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BACKGROUND CF THE | NVENTI ON [ 0003[ Raster scan video transport protocols
were originally devefoped for use with cathode(féy tube (CRT) based
dislpl ay systens that nust take into account the fact that an el ectron
gun(s) is used to physically "paint"” the displayed inmage one line at a
time. For exanple, a standard definition (VGA) video inmage is forned of an

act i ve pig® e Rtegaennal |y i ncl udes 480 active display |ines each of
which i's Tormed of 640 pixels (i.e., 640 x 480 resolution). In addition to

the acty r egi h Vi l,anki,ng, reqgi t hat . ot, di spl ayed but
nonet hi?dé@; |ghl?%fc vﬁ%ﬁ% rlg‘;?t?sﬁg ﬁl@gdlg?i@ﬁlg?s. OIQPFFC%’GF@?‘@%rﬂé%ent s t hat
anmount _of tine that is required for_ both horizontal and vertical retrace.
For examsntion describes adata packst spream sehgduler and methods afiuse thereofe bei ng 480
lines of 640 pixels each) requires approxi mately 160 pi xel clocks per |ine
for horizontal retrace and a period of tinme equal to approximately 45 |ine
periods for wvertical retrace. In this way (assum ng one pixel per pixel

cl ock) BhbPRGNOGGPoP B RIVENTRNUI red to transport the video data necessary to
di spl ay the VGA T mage nust be on the order to 800 pixel clocks (640 active

pi xel S 160 bl ankin I xel clogks). Therefore t transport

ef fici @r?@y(( a?ﬁg‘i’l‘s?@d‘" &0 t??fggpﬁ'i%‘af‘é‘ﬁﬁw)ﬁe (Erf%n"’dﬁfs‘fﬂvﬁg‘?gﬁ‘ﬁ]gor &t a over the
total data stream bandw dth) is on the order of 80% (i.e., 640/800).

[ 0004] WNB cathede myitube (GRT ) hesed displey systempthalorys thlsesininagcenntaliei n or der to
acconmodat e HDTV and ot her hi gh end graphics applications, the efficiency
of r asfaetthatsmeslectiotiegmn(s) dnesed td physidadly SpsintYatie dispyed inigeagRdine0
approximately 90% by requiring that the horizontal retrace be limted to

160 pi atqltirié. ORMSexbinP R & BiandAd WehifBioFTWEA Aded R EEN folfiBl bEA ! ON | |

active region that nominally includes 480 active display lines each of which is formed

of 640 pixels (i.e., 640 x 480 resolution). 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
horizontal retrace and a period of time equal to approximately 45 line petiods for
vertical retrace. In this way (assuming 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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the associated bl anking period). For "anple, given a LTVGA inage (i.e.,
1600 x 1200), the t(ansport efficiency is appr06<| mat el y 90% when t he
hoffzontal retrace is maintained at 160 pixel clocks (1600/(1600+160))

Al t hough raster scan video transfer protocols are efficient (on the order
of 90% and do not require large buffers, they are, however, inflexible in

t hat i tthe assesmesdttilaiking peaijvalhn Borofxample gikenp Y GAginmtaedi.asl600x s rendered.
100051 In addition to raster scan video transport protocols, the energence

tal vid
transport kirﬂc{)% g%ﬁpbﬁ%?ﬁ&éﬁﬁ‘?d%ﬁﬁé‘?gﬁmﬁlﬁ%zo%ﬁéﬁheﬁsﬂz&ﬁ;{l rir&ieli@l Vi deo

I'tal eo transport protocol referred to

e rsbogah 10 Pt Rt oo B e0B R G GO R AR Feft o

guar antee a uni form bit rate and maintain synchronicity between nmultiple
dat a stpretenels eraefficignt (eniheierdeset Wi andalamptaedivei lange bulfesnthey 8t in t he
formof an audio stream. Although isochronous packet transfer protocols

are i rHoweosd, inflekitdx irbihat it thussénviallyp eapabbesicrily displagingalataras)it ist he | ar ge
buffer requirenents can be very costly. [00061 Therefore, what is

desi ral}%ﬁdb a data streamtransport protocol that has the efficiency (in
terns 0O oth transport efficiency and menory resource utilization) of the

(2L (360, BTSSP BBl S AR OO P
Irml\||v'|[E w@u} gf%ng %as%dr;?r;tgr%g hgg cr(f::acr)tlé ltilxenr?eeg fcr;'u clhtglltar{e v?rlie% t?a?lglgc?r? px%?(\)/clo(l:s(.a toa
One such digital video transport protocol referred to I.E.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 §ink device having a recei ve{r unit coupl ed thereto,
reckeiving a source data streamin accordance with a native streamrate by
the transmitter unit, coupling the transmtter unit and the receiver unit
by way of a linking unit, forming a multinedi a data packet stream forned
of a nunber of nultinedavVIMARYOIKEHE ENVENJGON ati ng a transport schedul e
for transferring the nultinedia data packet streamin accordance with a
link rate between the transmtter unit and the receiver unit wherein the
mul ti medi a data packets are each a fixed size based upon the link rate and
a data streambit rate. [00081 A nethod of scheduling.a transport of a
nunber 18007 at aApaethed of pupling A multimedia sogrredsvics %"B‘gtﬂlgeé'? Wiby way of a
data link by sending data packet attributes fromthe data packet source to
t he datdevicabietoviding a somepdevinghavisg a tansmhitter uit eoupdedathextén,a 1ink bit rate
for each of a nunber of data streams to be sent fromthe source to the

si nk, %‘%&ﬁ&i&g SnlPa6HES havidea feekiveP@lit Sdupldiahatdiod recelvaa® shiresdataipon t he

conpar i ng ereln the packet size is a fixed packet size, conbining at

| east ope ot each, dat a.,packe ' conbi ned. data packets
fr om t KBS i 2qeordanps, withid ga V%%%%ﬁﬁ%%%%%%@ﬁgr lilglrit:’bodi lr:rg‘i","gcorrput er
program product for scheduling a, transpgr .of a nutgber of data packets
bet wee thetrapsmittergmitand dhgregeiyel writkhnwayg %@‘GBS uny, QERNGE nk that i ncl udes
conput er code for sending data packet ‘attributes fromthe data packet
sour ce niultimbdia dataspapketisttan iforkyedadrmpunerer obmltimedia date packeds andst r eam bi t
rate to a data link bit rate for each of a nunber of data streans to be
sent f Lomarkd aﬁﬂk&?ﬁﬁ stieduleFobiridefertiafihg mltineden dn4 pscket sth@nainpacket si ze
for eaCh of the data streanms GENSP127 5 PATENT APPLI CATI ON based upon the

conpar i, g WASL Fifh o ik ReKRvedt thE tafisiclet HHH aRPEHEFLcN cF Bnit GRTBRY ©F

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 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 Ieast one of each data
packet, and transporting the combined data packets from the source to the sink.

[0009] In yet another 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 2 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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code for conmbining at |east one of each data packet, conputer code for
transporting the comblned dat a packets fronlthq source to the sink, and
canput er readabl e nedium for storing the code. PATENT APPLI CATI ON GENSP127
6 BRI EF DESCRI PTION OF THE DRAWNGS Fig. | shows a generalized
representation of a cross platformdisplay interface 100 in accordance

Wi t h aagsthgdntBhéormparingavlicnsif tlid putketFsigsis aZiked paéket bizbsdohfgiued a vi deo
interface systemthat is used to connect a video source and a video

i Sl 2ol chiipRiRLIBAEEndb def BThBEe UonGITHALLIE Rirribporiie | nvent | on.

OWS exe ry naln rat I ac ance Wi t odlnent of

the |nvent| mai n | i.nk.data,packet in cordance with an
enbod et orghined gt prkeRi R Hesogtos e ik 210 BARRLET FRIAE ket neader i
accordance wi th an enbodi nent of the invention. Fig. 5A shows a system

ar r angaetedivn flerstorthg thebedsacket encl osure and nul ti pl e- packet nul tipl exi ng
in accordance with an enbodi nent of the invention. Fig. 5B shows anot her

i npl enentation of the systemshown in Fig. 5A. Fig. 6 shows a high-I|evel

di agram of the nmultiplexed main |ink streamas an exanple of the stream
shown in Fig. 5. Fig. 7 show anot her exanple of a data streamin accordance
with the invention. Fig. 8 shows yet another exanple of a multiplexed data
streamin accordance
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wi th an enbodi nent of _the invention. Fig. 9A shows a representative

sub- packet in accordénce with an enbodi ment of @he I nvention. GENSP127 7
PATENT APPLI CATION | 't Fig. 9B shows a representative main |link data packet
i n accordance with an enbodi nent of the invention. Fig. 10 shows an
exanple of a selectively refreshed graphics inmage. Fig. 11 shows an

exenpl aBRIEF BESCRIPTIONOF THE DRAWANGSlance with an enbodi nent of the
invention. Fig. 12 shows a representative system having a data stream
scheduler in accordance with an enbodi nent of the invention. Fig. 13 shows
a nore detailed portion of the data streamshown in Fig. 12. Fig. 14

il lustrates {t.h ddition of. a,fourt ata.stream jn accoydance with an
enbodi nent 1g.ﬁn§1q%etn]e@ﬁ}_ze f@?esi%ag% a%"ﬁ“e@%ﬁ%‘?‘hﬁ’@%&é‘ﬂe #¢€a singl e
unconpressed data streamin accordance with an enbodi nent of the

i nvent 184 .in ppegrdange srdyan embadinent@if g inyemioned upon t he degenerate single
data stream shown in Fig. 15. Fig. 17 shows a flowhart detailing a

process for FghedAu 2@dllastratesiaaideintbifase systane 8k isided bceoniagtae Wi th an
enbodi mrent of the invention. Fig. 18 shows a flowhart detailing a process

for forfAdaQohfd8 ahil B4R Bspily G dcPor@ TGRS Rubblb AaRaAdiiEpt of the

i nventi on.
the invention.

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 f‘ig. 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 accordance
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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Fig. 19 illustrates a |ogical l|ayering of the systemin accordance with an
enbodi nent of the ingention. Fig. 20 shows an exénpl ary special character
meppi ng using 8B/1 0B-in accordance with an enbodi nent of the invention.
Fig. 21 shows an exenplary Manchester |11 encodi ng schene in accordance
wi th an enbodi nent of the invention. GENSP127 8 PATENT APPLI CATION | Fig.
22 shows a rEipr&s shévid 4 ¥presuithlivendindA e pRk8Gh hbCtharcd villByer 10

a

accordance with an enbodi nent of the invention. Fig. 23 shows

repr esee‘i’ﬁl?oﬁih#ﬁ@x}tr&?iﬂ% ﬁg%ioﬂ ectrical sub layer in accordance wth an -

enbodi ment o hé "1 nv I'on. Fig. 24 shows a representative connector

accordance \Qg,th asgleenbodi men of the invention. Fig. 25 shows a source
state di agr diti P shorsaasramplsiafd ssleclyaly rlteshad maphiekimagavention. Fig. 26

shows a display state diagramin accordance with an enbodi nent of the

i nvention. HMigdll shdws af kxemplasyt kindt eainmgipatierndn apedrédancb adthcan npl enent at i ons
of the invention. Fig. 32 shows a flowhart detailing a process for

det er mefibodintdnt ePMHedhvéitiah. node of the interface in accordance with an
enbodi mrent of the invention. Fig. 33 shows a flowhart detailing a process
oot o e 32(sfWs brleath0e oM Raltg alohih OGRS RR" dance Wi th

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.
F ig. 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 \#ith 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 I encoding scheme in accordance

with an embodiment of the invention.
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Fi gs. 34A and 34B show a flowchart for a link set up process in accordance
with an enbodi ment of the invention. Fig. 35 sho(é)'s‘ a flowhart detailing a
priotess for performing a training session in actordance with an enbodi ment
of the invention. Fig. 36 illustrates a conmputer system enpl oyed to

i npl ement the invention. GENSP127 9 PATENT APPLI CATI ON | DETAI LED

DESCRI PTI ON Fik. 235nb6vE Blresriakl Ve ihalibBHahndRRIRERAF fubtaldr iROW be made in

detail to a particular enbodi nent of the 1I1nvention an exanple of which is
illustrated in t.he a ny, drawi.ngs. Wiile the invention will be
descri 82%"???%"’8#dﬂ%’ﬁ@@@#@%%%ﬁ%ﬁu| ar enbodinment, it will Dbe
understood that it is not intended to |imt the invention to the described
embodi ment . Fi® 231sbows areriesentative main ligk plgeticaloub daxsr imaqcerdanes ves,

nodi fications, and equivalents as nmay be included within the spirit and

scope ofitht dnembodimentaf tlsindedtioned by the appended clainms. [0011] The
invention wll now be described in terns of a video display system having

a video so U%F%? 29 QHAWE 8 rdfResentatiVe BoritleBior iPAccbRIaRbY ﬁfﬂa aR¥miRingdnt @ packet

based digi interface. Atransmtter unit coupled to the source device
recei ve anﬁ){‘beaﬁnber of packetized video data streans each havi ng associ ate
stream &hﬁ‘ 8% In terms of the video system under di scussion, such
attributes jpclude video format, color depth, etc. The receiver unit is
coupl ed to Fige2ssiewea pRurgestatediagram imaccordangs withjamembodimen of thesoci at ed
auxiliary link used, in part, to transfer the streamattribute data from
the smwemsn o the receiver prior to the transm ssion of the data packets
by way of the main Ilink. In this way, the packet headers are used to

PR Y G s e iy Kt a o0

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 with an embodiment of the invention.

Fig. 33 shows a flowchart detailing a process for providing a real time video
image quality check in accordance with some aspects of the invention.

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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identifier. In this - packet overhead is substantially reduced packet
,zoyeyhead preserving in link bandw dth for nultivedi a content, such as
* video and audio data providing an efficient packet transport mechanism In
order to co-ordinate the transnission of the data in the main link, a

transport stream schedul ' r | L ol-ent syste

met hod, and apP&%ﬂkgP&eé@#%tﬁsﬁgégWéﬁhmO@%%l 27y10 QATEI\FI’
APPLI CATI ON { packetized data streans over the data |ink where an auxiliary
channel for sending streamattribute data froma source to a sink nay al so
be provided. [0012] Each data streamis fornmed of a nunber of associated

data packgd] WhOREferdhics Vil ABRHESMATRAA deti! tb@lpatticudar atbiodinem bf Hienk
bandw dth required for that particular data stream For a particular data

streami .an _associat Sk 1 : i wpacket size
s | ke PR i S IRt h nd el o IWALPS

ol l owi ng rel ationship: . PS,=NPS * |

packet s 'F%ﬂti?@t“éirnfﬁp‘?@dc@lﬁd ieaew%giﬁﬁ%ﬁﬁm%%@%m ﬂ}nq?’hgﬁ ?Néﬁg%/I vg
bandw dt h of the data stream conpared to a data |ink bandw dth. For

exanpl e, benndéretood shent g net intendexhtoi limintheinkentiosi togh¢ desgrbed nk synbol s, and
the link bit rate LBRis 2.5CGhps per |ane Table | shows reprehensive
packet SkaBdintdk." T8 MM Enfary, @ i§ alterdeddo 8éve alttibtivaspinedifitatidrs, dnd i nk Bi t
Rate (LBR) Stream Bit Rate (SBR) Packet Size (PS) 2.5 CGops/lanel.0

Gops/| a”%&n%véi%ﬁ't‘é a8 m%esingluéeﬁﬂ%ltﬁgﬁﬁﬂ?%cgp@éf @ RevkRtibh BKdeEol s

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 deptﬁ,
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 substantialls/ 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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2.5 Gops/| ane0. 25 CGopsftaned |ink symbol s InterLan(:Al i gnment (I LA)2 Iink
.:syn‘gols [0014] The scheduler time division nultipliexes (at the transmtter)
* and de- mnultiplexes (at the receiver) the packets of the nmultiple streans

into a corresponding |ink data stream In the described enbodi nent, the

transm tter, reads the ca abi | e recei Nt for exarrple
t he naxi Pﬁ?#eﬂléﬁ‘ga?tﬁ ﬁﬁe% ver Q/LWJFQELF m%@%ﬁﬁgsﬁw@%um of
ti me base recovery (TBR units. Wth this knovvl edge, the GENSP127 11 PATENT
APPL| CATIs@parh atiributctdatsrfrors asbliuse toa giskanay 3leo beprovisled. ef fi ci ent transport

configuration and whether or not subsequent data streans can be

accomodap@d]by Eheh 48 Strosed isdbimed dfhontimbdrof asseeitddalateputked awtlidsonal
Inquiries to the receiver. Prior to commenci ng the data stream transport

the transm.t s in the
case of Wﬁgﬁ&g@%&bhffrﬂaﬁ? epgﬁlt%h gmg aﬁ geo E{r%ﬁ%‘ls ?#&glsﬁt he packet
size associated w th each d ta stream co ati t hi tr| but e
7S gt ety W Sach dala SLrealh O SO SR LR Stbly DUt e
poi nt where only a streamID is required. |In this way, the transport

ef fi ci enayaximugrpmakétsizedP8 s buk bit eate LBR angr ostraguubit rete $BRvenWAYRAI packet
based transport protocols that require substantially nore overhead due to

the | ar ggfie RllI6RIsY reldtidngidpket headers. [00151 In order to provide a basis
for the discussion of the inventive stream schedul er, a representative

digital video systemis degrl [ rrpl enentati on of the

I nventi on [00161 Accor di ngI y tl\gﬂ PR‘n/{%gﬂg g neral i zed representation of
a packet jtal vid o di s interface 1 suited for

i npl ement® ygb‘glsa” He AHBET e&Flze ‘H{é’ 8?"1’[‘%83 %@\?‘Hﬁa{s ‘iu

I nterface 100 connects a transmtter 102 to a . )
the relative bandwidth of the data stream compared to a data link bandwidth. For

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 (PS)
2.5 Gbps/lane 1.0 Gbps/lane 32 link symbols
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 data link rate, the available buffer

size and the number of time base recovery (TBR) units. With this knowledge, the
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‘receiver 104 by way of~a physical |ink 106 (also rlcsferred to as a pipe). In

1<t he, .descri bed enbodi nrent, a nunber of data streans 108 - 112 are received

‘at the transmtter 102 that, if necessary, packetizes each into a
correspondi ng nunber of data packets 114. These data packets are then

formed into correspondi ng data,stre .each of which are pass way of
an assocnﬁP%’a’%\?f Pt gﬁitoﬁfg‘ EE 9%@%816{1%5&“5?8%8?9@5‘“%% gffwgﬂg%lyd be
noted that the link rate (i.e., the data packet transfer_rate) for each
virtual Praet sshyequentslstd siteamg capbe agronpacdated hysthe segckves el avithoptthg| ting in

the physical link 106 carrying data streans each having an associated |ink

rate (eagbedtb seidhdditicel bnhuiresdb tHeareetiver! Poior émcdmmieheing tepdatalstregrmipon t he
particul ar data stream . PATENT APPLI CATI ON GENSP127 12 The data streans

110 -- 1%%@9&1?%%9&%?1% s tAE rdc@VEF of bl Quclt 4HRNhE caseaudi 0,

etc. [00 en the source Is a video source, the data streans

110 --114_ i,ncl.ude various vi.deo,signals that. c have, any nunber. and type
of wel | - RhYdR° dﬁa,rq?g?rsf?ngﬁaqd%gp@oﬁ%(;gqt{yeaswﬁb%&ﬂg 8?‘%@5‘ Slﬁ%ﬁ‘fsf’gﬁa%dpar al | el
digital, RGEB, or consuner digital video. The video signal can be an anal og
vi deo si withieagh datn gisenm.h Syseomrgunigging thisattmiute dataréhe sizewighe packghal og vi deo
source such as for exanple, an analog television, still canera, anal og
VCR, DVDh¢ddessasan be aubstardially rédused tocthe point sshere, onl¥/a streame I isetquireh box (with
satellite DSS or cable signal) and the |like. The source 102 can also

i ncl ude: g @ik B0t BHicRo) Yektedlly fbfoafNASTRL aBpiiviidiah tel evi sion

(DTV), Igital” still canera, and e’like. The digital video signal can be
any nunber_ and type L1 known di gi t.al f C SMPTE 274M 1995
(1920 x i?i‘é’&n?%‘?}égﬁ‘ilﬁeg{’ﬁs\égFPB%’P@%?\?%&S&E"F ﬁ%@ﬁé@%@‘?@ﬁ‘?‘”&wpm 296M 1997
(1280 x 720 resolution, progressive scar‘?, as well as standard 480

pr ogr essPVesheadsdye o thedarger 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 vfrtual 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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[0018] In the case where the source 102 provides an anal og i mage signal, an
canajeg-to-digital converter (AID) converts an anallog voltage or current
signal into a discrete series of digitally encoded nunbers (signal)
forming in the process an appropriate digital inmge data word suitable for

di gi tal 0Gessing. a.w L eLy rie n be used.
By way oﬁi"é@gﬂﬁ#&%n%qul? f)ar\(%%g gﬁ;}k’ﬁ\?ﬂgﬁ&i or@{)rlrjx‘gé@cﬁ g%%ef éh%?%tﬁ?’hos e

manuf actured by: Philips, Texas Instrument, Analog Devices, Brooktree, and
ot hers. pOUoOiC.For exanple, if the data stream 110 is an anal og type
signal, the an analog to digital converter (not shown) included in or

coupl ed [0017he tTypicallyl when HeZoudcklis a didgo sowree,ithedata siremnsibltla- W4 ch i s then
packeti ze by a packetizer that converts the digitized data stream 110 into

a nunber; : : ' | _ | CATI ON
CENapL oy g afloBE GBS Sighdid R %'g\é@ygpm%ﬁ&gﬁpmgﬁﬁg?ﬁ KRR LAl | nk

116. The.receiver 104 wil.l .then reconstitute. the stream 110 by
appropri Mafp, F‘ﬂ%‘c?ﬁt??ﬂ’ipﬂﬁﬁet Wge%ﬁF%ﬁépé%l%iTpsaral%lglgltﬁg? eqrrcog?unbeirnal format .
It should be noted that the link rate is independent of the native stream
rates. Tdigitahvigeq.cHhg videesignalsap hgan apalog video signalpravided the soargsh®di cal | i nk
106 be higher than the aggregate bandwi dth of data stream(s) to be

t ransm t inethdes$ sorhié fortesfoani dneldgenidhedionmetsuch hefor examplagardatatog such as pi xel
data in the case of video data) is packed over the respective virtual |ink

based upRfkwviisiRlsall caRLR, MhlSEVOR, DD pldyer, chinsoriey, laskh@isk Pt alv | i nk 106

(or any of the constituent Vvirtual |inks) does not, as does conventi onal
i nter t Y L2 i t | ock.
10020] 1 oeh e WE Jof Pk e B DR SR BrpiBhbin ! el 1hsoaRas = ' ONC

can also include a digital 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
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) included 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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transport of not onl yr{;—;i deo and graphics data, but-al so audio and ot her
“appliccation data as y be required. In addition\_the invention supports
hot - pl ug event detection and automatically sets the physical link (or
pipe) to its optimumtransm ssion rate. The invention provides for a |ow

pi n count, purel lgital display i r connegt |1 displgays,suitable
Por mil « angtiedte irteteleorcdoiBy Ravistif¥ FROPTRRK |55 Prcreaifiod

| aptop/al | -in-one as well as HDTV and ot her consuner el ectronics

appl i cat ithemgrecorstinra thedatassisam 19 bypprapriataly gpcombinng g dgtapaskels dat a,
display timng information can be enbedded in the digital stream providing

essent i alihy inerigacorigingl forhatt dshodidsid mytedthapthedink rate iy indepengeitiod need for
features like "Auto-Adjust” and the |ike. The packet based nature of the

| nvent | v gud Dl §REN RARY | HRS0A6 Aetrchyis i OB BandWillch ok life. di gi tal data
streans such as nmultiple videof/ graphics streans and audio streans for

mul timedi a appl. Lons. ,In_addition, uni.versal, .ser| al USB)
transporPﬁY%gaqb@iﬁbﬁg’Fz‘l‘g}% thapthe.ager Rngd oggﬁtgrshpmggﬁoolic provi ded

w thout the need for additional cabling. GENSP127 14 PATENT APPLI CATI ON
100221 Otfansmistet o dintendescribed ¢nabadiment; thednenmeipg slpta; (Recy as pixel dptalin he

di scussed below [00231 Fig. 2 illustrates a system 200 based upon the

syst em 1@ Gbovlvideo Batg) islpackddadvet theusspdctive vietnaldoik tmsed dgom sdata ce 202 and
a video display unit 204. In the illustrated enbodinent, the video source

a vi deo ! | i1 Tustra et the v
206 and BUPRHECEIILE 1A PV e bt O O o A o o {he
digital i . 206 digital. dat t ' ' to th

L1 ansm « VERALEORYABR AR 1o R ObiBiofs? e obiaR G0 b DYIL B, 0 "o wi

converter unit 212 coupled thereto, converts an anal og data stream 213 to
a cor r espi¥ghdaigper link 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 detecﬁon
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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digital data stream 214. The digital data stream 244 is then processed in
‘Enucp,the same manner \as the digital data stream 210 by the transmtter
* 102. The display unit 204 can be an anal og type display or a digital type
di splay or in sone cases can process either analog or digital signals
provi ded thereto, In any case, e.display. unit 04 i.ncludes a.displa
i nt er f acd00228 + hQther Arbpdumenis ofithe inyen %&Séi&%?rfﬁeflg%g@%s?ﬁS gndya
D) A converter unit 220 in the case of an analog type display. In the
descri betelosnbodi ment, the video source 202 can take any nunber of forns
(such as a personal desktop conputer, digital or analog TV, set top box,
etc.) wh t heigyD diatdics BlsgitemWDOtbad&uponithé syseent 10 Sy fFig 1vi deo
di splay (such as an LCD type display, CRT type display, etc.). [00241
Regar dl egs . of t t Ml Mi Lok r, the various
data st r Do uel o o fEeCL yter P tiE il d vithe el B SOV RY .
transm ssion over the physical |ink_106 which ing¢ludes a yni-directional
main |i nkll@fﬂtefi@mtﬁog%ﬁ}to%éﬂbdeﬂépﬂmegpg E%thlcgﬁlﬂe %Qf%%%aﬁg&ﬁ'm auxiliary
channel 224 for link setup and other data traffic (such as various |ink
manageneirmagenfoodigitl video niroe)r20éland @nianalop imagel(@Bnalog videe sourye) 208t ween t he
vi deo source 202 and the video display 204. PATENT APPLI CATI ON CGENSP127 15

[0025] TipptheRhse dfith& d%?tal infagkR66RE V06 aPdRItA dafa stieail 210re prsidedito @rs M tti ng
mul ti pl e i sochronous data streans (such as multiple video/graphics streans

and mul Er'aﬁs?ﬁ?t@pﬁh FHde inﬁtﬁ%?é%i)o];f Fﬂ%ﬁbgﬁ&&%&&%%% gyﬂﬁaﬁvc e main

link 2227 7includes a nu erent “virtual chanhe each capabl e of

transferripn i sochy gnous data strea uch a conpr essed. gr aphi cs/ vi deo
and audi Bu4LAFouRled Migrae, sPRvEISERATELE ol SBemAl (eAsoNenendiiE, | ogi cal

vi ewpoi nt, therefore, the main |ink 222 appears as a singl.e physical pipe
and wi t hiligitahdata streag) 214 hTks digitalglagrestream 214 is then processed in much the

same manner as the digital data stream 210 by the transmitter 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 top box, etc.) whereas the video display
unit 104 can take the form of a video display (such as an LCD type display, CRT type
display, etc.).

[0024] Regardless of the type of video source or video sink, however, the various
data streams are digitized (if necessary) and packetized prior to transmission over the
physical link 106 which includes a uni-directional main link 222 for isochronous data
streams and a bi-directional auxiliaiy 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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mul tiple virtual pipesscan be established. In this-way, |ogical data
“stregans are not assi ggled to physical channels rat\her, each |ogical data
streamis carried inits owm |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_ adju ble to co nsate for Iink conditions. For
exanpl e, [M23ne ﬁﬁ?@rﬂ#ﬁlf zi%a irihergpiec nglgd’ S’Fn‘llkge?fﬁméﬂsﬁﬂgﬁz can be
adjusted in a range approximted by a sl owest speed of about 1.0 CGbps to
about 2. Toulipls ipehraioas dath strearapGnox asmubiple videdpraphics sireamsand (see Fig.
3). At 2.5 CGbps per channel, the main |ink 222 can support SXGA 60Hz with

a col or q@ptiknginel Gulbistrens). th ¥a) deddiedenstiodithent, @b awdielink 22 shoul d be
noted that a reduction in the nunber of channels reduces not only the cost

of intergopnect, but %ﬁ”? [y et 3 igh is an

[ rrportantmcg'écﬁe iaﬁﬁhﬁgka@%@qgﬁﬁg e B\TA%;"‘“%%% set?\agﬁe}e@lggappl I cations
such as _portable _devices and the I|ike. wever, Ry ingreasi.ng, the nunber
of channdsoshxogopg,data streggs (sueihas WRW%S%B@Wﬂago Wiﬂé" (’%‘gb't‘f X 2048

i mage resolution) with a color depth of 24-bits per pixel at 60Hz. or
QSXGA ( 2mfifitiple 20pEbjts pet secand @tps). deEronha bfgical iepippmt,sherefirg.dhe mairsoHz

W t hout data conpression. Even at the |owest rate of 1.0 GCbps per channel,

only twoisRanneabscand 8 4 Seple’ i&amﬂrﬁmﬁmezﬁgbm@siedmv (i.e.,
1080i or 720p) ic)i]gl‘?[a strea% p%g\STE APPLI CATI ON GENSP127 16 [0030] Even for

nat s oR el vt Bis AT BupichUE Thls ey IopealUdts SR A8HbT Pt From
nese’ f oapsigdnahgiel chamelgathorzeadijogicy) s fEsapLisdrmed e el s ' 1y
in regenerating pixel/audio clocks from a link clock. For exanple, let's
say the [logital ppedi.ps virhial ehpopel desgibegabevg, ¢ = 7, and D

[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 O.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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= 0 and the corresponding Iink rate is 135M Hz. However, suppose the pixel
tlogk rate is set as A=8, B=3, C=6, and D =\0 (= 108MHz), then the
" pixel clock can be generated fromlink clock as pixel clock rate is equal
tothe link rate * 22/ 51 . [0031] Referring back to those systems '

requirin | bas ec r e, ti recovar

ol enend00SAlS 2B3FR FEAIA Ynosedph e @TouRIS psReRifiing Riials CODRRRY, deo
stream the time stanp is stored |n t he packet header which as described
in nore dikdhat usey vablt|CQaract208tt§htas BBY (B clasictersnerhe diffecantfronbite of 20
bits are stored in each header successively (TS3-0, TS7-4, TS 11-8, TS
15-12, TPiddclogk rateNhtre\ie a dbenefitin Hefrdng dolinkhatowitiatieyefour parabietdrsg)ed from
| i nk character clock frequency (Fregjink char) as: Freq_native = Freq_

| nk_char & 761390 2Akk b %@Qﬁg}h 1151 ¥ é&fatxﬁng%lﬂ-ﬁ/aﬁ&@tcﬁ%kk Riof t1 M8

stanp by countrngthe nunber o |ve stréeamc ks 1n 220 cycles of the

| i nk char er. k fregue e pdat es t he | ue every
290 oyt édciodfe Har sy ey %ﬁ’%tﬁ%&fﬁ el Rt BT Crbagalfe
asynchronous with each other, the tinme stanp value will change by 1 over
time. Befviband tiseamesponding linkapiens 13 BvIHzoMawraver, sepnose theinjxdelnekt he sane
time stanp in the header of the given packet stream A sudden change of
the ti merstednget GEASPS 2T =13 (PAGEME DRA) {(=CIIBMHNz), shanethé pixeheloek tdrelse 1 count )
may be interpreted by the receiver as an indication of an unstable

condi ti ORefralel€rodd [iflRBloER Y Phrel LICR ke isteq'ﬁﬁpﬂéltﬂe iRk ned edayBat, no tine

stanp i s comuni cated for an audi o stream In this case, the source device

i nfornms dewvi ¢ e_and r of bits per
sarpi o BID, PR oS nob Sl SRR ifpe il ford e R BBl ot ex
rate, the di spl ay devrce regener at es the orrgrnal audj o ,streamrate. Audio

rate = (BawWiTecoygRpt 220 Wy Pe implemented 25 a ck synthesizerEpian

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 given stream, four of 20 bits
are stored in each header 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:
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 these
two 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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[00341 A nain Iink.dat@ packet 400 shown in Fig. 4A includes a main |ink

»'packet header 402 as ‘shown in Fig. 4B that is forned of 16 bits where bits

* 3-0 are the Stream ID (SID) (indicating that nmaxi mum stream count is 16),
bit 4 is the Time Stanp (TS) LSB. Wien bit 4 is equal to 1, this packet
header has, t | east significant 4 bits Ti me .St anp val.ue. (used only for
uncorrpreé’glé‘a?@fﬁ‘(%e i%ﬂ}‘nﬁ@a@’ lﬁl@rpziete&h@éheﬁﬂﬁ%er%%%%ﬁélo&qﬁe%i ch acts
as the |east significant bit of the franme counter which toggles from"0"
to "1" otnstablmeonditienof tre sgeam §eurgg-deo franme boundary (used only for
unconpressed video stream. Bits 7 and 6 are reserved whereas bits 8

through 16b331e R sHodld be abied thiRGo fitha istagrdieis kemeduniated for aih badipr evi ous ei ght
bits. Bits 15-12 are Tinme Stanp/Stream ID Inversion. (TSP/SIDn) which for

(00951 cngeiy 0 BBl Bovip pHlfoy e Aopiey debiop BEIR SRR T, |

multiplex differgnt data stre each af. whi ch can be di.fferent formats as
wei | b e B ainaR ot b PR faale. g S ipaeRioBhs TS B % R ERa Bl <o

packets. For exanple, Fig. 5A shows a system 500 arranged to provide
sub- pack&nk ehahestnate, awﬁlmaxdm@rpa@mtemhppnﬂmkm@o Pifeasie t4¢-dance with an
enbodi nent of the invention. It should be noted that the system500 is a

particul ar enfadiowmné =Q£udib%aﬁlfﬁ Bite 0 (# bltoper samplex (clpnmelsy houl d
therefore not be construed as limting either the scope or intent of the

PATENT A Tl lggh@ ' | iEh @anilmlﬂdg@é a stream
source WWSP Iex‘grﬂlaé | ﬁ%@@gé%til‘-&gﬁt ew'ﬁljil sﬁﬁ%‘?ﬁggz used to conmbine a
stream 1, s I ntal da S m 504 wt he .data, stream,? to forma
mul ti pl ekﬁ%ﬁ@g@ggﬂp 6%.4%% 1 ?IP?“@ Oéﬂgh’n&é‘flgr%ﬁqse%kar% % hen
forwarded to a |ink layer multiplexer 508 that conbines any of a. nunber of

dat a st r B D) dindisating thel maxispwn stream caumtiis k6)s bit ddpihe binreqitawy (88) a nunber

of

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. 5A 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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_data packets 512 sone pf whi ch may i ncl ude any of Ca nunber of sub packets
H514..encl osed therein.~A link |ayer de-nultiplexer.516 splits the

mul ti pl exed data stream 510 into its constituent data streans based on the
stream I Ds (SIDs) and associated sub packet headers while a stream sink

de-nmul ti pl 5 furth It f th t t. dat
st oam cONERTHqT e ire Son FRlngee Srtam 5 H B RURBARRA A IneCy o
di agram of the nultiplexed pain link stream 600 , as an exanpl e of the
st ream 5 imnsngEn10huseddgo combing s stispmd Sppieaantal datasirean 30 wath thgyer ¢ he

main link 222. The three streans in this exanple are: UXGA graphics

( St ream URastrédm 212880 fof2Dpmultipdexed Fataestrwain306. The maltiplenedi daty steamam | D =
3). The snmall packet header size of main |ink packet 400 m nim zes the

packet 0465 tmg% {orﬁg}gfég t6 siﬁukﬁ%e'f Hmm?ﬁeﬁ? 58 M Bombites 8hY bLA Ritaler The

reason the pac can beé so ma I's that the packet attributes are
communi ca via the auxiliary channel..22 I to the transm.ssion of
t he pac k@%@gaés?%w‘gw m{n@éél_m(fcgm luﬁ%%eﬁa& #@@B@ﬁif’ﬁ%ﬂ E%F °§ﬁ b- packet
enclosure is an effective scheme when the main packet streamis an
unconpr edad packetiodl 2omeofmhioh swiindudeannafdaymaiier of suh packetsRd¢ data idle
peri ods corresponding to the video-blanking period. Therefore, main |link

traffic eavlosed thdreinn Allinloqyercdesmaultiplelen 536 splitsthe thiiltiptexed datasaeares of Nul |
speci al character packets during this period. By capitalizing on the

abi ity 500 [ jth PORNtIEAl 1AY StrdRibaitd 62 M ste@intBs (SIDE) hfdBRbakhicdns of the
present 1 nvention use various nethods to conpensate for differences

between the main link rate and t 7 20 pi xel
data rat 5‘“*/&?3’%6 r}}?gd%r&\jvr}@lg assﬁ?%rgﬁglﬁ(sfdgg\gﬁéégggg! gﬁ%{hrgggpr%%ggﬁﬂ%x ampl e, as
illustrated in F]:;»pg 7, the pixel dat,adr,ate IS .5 (blsec, such that a bit of
pi xel dasteeamsl synpieraentaldagp drramcontained inthe sphspackelin e the |ink rate has

been set to 1.25 Gblsec, such o
[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 imﬁlementations of the present invention use

various methods to compensate for differences between the main link rate and the
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.that a bit of pixel da(ga Is transmtted each .8 ng:. Here, transmtter 102

intersperses .special characters between pixel data as illustrated in Fig.
8. Two special characters are disposed between a first bit of pixel data P
1 and a second bit of pixel data P2. The special characters allow receiver

104 to dig}d ' | ' Aatal S | speci al

char act e?§%§?‘§g§§ vﬁll%ﬁgh%&uﬁ%(set{%%g% g@e@&a&ar%%éﬁggagg?%@st ream of data
that allo the |ink _to maintain synchronization. In this exanple, the
speci al pstes é??‘gaﬂe'?ﬂlﬂnfeqéﬂt&rré@t‘%riébﬁ ’P?“r]i’etﬂﬁtd’fl?léPP Pixeldaisd for such
met hods, only a small FIFO because the link rate is sufficiently fast.
However , trapsmitied every2omse In thugexample,thelink eate bas tidea settodi2A Gly/sed, dactt o
reconstruct the video signal. The receiver needs to recognize when the

speci al  ghadt TP astais BbnaRed edcB088E. Hereairidiniatl M2 ihfrdpefses _
interspersing nethod is to alternate consecutive bits of pixel data with

speci al Sh& nuld . val. : P4 could
be fed ig%ﬁag%fll Ag® sﬁ’r‘u'f‘g‘?"%ﬁ’ﬁg%? %1 i'n %?teeﬁﬁ#gﬁ%%?ﬁvgorﬂ%ﬁ%}&%gﬁggne or nore
null valuesg could be fed into the huffer until npre pixel data are
avai | abl &¢ @mec{ bwpm%f%mta@%a%% and aepeand it 919915?1@1@%& ffer space
than the interspersing nethods described above. In many such
i mpl emeniThe spacial characteisrmlowagegiverd Ot do Histihguisteeachibiteofipifdidatavi | | exceed t he
time required to transmt the data after the line buffer is full, due to
the rel aIﬂt&i@%&tsiﬁgﬂ{b dpetikl daertas bE0RSPBitLef kel atisalsh vvehtes 4 sfeadyence to Fig.
5A, one of the advantages of the inventive interface is the ability to not
onl Y Ml Liluftr 4 I e Sk SR syithithiodeds, BBOSIARICI ANy Of 2
nunber of sub packets within a particulaf marn I'ink data pacKet. Fig. 9A
shows a representative - packet i cordance . W th an NSP127 21
PATENT  APRTEARG S R DR, NP s hulef Grcedfbro el BRRER. 000 | nei udes
a sub- packet header 902 ] ) . ]

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 altemnative 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 ﬁansmiﬁer 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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.that in the described #nbodi nent is 2 bytes and iz’acconpanied by SPS
. (Sub-*Packet Start) special character. If the main’link data packet in

whi ch the sub-packet 900 is enclosed contains a packet payload in addition
to the sub-packet 900, the end of the sub-packet 900 nust be marked by SPE

( Sub- Packgh,, t39&%@iﬂéenggaﬂrg@asﬁ{ggagga@rowiﬁgudés% Tryeaclgﬂ g\tﬁg@ﬁrﬁ%%n packet

(as indicate y ensui ng I'nt exa#g Ig. 9B)
mar ks the end of, both .th ub- packet. 902 and the i.n t_ into which it
e ancl odun e suioed sTOGRRAR ReA DHEREKHBECTRITIE) B P PR when 1t 5
encl osi ng mai n packet has no payload. Fig 9B shows an exenpl a&g‘ sub- packet
for mat  wStar)speciateharactenlf freohain link dataquackietrin svhyght the sub-padketiPOfbist of t he

invention. |t should be noted that the definition of the header field and

sub- pac k@hcloibﬂ)ﬂoﬁﬁﬁlsiaspdéﬁéﬂﬁgﬁﬁﬂ iwadditien fhe siib-packephdc; alid @l gfthé i | e t hat
uses the sub-packet 902. [00401 A particularly useful exanple of

sub- pack ﬁﬁﬁgﬁ ' t f%}&ft : ressed
grapﬁi csg‘?bﬁgg%egg%ﬁf" us ?‘Jé‘?%gib%ﬁérsgﬁp ; ?ﬁgp??thra?g}#gebg&vgf the entire
frame 1002 (Horizontal [ Verti.cal Total, Cnage, Wdth/Hajght, etc.) will be
conmmuni ¢ Sealiinad 6o m%zpya&‘fﬁéﬁ%épgéefgg by rwong EOM sharpetfiinglé o1 ay
constant as long as the streamremains valid. In selective refresh

oper at i opxample ghewpbr Figo®B)marksshe endef hotinths subpacket 90pded 8¢ main vi deo

frame. The four X-Y coordinates of the updated rectangle(s) (i.e., the

portion p&kéd) infdrwhichet isleRbDERd. L IEcweNer) 3/subrRitketdobs fottived watndwithof t he
rectangl e coordi-nates changes fromfranme to franme. Another exanple is the

transm sgpRnah iﬁ%%ﬁ%gg,ﬁ#paéﬁbhfs M&adﬁﬁé@ﬁ@ﬁo&@%‘&%l&g 256- col or

graphic data where t p1 xe Is an entry to the 256-entry CLUT

and the cqntent, of the .CLUT .myst b nam cal | dat ed. 041L..The single
bi - di rec?‘ﬁ" etafg}?fl?ﬁ ‘ﬁ@n@lﬂﬂﬁgﬁ“ﬁ‘ﬁg@gx%ﬁcaé@méy%l{ﬁgﬂieﬁ‘%to S‘L‘?%ﬁ bt rious
support functions useful for link set up and supporting main |ink

oper at i oiyeatiorpAirshenldbenetedthabthe 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 portion 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 for 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
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GENSP127 22 well as toscarry auxiliary application data such as USB
straffic. For exanple, WwWith the auxiliary channel 224, a display device can
“informthe source device of events such as sync |oss, dropped packets and
the results of training sessions (described below). For exanple, if a
particular trajning session fail.s, .the tra 1t 2 adjusts. mai n
Pkt ac e Al P Ay San ol an Sucl S15h bafie, S eRappR Rubds o
training session. In this way, the closed | oop created by conbining an

adj ust abl auxiligry khameb24vai displayndeviesi qan inform|the sopecedeyiasoigments sgch ase| i abl e
auxi liary channel allows for robust operation over a variety of |ink

condi ti ongme lidsssdrephéll hekawtand tHeretulisdf taifing assisnd saitrdpeRwW) Fomhi ch i s

shown in Fig. 5B), a logical bi-directional auxiliary channel 520 can be

establ i sh%gpgﬁ' ' 55“%25 - NolE j :nk: 222 toO
transfer da é’??% tﬁ{élta*sgurc gg{}?%gﬂﬁ’oqggtﬁ\glt gf?%ﬁ%ﬁ%@%éﬁ%d a

uni - di rectiot?al back chapnel 24 frocrpthﬁ s%nkfd vice 204 tp the source
devi ce 208te Based iprn pispelectefl;op fetermingd xgsults pf e fylnd training segsiome dp on )

auxi liary channel may be nore desirable than using a half- duplex

bi - di r ectthisrwdy, tieeriowsid ldepsoneatiod by combining sradipgabie,high speed mniglinkt i ng t he
transm ssion of actual packet data streans the transmtter 102 establishes
a stabl e Withls rélitivdlgblot duidnlery fediablenyxiliafsitannédl aibws Sor rebadtegerationn concept

to the link setup of the modem During link training, the main [|ink
transmtt i&§ 3¢ Pink cPhdoR I Pebuld Bd RLBY R SRed ARlexiMifle’oFCel Ver
104 can g{%?%%xé;tg wﬁet ﬁer flt can a(l:lclleve a sol |int bi t/c%a@gcferﬁ‘cock. In -

L ansm ¢ (U 5 PARE e Pt Pt BiFecBORl AREGRIRSAE DR ARPR | "Channe
An exanple of a link training pattern is shown in Fig. | | in accordance
Wi th an exebEssdMSINgIa ROTHOR A% A he Randweidth of the masn ek 228,19 wRPSIORAa ai ni ng
session, a phase 1 represents the shortest run length while phase 2 is the
| ongest tfiom tlerseurcsakbvizg 208 do thecnkvdrvide® 0dpni m une-dimctiomahbackeshantah

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 fraining 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 paitern

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 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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phase 3, both bit Iock(and character |lock are achieved as long as the |ink
Jqualkty is GENSP127 23 “PATENT APPLI CATI ON reasonablhe. Typically, the
training period is about 10 ns, in which tinme, approximtely 107 bits of
data are sent. If the receiver 104 does not achieve solid Ilock, it infornms
t he transn1tte 1 the auxiliary.chan 224 and, the transmtter 102
reduces t & ™ }? &Zg?xgali)ﬁ ?E?)‘B’é’tgspepﬂélsc% ﬂf‘#}@ss’@s‘&”ﬁh UmMe, addition to
providing a training session conduit, the auxiliary channel 224 can be

al so usedapRsoxiEatsly hA7 hits phdatp aveisent. Hithe raseives 104 drdsmobachievesblidgr eat | y
reduci ng the overhead of packet transm ssions on the main |ink 222.

Fur t her noloek, it formuxth itanymiteh 20D ela tB2Aundlidry bRatRNE2Daidfe bansaittey Ext ended
Display ldentification Data (EDID) information replacing the Display Data

Channel ({¥ed &%ﬂgelffﬁ!%ﬁ{té %Eﬂ%ﬁm%@h%sés ioff. VESA standard data format

t hat contalns basic out or and its capabilities,

I ncl udin i nf or, t| Qn,. .maxi num | .col aracteristics,
factory glf'ea%aglonttf’ A HgE" gf*‘r%@@ﬁé?ﬁs’t"&ﬁaﬁ ‘ﬁT ﬁﬁq xiligny ﬁwg%%?an&cu ngs for
t he nonitor nanme and serlal nunber. The information is stored in the

di spl ay a#ep u§ed i ey main inkpreketatesan descriptions fherehy greatlyugtiudingetheDC whi ch
sites between the nonitor and the PC graphics adapter. The system uses

thi's i nf covertidad of packet comimigsiom drote piaiPBRIC 322, SPurtheembEy) tHeMuxiiagy Syst em can
work together). In what is referred to as an extended protocol node, the

Fequ Lgéy‘i“? R AP B DRt R PR IR N
3 2 t
St oam sciegRar repisia e HHTRAe it o it YEATRonton EBYhER: Ton.

It should be noted that the system 1200 is based upon the system 500
descri beds WE’ DA é‘ﬁ@éaéﬁ é‘étatfﬁmﬁqtgj%ﬁt &entains hagic infprmaatipnaibeut Qjmpﬂé@lé@dr e be

consi dered only one of any number of inplenentations of
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 work 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 5A 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 video source 202 and is, in turn, coupled to a multiplexor 1204 and a data
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the invention. Accordi ggl y, the stream scheduler 1202 is incorporated in or
*coupled to the video source 202 and is, in turn, ceupled to a multiplexor
1204 and a data GENSP127 24 PATENT APPLI CATI ON reasonable. Typically, the
training period is about 10 ns, in which tine, approximately 107 bits of
data are sent.  If_the receiver. 104.dpes, not, achi.eve.solid lock, it inforns
t he -t ransrﬁ?stoflgl?le'lrg}‘?l%l@’ ﬁ’r‘?émé‘?}}?g PFae IS@hQWﬁQam§ZH“§H‘§‘ WR& transnitter 102
reduces the link rate and repeats the training session. In addition to
provi di ngparaximpieln0shkitssofslatacara aent If therreceiviss 104adogs ndteachisive 30lid can be

al so used to carry main |link packet stream descriptions thereby greatly

reduci ng lodlg it iafefiseetradsni ek vis eHeHixiRinp clsanf sl Id4endrhétrhnsnitter? 2.
Furthernore, the auxiliary channel 224 can be configured to carry Extended

Di splay | dddeS Bl 1904k Wat ol s replacing the Display Data
Channel (%%2% ound on ﬂgﬁﬁ%ﬁ?{agtgez D) %As}&g VESA standard data format

t hat contai ns. .basic inf.ormati on abaut a ni.tor and its capabilities,

i ncl udi ngbBRKIGR 19 ROYNHRE F GRRBSER TR HHTe the Spalac ek AR OE 51 1 o,
factory pre-set timngs, frequency range limts, and character strings for

t he noni tadRo usadrto eanry maini Ik pagkd sirearmidesdriptionsithereby greatlyredusing thet he
display and 1is used to conmmunicate with the systemthrough the DDC which

sites beiowetidad bfpackentrimmidiths ohehdfaaliy 1M 12225 RdtheiAsre, theQueishem uses
this information for configuration purposes, so the nonitor and system can

wor k -t 09@hliififel 224 BaniAd "ﬁ?ureﬁ%‘é HxteAdAFD %ﬂﬁ‘i‘% de, the
auxi liary channel can coz?r y bot héﬁgs§{ﬁc%§§ngglsa9g% |sgtéﬁ%%%ffgbpa kets as
required.tQ s ort. addififQna ta e as, keyboar and

micr ophohrgg"’[]%B’Dpr]ﬁFlé‘.g ﬁtlezﬁésﬂ a2 Fbé‘f'&i@%ﬁ?ﬁ ?W%%%&Pﬁ%éww ng a data
stream schedul er 1202 in accordance with_an enbodi nent of the invention.

It shoul & H¥ESSstandapddata flermat that contains basic 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 work 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 5A 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 video source 202 and is, in turn, coupled to a2 multiplexor 1204 and a data
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.system 1200 i s based upon the system 500 describedwith reference to
Jfigures 5A and 5B and-shoul d therefore be considered only one of any

nunber of inplenentations of the invention. Accordingly, the stream

scheduler 1202 is incorporated in or coupled to the video source 202 and

int &?E&l% PATENT
APPLI CATDERE @?@P%&%@ﬂ%‘%ﬂ b E@’%?’?’%GP glﬁlq“é@%'ﬂée porﬁ%iﬁé?\@(ﬁf t he
i ncom ng _data streams (S and. S3) .a i at a
st ream 15683113’@3)%3%%“!15\95 63"1‘ fata SF@%#&@@Q gE ‘8 BFer “ cle tine
Tscned. In the described enmbodi nent, the data buffer 1206 is typically on
t he ordeto afa sehedulet ciple timei Ty A0 thesdaspplosleunbagimend; theGidtadydtes  t ypi cal
for isochronous video transfer protocols such as FireWrem In this way,

the i nko@d fsi rgpl@algyome%ﬁ%rwwﬁs@faﬁ@pa{slﬂaasoé ppob&l PaFereer dyREs t he
payl oad bandwi dt h data streans divided by the avail able |1 nk bandw dt h)

4 Bhed bed
emboar oot fortrotfedr 2185 ralhter oo b REESEwineE Sl B 1000 7
AR BERECR RER el R SR Cetfbior, 2, ™

relation to a |ink bandwi dth) fromeach of the data streans S 1, S2, and
S3, respdataistredmys dixiled byt atdldblediakibandwidth)ik epproximatély endhe orderofhacket is
a function of the particular data streambit rate (SBR) and the link bit
rate (LB&Yo origrdaddrt i cular, the greater the particular data streambit
rate, the larger the particular data packet size as shown by the exanple

of Tabl el"@’h a4] 0" Iﬁmés@nlﬁéc{erﬁ%ﬁlkﬂkﬂ@lﬁﬂcr&he msq g%ﬁr‘iﬁg of 2.5

Gops and €' maxIi mum pac SI'ze 1's” appr oxl et on t e or 80 |ink

and 1 s (FPLIRT A0ky v g SfioF RBTLRIEHBH o d%% Sipa e pahae RD SaRy i s

1.0 Gops, SBR2 is 0.3125 Gops
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 Tyched, 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

GENSP127 25 PATENT APPLICATION



.and SBR3 is 0.25 CGbps)/ then data packet Pl associated with streamSi is 32

Ulink: synbols while the data packets P2 and P3 associated with streans S2
and S3 are 10 link synbols and 8 |ink synbols, respectively. It should be
noted that at the begi nning of each schedul er cycle tinme Tschd, the

oo msctieder Qb R.d i8bRiAAG O (VRN sRASKEL il SblbdifiGinitl 11 950

an alignnent too or theé receiver typi ca on t or der
link synbols,jn size. In this.e |l e, therefore, .t he PATENT APPLI CATI ON
G 57 O3 et B ansfefilel A0 B R PETHk B OFORS 32 + 10+ §
2) 52 link synbols (which would translate to approxi mately 208 ns when

each | i nRppprbodtelydotsdsents approximately 4 ns). [0045] It should al so be
noted that each data packet P has an associated active data ratio of the

nunber offogista Sk RIS aldo daGhotddUftat Bghiardsicket’Y ha A Reodifted AGtivest r eam bi t
rate (SBR) and the link bit rate (LBR) by SBR/LBR = DI (D+N). [0046]

Ther ef or g4 ' ;)ﬁiﬂﬁ DaEilF ' | ded (or

del et ed) ﬁzraﬂggﬁtﬁc??ﬁtge?lﬁhg%ﬂ}%%?a}se (l%r g%?@gé )(;ﬁg?&l% ;qel%g%ﬂg{?utﬁgr cycle tine
Tsched, the acket sjze for remajn stant by varying the nunber of
stuffi ngsgiﬁ%81t§atﬂl($]§k§?‘¥f'§?ﬁ%bftd'aﬁ@amﬁ’éfer of data synbols D. Since with
the addition (or deletion) of a data stream since the particul ar packet

sizes remain the sane for the other data streans and the schedul er cycle
time Tsched increases (or decreases) then the nunber of stuffing synmbols N

i ncreases (or decreases) COMYBRABR=PAD+N)e change in Tsched. In the
"degenerate" case where there remains only a single data stream then
there are no stuffing synmbols N. [0047] Fig. 13 shows a nore detailed

portion 1300 of the data stream 1210 in
[0046] Therefore in those saturations where a data stream is either added (or

deleted) 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 symbois N in
relation to the number of data symbols D. Since with the addition (or deletion) of a
data stream, since 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 are 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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.accordance with an enbepdi nent. In particular, Fig.,13 shows the arrangenent

,of data synbols D and:stuffing synbols N for the (data stream 1208 usi ng
the values shown in Table 1. It should also be noted that dynami cally
adding or deleting a particular data stream/|eaves the particul ar packet

sizes for ) S .ect ed, ordi nal Fi 14

1 st r avti/rd BB R s HoRP R KT e bibote (SRRl 1 P b
rate of .625 (hps that corresponds to a packet size P4 of 20 link synbols
GENSP127 isdormiiisgymbacnual to ds). cHaweyeigin asdero keen g particylarpagke from 52
to 72 link synbols (that corresponds to 288 ns for a |ink synbol equal to
4 ns). Hoiwes @, P2,rand P3aonstantl themuirber pAstufimg symbpldK dicressesfos eikh P2, and
P3 constant, the nunmber of stuffing synmbols N increases for each data

packet. QANVMEIR&! onkvBrstiHCiniRs Basihtfefe 2 A8t kResth 5@@1&&:&@%@&3&1 fopuch as S3,
for exanple) the scheduler cycle time T,rh d wll decrease accordingly

w th an comme rate jncrease. i n.the er of dat.a ols Din relation
Lo the nanBEped e defedof R Simb el Tofped aerefUREl P = ace wher e al |

data streans save one is, deleted, then the remining data packet has no

st uf f i ng coyMsEPYalq insrgaseria the pumbes of data symbelsdhin 1slativato thearather of nul at i ng
the raster scan transport protocols discussed above. [0048] Also, in the
case whestmfbfg symbalele dn itk ‘Glegeamensde caza whisreall duta kredmskaveonsisr eam 1208 i s
a single, unconpressed video stream (as shown in Fig. 15) the ILA packets

are pl acq@gleidd, tHeg theketalfihg Qﬂa?h&l&t hay A Qb shindBIs N and 8EORNoOT S | and
the active display region is then represented by a m xture of data synbols

har  t netre] BF el i ety ARl e fer kot holdn Ao iR’ e et amp

I n that bg/ counting the nunber of data synbols D
anove,

[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 Figeam 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 Fypeam cik is determined by the

following:

Fitream_cik = (M/P) * F link_elkc
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for a particular data gtreamw th relation to data-synbols not related to
‘the particular data stream provides the streamcllock for the data stream
"in question. For exanple, in the case shown in Fig. 13, in order to
recover a streamclock Fsamclk for a particular data stream can be
determ ned, b i y_det er m ni he nunb of streamdata synbols (M as
conpar ed ‘f’lée%ﬁ/ia?n;g#gfmﬁﬁ%@?mg?g%hﬁ?f%&rg%‘ool s and streamdata synbols
(P). Mre Barticul‘arly the stream cl ock Fsaeamel k is determ ned by the

f ol I owi ngf005@) r e &ig. d7ishpws p flopvchantdptailing aprapaesp100 foy schmying a APPLI CATI ON
where M and P can be nmeasured by the receiver 204. [0050] Fig. 17 shows a

f | onchar tmahstieriof datg seegmomeRsoridad with as embodilientjofthe muehdon.oThelat a st reans
i n accordance with an enbodi ment of the invention. The process 1700 begi ns

at 1702 oéé&ﬁ 1?6@%&% 4t9702 B?%é’@axﬁhﬁ%&%ﬁtgg% s4Hnf alfihte Hﬁ’tatt@&ef receiver.

In the described e ment, the attribute a Is sent by way of an
auxiliary li.nk that couples the.transmtter to t.he receiver. Next, at 1704,
t he receir\‘/"éff‘veraﬁ?%&%@?ﬂﬁe&eﬂ%ﬁgﬂ?ﬂi@g&@@& datais %Eng}f o receive and
process the incomng data streans. After the transmtter has received the
dat a st r capiliany link thet ceuplesshe amsmittentodhoraceiyen entet 788 #he receivek dat a
streamat 1708 while at 1710 the link data streamis sent by way of a main
i nk by tallecitesnsTiciehtaresdudcdsi{H avaitable)eo redsetand prockdslthe indomihgdate cases
where an additional data streamis to be added and the receiver is capable

of both reeghy! RaeAild RNARARS hildrebdfed heBtaAidads dRi MG eafBh@! 1714, the

new data streamin added transparently at 1716 in that the data packet
size for ,the [ eV Qqus transmited d | Dy: ant. f OOS1l ]
o 10 SRl it adR e ftati D0t bRACRL AT RS " 1

stream is sent by way of a main link by the transmitter to the receiver. Next, at 1712,

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
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. Accordingly, 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 determinéd 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 data packets are formed and during a single

transport scheduler cycle time, the transport scheduler (using time division
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~data streamin accordagnce with an enbodi ment of tZe invention. It should be
‘'notegd that the process 1800 is a particular inplenentation of formng

" operation 1708 of the process 1700. Accordingly, the transport schedul er
determnes the link bit rate for the min link at 1802 and the stream bit

rate for e of the data streans fo.be transported . b Q e link

fr om t he "apising] Scpghiiess PEATRCA tafn 4doh TR sutioplBte G0 ke
size for each of the data streans is determ ned based upon the streambit
rate, t Hhe repgikersit i 81 Qend addsendntsrlanpalignmentpackaidortheeiicatersted datla.  Next at
1808, data packets for each of the data streans is fornmed each including a
nunber opasketsat 18Y2thl 1B ldnthestanbfortigehaguindignalhe erahbmitidatotrpsnliet s are
formed and during a single transport scheduler cycle time, the transport

schedul e disi Al s piie|OB (FENSEY &TartcPATENDRARREEAT! bt Pl exi no)

concat enates a data packet of the data strea to be sent to the

recei ver at 1810f@n% adds .an igtterl.an(f I'gnment packet to the concatenated
data paCRSRUONQT thetransmyssiqn 35 detepmng ’éﬂsgd rt schedul er signals the

transmtter to transmt the concatenated data packets to the receiver and
repeat s 0052]t hrEiggld ilmstratana logieah layering $ 200 ofthe sysiena 200 anaceprlopem as
determ ned at 1816. [0052] Fig. 19 illustrates a | ogical |ayering 1900 of
t he syst emhZ2d@nbvdaacttrofaircimvenidnl [eshoallodnatedithabvhilé theiaxaeint i on. |t
shoul d be noted that while the exact inplenentation may vary dependi ng

upon app:thﬁl@ﬁ{eﬁt'aﬁoﬂﬁﬁ?rv%h} gepemgugglg%ﬁpﬁiéﬁﬂoﬁeﬁaﬁny,w S8R TAUKGS t1D2) 1S

formed of ‘a source physical "l aye that includes transmtter hardware,

link | 19Q4 incl udes . ' ' . ]
machi ne. TIPS PR )S T2t 4 050k BRBIERLdyEP L0 B D o™ ' ©
Audi o/ Vi | / G aphi har d d ' f . Simlarly,
Gi'spl ay BEOMEE, f REWTRNSK JEYBh ATER naar movR RNV 4P | bcol ver

hardware), a sink link layer 1910 that includes de-multiplexing hardware
and st at madEos{ordirfrovaré), amdvadath streain aowre $306 stichlas Agdip/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, paraliei-to-
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.that-includes display/timng controller hardware and optional firmwvare. A
.''source application profile |layer 1914 defines the-format with which the
source communicates wth the link layer 1904 and simlarly, a sink
application profile layer 1916 defines the format with which the sink 1912

conmuni ¢ - 10 ' | I 1 ( T ar4 ers will
now be d?‘é‘g%/sséﬁ%q??%%g (ftegslfq&l.s’ %%%@%E%R%%Am%a] In the
descri bed epbodj nent . e sour.ce_devi ce . physical layer 1902 includes an

el ectri c&fP B”Iggé’rmf Qsi“%@yg’qwﬁﬁ'éﬁn fPRSKPUZINgOBa 0 The el ectrical
sub layer 1902-1 includes all circuitry for interface

i ni tiali sermbling/deseminblingusittersgdnetatiop forginkpdivigg déme-baseggcavery ui t |
drivers/receivers/term nation resistors, parallel-to PATENT APPLI CATI ON

GENSP127 g8t ®ddts &Edo@iné@sc@@ih%'shﬁi asC8BYV OB SaspScifiad h ANSI X3.230-
spread-spectrum capable PLL's . The logical sub layer 1902-2 i ncl udes

circuitr r | Z] 0 W4 | =SGranbl i ng,
pat tern $20 B elReEIThIAlrBHEr RERNCh oot ald ELEEIGhAIEER 2T
data encodi ng/ decodi ng such as 8B/ 1 (as specj.fi i NSI, X3.230- 1994,

cl ause 1%)tl qxaatp?ep?fdwgléss ORISR ) S R fél?%%ﬁ@@é?%ﬁ%ﬁ&%
characters (an exanple of which is shown as Fig. 13) for the main |ink 222
and Mancthestusilialy caonel 224dsealkigl 21dry channel 224 (see Fig. 21). [0055] It
shoul d be noted that the 8B/ JOB encoding algorithmis described, for

exanpl e, (0085} S.It Hafuidbe Hbted Sat the’SH108 Sncoting ilgbrithiitis dayeribed ofopor at ed by
reference. As known by those of skill in the art, the 8B/1 OB code is a

bl ock co t. G = i I,Q@g_ﬁ Y - i ds f
seri al _ t%gaﬁﬁsﬂgn&slg}gﬁip#ﬁﬁaﬂéfﬁ@%gﬁ?ﬁ%é fg @?&%ﬁgﬁgﬁl 0 \(/:\gziesco(r)nr/erts_ a
o o e e R e RSB 85 % TBh sEpiaocR FRlARREe g oo o 1

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 0s
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
acivantageous 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
Is and Os to .be -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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provi de sufficient signal transitions to enable reCchabI e clock recovery by
'-*a receiver, such as tyansceiver 110. Moreover, bal anced data stream
proves to be advant ageous for fiber optic and el ectronagnetic wire

connections. The average nunber of | s and Os in the serial streamis be

mai nt ai ned.. u ar | | evel s B/l . Lransm ssi on code
Conet r ai TRt vaieh e sadmsft R SFb*Prent o6 75 sPorphon K8 &1 Jh H8HE S be' 72, 0!
or 2 across 6 _and 4 bit block boundaries. The codi ng schene also

i mpl emens@ambing w@haut wnmsionghe snfalyalyegvilche foeed. conmand codes. [0056] 1t
shoul d be noted that in order to avoid the repetitive bit patterns

exhi bi t efd0sFy urBiacPdas seehni httibitys slatanimid beacthe aidlingbhaendtiRy, data
transm' tted over main link 222 is first scranbled before 8B/I OB encodi ng.

e 2o YRR 1 B8 e R gL )ty 7 .
L

encryption key set. it is data__scranbling w thout encryption, the
I L] Bl Delihes thamainBiskiiiar (s iarsiin S24htescsum AR b e Tar o
transmtted over the auxiliary channel 224, the main |ink packet headers
serve asthid wegnhhé feaivefsionahaialink @2 end atkigiagtinkgd Basahple thedataiang over head
and maxi m zing |link bandwi dth. It should al so be noted that neither the

Mai N |1 Ny Pthl Qlock HorR e nkdthih rg'ﬂda'fﬂ‘st?e%ﬂl "Bt AifReIRking CloP G Ph&@a' li nes.

In this way, the receivers on 't nk 222 and aUXI |ary nk 224 sanpl e

t he dat e ¢l ock .fr rom t he ream ast phase
| ocki ng 6F ooy PEiEErdGathg gttty S T v e
sub layer is inportant faqr_ since the L

auxiliary channel 224 is haif-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 I (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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auxi kiary channel 224 ¢s hal f - dupl ex bi-direction?L and the direction of
“thetraffic changes frequently. Accordingly, the'YLL on the auxiliary

* channel receiver phase locks in as few as 16 data periods thanks to the
frequent and uni formsignal transitions of Manchester H (M) code [00581
At link set up tine, the AR ER SRS | RNk 222 1S negotiated using the
handshake over auxiliary effare S L N pr ocess, known sets of
training ackets are sent over the main |ink 222 at_ the highest |ink
speed. sd@'g-‘@sl s ofhe spureg kink layercitdhhandlgs & lkdpitializatinn andamanggement. 102 vi a
the auxiliary channel 224. If the ¢training fails, main link speed is
reduced &t ekammple) updnirsceiving athetipluntdetecseientgaierdted hipon honitorwawert he sour ce
physi cal |ayer 1902 is made nore resistant to cable problens and therefore

mor e sui ﬁg* %g{;:%%}i&’f BPﬁl@%?rﬁfb?Tcaﬂlt? ggﬁi‘&%%ﬁ@ ﬁir}ﬁ@afl Iﬂﬂﬁ%ﬁ (1j9di?Y1FeVs%ﬁrqu”' | ke

conventi o ay Interfaces, mal n cha ata rate Is
decoupl edq fro e Lxel clock, rate ..A |i data rate js.,set so that |ink
bandw dt Aetes ok E5er BdtyaBifint Gt hf the TRirdrt SiainleFerble Srcams.
GENSP127 31 PATENT APPLI CATI ON SOURCE DEVI CE LI NK LAYER 10059] The source
li nk | ayéte andiary shamek224e deformines mpsimun maihlink datasse g detarminedor
exanpl e, upon receiving a hot plug detect event generated upon nonitor
power - Uupy anrairing esskioanthenuhiber abtime-basccrebdvery units drihthe sensivee, physi cal | ayer
1902, the source device link |ayer 1904 evaluates the capabilities of the
recei ver yydifib|d titfer §28 98 b%ﬂﬁénds}i\%il%iﬁtﬂ SATYB CRRNLBLs ARthEPnStP&T M ne a

maxi mummain link data rate as determned by a training session, the

nunber of, tine-base r vVeryv. uni.t n el . i | uf fer size
on both &gemg\fgﬁcglﬁﬁﬁf)gmg?ss?ﬂﬁtseg%%ﬁ@ggﬁéﬁa%%‘Hgﬁ%%’? ﬁ?‘%@gg the stream
source 1191'9)1?1 ]; sggan? ggl?rgclz %(}?6? tl?eostompc!eul%)kel\a{)?erxltl 9(}4'1 ?ca%(sj ﬂ{ct(iigprhy ga%ggﬂigquest

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

in the application profile layer 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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from-the stream source 1906, the source |ink |ayer~1904 reads the display
*Capability (EDI D or e(qui valent). During a normal Q)perat I on, the source

link layer 1904 sends the streamattributes to the receiver 104 via the
auxi liary channel 224, notifies the stream source 1904 whether the main

link 222 re r streans,
notifies “??lecg{f %:%e %@gﬁt fgﬁ@%ﬁ %@M%}#Qﬁ%aé)PgI %%@gfﬂq%ﬂygﬁﬁ&‘ sync I 0SS
and buffer overflow, and sends MCCS conmands  submitted by the stream
source 19pplicatiomdencadent farmags Gnaip ink gtamappjng, fmerase pesevery) aquation

comuni cati ons between the source link layer 1904 and the stream

sour ce/ sifoktheseceives, dndrsirikt eapalsfitysrbam aitribie mpgshgesaubqackst ddimas, ifiyer 1914.
APPLI CATI ON PROFI LE LAYER ( SOURCE AND SINK) [0060] In general, the

I t
App Ica 2l 1 DBENN! T6e ApyRGaridf PrOIRE Lhos b Sortd the foMliviis BoloP KAl 2t ce. (or

si nk I nte ink layer. The formats defined

by the a I g, Lcat egori es,
PATENT A@%@c@rﬁ%ﬁ%ﬁsﬁ%@ RE’@*I‘F R, %ﬁg“’ﬂg’é%g%gqﬁ#o ‘ﬁs“%‘u nk
Message for Link Status inguiry) i cation dependent formats (main
link dat RitaEperedd; 20:bieY 6 @229%@\%9‘5 éﬁ’ﬁ for the receiver, and sink
capability/stream attribute nessages sub- packet formats, if appl I cabl e).
The Appl i[6@61]on Pomodxahpld, dlywadisapderitsagphieation profilelgyerd AFL) iB14ist s 24- bi t
RGB, 16-bit R&565, 18-bit RGEB, 30-bit RGB, 256-col or RG (CLUT based), 16-
bit, CbCrdedtialbParPagpli¥stha-frégrandifhg frefate &4Abing MRS olmapforexanpl e, the

di spl ay device "application profile I ayer (APL) 1914 I's essentially an

applicati P W t for Stream

Sour ce/ Sis%%“@ r#r{'u:‘né!l gcﬂaﬂ[g ?g@ﬁﬁcﬁﬁﬁ:oéﬁéﬁnﬁ ﬁtt 9 Slu %n;es a
resentation f t f t tt h f 1

gl nce Soﬁlgesgntat%n ormato or ggta%er?ﬁg or recc):egr%d rﬁ%(l:netlh\é%(ljtertjécen? 00. eSlxllélet S%rmeace 00.

| 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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_aspects of the APL 191(4 (such as the power managerrent command format) are
.'baseltine nonitor functi.ons, they are common to al I*.uses of the interface
100. Wereas ot her non-baseline nonitor functions, such as such as data
mappi ng format and streamattribute format, are unique to an application

or atyp I SO n | . L H . dl ess of

t he appl ﬁggé%]on, ﬁ?ﬁgsgﬁsg%ﬁahérgﬁﬂ%é&%gkin&aﬁlg?}elesémf %@fsa%f&?%eth I'nk | ayer 1914
to ascertain whether the main |ink 222 is capabl e of_  handli n% t he pendi ng
data st r dEKZP. eisgramsoice 191 hmay fake comerieYe actipl B for SHIIRISSTEER SN t he
main |ink 222. [00621 When it is determned that the main link 222 is
capabl e ahe sngpeaefreshgatelvr copeddpthg packet strean(s), the stream source 1906
sends streamattributes to the source link layer 1914 that is then
transmtted 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 [ SGONE rﬁﬁ Gy i Jda fromthe stream and
to format it back to t¥+d M ] v—. ai ﬁThe attributes of the

data stream are application dependent. GENSPI 27 33 PATENT APPLI CATI ON
[0063) In those cases where the desired bandwi dth is not available on the
main |ink 222, the stream source 1914 nay take corrective action by, for
exanpl e, [0@&#)ci nThe tisplaynieviee physicad layent ¥ éaisolates the dispahdevidtedinkAY DEVI CE
PHYSI CAL LAYER [ 0064) The display device physical |ayer 1916 isol ates the
di splay gyt ¢610 adikthelddspiy deQi@ Ad19 TEfr6t IR siyn4lRigitechnbRIgy W8 bfdrr om t he
signaling technol ogy used for |I|ink data transm ssion/reception. The main

link 222 1&2%@&?@443&%@%& % m%ﬁuﬂ?ﬁ%&lr}ﬁé £w8H5C}§|QH¥rﬂe? 344! ayers,

each consi's ogi C Su ayer and an electri

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 auxiliary 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
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.

GENSP127 34 PATENT APPLICATION



sub {4 ayer that includes the connector specificatign. For exanple, the

) "’hal.f*-dupl ex, bi- direétional auxiliary channel 224 has both a transmitter

and a receiver at each end of the link as shown in Fig 22. An auxiliary
link transmtter 2902 is provided with Iink characters by a |ogical sub

| ayer 1908-1 that are then sgbl)&ﬁm§¥é ﬁh@ ed and transmtted to a
corresponding auxiliary lin : receiver 2904, in turn,
receives serialized link character fromthe auxiliary link 224 and
de-serializes the data at a link character clock rate. It should be noted
that the major functions of the source |ogical sub |ayers include signal

encodi ng[0068} k et The mgjor faktomcofaniiliangcl{anoel 18ficalrsati dayter orjydeatath t r ai ni ng
pattern generation for the transmtter port. Wile for the receiver port,

t he maj ogndoliptdn@MRc@fing, TRMiRE/AL RINih P OF 8ah afdiheldetwb Rptibglss si gnal
decodi ng, de-packetizing, data de-scranbling, and tine-base recovery.

i ng d
GENSP127_34,. PATENT APPL| CAT UXI LI . l.pr functions
of auxi |?ﬂ?k}“¥ﬁ§?ﬂ{‘§fpﬁo&wﬁﬁ%ﬁ Tp %Oééﬁ%:{ﬁ]%gy%lg{]g&@é%%%ﬁd decodi ng,
fram ng/ de-fram ng of data and there are tv\éﬁﬁoptions I n uxi | i ary channel
pr ot ocol funstiensdaaGIRENtIPPOHY SePalegyis 2 Hehtyelght prateqal thatsamBemanieeds unct i ons

In a point-to-point topology) is a |lightweight protocol that can be managed
by the LbythellapleLayr atate-machineer Srmwarerand esteadet protasotithdt supppdsol t hat
supports other data types such as USB traffic and topol ogi es such as

dai sy- Chgth@eghtBiypks sif\ak 5B trhfficeh@ tpblbfed Wichds Hhisy-chdifedisih encodi ng and

decodi ng schene’i's identical regardless of the protocol whereas fram ng of

data differs bet t i ' ' th
auxi | i aré/e%(qz eg'ngtespge eb(?pl ?’lt%i\é@atsthgQgg%ggdé%%%f%%w?ﬁgcﬁ?%ér?g?nd?@?l 2982 and
the receiver,_2904. The transmtter .2902.is ovjded w,th link characters
byt he risgndls o the pagiarol wheraah Fapmisapr dats SBERhAvErnine oL "ot aha

receiver 2904 receives serialized link character fromthe link |ayer and
subsequel®06§] de 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 lafer, 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 reestablishe;d. 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 IT code, The

auxiliary channel master in the source device detects hot-plug and hot-unplug events
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serializes it at link gharacter clock rate. The po(iitive and negative
'sigpal s of auxiliary hannel 224 are term nated t'9@ ground via 50-ohm

" termnation resistors at each end of the link as shown. In the described
i npl ementation, the drive current is programuabl e depending on the |ink

condition and ranges.f.rom approxinately.8mA . to_appr.oxi el v. 24mA

resul ti nﬁyipﬁﬂaéﬁ ‘iﬂwg %F‘E%%‘Pé’ﬁgﬁ% o_%tbveo?ndd’ﬁﬁfﬂb‘%owaéﬁ?a%gm to
approximately 1.2V. In electrical idle nodes, neither the positive nor the
negat i ve chinpeh224.s driven. When starting transmission fromthe el ectrical
idle state, the SYNC pattern nmust be transmtted and the link
reestablished. In the described MMANLINKI, the SYNC pattern consists of
toggling a auxiliary channel differential pair signals at clock rate 28
times fol d 497 | It doadal annel
mater | (ORHEC Th diBdEeck %b@g%ﬁ@&?ﬁﬁ%{@p nulélﬂéaénh(? bp %%%‘Fe&‘g’i"’e%%“‘t"? PATENT
APPLI CATIL, GENSP127 35 b eriodicglly drjvyi.ng or asLr the positive
and negalh%léatgf’f thate I@Fggdﬁ?lﬁf’%ﬁ 99@??39?% F@?g.y ﬁ'ﬁ&f‘?{}"[ E%R%[il%gg‘%la In the
descri bed enbodi nent, the main |link 222 supports discrete, variable |ink
rat es t hagpresentative sgjef link ratepeansorsnt widh 3 loealicrystg) Sreguenayed 24Miz).see Fig 3
for a representative set of |link rates consonant with a |ocal crystal

f r equencysGhowf iM\Fi 1 6, thé\enath Hitld 221 (Yelirgy anlihidiréutionatechanddlykas2aly 4 bei ng an
uni directional channel) has only a transmtter 1602 at the source device

and only gl VA 0Rfacticd dRidd ity SRKESE: 1601 RGRGapbtg, e cabl e

2304 takes t orminc S a set of twsted pair wres, one for each of

e
t he Red G een(,G nd ). Vi deo.si gnal rovides in a. typical RGB
col or bai@f%id s%?ﬁ??@%@ takes %2%5‘%@“59%%‘%8?. lﬂfﬁﬁﬁ%v\n by those
of skill in the art, twisted pair cable is_a type of cable that .consists of
t WO wires, one for each of the Red 8{ , Green(G), and Blue(gfwdeo 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 6ther 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 differential 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 shorted 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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-independent |y insul ate(g wires twi sted around one another. One wire carries

thessignal while the other wire is grounded and sor bs signal
interference. It should be noted that in sone other systens, the signals
could al so be conponent based signals (Pb, Pr, Y) used for NTSC video TV
systens. W.thin the cabl ach tw sted.pair is .individually shielded. Two
pi ns for+¥yfy\']/ %&%&esﬁﬁa@@@%eﬁ?téorbW@dz}m’?ﬂtels pg?%?lggltag i stics inpedance
of each differential pair is 100 ohms +/- 20%  The entire cable is also
shi el deddepenilingonithe link penditiemand raaees fera pppmeximafely SmA éhorted to the
connector shells on both ends. The connector shells are shorted to ground
in a sousgroxidely24mA eeuliieg ina raage of ¥diffhawial ipp dfiapproXinitaly 13 pins in
one row having a pinout that is identical both for the connector on the

sour ce d@d(kﬁ@ tsﬁaﬂ%%égg?@ﬂe@ﬂ&gﬁﬁgﬁ@%lz ¢isGinERdeledidd rHQUERE device

supplies the po I's termnated on both ends and
since the main link 222 .is AC coupled, .t t erm natiaon,yoltage can be
anywher eCPREGRAISHE 3 ?@H}%ﬂaéf’al' c%ﬁg%ﬁ%ﬂ@@ﬁﬁiﬁw’fﬁﬁﬁﬁﬁl& OM* +3. 6V, In

t he described inplenmentation, the drive current is programmble depending
on the |inaragsmedt miodes. dn¢lectnngbidle, neitherghe bositiva raryhanggative signals asei mat el y
24mA resulting in a range of Vdifferential _pp of approximtely 400nV to
appr oxi n@xiwiny Whea \étarilhiea ransmissivn Glotraglecteival idie istate dheettdmshiftarmesich
connection using a training pattern. An electrical idle state is provided
for  poweLodBNASE IR sed AR orldt r6leSGbRdAL lihk With thE kdcBRr.t he positive nor
the negative signals are driven. Wien starting a transm ssion from
electrical idle state, the transmtter nust conduct a training session in
order re-establish the link with the receiver. STATE D AGRAMS [ 0070] The

i nvention wll now be described in terns of state diagrams shown in Figs.
25 and 26 descri bed bel ow. Ac IAG =25 shows the source state

di agram

[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 ig 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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-descri bed bel ow. At ansoff state 2502, the systemjs off such that the
‘Soutce is disabled. If. the source is enabled, then the systemtransitions
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

pl ug/ pl a t he L I ar nnel . i eriodi cal l. ul.s (such,as for |us
bvery 1 ofyiing Batind Gt 2508 3 Mot R Shwg i ol BphiE® Tuemsfe SR
resistors during the driving is nmeasured. If it is determned that a

recei ver Fagsiippsiack to ghsseandhysiate Re04e@darage thesorge davespthe epeiiathe syst em
transitions to a detected receiver state 2506 indicating that a receiver
has been cairet ivétll,a positiveand elegtivieGigabtit walteasp leeeiverdaidehé edeivei’s however,
there is no receiver detected, then the receiver detection is continued

ntil | | : L8 14 E el apsed.
until su b%stehﬁ&t r%si:gﬁéaét?ifan?, s ChELKLE! Iftﬁﬁx‘é% ﬁ&}é’sgo% \flecceie&eggﬂl% tHas PS

It shoul e note I n“some cases the sourc y choose to go to
"OFF" state.fromwhich no further displa etect] I.s,attenpted. CGENSPI 27
37 PATENTOSRISE PRSRLCRo ke op A5 wep Sorphing iy 6 B8, 46 £OWeTHE Fghalnor

unplug event is detected, then the system transitions back to the standby

stat e 250uecavebiiamshe displayothen thadipplay hasiuokanup angrthe samemiseeadyi t h a
positive and negative signal to wake up receiver and the receiver's
subsequen¢adrihe posiver link capapilities (subkak anhx link rhtechefersizepandanmebes of r ecei ved,
then the receiver has not woken up and source remains in the state 2506.

If, hoveyiglebdie Sc@Paty units) &RIGRE VRterh HAMLIBS: 101a5RhiRink ilGRlisdin GlatP! @Y has

woken up and the soufce i's ready” read the receiver link capabilities (such

as max |i raie ffer sjiz nd..nu r tine-base recovery units) and
Che oyst 2n P Srvadit Sophichle p BB IRE boflcatb AR o ot o 2508 and | »
ready to _commence a.training, start notification phase. [0072] At this

poi nt, al@07&] ni At tisRAing, a tRining sesgign s stagsddhyrsgnding 2Ar4ining PAIAM OVEF over
the main link at a set Iink rate and checks an associ ated training status.
The r ecetheanain link at a set link rate and 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 ﬁormal operation state 2510, the source continues to periodically monitor a
link status index, which if fails, a hot unplug event 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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.sets,a pass/fail bit fﬁ'r each of three phases and fhe transmtter wll
iprogeed to the next phase upon detection 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 nornmal operation state 2210, otherw se, the
link rate is reduced and the training session is repeated. During the

nor mal osbamel gavepert & mmed ondpdicating aotgdvg eyeaband bhe systerB anevss (93 noni tor a
link status index, which if fails, a hot unplug event is detected and the
system idispiayistito D604, otlidiwise] tho displsytrameind 50 thesstahdbm state T66d. Athbe pl ug
detection event. If, however, a sync loss is detected, then the system

transi ti Qg 3606 hiflLiRR HitilIRfation gEASE) if 4 Bispla§id ddtédtéd, R (RY Sliliay0073] Fi g.
26 shows the display state di agram 2600 descfibed below. At a state 2602,

no volta s detected he displ oes to a F_state,. At a, standby node
Srate oodivt Bati il Tlmel o8, didife BindiR e e b fisilsE ik bardRin? o
electrical idle, a voltage drop across the termnation resjstors of

auxi | i ar yeadisapmeandsng\the display state trapsiions te d6¢% otheryisedEthersism®d vol t age. | f
the voltage is detected, then the auxiliary GENSP127 38 PATENT APPLI CATI ON
channel attimity gnathe ausilinny chadnel for mdrecthin agregeteaninet paried efitimaicent he syst em
noves to a display state 2606, otherw se, the display remains in the

standby g{cahQil%BPehantitl 1R pott Blpht 1 _ﬁxe(taat'aﬁflwétkteizﬁm.! ali zation phase), if

a display is det'ected, then the auxiliary sldave port is fully turned on,

and the m tter responds .t receiver |lnk.. Lt ad comuand
and the L‘f@gf ay ]é‘tl%?%a e ?t?rg Hgnﬁ%a%%g@g?seopﬁedflg{ﬁ&r% R qnd% ﬁoe{h IS no
activity on_the, auxiliary channel,Z for nore than_a predeterm ned period of
time thefainingdnifiatipnbythe wansmilter by adjusting the ¢qualizgr using raimige paftesisindby
state 2604. [0074] During a training start notification phase, the display
r espondsupdating ¢he tesalt firregch phasealfi the traipinghiails, therswiit faranbthentipinigtg ng t he
equal i zer using training patterns,

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 transmifter 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)  Asknown 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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.updating the result for-each phase. If the training fails, then wait for
tanot.her training sesston and if the training passes, then go to nornal
operation state 2610. If there is no activity on the auxiliary channel or
on the main link (for training) for nore than a predeterm ned (10ns, for
exanple), the auxiliary channel slave port is set to the standby state

2604. [ 0@ko|maintgins spiwargeompabibiliiy withcaxidingiBe] lafigstugtors i 1S t he cross
platform display interface. [0076] Fig. 27 shows a PC not herboard 2000

havi ng aronfigiratisr] tigy BOhEgsressnmirnie augiitted babecomeanpmpliantesith the ansmi tt er
2704 in accordance with the invention. It should be noted that the

transni ttr@c[ui%grfegtsio?l ee)@&ge g‘ggtg&l irftar R vehiel c&m:acﬂﬁaﬁoésafsplag%&@om in

Fig. 1. In't escr ment, the transmtter 2704 rs”coupled to an

connector, 2706. (al Onﬁ]f‘t heaHli nes &f t he, connector 2400) nounted on the

mot her bo&HAST BB MRMEFPIapd mgpited SonneSipt @8 SPWT o di spl ay devi ce 2708 by
way of a tw sted pair cable 2710 couples a display device 2710. [0077] As
known i n[00¥8] ar t In sigatiengvlers it(igjagiqragcg] ipmowntdhe @pnpdpnenr 8¢ of Sant a
Clara, CA) is a high-bandwi dth, |low pin count, serial, interconnect

t echnol ognothdrbdarGENSEIRAZ]s 39n BAIdUNd thRtighGAd SON rsletofithae PCEBRpressof t war e
conpatibility with existing PCl infrastructure. In this configuration, the

PCl Expr?ﬂs(;ﬂF ' Hﬂ{ﬁ? kﬁﬁ(m ' sl ui rements of
the cross p ég??%?%ﬁ?gte 2582‘9%% caﬁpgiqfrge t%@‘ggd}’%éeﬁga%%gglﬁg% devi ce
ei t her usj ng a gotherboar,d nount connector as s . [[00781 | n situations
wher e i + Shevh By TE, ZEUARCR i R B ind AR afecie AR b spfissd ot he
signal s can be routed through the SDVO sl ot of the PCl Express_ notherboard
and br ouddd-in graphies gard ican sunpiant the enbear graplissenginesg showB i E: 8P as  shown

in Fig. 28. As is the case with the current generation of add-in graphics
cards, a[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
Express environments through the AGP or SDVO slots, respectively. 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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.add-in graphics card cgn suppl ant the onboard graphi cs engi ne as shown in
‘Fig.,,30. [00791 In the case of notebook applications, the transmtter on
t he' not herboard graphics engine would drive through internal cabling, an
i ntegrated receiver/ TCON which would drive the panel directly. For the
nost cost effective inplenentation, the receiver/ TCON woul d be nounted on
t he paneIIOQWdrebfig-éaggﬂwgaﬂhwchmﬂﬂf@gammmmcﬂefm“m'mingan 8 or 10 as
shown in Fig. 31 100801 Al of the above exanpl es assune integrated

transm t topematioliIMBYES of thé intérfacdUDD én h@dsdanbewith andplbodRNént 3§t St andal one
transmtter integrating into PCIl and PClI Express environnents through the

AGP or S ] ot d i I ' ] abl e
out put ot Suriof, Ty ¢h CHREEE (i oferafiadh BN En) SARTI A LBhallibde B70
FLONCHART, ENBODI MENTS [ 0081] . The net hodo f the jnvention wll now be

oscr 1 bodhd HFRpHRIT indne plsd destoe preh Siatel M SO RT BPgioiabar ¢ | cul ar
process for enabling the invention. Specifically, FIGS 32 - 36 describe a
nunber ofmadetveillrhs set tooanatogonedse Jt shvald bieoted hatl“ansiogghgdddrinitis any

conbi nati on descri bed aspects of the invention. PATENT APPLI CATI ON

GENSP127 céftek 068 3helbi@botBLoavitiond VGAWEE® ds vikdl & dnhbiked aRAIRE @8¢de3200 for
determ ning an operational node of the interface 100 in accordance with an

enmbodi ne . ' ' ' r -_idgg@ﬂi de will
only be gg‘t’lﬁ%gﬁgﬁg?%aﬁt\égﬁgﬁogglgo Wﬂfﬁ%ed@%cggﬁog‘ so@tﬁt Elgnglﬁdﬁe | s(fol{xgy devi ce
are both digital,. .G herw se, the operational e wll be set to anal og
mode. |t S@ﬁgﬁ}ﬁ s ﬁ&%ﬁf%og'%ﬂ%pgﬂ%%éml?%‘? % context can include
bot h conventional VGA node as well as enhanced anal og node having

di f f er enfQ083] anangtep/320202 widen sevrpe tidaterrgeatgdh teedatermige whetharthgividior ect i onal

source supports analog or digital data. If the video source supports only 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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si deband. This enhanceg anal og node will be descri &ﬁd bel ow. [0083] In step
:32024r a video source is interrogated to determ ne et her the video source
supports analog or digital data. If the video source supports only anal og
data, the operational node of coupling device 100 will be set to anal og
step 320 he th ocess Wil .end (step 3212). [0084] If the video
gource caﬁﬁ)gﬁi puﬁnaﬁegﬁéﬁé,w go sigpal lﬁeﬁﬁlé;‘%‘ig’e@rm’l £ 8ouree. e, a 8ignd.  The
di splay device is then interrogated to determ ne whether the display device
i s confi guaditly test paftewi 1 pradiidid gt thd afdeo sbiirce hssodiated| eigh theveasdvesinggar t s onl y
anal og data, the operational node of coupling device wll be set to anal og

(step 3208 a1téiqmzdz?.hnpﬂ@psm,wc!e{enﬁ}ﬁtieﬁbpﬁbﬁ%&a}ratgshﬁad& B&sedt he

oper ati onal node of e coupling device is set to digital (step 3210). For

exanpl e, r t i ches..wi thin,t oupl ing device to
set the r%(?@ @%S@g{’f‘:’gﬁatﬁﬁggg&g N '3’%%%&%‘5033\’}}3?&“?23%8%?5 gured to
operate in g fully digital node only when both the videp source and the
vi deo si rfRteds greglse than athrashold vabie (giep d306)n &t te bitreamor ssaés detooargd o g, 33
shows a flowhart detailing a process 3300 for providing a real tine video
i mage quaiat by godater thanrthe treshdbheaduayithdn ssdetermisgiioatis matle (s 331490€i on. | n
this exanple, all determ nations of process 3300 are nade by a processor

coupl ed twhethdi®r Absheryaré Hops {166 frafdeliSHIRE déibrBMEENat ARRE hieAib N 100861 In

step 3300, a video signal is received froma video source. Next, a signal

qual ity [ ' hale 0Gl with the
recei vedtv\??%)e%lﬁhéss‘re{gl%gltﬁ?g{og%gsgglggﬁyo%%Ss#g(g' @g%g‘w Sg’etgg? gorc%sﬁ‘%%?'on of a bit
error rate is nmade, base on the gquality test pattern. Then,  a
det er m ne@?@ i sﬁﬁﬁ'ﬁgero%fd %E‘Eﬁgf’r FF@%@FF“EKFQF" {’? greater thay the theeshpldsy o
threshol d value (step 3306). If the bit error rate is determned to

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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not be greater than the threshold value, then a dre;germ' nation is made (step
3814),.0of whether or not there are nore video franmes. If it is determ ned
‘that there are nore video franes, then the process returns to step 3300.
O herwi se, the process ends. [00871 However, if the bit error rate is
determ ned to be greater than the threshold value in step 3306, a

det er m natiP@891i s %&lﬂb af H16ptie308)maguice seviststream tatidibisties tar the @ededver yeat er
than a mnimumbit rate. If the bit rate is greater than a m ninum bit

rate, thenwdyhs the duxildrg chanmeP¥RY £34( 81188 sBebhP3odédd &b RurePAGSEed €T UrNS tO
step 3306. If the bit rate is not greater than the mninumbit rate, then

t he node i 4.Q: . 3 d the ess ends.
100881 Fi o opanaJi IS8 1BHGp0 iR e w@v@g@é&iaa%ewb
accordance 1t h odi ment , of the inventiogn. The process 3400 begins at
3402 by t BE3440 c‘%ﬁ%‘ﬁzﬁg&ﬁﬁaﬁowﬁwwe@é‘%&mﬁﬁ bygdding gsrociatesdnacket, At 3404
aminlink inquiry is nmade by way of an associated auxiliary channel to
det er m nehgadessdndithe dudtiplexing of anumbehafisoufce tsireambasehedndaba 324N At S
included in a receiver, and available buffer size. Next, at 3406, the

maxi num | Bag6 gdttarminbon & nvflei whekr RY nbBite Bhk Atabisdl UKIOWARA Shefend  at
3408, a data streamsource is notified of the hot plug event. At 3410, the

capabi litj | ' L f | e are_%ﬁ:_rm'ned by way
of the ah@ﬁs?%?@r%gﬁﬁghﬁ?ﬁg&? ﬁzgr(ﬁﬁsl,%lﬁﬁ 39 o?é%%ggggm?%v?%gt ?" ires at 3412
whi ch, in turn, esults a col | aboration of, the main |ink training session
at 3414, éﬁ@ﬂi“}fﬁ% atERCABOIT @Q?PW"E@GB@T%R@%@‘{C greams pasediponst r eam
source sends streamattributes to the receiver by way of the auxiliary
channel athg variogvnaket headers ae3ddls AlrIdd2, the cecoustrivted mative ddamdstremnetiteer  t he
main link is capable of supporting the requested nunber of data streans at

3420. At héRPasstde thaidisplay déeice. packets are formed by adding associated
packet headers and the multiplexing of a nunber of source streans is

schedul edigadoP424ig Als 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 Iongest. 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,

GENSP127 43 PATENT APPLICATION



3426 a determnation_is made whether or not the |ink status is OY- Wen the
link status is not (O( then the source(s) are r(otified of alink failure
evént at 3428, otherwise, the link data streans are reconstructed into the
native streans based upon the various packet headers at 3430. At 3432, the
reconstructed native data streans are then passed to the display device.

[ 00901 [boax] 3 BigSDEWustrafe @\ Wehphter Skateth B60WempRyETRSMplenterdhd Or perform ng
a training session in accordance with an enbodi ment of the invention. It

shoul d. not b Nl ' . '

I mpl enérgfegfng'negpajp Eeé S%%é?gp ﬁ%% J}%Z%E escy ngg&? %cé?)%?ené%&%ﬁ P rai ni ng
session is started at 3502 b sen&i5 a traini n%é Bat ern over the main

|i nk athepregsnt mveptioyean hegmplemend pyputex system 300 imclydes centfalng  pattern
is showmn in Fig. I | in accordance with an enbodi nent of the invention. As

i | | ust pateeskinghomit (CPWHEO110; eandomapceass sieomry R AMISIH20, reeporlyemdrsoryhe short est
run length while phase 2 is the |ongest. The receiver is to use these two

phases (ROMPIE28] &Rt dritforePRHBhdraIS 3630, ErafhG odtrolRtIB6D) ﬁrhhﬂ? ‘éto’l\%% char act er

| ock are achieved as long as the link "quality is reasonable 3504, the

receiver .ch oCl.at Dl t . on, the training
st at usﬁgwg%%éaﬁﬁgaﬁgigi@gﬁég{ éfsﬁfagix‘gg?ﬁﬁ Ljﬁsl I?Q%grﬁgg@ﬂng% "‘P’hr ee phases
and the transmtter_at 3506, At each phase, the receiver wll proceed to
the nBAMpskde trapyer dats and m&tﬁu%lpnbﬁ%'sdlb‘?‘PPW%B'dOélﬂe &PEs 3610, ehiler ¢ he

recei ver does not detect a pass then the receiver reduces the link rate
and r eRad3s uded typicallyi tndgransfesdata andringtruetinns in & hicdirectiossldparater.t hat 1ink rate
at which a pass is detected at 3512. GENSP127 43 PATENT APPLI CATI ON (0091]

Fi g. 36PUs!3630 hidly@enérany Metide an§ ¥iainber ciGREceathnh.OB6th primaryBloeagnt t he _
I nvention. Conputer system 3600 is only an exanple of a graphics systemin

whi h alVies638 BHA 3650 SR ey BitdbiPL SHRRbER A pR RihA! A2yt em 3600

i ncl udes centr

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 storage med_ium such as a hard disk or a tape which generally slower
tﬁm 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 are not limited to, devices such as video monitors, track balls, mice,
keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic
or paper 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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processing unit (CPU) 3610, random access nenory (RAM 3620, read only
menory (ROM) 3625, Gne or nore peripherals 363((,""'graphi cs controller 3660,
priqrary storage devices 3640 and 3650, and digital display unit 3670. As
is well known in the art, ROMacts to transfer data and instructions

uni -directionally to the CPUs 3610, while RAMis used typically to
transfer data and,instructions in a bi-direct.i gnal nner., Us 3610 may
generalqmlopﬁlgf‘&a%b%\ﬁ?}lﬂlu é)rcompubqr(%geégcgpgl_lmggﬁ}?n PEEP'-?F@ esg’b%;ge devi ces
3640 and 3650 may include any suitable conputer-readable nedia. A
secondantersst oetapek pean inasgmetwirkcusinga ngtpiodasanpestionasshaWaory device, is
al so coupled bi-directionally to CPUs 3610 and provi des additional data

st or agegenaiafly at ¥695. Tirith Bhcsa networkyconaydtion, fdcimemplated thdt ¢he CBHslabl e medi um
that may be used to store prograns including conputer code, data, and the

| i ke. %b%ﬁg@y%@ﬁ&é@ﬁ%y [&yﬁﬁm@wﬁﬁﬁ Aan%pg&nggaa%f&ﬁﬂﬁ&mmeh as a hard

disk orrata sl'ower than y storage devices 3640,

3650. Mass ry storage device 8380 t.ak h or m,of, a magnetic or
paper t"&ﬁ’é"fﬁ’é reogse g?@'fm?ﬁgﬁ?ﬁeﬂ%mgﬁéﬁﬁﬂgﬁime@é’% S}etps\r/\TPP?h be appr eci at ed
that the information retained wthin the mass nmenory device 880, may, in
appr oprinfarmaticrs adjchbis oftan tippesented @s B sequeneriel igstrustians te besexsawted of RAM 3620
as virtual nmenory. [0092] CPUs 3610 are al so coupled to one or nore

| nput / QUingUtPTIE 108 mal B0 rédeived fromy andeltpaited thuhe neterorigtfor dxaimpée) t o, devi ces
such as video nonitors, track balls, mce, keyboards, m crophones,

tOUCh'ﬁx?ﬁ%;%{-&e{t%fQEg@b 4P dath SRASCUARIGIAARY GfRIGave, TROBBVC OF paper tape

reader s, S, ses, volce or handwiting recogni zers, or other

e AR el BB S i R SR 0L S

conputer or telecomrunications network, e.g., an
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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Internet network or an intranet network, using a _network connection as

- shown generally at 8695. Wth such a network connection, it is

cohtenpl ated that the CPUs 3610 might receive information fromthe
network, or mght output information to the network in the course of
perform ng the above-descri bed nethod steps. Such information, which is

of t en ripRnesiced edihastie sseuEMBeasiendetilninmt dlanswith thfr falecopest  usi ng CPUs

3610, may be received fromand outputted to the network, for exanple, in
t he forgggg,f |agcomputer data signal embodied in a carrier wave. The above-
describ devites and materials will be famliar to those of skill in the

conput er ar dyar. nd software arts. [,00931 G aphics. controller 3660
generatlgggﬁnal S@“f nyeption b%ﬂé@ﬁ?@fﬁdﬂéﬁfﬁﬁf’?ﬂ@r%% e signal, and

provi des both to digital display unit 3670. The anal og i mage data can be
gener ateathodimentctharepire altdratias, permuitations,dad gquivelsntsdbiatifald mwitdi 610 or from
an external encode (not shown). In one enbodi nent, the anal og inmage data is

provi degopdloft8 iivinieh. RHoldQlsoteqiotiBatthadake masy sigasativeev®YNC and
HSYNC signals well known in the art. However, it should be understood that

the pr i | i i - , data and/ or
refer eg)zglgéllebﬂr? gﬁgg Hﬁt?lqg§ﬁlgf pﬁgg? Hn%#ﬁ@%?@?&%ﬁ@ﬁ%%ﬁ ﬁnge data can

i ncl ude, vi deo, signal, data also with a correspaqndi t] ref erence signal.
100941 there &J@W“ﬁﬁ&?‘% éW%‘ﬁ‘BBgFﬁ’@ﬁ%etB‘faﬁ W@%F@s"’gﬂi‘lci’ gﬁ%’ﬁf‘?’i‘)‘ﬂ have been
described, it should be understood that the present invention may be

enbodi pdarmutatiorsngndeduivalentead fallovithin the twe spiniftand spepe ofithe presentt he spirit or
the scope of the present invention. The present exanples are to be

consi desvegltias, 11l ustrative and not restrictive, and the invention is not
to be limted to the details given herein, but may PATENT APPLI CATI ON
GENSP127 45
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be nodified within the scope of the appended clainms along with their full
scope of equival ent § [0095] While this inventipn has been described in
terhs of a preferred enbodinent, there are alterations, pernutations, and
equi valents that fall within the scope of this invention. It should al so
be noted that there are many alternative ways of inplenenting both the
process paratus of the present invention. It is therefore intended
that the invention be interpreted as including all such alterations,

permut ations, and equivalents as fall within the true spirit and scope of
the present invention. PATENT APPLI CATI ON CGENSP127 46 | CLAIM 1. A
packet based display interface arranged to couple a nultinmedia source
device to a bulti Aguicketdiandd displaymtertaseprrangeddo couple amwiliimedia uni t coupl ed
to the source device arranged to receive a source packet data streamin

accor dagfceMevitedo A dniltfhedfalsikddveCcondprispgei ver unit coupled to the sink
device; a linking unit coupling the transmtter unit and the receiver unit

arranged to i i r r f a nunber of
mul ti medi a d%ﬁé&%ggg{(%&%yggg (éjbegsr? glegfgglrégrén%etéiﬁg@ef atJarS%gf(%eam in

accor danc fth a link rate that is ,independent of the native streamrate
bet \/veenpal"ﬁ%t HECA ip dccordance yyith 3 ptiveSEEA &S unit: and a data packet
schedul er unit coupled to the linking unit arranged to schedul e data
packets for areseivpomtit conpledtthhd sinkdewicesinit for the sel ected ones of the
data streans wherein the data packet size for each data streamis an

associ at ed f4 ¥@dnguEie 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 2 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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that depends upon a ratio between a data streambit rate and a link bit
rat-e. 2. A display i(hterface as recited in claifil, wherein the nmultinedi a
dat'a packet streamis one of a nunber of multinedi a data packet streans
each having an associated adjustable data streamlink rate that is

i ndependent of the native stream rate. 3. A display interface as recited

in claimi, yﬁ}ﬁ&iﬁégﬂoﬁﬂ%ﬁﬁ ﬁIﬁk Witk geld4h chey tHeORRjRARy datpIRRAS Frofy PATENT

APPLI CATION a unidirectional main link arranged to carry the nultinedia

dat a pzﬁkgts f.{om .thilPtransm'ttter nit to the receiver unit; and a

bi - di r 0% FHRHRLS RO 1P S TeCeXer KL 409 anged to transfer information between
the transmitter unit and the receiver unit and vice versa. 4. A display
interface as hidlitetdenal auxdliary ehannelaaanged to Wansierigformetionbetveemthei | i ary
channel is fornmed of a uni-directional back channel configured to carry

i nf or nadahsnitfet anit bfbths irédeivde uhit @nd vick herssour ce devi ce and a uni -directi onal
forward channel included as part of the main channel for carrying
information fromthe source device to the sink device in concert with the
back channel. 5. A display interface as recited in claim2, wherein the

main link unit further.conprises:. a.nunber of virtual .links each bein
associ ated With M}é&f‘ﬂfﬁ?‘%&e&ﬁé“wgf‘hé\a“ﬁ ‘P’f‘erﬁ@cfhﬁgﬂgltrﬁ&ﬁ%ﬁet strea?ns
wherein each of said virtual |inks has an associated virtual |ink
bandwi @exilianychanngl is fgrmed ofaunizdigectignal hack ehsnngl copfigwrd decHy recited in
claim5, wherein a main link bandwidth is at | east equal to an aggregate of
t he vi piforhationfionh drediikiddvice 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.

3. 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

™

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 2 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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7. A method of coupling a nmultinedia source device to a nultinedia sink
devi ce, conprising: (providing a source device h@Ving a transmtter unit
coupl ed thereto; providing sink device having a receiver unit coupled
t heret o; PATENT APPLI CATI ON GENSP127 48 receiving a source data streamin-
accordance with a native streamrate by the transmtter unit; coupling the

transm tter. uni I i Lo bkl unit; formng a
1 el il syl fath e ERTIEBHE! biaRk e e MY B8 0T gat s
packets; generatjng a transport schedule for transferring the nultinedia
dat a pd@REMtEsBRkam i n accordance with a |ink rate between the transmtter
unit and the receiver wunit wherein the nultinmedia data packets are each a
fixed size hasplihgtheirabdmitter wit andothe receivenunidby wayofainking unifte. 8. A
method as recited in claim7, further conprising: providing a

uni directi 0Q@Hmiﬁgh@nﬁl&iﬂi@dﬁrdaﬁrﬂ@ﬂetts&eﬁﬁrfbﬁnmarmirﬁﬁdmﬂh@nﬁaéﬁa packet s
fromthe transmTter unit to the receiver unit; and providing a

bi - di rgiﬁéi ongcl .auxiliary channel arranged to transfer information between
the tr RF4F uhit and the receiver unit and vice versa. 9. A method as

recited in claim@8, wherein the bj-direct.ional Xiljar channel is fornmed
of a uni-di &Wﬁ%@"ﬁ%ﬂ“é%ﬁlﬂflbgmﬁ?ﬂ'&% ?‘B‘alﬁ'éﬁ“’f‘f}a ?B?‘ﬂ‘& ion fromthe
sink device to the source device and a uni-directional forward channel
i ncl udetleams irpaocordaficd with adink rath batvedenfthe trammipémmil anddheregceiorr from t he
source device to the sink device in concert with the back channel.

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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10. A nmethod as recited in claim9, wherein the main link unit further
conprises: PATENT ARPLI CATI ON GENSP127 49 a nuffber of virtual links each
bei'ng associated with a particular one of the nulti nmedia data packet
streans wherein each of said virtual |inks has an associated virtual |ink
bandwi dth and a virtual link rate. 11. A nethod as recited in claim10,

wherein a ”@r@n&ﬂ&%f@%@l’@iﬂ&%&ﬁbﬁhg heaGibtedia] a patioHlangNy sraEe of the
virtual |ink bandwi dths. 12. A nmethod of scheduling a transport of a nunber

of data packets. bet ad e t [ f a data
ke aeBerkadeee Beskar TR o R dad o ufAumg ik piectiel, 0, O
source to the data packet sink; conparing a streambit rate to a data |ink
bi t ratvé’maéﬂlnbb%ﬂﬂvdﬂﬂ'aaﬂﬁkﬁrﬂé}lallﬂﬂ”g&a streans to be sent fromthe source
to the sink; setting a packet size for each of the data streans based upon
the conparing wherein the packet size is a fixed packet size; conbining at
| east one of each data packet; and transporting the conbi ned data packets

from the soyqge el dShs Mecited 3n cIERAM UL WherBinQh A IRikanawidiRis #4chedul i ng a
transport of a nunber of data packets between a data source and a data

sink b of, a data |lin conmr4i,shna: uter code for sending data
packet )f%?tsm@/q“ﬁ{f?é’? aggﬁgpt[e}?z’ﬂbeawpgﬁ?}a}g%;@hdgg@%e to the data packet sink;
conputer code for conmparing a streambit rate to a data link bit rate for
each of a nunber of data streams to be sent fromthe source to the sink;

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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PATENT APPLI CATI ON GENSP127 50 conputer code for_setting a packet size for
each of the data stréams based upon the corrpari(ﬁg wherei n the packet size
is'a fixed packet size; conmputer code for conbining at | east one of each
data packet; conputer code for transporting the conmbi ned data packets from
the source to the sink; and conputer readable nediumfor storing the code.

PATENT APPLI CATI %p@@}'%ﬁ’&@ﬁ)r §é|1ﬁng 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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