METHOD AND SYSTEM FOR MULTI PLE 3- D GRAPHI C PI PELI NE
OVER BUS Field of the Invention The present invention

WO ed0asesst o a met hod and system for 3-D PCT/IL2004/001069
(threedi mensional) nultiple graphic processing. Mre
particularly, the invention relates to a nmethod and
system for inproving the parallelization of imge
processi ng by G aphic Processing. Units (GPUs), base
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which are tinme di wai sion and obj ect

di vi si on net hods. i ; onyns and

Abbr evi ati ons Throughout this specification, the

followi ng definitions are enployed: GPU. GPU (G aphic

FieldRsoges shoentitd ) |i ke the CPU (Central Processing
Unit), a GPU i1s a single-chip processor which is used

The presemf i inyehsionc ortRies ntp 3» Dobimst iandk . syFis ifeic| Hrlfes(three-
dimenﬁsﬁl SK }Z%ﬁgqg%hgl’ré nti gg%eefﬁ%{elégﬁ\?[or?egg)%%%ig}l@ﬂy, the invention
: 68k | Yid NRNSh VB LRk SwihitaD QLherz88on ot
rela e i e e GR0 Bt B roe e ontBtflage
proceSieg bal GzasthiGPYocassihanties (@BUspbakbé od-uhified framework of
cal cul ations, it hel ps_the conmputer to performthese
three tpasiedlehppidonf meghedt | Fhichngre dgimeodivasionf agege, division and
. Polygon : Pol.ygons in 3-D graphics are two-di nensi onal
Ob]empﬁ?’#??l? \%e&go%%(w owi ng generating and di spl aying of 3-D
conpl ex graphi cal objects. The pol ygons are the faces
of the object and are conposed fronN vertices.
DefivAtitarsl. [Acrom ypaks\agod Alsbeedbbats pl ane figure, bounded
by three or npre line ments, Frame Buffer : a, Franme
Througions ﬁllxsﬁs)eqfscaél%ﬁh@?ﬁg%lpgsf%eé%reémpﬁ eresmRIpTedof an
i mge, pixel by pixel. CGenerally, the portion of
menory is reserved for holding the conplete bit-nmpped
GPU grye (Ghadhit ?r@@éﬁsiﬁ% Urie) e kh® CPT qCedbsN P cessng Unit),
T5 ically the frane buffer is stored in the nmenory
a GPUhisps stnglerdhiyipiwoessdapybich is used primarily for computing 3-D

M

functions. This includes tasks such as, lighting effects, object transformations,
and 3-D motion. These are mathematically-intensive tasks, which otherwise,
would put quite a strain on the CPU, but since the specialized GPU can handle
most of the 3-D calculations, it helps the computer to perform these tasks more

efficiently, and, of course, faster.

Polygon: Polygons in 3-D graphics are two-dimensional primitives, allowing
generating and displaying of 3-D complex graphical objects. The polygons are
the faces of the object and are composed from N vertices. Actually, a polygon is

a closed plane figure, bounded by three or more line segments.

Frame Buffer: a Frame Buffer (FB) is a buffer that stores the contents of an

image, pixel by pixel. Generally, the portion of memory is reserved for holding

the complete bit-mapped image that is sent to the monitor, for display.



In sonme instances, however, the video chipset is
integrated into the notherboard design, and the frane
whedoses0555 stored in the general main nenory. BOF/EQ004/001069
conpositing unit: performnms re-conposition of nultiple
t hr eedi nensi onal rasters i Ao final i mage. The nerged
data is resolved for the closest pixel to the viewer
in 3-D space, based on the depth value of pixels. The
Typidadly thet hadpe baffed i9st@etlancdimeuscassychaps ve tleciidémnadapter.
allows the use of nultiple GPUs for any frane i
In sgBepl 1@RtancesD Bplvayen.i $he xiqgosfhapsqti d¢ imtegrated into the
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mem@kgpl ay list provides internmediate inmage storage for
guick image retrieval. Vertex array: a Vertex Array is
an array of vertices describing the 3-D scene. A
. Vertex Array provides internediate i e storage, for
Objegti 1 al pe%&[o&% Bﬁéwmﬂ?gﬁ?%@ pR mqgﬁa?%gthree-
: rol b ' t r G r; ' 1S £
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closeBapkal alfke oewdieid BMRRHEES bERed bhrge diptBnsilosafl pixels. The
graphi c pipeline architecture breaks-down into
new geefiront dehastlage sawfornOpu UBESSOTRIVE etacssiopr 6dlessi Hege use of

and f.r agment i xel ocessing. A given pipeline
Inunﬂgegﬁﬁység'g?ygﬁﬁ£§§oFﬁée kkest 1ink of one of the

above stages, thus the main bottleneck determ nes the

overal |l throughput. Enhancing performance is all that
Displgguisted Dinplaediist imga atesetibtibnadfithg Hat tteredirsughitelist of

maj or bottl eneck strongly depends on the application. |
graplpet pripatizas esicly as Eabrgqrieean ieeiesAlbeadisaiayghyt provides
inter%ge[%{}'i é:a'ti O oChar Gt e{liiC]Z{ein.’l %% 1%gngxpa%ndance of

%c?%n%g/eeﬁ Fees " P8t ides- - ‘game applications

having a smal | pol ygon count but intensive fragnment

activity (e.g., texturing). The first class suffers
Vertbromnear tee¥eprackssiyrg an array of vertices describing the 3-D scene.

A Vertex Array provides intermediate image storage for quick image retrieval.

Alpha blending: Alpha blending controls the way in which the graphic

information is displayed, such as levels of transparency, or opacity.

Background of the Invention

The three dimensional graphic pipeline architecture breaks-down into
segmented stages of CPU, Bus, GPU vertex processing and GPU fragment
(pixel) processing. A given pipeline is only as strong as the weakest link of one
of the above stages, thus the main bottleneck determines the overall
throughput. Enhancing performance is all that required for reducing or
eliminating bottlenecks. The major bottleneck strongly depends on the
application. Extreme cases are CAD-like (Computer Aided Design)

applications, characterized by an abundance of polygons (vertices), vs. video-



bottl enecks, while the second class suffers from
fragnment bottl enecks. Both are frequently jammed over
wo b@sPOsbus. Many applications have m xed PCT/IL2004/001069
characteristics, where bottl enecks ag randomy
al ternate between extrenes,” oh a single frane basis.
The only way to inprove the performance of the GPU is
by nmeans of parallelizing multiple GPUs according to
gam®ngpsifcathmsbdisvienes ksmallvipolydvet kodst bhiteriataisevd Wpagment
_ predom nant methods for rendering graphic data with _
activigiyl t(erd-e teRbsTinghe ddendinsbdslasacFaders fremdivarkgsorprocessing

ti d i n conposi tion in i ch each render
ottt bR FE, BRC SSROE pSmrrbfh Pindias BeDs SobneTaiteBatn exe
freqRRAGE LOHRRIN LARD)  tHeN MBI Al LasiuPUs FERARESH @ BARSChnixed
of t'he pixels of each frane. The third one, nmuch | ess
charpdpulstics, wherddoblipeatksdinviysiaaniofrdpl altramnate between extremes,
deconposition) nmethod. In the tine division nmethod
on a gggle GPUNE BEEr s the next successive frame. It has the
di sadvant age of having each GPU render an entire
frame. Thus, the speed at which each frame is rendered

The icﬁﬂl{/i Halyedot onbhs/d eRdepbBriahee Off 8hsi GHT® PYy means of
Waile nultiple GPUs enable a higher frane rate, a _
paralelizipgc anubeplenpgalUed aiceortdiveg r s pores eoft ithe bbdterrcy) solving

of t systemto a.user's input his occurs because )
methfkls) Ega%"e &k PPPVRIFIPIRARG H?%Fﬁ{%ﬁ%?@ﬂtﬁmi%@r% s fata with
multﬁ?}lépl GPi g aﬂ;ees%d exgl%ghcgc[sa”?nclﬁ?tg hiffet hﬁvﬁ?&? gﬁn . domain
€ process of rendering one of a series of franes in

compsHeFIeNE vhidh oaBh GRUN dnlder tighnéxtsmceadiee fidife, and image
system del ays the user's input until the specific GPU

divisighi (sterédn spaceecwhpesitichs ivi ghith eaekl @8 rewrayh & siebset of the

oixel SRS g AR IR RS LTS T GRLE s
(polyggﬁ\éﬁgoﬁq%ogﬁqqrg hBggwnber of GPUs that are used in a
ystem t rge data sets, there is another

bottl eneck, due to the fact that each GPU nust be able

to access all the data, This requires- 4 - either
In theatimaidaTispmmetief eacpprdpsratesndconerapyeegsivy frame. It

has S8 ais%rdvgg%z%igeblo? having each GPU render an entire frame. Thus, the
speed at which each frame is rendered is limited to the rendering rate of a
single GPU. While multiple GPUs enable a higher frame rate, a delay can be
imparted in the response time (latency) of the system to a user's input. This
occurs because, while at any given time, only one GPU is engaged in displaying
a rendered frame, each of the GPUs is in the process of rendering one of a
series of frames in a sequence. To maintain the high frame rate, the system
delays the user's input until the specific GPU, which first received the signal
cycles through the sequence, is again engaged in displaying its rendered frame.
In practical applications, this condition serves to limit the number of GPUs
that are used in a system. With large data sets, there is another bottleneck,

due to the fact that each GPU must be able to access all the data. This requires



conflicts in accessing the single copy operation.
| mage division nethod splits the screen between N
W@ORUS/05@8Th t hat each one displays 1/ N of the POEHYL004/001069

The entire polygon set is transferred to each GPU for

processi ng, however, the pixel processing is

significant™ reduced to the w ndow size. |mage

di vision has no | atency issues, but it has a simlar
eithdont dieneickngi tultiaigeodat eerations sifnbergeadhtCRdtaMest possible

exam ne the entire database to determ ne which graphic
confla¢ts dacseFAne thp tHRgIetRBY pBpTatinhn.of the screen

all ocated to said GPU. Inmage division nethod suits

applications with intensive pixel processing. Cbject

Imagh Winéion AREASE shitdasedcBndativcbRull @PTR! sfah 3hat each one
subsets between nultiple GPUs. The data subsets are

displegrdéMNed! the tiiveg6PThe @slitanpolyand seony drtedetwedrtamech GPU
- i xel .. Th
for Q%Eéq%ézpéFg)gwggg{,La?%@é% }[(allz\l;gssltlgg %g %ﬁgﬁg;e)ntly rgduced to the
. [ Lol Q: rat e L g e to .
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bottleRetihavitBVRlrgef datsiseed, esiht@mnichf GPar Ymeeix@¥nidat the entire
consi sting of |arge anmount of polygons. The input data

datapgselée cigpesnind whihk grabhioaldnesss fabldwigxoopopediim of the
t he, pi xel, | evel . roprietary driver intelligently :

scrog) SUPFHGECE BarCOM e ARRE AT EHORTE GEratiedTyce Hens with

interfPpl | [ en all GPUs. The rasters, generated

ke by %E%\%%ggugcesg?%é\ﬁonposi ted into final raster, and

noved to the display. The object division nethod well
suits applications that need to render a vast anount

Objegf duisian rnebhodiasabasshiozaldistrihuteare ofr datanulpety thetween

nt Creatign, and conparabl e visual ,si ion ..
muttf BV BY BBk il Bee rdaked 1 piRD ehiiine, and
convERRA4B - 1AS HEEEr PFB) HE8i:9RRh 18 YSHL [RRke LARLS). The r%ultiple
t hree- di nensi onal positions I n space ar ot under the
FB’sisnbenzagdsvieavotd belmefgetifeompesitedjomeyateratdhcheifanl image to
interactive control over the viewer's

be dig@%’c’y@ oRbiectetiuiser CEHeBT DeRedlal reneetng oocincelenp! efe single
fram8 ro?%r? c%?ﬁﬁ'ex-@e?cau&%{sis&ﬂrf‘go O%gjéae\{rgoﬁﬁpgf %lolyog\{)%rs. The input
data is decomposed in the polygon level and re-composed in the pixel level. A
proprietary driver intelligently distributes data streams, which are generated
by the application, between all GPUs. The rasters, génerated by the GPUs, are
composited into final raster, and moved to the display. The object division
method well suits applications that need to render a vast amount of
geometrical data. Typically, these are CAD, Digital Content Creation, and
comparable visual simulation applications, considered as “viewers,” meaning
that the data has been pre-designed such that their three-dimensional
positions in space are not under the interactive control of the user. However,
the user does have interactive control over the viewer's position, the direction
of view, and the scale of the graphic data. The user also may have control over

the selection of a subset of the data and the method by which it is rendered.



the selection of a subset of the data and the nethod
by which it is rendered.- 5 - This includes
worenuspsisari ng the effects of image lighting, PCT/IL2004/001069

coloration, transparency and other visua

characteristics of the under? ying data. |n above

applications, the data tends to be very conplex, as it

usual |y consi sts of massive anount of geonet ri cal
Thisenhthi®®s ahahhsuldiisRl aghd i sffeddt \GEr imagdr rNaghting, coloration,

Therefore, the construction tinme of a single franme
transparescy andeother yisumghpeageristippiof the yndeSyiardsler 20

mllion polygons), which in turn slows down the

overal | system performance. Therefore, there is a need
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of mhbsvPGrhbens of geofipivtieentiBes atl thd Sls@lha}Objs’efot" wfrtdsherray.
present invention to provide an anplified strength of

Thel“?ﬁfé eGHue @9nﬁ@§ﬁ§0@fh@§r%ﬁ 3 slunede fgarmel tengseodmuyery long(e.g.,
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Sysmﬁﬁ%ﬁgﬁgﬁgﬁxﬁot sl ow down the overall system response.
is still another object of the present invention to

prOV|de a system and nmethod, wherein the graphic
peline bottl enecks of vertex processjng and fragne

Therﬁf(&@e%@@gwaaenq%%ﬁa?wlneyS&#@m FEECRi Gengpgrantee & the best
systergsgg%ﬁgg’nab&e' %efﬁ% gséd”ttohﬁ{ }Pbérgffi] g(r(t—}{]hc?l ep LS ?ﬁ:ﬂﬂsonal

rovi Sy stem

Comﬁﬁe&?@dgty and unlimt ed scene conplexity. It is
still a further object of the present invention to

prOV|de a process overconing difficulties that are

e PR RS SR ST A e
GPUSHY ble %sfdf al}%ﬂgﬁgin ij‘@Pmsesent i nvention to
provi an o n intelligent deconposition
of dat a and gr aphi ¢ conmands,
It is another object of the present invention to provide a system, wherein the
construction time of a single frame does not slow down the overall system

response.

It is still another object of the present invention to provide a system and
method, wherein the graphic pipeline bottlenecks of vertex processing and

fragment processing are transparently and intelligently resolved.

It is still a further object of the present invention to provide a system and

method that has high scalability and unlimited scene complexity.

It is still a further object of the present invention to provide a process
overcoming difficulties that are imposed by the data decomposition, which is

partition of data and graphic commands between GPUs.



preserving the basic features of graphic libraries as
state machi nes and conplying with graphic standards.
w@xdsnswsh] ect s and advant ages of the inventi onP@i/iil2004/001069
becone apparent as the descrjption proceeds. Summary
of the Invention The presenﬁ‘invention is directed to
a systemfor inproving the parallelization of inmge
processi ng, using one or nore parallelization nodes,
wherein the image that is displayed on at |east one

_ conputer screen by one or nore G aphic Processing
It is il g, fumbiheh obinehraf sidxe: PoFReNbrinHERBOR dPt Prpvide a method and
for hi.c ,conmands; o

systefh Pgt o R b e UiF B tar PRSI IREIG, ot G That by fommands,
presehggl%%ﬁet phbe aAphie go 8 HPPE &Y %D%Egé?géé’@ﬁﬁes and

Ivers, for control Fing a Hardware Hu
compiyihgrwithigrgphid stahlkderdper ati on system of the conputer
and the graphic libraries, for performng real-tine
anal ysis of a data stream fromwhich franes of the

[ e.are generated, fpr, determ.ning..the
Other, 25 S Sy R ESAE ekt of PRGah GP™ aRH PEromE RRPRY 2 the
descrift€odbdeclikeam or a portion thereof to each GPU; one

or noire GPU Drivers, for allowng the GPUs to interact

wWth the graphic libraries; and at least one 1/0O
nodul e for Jj nterc¢connecting between the Software nodul e
§iEEQ§E§3LB§ih§ﬁéﬁ§¥€lﬂab, wherein, the Hardware Hub
The pq]eﬁélrl’& che?ﬁi e s"ﬁg&t%a%%’ stefClor§Af o e g&%ﬂfgh‘ﬁzaﬁon of
confrands and the of,

ata streamor a portion er

imag@Gieteisngy t sitlgebtie el abie @aeoligliRxidy nwdeB] wiidiein the image
i mage, and defines the conplexity The Software- 7 - _
that publispiayefl ahsat demposheesprapygreaphenesnoby pute fosr more Graphic

Erocelbif) Blp S SRR oL e fromat | east ane

one or more software applications, for issuing graphic commands;

one or more graphic libraries, for storing data used to implement the graphic
commands;

one or more Software Hub Drivers, for controlling a Hardware Hub, for
interacting with the operation system of the computer and the graphic libraries,
for performing real-time analysis of a data stream, from which frames of the
image are generated, for determining the parallelization mode of each GPU, and

for forwarding the data stream or a portion thereof to each GPU;

one or more GPU Drivers, for allowing the GPUs to interact with the graphic
libraries; and

at least one I/0 module for interconnecting between the Software module and the
Hardware Hub,

wherein, the Hardware Hub distributes between the GPUs, for each frame,
graphic commands and the data stream or a portion thereof, according to their

relative complexity within the image, and defines the complexity The Software



paral | el i zati on node for the each frane.
Parallelization is based on an object division node or
wWorooansissnge di vi sion node or on a tine divisiPOT/IR2A&/001069
or on any conbi nation thereqf. The hardware hub
conprises a conpositing uni't" Tor conposing a conpl ete
frame from processed portions of the data stream The
har dware hub conprises a hub router for routing
Hub fintiygondo dahaosites ar geapmes guaphi orcduspiayd stingdhe outputs
for routing pixel data_and for_routing the results of
obtaiggfplem iednieaghione Gpelatith§ AeXfdID Bhengrer spgnred, the
de .or in i ieyi.sion node or in the tine
para@?@%%?%%nﬁ%%§%6ﬁﬂg%%gﬁfu%§%bination t hereof. The
har dware hub conprises a control unit for receiving
commands fromthe Software Hub Driver within the I/0O
Paralielzdteon Theabed dwerre ohjgbt donpionsesde onmmpay iuige division mode

stor.ing internmediate processing.results of 0 re
or orepUkmHEn AR FIRGR Pe@Tt BRY CORPRR P BriigReol. 1he hardware hub

F3eh bk BERVER b fle Do Hame from processed
portif€s far thdgidthesfrebhOWhe lepelvwireohsb tatheriseptd drutofouter for

the graphic commands fromthe standard graphic library |
routiby pesgenaf dates 108 rontiaver avephiadomnphei Bseamedorditigg pixel

data S Po bR S P T i e Boefing fnghe obiect
divisio&emedeﬁa;ﬁttﬁg Qma[g%gaﬁ&%anagd% 6§tiﬁ: d}%t Lo aprsLidhi 8B&e or in

neans o OSTnterface an ilities:

ut i

any @einbiaatidmgtidreot onThet baegwate drdphioenpmedd ree cohtatobsunit for
‘across the GPUs, based on the inBut graphic co nds

receisingeerm i dselrost hie stotearfoRitboPrigT wuninghe g tRedule. The

hardtg%gg i 1%21? ?cg;ﬁﬁgﬁg%s'n ioang(l:(egnﬂl g‘i}lt?r{l\l%ﬁt?)? ét‘gmln ei&%%??ﬁgdg%tleo Rrocessing

e usi applic

resuldfdf GhaRR 16 oFE SIS @5 el sy fd ®iire Bfor dod@sbeibh MR BBnsferring
of the GPUs | oad bal ance based on graphic commands

the psveasaad data for display.

Preferably, the Software Hub Driver is capable of performing the following
operations: ‘

interception of the graphic commands from the standard graphic library by
means of the OS interface and utilities;

forwarding and creating graphic commands to the GPU Driver by means of the
OS interface and utilities;

controlling the Hardware Hub, registry and installation operations by means of
the OS interface and utilities:

maintaining the consistency of graphic machine states across the GPUs, based

on the input graphic commands stream, while using state monitoring;

estimating the type of graphic load and overload in the executed application

graphic context, while using application and graphic resources analysis;



and tinme neasurenents, while using application and
graphi c resources analysis; adjusting the | oad
wale@ssiser i on bet ween GPUs according to feedbaP®I/1L2004/001069

received fromeach GPU regardi ng the | oad bal ance,

whi | e using application and'%raphic resour ces

anal ysis; perform ng mani pul ation in graphic functions

according to the current parallelization node; and
loadcatirhatibhngf the GREE nohdttedagsaphiel bungtadis cothdgds stream

nmodi fyi ng the graphic commands and the data stream .
and Sigeondiasgremente woile asinpapplicaidy and grapbideesTheses analysis;

present invention is directed to a nethod for

i mproving the parallelization of inmage processing,
adjuHﬁhggtHén S BHERASAIYBlbeat ??@Jﬁgg&ﬁdi &h SleBdb i received

I mage that 1s displayed on at [east one cohputer
fromsepekGBY wrpardingrthe ld@adphianc®r whds sisigg Wpiplisation and graphic

Sof tware applications are provided for issuing graphic
resoukivRERdLEE; graphic libraries are provided for storing

data used to {nplenent the.graphic commands. A §
perf @i BB lsier & | EPREY dBACPOHS CORLr B nif athe current
paratiRiiduwans hdde; {1 interacting with the operation

system of the conputer and the graphic libraries, for

contpelifgr thagdisabutedregreadliy sfimasions, dahdestuehifingr Ome graphic
whi ch frames_of the inmage are generated, for L.
comBange Fns &frf iHe papam APEHEEAR hede BT e ek tighanode.

for forwarding the data streamor a portion thereof to
each GPU. GPU Drivers are provided for allow ng the
GPUs to interact with the graphic libraries and an I/0O
nodul e is provided for interconnecting between the

The pogsemarevemdon és dimgctatetoameritnod fpobnpyrapsitbe qowaalzation of
. _and the data streamor a porti 1.thgreof aése hepein the i
imagf BroPRtgd ISRaERN th EBRFILGARAR  mates pybetin the image
r c r ravh
that B I Ere o ORI MBS Robl (L 15, SAEP it praphie
ProctdenSoflinas.e Fafbwrd vepplicBhenSofdreaneotidedDifow efssalrgo graphic

conmposites a graphics output for display, using the.
comggnguand goaphisyisatest Rusnpravideader swaingpdatamped to implement

the &Le{p%rig aéoirﬂlr%’an%?%\é%%tvgﬁ%uﬁu%d D]ftiQeers is provided for controlling a
Hardware Hub, for interacting with the operation system of the comp'uter and
the graphic libraries, for performing real-time analysis of a data stream, from
which frames of the image are generated, for determining the parallelization
mode of each GPU, and for forwarding the data stream or a portion thereof to
each GPU. GPU Drivers are provided for allowing the GPUs to interact with the
graphic libraries and an I/O module is providéd for interconnecting between the
Software module and the Hardware Hub. graphic commands and the data
stream or a portion thereof are distributed between the GPUs for each frame by
the Hardware Hub, according to their relative complexity within the image,
wherein the complexity is defined by the Software Hub Driver. The Software

Hub Driver also composites a graphics output for display, using the outputs



paral | el i zati on node for the each franme. Wenever the
parallelization node is an Qbject division
w@anoalosesh zat i on node, the fol l owi ng steps ar ePCT/IL2004/001069

perfornmed: for each frane, generating a stream of

graphi c operations and pol ygonal data; marking the

pol ygonal data and graphi c commands by neans of the

Software Hub Driver for distribution between nultiple
obtaifB¥sfrogaend NghdthensvlGkel @atla hltethetiigr darRvikibiequired, the

distributing the marked data via the Hub Router to the
paralhelizatpiremgPiesfor thagechaepmpe data by nmeans of GPUs;

retrieving the data fromthe Frame Buffers and

forwarding the retrieved data to the conpositing unit

Whelliéév%rt & ?gpalm%ﬂén 9195’5&0?&‘, BN @r?éé@u%i%i%;pnagfaﬂgﬂﬁtion mode,

rame Buffers into a single Fra Buf fer;
the fdltuwimigditegs tihe peoforerid: of the single Frane Buffer to
at | east one designated GPU for_ display. Wxenever the
for egeky FRIME, igeBET PANHEIET e AN FrARGE QevpEpB#A and polygonal data;
parallelization node, the follow ng steps are
performed: subdividing the screen to portions and

marl@isg g pelbidnberant MEWwephe denfFRHRlshyy mans of thdSoftware
Software Hub Driver; noving the entire pol ygonal data

Hub Bmivegriapdigribarremdstweent meltiple ®BUfsr; transmitting
the entire | ygon tg and _graphi ¢ conmands to

sendigg\ie HEkes AaL0en thepliratar e he  sane. dat a;

b i t 0 ; r ' )

cistriE BRI IO TalE it Bla THETRUARo CHalo RNMIGHRIPS |

rend ORPEEE dabg bythbah® ofH&MdWar e Hub for the conplete
i mage creation; and- 10 - forwarding the inage to at

retrigvengtthe e td dso mnidteedrazpe) Buifensi aapl fyrwarderetles retreeved data to

arallelizatian a,Time division

the cBRPAREG Gatt oA thedaub Beaitdr:

compositing the content of the Frame Buffers into a single Frame Buffer; and

forwarding the content of the single Frame Buffer to at least one designated

GPU for display.

Whenever the parallelization mode is an Image division parallelization mode,
the following steps are performed:

subdividing the screen to portions and assigning different viewports to GPUs by
means of the Software Hub Driver;

moving the entire polygonal data and graphic commands to the Hub Router;

trannsmitting the entire polygonal data and graphic commands to GPUs, wherein
each GPU receives the same data;

rendering the data by means of GPUs;

forwarding a portion of the content stored in the Frame Buffers to compositing

unit in Hardware Hub for the complete image creation; and



followi ng steps are perforned: forwarding to each one

of the nmultiple GPUs the entire anount of polygons for
w0 ewdesisay; redirecting the entire pol ygonal dedEII20EH/001069

graphi ¢ commands by neans of Software Hub Driver to

all GPUs, while alternatinglBetween them rendering

the data by neans of GPUs; transferring rendered data

fromat |east one GPU via the Hub Router; and

forwéﬁﬂh%@ﬁb G gbhe dtasuit mgdenphenid GPU he disglay. Buf f er
via Hub Router to at |east one designated GPU for

di splay. The distribution of polygons between nultiple

GPUs is perfgr by distribuyting,bl.ocks of .data,.
Whegie b he e BHe ePtanadi i LEs PRESEacHgUEsRR Hon mode, the
follo@&%ﬁeg?%ré Ll i.ng node, in which one or nore

8 . ;

i zat1on nodes are carried out, thereafter. The

forwdlalifgits d=RUi 618€bedheé MukgikaGPUeNtH eckird gnpatdt dfopdygons for
| east one designated GPU, This process is repeated
rendeing! a bl ocki ng operation is detected. Then GPUs are

:..synchrgni zed. b rform a flush operation in order
redirfif1Egs fHen SEuiTRo RRLIAORE. anGLes | Gih BIpDRe (PRUBPRAR DY faeans of
softvpéﬁehhﬁ%meﬁe&Qu@ﬁtjsgemim&&gm%i BPQRdchl MR m;

operation for nerging the contents of the Frane

rend@tihfehs dand byansinglb GHAme Buffer and bytransmitting
the single Frame Buffer back to _all GPUs. _Then the

transferins rtReeTes A et Eo Ry ainears ore A Hate dhat Rowgas and
except one or nore designated GPUs, whenever a Swap
operation is detected and displaying the inmage by

redirBBRAS tRE rbhEItANEe cOLteiBIof tHeIamad BhffdrUsa HHB BAlter to at least
data is processed by all GPUs, as |ong as the bl ocking

one desimated & UVler dimpleie Swap operation is not detected
whenever the bl ocking node is inactive, the designated
data is further processed by nultiple GPUs,.- 11 -

The Bui&hiBRE 1 8 | 981y8Ent NeelFa Nastipihe e NOSperformed by
distributing blocks of data between multiple GPUs and by testing each graphic
operation for blocking mode, in which one or more parallelization modes are
carried out, thereafter. The data is redirected in regular non-blocking path to at
least one designated GPU, This process is repeated until a blocking operation is
detected. 'i‘hen' GPUs are synchronized by performing a flush operation in order
to terminate rendering and clean up the internal pipeline in each GPU;
performing a composition operation for merging the contents of the Frame
Buffers into a single Frame Buffer and bytransmitting the single Frame Buffer
back to all GPUs. Then the composited complete frame is terminated at all
GPUs, except one or more designated GPUs, whenever a Swap operation is
detected and displaying the image by means of the one or more designated
GPUs. the same data is processed by all GPUs, as long as the blocking mode is
active and the Swap operation is not detected. whenever the blocking mode is

inactive, the designated data is further processed by multiple GPUs,.



Fig. 1 is a block diagramof a nultiple GPU

architecture system according to an enbodi nent of the
w@e@sonssT nvention; Fig. 2 is a bl ock di agram BET/IL2004/001069

Har dwar e Hub conponents, according to an enbodi nent of

the present invention; Fig:13-is a block diagram of

(bj ect division parallelization node, according to an

enbodi ment of the present invention; Fig. 4 is a block

di agram of I nmage division parallelization node,

according to an enbodi nent of the present invention;

Fig. 5is a block diagram of Tine division

Bri al lelijzatign e, according to an enbodi nent of
_liﬁgigﬁ%ﬂggL WIBES 6 is a schematic bl ock

Inrdnidﬁg%ﬁﬂggf a possible integration of the Software Hub
Iver Tnto the operating system environnent,
a@ggr di ig 4 cblavk edteghrerdf af nidieiply €3BTt airblviesttued; system,
Fig. 7 is a functional block diagram presenting the
accorfaig te asikembsdintan iyt threapresenbinmentier; according to an

enbodj nent, .of. the pres i nventj.on; Fig. 8,is a fl.ow

P2 oF BcuRek setar R b et aR HRbimmdinahib ot tohBE to an
enibd%ﬂﬁ%%@%@tH@&M@&ﬁﬂﬁEﬁeHﬂbhlP'e GPUs, according to an

enbodi nent Of the present invention; and Fig. 9

difsgl dses a bhnpl eizgpriih gof ddbjent afivishen systaélelization mode,

enpl oying 8 GPUs, according to an enbodi nent of the
accorgiiag 6o or; eipRemimmt qftthgi puesert EyspBerat ed. t hat for

) siopl i city. a | af: f p1J ustrat] el enent.s_shown
in 'he40 fllggﬁr{eggoC a\%é%%atrgngicﬂ:efsng%éﬁ I(%V](bggdé}] %a}rmghtz%aon tmode,

accor8&@d €o ahWUmBXAMYR, oftthe eBBisineRstigh; sone of the
el enents nmay be exaggerated relative to other elenents

- f dig.cliarist p. biegkt hdlegrammered domsi deviewnapmrepeliateon mode,
reference- 12 - nl{ may be repeated between the

I s
accorfling, Fe 8 neEhHER L L TEE pFHATAEREP Banal ogous
eﬁg?%tfs a schematic block diagram of a possible integration of the

Software Hub Driver into the operating system environment, according to an

embodiment of the present invention;

- Fig. 7 is a functional block diagram presenting fhe main tasks of the

Software Hub Driver, according to an embodiment of the present invention;
Fig. 8 is a flow chart presenting an process for distribution of the

polygons between the multiple GPUs, according to an embodiment of the

present invention; and

- Fig. 9 discloses a sample configuration of the system, employing 8 GPUs,

according to an embodiment of the present invention.

It will be appreciated that for simplicity and clarity of illustration, elements
shown in the figures have not necessarily been drawn to scale. For example,
the dimensions of some of the elements may be exaggerated relative to other

elements for clarity. Further, where considered appropriate, reference



Det ai | ed Description of the Preferred Enbodi nents The
Mul tiple 3-D Gaphic Pipeline The current invention
W@ 2006850561 t he i ntroduction of an extended PC PCHPI20®!/001069
architecture including novel operatlonal conmponent,
the 3-D pipeline Hub. Fig. 1%presents nultiple GPU
architecture system 100, according to an enbodi nent of
the present invention. The hub 110 is located in a
numéiilgueapasd rbpsated bégvda bius fighetyee nndie teRidrresponding or
(Central Processing Unit) and a cluster of GPUs 130.
analqgmlsmlpme@lté graphi c pipeline architecture, as
described in Fig. 1, consists of Software Application
121, Gaphic Library 122, Software Hub Driver 123, GPU
Deta@iéd%eg&%ﬂﬂm SpRne PHOreklAd it BimhtGPUs 130, and
drspray(s) 140. UsualTy, one of the GPUs Is designated
as a display unit. It should be noted, that it is
possi bl e to have nDre t han one dlsplay unit, or
The MagdtipteedD Lirgpbag Dipalineii rect | y |n3|de the Har dwar e

e [Hfier® SAREN SR O LR U PLP B HOED gl eronhic
archit6eReBentlullfy nbosrsedaednkheoREoReist:, BRE WEBibehe Hub
(Input/CUtput% chi pset 160, being a I'/O nodul e, and

cluster of GPUs 130, and a Software nodul e conprisi ng
Fig. [prchiar s AB U oo S 5 Gh it St ehe 1B | ipHgne to an
embo?ﬁh{e%“ﬂ oP“t WHI!;]%%%@ 151@88&1%3%&8{1%9?{‘ %Erﬁ)%g’cefg‘% a unique -

conp03| es grap

posit@iH put t}fl@rP(dllﬁm detacedr haCRU @iddtesleProgasald €nit) and a
nodes; - 13 - nakes cache of data; and alternates nodes
clustet op&¥RUB 613G iFhermeulSate wapphiapipBENg carchi@ctuyes paalescribed
n Flgo t Egrllsllgs{]s oft goftwarg%ppethal’cllon }Q 1, éra;g)hlc Library 122, Software

Hub Driver 123, GPU Driver 124, Hardware Hub 110, cluster of GPUs 130,

and display(s) 140. Usually, one of the GPUs is designated as a display unit. It
should be noted, that it is possible to have more than one display unit, or
include a display unit directly inside the Hardware Hub. A display unit can

drive multiple screens, as well.

The Hub mechanism consists of a Hardware Hub component 110, located on
the PC bus between I/O (Input/Output) chipset 160, being a I/O module, and a
cluster of GPUs 130, and a Software module comprising Software Hub Driver

123, executed by the PC.

The Hardware Hub 110 carries on at least the following action:
distributes decomposed polygon stream and graphic commands between:
GPUs;
composites graphics output for display according to different parallel

modes;



carries on at least the following actions: interacts
wth the OS (Operation System) and graphic library,

WGE /0555 0penG., Direct X; performnms real -tine aPel/Ji2064/001069
of the data stream determ nes the parallelization
node; and deconposes the datd -and command stream One
advantage of this nethod is that the unique |ocation
of the Hardware Hub 110 allows it to control the

graphe€ caiRebd deha: WAl € bei ng transparent to the
application 121. The application 121, along with

Gadpvine tes brogley of 22ralleledmas OpenGL, keeps worki ng as
it was a single GPU. Another advantage of this nethod
is that the unique |ocation of the Hardware Hub 110

[ - ; e
The Bul@fe iteb DAORLT2S S QORI BR (RRMBEE FhiIP110, also
carribE angrdeest tHofdlloevicRdcticagh GPU of the cluster keeps
working as if it is the onlyfgraphic processor hooked
onntérecty withithe d9S K6persiph |Syshemhendagvamiadibrety, such as
this hod is,that the unique |ocation of the
FQ?@%%?L’£B%%§§O allows it to control the graphic
PiRekdBes fON. ekl B1a98is RakRE lighs 2alban modes: i mage
di'vi sion node, tinme division node or object division
mudgerkindshiére pahvdleliaggonfmods;sarmet hod i s that the
unj que | ocation of the Hardware Hub 110 allows it to
- sélpsemipgseebhe flﬁF?eaPﬁé?OW#g@thet ers of
application's- 14 - |oad, such as pol ygon count,
texture volume, human interaction, and to

One havghtdggestthys deghde iamdaiceid MnRjud Beaish berhe ORirdkRIre Hub
paral | el i zati on nethod. It should be noted that

110 aldews _ciitrtg tantad]l tleavigoapimenpipebinet Nséli’pa_f bsierg tiamsparéminto the
appliitcggipggiﬁ:.3?1%%%@%@8@%”?%&2&6% nne%% ijg'la{)ﬁl%ti%rg{'y 122, such as
OpenGL, keeps working as it was a single GPU.

Another advantage of this method is that the unique location of the Hardware
Hub 110 allows it to control a graphic pipeline between the User Tnterface 150
and Display 140, while being transparent to the GPU. Each GPU of the cluster
keeps working as if it is the only graphic processor hooked on the I/O chipset
160.

Still another advantage of this method is that the unique location of the
Hardware Hub 110 allows it to control the graphic pipeline for different
parallelization modes: image division mode, time division mode or object

division mode.

Further advéntage of this method is that the unique location of the Hardware

Hub 110 allows it to sense in real-time the varying parameters of application’s



Ref erence is now nade to Fig. 2, which discloses the
conponents of the Hard ware Hub 110, according to an
weedwsasesent t he present invention. Control Uni PCRIIR2004/001069
accepts proprietary commands fromthe Software Hub
Driver over the bus, and acéérdingly controls the
ot her units. Hub Router 230 routs polygonal data and
graphic command streamfromleft to right, routs pixel
load, dateh f aonmpalygbt touc)NMEasitd RGlumiel , handnr eeFaction, and to
i conpositing results to the right. Conpositing Unit 240
intelligendy fecidgrand sanymiotlie fywtyests hehivsalaraetldlingtion method.
paral l elization node. Auxiliary Menory block 220 is
used for storing internedi ate processing results of
one or nore GPUs, data required for conposition and
It shdU RINBE $Iokedghh D8R E6Es 86411080 Bod 1N erftis ST e rb8€nt invention,
Har dware Hub 110 utilizes its units accor |rPg to
the disarla(se|li4Danbprbenmoesectahdi@btiy br dhdirscidn tovle Headware Hub
| mage di vision node, a Tinme division node. These nodes
110. are adaptively handl ed by the Hardware Hub 110
according to application needs. Fig. 3 discloses the
operation of the Cbject division parallelization node,
Referageer i Rgw Gnafe em@i%f@f)twhft@l RE&S64Hs kY eldbhihe B WS the
executes the 3-D graphic application 310, which al ong
Hardwiate Handal@ geeqling | icbraay yergbodinatrd ahst pesentdf invention.

aphi. rati ons and | ygonal data. .They _ar
Contr SRR | PG eriRn bt Pl o PR et R ad epgiiegre Hub

N . , . r‘
Drive et 0 8 454 QoL IBRNE e SURL By Bouter 20

routs noolyigon¥erdaex Atd @raphiecGabiavat etidabn Dedmelefito SEEt, routs

.. 320 narks the pobygonal data and graphic- 15 -
pixel gdghpdrer Fsht §p SORPI9SIRE Wbdh MEehrauik opinestig resultsito the

iy t hat..t he,ove || pad is bal anced. The rked data ;.

cight./ EEpl G B RE LR aeePlnal B G B Eosagy TLaiESs S8ldhaing

to pa®ia$lelizBbad nydde. t A8 xHb-yROME L bRkt bPb €CREed At 8foring
the rendering process in GPUs at step 340 iIs

internaedome ipsbessinhecbulineoBuifeerns ararer BRHTUgvddtantdquired for

forwarded via the Hupb Router the c ositing unit
compo‘ﬁltg)tne%n(g @ga_an@frgng %ﬁe processe& g.ata r c?igglay. J

The Hardware Hub 110 utilizes its units according to parallelization modes: an
Object division mode, an Image division mode, a Time division mode. These
modes are adaptively handled by the Hardware Hub 110 according to

application needs.

Fig. 3 discloses the operation of the Object division parallelization mode,
according to an embodiment the present invention. CPU executes the 8-D
graphic application 310, which along with standard graphic library genérate a
stream of graphic operations and polygonal data. They are typically organized
in data blocks either as Display List, Vertex Array or free polygons, which are
polygons that are neither organized in Display List nor in Vertex Array. The

Software Hub Driver at step 320 marks the polygonal data and graphic



the frame buffers are conposited to a single franme
buffer, which is forwarded t o the designated GPU for
wale@plosnss7 The single frame buffer is di spl ayedP@r/I20eq001069

360. Fig. 4 discloses the operation of the |Inage

di vi sion parallelization mode, - according to an

enbodi nent the present invention. In this node the

Software Hub Driver assigns different viewports to
comGRugsifor alisteibutiors betveedlentiliepls GREER, hetaveer fHagerthe overall

The viewports aspects are set according to | oad

load pabaliraegt dowsmasked idens is farweadpd tthdlexdsy ard HabuAt shep 330

e

procéds HRCHAE &t 'é"t'%é 3a0dstReYmI8hbA 2NRTFHASE BhersieRARArieved
le GPUs. Al GPUs dat a.

to nultiple recelive the sane
and Afrtvexrdednder thregHath Roeperd & the kenpasttiad uitae sbeyf 860s Here
are broyght to conpositing unit in Hardware Hub for

the framer Byifeynage copeativen fae sig ﬁl@@l&ef e@”h@fﬂiﬂ@khii%frorwarded
to PRSP RIRE0 AL 0 TR BN EE Rl 804 BT e

360.the operation of the Tinme division parallelization
node, according to an enbodi nent the present
invention. In tinme division the processing of each

L —
ccoo g BPI P UL D, . 10 Y S

Hub rdiveecdssigie dpffbnganalevdatres a0 dGRTEPh Corgemmi@ngsbditide the
step 530 to a cluster of GPUs at a tine, while
screeg) thatgennghper wdbg (VRRWPOTERe 28REHS | 874 reasheearding oto load

t he above,cl uster ,of, G2 viat ouf er, re r ed
balag e AR EONE) & 65, T EHOn GhY FEGLETEHY PRREcd: In
step K20l €he 3ént_§1teeﬁol§ggné§ da8Mian@CHethid RomhAddube RAWES to the

to the designated GPU for display. All GPUs are
Hub cBoungirnat edabgwsoé t Mabe ddub theyvere ttoansmatted aat step 430 to

cqnt i us nce of franmes. The resulting franme
multgﬂfaf(%ﬁﬁ%s Aéf?%ﬁg@érac%ye %@ﬁa@@ﬁ)gla‘ca. ter rendering at step 440,
the partial frame buffers are brought to compositing unit in Hardware Hub for
the full image creation at step 450, and then this image is moved out to

designated GPU for display. The full image is displayed at step 460.

Fig. 5 discloses the operation of the Time division parallelization mode,
according to an embodiment the present invention. In time division the
processing of each frame takes N frame time units, while N GPUs (or N
clusters of GPUs) are participating. The entire amount of polygons is
forwarded to each GPU, for rendering. At each frame time unit, the Software
Hub Driver redirects the polygonal data and graphic commands at step 530 to
a cluster of GPUs at a time, while alternating between them. The data is
transferred to the above cluster of GPUs via the Hub Router, rendered in the

GPUs at step 540, and then the resulting frame buffer at step 550 is redirected



The Hardware Hub conpetence is its scaling technol ogy:
Architecture and cluster of proprietary processes
wa@leawsHs$st o scal e exi sting GPUs perfornmance i nP@CIRaGHH1069

systens, by enabling the use of nultiple GPUs in
paral l el on the |evel of ch|§; card or chip IP
(Intellectual Property) core, and handling nultiple
bus paths between the CPU and GPU. The technol ogy

via HadhiBoigsr ltb t@arddsigh easleGPU per fephancell GPUS are coordinated
invariant to a graphics vendor and also it is

by Sefitaransatte Privan ’@ppill@%f&t pokontinueke seaesene of frames. The

nve tion el i bottlenecks of vertex
remﬂ% §§thu& 58%@%? <£%€§§P and bus transfer are
conpletely and intelligently resolved. As bottl enecks
may shift between franes, the Hardware Hub is designed
The Hictridvwearenbiub cenalpetent: fiedtbacklisy seelmbetyednrchitecture and
Control Unit 210, disclosed in Fi.g. 2, and_Software
clustqy, gt DF@R}é?taI2@10§$F§@§ &@éfat@dth@le exisipgedAds performance in

ro oy AR PY A0ALY LRESI PRGN TAnTRIS A e

level pEELOS, ARG ®rahib TP (ﬁﬁﬁé@ck@’@’roﬂ;@@) %@fé Vﬁfo?héﬂ'i@hng multiple
Driver The Software Hub Driver is a software pack age

bus prébi dhefqgeen thReCIPC andi Gﬁ)@xﬁ‘hbﬁaduwlogy eohizveelingar increase
erati ng st em .standard hi i bra
in PeRiRERIAET O I VeRkloF & TN YFéPAOl"FﬁPg‘{ af3q § ig transparent

o S0, P P Q0 RO B 00 s
verteenyidcessivgl feqaoeai fgotdksaiy @MAOBSRAindfBe aﬁé&ﬁﬁxﬁ‘lﬁletely and

i nvention. Next to %raphlc application bl ock 610 there
mtelhgsersfﬂsaﬁ@%szrlue@ré@ hogtlenestksr maly| shife B2oeeneaBett ﬂmHardware

Hub 5 Qe Seh R RS P T e A & B St o gntro]
Unit §i peamcpiehing may of %n‘dr@oﬁ/@rﬁg@ Hd ﬁF’HePrl")\éerdl% \A(%red-rgqgig. 1,

Software Hub Driver 630 also controls the Har e
by m&6fs of tRe -bus, gutilidiagahudicieramapbatdtedicadioagmades to overcome

. presenting th in tasks of the Software Hub Driver
differgrag gnoaﬁtlﬁ@eqk@ M@waaawxmanpp@éemmm@ ahthefrangslevel.
i nterface

The Software Hub Driver

The Software Hub Driver is a software package residing in the PC and

coexisting with computer’s operating system, standard graphic library,
appliéation and Vendor's GPU Driver. Fig. 6 is a schematic block diagram of a
possible integration of the Software Hub Driver 630 into the operating system
enviromment according to an embodiment the present invention. Next to
graphic application block 610 there is standard graphic library block 620. The
Software Hub Driver 630 is located beneath the standard graphic library 620,
intercepting the graphic command and data stream on the way to the Vendor's
GPU Driver 640. The Software Hub Driver 630 also controls the Hardware
Hub 660.



and Utilities block 710 is responsible for
i nterception of the graphic conmands fromthe standard
w@e@plosesst i brary, forwardi ng and creating grapPCTIL2004/001069
conmmands t o Vendor's GPU Driver, controlling the
Har dwar e Hub, registry and Hrstal | ation, OS services
and utilities. State Monitoring block 720 is
responsi bl e for maintaining consistency of graphic
Fig. machifaacsbatbblrtr dssrihepfEtbiitinbahedmain thekd bptiie Software
raphi c commands stream _Application and graphic
Hub ?Iémalr,c@@oadﬁalgym snbtmbrdizaent the psesswsiibvention. (Heinterface

l.icati servation,: estimating th pe of.
and R Reb g N 1 3bpRal R RO ke ar Fo bt BBpbisopppands
n . d C o .
o R e P o P Bol Rk ¥ llphic commands
to Vamndeaw drETL i Deiveeaswoner®iihg, thanddndgvdree Heedbagistry and
fromGPUs in regard to | oad bal ancing. Paralleljsm

installgtiony RPagerdres btk PiTies Shad Mentleatnanhlopsi §20 is

Al I.. paral l el.i zation npd which are the . Qbject
resDAfSE 5 WoteLe i SO aTs TChr B LA AR it Bffoss the
GPUBPHEse bR t@l@m@ﬂg@edgﬂaga% Bt oh R 1862 th0 AR CA¥®NPASE graphic
performance and opti hal | oad handling. Parallelization
resoypoks andlgsisasedk o8 he raspdnysble Gfr thee apphdatiandliservation -

e, B B e B 248 B b caion
graphR (SXRTP! g %ﬁﬁi%nlgés%% 8ls %P‘iﬁﬁrgo@{. addhng a fb?"‘{o'aklgﬂélance
source 1 n ﬁ scene a%“ SO Tl point, nmust a fect

basedldn shpBaUCHINPOhFYDteat ghd fieheninceblemBParsl haldlsp the
pol i cy managenent block 740 is responsible for the

feediankerppot bR ofn t heegdl i oy ol Spaehting. minrpleliam omolicy
mang@riilr Bl gk 956 PeSHeSBonerr e For. Aot ARELEP6RAgH modes,
whicﬁrﬂ%lhfl‘f Qixﬁg@ndﬂ{oﬂesgﬁﬁ%@ #3860 Wohbend Time division

paral [elization policy. Cbject D vision Deconposition
mod&rareesmlibpdabgdiharinordes ta asklidvekrmwmeefonaepnice did optimal
dat a_deconposition (partition of data and graphic

load bandtings Peselielrntapupplicirs basesermfhapsglsizapiie load, and it
must preserve the state of the graphic system at all relevant GPUs across the

electronic circuit or chip. For example, changing of a state by adding a new
light source in the scene at some time point, must affect all subsequent
polygons at different GPUs. Parallelism policy management block 740 is
responsible for the interpretation of the policy for specific manipulation in
graphic functions. Distributed graphic functions control block 750 is
responsible for modification of graphic command and data stream based on the

parallelization policy.

Object Division Decomposition Process

Object division is a well known concept, but data decomposition (partition of
data and graphic commands between GPUs), while being also a known

concept, has not been applied yet effectively, as it imposes various great



concept, has not been applied yet effectively, as it
i nposes various great- 18 - difficulties. These
walkdosiosnsst i es are handl ed successfully by a prp@EDHE2004/001069
process and its inplenmentati on according to the
present invention. The decorfosition, and nore
i nportantly, the conposition, nust be accurate and
efficient. Certain operations nmust be perfornmed in the
difficuleles. Theye aiffia0Bns tarethdndlbhesrRReSFERY iIl8Ng ﬁ@ﬁaosed process
exanple, in case of sem -transparency, the commands
and Hadmpdeygote son eemndiig tk deppreseatnyentaemer f or
creating a correct graphic result. Intelligent
deconposi tion of data and graphic commands is needed,
ot 0 LG HLbrari
T B S B Ry bR Belohp 64 Be BBeurate
and sffididat dSerttia ppapowed GREOMPOSidrt@mdl deess, order they are
according to the present invention, is performed by
subrmﬁféadsbyttgy&r fepplwtmn ViEor, egRupina ¢ire & i br@mscwarency, the
|cat|o ratln fl.ow of graphic,co nds
comiBRaS SR e BT BB Py O B ORI GoRE CPGAHAE gorrect
grapgaéﬁ@S@%;LIStS or Vertex Arrays, stored in the system
menory. According to the present invention, the
Softmare Hub Driver, running in the CPU, deconposes

of scene polygons_(or vertices). Their
Intely 9@? gsporapgﬁlﬂ%?ﬁ 5 ang grapRieIbRapAs IHBPaded coreserving

the Ha Lé?c ch%rggl ?%?Q?hﬁ [aq@%zﬁs %té%uiﬂg hﬁlp Lg awa +o%nply1ng with

anln ’I"0Ca

the gfm@saw staechdaﬂaﬁs 'Efeepidlcﬁlﬁéﬁ Qf[éc@&po‘éit@oﬂ"%@oc%@@t 86gorbithg to the
conpositing unit in Hardware Hub, to be nerged into

preS@ltngﬂvenFiBn B palrfblg/medlbef f&xﬁerﬁfafswae@% Dsivieor GE Hedns tre 3-D

erankis Fon i B GRS A BP Edt Y L BEPBIF BT FRE By oRse. They ave
typicl® BnifaQ FUbTocRS SfdRlss Dhidplh I?1§§su5'ieg'ertte§%11a S stored in
e AR N S i

r way the graphic application works, Tema

the sypichamgedoryer frame, a typical application gener at es
a stream of graphic calls that includes bl ocks of

graphic- 19 -
According to the present invention, the Software Hub Driver, running in the
CPU, decomposes the set of scene polygons (or vertices). Their physical
distribution is performed by the Hardware Hub.

The polygons are rendered in the GPU, while maintaining the resulting Frame
Buffer in local memory. All FBs are transferred, via Hub Router, to
compositing unit in Hardware Hub, to be merged into single FB. Finally, the

composited FB is forwarded for display.

The Software Hub Driver carries out the following process of distribution of
the polygons between the multiple GPUs. It is assumed, that the regular way
the graphic application works, remains unchanged. Per frame, a typical

application generates a stream of graphic calls that includes blocks of graphic



dat a; each bl ock consists of a |list of geonetric
operations, such as single vertex operations or buffer
whawsas@per ati ons (vertex array). Typically, tPeI/1L2004/001069
deconposition process splits the data between GPUs
preserving the bl ocks as badi% data units. Geonetric
operations are attached to the bl ock(s) of data,
instructing the way the data is handled. A block is
datadeads bbstkt @mdessgiat Bt (P mddeieyairatibher &udl &s single vertex

oper ations bel on%i ng_ to the group of Bl ocking .
oper@gx@nat inshulserc h baseq woeratden, (Wirpera Bireai ngypmalsh  the

affect the entire. graphic te ing the syste
cocoBlfogF PR A & B g U, GRUI Pk lBes ook ac
basid BatAainitHeteb 8o RraRTROSHE xé\!abﬂeﬁodﬁ{@u&c%gé bdata,

the parallel setting of the present 1nvention, they
instrivaviegatheffactthendatd iGRPlandldhepeblnck, iawdarewst tondestdnated

UI he%BI ocki ng operations is issued, all the GPUs nust _
GPUse BoweKeloniaeg. aractparatines nglongingedet the 1grewRi ofg Blocking

rations: _Fl and_Swap i term nat.e t frane. .
OpeRELAL A8, o S ORI LT D88, LRl B cntie
Histydthul inrial dHResabyopNBlRRINE &b dehB1MlihPh Sorati
grapG?Us%; accor dilng to Z%Qenbodi rrentry$he pr esent1 gfbferations are
excepipgeal irothatTiheyf reaereag tcowipoge s tvatitl SFBidaha ditsts irbthd parallel

.bl ocks of data .between Us. Each graphic e ion is
Settig i e BroBRbIRT AL RBAE S BEFertbSHeh A aff My Therefore,

- [ o o0 S f.edl t d t e
el ARl AT e (Rl TP ng Bp iRt LR, clP hOPGRTIS st be
synchirdribed BDhdckidige Operalicapt E%ld@tiﬁ?to%raﬁﬂiﬁ@. FReh and Swap,

bl ocki ng operation is detected, al Us nust be

whichyaenieniesde Femstep 840 by at |east the fol | owi ng
sequence: performng a flush operation in order to
term nate rendering and clean up the internal pipeline

Fig. 8fisUs MA@)chiapt GrbkeReh§ QB %c@sscﬁﬁp@ﬁitlti}jgﬁohnofof}%ebolygons
to nerge the contents of FBs into a single FB; and -
betweeanshe t tiulgipldeGRIM, entcsordfingatd ahnghthddBmeack the present

. al | GRUs, in order. to e s

invention. 'The frame activity starts with distributing blocks of data between
GPUs. Each graphic operation is tested for blocking mode at step 820. In a
regular (non-blocking) path, data is redirected to the designated GPU at the

step 830. This loop is repeated until a ]Slocking operétion is detected.

When the blocking operation is detected, all GPUs must be synchronized at
step 840 by at least the following sequence:
performing a flush operation in order to terminate rendering and clean up
the internal pipeline (flushing) in GPU;
performing a composition in order to merge the contents of FBs into a
single FB; and
transmitting the contents of said single FB back to all GPUs, in order to

create a common ground for continuation.



create a common ground for continuation.- 20 - The
Swap operation activates the double buffering
wore@iamissm swappi ng the back and front col or PUF/AI2064/001069

If Swap is detected at step 850, it means that a
conposited conplete frane méet be terninated at all
GPU, except GPUO. All GPUs have the final conposed
contents of a FB designated to store said contents,

The Swtapo@bé&aﬂﬂ)ﬁ afevERaneet @&sliile Hufterses eesrhaGi¥k) swapping the
i splays the image at step 860. Another case is

backoqgef aoinsrvlarhbuffare Agpraeds glle‘cméed ywitgep s semeaamsdthat a

d t d t | GP f
compGERER BIURRIn g perhts bh PERiURR 44 B C KU AePtAFERY: AL
GPUglsﬁg{;% NGef fhat rc%ﬁﬁﬁ%%@”&éﬁteh&e f aé | Fﬁalijés@ﬁﬁté‘dl Ys hs%gre said

ore at step 84 nerged into a common
conteHtb sbtit bRl tiee SnaEonpesid mlthessmbndéﬂ&d(ﬂ)edls@kat}espthe image
850) and therefore all GPUs have the sane data, and
at ste86Bng as the bl ocki ng mode is on (step 870), all of
t hem keep processing the sane data (step 880). If the
end of the block node is detected at step 870, GPUs
Anoth@f Hééb i’é’cﬁﬁ%’l Qgioﬁ'é‘ tﬂ% 'agé‘ @ﬁgﬁﬁe@ b AI5 eP:H3enc AdRPHSMELO be
mbi ni ng: three division
broadmtslh@d}lstol rad]acti:iet Gfi?Ust Eé queeQéntha rotbat i ldnckingr ogdeidmons 1s

identgpp 2&%"@4 §T6h" Peenasirt frattedriage WPoil B Ungre flushed
as béf'o{'%3 § dé) A {3&%@ %&1 LIRae Hdnd o'n”?‘BdofR'snﬁmeb@&@%wrap

previ ous processing stag

opere@Qdﬂtt"léﬂl{lﬂ Mectdie (dtbpess@anald eherdpdraogdls GRUR laave the same
unified framework dramatically increases the

data,ebhdces Jengsss the dupckimgentidenis par @Itfiilel87|z§>bo@lals@f flgenskeep

procog Pl %fegateng%%@eg@ge; 8 BB TR P gt a

EN formed on
step {Bﬁ@g@%’g%ﬁx; 3t pr or bAStesidtBtBE ACES 34138 9.

cessing system either in parallel on
mul ti-GPU or sequential, results in a sequence of
conpl ete raster

Adaptive handling of graphic load by combining three division methods

In addition, the present invention introduces a dynamic load-balancing
technique that‘combines the object division method with the image division
and time division methods in image and time domains, based onA the load
exhibits by previous processing stages. Combining all the three parallel
methods into a unified framework dramatically increases the effectiveness of

our invention.

Parallel processing is implemented by a pipeline, such as any common GPU
allows the data to be processed in parallel, in time, image and object domains.
The processing performed on the graphical processing system, either in
parallel on multi-GPU or sequential, results in a sequence of complete raster

images stored in a frame buffer, and sent to the display unit. These images are



I mges stored in a frame buffer, and sent to the
di splay unit. These inmages are- 21 - referred as
WO e@s®0ssn short. A frame consists of fragment BCT/A2004/001069
fragnent is an extended plxel stored in nenory, which
consists of attributes such<as col or, al pha, depth,
stencil, etc. Wen processing is perfor med in parall el
in the time domai n, typically each GPU is responsible
' referﬁred dshfrapiedircshort. A fearaenpheises bf dragméimtst Refwidhednt is an
wo_domai ns, which are the inmage and gbject donains,
ektela@d Ok o%i@i%ﬂl anj Fepaaral Malick copsisdn b astgbntgsestenae. color,

alpbPfdit AL R PRt eSS hEd: bPRor Bkal el ygbe time
domeﬂ%] a5hiRak f;agéall @P@@@%é}ﬂmml@lﬁ% thal &di&tfggfgﬁ ad&Aplete

for each in particular the geonetric
framéely thetdibepoivpgimmsets, mdpcle seatthagntdre scdobject slomains, all
dlstrlbuted be n the multi GPUs. Each one of three
GPUygrerate 1 infga ﬁ%epm%b?eﬁp%ﬂﬁhﬁfﬁ@ S@a@en space parallel-

proceas%}’rﬁé]gﬁ%cl%saﬂ%tdéasc%dm%gae The ueofsfeg Crf t %gﬂnﬁﬁfﬁ of each

|p||ne am C unc Ion

framéataid MBj&RBVEairalid)- ﬁf@E@ésﬁ?gSQ&ﬂliésStm %hé“ﬁl%'u@' d@ ESr each
superior. | these cases a conbination of two or even

framg] In phetithleeethy g@rpetrmeéaga &.g., tthe eolysin eqit taprasenting the
__resul.ts. Tii resent inv descri bes the
Scen@ﬁééilﬁr&%‘ﬁegﬁoéég’ﬁeﬁ ﬁé?j}g{?%cessi ng system of

t hr ee- di nensi onal data It provides a novel process
for object parallel-processing that consists of

Eachebhé of ehirecdoargiasi (tind) iofagdhendaitiediedneeind M advantages
different GPU, and then the conposition of the franes
and @%‘Sédﬁi@%ﬁgﬁﬁ e oHeqtoirnespus canbaliacipling] isfa dmamegéynctxon

e.present lnventian ]P ﬁ jxé)&? is superior.

based SRSy dgokoxSa R ARy dabes Mo Rl

In th@%é‘%ﬁb&baélc\éniﬁ'ihgtﬁn%' e EvBOIE ie8Chi8YBnes may yield
maxi mum | oad bal anci ng. At each franme, the set of

the nawdidpabhenGRidsilesan be reconfigured based on the tine
it took to render the previous frames, and the
bottl enecks exhi bited during the processing of these

The E&Qgg}&. inféntion describes the specification for a parallel-processing
systenﬁ of three-dimensional data. It provides a novel process for object
parallel-processing that consists of efficient decomposition of the data between
the different GPU, and then the composition of the frames produced on the

various GPUs into a final frame ready to be rendered.

The present invention provides a method to integrate all the three parallel
modes dynamically into a unified framework to achieve maximum load
balancing. At each frame, the set of available GPUs can be reconfigﬁred based
orn the time it took to render the previous frames, and the bottlenecks

exthibited during the processing of these frames.



Fig. 9 discloses a sanple configuration of the system

enpl oying 8 GPUs, according to a enbodi nent of the
w@e@senissT nventi on. According to the above sanpCEIL2004/001069

configuration, a balanced graphic application is

assumed. The GPUs are divideéd into two groups for tine

division parallelism GPUs indexed with 1, 2, 3, and 4

are configured to process even franes and GPUs i ndexed

Fig. v this@osdd, a7sammle &Goafigueanidh gfr gtk tsgspmocesmplodas 8 GPUs,
frames. Wthin each %rou two GPU subgroups are set
accofdingi teaje etihddmsmt CHbeGResend ttverfion. odecoridine reshe above

sampls G EyrRion, PR BRI Dt GRPRIREEh et r St o GPUs
are (%V‘Pﬂferde%ﬁﬁ gfv'oﬁ %%s b tl?r‘%gjﬁfgg%iﬁgg)\?} g%lgl%ﬁﬁ Gg?@@ﬁl&%(xggrwmh 1,

2, 3,wirtd4 breZonfiganed To @ﬂscefsecévmtfhazlmalsfamdf GPIEs nhjegetisyith 5, 6,

and GPUs indexed with 2 , 4, 6 and 8 are fed with the
7, anl ReRregpRilgaracthéo aapessssodd fragues ofethini eacht amgystﬁ@nGPU

t t.he bo 1t |
DU 47, BT A A Y H ey G oo e I BeF Fhe (1,2 and
5,6 f@g@@tﬁ&?} alrb QB rBE O%eB Rl BEs qﬁﬂ'ﬂ BAKRE dch€erd,i AB] ithe high-
takes to render the frames and that the configuration

indekad G’ftﬁl(&ﬂcadd 748 mslmbtlpa]lyhme henﬁ@lﬂ&daﬁoeprocess the other half.
cqonfigured, so that ender a quarter
Finadly, {ie s paiest AT RIGH t(ggﬁfr; m%lo@t Jarfk. 5 FRE. 7 are fed with

nal? 3 % Bec e ot GETY Skl ﬁe‘%’ el S SRR thepther

halfaﬁuleso@@@tsconfl gured to render the first quarter of
screen in even and odd franes respectively. GPUs 1 and
GPU 6 - the second quarter, GPU 4 and GPU 7 - the

If at gt B HONGCR Dt OF P A 8 PAR I s BRI Bnprovious

framg%t ﬁcu%o tBe ?%sltieg tmﬂgtﬁﬁ%ﬁnéh% h88ns that fﬁ%gment

eneck exhi prevuous ranes occurs at
procgaonetdomisiaage the tllmaa it peked e fderatie frecond iagudr edat the

so that each GPU wil |l &{ocess a quarter of the
configusaiaen iie ambadances i vhatheoipkbspe &t Ve are aweontfiaed; so that

eachcap[ﬁwalrf rerclageq: g qauraertglogff %}%usrc%geltl Yithin the respective frame. The
original partition for time division, between GPUs 1,2,3,4 and between 5,6,7,8
still holds, but GPU 2 and GPU 5 are configured to render the first quarter of
screen in even and odd frames respectively. GPUs 1 and GPU 6 - the second
quarter, GPU 4 and GPU 7 - the third quarter, and GPU 3 and GPU 8 - the

forth quarter. No object division is implied.

In addition, if at some point the system detects that the bottleneck exhibited in
previous frames occurs at the geometry stage of the pipe, the GPUs are
reconfigured, so that each GPU will process a quarter of the geometrical data
within the respective frame. That is, GPU 38 and GPU 5 are configured to

process the first quarter of the polygons in even and odd frames respectively.



process the first quarter of the polygons in even and
odd franes respectively.- 23 - GPU 1 and GPU 7 - the
wae@snshsquarter, GPU 4 and GPU 6 - the third geEr1e004/001069

and GPU 2 and GPU 8 - the forth quarter. No inage
division is inplied. It sho#Bd be noted, that taking 8
GPUs is sufficient in order to conbi ne aII three
paral l el nodes, which are tinme, inmage and obj ect

GPUH & @ermide&le B&Eorid @L’i@fteﬂ_ aHPg4 Lbhel GP'U)@r 9 &R f& quartel
| arger than 8, al so enables conbining all 3 nodes, but

and GP1a 2nomd @Bﬁfﬁ t tlee farslhicoarteThNofibegebdivision & ﬁnphed
exists in frame count in a tine division cycle. In the
above exanple, the cluster of 8 GPUs was broken down

It s}i@la B&%o?c%[}? ﬁ{a%uf)askl %@ﬁ[ﬁ&’ yp n&ﬂﬁ{'ﬂieh@%m ?’E%f $Oénn%1ne all

pOSSI e to exte e nunb

threb rpa@«aulen&n@lcﬂe@ deﬁfth”@@'@ tirfe Airf 864 SNGE ob)Mat Qﬁws?oﬂ QRERSs, per
than 2 franes, for exanple 3 or 4 frames. Taking a

framendlakeng fhedermber bGP lalrgelathmv@ ohe ameénetmbmiog all 3

modig) el R 3 TR G RiHBICe LRI o rff%lﬁ Hepoils pibbasin drame
counggﬂha{ Agd- Hn%gﬁoﬂrlgrc%bjlﬁ%he bY)'V%' %g?@?o,gtgie Mk gl“gfé gr%s was

I vision e. It 1s clea n from
brokehidovi akionthd teo groups, @acﬁ%ﬂbup@&lﬂﬂn@:’bﬁr@ﬁ@ HBWaver it is
which is the left cluster. Simlarly, the group of
posstpeito iyl tmposnaher dHtBmeniR ehtims divesionpesde fustsequence,

whid R S e b or Phe P olp oo BB, GRS and

GPU6, which is the mddle cluster, enploys inmage and
time division nodes. It should be noted, that
Takiggm lsardl@ertmml’mer a)kﬁ@]éUe redbidd & rewt Sheanwynldiaahionadfi e parallel
bet ween t he paral.l el es can_be schedul ed to evenly
modggy| rof ﬁg iPatioBs tWPtm%ql%%O%lbroEpa epRIbE-d@Ling only 4

GPUtshQL?}?fé?OEod'da%glﬁet ﬂﬁagé e@ée@%% }n%%ege ithout time

I zat1 on proces ase
lels@dh aodjTeak dﬂéa/ﬂlﬁhﬁ{ddﬂ@%@d%oﬂnmige gliwha Qakﬁpgi@h@rgroup of

‘GrPUtll réePgIQV IG%I(J)Q arrrl?idCe}P%él awnﬁlc%olgtzclhgﬁte%‘tocqugthe?r g?rfmlarly, the group
of GPU1, GPU2, GPU5 and GPUS6, which is the upper cluster, employs both
object and time division modes. Finally, the configuration of the group of
GPU2, GPU4, GPU5 and GPUS6, which is the middle cluster, employs image

and time division modes.

It should be noted, that similarly to the above embodiments, any combination
between the parallel modes can be scheduled to evenly balance the graphic

load.

It also should be noted, that according to the present invention, the
parallelization process between all GPUs may be based on an object division
mode or image division mode or time division mode or any combination thereof in

order to optimize the processing performance of each frame.



order to optim ze the processing performance of each
frame.- 24 - Wiile sone enbodi nents of the invention
whaws/obsen descri bed by way of illustration, iPCTHMIL2004081069

apparent that the invention can be put into practice

with many nodifications, vaf#ations and adaptations,

and with the use of nunerous equival ents or

alternative solutions that are within the scope of

persons skilled in the art, wi thout departing fromthe

spirit of the invention or exceeding the scope of the
Whilel gome. embpodiments wf the mvepstommhiaoe hegr desagbedhey way of

aralle]i on of i rocessin one or nore

: zat i e , _usin ) ,
s & 13 T egrPitael Moo CE4PY PRt e pactos with
man§iAPkiaeH.08 MrikBas! aﬁH%c&?@HBﬁé, afd F¢h 8%@ }99@ ofﬁumerous
nore Graphi ¢ Processing Units, conprising at least: a.
equivalents omaltersafitevasietappltheabiro dathihothel ©5pé BO paraRRi Killed
, conmands; b. one or pore graphic libraries, for
in ther gt Fgthpittadenrsadingirorptiahebirised theyinyshitonconmeertding the
sco égfgggcpg nore Software Hub Drivers, for controlling a
Pegr wal€"Rib, for interacting with the operation
system of said conputer and said graphic libraries,
for performng real-tine analysis of a data stream
fromwhich franes of said image are generated, for
determining the parallelization node of each GPU, and
for forwarding said data streamor a portion thereof
to each GPU, d. one or nore GPU Drivers, for allow ng
said GPUs to interact wwth said graphic libraries; and
e. at least one I/O nodule for interconnecting between
sai d Software nodul e and sai d Hardware Hub, wherein
sai d Hardware Hub distributes, for each frane, between
said GPUs,



graphi c commands and said data streamor a portion

t hereof, according to their relative conplexity within
wa@ an0d/05058ge, said conplexity is defined by saiBCT/IL2004/001069

Software Hub Driver; and conposites a graphics out put

for display, using the outpits obtained fromat [ east

one GPU, while alternating, whenever required, said

paral l elization node for said each frane. 2. System

Clajgfcording to claim1, wherein the parallelization is

ased on an obj ect d|V|S|on node or on an inage
1diAvspitem faxdienprovomg ahe |paea1die1wa$1moﬁndeg©|pro¢e$n3g, using one

conbi nati on _t hereof . System acco

cloaimTE nielializating waﬁm%ew eGhimngedhar U glaved on at

F o PRomopt Bt okeB b 3Rk O rRET TR E T EE R R Units,

SystoMassartdbag: to claim 2, wherein the hardware hub
conpri ses at |east one hub router for routing

pol ygowak otanare satwaraiepplicagioaphfar isowmengr a@.ﬂtln@awmands

for routing pixel d for outln e resukts
conpdsiOPEST, eI &F a@ﬁ%ﬁ' %F%e? geg?tad H5Pe; t&%mplement

m)de or, Yd.sion m)de or in the tine

di vi si onid;%%%ﬁnk%?%%é% éCOﬁbl nation thereof. 5. System

accog.diong dromeraSeftaratitnieDritdre, fuardnardlihgls Hardware Hub,

conprises at | east one control unit for receiving
commander internethes Soth We EPHFSIDN FXAEPIWPE PR @%putﬁband said

nodul e. Syst.em acc n 0 ¢laim wher e
har dwai®&? Rhﬂyi&%ﬂ%’eg& Pr%frfr%??l%i]{e#glmgt orﬁlaﬁmllg1 of a data
i nt er nediAte Fﬁﬂ&’ﬁe%ﬂﬁlﬁﬂ Fesid SofokafNeRsgd0hnR %%ld@rated for

and data required for conposition and transferring the
pr ocessetedairanfotheli @pialiehz‘atmﬁysmedea@éoed@hng& , and for

claiml, whereint Sof t war e Hub Drlve
per f or ﬁvm@awdaegf%}$§W%@tl "BHer gt 3 Bﬂ’éf'lonat %Qﬁa? gﬁ?%
of t§e LARNLG € WPBNBRiveES Tok @%omgd@aaa @P@%héo interact with
said graphic libraries; and
e. at least one I/O module for interconnecting between said Software
module and said Hardware Hub,
wherein, said Hardware Hub distributes, for each frame, between said GPUs,
graphic commands and said data stream or a portion thereof, according to
their relative complexity within said image, said complexity is defined by said
Software Hub Driver; and composites a graphics output for display, using the
outputs obtained from at least one GPU, while alternating, whenever required,

said parallelization mode for said each frame.

2. System according to claim 1, wherein the parallelization is based on an
object division mode or on an image division mode or on a time division

mode of on ahy combination thereof.



l'ibrary by neans of the OS interface and utilities; b.

forwardi ng and creating graphic commands to the GPU
woei03®s058y neans of the OS interface and util i PCEH;2064/001069

controlling the Hardware Hub, registry and

instal | ati on operations by 4feans of the OGS interface

and utilities: d. maintaining the consistency of

graphi ¢ machi ne states across the GPUs, based on the

3.! BRkterd Ta@%?d@n%%@ﬁsl,%h@ﬁﬁ tWBIH@dWsir8 hudt @ireprises at least
nmonitoring;- 27 - e. estimting the type of graphic
| ond emmposinigoadii ratt hensdx éoucetpapilg catdoolgieaghime from
context,_ while usjng application and graphic resources
aRKPspsped PPl."thfbga%(J %@t%ﬂ‘ﬁﬁtﬁ?%f the GPUs | oad bal ance
based on graphic commands stream and tine
nmeasurenents, while using application and graphic

4.1 BSOS Scdahy 56 Slaigh 2,a8husdih nbe thedivead Mibsédrhpribéoat least
between GPUs according to feedback received from each
Gtk rledarditey feairdutivgdoWabentdedaighifbe ragting graphic command
appl i catjon and gr.aphi,c, resaufces_anal ysi s; . "
Pt REHRE ISR Bt B0 kR routha Y Beanlis o pomgsition,
U QuHhilteo Sala 1M | bbbt adkion ABAE oyaRtHe i divisi d
cgvnl%l%o?lﬁ é|{r?ﬁgE lélogliégt rJi but ggb%r algﬁi % Ofr Sncthieo%%&,lg%\hin?zmn moce
madiif Yhagirsadd-igoaphbde opimangoartdnstiod thatenfst r eam
according to said current parallelization node. A
met hod for inproving the parallelization of inmage

! ! ‘ zation o
o wharB oot Rt B e E ROl et FLoRPGRee ot east
C QAR WoRlrdl CHER ok Yrefiid cBRIBatdARE tHe0S6RHaE Hub Driver

Units, conprising at |east:
within the I/O module.

6. System according to claim 1, wherein the hardware hub comprises a
memory unit for storing intermediate processing results of one or more
GPUs and data required for composition and transferring the processed

data for display.

7. System according to claim 1, wherein the Software Hub Driver is capable
of performing the following operations:

a. interception of the graphic commands from the standard graphic
library by means of the OS interface and utilities;

b. forwarding and creating graphic commands to the GPU Driver by
means of the OS interface and utilities;

c. controlling the Hardware Hub, registry and installation operations
by means of the OS interface and utilities:

d. maintaining the consistency of graphic machine states across the
GPUs, based on the input graphic commands stream, while using

state monitoring;



a. providing one or nore software applications, for

i ssui ng graphic conmands; b. providing one or nore
w@e@plossst i braries, for storing data used to i PEI/EEBOW001069

sai d graphic commands; c. providing one or nore

Software Hub Drivers, for C%ﬁtrolling a Hardware Hub,

for interacting with the operation system of said

conmput er and said graphic libraries, for performng

real et ig¥eingdiahy shs Bfpedoataplst rieam ahd veyhdhehinf Eladmesecuted
of said inmage are generated, for determ ning the

par al | elipdizetion grajdiofcosbett, GPlile ansingorpplbcateordiamg graphic
sai d data stream pr.a portion thereof to each GPU,- 28
- . pr o¥PAHIYES RENGT S nore GPU Drivers, for allowi ng

sai de Ghlfsqt Qst]iiﬁta%iroﬁmof W'Itl}% %D@Eﬂﬁ gl%?gribﬁléﬂ&r YalsB3 - oﬁé graphic

provi ding at east one I nterconnectin

bet weerosahan&oktwane andditne rasgswaingeriar ealeeudiuh application
and f. for each frane, distributing between said GPUs
and byEﬁﬁhggqﬁﬂc§%KﬁwPﬁﬁ@de@SHub,,graphic commands
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of graphic operations and
graphic commands and said data stream according to said current

parallelization mode.

8. A method for improving the parallelization of image processing, using one
or more parallelization modes, wherein said image that is displayed on at
least one computer screen by one or more Graphic Processing Units,
comprising at least:

a. providing one or more software applications, for issuing graphic
commands; N

b. providing one or more graphic libraries, for storing data used to
implement said graphic commands;

c. providing one or more Software Hub Drivers, for controlling a
Hardware Hub, for interacting with the operation system of said
computer and said graphic libraries, for performing real-time
analysis of a data stream, from which frames of said image are
generated, for determining the parallelization mode of each GPU,
and for forwarding said data stream or a portion thereof to each

GPU;



pol ygonal data; b. marking the polygonal data and
graphi ¢ conmands by neans of the Software Hub Driver

wo 00505657 | but i on between nultiple GPUs; c. sepdi/mgoe4®1069
marked data to the Hardware Hub; d. distributing said
mar ked data via the Hub Rout®r to said nultiple GPUs;
e. rendering the data by neans of GPUs; f. retrieving
the data fromthe Frame Buffers and forwardi ng the

retrjeyedvidai@ i bPemessmeBUt DRgvd#d] ¥ovia@lokiBeHid GPUs to
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9. A method according to claim 8, wherein the parallelization mode is an
Object division parallelization mode and the following steps are
performed:

a. for each frame, generating a stream of graphic operations and
polygonal data;

b. marking the polygonal data and graphic commands by means of
the Software Hub Driver for distribution between multiple GPUs;

c. sending the marked data to the Hardware Hub;

d. distributing said marked data via the Hub Router to said multiple
GPUs;

e. rendering the data by means of GPUs;

f. retrieving the data from the Frame Buffers and forwarding the
retrieved data to the compositing unit via the Hub Router;

g. compositing the content of said Frame Buffers into a single Frame
Buffer; and '

h. forwarding the content of said single Frame Buffer to at least one

designated GPU for display.



11. A nmethod according to claim8, wherein the
parallelization node is a Tine division

w@anoalobissT zat i on node and the foll owi ng steps BECEIL2004/001069
performed: a. forwarding to each one of the nultiple
GPUs the entire anmount of -@8ygons for rendering; b.
redirecting the entire polygonal data and graphic
commands by neans of Software Hub Driver to all GPUs,
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tected; e.

bl ocki ng 0|der ation Is synchroni zi ng GPUs

by tderdraldrivg tige detpeneesars. df. GBEIf orming a flush
operation in order to term nate rendering and_cl ean

t he 4 nfarmaring perquiion of Ewcpordpol stored mﬁh%ﬂsﬁﬁ@ Bu?fers to

conposi tion. erat on r he.contents .of the

Frame. B PER e e tan TR e Ee tarpE oy Hhadd Ereation;
and

f. forwarding said image to at least one designated GPU for display.

11. A method according to claim 8, wherein the parallelization mode is a
Time division parallelization mode and the following steps are performed:

a. forwarding to each one of the multiple GPUs the entire amount of
polygons for rendering;

b. redirecting the entire polygonal data and graphic commands by
means of Software Hub Driver to all GPUs, while alternating
between thém;

c. rendering the data by means of GPUs;

d. transferring rendered data from at least one GPU via the Hub
Router; and

e. redirecting the resulting content of the Frame Buffer via Hub

Router to at least one designated GPU for display.

12. A method according to claim 8, wherein the distribution of polygons
between multiple GPUs is performed by:
a. distributing blocks of data between multiple GPUs;



e.3. transmtting said single Frame Buffer back to all

GPUs; f. termnating the conposited conplete frane at
W@bkdo5aRI3s7 except one or nore designat ed GPUs, P@ihvEI?ed101069

a Swap operation is detected and di splayi ng the inage

by neans of said one or nor® desi gnated GPUs; g.

processing the sane data by neans of all GPUs, as |ong

as the bl ocking node is active and the Swap operation

i s not teletectkash @aghlt opaabivhnisrigotloingr orees ih hehich one or

desi gnated data by neans of nultiple GPUs, whenever

t he bl ockenprabdbzaigon peastes\eae cagriefeiiod according to

AL S e B AL Loy B o 8 et one
on at idgagﬁwé&b@mﬁode or on any conbi nation thereof.

d. repeating step (b) and (c) until a blocking operation is detected,

e. synchronizing GPUs by the following sequence:

e.l. vperforming a flush operation in order to terminate
rendering and clean up the internal pipeline in each GPU;

e.2. vperforming a composition operation for merging the
contents of the Frame Buffers into a single Frame Buffer;
and

e.3. transmitting said single Frame Buffer back to all GPUs;

f  terminating the composited complete frame at all GPUs, except one .
or more designated GPUs, whenever a Swap operation is detected
and displaying the image by means of said one or more designated
GPUs;

g. processing the same data by means of all GPUs, as long as the
blocking mode is active and the Swap operation is not detected; and

h. continuing to process the designated data by means of multiple

GPUs, whenever the blocking mode 1s inactive.

18. Method according to claim 8, wherein the parallelization is based on an
object division mode or on an image division mode or on a time division

mode or on any combination thereof.



