both main link receiver and auxiliary channel slave are in electrical idle, a |
voltage drop across the termination resistors of auxiliary channel slave port are

monitored for a predetermined voltage. If the voltage is detected, then the auxiliary
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nmonitored for a predeterm ned voltage. If the voltage is detected, then the
auxi | iary GENSP127 38 PATENT APPLI CATI ON channel sldve port is turned on
indicdting a hot plug event and the system noves to a display state 2606,
otherwi se, the display remains in the standby state 2604. At the state
2606 (main link initialization phase), if a display is detected, then the
auxiliary shaonel gavd porsisftuitied onundieadingra hod plhgt dvent andribersyistemnt moeepiorads to a
receiver link capability read conmand and the display state transitions to

2608, ot her WispRiy stdte 2668, BtHePwite, th@ﬁfst)léiytré’mgiﬂs il dthhtiby @Atk 2608NAethef OF nOre
than a predeterm ned period of tinme thén the auxiliary channel slave port

Is put into_t st an .state .2604. | 007 Dur | trainin tart

ot 11 cat 1 onaeeB il upfdliAnanitsel WA Simd S Pl 520 el by ¢ e
transmtter by adjusting the equalizer using training patterns, updating
the result #lave peig s fyHydemed pn;and the wansnferrgsponds t%wcwamtlmkcﬁapamgt)her
training session and if the training passes, then go to normal operation
state 2610. rdafl cohmiandiand thodaplay siatetranitions ta2608, otheywisd)afthete idhoon t he
main link (for training) for nore than a predetermned (I Ors, for

exanpl e) , t h&ivatydn tha hixifilAiahnd lMRoRAhin 4 Prederrhifed P&iodSd MRt at €
2604. [0075] Figs. 27 - 31 show particular inplenentations of the cross

pl atform djsp 1 nterf 007 i 0. 127 sho P t her board 2000
havi ng an o{r%l-seba(k)lg?i%%lgaﬁlﬂ?ﬁsgavee[rpgqnnlg]pugﬂgﬁﬂ‘tcﬁ%f‘ ta‘l“?ly’iyosg?ot?) ?g 6s a transmtter
2704 in accordance with the invention, It should be noted that the
transmitter [0978h i Durings framipg§iarg potifigation phassethe displayirespopds 9the hown i n
Fig. 1. In the described enbodinment, the transmtter 2704 is coupled to an
connect or 2F@@ingingiagion by the wesmoftertyeadgusting dhecaqualiBo psing training pattetrise
not herboard 2000 which in turn is connected to a display device 2708 by
way of a twisdatiélgi@d fesult for each phase. If the training fails, then wait for another training

session and if the training passes, then go to normal operation state 2610. If there is

no activity on the auxiliary channel or on the main link (for training) for more than a

predetermined (10ms, for example), the auxiliary channel slave port is set to the

standby state 2604.

[0075] Figs. 27 — 31 show particular implementations of the cross platform

display interface.

[0076] Fig. 27 shows a PC motherboard 2000 having an on-board graphics engine

2002 that incorporates a transmitter 2704 in accordance with the invention. It should

be noted that the transmitter 2704 is a particular example of the transmitter 102

shown in Fig. 1. In the described embodiment, the transmitter 2704 is coupled to an

connector 2706 (along the lines of the connector 2400) mounted on the motherboard

2000 which in turn is connected to a display device 2708 by way of a twisted pair

cable 2710 couples a display device 2710.

[0077] As known in the art, PCI Express (developed by Intel Corporation of Santa

Clara, CA) is a high-bandwidth, low pin count, serial, interconnect technology that
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cable 2710 couples a display device 2710. [0077] As known in the art, PCl
EXpress (devel oped by Int(e_l Cor poration of Santa Clé_r'a, CA is a

hi gh- bandwi dt h, |ow pin count, serial, interconnect technol ogy that
GENSP127 39 PATENT APPLI CATI ON al so nmai ntains software conpatibility with
existing PCl infrastructure. In this configuration, the PCl Express port

I's augment egsd ﬁxaﬁﬂzﬁﬁﬁ?ofﬁ%l’ébbﬁp&tibﬂif?'hwiﬂh@cismmrmm. In"thisCr 0SS
platforminterface which can directly drive a display device either using

a not her board N Sl g ' Eﬁﬁh. ere it is
not practic%ﬂnf&gyaﬁ’éﬁg?lgm%c(égeﬁseg%r o%eﬁéegqgng%wéhb%;& , dt‘gi[elﬁglﬁg;nal S can
be routed through the SDVO sl ot of .the PCl press . notherboard and brought
to the backregnirementpof G&i%@ssaﬂq&@g@iwrfww@ﬁ%&wygw adismgy deyice g. 28.
As is the case with the current generation of add-in graphics cards, a
add- i n gr apéittes usiag d matherbognd| remintéedwonoedioraasshgwaphi cs engi ne as shown in
Fig. 30. [00791 In the case of notebook applications, the transmtter on

the not herbgﬂﬁd] 9TAR{H S For MeieREit ot Pradfibal @0 hiduRLES cortiettoRah tkebl i ng, an
i ntegrated tecelver/ TCON which would drive the panel directly. For the

nost cost effective,inpl. ntat,d o | unted on
t he panel tﬁlgﬁgﬁkpaﬁb&g&g?lgﬁnﬁf %l%‘lﬁeu %?Q%Puwn%emggggyf%tﬂg%r%gor 10 as
shown in Fig. 31 100801 All of the abgve exanpl es assung i ntegrated

transni t t er othaehpardand brought tO&Eﬁ‘{aéﬁng@ipﬁfﬁgg%aP?ﬁﬁlvémm&g 0G3S3ndal one

transmtter integrating into PCl and PCI Express environnents through the
AGB or SDVGleivat i Fig.cx80 dotis thelopse withs thercyaienigeneratiom ghaddiargraphi¢s cardson e
out put streams W thout any change in graphics hardware or software.
FLOWCHART EMROR SYEPHESS card can supplant the onboard graphics engine as shown in Fig. 30.

[0079] In the case of notebook applications, the transmitter on the motherboard

graphics engine would drive through internal cabling, an integrated receiver/TCON

which would drive the panel directly. For the most cost effective implementation, the
receiver/TCON would be mounted on the panel thereby reducing the number of
interConnect wires to 8 or 10 as shown in Fig. 31
[0080] All of the above examples assume integrated transmitters. However, is it
‘ } quite feasible to implement as a standalone transmitter integrating into PCI and PCI
'I _‘} Express environments through the AGP or SDVO slots, réspectively. A standalone
transmitter will enable output streams without any change in graphics hardware or
software. |
FLOWCHART EMBODIMENTS
[0081] The methodology of the invention will now be described in terms of a
number of flowcharts each describing a particular process for enabling the invention.
Specifically, FIGS 32 - 36 describe a number of interrelated processes that when used

singly or in any combination described aspects of the invention.
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[ 00811 The net hodol ogy of(the I nvention wll now be described in terns of a
number of flowcharts each' describing a particular prdbess for enabling the
i nventiion. Specifically, FIGS 32 - 36 describe a nunber of interrelated
processes that when used singly or in any conbination described aspects of
the invention. GENSP127 40 PATENT APPLI CATI ON [0082] Fig. 32 shows a

fl owchart d¢aas2]i ngFig. P2 sli®&sSa ﬂaﬁﬁlﬁrpdetﬁiﬂ%%ﬁlﬁi‘dﬁemm foPRRéplihiaBah nmode of
the interface 100 i n accordance with an enbodi nent of the 1invention. In

this proces t'q¥%ﬁ ' di ai node i f

t he vi deo S%ﬁ%@@g&%%ﬁ‘c{d&g |sgfé§§g§é§/¢ %:Aeacgg%a&é‘g%te\ﬁﬁlg%%%@g dlg’ﬁgkér se, the
oper ational . m)ﬁe V\inlshx be set Jlo anal o% m)ge. ..t should be noted that

"anal og nod¥WVepHOR-pinthisprpeessithe aperational,meds ¥kl oplybgsat toardigitajmodedfie as
wel | as enhanced anal og node having differential analog video with
enmbedded al tgrividen satiregrand the display dieviee aredoshh digtald dbthenivise ithesoperdtisnale d

anal og node will be described below. [0083] In step 3202, a video source is

i nt errogat eghode witibersel toQmaldgiete. Tshokl R notEPHaCUNEIORRNde® il 09 OF
digital data. If the video source supports only anal og data, the

oper at i onal cémgﬁ&ﬁifcﬁﬁ'cgnﬁ c phgg‘ﬁ%‘%‘@é‘ﬁg “ﬁeﬁtaﬁteﬁhzﬁ'g% %1l SESRe 3208)

then the process w ste I'f the video soutce can
out put digital. dat th rrocess coptinu .step. .3206. The displ.ay
device is t h%‘ﬂ“$ ﬁ{fg‘# ?'Bﬁi og ¥ B%Pvé‘?‘rﬁ"ﬁﬁﬁaﬁieﬁf@meghg%ﬁ 2pd Bys’awpe%l i s
configured to receive digital data. If the display device supports only
anal og dat asidehapd. dihis enhaners angleganade widlhs deseriwd\belov.wi | | be set to anal og
(step 3208), then the process will end (step 3212). O herw se, the
oper at i onal [0083F ofIntstep 3200 p4 Vidgo S@urtER intefrogaéd fodetbrfiiiealhéthérahe 3idd®) . For
exanpl e, a processor may control switches within the coupling device to
set the nodgurée fipPbit#hnaldglodfiBRi1ata. Thhe V! soite dGHITE ohfy analog data,

the operational mode of coupling device 100 will be set to analog (step 3208), then

the process will end (step 3212).

[0084] If the video source can output digital data, the process continues to step

3206. The display device is then interrogated to determine whether the display device

is configured to receive digital data. If the display device supports only analog data,

the operational mode of coupling device will be set to analog (step 3208), then the

process will end (step 3212). Otherwise, the operational mode of the coupling device

is set to digital (step 3210). For example, a processor may control switches within the

coupling device to set the mode to digital. In general, the coupling device is

configured to operate in a fully digital mode only when both the video source and the

video sink are operating in a corresponding digital mode.

{0085]) Fig. 33 shows a flowchart detailing a process 3300 for providing a real

time video image quality check in accordance with some aspects of the invention. In

this example, all determinations of process 3300 are made by a processor coupled to

the display interface.
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configured to operate in a fully digital node only when both the video
source and the video si r{k are operating.in a correspondi ng digital node.
[0085]° Fig. 33 shows a flowchart detailing a process 3300 for providing a
real tinme video inmage quality check in accordance with sone. aspects of the
invention. In. this exanple, all determ nations of process 3300 are nade
by a proces 0086} ouplnester 3300f & eiddo sighal)is reteived o a GABSEhRde. Mext W §ibial

APPLI CATION . -'f | [0086] In step 3300, a video signal is received froma

i d - . : ] [ i1S. - i .t he vi deo
Sour ce assodAMLA PR @#&%ﬁ%%&%@?@?é&%ﬁﬁﬁgf@pa‘*%é%%?v.e‘a?:a&%t cp
3304, det 1nat i f ' rof . rate js e, based. upon the quality
t est pgttgrfeﬁ"‘.rgpl1 W?-%Qo@etﬁﬁ%ﬁésé’&ﬁﬁfm@nﬁ STREFate jsange, basedor  rate

is greater than a threshold value (step 3306). If the bit error rate is
det er mi ned upon thstquakitydess patterns Ahen, tatdstermination ismedd afoyhetherthebit emor
determ nation is made (step 3314) of whether or not there are nore video

frames. |f rdte isgré@tcthan B @aeshold vAE(sEpBI06)TTF the bif GRS rite & Efernli@l to! e
process returns to step 3300. O herw se, the process ends. [0087] However,

if the bit ; ' ' L d value
in step 33080 %%Ea?%f%@]gﬁﬁ%%%ﬂﬁg%é%&%ft%%aﬁ%?%%&%ﬁ%ﬁ?ﬁk it
rate is greater tha mnimumbit rate. lf.the bit rate is greater an a
M ni num bi tw?ﬁ Tor ﬂéﬁ“‘?ﬁ'@'ﬁ‘?f?vﬁk’ St 5&6@?‘6‘%@@3 @@I’éﬁreé’i?dn?‘ﬁ_e process
returns to step 3306. If the bit rate is not greater than the m ninmum bit
riatie, then Video dismes; ther g Pgeagss UPIoRieP me%ltbqrwpﬂe(%@!rmc&mmdhe process
e,pd‘s. :

[0087] However, if the bit error rate is determined to be greater than the threshold
- value in step 3306, a determination is made (step 3308) as to whether the bit rate is

greater than a minimum bit rate. If the bit rate is greater than a minimum bit rate,

_then the bit rate is lowered (step 3310) and the process returns to step 3306. If the bit

rate is not greater than the minimum bit rate, then the mode is changed to analog

mode (step 3312) and the process ends.

[0088] Fig. 34 shows a flowchart for a link set up process 3400 in accordance

with an embodiment of the invention. The process 3400 begins at 3402 by the

-

) receiving of a hot plug detection event notification. At 3404 a main link inquiry is
made by way of an associated auxiliary channel to determine a maximum data rate, a
number of time base recovery units included in a receiver, and available buffer size.
Next, at 3406, the maximum link data rate is verified by way of a training session and
at 3408, a data stream source is notified of the hot plug event. At 3410, the
capabilities of the display (using EDID, for example) are determined by way of the -
auxiliary channel and the display responds to the inquires at 3412 which, in turn,

results a collaboration of the main link training session at 3414.
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[0088] Fig. 34 shows a flpewchart for a link set up process 3400 in
accordance w th. an enbodi ment of the invention. Thel process 3400 begi ns
at- 3402 by the receiving of a hot plug detection event notification. At
3404 a main link inquiry is mnade by way of an. associated auxiliary
channel to determ ne a maxinumdata rate, a nunber of tinme base recovery

units incl ud@esdn a Neeeiter6, hesiraanidunddl sendiKifcai stirfbftes t&'ﬁi&treca&er%ioﬁ
the maximumlink data rate is verified by way of a training session and.

at 3408, a G+ | } fiige t he hot pl event. t 3410,
the capabi fi?t&?ggﬁ%ﬁ %‘%@gﬁ‘é&?ﬂ?g{ﬁ‘{n‘g& %ﬁ%&?@g?mg%%ﬁ#‘g‘}heéf@&ﬁ er ni ned
by way of the uxili arl}/.channel and the display responds to the inquires
at 3412 whi c‘H*,‘e‘ﬁ‘Ff &N linlots capable ot yipparinedhe isquested munbariof dataskeamsii ni ng
session at 3414. CGENSP127 42 PATENT APPLI CATI ON [ 0089] Next, at 3416, the

stream sour ca 3420d4t §42%ake wrious datagackats 4rb domedidiyvaridingyassogtedpadkbe
auxiliary channel and at 3418, the stream sources are further notified

whet her the tgailérs hhd thel ultipRA RO fAf nustbRP 8F Sk {thGms $I4S g&t{)ﬂar f data
streans at 3420. At 3422,§t heg\elbari ous data packets are ?%lrﬁ?rde ya'aé\ing

associ at ed ppgket tégﬁﬁﬁia'r : tgg% | exing of a.rwg_‘g of . saurce
streanms is scheguqee at ?‘é’ﬁéﬁ’q’qﬁk‘% aﬁg &Jal%ée eel?rﬁﬁ Sﬂ?ﬂ‘? Bn %ed‘ethﬁﬁﬂlf her or
not the link, status, i .natg\hen the link, _status . is not OK then the
sour ce(s) arséﬁﬁ%lsi“f’f QZ(-% ¢ FW"?@ e petifisdofia link fBijure evepfiat Adh.se, t he
link data streans are reconstructed into the native streans based upon the
vari ous paclatheriésgddedinkdagusggamaare3sgmstruéted inde tregtative seehnmhasedushat a
streans are then passed to the display device. [00901 Fig. 35 shows a
fl owchart dehavariouy packet hesiess 223000.f At 343, tioy retdi@tracted hative dih SRSFISQR: | N
accordance with an enbodi nent of the invention. It should be noted that
the traini nghmgémo%@@igﬁﬁy dedf.is one inplenentation of the operation

[0090] Fig. 35 shows a flowchart detailing a process 3500 for performing a

training session in accordance with an embodiment of the invention. It should be

noted that the training session process 3500 is one implementation of the operation

3206 described in Fig. 32. A training session is started at 3502 by sending a training

pattern over the main link at a set link rate to the receiver. A typical link training

pattern is shown in Fig. 11 in accordance with an embodiment of the invention. As

illustrated, during the training session, a phase 1 represents the shortest run length

while phase 2 is the longest. The receiver is to use these two phases to optimize the

equalizer. In phase 3, both bit lock and character lock are achieved as long as the link

quality is reasonable. At 3504, the receiver checks an associated training status and

based upon the training status check, the receiver sets a pass/fail bit for each of three

phases and the transmitter at 3506. At each phase, the receiver will proceed to the

next phase upon detection of pass only and at 3510 and if the receiver does not detect -

a pass then the receiver reduces the link rate and repeats the training session. The

main link is ready at that link rate at which a pass is detected at 3512,
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3206 described in Fig. 32. A traini ng session |s started at 3502 by sending

-a training pattern ovgr -the main link at a set limk rate to the receiver.
A typical link training- pattern is shown in Fig. ™1 in accordance with an
enbodi nent of the invention. As illustrated, during the training session,

a phase 1 represents the shortest run length while phase 2 is the | ongest.

The recei s to . t hese two phases t tinmze.the .equaljzer. In
phase 3, t@t{’ FJ bi tﬁg‘%u&%@%‘fﬁﬁ@%%ﬁrs %w%gﬁgeggklygﬂl/@dmggerﬁgﬁéheas the link
quality is reasonable. At 3504, the receiver checks an associated training
stat us animventioyeCamppiten systemy 30Riisonly en example of k graphics system v whicht s a
pass/fail bit for each of three phases and the transmtter at 3506. At

each phasge présentifo&itiodlcaibé implemented. Computer sysiermi 3Goddsctudas@entedt ect i on of
pass only and at 3510 and if the receiver does not detect a pass then the

receiver CPX B xt\pr'”(ﬂ Atl\i’{)’ﬂ" o | he main
link is ré"ggi’/&@ "‘%“E‘Zt I ?gigg&&g@ aﬁ:ﬁ%&?ﬂ&go ass | sjdc-i"’gf gagtﬁ gg&a@%&z.
GENSP127 43 APPLI CATI ON, [ 009 Fig.,.36 illust es.a conputer system
5600 ermpl (RIM) 62 e o pepHeAN 0] BAEbERsAROF G0r BriPaBGTEE oni s an
exanpl e of a graphics systemin which the 7prese_nt i nvention can be
i npl enent deyices3 6 and 3650; arddigBalolisplay w36 70e ndis isl welbknovasiaithgjattini t  ( CPU)
3610, random access -nmenory (RAM 3620, read only nenory (ROM 3625, one or
mor e per i ROM a¢ts todpaisfer datapind Gstaoénsaini-direGivnally fr the@PYs3600,agkile devi ces
3640 and 3650, and digital display unit 3670. As is well known in the art,
Macts RaM i frifalal HAGH ARG in Qi QEbL Al ¥nde. the CPUs
3610, while %éégpﬁ‘%gg??%ﬁcéarl I ya to transfermdat]a and 1nstructions in a
bi -Mdi rectjigna nner, Us 3610 may ,generally in de.any nunber of
processo rgpﬂﬁé§ ﬁP’BPY gE t%?lgg%mydé‘é?%é 8 f B@ﬁﬁéggﬁd gfé’;‘.ﬁmﬁ’ﬁé $f¥%Ude any
sui tabl e conputer-readable nedia. A secondary storage nedi um 880, which is
t ypi cal | ydexioende4anthiqr0qasy inglude anysguiigble computer-readable media. A

secondary storage medium 880, which is typically a mass memory device, is also
coupled bi-directionally to CPUs 3610 and provides additional data storage capacity.
The mass memory device 880 is a computer-readable medium that may be used to
store programs including computer code, data, and the like. Typically, mass memory
device 880 is a storagg medjum such as a hard disk or a tape which generally slower
tﬁan primary storage devices 3640, 3650. Mass memory storage device 880 may take
the form of a magnetic or paper tape reader or some other well-known device. It will
be appreciated that the information retained within the mass memory device 880,
may, in appropriate cases, be incorporated in standard fashion as part of RAM 3620
as virtual memory.

[0092] CPUs 3610 are also coupled to one or more input/output devices 890 that
may include, but afe not limited to, devices such as video monitors, track balls, mice,
keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic
or paber tape readers, tablets, styluses, voice or handwriting recognizers, or other

well-known input devices such as, of course, other computers. Finally, CPUs 3610
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coupled bi-directionally to CPUs 3610 and provi des additional data storage
capacity. The nass neany device 880 is a conputegareadable medi um t hat
may be used to store prograns including conmputer tode, data, and the |ike.
* Typically, mass nenory device 880 is a storage nedium such as a hard disk
or a tape which generally slower than primary storage devices 3640, 3650.
Mass nenory storage device 880 may take the formof a magnetic or paper

t ape r eadeptiomallyonay o compledetd b campuier detelecemmiunioatibhs ndpeokppige@nat ed t hat
the information.retained within the nmass nenory device 880, may, in

appr opri afQefRbRGwolEor BGRIARE AR, s stkiBAiclbn a§ skt  of RAM 3620
as virtual nenory. [00921 CPUs 3610 are al so coupled to one or nore

I nput / out put Vi 8 t ha i ncl ud but are not limte , devices
such as v ERRESRLHESS o Wi Hith ok B Bon L BiBaled BALAE GRS
touch-sensitive displays, transducer card readers, nmagnetic _or paper tape
readers, BaH) mught reqejyenfosmatien Framgdhe neWaw iof MHghtoutwg informnagionde thst her

wel | - known i nput devices such as, of course, other conputers. Finally, CPUs
3610 GENpethdrk fitheAdinsE ofpirtdriiing thblabgpie desalibed methiodstepoufichd to a
conput er or telecomunications network, e.g., an Internet network or an

i ntranet [gbMRAtion, Whichds BRELLPREEEPIESIqubItedT ishavionsd6 BekRddutedat 3695.
Wth such a network connection, it is contenplated that the CPUs 3610

m ght recej.ve A tion, fraom e [ gq']gt p Lhfgrmation to

the net \/\Bsrlﬁgldrﬁsﬁjgﬁ@bﬂrg%géﬁ elﬁé‘? (c))l?lr%Hl \rqg’umug%gﬁove?l gtevgééh %%3* ﬂé"?l Rod st eps.

Such inforpation, which is often re%rgis nted as a sequencge of instructions
gdie ngpﬁ)a

to be exeluigdormef #eorepiter dagm signalg SR RLYEET VA Mfputted to the
network, for exanple, in the formof a conputer data signal enbodied in a
carrier wdeseribdthdevadrs\and miksials widkbedfamiltardo thede nfiskall imthe opriputebe fani | i ar
to those of skill in the conputer

hardware and software arts.

[0093] Graphics controller 3660 generates analog image data and a corresponding
reference signal, and provides both to digital display unit 3670. The analog image
data can be generated, for example, based on pixel data received from CPU 3610 or
from an external encode (not shown). In one embodiment, the analog image data is
provided in RGB format and the reference signal includes the VSYNC and HSYNC
signals well known in the art. However, it should be understood that the present
invention can be implemented with analog image, data and/or reference signals in
other formats. For example, analog image data can include video signal data also with
a corresponding time reference signal.

[0094] Although only a few embodiments of the present invention have been
described, it should be understood that the present invention may be embodied in
many other specific forms without departing from the spirit or the scope of the present
invention. The present examples are to be considered as illustrative and not

restrictive, and the invention is not to be limited to the details given herein, but may
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har dware and software arts. [0093] G aphics controller 3660 generates
-anal og i nage data -and g"_’_correspondi ng reference sq-’"gnal, and provi des both
to digital display unit 3670. The anal og inage data can be generated, for
" exanpl e, based on pixel data received from CPU 3610 or from an external
encode (not shown). In one enbodi nent, the analog inmage data is .provided

in RGB foymt he ref ! ' l, i ned Y| YNC
signal s I?POQ%&HE’!F}HD E‘P‘fé%ﬁ&%é&%g‘ﬁ?d ﬂguﬂé%giqg&bﬁlé%% er@?%’gzﬁt hat the
present invention can be inplenmented wth anal-og i mage, data and/or

refer encee%ilwwtf& in other formats. For exanple, anal og .inage data can

i ncl ude video signal data also with a corresponding tine reference signal.
[00941 Al [0e9Sph OWhile thi§ mwentivndas beat desafbddlin tgmsof atpréferreht i on have been
described, it should be understood that the present invention may be

embodi ed édibodiRizit, i hre AREGtibAC Eﬂ{dﬁid%,tﬁﬂléguﬂ%ﬁfstthﬂ%ﬁ Watlid die spirit or
the scope of the present: mvent’Pon. The present exanples are to be
considered as iJlustrativ nd, .not . restrictive, and t invention i s not
o be 1 nicens of g Fveion, 1t HogiHHe brbhdtd it e e Moey Al My ANy
APPLI CATI ON be nodified within the scope of the appended clains along with
t hei r f ul of implgraensing both the pracesssandjappargtus whthepresenkinvention: ilos has been
described in terns of a preferred enbodinent, there are alterations,

~ per nut at i therefora mitewdpdi thattheinseritioatbefinafetpreted bs inchiding ALk aliératibriss

iavention. It should also be noted that there are nany alternative ways of
il ement hghubitiolis, i@ eRBIVEIERS ad ¥l WRRIATRS tide Pirif /A sBoFSSthe prevaRt ion. It is
. therefore i ntended that the invention be intéerpreted as including all such
al terati onsg nt‘oﬁer mut ati ons, and equivalents as fall within the true spirit
and scope R, pr esent
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i nvention. GENSP127 46 PATENT APPLICATION I CLAIM 1. A packet based
display interface arranged to couple a multinedia (source device to a

nmul tinedia sink device, conprising: a transmtter unit coupled to the
‘source device arranged to receive a source packet data streamin
accordance with a native streamrate; a receiver unit coupled to the sink
device; a linking unit coupling the transmtter unit and the receiver unit
arranged tICLAMAsfer a nul tinedia data packet stream formed of a nunber of
mul ti medi a data packets based upon the source packet data streamin
accordance with a link rate that is independent of the native streamrate
between the transmtter unit and the receiver wunit; and a data packet

schedul er unit gcoupl | gk K i dat a
packets for traﬁsporf(ﬁg{:/%rd)?ﬁgd:lélﬁﬁyiqgtgkfgﬁﬁgy%uéglﬁpggﬁgﬁaes of the

data streans gherein tmﬁ.dgga. @ket size for each data streamis an ,
associ at ed°Ricg &§VISE Jea mulm gﬁ‘gﬁ EVIGHFITRRE 0 bet ween a data stream bit

rate and a link bit rate. 2. A display interface as recited in claim]1,
wherei n t he nulatransantergmitsouplad kaethe seurse deviee granged tareneinpasowte mul ti nedi a
dat a packet streans each having an associ ated adjustable data streamlink

rate that packet ddapesaanh acdorddnee withiatratisé e rategt €. 3. A display interface
as recited in claim1, wherein the link unit further conprises: GENSP127

47 PATENT APPLI;GAJdi (&Y unit coupled to the sink device;

a linking unit coupling the transmitter unit and the receiver unit arranged to
transfer a multimedia data packet stream formed of a number of multimedia data
packets based upon the source packet data stream in accordance with a link rate that is
independent of the native stream rate between the transmitter unit and the receiver
unit; and

a data packet scheduler unit coupled to the linking unit arranged to schedule
data packets for transport over the linking unit for the selected ones of the data
streams wherein the data packet size for each data stream is an associated fixed size

that depends upon a ratio between a data stream bit rate and a link bit rate.

2. A display interface as recited in claim 1, wherein the multimedia data
packet stream is one of a number of multimedia data packet streams each having an
associated adjustable data stream link rate that is independent of the native stream

rate.

3. A display interface as recited in claim 1, wherein the link unit further

comprises:
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h A._ aunidirectional main link arranged to carry the nultinedia data
packets from the trangmtter unit t-o-the receiverunit; and a

bi -directional ‘auxiliary channel arranged to transfer information between
*the transmtter unit and the receiver unit and vice versa. 4. A display
interface as recited in claim3, wherein the bi-directional auxiliary

channel is forned, of a upi-diitectional K back chanpel configured to carry
i nf or mati on fre#mdﬁréctgqq%ﬂma@\)} ¢ @%WH@WW%@ggkﬁﬁiﬁoﬂ‘?rect i onal
forward channel included as part of the main channel for carrying

i nf or nat i the tfansmitten @nit tasthe gecetevimids and t he si nk device in concert with the
back channel. 5. A display interface as recited in claim2, wherein the

mai n i nk unit pf-WirédiRhalCRRINahPEfRnne AAAESY to Handfer inferimaktion bstwees thebei ng
associated with a particular one of the nmulti nedia data packet streans

wherein each of sal.d i |. | ] ssociated virtual 1ink

bandw dt hgﬁrﬁ l&“\/‘f’?&i’ Itﬁ% #éﬁ?véga@%kém@%% I'sSplay interface as recited in
claim5, wherein a main link bandwidth is at |east equal to an aggregate
of the virtual link bandwi dths. 7. A nethod of coupling a nultinedia source
~device to a nmultinmedia sink device, conprising: providing a source device
havi ng a trans#itteA disildy inGufatess tehitedineiaim®, whertim thedii+directonabe havi ng a
receiver unit coupled thereto; GENSP127 48 PATENT APPLI CATION ( receiving
a source gkRarychaMe) isTordtdVTAIME AirdétichaFbadR chateBéddipitddab cay t he

Y
-  information from the sink device to the source device and a uni-directional forward

Y channel included as part of the main channel for carrying information from the source

device to the sink device in concert with the back channel.

5. A display interface as recited in claim 2, wherein the main link unit
further comprises:

a number of virtual links each being associated with a particular one of the
multi media data packet streams wherein each of said virtual links has an associated

N

o virtual link bandwidth and a virtual link rate.

6. A display interface as recited in claim 5, wherein a main link

bandwidth is at least equal to an aggregate of the virtual link bandwidths.

7. A method of coupling a multimedia source device to a multimedia sink
device, comprising:
providing a source device having a transmitter unit coupled thereto;

providing sink device having a receiver unit coupled thereto;
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transmtter unit; coupling the transmtter unit and the receiver unit by
way of a linking unit; , formng a nultinedia data(packet stream fornmed of a
:nunber of nul timedi a éata packets; generating a transport schedul e for
*transferring the nultinedia data packet streamin accordance with a link
rate between the transmtter unit and the receiver wunit wherein the

mul ti medi a data packets are each a fixed size pased upon the link rate and
a data st reseiving a squigecdatagstreampipapenrdance Wit 4 pafive §tream rae by theyr t her
conprising: providing a unidirectional main link arranged to carry the

mul t i medi earaiier pagkets fromthe transmtter unit to the receiver unit;
and providing a bi-directional auxiliary channel arranged to transfer

information b Tﬁlﬂé 180 thidek gﬂqmtl \{, & Rikingudit;and vi ce
versa. 9. A ne?ﬂ%ﬁﬁgéﬁre0| thc g|n18 . erei e b| dlrectlonal

Fo carry i nf or HF#A mERURrOH e PRl abrEb B oE R aﬁﬁ‘% S gROPEEiEng &
uni -directional forward channel included as part of the main channel for

. carrying datd packetsi on fromthe source device to the sink device in concert
wi th the back channel. 10. A nethod as recited in claim9, wherein the main

link unit furtpakeratidgrnransgst schediil ferirahsfeRingiNe mAffeinbdid Batalpacketa nunber of
virtual |inks each being associated with a particular one of the nulti

medi @ dal &Rk Skosith Wikl B tle BaHRe theSahditler hitknd tRligcdias an
[
unit wherein the multimedia data packets are each a fixed size based upon the link

rate and a data stream bit rate.

8. A method as recited in claim 7, further comprising:

providing a unidirectional main link arranged to carry the multimedia data
packets from the transmitter unit to the receiver unit; and

providing a bi-directional auxiliary channel arranged to transfer information

between the transmitter unit and the receiver unit and vice versa.

9. A method as recited in claim 8, wherein the bi-directional auxiliary
channel is formed of a uni-directional back channel configured to carry information
from the sink device to the source device and a uni-directional forward channel
included as part of the main channel for carrying information from the source device

to the sink device in concert with the back channel.

10. A method as recited in claim 9, wherein the main link unit further

comprises:
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virtual  [ink bandwidth and a virtual link rate. 11. A nmethod as recited in
.claim 10, wherein.a magn |ink bandwi-dth is at |east equal to an aggregate
of the virtual link bahdwi dths. 12. A nmethod of scheduling a transport of a
* nunber of data packets between a data source and a data sink by way of a
data link, conprising: sending data packet attributes fromthe data packet

source to the data packet sink; nparing.a streamhbit rate a data link
bit rate for e&@mb?f(é‘mémﬁﬂcﬁgﬁpéaﬁo%&ﬁ%w%aB Wt 096 e he sour ce

to the sink; setting a packet size for each of the data streams based upon
the conpanithmediacian packdtatrpamkwhersinzach of suid vixwal lpksthes am asseciatednbi ni ng at
| east one of each data packet; and transporting the conbi ned data packets

fromthe §‘8‘?{E‘FM%‘§% a2 virkual litloRsit er program product for scheduling a

transport a nu 0 dat a packets between a data source and a data
sink by way of a data link, conprising: conputer code for sending data
packet attributes fromthe data packet source to the data packet sink;
conmputer code for conparing a streambit rate to a data link bit rate for
each of a nunbdl of Aduethod gy resited inslaim %WWH@“Q%W@B"@Q‘%%e si nk;
GENSP127 50 PATENT APPLI CATION ¢ conputer code for setting a packet size
for each nhstidqaaldetn aggregaesf thoairan! liplobartdwadtbenpar i ng wherei n the packet
size is a fixed packet size; conputer code for conbining at | east one of
each data packet;

12. A method of scheduling a transport of a number of data packets
between a data source and a data sink by way of a data link, comprising:

sending data packet attributes from the data packet source to the data

packet sink;

comparing a stream bit rate to a data link bit rate for each of a number

of data streams to be sent from the source to the sink;

setting a packet size for each of the data streams based upon the

comparing wherein the packet size is a fixed packet size;
combining at least one of each data packet; and

transporting the combined data packets from the source to the sink.

13.  Computer program product for scheduling a transport of a number of
data packets between a data source and a data sink by way of a data link, comprising:

computer code for sending data packet attributes from the data packet

source to the data packet sink;

computer code for comparing a stream bit rate to a data link bit rate for

each of a number of data streams to be sent from the source to the sink;
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conputer code for transporting the conbined data packets fromthe source
.to the sink; and conputer readable nmediumfor stor 'rng the code. CGENSP127 51
"PATENT APPLI CATION | JA; lull[ I'M 11114 il:
computer code for setting a packet size for each of the data streams
based upon the comparing wherein the packet size is a fixed packet size;
computer code for combining at least one of each data packet;
computer code for transporting the combined data packets from the
source to the sink; and

computer readable medium for storing the code.
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