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1 DISBKKY'§IATICN CONTROLLER The present invention rel ates generall&zggﬁgs ¢
el ectraoni c conputer systens, and nore specifically to a system and nethod
for controlling graphics displays for conputer systenms G aphical user
interfaces are becomi ng increasingly common in the conputer industry. These
interfaces typically use various types of images and graphics to convey
I nformation to users nore quickly and clearly than text based inter- faces.
Many such interfaces allow nmultiple, often overlap- ping, w ndows
representing separate applications or sepa- rate parts of the sane
application, allow ng a user to geLADIsTRiECOM@onYRGliLER Of several prograns
at once. Exivin? sgch-graphical I nterfaces places heavy demands on the
processors involved. In addition to the fagt that several appljcations are
of ten running si mul tefedRkESFnt  HBVERE °Bf TRFEFPApIERT” 'lﬁdoﬁpﬁéa%smf‘ﬁﬁt
di spl ay subsystens mesputensiystiery, o tmoret kpseifisrllbre of wEH™WRRtow
which are visible tagetheauset. Jdvhstquliayi @raphid t aispped gFoaaphcagpusara
hi gh resol ution disg4g¥em9ften in color, requires a |large nunber of
processor cycles even for rel a: tively sinple tasks. As a result, high-

performance proces- sors are required to control conplex graphics displays.
Graphical user interfaces are. becoming increasingly common

in the computer industry. These - interfaces typiéally use
various types of images and graphics to convey information
to users more quickly and clearly than text based inter-
faces. Many such interfaces allow multiple, often overlap-
ping, windows representing separate applications or sepa-
rate parfs of the same application, allowing-.a user to

monitor the activities of several programs at once.

Driving such graphical interfgces places heavy demands on
the processors involved. In addition. to the fact that
severél'applications are often running simultaneously, the
use of overlapping windows means that display subsystems
must constantly monitor those por;ions of each window
which are visible to the user. Manipulation of bit mapped
graphics on a high resolution display, often in color,
requires a large number of processor cycles even for rela-
tively‘simple tasks. As a result, high performance proces-

sors are required to céntrol complex graphics displays.

Systems which are not specifically designed to support
high resolutién graphical displays can suffer performance
degradftion when driving such displays. This becomes esp=-
cially true when'-such systems are required to support
multiple displays simultaneously. The amount of processing
required simplf to support basic functions on multiple
graphical displays simultaneously can tax the resources

of even a high performance processor, leaving little or no
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Systens which are not specifically designed to support high resolution
graphi cal displays can suffer performance degradati on when driving such
di spl ays. This becones espe- cially true when such systens are required to
support -mul ti pl e di spl ays simuitaneously. The anobunt of processing required
sinply to support basic functions on nultiple graphical displays
si mul taneously can tax the resources of eyen a high perfornmance processor,
| eaving little or no RO 9 90 052 2 time for the execution of basic
processi ng functions. tikéstayr ehé lekedegiades Hasecomercakbipefuoctikmse thissuch

systems. In order to ig@@ﬁ@ﬁs_Qé&fwsaﬁﬁ@ronf@ﬁU?Ei:f’&tm\éné@_thpgﬁéﬁ’-tgylstelinéy of
applications, nunerous graphical display interfaces are in the process of
bei ng standardi zed. One increasingly popul ar graphical display standard is
known as X W ndows. XIW PrRskstRafcrARts FFPFrwer PrAsuehEwHitddah RINFXTTV)
and conpati bl e oper at iihg «f sbphicatAsnsumameroudl grkalsichd diesplsy gintgdrfacdse
hi ghly portable acrosg,-g0iuherpebengs Bayng isREnddd@k¥a dichkeifdteasingly
architectures and dlf g£&i§r G@Q%ﬁf%%l &H&§E§'standard is known as X Windows.
X Windows has initially been implemented on UNIX (TM) and
compétible operating systems. As such, X Windows is de-
signed to be highly portable across computer systems hav-"
ing widely different architectures and different manufac-

turers.

X Windows is defined so as to be easily implemented over a
local_érea network. This allows applications to execute on
one machine, while the graphical user interface runs on a
separéte,. physically remote, machine or terminal. The
formal definition of the X Windows system changes from
time to time under the control of an association of major
computer manufacturers who support the X standard. Litera-
ture describing the X Windows systém and its implementa-
tions is voluminous, and one document which explains the X
Windows environment is X Window System, 2d edition, R.W.
Scheifler and J. Gettys, Digital Press, 1990.

X Windows works well with a network of full featured, high
performance graphical work stations which have their own
operating systems and can run applications. This is, in
faét, the environment for which it was designed. An alter-
native system which could make good use of the graphical X
ﬁindqrs interface would be pné_which has a large cent:ral
system, and relafively simple graphical terminals connect-
ed'to the central system over a network. This arrangement
concentrates muéh of fhe processing power in one location,
and ailbws additional users to be“added to the network for
a relatively small incremental cost. Once the system is in

place, the incremental cost for édding a user is much less
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X Wndows is defined so as to be easily inple L
network. This allows applications to execute o @'@gs r;ﬁgea'\,h letotmed
graphi cal user interface runs on a separate, p &Z o?‘-o
terminal. The formal definition of the X Wndo ’s'"f'P

to ti me. under the control of -an association of rﬁj et a%ﬁgﬁ?g

and its inplenenta- tlons |s ~vol um nous, . and onk o
the X Wndows enviroRfht£95s PXOV a0l BRY ?ﬁerecﬁ’t off,

and J. Cettys, Digi tatamles’s,worggﬂtat)iow ndows works well with a network of .
full featured, high perfornmance graphical work stations which have their

own operating syst e”@né‘%p%%rft“'&ré@@!dkc%' ORS - usBhicg bsceﬂﬂ}aﬁagirstefnh%s
envi ronment for whi c@(ﬁlt eS| ned. . An ﬁlter natlve s g \/\/\%nch .coul d
make good use of the ta;?\rQﬁﬂch ﬂ%lo‘?/%“a t 3 1'% "Ro n&¥ R cA%has a
| arge central systen§iuifhed hléhafiP%eF?esHﬁﬁee rEphi efl g’é'ia?bmcﬁél Seppingdet - ed
to the central systewhixreera suppuptdd. Thi sidiiangenehe bartipenbEatescuttich of
the processing power;id 0N8r&&C duhnB8x &ndr?ii& oﬁ%dgh:%@'sﬁ&@i‘:&;é&sbe
|
di n
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systemis in place, I NCr nta a user
9 90 052 tral system 51mply to support the X W1ndows graphlcal

interface for the terminals. If more than a very small
. dumber of graphical terminals are executing simultaneously

using the résources of a.main central processor, overall

performance of such a processor can be severely degraded.

A sin@lé central system driving a number of terminals over
a network could be a cost effective alternative to a net-
work of fully featured work stations. However, such a
system wiil only be feasible if the needed performance can
be achieved. Such a centralized system is quite flexible,
since fully featured work stations can be attached to the

network as well as graphical terminals.

It would therefore be desirable to provide a system capa-
ble of supporting multiple graphic sessions 'on remote
terminals or other devices over a network. It would be
further desirable for such a system to be compatible with
X Windows or a similar widely available standard inter-
face. It is highly desirable that such a system provide
accepfable performance while driving a relatively large

number of graphical terminals.
It is therefore an object of the present invention to

provide a system‘for supporting multiple graphics sessions

on remote (network attached) terminals.
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3 than for providing each new user with a fully featured graphical work
station. One inportant drawback to the use of a central systemis that the
processi ng demand on the main central systemis quite high due the |arge
nunber of graphical term nals which are supported. In addition to the
burden of executing a |arge nunber of application progranms simultaneously,
a heavy processing burden nust be carriedaby the central systemsinply to
support the X Wndows graphical interface for the terminals. If nore than a
very small number of I§r dghieetherephierdl sfatke kscart npvenilier i RFSMIdeIsi ng
the resources of a neuBhCeNéystlemptBDESSGr compatiiblée wiahf ahavkceimfowsuth- a
processor can be severeky.degrased. A single central systemdriving a
nunber of termnals over a network could be a cost effective alternative to
a network of fully featured work stations. However, such a systemw || only
be feasible if the nd&dég a})éﬂ?‘éﬁ?&ﬁéée%ﬁfb@ea@ﬁiaﬁi@dmS%RFH% temrrEifeed
systemis quite flexisbkr, a sdiys¢enmfulilch peatideedoamy pesf@tmaone £m@mn abeela-

attached to the netwqikeps Mebl Afw@taphifrakibes MeAghSeanebudordbthgegt ore
be desirable to pr owsde a system capabl e of supporting multiple graphic
sessions on renote t&fA nals or other devices over a network. It would be
further desirable for such a systemto be conpatible with X Wndows or a
simlar wdely avail Zbeeegirandardondingr tacthe | presenhi ghvsntiosi r ablsgstémt
such a system provi dgoaCseioabiey RRRbRI‘AEEpIMY |sesdidns BY RediceattieyRly
I ar ge number of gr aplikla?LQ'an%QﬂQ%' Eroc%gwgu%yg%ﬁ hwmleg\lto graphics
support. Applications execute on a central processor, and
display related graphics commands are executed on the
separate graphics controller subsystem. The - graphics sub-
system is preferably connected to multiple remote termi-
nals over a network, and communicates with them without
requiring all work to be performed by the central proces-
sor which is executing the applications. -

The invention as well as a preferred mode of use, and
further objects and advantages thereof, will best be un-~
derstood by reference to the following detailed descrip-~
tion of an illustrative embodiment when read in conjunc-

tion with the accompanying drawings, wherein:

Figure 1 is a block diagram illustrating a client/server

model for a graphical interface;

Figure 2 'is a high level block diagram of a central com-
puter system similar to prior art systems which perforws
graphical display related processing in a central proces-

sor,

Figure 3 is a block diagram of a preferred embodiment of a

processing system according to the present invention; and
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It is an object of the invention to aneliorate one or nore di sadvant ages of
the prior art. According to one aspect of the invention there is provided a
met hod for perform ng input/output between an application executing on a
conput er system and a graphics display termnal connected to the conputer
system by a | ocal area network, conprising the steps of: executing the
application on a central processor; withi®s the application, 4 generating
output which is not in a formcapable of driving a graphics term nal; when
output is generated by the application, comunicating such output to a
separat e di splay confFigiter pscoceddeds dathlifypwt Rdagmmpil Brstgpbimmeaosefta
conputer system bus; y@Re Sejdtell P AY2BOPt UL 8h POOAATEO6n WDRC#hkNFro-
graphi cs display routipes gggglhr agsl ating generated output into a form

capable of driving a gr apchl cs¥tér i nal ; conmuni cating transl ated out put

fromthe display controller processor to a graphics term nal, over the
| ocal area network, FTbhe orsfdrapd whbedimeptit ofs thendnyeeticn wiHd draphécs
term nal, communi cat segiddde hgear! ahedon jipdtid® Wit &i sqitayutantimplkeén-

processor over the | Q&@ionar#@iéﬂet%ﬁ&l&eso”t%{gxdivﬁ%@&’s c&rgﬂhglcggr dgrsgfa%;sor,

transl ating generated_i nput. to a fqQrmcapa of . co nicat.i, o.t

appl i cation; and confudft §Fi'ngttWel t?ﬁn%ﬁ%ﬁeéda}:?fbﬁﬁy t °f?1e5]?3?iﬁsafn the
processor, over the 8bhpieér thy deamhings, of dheusrveFiphcaRppri adanten. for
Accordi ng to anot heruaspetth obtHedre dispbay | systemer davingroinided aepnixessi ng
system for controlligany.aphics termnals over a | ocal area network,
conprising: a central processor within the processing system for executing

application prograns, wherein the . X . .
Figure 1 is a block diagram illustrating the client/server

model utilized by X Windows. This model includes two main
pieces: an X display station 10 and a host system 12. The
X display station 10 and the host system 12 are connected
through a network 14. ' ' '

The precise type of network 14 used does not form a part
of the present invention. The network 14 can be, for exam-
ple, an Ethernet connection running TCP/IP. However, net-
works using other networking protocols, such as Systems
Network Architecture (SNA) or Open Systems Connection
(OSI), and other communications protocols, such as Token
Ring LAN, or Integrated Services Digital Network (ISDN),
may .also be used.

The X display station 10 includes a network interface 16
connected to the network 14. An X server 18 is connected
to thr network interface 16 and to a display driver 1O.
The display driver .20 in turn drives a wvisual diSplay 22.
The display station 10 can be any form of display device
which supports X Windows. Examples of stations which are
suitable for this task include UNIX. workstations, dedicat-
ed X terminals, and X emulators_running on other types of

computers.
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application prograns generate output which is not capable of driving a
graphics termnal; a secondary display controller processor, within the
processi ng system wherein said display control{er processor executes
procedures for driving graphics termnals, and for transl ating out put
generated by the application prograns into a formcapable of driving a
graphics termnal; a conputer systembus within the processing systemfor
comuni cating i nformati on between said cenfral processor and said display
controll er processor; and a | ocal area network attachnment for connecting
sai d display controller processor to the network, wherein translated out put
is conmunicated to a Jf&phi TEVEEr 1 idl sPﬁ?%ﬁh°§&?ﬁW6€%|w}%F§ CRL SRR
connection, and whereion Rnfukl feswineddwbrlpratehieh.| ocabn o alerpedensr kermi-
connection is transl atad, f ofiichS @abybé hercapphhaldlel. ODefiragt fdfis oACemedpag- t O

yet another aspect of fwﬁa.}&evemcﬂ ORurlc &%Iéfpwa./' ded gy SOMpyt GEeSYALENY
conprising: a first central processor ecut pgj [cation ﬁ g,
such application progPSt 3P oPRT ngPs n cl%tﬁ h f % i°6fs 2b k? g-e

procedure calls to a @rawnfcsnwm:amy,hamﬁnﬁr ndhecdnpruver . 3 sinfiprpmsts
connected to the firstregesdttsalransmited osesstiie retgodt i 1ig thnctdre ther sét-

central processor, a fLigt ihfdh@LE&CEs Pr At BiuBel Oknd CEAIP1IARY abbPe 0" ZPNLLS
| i brary procedure call = L]_[aq:m t h atppolnl cc%tl Q0 r&gzanBT@gc& t,})rp;;unl ¢gting
c

them over the internal® corrput er ystem ond centr FOCESSOT,
connected to the int eFﬁﬁ?l‘ff‘émbﬁ?‘btrs £52F ARH BT, "I 1§R‘é"'clﬂe|"ﬁ§ei;r%fpmh€§“gh
procedures cont ai ned ithetdispdeppiriesr|3i®hrary, wherein the graphics
procedures generate commands for driving graphics termnals; executing on

the second central pr@ﬁgs§9ﬁctf3n§eQQHQhe X server 18 are well defined and
constant over all types of X display stations 10. The
display driver 20 is specific to the hardware of the dis-
play station 10, and interfaces directly with the display
22 and the input devices 24. Display 22 typically includes
an all points addressable, raster video monitor, and input
devices 24 include a keyboard and a pointing device such
as a mouse. When the display driver 20 detects an input
event, such as a key hit or a mouse movemenf, the X server
18 may generate a message to be transmittad over the net-
wofk. Messages may also be generated by the X server 18 in
response to some types of reguests received from the net-

work.

Thg host system 12 resides at the other end of the network
link. Host system 12 is.shown in Figure 1 as being a sin-
q}e system, but it may actually consist of multiple sepa-
rate systems communicating with the same display station
10 over the network 14. An important function of the X
server 18 is to make and maintain network communications

links with the one or more host systems 12.

Assuming a single host system, the network attachment
hardware is controlled by a network interface 26. The
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I nterface procedure for receiving the graphics library procedure calls from
the first procedure over the internal conputer system bus and invoking the
graphics library procedures; also executing on the second central '
processor, a third interface procedure for receiving the conmands for
driving graphics termnals fromthe graphics procedures and conmuni cati ng
them over a | ocal area network; and at Ieast one graphics termnal .
connected to the local area network for? recei ving the commands for driving

hi t | h CRI PTI ON
gLeph oo Lo Ie! o At AR, BbSBhLER LI SRONR 115 S R P

use, and further obfiBEREY Hfd *8d¥tIMeIge o MeVELT TOMPPS heltith #BuhBef®t 0od by
reference to the fdihedi ty dettadill ed Hestrafpttiben XoWindpus| |spetifidagdon,

enbodi ment when reagdi Ma B3] HREdndeA ¥ tdesifei.acconpanyi ng dr awi ngs,

wherein: Figure 1 is a block diagran1i||ustrating a client/server nodel for
a graphical interface; Figure hi evel bl ock diagramag centra
conput er system si fi [Ppre At |°5r aﬁ’Pf‘lwg'F%ﬁB3?/m‘f°d'W”ﬁé‘ﬁt€r tﬁrﬁ})’rﬁc

di splay rel ated prd&esegmgriaregurentrils.pribeessepplicagiens 33¢ saxe breck

di agram of a pref erfeetleemb@difeBhe Ok - Wipddce =Yistgn Syst Balmmtel di MHedsd t he
present invention; Aafghts aKeJHES a4:t'u§l aagyleemma/ Sdaw,di Mda'proces-

[ ustrating a sof (- ware system plef erably Mssd ) SRl MOCKLOL, L the
pro- cess of Flgure
which are executed on a computer system. All input and
output by the client applications 30 to a human user is
preferably performed directly or indirectly through the
X1lib 28 procedure calls. Output generated by an applica-
tion 30 is transmitted by Xlib 28 through the network 14
to the X server 18, with input generated from an input
device 24 travelling in the opposite direction. The combi-
nation of the Xlib 28 and X server 18 routines handles
nearly all of the low level details of the display, with
the client applications 30 being freed to perform their
primary function without consideration of display details.

" In most situations, the applications 30 do not interface
directly with Xlib 28, but rather use tool kits (not
shown) which provide a high level interface with the ap-
plications. The tool kits, in their turn, make calls to
the X1lib 28 routines. In providing a high level interface
to applications, the tool kits can require a large amount
of précessor rerformance. Standard tool kits are made
available to applications writers in order to Simplify
their +ask, but they appear to the X Windows System 15
merely another part 6f the client applications 30.

A considerable amount of_processing may be performed with-
in the Xl1ib 28 routines. X1lib 28 handlés drawing of graph-
ics figures, and initiation and, maintenance of network

communications with the display system 10. A large number
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The preferred enbodi nent of the invention will be de- scribed herein in
conjunction with a particular inplenen- tation which utilizes the X Wndows
graphi cal display standard. It will be appreciated by those skilled in the
art that the teachings of the invention can be adapted for use with other
di splay systens having simlar require- ments. Figure 1 is a block diagram
illustrating the client/server nodel utilised by X Wndows. This nodel

i ncl udes two main pi eces: an_ X display station 10 and a host system 12. The
X display station 10 z9fd BONEIPRSs finsHEite?P1o7 e dedd RFREL £ TR h P RGASRE N e Ofior Kk
14. The precise type ofimdebaorinclddiigeducloeonpidedaginma agadispifayt b qyegsent
i nvention. The networ kiskpifdn vifdoddl &pdkurd! @vedts Ft Bed N@indaNNRstdnRAL

running TCP/ I P. Howevel,  net thwééﬁ%&;ﬁ' Pg oigle%ﬁe'teﬁn@;%ogg RLOt 9ol sih) §gch
of

as Systens Network Arc |tect nnecti.on

ot her communi cati ons pFEEScBf SisBlfh PISCaHKEA FEHG EARE IO F 1 FHftte GRATES
Services Digital NetwwdecesSBNeffomty- al so be used. The X display station 10
i ncludes a network interface 16 connected to the network 14. An X server 18

is connected to the ne},agggkpiéﬁeﬁéiﬁgc%flgrﬂ%st Qyﬁeg'l%%%erﬂrﬂe%%r@e% idhg

I spl river 20 in r rv Vi |
di splay d € 0 tv}l gows Cnvironnents. Ssp g%e of processing. is well

known to be highly processor intensive. Bit mapped images
can be scanned into a file, or an image file can be creat-~
ed by an application. Various types of manipulation, such
as image rotation and scaling, can be performed on the
images. Image compression and decompression can be done to
decrease storage-requireménts for the image files. This
processing is often performed in tool kit routines which
are callable by various application programs. It is well
known that this type of processing also requires signifi-
cant amounts of processor time.

Although it is not required, one of the client applica-~
tions 30 typically is a window manager program.When used,
the window manager client handles many details of window
positioning and sizing, and movement of windows on the
display. The window manager client utilizes many of the
window management routines within X1lib 28.

Figure 2 illustrates a computer system such as is typical-
ly' found in the prior art. The computer system 32 includes
a central processor 34 and a network interface card 36.
Both zre connected to a system bus 38, which also connects
other subsystems. typically found in a computer system,
such as input/output devices, memory, and mass storage
(not shown). Network interface card 36 makes physical
connection with a communications link 40, which in turn

connects to the network 14.
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The display station 10 can be any form of display device which supports X
W ndows. Exanpl es of stations which are suitable for this task include
UNI X. wor kst ations, dedicat- ed X termnals, and X enul ators runni ng on

ot her types of conputers. RO 9 90 052 6 The X server 18 is software or
firmvare which can execute on a full featured work station, or on a
dependent term - nal, which may be progra bl e. Descriptions of the per-
formance and functions of the X server 18 are wi dely available, and the

specifi¢cs do not for rnraep}afgblgfnstg@s;@aewnﬁhé Mgk procdsRigeNeéqlirehdit X
server 18 interprets rgq%_ s, 4 rans atst—tﬁ? Ql?(cgerrsgggd rk%tgprxl%fg Ly oughthe

net- work interface 18 causes t rrver ener at e out put

on the display 22. Thé°‘7@‘§'érvé¥5tf8' é?soc?“é'fféjr \FE§°F?\%‘tﬁ S4 F‘Bﬂ’?o‘ﬁ‘écBFe

i nput devi ces 24 thr ogghtheh&ldb spicaeddréesy@s ROl Thethaidiiieohsardlichbids

server 18 are well dekbneghaiges 08&SImRAL ciRhs Alnlist YL M@t X¥olbSPEBYM the

stations 10. The display,dnj ¥gr 4Q \StSRRCEALG e LOEAEINRLE R chdE Y S-
level details of such transfer. However, every data trans-
fer in either direction must ultimately be handled by the

central processor 34.

Since the Xlib procedures are known to be processor inten-
sive, it will be appreciated that the overall system per-
formance of processor 34 will be greatly degraded. The
amount of degradation may, in fact, not be a problem in
systems which are executiné a relatively -small number of
tasks. However, 'if system 32 is being used as a central
system, with many client applications 30 executing there-
on, system performance will be low and system response
time will be long. Thus, the use of a processor intensive
graphics systém such as X Windows is seen to work poorly
in an arrangement wherein a single central system supports

a large number of simple terminals.

Figure 3 illustrates a preferred computer system which
incorporates teachings of the present invention. The sys-
tem 42 includes a central proceésor 44 which executes
client applications 30 as described above. Central proces-
sor 44 is connected to the remainder of the system, in-
cluding subsystems which are not illustrated, through
system bus 46.

A secondary processor 48 is also connected to the system
bus 46, and provides a link to the network 14. Secondary
processor 48 actually contains a full featured, programma-
ble computer system within itself. 'The secondary processor
48 contains a bus interface 50 to the system bus 46, and a

processor 52. Also included is a network interface 56.
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play station 10, and interfaces directly with the display 22 and the input
devices 24. Display 22 typically includes an all points addressable, raster
video nonitor, and input devices 24 include a keyboard and a pointing

devi ce such as a nouse. When the display driver 20 detects an input event,
such as a key hit or a nouse novenent, the X server 18 may generate a
message to be transmtted over the net- york. Messages may al so be
generated by the X server 18 in response to sonme types of requests received
fromthe net- work.adhieibasi feuttiess lbunaskifdesudl fdagupédatorptenfsidie

network |ink. Host sy gglelzls S 1 30MRaT Bt nGUT ShchmndS1 R8ILAING 1HeRs A&
system but it may actua.eﬁ%l 25|St of nul% @Ie sepa- rate 3% ﬁrqf

communi cati ng with the® s5it $PEPI 8Y° " at PTVEP PREOHet WOPKE .27
i nportant function ®imingecikadtyer ang erticgahai@ssaforasient ai n net wor k
comuni cations links with the one or nore host systems 12. Assuming a

singl e host systemmﬁét?plr&teg@&.k 23 t aChPBRIH DRI fVar euis QLRS! §andbhia

network interface 26
purpose mlcroprocessor. For example, secondary processor

48 can be designed around an i960 microprocessor, avail-
able from Intel. Additional co-processors (not shown) such
as numeric co-processors or digital signal processors, are
preferably included within the secondary processor 48 to
improve the performance of number intensive graphics func-
tions. The processor 52, alone or in combination with any
such co-processors, may very well have more raw computing
power than the system central processor 44. This allows
the secondary processor 48 to execute a large number of
processor intensive software, such as the Xlib library 28,
which are required only for driving the X Windows dis-
plays. This frees the central processor 44 to execute the
client applications 30, a job for which it may be much

more highly suited.

System 42 can be implemented, for exampl=e. in an AS/400.
computer available from IBM. The central processor of an
AS/400 is well suited to multitasking of applications, but
its efficiency at executing graphics intensive applica-~
tions is somewhat less. The AS/400 is designed to function
as a multiprocessor system, so the use of the secondary

processor 48 is a natural extension to the basic system.

Eiéure 4 illustrates the structural relationships betwe~n
the wvarious softwafé packages executing on the central
processor 44 and the secondary processor 48.Each processor
44, 48 has a bus interface 58 for handling the transfer of
data between the central processor 44 and the secondary
proéessor 48. As is known in the art, the bus interfaces

58 may have significant portions implemented in hardware.
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network interface 26 communicates with Xlib 28 which is a library of
relatively lowlevel routines. Xlib 28 is de- fined in detail as part of
the X Wndows specification, and may be extended if desired. A plurality of
applications 30 communicate with Xlib 28 through procedure calls. These
applications 30 are re- ferred to in the X Wndows systemas "clients".
These clients are the actual applications,_ such as word proces- sors, _
conput er ai ded desi gn progranms, and spreaalsheets whi ch are executed on a

conputer system All :dh@pHLt@}:'%d @U’El'@”buQY:uwéQfEééﬁrgs 8BPAICLLANS et Bra
human user is prefer%lﬁxl Bgesen% rrede$1lrggs:tll}/d Qi Iel’ {:cttl %hﬁ%u@{l thhe Xlib

28 procedure calls. enera ca- ansim tted
by Xlib 28 through tH’érﬁe‘EWS’r ﬁ°144“Pt16m?’Ff'et3(es"é?“\Pé‘Fe‘185YsﬁF’PI‘ﬁ% -nput generat ed
froman input device 24 travelling in the opposite direction. The conbi -

nation of the Xib Z&handt%éﬁaxealgg%aﬁouklﬁﬁgmﬂaaadhssoﬁeartypéﬂﬂno% ine
| ow | evel details of heag{__spal1 %%/ thﬂ’e %I I ent,. pPRLI gt NS, SPageﬂn(g
unc

freed to performthel prinary ron W t consi deration of
details. |n most sitidePbrEsPrenthtigl PEAMAGASPYS ntta rhseFf"&’&‘é“&P?%%tly
with Xib 28, but ratvieetiealdyt betwdent adiaents hdnaks \iHich provédiwea chils.
level interface w thahberéfinnp| idiaby 04l alténaltadk mdthsd.in their turn, make
calls to '
An application 60 executes on the central processor 44.
All X Windows related input and output performed by the
application 60 is performed by making the appropriate
procedure calls to a tool kit 62, an X1lib stub 64, or an X
display data manager 66. Other types of input and output,
such as to files stored on mass storage devices, is han-

dled using techniques known in the art.

The X1ib stub 64 takes the place of Xlib 28, and appears
to the calling application 60 exactly as Xlib 28. Instead
of actually performing any X1lib routines in the X1lib stub
64, the procedure calls are simply passed through to the
bus interface 58, for execution in the secondary processor
48. The procedure calls may be reformatted if desired to
enhance the efficiency of the data tiansfer over the sys-
tem bus 46. When an Xlib call is supposed to generate a
returned result, any returned results will be transferred
to the Xlib stub 64 over the system bus 46. Any necessary
reformatting is performed by the stub 64, and returned to
the application 60 in the normal manner. Thus, the inten-
sive processing normally in X1ib is not performed on *he

central processor 44.

The tool kits 62 may be used in two different ways. A
large number of tool kits are preééntly available in the
art, and are used to provide a wide array of standardized
and desirable program interfaces. These.tool kits 62 im-
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the Xlib 28 routines. In providing a high level interface to applications,
the tool kits can require a |l arge anount of processor performance. Standard
tool kits are made available to applications witers in order to sinplify
their task, but they appear to the X Wndows System as nerely another part
of the client applications 30. A considerable anobunt of processing nmay be
performed with- in the Xlib 28 routines. éib 28 handl es draw ng of graph-
ics figures, and initiation and mai ntenan of network comuni cations with

the display system 1Q;efedtalo@e W§Eo&a&e99né§2 and Ped QUL R i1kBerd b 28

are dedicated to the manra %ggn}_r O havm \oésé ro.lavprciltUdl ng Slfllch consl deraté ons
as display of over- ap HOOWS

vent e - an (J:l ndow m)verrent

across the display. A8%Y saRBéPFa‘klrﬂﬁ'\ﬁm 'lrhetiﬁ’é’laf‘%ts t8fe 3 1ki n’d“s Beigi Sy
processi ng require scghl ffldantowivent&t,obr prayc esmomiedforinformegen to a
processing of variougodypas bfeftifd RERhOrJBRENaL XpYhEKkes . exwishemmrht S.
This type of processing,is sell, (‘;9 X&? )]Ef?:sbﬁzhﬁ@;m >5<1R£°§§$§e%rur ens ‘i: Bi t

napped |nages can be Scanned In e can pbe Ccre
1ling the X1lib stub 64, or communiate directly to lower

levels by communicating data directly to the bus interface
58.

As mentioned above, the tool kits 62 may be handled in two
ways. One is for the tool kit to actually execute on the
central processor 44. The other technigue is to merely
provide a stub to a tool kit executing on the secondary
processor, similar in function to the Xlib stub 64. In
this case, the actual execution of the tool kit cocde is
performed on the secondary processor 48. The latter ap-
proach has the advantage of removing additional processing
load from .the central processor 44. Having tool kits exe-
cute on the secondary processor 48 is especially advanta-
geous for those which perform image processing, due to the
processor intensive nature of such work. For various im-
plementation reasons, it may be desirable to have some of.
the tool kits 62 actually execute on the central processor
44, with others executing on the secondary processor 48
and being represented in the central processor 44 merely

by stubs.

The X display data manager 66 is an applications program
interface (API) which can be called by the application 60.
The X lisplay data manager 66 is similar to a tool kit €2.
but preferably provides hiéher level functions. Instead of
responding to single characters, it preferably communi-
cates using larger blocks of data. The data manager 66
preferably allows an application to define display panels.
The definition includes input field specifications, output
areas, graphics interfaces, and éimilar features. In re-
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ed by an application. Various types of manipul ation, such as inage rotation
and scaling, can be perforned on the inages. |nmage conpression and
deconpressi on can be done to decrease storage requirenments for. the inmage
files. This processing is often perforned in tool kit routines which are
cal |l abl e by various application prograns. It is well known that this type
of processing alsoe requires signifi- cantyanounts of processor tine. .

Al though it is not required, one of the client applica- tions 30 typically
IS a wi ndow manager ppéogHeaato\ViL£ILsUgeom tHae apbIiieivishnegerthel aﬂﬁlalyaaﬂltlaes

many details of wi “dg%%' bk %Uﬂﬁsa% %eﬁhggdaér‘%t?‘é’mgt et Wade
the display. The win

oW nmanager | zes
management routines RFPHITTOX % "’?éc Ifi5 P@ Y, ngil%fé‘s%g c%%ﬁ?ﬁf@rp st em
such as is typical- B¥sioundedneste garieer ay t inrdie fdehfhudate s \ist artagm,
i ncl udes a central prrReeEsplayp4adChahaget VR ketaiwsf deta cardand.frBatther e

connected to a systeggma% pmeggoﬁl 59 mrﬁq&seweihewtm%@g@m to

typically found in a_co ut/ o ut devi ces 2nory,
and rmass storage (nof"%h \ﬁ% 5}( § erfréaggrc%rddu?%grraﬁ EmShy RPNt |

connection with a coﬁ\ﬁfhlfc’af:?’ﬁﬂﬁ aFlFﬁt“EGln‘?\/rﬁ%tl figis Aatdn tP§°'E‘EF9L‘he
net wor k 14, RO 9 90 O special keyboard functions .such as Help.

The concept of data streams transmitting large quantities
of information is known in the art, and an example of a
display data manager which functions in a similar manner
to X display data manager 66 is described in Application
System/400 Programming: Data Description Specifications
Reference (DDS) available <£from IBM. The display data
stream used in the AS/400 DDS display data manager is the
5250 data stream, described in IBM publication IBM 5250
Information Display System Functions Reference Manual.

Instead of, or in addition to, the use of data streams to
communicate information with the secondary processor 48,
the X display data manager 66 can make standard Xlib pro-.
cedure calls to the Xlib stub 64. These procedure calls
are handled in an identical manner to those which are made
to X1lib by the tool kits 62, or directly by the applica-
tion 60.

The SsSoftware applications which are executed in the secon-~
dary processor 48 are shown in the lower portion of Figure
4: The X1lib libra;y 68 actually executes on the seconda-y
processor 48, and communicates with the network interface
70. The Xlib routine 68 maf be called directly by the Xlib
stub 64 through the bus interfaces 58, or from various

applications executing on the secondary processor 48.

RO 9 90 052



9 The problens caused by the |arge processing requirenents of Xlib 28 are
easily understood with reference to the conputer system 32. Central
processor 34 must execute all of the Xlib procedures as well as the client
applications 30. Whenever comrunications nust be made to or fromthe
network 14, the Network interface card 36 handles the |ow | evel details of
such transfer. However, every data trans-_fer in either direction nust
ultimately be handl ed by the central proc]e4ssor 34. Since the Xlib

procedures are knom@.%olpemw&ceﬁsenelmence,stsyﬁ) A teothmbhad eaa3BPLEEHRLED
that the overal | Sys%‘i‘ %’1re%tq€ng2€v§ee% arp %?S??aagloﬁll %)ﬂ ltlh bf %&%gyfls

degraded. The anount of emin
systems which are exé’eﬂ‘i‘?‘%’j &fr Ehig |V@Iey "’gh‘%ﬁ Ia?ﬁjr?é’éf"l%]flﬁ a%ll?ga”r%\/\é\)’er
i f system 32 i s bei nghesamrplasattionentndi|they¥t paintihg Hevdigy witiidnan event
applications 30 exeCcghéNgad h£rfous@n bus¥éd N iRA! foREABN Chn il |ref@i &y tiied

system response i rfeawcé,gzlg@ 00 JOlSaal 183 68 POSESSA abPi ARSI Ve

graphi cs system such_as i.s seen work poorly in an a rangenent
wherein a single cenftt &ystem supports

As described above, some tool kits 78 may be implemented
so as to actually execute on the secondary processor 48 if
desired. These tool kits 78 may be invoked by stubs run-
ning on the central processor 44, or may be invoked di-
rectly by the secondary data manager 74 or any other ap-
plication running directly on the secondary processor 48.
Tool kits 78_which perform image processing, such as image
decompression, scaling, and image manipulation, are well
suited for executing on the secondary processor 48 because
of their heavy demands on the processor. '

As described above, the window manager is a special client
application which can be used to control the windows of
multiple other client applications. Execution of the win-
dow manager is processor intensive. The window manager:
client 80 may be executed on the secondary processor 48,
relieving the central processor 44 of all of the burden of
executing the window ménager. The window manager client 80
is a registered window manager within the X Windows sys-
tem, and makes procedure calls to Xlib 68 to communicate
with the X server 18. Since execution of the window manag-
er_client 80 is processor intensive, offloading it entire-
ly to the secondary processor 48 greatly relieves the

burden on the central processor 44.

As will be appreciated by those skilled in the art, the
functioning of the various software"packages is not great-
ly changed from that of prior art systems. Xlib is the

same library, it merely executes on a different proces-
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a large nunber of sinple termnals. Figure 3 illustrates a preferred
conput er system whi ch incorporates teachings of the present invention. The
sys- tem 42 includes a central -processor 44 which executes client
applications 30 as descri bed above. Central proces- sor 44 is connected to
t he remai nder of the system in- cluding subsystens which are not

il lustrated, through system bus 46. A secd®hdary processor 48 is al so
connected to the systém bus 46, and provides a Iig}_g{to t he network 14,
Secondary processor £8TactRfals§ ‘é%rﬁtg‘f’ﬁs $UPF TR §F8R, % 68 STHRE2 T €
conput er system wi t hikmown st fthogheskidded diar Fhpr axlos sdrhaghc Bt aimg gobus
interface 50 to the swsteBudliasdBhe afitbsanpr GLLS A0k bémaidldep oMciHededfts a

ot or 6d Computor Sydooe,Systhn;Odhots Fo-dicht! PhRILEALY kdgutf Ml c4f B4
items such 215) a rea)é Bt yY sitmé’}%“,‘enrtﬁﬁd?ﬁnt 85%5%‘#@%?37‘, %Q%nair}tolw aaﬁiﬂpf'f‘g? ng
circuitry, and optiongRlndksgwmt orifigdy FHellndeeS96Evare %o pkhef eytaiicyuze f ul |
f eat ured general described. This means that the amount of code which must
be rewritten to implement the described system is moderate
relative to the large performance gains which can be

achieved.

Since the significant burden of the details of the X Win-
dows systems are offloading from the central processor 44
to the secondary processor 48, the central processor 44 is
capable of supporting a large number of X Windows applica-
tions. This allows a system such as computer system 42 to
be used centrally to support a large number of X display
stations which can be connected over a Local Area Network.
This can provide cost savings over the use of a larger
number of high cost work stations. In addition, if a high
capacity central machine, such as an AS/400, is already
available, X applications can be run on X display stations
for a low incremental cost by connecting them to an exist--

ing network.

The embodiment deﬁcribed above assumes that the central
processor and the secondary processor reside in a single
computer system and communicate over a system bus. An
alternative system arrangement which utilizes the concepts
of the present invention provides for the secondary pro-
ceésor to be located in a separate machine from the cen-
tral processor, possibly at a physically remote locaticn.
It will be apprepiated by those skilled in the art that
the described functional split between the two processors
results in a relatively minimal . amount of data trans-
ferred over the system bus. This result can be used

to provide a remotely located secondary processor connect-
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pur pose m croprocessor. For exanple, secondary processor 48 can be designed
around an i 960 m croprocessor, avail- able fromlIntel. Additional

co- processors (not shown) such as nuneric co-processors or digital signa
processors, are preferably included within the secondary processor 48 to

i nprove the performance of nunber intensive graphics func- tions. The
processor 52, alone or in conbination with any such co-processors, nay very
wel | have nore raw computing power than théﬁsysten1central processor 44,

This allows the secondac{ycop;cggecses%;a48 t xec%te ah:L ar

processor intensive SO war e, suc I%ro e%ﬁ“ rar%/ ggee ?‘I}]af) erms

required only for dri VReGterRs ik nwiia HF§f°r15‘F‘a§"é alpost &% e’éseni‘h?-?]cé‘ﬁ{lr al
processor 44 to executmer lte the aystepplascatheadineb80s. dnj ebfédlr, Wwhe cdenttalmy
be much nore highly sLaﬂdeeecmwrwo%es@&sbepéfaﬂeeaeﬂ&@denéw WaXARagé N

an AS/400 computer avall gs{}(ﬁnﬁn gB%eﬂhe %‘%Q%I%Ut %QC?tgfs?Eeé’fno@ nf°‘§‘c490

is well suited to multi rcat rons Its I Cl enc
executing graphics i nt&¥shee I’i‘e(,sasagf? otRe iRESSERRRFER & e%teThBu%S?’ﬂO"ﬁ)
designed to function aseraapdinkpr ocessor system so the use of the
secondary processor 48 is a natural extension to the basic system Figure 4

illustrates the structyyal rlggggl o&snhlé)‘,ampg; vveg&ltglge oaryd Oé&ﬁ___tggf LWALE; en

ackages executin on t he central
P 9 9 pl?catlons are executed on a central mainframe computer

an the X display terminals used for input/output are lo-
cated in a different city. A machine which is connected to
the display terminals over.a local area network can con-
tain the secondary processor. The secondary processor and
mainframe can communicate over a serial link. Since the
data transferred between the central processor and the
secondary processor 1is wusually significantly less than
that transferred between the display terminals an the
secondary processor, overall system performance will not
suffer too much. This allows a system executing X applica-
tions to drive terminals located in many different remote
locations, which cannot be done using available prior art

systems.
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procéSsor“44 and the secondary processor 48. Each processor—-44,. 48 has a bus
interface 58 for )

handling the transfer of data between th r al T
processor 44 and the secondary processor 48. As is known MH“IH’M@
bus interfaces 58 may have significant portions inplenent bl ?’,IQO

9 90 052
pr esent

The. nature of the bus interfaces 58 do not forma part of®thte

invention, and wl|

the conputer system 42. The structure diagramof Figure 4 is of a type

known in

the art, and is

read in the usual manner. Each | abell ed bl ock

represents a software package. Data is commguagmsed vertically between
adj acent bl ocks using procedure calls and returns, or by an alternative
nmet hod. An application 60 executes on the central processor 44. Al X
W ndows rel ated i nputt-and® GQEPHteTp &Y F e8P 1EARY appl i cation 60 is

performed by meking the appropriate procedure calls to a tool

Xlib stub 64, or an X di spl esntdal appocager 66r Ekéarcihypepphicatipnt ppsd

out put ,

such as to files

techni ques known in the art.

a plurality of graphics terminals; and

a display controllér processor in communication with
said terminals and said central processor, wherein
output generated by the executing application pro-
grams is sent from said central processor to said
display processor, which in turn performs graphics
processing thereon and sends the processed output to
one of said terminals, and wherein input generated
at a terminal is sent to said display processor,
which in turn perfofms any necessary graphics pro-
cessing thereon and sends processed 'input to the

executing application program.

The system of Claim 1, wherein said terminals are-
connected to said display processor by a communica-

tion network.

-The system.of Claim 2, wherein said display control-

ler processor comprises

a network interface connected to the communication

r.=twork;

a library of executable procedures for performing
graphic functions for comnunication to said termi-
nals through said network intetrface; and
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The Xlib stub 64 takes the place of Xib 28, and appears to the calling

application 60 exactly as Xlib 28. Instead of actually perfg![@m anﬁ/ Xlib "~

routines in the Xlib stub 64, the procedure calls are sinp ”ﬂﬂg’m
to the bus interface 58, for execution in the secondary pro

procedure calls may be reformatted if desired to enhance the eff|C| ency of
the data transfer over the sys- .tem bus 488 Wen an Xlib call is supposed
to generate a returned result, any returned resu transferred to

the Xlib stub 64 over the® sSFREVER HRIE°RE. 1R TRSE °§aF§a’P%$e5fﬁﬁ?t’r’ffé’rP§'

performed by the stub 64,timd petwgenedais te¥ecaiiliec Rioassdsoes narvhe sadd mal
manner. Thus, the inten- sénteaprmeessssarg normally in Xlib is not perforned
on the central processor 44. The tool kits 62 may be used in two different

ways. A | arge nunber of t Kits are. pr.esent avai | ahl e t

are used to provide &-wid aP?'ﬁE/e"bes?%ﬁa'a dlwz% emfadgsﬁ%cbtggger 6’5?5?11
interfaces. These tool kiduwreg2arm 1ROKedoby oagPlicagdon)| REATHRND [ XaFREHRT
procedure once, and free 4hesadfpkesataloprocessor, wherein an invocation is

made by transferring a message from an executing
application through said communications interface,
and wherein results are returned to the executing
application through said communications interface.

5. The system of Claim 3, further including at least one
application program executing on said display con-

troller processor.

6. The system of Claim 5, wherein the application pro-
gram executing on said display controller processor

comprises an image processing tool kit.

7. The system of Claim 3, wherein said terminals are
responsive to X Windows System commands, and wherein

said library comprises XLIB.

8. The system of Claim 2, wherein the communication

network comprises a local area network.

9. The system of Claim 1, wherein said central processor
. and said display controller processor communicate

through a computer system bus.

10. The system of.Claim 1, wherein said central processor
and said display controller processor communicate

over a serial communications link.

. 11. The system of Claim 1, wherein at least one input

event 1is completely processed in said display con-
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prograrmer from having to rewite code which is comopn to nmany
applications. The tool kits 62 will, in their turn, call ﬂmm m:lm ,f

or may communi cate information to a tool kit executing on mml/ m,
processor. As shown in Figure 4, ‘the tool kits 62 make Xl i pFockdute scalls
by calling the Xlib stub 64, or comrunicate directly to |lower |evels by
comuni cating data directly to the bus interface 58. As nentioned above,
the tool kits 62 nmay be handled in two ways.” One is for the tool kit to
actual |y execute on the certbaledr peasss8br 44 thbigt OiRCErvieRENBE URohS d284

merely prow de a stub to a kil exagyting on the secondary processor,
simlar in function to the %ﬁ?‘lbals%% %% [n this case, the actual execution

of the tool kit code is perforned on the secondary processor 48. The latter
ap- proach has the advadhi ademethokerfiovi Rgrirtainy oirputgjpeonads bagveeracdnf rpm
the central processor 44. pPavidigohoOdxdeutneXen Clit eolputiee sprendama a

processor 48 is especially @Qﬁ/lﬁ'?:tsaal&ﬁ%&}stér%ﬁnéfo%%miéﬁéﬁgpéﬁi %ﬁ:gbé g€
processing, due to the processor intensive nature of such or various

im plenmentation reasons, it nay be desirable to have sone of. t he t ool
kits 62 actually execute of*etitipgnthanPPrpliFeéinroma, cSiitrRl RIRSESSEXecut i ng
on the secondary processor 48 and being represented in the central

processor 44 nerely when output is generated by the application, communi-

cating such output to a separate display controller

processor; _ .

on said display controller processor executing graph-
ics display routines for translating generated out-
put into a form suitable for driving a graphics

terminal;

communicating translated output to a graphics termi-

nal for display;

when input is generated at the terminal, communicat-
ing the generated input to the display controller.

processor;

on the display controller processor, translating
generated input to a form suitable form communica-

tion to the application; and

communicating the translated input to the central.

rrocessor for use by the application.
13. The methed. of Claim 12, wherein communication between

the central processor and the display controller

processor is performed over a computer system bus.
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by stubs. The X display data nanager 66 is an applications program

i nterface (APl) which can be called by the application 60. T ' _
data nanager 66 is simlar to a tool kit 62. but preferably lmﬂmm;m@!m““l

| evel functions. Instead of responding to single characters, cpr. y *
communi - cates using |arger blocks of dat Z?ho The data nmanager 66 preferably

allows an application to define display pahels. * The definition includes

i nput field specificajiOonsneOpiditly 8FC@FinI 2NN Lh NESHACESicANHeBdd ar

features. In re- RO 9 90 %32 $3a]§poggceest grcalnlds fl{eoné}shciaapgolngatjoon 60,
the display data manager 68°bi*PHE* B SERFS dat’s st realls o t Ko secoldar y
processor 48 whi ch defi ne PEAE#SFOF| dESPBREAIMEIIPERT o FFEARL eFUIMUGA CRBIARSST S
screen or input field datainkn return, the display data nanager 66 receives
data streans fromthe secondary processor 44 and processes themfor return

to the application 60, Thege [ShianiNe:daha ! £ PoldE oUCh unaLions
as returning input field data_and procéss-_ing specla eyboard functions
such as Fb|p. the display controller Pprocessor and the terminal is.

performed over a local area network.

16. The method of Claim 15, wherein the terminal is re--

sponsive to X Window System commands.

17. The method of Claim 16, wherein both of said trans-
lating steps comprise executing X1lib routines on the

display controller processor.

18. The method of Claim 17, further comprising the step
of: '

executing, on the display controller processor, addi-
tional procedures which in turn invoke Xlib proce-

dures.

19. The method of Claim 18, wherein such additional pro-

cedures comprise image processing routines.

20. - The method of Claim 17, further comprising the step
of:

' on the display manager, executing an X Windows System

¥Vindow manager client application.

21. The method of Claim 12, wherein at least one input
event is completely processed on the display con-
troller processor without transferring any informa-

tion to the central processor.
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The concept of data streams transmtting |arge quantities of information is
known in the art, and an exanple of a display data manager which functions
inasimlar manner to X display data nanager 66 is described in
Application Systenf 400 Progranmm ng: Data Description Specifications
Ref erence (DDS) available fromIBM The display data streamused in the
AS/ 400 DDS di spl ay data manager is the 5250 data stream described in |IBM
publication IBM 5250 Information Display S§tem Functi ons Reference Manual .
Instead of, or in addition to, the us t mruni cat e
information with the secondary pr oces?’oI% hg@ ﬁqﬁzgéﬁ% ﬁ&&'"% ata manager 66
can nmake standard Xlib pro- cedure calls to the Xlib stub 64. These
procedure calls are handled in an identical napeeradto those which are nade
to Xlib by the tool kits 62, or directly by the applica- tion 60. The
sof tware applicati onsAV\QisQ_mare execuotr%d in th sec%n darge rocessor 48
are shown in the | ower p’6r I on ofSlI'lppgur &%, gnﬁ?e“f(‘fl ﬁp‘lﬁ}'ary B EcPlal Ty
executes on the secon®dry YrBéR¥preoddaing RIATSAP L IR EFEN Hiediet
interface 70. The Xl iberowdplies6&uppyribe Agllhiedt dinse Exleyuby brlneaXIqebtmlJb
64 through the bus inpejdedces fif),OkndOIBpIAY | A tBRPEFpRE EONSorsBA AT ON
the secondary pr Ocessg}gec%l%edRQng t%g OsSe%arate graphics controller subsystem

(48). The graphics subsystem is preferably connected to
multiple remote terminals over a network, and communicates
with them without requiring all work to be performed by
the central processor which is executing the applications.

Figure N° : 3
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“T4:As is"known in the art, certain X commands pass through Xlib, directly
Yetween an application and the X server 18. Conmands of this type,. which
are specially signalled by the applications and the X pointing device until
an event such as a nouse button click occurs which requires the attention
of the secondary data manager 74 or e applica- tion 60. As described
above, sone tool kits 78 nmay be inplenented so as to actually execute on
t he secondary processor 48 if desired. These tool kits 78 may be invoked by

stubs run- ni ral—processor.44, ked di- rectly
by the secondpry_data manager} 74 OHI ot per ap- Ik&g;ior rynni ng
directly on t %Hﬁﬁﬁ ro:ngé |§§§%0J03I .'RgPl 1 fipgh {pef for mi nage
processi ng, ‘spch ecp ession, sgal iing, and i mag ni pul ati on
are well suit 4 ng Har because of
their heavy denpgds procgggor} As desgd ovel gt heswyndow
manager is a special cli i I i n be used to kontrol the
wi ndows of nultiple Qt r client aﬁpiécatiOns. Hxecuti on of the w n-
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~d0W manager i s processor intensive. The w ndow nmanager client 80 may be

vexecuted on the secondary processor 48, relieving the central processor 44
of all of the burden of executing the w ndow nanager. The w ndow nanager
client 80 is a registered wi ndow manager wi.thin the X Wndows sys- tem and
makes procedure calls to Xlib 68 to communicate with the X server 18. Since
~execution of the wi ndow nmanag- er cljignt 80 is processor intensive,
offloading it entire- |y to the secoffifary processor 48 greatly relieves the
burden on the central processor 44. As will be appreciated by those skilled-
in the art, functioning of the various software packages is not great-
| y changed optt hat of, pri pr—art—syst . Xib is the sane library, it
nerely execu ez;iggii;gtigi ent C pM TRAsS - 9 90 052 sor. The use of
stubs, such aspod |£Rgéﬁ§$ knowns##d t hose skilled in the
art, although. hot in a co j-text such _as |t he p esent one. The renai nder of
the soft- wa eggﬁ gtem s structure is showh in Figure 4g8-«an be easily
i mpl ement ed Iy} t hose skllled in the art_ by adaotlngﬂmgLL“Kng Lidely

avail abl e soffthare §0 The structure
HETWORK -
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50 (59 - 56~
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Fig. 4
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REPLACEMENT ohErils SUL"Q
esg@i;o@wpla.g?deﬁ..tt% paged .52

dga‘so\ri'bea. This nmeans that the anmount of code which E}q , 36
Gigiga(s)ar gaaged ... to paged .-

i'mpl enent the described systemis noderate relative :
per f or mance gai ns whi ch can be achi eved. Since the kilRevig® paebn &9 paged ...
the details of the X Wn- dows systens arg offl oadi hdd fAbstragthe :@aged al- to paged ...
processor 44 to the secondary processor 48, the cenfral processor 44“2 SEP 1997
capabl e of supporting a | arge nunber of X Wndows appbATE-OFi RBEEIPINLS....ccemmene..
al l ows a sysingfor prfididg eashew asersyith & fullPfeamréibgtaphida itlon. TO SUpport

a large nunber of X display stations which can be connected over a Local

Ar ea -Net wor k. TUhesinportapt alrawlbackost theausengf aoventral Isgstemeisothas thapgecessingber

of high cost work stations. In addition, if a high capacity central

machi ne, sdemard oanthegnaipocenteal systemdis auitei high| due thealspga sumbemn of ezaphical r un

on X display stations for a low incremental cost by _connecting themto an

exi st- i ngterenEs whichpre sppRariede ntn additian; tgdbe BprdR of sxervEBE aHarserEnbeE Of r al
and cormunfl ity Brogam elmRlaeEin hidarimat o Be 0B el S5
nd commut i . . System "
oo EossoPeR RSB ibY B RoBbEE S X HRRLA B LT 30 Ao RRRR"

processor, pasHd ¥véy sthal Htite? lof Yrdphital frhBaf! dr@ Bxecuting simultaneously using

the resources of a main central processor, overall performance of such a processor can

be severely degraded. .

A single central sjstem driving a number of terminals over a network could be a
cost effective alternative to a network of fully featured work stations. However, such a
system will only be feasible if the needed performance can be achieved. Such a
centralized system is .quite flexible, since fully featured work stations can be attached to
the network as well as graphical terminals.

It would therefore be desirable to provide a system capable of supporting multiple
graphic sessions on remote terminals or other devices over a network. It would be
further desirable for such a system to be compatible with X Windows or a similar widely
available standard interface. It is highly desirable that such a system provide acceptable

performance while driving a relatively large number of graphical terminals.
SUMMARY OF THE INVENTION

It is an object of the invention to ameliorate one or more disadvantages of the prior
art.

According to one aspect of the invention there is provided a method for performing
input/o_utpﬁt between an application executing on a computer system and a graphics
display terminal connected to the computer system by a local area network, comprising

the steps of: executing the application on a central processor; within the application,
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It will be appreciated by those skilled in the art that the described

functional split between the two processors results in a relatively m ni mal
anount of data trans- ferred over the systembus. This result can be used

to provide a renotely |ocated secondary pjocessor connect- RO 9 90 052

16 ed to the central processor by a high speed serial comu- nications |ink

whi ch perforns in alnost an identical man- ner to the system descri bed

above. |n gtherating binput ewhiichals wotdnse fondedpabler sfc@dving 2 @pslios eramdyUwhent | y

wi th nessage passing linking their operation, and it does not matter

whet her t houtput sagenerated by dbs epplivation,acaymumicatingssuch oatsie to alsepamate. display

al l ows, for exanple, design of a systemin which applications are executed

on a cent r §PtERIGHfRIAERSSRIo Fishine heeompenEysien pag: & SPMPHIEr Systemdbysoron said

I nput/outp re lo- _cated in a different city machi ne which is
connect ed Hbgpfl EGOBFQB?%EF%%?S%’ (FEPULIN ST ﬁ’m‘if‘cddwlﬁf ’é&mﬁ@t {0 tranglating: geperatgd

e oo i5°8 Sy SRR Ao, PR e "B A ot
output from the display controller processor to a graphics terminal, over the local area
network, for display; when input is generated at the graphics terminal, communicating
the generated input to the display controller processor over the local area network; on
the display controller processor, translating gemerated input to a form capable of
communication to the application; and communicating the translated input to the central
processor, over the computer system bus, for use by the application.

According to another aspect of the invention there is provided a processing system
for controlling graphics terminals over a local area network, comprising: a central
processor within the processing system, for executiﬁg application programs, wherein the
application programs generate output which is not capable of driving a graphics terminal;
a secondary display controller processor, within the processing system, wherein said
display controller processor executes procedures for driving graphics terminals, and for
translating output generated by the application programs into a form capable of driving a
graphics terminal; a computer system bus within the processing system for
communicating information between said central processor and said display controller
processor; and a local area network attachment for connecting said display controller
processor to the network, wherein translated output is communicated to a graphics
terminal through said local area network connection, and wherein input received from
said local area network connection is translated for use by the application programs.

According to yet another aspect of the invention there is provided a computer
system, comprising: a first central processor for executing application programs, such
application programs performing input/output functions by making procedure calls to a

graphics library; an internal computer system bus connected to the first central
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data transferred between the central processor and the secondary processor
Is usually significantly less than that transferred between the display
terminals an the secondary processor, overall system perfornmance will not
suffer too much. This allows a system exgguting X applica- tions to drive
termnals located in many different renote | ocations, which cannot be done
using available prior art systens. RO 9 90 052 CLAIM5S 1. A nethod for
per f or m ng préieidol O WikBéiftinge be@s  fifst agEtral Prdc@BsoeX aC fkdt NThiedfacd prOXRdiirer for
system and a graphics display term nal connected to the conputer system by
a | ocal ar egeidhyothls, graphies i Hbragy t precatuepcatlé : fremethet apglicatien apogtanas iand on
a central processor; within the application, generating output which is not
in a form cemahinicatihg dhényiongr thegintephrl computenisysi¢m bikien senongd ¢eniral preeesselt,ed
by the application, comunicating such output to a separate display

cont roljl Sr conresteds &y the tintesnal heorapiHel tsEstely Bt nfos eXechling, g5apties pyaedmiesus;
on sai I splay cantroller prqcessor, executing.graphic¢s display routings
for transl §ontated dphe Esaphics Bbrary .nwhersiy @‘Prﬁ‘?ﬁ’d&op‘g’%‘furﬁsr BYIeh é’%‘?"’%‘ﬁscs

term nal ;

for driving graphics terminals; executing on the second central processor, a second
interface procedure for receiving the graphics library procedure calls from the first
procedure over the internal computer system bus and invoking the gfaphics library
procedures; also executing on the second central processor, a third interface procedure
for receiving the commands for driving graphics terminals from the graphics procedures
and communicating them over a local area network; and at least one graphics terminal
connected to the local area network for receiving the commands for driving gfaphics

terminals and displaying graphics in response thereto.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention as well as a preferred mode ef use, and further objects and advantages
thereof, will best be understood by reference to the following detailed description of an
illustrative embodiment when read in conjunction with the accompanying drawings,
wherein:

.Figure 1 is a block diagram illustrating a client/server model for a graphical
interface;

Figure 2 is a high level block diagram of a central computer system similar to prior
art systems which performs graphical display related processing in a central processor,

Figure 3 is a block diagram of a preferred embodiment of a processing system

according to the present invention; and
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comuni cating translated output fromthe display controller processor to a
graphics termnal, over the local area network, for display; when input is

generated at the graphics ternminal, comunicating the generated input to
the display controller processor over thg,l ocal area m nr '

di splay controller processor, translating generated i cmlﬂmmm Impabl e
of conmunication to the application; and comunicating the trafsl &t ed i nput
to the central processor, over the conBLAMSystem bus, for use by the
application. 2. The nethod of claim1, wherein the termnal is responsive
to X Wndow System conmands. 3. The nethod of claim 2, wherein both of -
said transl ating steps conprise_executing Xl ib routines on the display
control | er lpr odegneshod for periprmingTipuffeuipyt bstween sammappligagion hexeculidng s png
the step of: executing, qn t he di ?lrlial controll er%&{ oc%Esor, addi t i onal

pr ocedur es SHRPRIT Systet and; a,gr3phics(disp %rtﬁﬁ%‘ﬂﬂr@gm >d 0t COMPUKS FYSFmCPIa R m
4, wherein,such addjtional pr.ocedures cQprise inmge processing routines.

6. The ml:‘qcﬁgatesfne %{%m"%‘}‘g‘f‘ﬂf‘%ﬁ%ﬁr&%{ﬁ?si ng the step of: on the graphics
term nal, execg&é&gng%%ﬁmwwoﬂ%m%%%r{mnager client application.

within the application, generating output which is not in a form capable of driving

a graphics terminal,;

when output is generated by the application, communicating such output to a
separate display controller processor within the computer system over a computer system
bus; |

on said display controller processor, executing graphics display routines for
translating generated output into a form capable of driving a graphics terminal;

communicating tranislated output from the display controller processor to a graphics
terminal, over the local area network, for display;

when input is generated at the graphics terminal, communicating the generated
input to the display controller processor over the local area network;

on the display controller processor, translating generated input to a form capable of
communication to the application; and

communicating the translated input to the central processor, over the computer

system bus, for use by the application.

2.  The method of claim 1, wherein the terminal is responsive to X Window System

commands.

3. The method of claim 2, wherein both of said translating steps comprise executing

Xlib routines on the display controller processor.
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7. - The nethod of claiml1l, wherein at |east one input event is conpletely
processed on the display controller processor wthout transferring any
information to the central processor. 8. A processing s i u
controlling graphics term nals over a Iocl | area networ kTle EI“H““M”“'
central processor within the processing system for executi*ng¢applitats orf
prograns, wherein the application prograns generate output which is not
capabl e of 4dri ViteGn@h&d aPblafis 3! Airffied @bmpAising GvNélay ¥f:di spl ay control | er
processor, within the processing system wherein said display controller
processor execiekesutingpor dh display rcofitroNergo@ssar) additibmil Provetiares avitlch & turn
transl ati ng out put generated by the application prograns into a form
capabl e of inivokeiXlip progedphs.cs terminal; a conputer systembus within the
processi ng system for comuni cating information between said central
processor and said display controller processor; and a | ocal area network
attachnment _for _connecting,_sai.d di sp]ay, control |l er processor to the network,
wherein trans| gﬁ’@dmﬁﬁl"ﬂugf @%%‘%@é%au% addifjpugl hproseduges icAIIPTiSe, [ 1B1AGR
19 said local area network connection, and wherein input received fromsaid
| ocal ar eaPR¥E “3’8 ¥ction is translated for use by the application

progranms. 9. The systemof claim8, wherein at | east one input event is
conpl etely processed in said secondary display controller processor wthout

interventign f ARNSAHGH 6£85#nR B, further comprising the step of:

on the graphics terminal, executing an X Windows System window manager client

application.

7.  The method of claim 1, wherein at least one input event is completely processed on
the display controller processor without transferring any information to the central

i
Processor.

8. A processing system for controlling graphics terminals over a local area network,
comprising:

a central processor within the processing system, for executing application
programs, wherein the application programs generate output which is not capable of
driving a graphics terminal;

a secondary display controller processor, within the processing system, wherein
said display controller processor executes procedures for driving graphics terminals, and
for translating output generated by the application programs into a form capable of
driving a graphics terminal;

a computer system bus within the processing system for communicating
information between said central processor and said display controller processor; and

a local area network attachment for connecting said display controller processor to

the network, wherein translated output is communicated to a graphics terminal through
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processor. 10. The systemof claim8, wherein the graphi 3ﬂMﬂr '
responsive to X Wndows System conmands. 11. The system m Tmi

wherein the procedures executed on said display controller pfocessor s "@"
conprise Xlib procedures. 12. The systemgf claim1ll, wherein the
procedures executed on said display controller processor further conprise
gr aphi cs procedures which invoke Xlib procedures. 13. The system of claim
11, wher ei rsaidhiocpl amadoetesrie conndceidnp and awlgtrelh Sppdyreceingéd dtdne rsajdr ek afsa
further conprise an X Wndows System w ndow manager client application. 14.
A conput er ng{Eerkrgonpestion; is tuagslated Mot wse hycthe appligation pragrams.or  execut i ng
application prograns, such application prograns perform ng input/output
functions by making procedure calls to a graphics library; an internal
conput er system.,bus conngcted _to.the fiist central processor; executing on

the first centrdl® PFEERS ¢lpim £, mhetsin af, 8O TP S £ompietsly PEOGESIY Hhe
Jommuni cat iR PieaiaeAtoiy” Brpdolr Proshior Sheagl nfitufhn” ROBy, S, cemmal

central prgﬁ Q. connected to the internal conputer system bus, for
raphic

executing S procedures contained in the graphics library, wherein
t he graphi cs procedures generate conmands for driving graphics termnals;

10. The system of claim 8, wherein the graphics terminals are résponsive to X

Windows System commands.

11. The system of claim 10, wherein the procedures executed on said display controller

“processor comprise Xlib procedures.

i .
12. The system of claim 11, wherein the procedures executed on said display controller

processor further comprise graphics procedures which invoke Xlib procedures.

13. The system of claim 11, wherein the procedures executed on said display controller

processor further comprise an X Windows System window manager client application.

14. A computer system, comprising:

a first central processor for executing application programs, such application
programs performing input/output functions by making procedure calls to a graphics
library; | |

an internal computer system bus connected to the first central processor;

executing on the first central processor, a first interface procedure for receiving the
graphics library procedure calls from the application programs and communicating them

over the internal computer system bus;
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executing on the second central processor, a second inte ﬂmﬁ“\or
receiving the graphics library procedure calls fromthe i M“\m E

over the internal conmputer system bus and invoking the g cstlibrary ™
procedures; al so executing on the second2oentral processor, a third

I nterface procedure for receiving the commands for driving graphics
termnals fromthe graphics procedures and communi cati ng them over a | ocal
area networ k; &nsfcapd |cenal prosessphpeaTmscted torthe intermah competer SYHHR buss ofor
area network for receji,ving the commands for driving.graphi¢cs {ermnals, and
di spl ayi ng CAPHIRECEFPHIC PLorsilisS GBAUICY in e Erapbicso Har, whsreln. FeoBTaehiss m
14, wherein_ th term | ses.a conputer system executing an

hi I
X W ndows §§% egm%éfi g('?é?eacé)m X i%’fi&mﬁég gﬁ%ucééc ¥ system of claim 15,
wherein the gr %%Hu?i‘ﬁgl bﬁ) T@EYsceBHP" denfral ﬁ‘écgssor, a second interface procedure for

receiving the graphics library procedure calls from the first procedure over the internal

- ]

computer system bus and invoking the graphics library procedures;

also executing on the second central processor, a third interface procedure for
receiving the commands for driving graphics terminals from the graphics procedures and
communicating them over a local area network; and

at least one graphics terminal connected to thé local area network for receiving the

commands for driving graphics terminals and displaying graphics in response thereto.

15. The computer system of claim 14, wherein the graphics terminal comprises a

computer system executing an X Windows System client application.

16. The computer system of claim 15, wherein the graphics library comprises Xlib.
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