;e3eNNN| L6TNT 29 JUL 2003 1 METHOD AND APPARATUS FOR DI SPLAY OF W NDOW NG
ARPLI OATI ON PROGRAM ON A TERM NAL SPECI FI CATION Field of the Invention The
prefent inwention rel ates general" s and appar at us fzo% @Ls&bﬁyi ng
information an a termnal, and mmmmmmmﬁrly relates to netho

apparata for formatting and displayingd, on a termnal, graphical User
interfaces such as the Mcrosoft WndOws operating environnment and
applications prograns within such environmants. .o~ r" 29 JUL 2003
Background of the Invention G aphical user interfaces SUCK as the M crosoft
W ndows operating environment conprise the nost popul ar operating
environnment for the wor!d s best selling applications software. Such
environnments are typically preferred 5 because of ease of use, uniformty

of user interface, hi | { [ I ot reasons. However,
such user environnent gﬂ%ﬁ@%&f@@%%ﬁ@%ﬁh‘ﬁ%ﬁ@h ons and

m croconmput ers sWINBOVBENG dhRPLIEAT ONe PBO GRAM SO £ RERBAD Alnd

m croconputers, while flexible, present difficulties with 10 security,
reliability, ease of admi nistration) and value. Wiile data termnals era
known to offer the advantages of inproved security and ease of
admnistration relative to m croconputers, and usually at | ower cost,

term nal s have generally been unable to provide conpatibility with the nost
popul ar graphi cal user interfaces. Terminals operating in the X environnent
can provi de some graphical 15 interface capabilities operating under

Uni x[err], but typically are expensive, require.extensive nenory, and offer
little conpatibility with the nost popul ar W ndows

SPECIFICATION

Field of tha Invantion

The present invention relates generally 1o methods and apparatus for
displaying information on a tarminal, and more particularly relates to methods
and apparata for formatting and displaying, on a terminal, graphical user
interfaces such &as the Microsoft Windows® operating environment and

applications programs within such environments,

AR
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environments. Anot her option known in the prior art is diskless PCS.
Howgver) di skl ess PCS offer several deficiencies. 1n nost instances,

di skl'ess PCS operat i ng in a 20 client server environment Jﬁel %
application programinformation by downl oadi ng the appl i“«cation Tromthe
server and executing the application locally. This requires the diskless PC
to have whatever processing power is rgquired for each application it

" attenpts to execute. 1n today's envirohnent, this can require eight or nore
nmegabyt es of nenory, a powe e T%i%&f 25 on -- nmaeking a

di skl ess PC expensive. In a B"-ﬂﬁ‘ﬁ 3??&53 Y ffer Iim ted securi ty and
can require %W&Meugﬂmﬁt'eﬁﬁal%'%h BRetndVinneessd R Windo r8tihg 9
system provi des a robust network client/server environnent vvh e at the
sane ti revobfierimgooppst ithe Irdéyt pdpilse cppptiraenohsnpragrfamhevairidtst h the
popul ar Wndows environment. However, 30 the NT operating system was

wri tt en bfest seding iagntr@atlm spbwvarer rrﬁnahsenws:ranemsza@ mm_ca_moareserrresul t,

NT clients ass general ired t be rob as . a res expen5|ve
' add BECATSPREESE HTHARaS PTG 5" INieTats dnah.Bralbs CBmAY arRl. 2nd
not the r;u&g ??855 |ronrrent. The Wnfrane operating system recently

of fered B rrx Systems. Inc., nodifies the Wndows NT operating system
by extendl ng_r%wrevbe OPGEIRt sk anvivbhindhey Qe WUERIHed afdrhqisgh Whg prior
art application for WnFranme has been PCS clients as opposed to term nals.

, Ther e vnarkstitioms oand bewicrecorepdtdrsr s2cherasi medrsehiakhcamputdrat i v8ligh

i nexpensive. reliable, easy to admnister) secure and capable of displaying
appl i catwwsaﬁaenanan%f UHWPG‘FPWfW r\Vfalernﬂet’i'-'L’Berp’\hsﬁﬂbv@f“%@%twlﬁ 10

ol ogeltl TEBRR ST &R RN uT ™ 10 SR YRR e e 8 des
an i nexpaRehy & wemg(ad%ﬁeégeg & n%z%@Layaéaq:rﬁY%r@oeééé:af]henﬁm%&fahw e

conpatible with a w ndow ng environnment. In particular e present

i nvent i oBlagivetbdaitrécsinpplery, kRENIdAllycanabier ©fsteeemifialohave gehétalign
applications server running a nultiuser operating system This provides
secure dweesyneblatadpreyidpptdronetibiiisy avith hded dsasiopopuieragraghéndl tasra;

configurati ar]r | ication. serv tovi ded mtheﬁ{ormof a
ORI g i Ty SRR A R H@F‘Bﬁ”ﬁi&a@y’%@é{ e TB0F GRPHISEIG ¢ 1 x
SySt /B jnfefice dpallift; esgngxrg{ n%uRB@F %H. élleQFeog‘;ﬁér?ssvé heolir Edom

NT operating system plu I ons |rrp émantl a ‘disp prot'‘ocol known

as | CA3 g3geNdié nsmob), tdrdl6FEr Frleadtirhpétitsilsy W“nth tHey mmlpdméruoieﬁdow@ 2n
exenpl ary enbodi nent, a hardware 25 architecture based on the Intel X86

pr ocesscan\d'nomncnus addl tion, the term nal offers only limted main nenory,

and is genes ally incapable of |ocal .execuytip ern applic
prograns sucHRINGH PATBRJEYED Hbth%PHBh?E‘és bsg‘t' % oP"’Mf‘ﬁ’@l" gﬁb&sér

Pr 00" &My Oty by YLRORNS B! PR AL RO SYRLRIE b8 derkiyd 5 Vo

the tefmnal’ egent FRventi on s £'F&r ent prior 30
art %d elignhalseroér déﬁ{ﬁrsﬁﬁeﬁgs)dx@;ﬁlasﬂ *&I’plaeﬁﬁoﬁorﬁﬂo@lﬂéﬁﬂ th'?o@n@tlidr?nbérser ver

downloading the application from the server and executing the application

loczlly. This requires the diskless PC to have whatever processing powsr is
required for each application it attempts 10 execuie. In today's environmernt, this
can require eight or more megabytes of memory, a powerful processor, and so
23 on -- making a diskless PC expensive. In addition, diskless PCS offer limited
security and can require extensive administration.
The Windows® NT operating system provides a robust network
client/server environment, while at the same time offering compatibility at ths
applications program level with the popular Windows¥ environment. However,

20 the NT operating system was written for PC clients, and not terminals. As a



1129 JUL 2003 environnent. Inportant!y, the hardware architecture does
not &i Npl enent the conventional | SM PC/ AT bats, and the firmvare within the
term nal inplements neither standard PC/ AT BI CS nor a standard

PC-conpati bl e di sk operating system The terminal firmarggi yol ements

net wor k access extensions canpatible w,th the application server, again,
for exanple, the 1CA-3 extensions avaifable from Citrix Systens. A high

%Ffﬁ'e?“ RRUEIFE RSl i By sl aPRBsheEs b i Anda e vl eqr%‘éﬁ%%ﬁt pu
Louchscr anaRano RIS OHSs T PR Rt Vel BalPUifhent 400 kb ies a

net wor k thBtrgditiaser eaviebhpent. TRETNIHGANE Rperddrt sVsteah PhédHly &r
across conventional RS232 |ines, Ether ne{wconne*ct{%tns, Wi rewegg?r%?fs%%,

fiber ofiitrix Sp&xgrosend.i meodifidense Veimbalosey DN Tob henatinarsyatéinong e xWieiing
connected to the application server) the termnal 15 displays the Wndows
NT or W hEWP I8t e afriubiguesive R orafenent. ialibloyghnig eapyjoapill drmiicatinnfoogr ans

ti . th d by t .0f the t i . Inth
exorpl oty PRI RREIREN, AES: Sfita e oRsaRdo B TR dser casent  ai [y he
same as a MuchJpRr S RASUNE: HelRS SRELY Gor heart%%aaaow qspﬁeﬁaﬁ{%ﬁgo

conputer. As a result, during opera?i on the term nal e prese

i nvent i dneppéesioenuenaos ERAL W6 Esdripidtet,| ye@rsoshat €sbabid NofadBphdyidger
system while at the same tinme offering many of the desirable features
typi cal afrligatipnemrogeawerinformatomnenithinOee heltiusee §Yindhevgdr exemsting
invention i.s the: availability of client independent conputing within a
W ndoWs BWeGReRht . Thus, with a system 25 according to the present

i nvention, a user defines his operating environnent and that environnent
follows himo; her throughout the system A user could

Summary of the Invention

The present invention provides an elsgant solution to the shortcomings of

the prior art, in that it provides an inexpensive términal capable of displaying
15 applications software compatible with a windowing environment.

In particular, the present invention provides a display terminal capable of
communicating with an spplications server running a multiuser operating system.
This provides secure access to Windows applications at tha desktop. In an

. exemplary configuration, an application servér i¢ provided in the form of any
20 suitable computer running the Winframe™ operating system provided by Citrix
Systems, Inc. Thea WinFrama™ operating system incorporates the Windows NT
operating system plus extensions implemeanting a display protocol known as ICA-

2 as well as multi-user capabilities,
" The terminal includes. in zn exemplary embodiment, a hardware
25 architecture based on the Intel X86 processor line. In addition, the terminal
offers only limitad main memory, and is generally incapable of local execution of
modarn application programs such as word processing, graphics, database, or
other popular programs, or even the Windows or DOS operating system itseif.
In this way the terminal of the present invention is distinctly different from prior

30 art X terminals or diskless PCS, or other PCS configured in a client/server



therefore log onto one termnal) define an environnent) and then log onto
anot her-termnal. That second term nal would automatically display the
envi ronnment defined by that user at the first terminal. 30 In addition to
the ability to display application programinformation, the29 vup &gy UL
2003 terminal of the present invention intludes a setup node which permits
the user to configure a variety of operating aspects of the termnal. To
en=bl a t er AWHPETH he present invention to conply with commands sent by

h h i VWi nF , i al jnal b
opera .oyt PRALEUR "B R AT CuREEl o A0 cB80: ol v
oper ating SonvEnfSatehERR ATUEE piThe P Tedidth S8 e Frb e
fol | oned byaxieer f@hdwhi cﬁc)m@o@%{r! Qr@hnaaw@@ca%mwﬁﬁzaﬁn%rgggg)ed

i ncluding | oading nodified Wnframe client code. Execution of t

10 W nFr @&resvekerant Theckedesaimkimgrascinpiectéras tretamwrappkcess | @ngnsonyer .
In addition to the ability to display applications display information in a
M crosoft \SORRAMPIEMTHY Bitheprlicatina saneere @o2inmehekompia. IbeiIfé\-Sdextenhions

bili i i.th h h 8] - W ndows"
Sperating SYEHE B9 G HnRVTRG of TOERARooLLPBCHEN U AhHIgP S i8 PAEVERY. or
per sonal It g fote it B 38 B hiaY phOerilllnRXG nAinbCln ALBS LRS 31 &Y
personalities. Another feature of tHRe present invention is

i mpl enent atdolst, @6 vlelDaS MP A UtHEE HelRES I FEE 6PthE YR &R oAReht such
termnal and other |ocally managed tasks. In particular, the graphical

i nt er f ack) exspioypse akeyhoaid, ttpuchsevieedoarsd atttbrdd@hsamvitbew permits
reconfiguration of e, or nore term nal characteristics or 20 other |ocal
tasks. Arranged 'Pnagaﬁu’ﬁ?'wt{‘ﬁi terenen! Jneluees or sneteole| intaréacshicapablm dbe

coor v o hidditia ikh e pAREioRCoaRED serd ot srneShterafRdds ds)®
simlar menhe Yk cBHR &R smras&ﬁ,g;s@ B ATERE, HE€ Do EAIAL ThEEEME, LYRES

of groups and selects. 25 /1 furt eature of the 'present invention Is

t he i ncl usigmothkr icbantefiohsal Woper ednnet18§ Ib atei apflicasiv neemiey, thEhterfigsth
menory n&y be updated through_a variety of nethods, including comunication
t hr ough €0 Sisnlays the WiedowsdNE v YWinsioavs 850 partipgr envisormens ingbrding gny

net wor k adapt er }A/nen the termnal. is placed in a predeter neg1 state. ﬁg It
s t her ef orPRUREL G PSRBT (S CHEBSEH thesEMaT g BERFBRALBY Aneaish Bthe 2
9 JUL 2003 5, 5anabl @n%edé,%@wér@gah%gm%&,o?h9%¢fn%adap§e% AP Rhk Gdef O
server executing popul ar applrcations prograns running wthin the mcrosoft
W ndows NT eaperitidliyngieastvhe @Bneffuchl inoré eXpbHEBE le DbESlre0harB6r B ARMAbe

i nvention to provide a term nal
personal computer. As a result, during operation the terminal of the present
20 invention offers numerous features nomally associated with a muitiuser system,
while at the same time offering many of the desirable features typical of a
client/server environment.
One feature of the present invention is the availability of client-

independent computing within a Windows environment. Thus, with & sysiam

according to the present invention, a user defines his operating environment and

(2]
(53]

thet environment follows him or her throughout the system. A user could
therefore log onto one terminal, define an environment, and then log onto
another terminal. That second terminal would automatically display the
environment defined by that user at the first terminal.

20 in addition to the ability to display application program information, the



5 configuration system having a graphical user interface for configuring
,the termnal operating paraneters. It is a sill further abject of the

present i.nvention to provide a termnal for display of applications program

i nformati on which emul ates a client personal conputer in a Q@ig@ﬂ- rver

networking environnent. 10 It is a stilf further object of the pr nt

I nvention to provide a term nal having a conbination of desirable features

normal | y ragapal 8t eh Prddand m&ﬁdwmmm%wpfaea@ R BErhRIGhEG sl h| t

desirable feature, normally associated with 3 ¢ nt - server environment.

is a furttbegordlj@eta Obribhe oplopeeitingéepéé@oft hePtdwiifde, a termnal 15
operating system which enabl es comruni cations with a wi ndow ng Operating

envi ronnent whid enabla teersasks ¢f the passnhgneention $¢ aodapld VIAGH ABr&rhabdar i d
non-standard PC DOS. It is a still further object of the present invention
to provi FEMPYSEEHE R EhASTRBORBTUNGING XWNEraragniesRasie! RITeasE igrmina he

trm nal; operat.ing, Lt i et _agnother object of the present,

i nvent ioonooﬁ%g%bgvi‘zgee%hﬁIra?%%@_ef‘eg?&é‘ﬁ?ege\f@éﬁﬁl?'Heése‘%’ﬁatﬁst r AEREIVYISH ¢ h
rapi d swirkGhbAds ABPIHE chfls YN b Otk REeRRPARIAC Iof,%rmméﬁr%%tetrﬁe *f‘ﬁg%mirgﬁange
expansion cards or renove power fromthe term nal) “These and of her objects

of the pregssatinignyesieneninehyddse abpbbeblegiprecimtisikel eam édaer o | S,
Detail ed Description of the Invention taken in 25 conbination with the
acoorrpanfpﬂg"ﬁcgbwe%.kﬂhél WMEOW@@H@@OF@#@WQ{SMDQMM@@H softmgrerent
R A T T R A N RURT A T
of they BOMAGamLEIL NI FRE maiHE Bl ddHhection 1o an applications server.

In addition to the ability to display applications display information in a
Microsoft Windows environmeant, the present invention alse includes the ability
to communicate with other servers or hosts running "non-Windows" operating
systems by the inclusion of other resident terminal emulations or personalities.

16 with the ability to "hot key" switch emaong the various personalities.

Another feature of the present invention is the implementation of a
graphical user interface for configuration of a termina!l and other locally managed
tasks. In particular, the graphical interface employs a plurality of windows and
each window permits reconfiguration of one or more terminal characteristics or

20 other local tasks. Arranged in groups within each window era the selects  which
can be configured within that window. These selects, or choices, from which
the user may s=lect ere displayed, or displayablz through s pull-down or similer
menu. Various data structures are associated with differing types of groups and
selects.

25 A further feature of the present invention is the inclusion of the terminal
operating system in flash mamory. The flash memory may be updated through
a variety of methods, including communication through a suitable interface such
as a parallzl port, a serial port, or a network adapier when the termingl is placed
in & predetermined state.

30 It is therefore one object of the present invention to provide a terminal



2 9 JUL 2003 7 Figure 3 shows in block diagramformthe architecture of the
control ASIC of Figure 2. Figure 4 shows an overview of the software
architecture of a termng! in accordance with the present invention. 5
Fig!; a5 shows in sinplified block diagramformthe setup 49 elia2083
between the CU Engi ne and the remainder of the system Figure 6 shows in
flow chart farma tee |l evel view of th& process by which the term nal of
the present invention connects to an application server, Figure 7A shows a
setup scterapleaddispleyicaninfgumationgesefdiediby of adpiicifiopnresest exenalid on.

Fi gurws 781-7B3 show the data strucutre associated with the configuration
sof t war ePBPU{Alc2pPUCatRNS Rreataren. rupEng MELH DEYCR Migroso BF WIREoWPENTI ON 15
Referrin A Figure 1, a sinplified systemis shown in accordance .pith
the pr esg%g%:%né\iﬁw'gﬂwqeﬁﬂpart icular) a single application server 10

communi cat es b & LGLIARA biald LY BN° oL PVEAYORY 0T befdl nal s 12_pver a

sui tabl e network or ot nmuni ¢ ns 1i1n a. The ‘net y b2

an RS282cbnfigur@tloMGyaesT havitty EdpighicAll usdr Fifersel (16OoRBRGLLAR Sg.fé" as
twi sted 20 pair or coaxial cable, or other suitable link such™as ?i er
optics. iaiminekengiaaing peraangienent. whi ch has been deternined to operate
satistactorif i s running an operating system such

Yoo thema{:)Lﬁl | cation server . ] _
aS |, Ni ndo: vs'tNE-2 SH {HtRES RRISRY b2 dreendiipyentiandn rievidadauninal éar by

Ctric Gg; t Ji " Cetric.remt.a W ndows protocol or

ext ensi onisray, < AH [og¥BRs BrogtR ierigdit Wik 4B0BHE s B Sl richerbaatuni cn
provi de &&mp et I HS8leneaRAPL hidwdWdnl nilshihBhfdows PI'T environment. For
such a configuration, the cpplication’server may be, for exanple, a

per soh@l conpin ier 2 adletlirereranbjent ef tPenprésmmoinveodio nptope®EaE DtermiRal
sinri arsé)jrlqcessors such as_a DEC H pha or a MPS processor, or nultiple
~7r nr eSSCRENA GBI ¢ f desirably teanires aepually @ssodated with aanultexespl ary

3\? n??g%mﬁbﬁ%ig%%virto %e%%rtggéthg?zvi&a eesirséu(at egtLrITFE%ar%rFrga?l% aqsfsom!g/leg \%Ih
a client-sarvar environment.

It is a further object of the present invention to provide a terminal

15 operating system which enables communications with a windowing operating

environment while at the same time running a non-standard PC/AT BIOS and

non-standard PC DOS.
It is a still further object of the present invention to provide an apparatus
- and meathod for rapid, convenient ugpdating of the terminal operating system.

20 It is yet another object of the preaant invention 10 provide multiple-resident

personalities for a terminal, with rapid switching among the various personalities

without the need to change expansion cards cr remove powar from the terminal.

These and other objects of the present invention may be better

appreciatad irom the following Detailed Description of the Invention taken in

25 combinzation with the accompanying Figures.

THE FIGURES

Figure 1 shows a generalized arrangement of an application server and a
terminal in accordance with the presen: invention.
Figure 2 shows in functional block diagram form the architecture of the

20 logic of the present invention,



2 9 JUL ~pp3 8 CS, plus 1-8 negwbytes of RAM per concurrent user, dependi ng
on the particular application being run by the user. In cpr~ropriate
configurations, the application server i 0 nay al so com‘run';gag 3 \5ith
ot her servers, including a NetVIlare Tile server 16, a Uni X“hos ?:0 18,
ot her personal conputers 20, or an Integr net gateway 2?, Al so, through

ot her connections such as a router or other communications server 2G the
appl i cation Tggwars 1ol irfbidek CRABRIR fRFPtReAichiteERIFRIR thetBhite| AS8, oOf

by other neans to renote dial-up users 2 ~. Fceferring next to Figur a 2,

t he har dMeffieuss @hitecture of a terminal in i O accordance with the present
invention may_ b2 better appreciated. In particul ar?ﬂ. a CPU 100, typically a
M cr opr ocessdngye 4 1360X865N fvierviezndf the apftesaraAraniteeise dif retarmimal in
80386CXSA or ' 480SXLC m croprocessor, receives clock and reset Signals from

cl ock arfFPELRRCY BYHE thRPreTt BSENESRNUNi cates with the remaining |onic
i dd ta : ! tly,
W 2 an a0t o e 9,08 3, AP TR (b, S, o

are typica not~ conpat i
PCI AT stsngaleth tHOGLABRAhBaInei S pRkingerRittBe $iaeshard, since the pr
esent invention is intended to avoid many, if not 211, of the pitfalls
associ at ed wifipup=Gshaws implatve rchaopdo @i iantep neweingewock atie arocesmbgnt . .
In particular, the address bus 105 extends fromthe CPU 100 to a control 20
ASI C 7 iwbichadenarming! af the SresgntopyeatioRonnestate) 23 JRBICIHEAISEY$ler 114,

The data bus 106 | iLkei conmuni cates tyit nt rol. L& Lbhe VGA
contrc!ler 11‘:’%3)”%22\ 5ﬁ8r§§ﬁb?)fe§\‘?zfg?relefb}/m‘?{]-tag%ﬁg&%%smfggﬁg‘f%eIjbgrtlh%
proviﬁ?epsreggm [Rlansiognal s to the ASIC 110 and the VGA controller 1 14.

M scel | aneous logic 118 provides CONFIG |1DCS and DIAGCS to the ASIC i 10.
25 The ASI C TFigQrepnWBniZ8Beshovy htlidedamnosyuaturay Esiofiawda aithMithbus

120, and al so communi cates ~rrith the flash nmenory 112 via a PD bus 122.
The YD mmnfiratipasqitwereed tbemrasentciavestiobet : ~reen the ASIC 1 10 and the
flas!i mernory 1 i 2) a serial I/O and parallel controller 124, a keyboard
and mausc controller 126, as well as a LAN controller 128. In addition. the

ASI C provi des 34 an Al I RitribNeeR THEONWENTON Provi des RAS, C, 4S
and VWE signals to e nenory arrey 116, end provides COM
1, COM2, anRé&REBngI Mo to Fiydrbel Sh QimplifiedIsyeterhdd. sHowd iveaccbidandsl C 110
pr ovidps a KBCS sign2l to the keyboard! nouse controller 1 c6, and provides
an NE T @Bhskhyapresent hisvieAtlogont irolpaeticulas. a=fsingle| gopligetion A8rvErpibvid es
a spec<er enable si ggacgi SPEN t o a,é‘| spea) <er 1130,. Th? CPU, i Oq al so

conmuni cERTBEURIEATaS BidrertiRnalvoMith ops40r AhRINERTNLRF JETRERS '@ RVEDR er

128, andy [ 1815 nardbb k08 6B dr¥ort@intatiofs Bk 12N Bie hBRvork link may be an

. R8232 line, an AC power line modem, or an Ethernet connection such as twisted

20 pair or coaxial cable, or other suitable link such as fiber optics. In a exemplary
arrangement which has been deterrined to operate satisfactorily, the application
server is running an operating system such as Windows NT® with appropriate
extensions, such as those offared by Citrix a&s the Winframeg 0S, The Citrix
remota windows protocol or extensions include the ICA 3.0 grotacol as well as

enhancemsnts which provide true multiuser capzbility within the Windows NT

o
o1

environment. For such a configuration, the spplication server may be, for
example, a personal computer based cn an Int¢l Pentium or '486 processor or
other simiiar processors such as a DEC Alpha or 2a MIPS processor, or muitiple
processors, together with a suitable amount of RAM. In an exemplary

20 configuration, tha server may have sixteen megabytes of RAM tor Winframe™



bus 105. In addition) the ASIC 1 1 ~ provides h2rdV~are interrupts 1NTA)
*11°~*T B and INTP to the S1Q controller, provides hard~mare interrupts

KBI NT and MsI P~~T 10 to the KB/ M5 controller 126, and provi des hardware
interrupt NINT to tha LAN controller '128. The nenory gray 6. .is typically
conprised of DRAM nenory, although otpgr types of nenory v Ld@ﬁbptable
in some enbodi nents. However, unlike dern personal conputers, tha anount

of DRAM j ? 6, 15 ,r ired for operation of the termnal

t ypi cal | {Q%\'A}’Pfs ggr @gﬁﬁéﬁeﬁhﬁ 'f% PrtONSHEr S RBUSET  fERE R BY (1R Partcwer
Exenpl ar Y @@ | ¥ 284 ry address lines and a byte select line
are usad)’ Fa/ni ch Wﬁh?s&{ah%y r'r@“r’rowr%gp'space to 16 1498, in other enbodi nents

di fferent sizes afprGpMaty coMQUERSNES Maclpbliegion TBRLORY GhafShico110.
in an exenpl ary enbodi nent, contains functional 20 blncJ<s for Bés control,
DRAM contepmurticgie creith baiser gagerst jnchotingiat Meiibar file-areys 18, SYIhBRhEdmer
and spaaker tiner, and an |10 controller. The Control ASIC may al so be

i npl enent 8d CARETAPEBOR 3L CPMPWEr HERe Oy Mignsh earewey 2dbviAled, tmolgs
descri begd, i ter detai] in_Connection with Figure 4. In an operating
exanpl 0. Oe S8R loth S Ren A1 TR of Sagt, bOradRicasnssearur b, e 7 2
on the ofs8rc=2fo AE i ) t j I of~u o f;ve
nmegabyt esﬂgr nopgéﬁr?r'agr t}teap)gqraa\e(ﬁébrs?e%rﬂ |l$%teﬁ'kh§a%rr§€re%r ?eerg-hégl o%?hgﬁ:byt he
array ll@theonpeéseto térashe méarmuryusédsd 39 enbodi nents a substanti al
functionality of the present invention would remain even if the array eras
of EPROM and Fri&Uiag maiteto Ciayrar abithe hemdyprelevtbidsct8e dhe @r@imanitr ol | ar

1 ?4 conmunicates with COM1 .. CO'J12 and printer f or 29 ,lU, ~p3 1V
par al | |3°°186$?%°°7W§§‘, the presepiiny8ption Bayeke PoRey arpregiatydy fraPartiaular,

control | g I S a iLahle fir om
Start ech? C‘%4€£§3§&3?%]€§§35%ﬁ%%ﬁ%r 1@‘ zlstr?‘lhég?w%bgrfﬂlﬁﬂ 8%?'&9[7_% th a
keyboar derhB8diamshtrani SO 3BEL X BRI e’ 4988 AN reigko priocek b 6r, .rewbivel d156d afaeIEt be

provided in al? enbodi ments, conmmunicates with a LAN interfac=_ 142. 1n one
exenpl arfgspy vgoelpfeomidieck @pdoresdt hgisd GbniThel CRY dftormmjcmsavithathéar d
keyboard control | er, ile e keyboard and npuse w bath conply with the

wh |1
PS/ Z st dREHRINGIogHoYthaD r?‘fé{;ef%éé'ﬁ Wive? EatFORHAEHIG 2pHea kflohra 108.

contro | i+, pfi t o tible with the four-:yvise bcard
i nter ac@{p(?té{sg{lrdl\’bgﬁ IEQQ%% é%%o 18%1?%# @éaﬁip %&()%c@@v @.Otﬁor?é’??&'/b'rh‘@'tbkﬁg
control g re@paPEstaAYacHi f&0lagyn r bRLIE  &i Y
conply with 2ny acéeptaed net : r?i grﬁiﬁg{?a%égg?g{él F%ﬁ&?ﬁ?ﬁﬁ%ﬁgﬁee tﬁa

OBase2. rragenstingestion eintendun to Bndier faog, ifayothall,co bitKBittallsnassowiatedr e f or
addi tional ,code storage. The video and graphics controller 114 has
oper at i VIt RRISERFILUAPHIY SIIRGTEUNE AN & SRVATHEASRMIOPRRY: 144 far storing

i deo ‘and iCSi ' A ' Li ed itor 14f vi
Wps s Ta ShaR e Bl E AR s il 106 hing PR B KU 1B Bodithey' ® 2"
devi cz0 VASIT 1§ PDLES R ell s/ \N9ah ABORR Y RIVIEl Lafid TG X dehtHilePRS 4TEGRRYT € Of

video nenory to provide high resolution graphics displays conpatible wth,
as an exdatpl kys ctCq dikstvistecohoemidataphivah @@ Aonay] SARITIArd, tie WEA ba~
appare~r~to thosa~ sitifle~d in the art that thw total nenory requirenents
are di stSaNRA"ET 1d&s apHanrmeanory Fer%dld EoafutRl bravl @ stmitpilyprovides

caozbi l'i t] i sSplay W appli cati.on progr A.sleep signal. 150
mny be segTRelriiof feARl 140 SRR A e reBraie  SrRrahedidlRsis o
sleep sionabroRy-bCORFM, TS VURBIAGCE OAHPRSIE!PfB, version of the
presen .
25 The ASIC 110 communicates with the memory array 116 via a DMA bus

120, and &lso communicates with the flash memory 112 via a PD bus 122. The

PD bus 122 also provides communication bstwaen the ASIC 110 and the flash

msrnory 112, a serial I/0O and parallel controller 124, a kayboard and mcuse

controller 128, as well as a LAN controller 128. |n addition. the ASIC provides

30 zn FCS signal to the flash memory 112, provides RAS, CAS and WE signals to



25 invention, a signal is provided to the po:,|~er supply of the nonitor,

« whi ch di sables the video signal and lo~nrers the power required of the
nonitor power supply. In a color version, the sync signals are nmani pul ated
in accordance with the VESA standard to cause the nonitor t28 polegogot”, rn,
It yvill be apparent to those skilled iyn the art that, in the future,

numer ous of thes~ functions, including~the 30 CPU, nay be incorporated into

VLS! devi h ASi t 2 ZOp3
ot her dodmEmany S E3saFRd sitvAes SoVIRe Colva. nd A% Sideispicothongio
[ ti unal ti t [ he of h 112
be. uvdat o8 FRRShah s var Tery of it AERGaL. O RCPUHER o B CRRAS: HaRFoRo! iibugh &

sui t abl ekéyibeafdafOUREC BoRralet N IBbvRRst a4 30ETRSS Sl o or
13~, or a network adapter such os L.ANpiEInt erface 14I2. !n'dg%I etge{rIIﬁI -zIIl'-'re‘gIJ/IIZ

enbodi meeentroHer fl2&s h Fivestiyr yresdSidepupdased ¢duakeyeremiengitmatdmN Whih a
host system v~ hen the termnal is place:i in a predeterm ned state, such
as by at?%%‘ﬁieﬁgI%o'l oopaack plug, an appropriate key seauence or ot her

i tabl I t. d I [ :0 tha t inal’
verory SystomTE BRI D IRD | SREIUTE 5P A oc SimuRPEHel g T2A Hha he
host. Thgghasdrgl j A . I ' ' ik, ted
oper at | N S BB EUATRY 126 FhOFRE YRR AR EY Boa e b BRI s

menory tbts208.r eéctddditidmenahBer .1 thers\adat edreparatingrikstitma nhagmat i on
is stored in the flash nenory 112 if necessary, and the termnal is

r et ur nedard M3FRAP ths VPesanttiallgrspeavides hatdhwaohirdermipesdiBINT sndlisgibiTed. | n
nor mal ~condi t | t he syst of Figure 2 begins opdrati4n fai)ow na a

reset IBy“’o&Iﬁ IﬁﬁIIﬁﬁ %&II‘QF 3?&5@%‘%@’% gs Eé&g“’é(ﬁltfﬁﬁﬁéﬂtiw\‘ﬂh@ thebhMNenory
array 112 nIroIIS’rIIIZéSh menory array i i 2 may be arranged in two banks, both
of . whi c?‘n are accessed at a predeternined address of the CPU nenory space.

for 20 exanpl gh&PROPGry errE?F\ﬁ% @Wp%&ﬂg%mpr%’éﬁfﬁi’aﬂw I’ﬁer}ﬂggl "R Gy of

the nmenory space is allocated to provide many of the normal PC functions as

shov~l n otheFatypeslgf benovny. maty be idckepeatdp parsante teonivddiseril] | Hedvdvart he
art that, in an exenplary enbodi nent, the videol graphics nmenory addresses
are shi feelikeigpeerpapryeedl erpontersonbenmmenat Fdd rip shielrassayed.161n

h ~~5. i he,, V hi din. i hl g"

e, T8 eRRBT R BE ey e Corial <BrEe TR bin BRTaneRIy $ R RBhas o
f a 00N - afy b3S o < ~Fh

?f oI aTJa I %IIAIJnLgIIg?é CIZI%Q(E: rgagﬁpd-:fegn?IFFIéIhng g?%m ejg,a Igrélﬁ%?‘ggtg QI] %Sessggézs

2ddr essesnavd byteesslect lied dre WB8A0QOhichARiSthe a9 spaceTee18ddBesEHeES
have bezn shifted to permt ~0 Bank 0 CRAMto be contiguous, while at the
sane ti netheamimaedimigslitfgrent sizes of mamoonospaes aray-betrneferpedni tti ng

CrL AL On O OBl e Sk o SRS B S ) 10
Flashyd fhaeidANs Lontrol, DRAM control (typical fast page mods with interisavel,
a system timer and speaker timer, and an 1/O controller. The Control ASIC may
also be implemented as a gate array or other highly integrated device, and is
described in greater detail in ¢connection with Figure 3.
In an opersting example, it has been shown sufficient to size the flash
25 merory 112 on the ordar of 512K8; howazver, in other applications a siza 6\‘ up
to five megabytes or more may be preferred. While in a preferred embodiment
the array 112 comprises flash memory, in some embodiments a substantizl
functionality of the present inventicn would remain even if ths array was of
EPROM and SRAM or other comparsble memory devices,

30 The SI0 controller 124 communicates with COM1, COM2 end printer (or



FIle SySLEn'' Flash Network Card Additional Flash Menory ' Vi deol G aphic~ |
Controller i O RAM BANK 1 | DRAM BANK 0 FF>=FF; = ~ooo0o00 DFF: =FF C00000
BFFFFF 6E0O000 37FFFF sOoooo AFFFFF 800000 7FpcFF 400000 3FFFFF 0Ot 70000 s
ABLE 't 2~ Bank O may be arranged into a 16i C byte boat bl aZ§ Rj %e upper
. address range) for exanple FFCOOCH - FREFFFFH, follow ng two eight yte
paraneter blacks, and further following a plurality of nmain blt~cks dawn to

address F&a080Hodsor32, 33K 738l I dtWy.orTH@MDid%rﬁpé?%%QMowe[' 1%240N€

nmegabyte allocation is made? or EOOOOOH (if a two negabyte allocatidn is
made?. Tm@y23%erad n1B666@kdavficaresueh ase thypi adilapler ram zsgracrd fiThe
system Bank 1 of the f?ash nenory is typically allocated to a file system
devi ce, k#PoREg MewfecenBaleddii sieniBRPRRIFFMUeGS Tes VaiDateoo R €B8iang next

to Figure 3, tgg S| %@7 10 rr be better a%pg;eci ated. A clock buffer 150
recei vesT 8 YEPnh30 % YNAF, t%d"g%{oc-?f?td%'ée'cl‘ﬁe iNFfd SOt PREIPViHez0 irgANC

| ogi C 46 BRAM: t ' 64, .and, i waSRNLrol, .l ogic 165. An TI NT)
buf erélérgbr ecel @ggs1 %?W&F?ﬁA&W%%TBB‘%WEQK gfl%’]’ AP R¥EEIRFHA s as
2 9,1 UtpRpd/ps, B8R kb9BbBrd/MolaRl Sorirolie 2! ke ' rality
of signals to Ienterrup? Cornt rc?l Iog‘i3 Ctrgﬁ)r, (?\%E:\@héq}rjggeiévdgéﬂgé%gﬁf?%&@i gnal
from CPU@unoler, whijattheukegbodrd? aaddmause rwét boaht radmgliygnath kremeg/izmer
cc:ntrol | ogi c, 166 and .generates an | NTR output signal, ~~ahich is provided

to the CPENdaite APOUEHHDESIleasifempambodiments Wpkeybosrd gopltioder avittdet r ol

sl ang! t I rol logic.174, which in turn provjdes a control signal
o orect TR B B ontBRiidh i st ek e TeBere & eeriers beH-Si gne
fromiq 201 : Tk e fyi t4g Ly I erates
the. Shoaicaench B7PTRE. EHllP oAl i aR ool BLahy stfiRof B8FAT T It

control ihoeifacd ddritsolen; 3ebehah coaifat witheany i kedpied ddiouGysi@mdkidrer. or
tinEr control logic 16fi, is not 8254 conpati ble, and operates at a higher

f r equencPCtHinganOBasal c 3 PFase Bl @ndeothess. TTha nawvdrk irgertface rsayhaok t he

hi gher f ncy interrupts sear, by the timer control logic are nmasked in
the kern f?“glm%}%r%’ @Pée6%"55@6"‘PHFLEQHCPS°‘?§&OXi mate, on average, the

normal time DeRy-GRdo U 'dtBhRics TRBNHBP 114 has operatively associated
15 therewith a second memory array 144 for storing video and graphics information,
which is supplied to a monitor 146 via an MPS 148. The video controller 114
may be, for example, a Cirrus 5429 device with intarnal RAMDAC, and may
have on the order of one megabyte of video memory to provide high resolution

: graphics displays compatible with, as an example, at least the Video Graphics
20 Array standard. It will be- apparent'1o thosa skilled in the art thar the total
memory requirements are distinctly less than for a personal computer having
similar capabilities 1o display Windows epplication programs. A sleep signal 150
may be provided from the ASIC 110. Various mathods for implementing a sleep
signal may be used. For example, in @ monochrome version of the present

25 invention, a signal is providad to the power supply of the monitor, which disables
the video signal and lowers the power required of the monitor power supply. In

a color version, the sync signals are msnipulated in accordance with the VESA
standard to cause the monitor to power down, It will be apparent to those
skilled in the art that, in the future, numerous of these functions, including the

2D CPU, may be incorporatad into one or more VLS! devices such as ASICs, gate



15 frequency thus permts enmul ation of standard PC functionality even

. though the tinme between |ov~rer (standard? frequency enul ated interrupts

may not be uniform The ASIC 110 al so includes a CPU Address | nput buffer
17fi, which receives B50, Bcl and Al- A23 signals as described in T able 2
and provides an 20 output signal to a DRAM Menory Address Ki¥x Y7 2008s wel |
as Mem |l a~ Chip Select Control |ogic %80. The Memli | O Chip Select: Control

| ogic 180 provides a variety of output signals, including FLASHCSO ( FCSO
and FLASHESIs.~¢C3ther gevgtesmaf s, and others as shown in Table 2. Further, the
ASI C 110 receives sign2ls DO 15 fromthe data bus 106 and provides themto
CPU Dat a i npulh dgpeeipl fiegpurens theahasdivees of e prageinddgvertion t theatdBdans

Qut put Buffer, & Latch 184, which supplies output signals BDO-15. The buffer
182" al 5O RFGHMEESVHET Serasbielna: Gt Nemegi ¢ 1PsmiavAe hsdptedghrowah sl EE?

d j .Si - 1 d
and, PORCYD ool UGS BR T 00, DB YR Ral e, 10
JQ Thg hgter bb'r%‘ll_elcﬁé}ftr'l(lﬂG,'é)Qérféél é&?zuﬁé%rpfml ges r?étWEﬁ%safé;:ittepgupré‘ser

190, A configuration ~pp3 1™ register SO provides a

canfi gur eAbdnirskefage (42ichnasn kaedwiarg eabbiiguermt, itbe) fldsh ree@BRy endpwenuch
flash andl or DRAM or framthe nonitor power supply or froma plug-in card,
for exanpPéated theauah xomamuicatipn WEhGupsiavAtyBtWhen she fterminal i plasedan
supply data an, the .bug 106 to 5 Reterring next to Figure 4,
s ey 9 chp o

he CPU. 1, the
cey el enlnt BTGt IRNER ST R SUSHAT S BY 25 P Ui 7 IBPPEREK Sl g oAt APRIBPR SN may

be bette 1 el d. f.Qr | hat, t he
har dwar eﬁﬁggﬁgeé%%g%e%ﬂthte{%gh?l?gn% n@t &{:cgln‘f)‘gfg' ﬁ%rggﬁein? hagwsr{]g%& g?dt °AT- bus

desi gnQ thsteradnall endrOpERY slehy (Nbhablet lhits soill ddriiiii® coPhmUAWsEidnt h4
requi site B10S services to the upper software layers. In zn 10 exenplary
enbodi mewtth e hppt.midrechpst thesi grevidase wiaithe commumisat8086)infodepdatiedh

{1 mor s DRPFIG B GerGLR FHgka 1R (ETBGRIS DRAMOLLS Br ahotpatumarten
whi | K - : _ it |
fhe cvnt ' 5 ek iy ARGeReR 3R Lpvaf (oA, et EYFMRaTEN (ERRIRLL "

~ voul d #lesgiaRf Aensoty Atiedif Rbedtlapy SHAA B tédnihbPme aBtudn@dt BPne@hdls of

such hardware conponents are intercepted to facilitate the emul ation. Al so,
under 1§ heparaninnostatds i vdiith atoeeh|d2dingds elisatiedmenory nanagenent feat ures
of the processor could be enabled to sinulate the waparound which occurs
in normal harldRerenal.conditinns. tegsustem of Figure 2 begins operation following a
reset by beginning execution of the boot code contained in the flash memaory
array 112. The flash memory array 112 may be arranged in two banks, both of
. which are accessed at a predetermined address of the CPU memory space, for
20 example COQQ0Q - OFFFFF and EQDOQOQ - FFFFFF, while the remainder of the
memory space is allocated to provide many of the normal PC functions as shown
in Teble 1, below. It will be apparent 10 those skiiled in the art that, in an
exemplary embodiment, the video/graphics memory addressas are shifted eight
megabytes beyond conventional PC mamory addresses. in such an
25 embodiment, the VGA chip may be used in “compatibla” mode (i.e., linsar
addressing mode turned off), so the VGA chip only responds to a frame buffer
2t AQOOOh - AFFFFh (in graphics mode) or BOOGOh - B7FFFh (for MGA rmode) cr
B80O0h - BBFFFh (for CGA mode), and that these addresses will be shifted to
BAQ000h -8AFFFFh, and so on. The addresses have been shifted to permit

30 Bank O DRAM to be contiguous, while 2t the same time (and as discussed



20 Continuing with reference- to Figurew ~) the term nal opera ring system
. begins execution with a boot block 30a, followed by | oading of a kernel

305. Th3 kernel 305 provides n2ny of the int=rcepting and r i
functions of the present invention) as nore particU 2rly e%@l@ﬁ'ﬁz@‘%
- hereinafter . Upon conpletion of the K& nel 305, the 1 Q SYS code 310 is
| oaded. Next the COf UMANp. COM ?5 code 315 is | oaded) fcllovved by executing
commandsh§ebvditesd deymartindJEGRNEGOBAT hodneal FDefuNITIORXELBAEMI toep 8RNIt
i nclude, for exanple) ~:eyeosrd and nouse drivers although both such driver
s nay non'sB'éVL%’gﬁRFEOW@W’I%Pﬂn@’@S'é@ Inforenatials a VGA XMS driver. It may
al so include other opti i ing startipg .a self-test sequence,
Lvhi ch executes i T apprloptA&HeBAbIXIOt i ons| ~0 exi sETTTH an exenpl ary
enbcdi ment, a | oopback plug installed inla --, g 8ODbUI ~uU3 15
comur? cati ons port caulsBeot Rogkefiashess sequence"?o eéxecute. T he EXEC. COM

code 325 is then | oaded| n nt,” dependi ngpepsgpa i mal enent at i on)
either the systemw || ﬁ%?ﬁséﬁwg de

et , for user commands nmy cause either
an entry of the setup i 8Lt Aigafli ng of netwooROOANnection 5 cede. In
a presently inpl enment edefbothrent—the—slystementers the setup ncdc~ to
obtain current configurlebtotkat a, and then conti BE&&F@vith | oading cf the
net wor k connecti on coda.C!f t he i npl ementfati on peégg@ t he user to sel ect,
and if the satuo node i| user, th 8 coM 325 branches to
run tfe SETUP, or GU 10A83Moral Fidsk setup node wasepet sel ected, the
EXEC. COM 325 cooperates| in the | oadi ng and unl oading of network drivers at
335 and begi ns the runnﬁi Mgrdryner U~or k cannect i onB00de0( agai n, | CA,

thinwire) coin, or othefr TVArkz.at 3401 In a presently preferred
WSV"?%?Z@{?

enbodi ment. the networkl con RHC% ode iincl udes AFEEBET anti al | y nodified
version of the Wnfrang ¢grebfs client. tfhe sxandaﬁd b 5 version of which
is available fromG tri; . - w referr? BOQFigure 5, the
cooperation of the terni@8AMperating system 2nd gg,gc.prgr dware architecture
of th]t% present inventi g e better agpreciated. ‘I'n p2rticular, the

| owast™ | ayer shown in Fi I ut | out pugosgebzm and
hardtvare' |l eyer c00. THeprasg hi gher Paydr is the Driver |ayer 40?, ZO
vvhife tine top layer ijs the Application |l ay8r 403FFR%F power-on, the
power-up and Init tests BABIK QA the hardware | ayer_ere perforned as part of
the boot bl ock 300. The power-up and Thit tests 4@@OQQ8cute partly out of
the flash nenory system1 7 2 and partly out of RAM 118. Once the power on
self tests are conpleted, thz termnal continues with the ? 5 boot seauence
descri bed genes ally above in cc, nn.e&%’k vrith Figure 4) including the
renai nder of the boot b!ocfc 3rJO, & EC sequence Q08) and the

., O J1 AND.eCIM 6 8R4\ BE SurliilleBidh ; Doihe AYRGRIGE a0l

COMVAND. COM fifes are ﬁg%ﬁtﬂf&ﬁea ﬁa?tﬁéﬁlﬁgs nﬂbrr%lray.ﬁzﬁt er re éresrﬁ nal ' s
LChl MANDPafgl) saroetearnsleeRECO0OS! - FEFERRI £folloveindOrwWEIRIEKb yiel padapndiend. The
AUTOEXEC in turn causes the EXEC. COM 325 to 2 9 Jul 2003 16 |ead. As

not ed atfdoelst RAJEETheOrEeyingice Mewlitamibmainbleckhctowo thadiresp

Modul e he Ne [ Connect.i on dule 34Q, At jnitial inSLellation

0; .:my %ﬁ%r‘%&f? 5%*9@388%'?%& 9?"% éSQOQPHIt H%ealt‘é’ferﬂl'lﬁﬂa% u: re
ot . . | . o X1 od~

550 5 1 chioRauh £18A0eNGr EQOl SRR etHlyteoliifhridn jo et gPrie 091 ©

st ar 2% trhein@bclengf AterAdPy afd eygrshine BEddMizedl8s ianfileUdyBteQMERAR AL BFtid th a
keyboard driver 422, nouse driver 424, and the files and nenory services

driver 4izehahemhey isstpicrlly Dioertad by asfils tsywterfird adad.t arh mavhear@d frenyi ne
Curn pr GOEERSS HEFRFED S8eMicaea0P08 ontrof | er 430, whi ch may for  exampl e
during the seriigIHEnIAE T HARE SPul ARREA0N0 il PR B e b D
detail ighdkopneset 1 60 rdbdilesialOLRSD. signal, and provides clock signals to RESET

30 SYNC logic 162. DRAM conrtrol logic 164, and timer contro! logic 166. An

(INT) buffer 188 receives INTP. INTA, INTB, MSINT, KBINT and NINT signals &s




The keyboard driver 422 in turn conmuni cates with the keyboard controller
har dware 432, which may, for exanple, be a conventional PS/ 2 15 keyboard
| nput | out put system a universal serial bus (USB) interface?gang i@ at
| east soma enbodi nents may also include;a four wire keyboard inter gce such
as that described in the aforenpntionpd U.S. Patent No. 4,706, 068.
Li kew sesert faprtHiTapfy by T ipard | 3Qe i beating af

b RVernhddT b%rfé’rpﬁrro@kdé‘s & ot a?:?ymglf’%@‘?al#ﬁgéﬁt&ﬁ%t such

appropriate tines with ~~ a nouse [ nautl output system

oper at i d@sntrohlegicet AONGhicrayedradt 4 Bensysiigndisirémachul CdSwrang, 0f
services gon: ions 42fi ~~. ill typically bg executing out of Fﬁgs@fgﬂd RAM

As di scubé3dnchagireat spntret signal fraorimet icontrohilotncF gBirandSgetdtar&ehHp
process | F{]TI ts the yser tQ soeci % the confiauretion information of the
term nal $ﬁ|r YR RPN {FAY S rRrEMIde I8 Thetlit? « T EPHdeenualinpet dudter .

confi gz~ 1Q S 5 _l anguage lors nd ot he araneters. Once

t hese baig%;étlé?sg‘g%@esspaecﬁqtéog,sq?ﬂgl Boa,fcg'cfes C?Pgr.rogdog'ﬁ 5ﬂ§ Mﬁ@dﬂi%’fﬁ“dat a
fiDs 440robidddbscaintallsibhe UOBRAM (SR |84 2xThe HALPLERNR| 135140, modul &

414, and return to the EXEC.COM V Jhen allowed to conti nue,
process r4t@ivears iedreshusgnhl imrhranetcdmiirdiisaioeteBianhls wasnesit@NogRAVEE 4' 16.
The 30 n2tv~,rork connection nodule 340 initiates by retrieving the data
stored s |gegeratesghgpeases enpbleosioset $BENdata fil es ~=40 and the conmmand
line of the ggqﬁecti on nodu comuni cat i n? to the application

t

. 1h
server how t FIEXEH RIAY ?%EPdﬁ?‘S{tﬁé TErPRrANRal &G & 7Capetat 8259 he
t i | i i ni t 4vith
e keyissBaRa, lichits) thoRvaEi e ANRL SRR o R TR 25501 pu

syst em 428npatitsla | dved bpkaraddt BBNGEYFrSQUisHcyaRhzAYT BRBa4mMitib @ sU RSN nal
operating system In addition. the netv~rork connection nodul e al so

connect s! e heswhas ahaespate phttbefligberddrzqasnoglihtasipisns&unby ekotiingent s, a

har W vet o net'wPrk_‘i nterfage 444, The netu:ork drivers 444 execute cut of
RAr. ~i  Fordrgn'ogie ¥RcmAsary EntbaikarAel. Byt ofhyresese upassed: thioughat

; h j i f 2 b ti S232
ey kel s Wekod 'L 35t e SRS g e e e
uni vemasakeq%%rnlct;lthBy%er&&s_léfﬁﬁjlaﬂsﬁE‘JfrétggdWﬁctﬂn'é'tiaﬂgﬁpgev%#mée?@ ghhon of

the GUS engine 420 shown in Figure 5 during setup no o} ermnal 12
may be BEnecbewpperedpateed(stdmdardl freqgemey epenlated intdryustgr iy Hae is€t up
mode, and . provides a rudinmentary 15 graphical user interface during the
conf i gur&Y %M operation. As notsd in connection with Figure 5, above, the

o na) boot _up IS Con (P eBR BTG GEL| RoaR i BullBEIRoer "
keyst r okegeipés 8B, BEheénoCﬂﬁV&QBeé?%r}é!E%ﬁ?ﬁstc%%% iﬁ]eg%}?l’ssf ?ﬁgiﬁ%ﬁk}ﬁ%ﬁﬂfence

starts by calling setup 20 cods 5 inta rom

set ugOdauapfit Iseat o8 DRSMsKamogaddfsdsemudl 878aantvdllyas Me@no Chsp
avail abl e in the configuration of the term nal. The setup code 502
conmuni C4&8S beairpblagie Q. y ThetMern/AAhip Sebeat €os0a| lagiel 1@Gproddess e

10O ST el 6B BP0 A ISP TE S T B A st e
gioggllJ g;gﬁrﬁ%,tﬁn@' 6@k 03hbW R Tartd B2 RABM:, ThE WEIET €16 Pe S e RigH
DO-15 from the data bus 106 and provides them 1o CPU Data input buffer 182.

25 The buffer 182 provides data to a Bdata Output Buffer & Latch 184, which
supplies output signals BDO-18. The buffer 182 also provides data to Power
control logic 186, which supplies SLEEP and PWRDWAN signals.

The signals BDO-15 can also provide data to Bdata Input Buffer 188,
which in turn supplies that data to CPU Data output buffer 190. The interrupt

30 contro!l logic 170 also provides signals to the buffer 190, A configuration



current information in an arrangenent described hereinafter as areas,
«groups.and selects. In addition, a hardware interface 506 provi des video
information to video controller GO vrhila respondincd to information
received fromthe user vi. cha rrou~e 2EO0 and kAyboard 250. 29 QUILhzgget up
code permts the user to cycle through a plurality of 29 ~-mzp~,~ i~
configuration nenus for the operating Fharacteristics of the ternminal. such

as the | e displayed on.the tsrmnal the network connectjon nethod,
and so o'?ﬁﬂbqgegvmpél‘?\ E?ygour BIOMISS dn SAMPGUtauan oﬁ'%\fﬁ?alfi"&\lpa%cé‘mf%@ed in
t he conf | rry@ ] ~di A LehErnad Loent, .the

set ae sc?gﬁ]@ﬂgggngiﬁgﬁfgée '@ng‘fﬁc‘m U“é’ﬁé‘ﬁ{’ﬁ% %Sﬁé\rh'tggﬁgggtdﬂ?m%&l‘i e
confi gur pbwen se@pReas frdrfea BAY-IN0UERL, if8R e dakid 188y n2ewsek 8aid)e! gpt ed by
t he user thr oughbﬁﬁe of Zh Eg%oard and ﬁnuse. The ur?dat ggwc]\e/ltt%aﬁhlegé 0

mai nt ai néata autthy RAKes twhicthucan S0polyed amenéhadrusr 1 6 an the ¢g. connecti on

dat a f%l es 436. . However, in a presently preferred enbodi nent, certain of
the daPa nmay D&T&IHMS: BEXHYALHS R fy IheikeveelsastiReat thet 2srmineloopenataged
until thg, 6 setu eauence, i s conpl eted. Upon c lLetion of the setup
sequence?y"ﬁg'é] ‘tgj)fdﬁ‘r?g BT 0y eﬂﬂgpﬂ%gﬁibﬁgeﬁﬁﬂagpgqﬁ?%‘ﬁ Sh~vibipe 2ppragiated
connect i RenfigAfdrbh&i & ' RY r $ae
EXEC CoM ITe oy PATTORL 1T RaRehl S PSRt inerln, SOt ATnbRIBA®, |

Fi gure 5with5e Euamdand AT bk idesigel elnetuzd, tite Prapent irfentioherepyebalirmiisidow i n
which the data appears will be referred to herein as an area 600. Wthin
each aretP GUOVHie tapdeqisier BIQE cugrwicesOp Hiwl unmeh spiowprsilayErsonpr ieses one

| 620. Thus, in th ml e of Fi 7A the "Co Ceation”
or oup! PrExaaBtTY REaed Biars. e U vEaS dReled Tpxn it BQRA Medeni o

has 290G £, AnsH W Tuar e b1, AW, ILSALI AR L IRt ARl e ARG NS

been chosen, or selsoted. erring nex I gurés ta

st ruct ur gmeds BeHPeRll #ed in SofihRrs 88 Tdigeplais Qb sphlevan @ a8kRicHI ARile kN
particular, a list of area pointers is found in AREA LIST 700. The

st r uct ur gengatchkexbaasdinpritralieniseussd &1 anrecdenis!abp emizndirent sinzele évdrite and
groups attached for  all areas as defined by the SETUP erocess. As noted

pr evi oust V1PNeSERAFG oatERlies i uged ghe interifgs i eme davier mvoyld aleriFer on,
all ak ' rent, . bej Lsplay - a listed in plSP ARFA L1ST
702. %aémme%}%gb?%@ﬁggnb%m@ﬁt T}q]ﬁfﬁg}f"i PE? gc?e 7 fbso[r S qe%ss'd? p’l‘?ﬁgﬁarﬁs t he
bot t om ag@poAsststdie ihstbefte8Rol fatiligshel thel dlRulARb i 2dsdll SUANSE: cdrtrdine
exenpl ary enbodi nent, overlapping of ~~indows is permtted although :;0
over | appéihgn iesnulated 2@ gate | she papmmsrgdmiznagéneenifedturestos the Robesdddr ~pp3

i At 704 is the data structure for t=ROUP_L15T, which lists al! groups

daf i ned BRF!H he ehipd be 5iBYIStE Fhe yragpruic wiieh o cuRe inaremnel lardrare As
pravi ou'stljty Ij;lé)t'ﬁ%ab%h area typically includes one or nore groups. An
opticnal data sty ~'cture 70v for a STRING LI ST nay al so be provided, and a
FILE $4S 1 5 EQRtih&iny WhAGRidEnRetld FrAfEYA.! thdtbRal TRRESING | sy DZ
used in nmultiple instances within the various areas, groups end sel ects.
The str usdgine eakctitien AREA 4 b&dt B!dik B0, tfloveed byt loddithd of andridie3@5bl ock
for an area 1D 712, a pointer tGthe next area 714, a pointer to the

pr evi ousTha kernel 805 previdestmany of she bitatcepting @ndmeenanping funatiopsi aftthe 712
10 associ at ed7 W th.each area I_D.?le poi n{?slﬁtfg an .arﬁa.st uctUy; e 7,15 whi ch

i ncl udesP ERETHINENT 749 MPFRRLFUIFY FxRlRiINShR AREHg™72HPaRFUPIRER" Y
entry 7 ' [ h atj i e@hary
enmbodi rre@ﬂf&w@“ﬁﬁgﬁ?!()%b&?ﬁ&?%%E?%%Jet%203% g‘%l%e? e\éﬁgﬁlga&%?ﬁpﬁgﬁe 714 2l so
i ncl ugescad dROB\ES ey ripaded, afedoave@HIVNS 2atihy £ninaatst pawtibed Bpeenfy the
size of the area. A 15 FLAGS entry 728 sgeci fies whether a border extends
around tAhdTEERECRAT TiilE, ~PUm T ORNOENEG,BAT0 filerdnFV TINEIWRIER vt eyamgle.

ifi th t of the. .titl ~its | j ithin the title b f
he. par (1APRE BPUATOUFR FEVE SNRKOSPR ERISURE A P et v st RSl rmum

number qfGRAEAGE Great Y0P RV aHS&] 1t Aoyt BeclihdiliBe other optional code,
including starting a self-test sequence, which executes if appropriate conditions

20 exist. [n an exemplary embcdiment, a loopback plug installed in a



20 in addition) the area structure 714 also includes an entry 73fi for the
«nunber—of groups contained wthin the particular area. A n AREA MPTR entry
738 specifies the noues pointer hot spot within tha area, vvh:gqe ag ,eﬁ]ry
DEt = 8UTTO1~1 740 specifies which but~: on ~ vithin the area Wil FobefWhe
default. T hp default button will be activated v~:hen the "enter" key is
pressed. A 25 CAN BUTTON entry 742 spethfies the cancel button, which will
be activated ,.~~hen the "esc" key is pressed. Finally, a list of pointers.
one for EACHNEHIEENOAS POET apBseihehselfidesy squarsespeekédwmd. at 74- 7. . A- 744N,
0.~n associ ated group structure bl ock 746,

Each grou olnt 4~ pai nt ; C ;

di scugsedphgrzﬂﬁoﬁ)ﬁ%“r'pcﬁarﬁq&régs IS dtemagded s A tidisierinbedenendingonarrea. 3U
T he str 4 = A-LI ST, _shown at 7a8, is essentiall 2 9
JuL 2003 b Eoeud B REPRRE TR Al 67T B Mk, o $657 6 rasRes mebudes

bl ocks feeusd eRhtCe by @ [ t re,pointer. As
With the AREA L1ST %tg?t \{E’SQ%FS%E |%Er%%§@éz}ﬂrs‘§ ng?é;#é&tkog HEelPea

struct breodddin A predendly shpleetaned fanbbdiendROWpaldyEtedDEnts sSRWeRb 750,

2nd includes a groua ID 752, a next 5 group pointer 754) a previous group

poi nt er 7B6caIIORIER Syrasttramtiigusation e, &858 then siomitinaps svithdbadiagfar t he

opti onal hSATﬁé{\'G k(l ST 708.ma¥ gl SO0 b~ provided, and may include a string ID

76J, a next SYYEY gc‘b%’i"?ﬁté‘?n 83%: a previous siring pointer 764, and a string

structure poiBLRL [ ' up structure pointer 75,
185 B digtebh fRrR P B 18R Brdi L iR Sefied B b

it points to the group structure

752, a P&REdMEdSEYREE dd2reahe EXEROLON 3R Bridohdd e $64GRE %o%flﬂ
activated, will automatically pop up this group, a HOTSPOT entry 782
to i déft BBY. ththensetbermotie voas sotstlestadt tharE XECICON 325 €obitbratiistinGREART X
and GSTA 1?T Y entries 7$d. and 786, respectively, to specify the relative
| ocat i on'°8AIN%HENG: B ARIRBIaf Relverkedrivens ain385 ardnpeging webodinieataf bot h

t he group, t .pct_l.ocatign re.specified relative to the top left
cor ner o'?“t%\frge%kac:&g\gagﬁ%ﬁoﬁ’r%ﬁﬁg?'ﬂeﬁ?gbﬁ?mﬁ’frﬁerc% 9t PHR PRy abe? 4Rt i ned
that ar m alpseseHiReBE d RV I 0 : t
relative top'?he Igﬁgt?gh%of 5!?‘1‘5:3559'3?@83%%g%%?d%gﬁnaﬁggéf e‘fjrgﬁ%selg's to .
ensur e t s stahtiall\e abodidiedof emiv e ahaaWih et P& DO leheNtvd hidydhe area
if the 20 area is ntved. T ne group structure black 746 al so ir~ciudes

! = . g St
ROVJS! An¥er@anUR\e Heeh (s ayaitgge drem7Qitrix Sysparosi (t.y, for specifying the
size of the el . Gl=L entry 792 for, speci fying the horder of
the group. | %Qg%ﬁfi%gﬂ%a%d%f%f{fé%oﬁéwté??t?fyt%éfeﬁ%'ﬂ’ag operating
QUI CK~h By =28 ROKR@ 1h8t LE "hat " Ioke
conbi nati ons assogﬁati%rdﬁ?ﬁ?ﬁggg??dg% ﬁgfﬁﬁ’%ﬁ?ﬁgﬁg/efsnﬂﬁ Q%yt Bgﬁ%z{“ér ea
st ruct ur agprecitrddesinf particutdr AtHEORIWESO avéd 8ho AIrOMPFiyaks-E i89Rs s Poaid S T
R _LEN 0002 rnay be prev~ded. In addition) a NU~_OF, SELECTS entry 804 is
provi dedSWSEEM @Gt argvidre 1ayempeR. ofhesaexchigheotaydrmisdhwi Diiver kygr 9@, Next
an enééy ’gQ‘Q ff_or AlLD ATTACH is provided as SO a EJack reference lo the area
I D 7127 K07 A0E JAP LAY RIHE e APRlifationyieyapdPé: 2 g JUL 2Q03 i 1 associ at ed.
The Al p~AT"i ACHL {k! j . r e~ ' l . cas but assists in
i mprovi ng perfor ngjr%ge&ﬁ'ﬁl@‘%tb?‘ggg%ps%r?aw’{ls 5%121@ M5 F'%Td‘é’%f? Zﬁyeéfar?)oi nt er
entries g8dntdd @8oPaROSNIEAGRRBlIRtk 3OO0 THLBbwirl s tdHde 18 308tsabgd Wi th
the particular group, As wll be discussed hEreinafter, a variety of sel ect
st r uct urec8tanpgrtiyeoidtssiotiieatl zxh mietrore aghtegr 402, 2nditp ssdywwal @AM 1di6e
common %he ~I ~ri ous {)gpes. T hus, the first pointer 808A pcin~s to a
SELECT SPPYERUPR SRILEsSIB Aoe qRerRiptachghagtarming! epetinues avitithect ure

bl ock, . Li. hutt e 740. a cel button enfry 742 al so
b1 00t Mhor BB PULLCU BB e DprRmiancel Bk O a0k i
struct urpebleasdindO ok RRE USRS BlosR!B9G, &P ATFOEXEE so80eREE A0S 1an AN NY
back reference to the croup I D, REL"X and RELWY entries 816 and 818

t oget her> QMMARDNICD jih s e@0Sce nindicased 28t @1E .82 B4dthar tspes UMD EXECT hend
| ocat i on, nd size of tt]e select, QU CK | ~EY POS and QUICK_KEYTCHR entries
S24 and ‘€MVRYD- &5 files ifge imaintrRibed éy dhe SRANTMEMESYr bi nsti ons associ at ed

the maxt mm v SeieteinhF OPREAREEEN SafibaRt Sthet i i aBS By

specidyiagrobrREChE a6t85d STHeSAOTOERESH Afh causes the EXEC.COM 325 to




In addition, a SELECT TYPE entry 834 is also provided. As noted .

. previously, different types of Selects are available, and reference is
again made 20 to Figure 7A. | he different types of selects which may be
provided within a group depend on the type of data required?é,uunhgk step
for configuring the termnal. In sone instances, the choices involve only
* the pressing of a button (see buttonsi640); in others, a select involves

enabling 4r disabling a feature, as a check box (see 650 in Fig. 7Al; in
ot her s, "¥9-s S NYEdARAVR HbiecRS EEr GO BeanenasPed ean taaneimeitbeedo ithe t he

"Co ication” S 7] t" 660 6 f Fi 7A . | till
ot hor &) in MesRiRaa Gia SBruerCERRPR i 2re” Atk {@Hstas: be
hers) @ S e j LA
ot hers oheont RO el ey oo g S e P o i AP e T pes

of sel ecisifisbiiehoharengier) thaB&upeduls 330MseXANPT AL \BLRaBedbABR 324 he ~0
fist is not exhaustive and other selects can he readily inplenented given

the B2 recdivks 2008miatiachiragsoherwimordoetum dhid fildsnd 18adreCsiartiigOGUSt art
and cursor end entries 836 and 838 are rrovided, together with ~ "first

di spl ayé?&@f@nﬁ@- e €6t enaisier FEQiIAGUR 6ATHANBICReS Nefgtkavbeerd idsiver r i ng
shoul d i splayed.. In di_ti.on. LAGElL REL X entry 5 fi42 js provided as
vel | asthzz%A I‘_J_sélé%l\qereﬁ?rg’y a§$4pr€?n§le§ THBEIERR éﬁf‘f'ge%lf’é'yeﬁe 60fdhe of
many" sak@shal YpGatifllshsfsmi 9k M‘éﬁrﬁéte il d e gifinufitate 848 and
850, respeclt Fve‘ls)?,atlagen/pr ovi ded. EI"ltI‘i es ar@*%&o provi dg: or ut e F\gnber
of opti onish $#2 vaied idphgoltpuaplyiseem8E2B, \akichahttuas peovidfs datl KtHeeyidpoi nt er
856 and a flag pointer 858 to identify the nunber of option which are

acti v&® cenygiiey 430, swhigh ey dop@xamplalbe bgeediared Chrovs £429 maarhics ype of
sel eot, only_ an entr\é for the file |D 708 and an imnage painter 862 must be
speci fi SA°CEH 10 GEORHRTE ? yiReQ Aishlpw during thepsgiyag ?ﬁ}ga”"leD RErSPIEB4 i s
provi de : L& i i N i N0 t© a group

Ot ruct s Rap e Rl s Hepckied I re P U IO oo WHE R S ) 8 o bu

will be peppetheukegbbarmtdivdrl ¥28hdn tia parrAlnizeteStwith @6 | RAfRMArd and
one of a grout)e@of fields is selected. For a "list of strings" select,

ent ri es canarqltesviardavarer 48dmbehialf nugt.i torsexrdmpfd, she theomeennanel €8¢2 h of
t hR i title, f MAX~OP LE 87D, hor i tal _displ ffset t
57> dBVerd it Fuaplinsvererses wirirsaeaal Hiby Sl PRpfRCS (g n Faber
r | TS e | ;
00 L1 OB Sk SR POt RE AR AL,

entry 738 thikhaedMited iRQhel Hordi@enbiBAkd 1P 3. P3BSE Nb. ofl 706, 368! NuRéWise, Whi ch
includes an area ID entry 900, a group IDentry 902. and a select ID 904. In

addi t i cnhe amowset drorer 614 ot tipjpsi 8B oi e rprawviiciethg @t specodaterimes peitiof
sel ect: ~*rith i a pGticular hot_spot is assoviated, Further, |,

i ch ck
refer eh@em@hlls?n’ggutfﬂuw avgrem &35 o NERMPNYR SUED aPLAYANS, BhGi AT he

area, " it D] tLL L. fur (I . i es
912A—28a@%eg%3§ W%’Bp%?'gg’é%é ihgrﬁ’é%%{)g?&i’%%sbé@’% Pags‘"f% rm%p’{g X and
Y positi9Bsufifg outofHiad a”REG8aR8 t he nouse hot soot; together with an
entry 814 for nouse fleas which cause the nmouse hot snot to be activated
when t he proper denussied i gpéatgeddethih iaduirnnesnionowtitie Amirespotise ddep i bed
in the foregoing, additional hot spots are provided 2t the top and bottom
of a || HFOHENATYIsiIheMges ke £He6ITY T coafiguiatioprafermationyal theoternynal.

including such parameters as network interface and related configuration details,

25 language, colors, and other parameters. Once these parameters are specified,
the data is stored in the connection data files 440.

At this point the user is ready to exit the terminal setup module 414, and

return to the EXEC.COM. When allowed to continue, the EXEC.COM process

412 can be caused to branch 10 the netwerk connection module 416, The

30 network connection module 340 initiates by retrieving the data stored in the



5 of an area, to permt the area r,iindow t~ be noved. In addition to the
.foregoing structures, a data structure is also provided for maintaining the
currently selected entries fromanong the various choices. The Currant d3t9
StruCt Ure block is shown at 950, and includes an entry 952 R@r ygh unber
of areas currently defined |ay SETUP; an entry 954 for how many 1 mage
files are defined; entries 956 and 958, Y4saectively, for how many groups
and sel ects have been defined, an entry 96D for allocating a predetermn ned
maxi mum nufBRreeY o] aat ides| ¢AQEnesx Bigpicanynand difienehtthe tdunnemxiomumaduider

of selects.is allqcated. in blacks of ten. Additi %nal entries 9n2 and 964
are provi dgb’r?%f C%ﬁ@“HUWé'Pgo?o & BPRIIGAtiomSerVaT By AR dalote thessmmiithel v,

as wel | asga,d ya ntry. 9f9, roup focus entry
oS el Sl BBy RIMIRETEABRUE RIANREE, o AU S
provi ded f@odapeebhniutgcstBe iet tsReybdHE IdPRE, 4ROGHS RBHsd OGS &2‘4 rdngS
976 and 978 may be provided for specifying select options and ~~ sel'ect
types wi ?hvideghopuidodtpousyssim £28f anthke fild effoterandy détvidddSoenidn #3e%a 20
and 82 are provided far the hotspot entries 908 arid 910 fromthe notte
struct ure BIECKMINA SperEidddsiem. Anmeddiyon.ghaamivaarkrgorosstion specld esd f or
identifyin meny_focus, .together with entries 988 end 990 for
defi ni ng a‘?%'g'b%cg(rgggebgpﬁ{;\vﬁarec3?r6%dnb%'f%“éerg§%9‘-tqu}éﬁﬁl'e?s'V\i”t $P1aR @E%&@@Hﬁr? for
speci f yi NonffeneR e HIRSrk igaf bQ0oRPEa S i o, t 1 ren t,e of
the selects is sSeci fi {adglﬁﬁp?gﬁgA I%H%Ehéncﬁ&s%ﬁj%%éufgﬂtﬂgﬁﬁg Egc‘:hfs?}t;iﬂ51
ructure | ntlGdesna exehiglaryeerhbydikiiit, bam nEhFERER) 106U 8F akhGRBFRAY f113YS,
entry 1004, and an ACTI~~E entry, which stores the current state o\r" al |

sel ect s10f Fagnsarirkintenface ddtZamayybde srakendivael BH282 mteifac&EBUPnTndelso30

In an exenpl ar en‘godi 1r;r)gnct,. En event aueue structure 101Q rr,ag al so be 29
JUL 2003 2 *E[]éﬁl%' A RS SEF AL 6P AN PR XY F & 8 dluverssl Sepak BufooeMSRs in

an event queue. 3 ] y ; e of .t he.pr t,_invention
'S that the tor neritd BEEIFHGBE LY nd sbektbRNE R Bun et 37 thogh T
conpat i bl efigutdh5alibingt ssrdgreodiiié AF 1B (Brmihal DB maPWe \tteer dppréQbtdd)alhe
operating sgjstem_l S required to support certain cf these functions to

mai nt ai n t GE #ridine operaredi epPy ajurappth e atiupnmdaliea dml pravidi¢és asexdimentary
environnent, such as by interfacing to a Gtrix ciiant or other supported
emul at i sQ'aR?‘f‘iféﬁﬁar Hﬁerfa&m%'@. e eonigyratios 0peraties. st andard 1 O. SYS and

Bl OS. SYS functi uch i ppor t ed..by the _present 10 inventiqn; it . wll
be apparent to tﬂﬁ?gég@;gkﬁlc%déng-\a?:gﬁ h‘@{'tg'r%'g%heag’taﬁ YFi ;i\e(%aeeéa%%@ c’lfﬂ:g?'d'(fee
numer ous - st @yifkakehehlthedduPERqlibied isORFokdd Eefin%%@%'irmfbo%zu INSyRAQULEd-

In addition, sone of the features which are listed are only partly
support ed senuenseeseat e pnebieed efopmzodiequance Tofiskevstinddeisodr 36hy [ &dter Di sk
Free Spaoe) is QnI%/ partly supported due to the uss of flash nenory instead
of 15 a hdrNMHRNHRNT pRdcitable merns. onT BBIFIUD-SLSBEN Sy Stams \ayY palfinpsetup

t ALt £ . f ti nd. {1 t the " trgl - k2. f ti
< hot g 8477 el Wi R Bitetmdon N e SEie (ks PR BlEceTe
s not Supp ary 8= 2R 't . |
Do de | & B R R e o o RSN nAE, o1

i s supnor tEes sstu katlei 302wy riraudie atise BidirRciioasly avithey AlNAtdrAttQfe €0aNt S,
wi thout refiec~ng absolute time. In addition, the flash file systemof the
presant i raishelsecapses pisting gareastionyinferanasiare fircan rtha gamevectiopad 2tat filened

into nul ti single-djrectory drjves. However, unlLjke nventi On i sk
files; the‘%‘?a@hggi PETSR iR ﬁﬂ:l%‘%@ss*ﬁBCHrﬁs‘?%‘?‘s hjpesggﬁo‘?@.'”ﬁi ?Zé ?ﬂf? hi n
each driy e Hhriafithdsl V! £r 0M,C,,Ht Lyion,
whil e di recﬁry éntﬁezsg@dg:egaoﬂg%v\g’?g%Pfoﬁﬁﬁg})ﬁ?)cg?p%i&{aeésgta?% %&o?@%ﬁl y
cont i guousduydenwiith foounatib n dy e ndridigerhdntRcofiye B RkFdifSite s 6Fba’! §raipd eem
bytes long in a preferred enbodi ment) are generally sinmlar to a DC-S
directory $RIly; HoRSEHION cf dyredverentiehiace Al @ proridEs videe inéwenatan 0 e

defined to.permt_the 1:1|3I e } execute out, of flash, rather then DRAM .These
"0 i nol udd g5 Cappieing S0du i ESRNig 1 NEPrmaKQ T e DHES 1M, NALISRIYE as

the remp s mouse 260 and keyboard 250.

30 The setup code permits the user to cycle through a pluraiity of



2 9 ~u~ 2c>a3 segnment of the file within the DOS address space. File
‘deleti-on, while also simlar to delation or conventional DOS files, also
differs in sonme inportant details. Wien a file is daleted in the present
invention, tha first byte of the directory entry is changed2® JOL Zg3
opposed to setting it tc 5 E5h, This sgtgep is perforned without erasing a
flash block. Subsequent files vrill then be ~ vritten to the next available
space. Hevmhguration nhéwsefarah@%&ﬁ@@é’ha&ﬂé’d&i%&@o$Pﬁ‘é?ermﬁaﬁ Qgcﬁ L%gst%gu_ent
files,. the flash block fo; the deleted file is erased and undeleted files
ara rew PREER99 gisolryed o mha kesoknalhtreene teeord el drined tioinl @1ebfel DN so o

mai nt ai n§],qo As (r];oted fore, fila fragmentation is not permtted i~ ~t i O
| east sone SRIBdIHER: & 'TRB iHysikafioni9te sstypesAreap pmedsincivevesn figunalioBLR,

TYPE an 1 : orts a new "DEB G' command for generating a
PEBUG man e ot AR IR ISl Db adiE o i SRA SeaGNS iR dRpAvREs The

file sysdremhatsin,,SupRor E file, . MJelJ 2s | oading and
executi ng 1@5 ofﬁ/. EXE antgé. té%%lr %ggsx 'gﬁgf&ntﬁfi Cﬁ@ﬁb"?%‘?" HEEPdWSBr, t he

file systariigioasionodiamupRyrbe skRcEVshoRsda:s8B, end QLR t : 4
CO\V!IFIQ SYS file or .SYS device drivers. Li @wi se, tﬂg faﬁgéw Qg%toértﬁ”does
not supptMPoBEd eRdimeess ofrantsiataskdatatis pnagtamedicethd RAN stikcBure 504

redi rectg ts 20h [Progr2m - Terminatej, 22h [Term nate

e o . .
Addr ess] ,qu%g‘lf'%gr‘ivgéreéng‘g‘?iu‘{)"“AWGf“éﬁ'sqafa Hes FE8-t Hoavevn, i mopresantlyer
Vi |, AR Ak 1 d 6 | y Sk itel,, d h

[ (I\a/ﬁlt '?lr Jplperé%}rrf% errupt '&%rtglréﬁﬁtgﬁ‘eh HE%QSF{%,S& Eé %ﬂaq%?d yé(l”%gﬁa?'z\?rt sz"ﬁﬁt ,

whi | €1 csbkecdzmd ¥ oiR QpdbhRl shandaeds&LESsead iKUPGH er eyepyl at ed
flr oth9rvdi se supportedpby the tdrm n% (‘)pgr at ??s’%s?gﬁpgagghe lﬁ‘?ggent

i nvent i s@MRietien pishgsitur aequanceberciafing Svriztranday deBlafingnddgRirbtBst i ons
are not u%)gor_éed. In addition, even thosA Bl GS and DOS functions vdhich
are supéfﬁ"fI 0 PR £anrecvacdrtad By 4kEatiase T senpant lexitsaardy veruens taist ead,

t he port t iLnal . oper at.i systemreferred to in Figure 4 as the
"boot bfh%%%@ﬂﬁﬂoﬁggpﬁlgp-ofggg rEbWaEK CORBECTOR rBodulel 340 Showemul at o
these fumEdgw@ie—s, ?0 The service functions supported by the boot block 305
include: GET  Z g JUL 2003 ~6 ASH DRI'VE Sl ZE, which interrogates the flash
menorip QB8 f dFortdinuing svirerefBizAba RbASELIRRY X thé &ver SiRdiRgo datRwWHI Ok b e
flash mgnory 438; ~NRI'fF FLASH DRIVE: GE T FLASH DRI VE BLOCK SI ~E, for

i nt er r 0§83 %@P?Wé Willdes refesrad e herin msras greadd)O0. ERWEEINFeoASHarBRI AED BrOCK.

for erasj.ng fromth nory 5, ~3S; REBOQT, used by the
manuf acthe %gﬂjti%éatér%é'plsogba'?ﬂ?%G@ﬁhtG{BUBmCGH‘%ﬁ‘%F@%@? i STPEHEalesE v but

not use&2oN PROE e LM, - F@glg . . EAR_KEYBQA
CONTROLLER ) ;' %éfg}q @Q, éﬂésdgg@t%%gH ro '?hﬁpcgr?’erﬁ -s[ﬁ‘é%%ﬁ%%t g?%%'?ﬁgd?(%yboar d

contr ol kiee ;sedexctsSESriKEFBRARIT INTBEKLER IFR, Blakh b QuifiRR hekhorief the
kernel 305 is shown in greater detail. In particular, the kernel includes
t hr e€0s $PSTPVENT B 2aipB 30 indiratingriiet tsataseléd (ias/ABER\GHIEON| NF shliited.
function, whh%? enablgﬁ tﬂg nornﬂé iﬁ; 952 functions for video services.
The i nt er r uplC ST HIMEAEXTL0; Higyres| {81 i &S dbgidatairesiares aagvciatrd with
suppres i - sage t he,.various device drivers
P T Cpoligthtiin Roftekle BRESWR? B PenlURr JEIEF bt B BRINETHE ¢ o
t er mi nafouewt ém SAREADISTS 700de The hardRh e EinYaPRD bINkhd0hrebUnG!t fneflydes
called to restore normal int rCh operation. in addition, the kernel 305

i ncl ude8OWNAXRSn §izPutighel I groSES JPERMER] DOVEI tdds, &s wetinbd tantlee SET@IA ous
pomegqsavinge.fgnctioas gsuch as Energy Star conpliance) and the del ay

ti mer=f BI°SEET VAT iNTRFCO Prayion st £ashedr 2amnpaer§ st eirdawt ogaha gata¢ndss a

" PROCESS, [g%, ERRU? " Wpction, which can be called fromthe boat

bl ock or ot _e'{rtggbrtl oanr:sgagf “higﬁkér_renequ%é'ya%ﬁ'i’ﬂedhsé’d%_%%‘br?/et di5h¢bcBss
pendi NODIER ARER) LIBT 7001 OR £@@NERDIEG2AmbOBRmBRPCARS Kbk LRkeAHibIdR is

envi ronment” TheTinterrupts nost often processed By this function are nouse
and keyd$saliaget rtsetheuprmonadrehougd thedystrapailacbdde 175 1o b R dSailbpdd.

paralle,l ta}_*nd network in err,ugts. The inter ception by this function
prevent & VP ETRAYIYeE MAGHBERh P YEEIARRHIG of iy Exdoup? &5 Peamitird @ith@iuglbl ed

for ap &%%?épsd per| —wckai€ ] QNG E€NQUOh t Q. Ne an annoyance to 2 user.
for ?x2nple a'ﬁgI'g;?/ﬁotlt)?%acgga%nldr{gqg'éggﬂa"ﬁe%ﬂgaﬁmée%\'/enent of the nmouse 2nd
a responsive novenent of the r~rrser -- anci to flush the keyboard

controller's 30 output ~.vl-~en it beco-n=s necessary to send a command to
t he keyboard



2 9 JUL Zpp3 L7 c;Ontrollar. Since the hardware of the present invention
dogs not conply with the PC, AT standard, and the firm-.vare does not conply
v~rith either conventional ~C, AT 610S cr DOS, but the overgaum_mtem is
intendad to pernrt the user to 5 ~r;ew and interact with a conventic~n2f

- Ir~"ir.do~~rs display, some conventiordd&l hardware interrupts and rel ated
calls nmust be managed by the present invention. 'n a preferred enbodi nent.
Such i nterrupdt 741t is abiesdara shaicdiisd fom CRAUP kIS Taatvhigh heksr 8l gspuRer by

Sue X feQr&j‘%ge%ﬂs by :ref éé?ﬁég?ﬁ%&%&%ﬁ%! GRIPRI ¥ b8 Ak clRdvdg Mt
Lhe sof tuayg ke sk desck hed aralpaldiiee dhe dishoel ol Uha srpegssor 1o

vi rtual t-5é rrous tabl'es as necesSary to Intercept 1/0
to vari QasRAFESurd\7oRT 16 § FORIBRS LISTansE a8 0d MORidQR NS FSLAN (ST
exception, the instruction that geherated the exception is disassenbl ed so
t hat t$He70@isnglrovidnd msos erectdryaortienadp ymbgeenvhiahen?y HeRGabimatultniki ty,
thus sinplifying the porting of various personalities. Because zn entire
subr out i instancegeighirethd yArioHE BIEAS.cOLPS AL FECESt r uction, the 1§ 0
instruction wll not execyte ds_fast,.sq-intercepted |/0,is limted to as
few ports ~s oSSV @ s‘i%?ez‘i%ji}l%is’;dcgf:ﬁ‘no?gﬁﬁie{) & B@tﬁ%ﬁﬁ‘cﬁfd%aﬁ 1/ 0O
port is | r¥uplt ary.t rvige Akcompayhbi L by ishl be
appreci a !géﬁt{??s'fr?da\ﬂglgl @fteﬁzzs'Zb %ér'ﬁtrggrf& g?frr%oéi ment d@car%géé%éermetbn IS

i nt endedyteQigiP\erele 21 &) BhtXa \WtAfdiane ppmteorals.t yiheoshecger seingdd 71 s
could ol eo be inplenented for use by the term nal of the present invention.
I n soh@ &ssstmnedsyith hach eres HAI7 18 peihts Yo s eraa EHvenre di Snedicdhioriuglss

mul tiple personalities in nmenory, w the t i nal co ed to l.tiplE
host spr u?h%i #§adP 1% et trgetyse Mt %@ As@/él}éﬁﬁ’"\ﬁ. ?é&dﬂ"{eﬁﬁe‘{c]é]g% eé‘m’cﬂagit?f gr i ng
personal j i The. us [ e h

per sonal 9"3’%&6@ l?‘%(r?tb%rbﬁ?éﬂ%?’];%e{/a3&%’5‘%Zf‘n%rggfgg*rfggwaﬁ‘?haﬁh%ﬁﬂgﬁgpgof t he
pres2nt.knvankl of ‘tF\EQﬂSﬁ%?Q%ﬁ@%TEé BeruBRAHEOPT 4 &li s RAJISONAEIRGWS BNt
menory and perrmtting communication to the appropriate 1-rost. The I1Q
ports ~YVhicind sacOhudNEpdredy 26 teatkmigetiert spauity thke sik® o thenpreai bAl ity

are: 2 g JUL 2003 28 20h (The command pore or an AT-ronpatible interrupt
cont r 85| EkAGS. equyy 7128 spesfiipsomwhatner @uberdes ofkiendsi aroung| e dredni h i s

i ssued at._the every- i ,nterr I ara) ISR r of
t he sam'gﬁ‘ekgggﬁlﬂﬁ X Sf‘{yb[&o&&(l‘:lﬁ".‘é]-r%%pglr‘ﬁg?bzﬁgg@“n{wa{%e?&tﬁgh %ormal
oper at i OfyQr Aq Ples CRIBRRIL\Githitt kb Uittie Sh&ORIFT hé epardfculiroakda)g vittileelr upt s
of equal or lesser priority until, the "end cf interrupt” command is

recei vedm/R4 $TR TIEN AhtooM3at ¢ dfienties mpdimaon uohber. ocharskteragivBichr ) - -
Enul at ed. Ooh-43h (Access to an AT-conpatible $254 systemtinmer! -- The
ports ar&aydie ggedi foeahepitie.are i ntercepted because some AT-based drivers

wite_.to these 1Q . ports. Since the int u regl : npl ary
enbod?hent of ﬁgdﬁiﬂé&e‘}he FFRPeﬁfﬁuﬁﬁ”riesj;iétﬁéa? rfggllrﬁtdegoiﬁteﬁ?\wg gr%c{s:bﬁteegg
Nrrites ' ' it LidiiskarR0i AheAREA METReas§Nt

i nventi OWH%?&P?PXB%égeﬂtgﬁggﬁ'ﬂgﬁlﬁ%}mpbrt 0?1 an AT architecturej -- Ona
speaker gg@Bt Epbcibiek tte= envliss asbihterpromispot heitbjpeakeraree, behileramegnty and
off. 15 ACh (The command port of an AT-conpatible conputer's second1

i nt er r upDEEQRLITIION 40 spasifigs which bUzom Within tBaRres Wit e thpoeieYhmand

(i mrhES aftalinpbion Wilkhs, afated! whh, i BHIR S i SrRLegonhr ol L er
addre§§ gg{ﬁféuﬁgﬁ%%@ Zsbiéaeo@f?é )hs 20ndh19 PREH S viHieh WITaRP edtit atedFOn

t hr oug are 'the port addresses for the second serial port of an
exenpl ar wipibadi nesd" REyvtiberREesEnFindlyertlisirof foimemnewngofdr gagerol®rF0 -
5FELl includes even addresses only. In an exenpl ary enbodi nent, ,byte7

swappi ngabsecisned wiwnthe aptaierpedifieshat 7A04- 6ARY- ebach gredp GOIRTRE /&i%ht
bit SIO device can be accessed. However l?(y_}(gssmaﬁgi ng, 25 may. be A hot

i npl enenfedts fo aBASEaAIateT ROy FEHER 3 PRFK 7 28 sPARSTRY RRIGINESE f of B AT

para!lel, 9‘?2,‘%4 m#ef/ gg%ptﬁfgﬂetfﬂe@':@ hBrHEgh 6FEh, which are the port

addr esses para pert of an exenpl ary enbodi ment of the p.esent
i nvengion. The structure of the DISP_AREA_LIST, shown at 748, is essentially



3F2h through 3FFh (A standard ~ddres~ for an AT fir st saris! port! -30
Renkpped to 7FCGh through 7FEh) which are the port addresses for the first
seri al 2 g JUL 2003 ~9 port OF an exenofary enbodi ment. Having fully
described a preferred enbodi nent of the invention and vari2dusUhl 2089 nat i ves,
those skilled in the art wili rscogniz gi ven the teachings herein, that
nunmer ous alternatives and equival ents Pxist r,~, ~hich do not depart from

Lhe | v eiehfbal thltne StIRLE 6f thd RREATPEY 160, 408 ildudBbicRRs 18F o 1 ™ ¢ o

t~; the foregoing description, but only by the a ed I e, W ,
a * h s et dral, breviouslaiBa;-Whd edudfurSlodidyer. 1 As ithahBl ARE 4 ad&nt Beb f @k

comuni cating with a selected one of a plurality of host systens, each of
sai d hosPISR SR WIST Mt Bhaldpfifaimtsrto theraremstraciwmes7 pdot Aciinjlac empetsweng s a

first persopal]j for providing responses to a first set and_a second set
of inst r’t?éttFSr‘Fl"s&éHBp'lJisg'd_j‘% ISshovatEtyRY. andinglvdes acroudait €5 whnadie

cecond® pOruBEy R 758 o BENELE Foulisainbt Hes 5hfia PP BV EKER FUOrTh set
cormuni cag ons pro ekl aese O R N BT PORIRES, PR b et
one of spictident tanglymberimcipde s string IDr260, améxd.sxtimgt poRtar 762. a previous
string pointer 764, and a string structure pointer 7686.
Referring again 1o the group structure pointer 758, it points to the group
10 structura block 746 and includes the group 10 762, a PARENT_SELECT_ID entry
780, to identify the select which, when activated, will sutomatically pap up this
group, @ HOTSPOT_COUNT entry 782 to identify the number of mouse hot spots
within the group, and GSTART_X and GSTART_Y entries 784 and 786,
respectively, 10 specify the relative location of the group within the area. In an
15 exemplary embodiment, both the group and the salect locations are specified
relative to the top left corner of the area containing them; but other relationships
may be defined that are also acceptable, such as specifying the location of a
select relative to the location of its group. The most important element is to
ensure that all features of an area maintain their position within the area if the
20 area is moved,
The group structure block 7486 also includes ROWS and COLUMNS entries
788 and 780, respectively, for specifying the size of the group, as well a
GFLAGS entry 792 for specifying the border of the group. In addition, a
QUICK_KEY_POSITION entry 794 and a QUICK_KEY_STROKES entry 796 may
25 aiso be specified for "hot” keystroke combinations associated with the group.
Further, and similar to the area structure, entries for title position 738,
group lsbel 800 and MAX_STR_LEN 802 may be provided. In addition, 2
NUM_OF_SELECTS entry 804 is provided to identify the number of selects
contzined within a group. Next, an entry 805 for AID_ATTACH is provided as

30 a back reference to the area ID 712 with which the particular group is



processor neans responsive to the first and at |east the second
personalities for processing one of the first and third sets of
instructions 1s and for enul ating one of the second and fourth sets of
instructions and incapable of executing w ndow ng applicatiggsJulo@®Bly, to
provide to the associ ated host systemresponses conpatible with the

. communi cations protocol associated w t4ythat host system and sw tching
means for identifying the host system®o which the ternminal is 20 currently

connect esksaBrS®! aHe! A LR ABRTARR 8% Q! ﬁq%ﬁw&' i "aﬁ%a@%ghgé% lagggt{seﬁnhe

second personalities for" conmunications w e ldentifie
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U] c”a] cajtoadtos blakkd] W] Gefaahgalgad] cativabeal sl wnd orickal ta) 6/ 8éfault
?5A575g5i 555656 7W778@09: : k; | ; 5<} <=
>>>>[ 2?2 REERAF Y| &9 wpesenatchyvanceiien7dd] sispceeint 4b ¢hk cejexa] aaphowal ca] ca
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ca] ca] ca& 2] enlenlg @ tRlpahgal 64 caferadsaks ahead cRlF i crEE" R &4 Heal ea! / f 2f
, I knnooql ww wW{ KOX| !q[-ﬁ‘g: ?vvr mhc~rX] 1 U] ¢ = -
a] ca] ca]Wuries) &b ealkc8] Bapgativer] withc BPME caridt 8]l eakdsd ped] sad @ tdrcal cal
ca] ca] ca) cal]ca calca] Fa! :HU[, . s$o?h:j I rzuoj e ZU cal] cal ca] ca caLlca] cajcalc
Aa] cal Caajp@g]f(yl g the  location and size of the select, QUICK_KEY_POS and

a)J ca] ca oy a cal.c a .caV]ca]ca al r W-#&
InEOyt 6 I AR Ry O P R B P PR TR P S Ca o
ca] cal® ajorrdinalicmd hesd algalrlthalefdt 2t OAMKCBTR LEN 828 and select stri

(0i UbeKX[ | "% x{vql gb] Xj e ZU] c] ca] ca] ca] ca] caJca] cal] ca] ca czf] ca caf'ga] cajc
a] ca] calaH) donjspardalla the ajdiemsta] aad aile £ thad selvbtaand an SFLAGS
*NCr6eFN' % x%v | gb] Xj e’ ZU] c] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] c&¢H] é%cfgif ecifiviag gae) chptrqledrias eaTtba]selgata

-meD*10% & O QYRR &) sBl0ch Sribe @R Sath i QS (beiadd O (Wotea
. previously, different types of selects are avazilable, and reference is again made
20 to Figure 7A. The different types of szlects whizch may be provided within a
group depend on the typa of data required &t that step for configuring the
terminal. In some instances, the choices involve only the pressing of a button
(see buttons 640); in others, a select involves enabling or disabling a feature, as

a check box (see 650 in Fig. 7A); in others, ong of several choices must be

25 selected, as indicated in the "Communication” and "éerial Port" groups 660 and
6870 of Figure 7A, In still others, an image may be selected, while in others
specific text must be selectad. In some, a fill-in entry is required (680 in Fig,
74}, while in others one of many fields must bsa filled in. Although these are the
types of selects which have been implemented in an exemplary embodiment, the

20 list is not exhaustive and other selects can be readily implemented given the
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$10%uu& () - 05‘1@% VR sélled:ﬂ%!u&r(s)tart% Euisof éhDemtrids8 85 -dndE $80MU&’ () -
I #' $10%1u8& ( Z v $10%u& ()-9 $10% 6& ()-9!

$10%u&' §rpv @mth\eﬂvm@i%u dirgt) displages uantry- 880 far (Yermtifying froda which

10 u3d' $10% u& () -! O%Ju AN\ =Y 10% pgL() - 1y) 109%CuCu&
"10% ﬁ&m e(;rcq: ) tﬁxag(s) oﬁd be displayed. In Zdegfné?\ a L)QBEL REL_X e(ar)mv
5 B42is provided as well as @ LABEL_REL_Y entry 844 and a LABEL_STR entry
g4e6.

For a "one of many" sslect type, entries for NUM_OF_SEL_ROWS and
NUM_OF_SEL_COLS 848 and 850, respectively, are provided. Entries are also
provided for the number of options 852 and default option 854, as well 23 a

10 quick key pointer 856 and a flag pointer 858 to identify the number of option
which are active. Finally, a select size 860 is also provided.

For an "image" typse of select, only an entry for the file ID 708 and an
image pointer 862 must be specified.

For a “fields” type of select, a "child group” ID entry 864 is provided

15 together with a ¢hild group pointer, which points to a group structure of the type
shown in group structure block 746. The child group will be popped up
autornatically whan the parent select is activated, and one of a group of fields
is selected.

For a "list of strings" select, entries are provided for number of options

20 868, the maximum length of the option title (or MAX_QOP_LEN) 870, a horizontal
display offset entry 872 and a vertical display offset entry 874, together with an
X label position 878 and VY label position 880. Finally & label string 882 and &
select string size entry 884 are provided.

Referring again to the AREA_MPTR entry 738, the mouse pointer hot spot

25 is specified by a structure which includes an area 1D entry 900, a group IDeﬁtry
902, and a select ID 904. In additicn, an option select type 908 is provided to
specify the type of select with which a particular hot spot is associated. Further,
pack reference entries 208 and 910 are provided for the group ID within the
area, and the seleqt ID within the group. Still further, four entries 912A-D

30 specify upper left X and Y positions as well as lower right X and Y positions for
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Y' $10%<&h¢ rop BngosostIgm- C)f*a;*ia?dibbl-aaBtrCElUSH"stﬁ@)Mg,( and in the title bar portion
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—— 1qrﬁb@'qg5£9mn'(1; tbg@d,g@-v(updow to be moved

21300/;/‘0:2&) ()592 o‘?fi iddl igé;\% @&eégmg S, s dhidstructare i et provided

10<: 10%4&r (i r%’r%% Y% thi- JJ@&Q&Y &elarraa aniids 7rAERGHHT O%&\6); g%%ﬁ éegs
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| priLO% (tRe(Numier of areas currently defined by SETUF; an entry 954 for how many

S109%&

10 image files are defined: entries 956 and 958, raspectively, for how many groups
and selects have been defined, an entry 8360 for ellocating a predetermined
maximum number of selects. In an exemplary embodiment, the maximum
number of selects is allocated in blocks of ten.

Additional entries 962 and 964 are provided for the number of pixels per

15 column and row, respectively, as weall as a font entry 866, an area focus entry
968, a group focus entry 970, and s string focus entry 872. Also, a mouse
focus entry 274 is provided for specifying the hot spot. Further, OFOCUS and
TFOCUS entries 976 and 978 may be provided for specifying select options and

. select types with keyboard focus. Sitill further, IFOCUS and JFOCUS entries 980

20 and 982 zre provided for the hotspot entries 808 and 810 from the mouse
structure block described above. Finally, 2 menu entry 286 is specified for
identifying the current menu focus, togethsr with entries 988 and 280 for
defining area borders and group borders, together with en OFLAGS entry for
specifying mouse modes.

25 The information specifying the current state of the selects is specified in
an ACTIVE SELECT structure 1000. Each srructure includes a button entry
1002, an STFLAGS. or select common flags, entry 1004, and an ACTIVE entry,
which stores the current state of al] selects, from which that data may be made
available to the SETUP cods.

20 In an exemplary embodiment, on event queue structure 1010 may also be
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citlent or other supported emulations. Attached as Tables 3A-2C is 2 list of the
standard 10.SYS and BIOS.SYS functions which zre supported by the present
10 invention; it will be apparent to those skilled in the art that the list does not
include numerous standard BIOS and DOS functions. Other functions ara
unsupported. In addition, soms of the features which are listad are only partly
supported in a presently preferred embodiment. Thus, Function 36h [Get Disk
Free Spacel is only partly supported due to the use of flash memory instead of
15 a hard disk. Likewise, Function 33h [Get/Set System Valua] is supported in
terms of function and flag, but the "Control-Break" function is not supported.
Similarly, Function 2ZAh through 2Dh (Get/Set Date/Time functionsl] is only
partially supported because no real time hardware is provided in the terminal cf
- the present invention. The "Get Time" function is supported so that it may be
20 used to measure the duration of events, without reflecting absoluta tirme.
In addition, the flash file system of the present invention is, in the
presently preferred arrangement, partitionad into multiple single-directory drives.
However, unlike conventional disk files, the flash file system includes no
clusters or sectors. Files within each drive or partition grow upwards from tha
- 25 bottom of the partition, while directory entries grow downward from the top.
Files are stored contiguously, without fragmenting. Directory entries, which are
sixtezn bytes long in a preferred embodiment. are generally similar to a DOS
directory entry; however, elements which would normally be reserved are
defined 1o permit the file to execute out of flash, rather than DRAM. These

20 include the starting address of the file within the flash, as well as the remap
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segment of the file within the DOS address space.

File delstion, while also similar 1o daletion of conventional DOS files, also
differs in some important details. When a file is dzaleted in the present invention,
the first byte of the directory entry is changed to 0O, as opposed to setting it tc

5 Ebh. This step is performed without erasing a flash block. Subsequent files will
then be written to the next available space. However, if there is not enough
available space for the subsequent files,:the flash block for the deleted file is
erased and undelsted files are rewritten 1o the flash block where the deleted file
had been maintained. As noted before, fila fragmentaticn is not permitted in at

10 least some embodiments.

The flash file system supports conventionzl DIR, TYPE and DEL
commands, supports a new “DEBUGMSG” command for generating a DEBUG
message, and also supports program execution through batch files, The file
system also supports the AUTOEXEC.BAT file, as well as loading and executing

16 of .EXE and .COM files, and Int 21h and Int 27h. However, the file system does
not support, in at least some embodiments, the CONFIG.SYS file or .SYS davice
drivers. Likewise, the file system does not support baich file comman;:ls {except
program execution), /O redirection, pipes, or interrupts 20h [Program
Terminate], 22h {Terminate Address), 23h [Ctrl-Break Exit Address), 24h [Critical

20 Error Handler Vector], 25h (Absolute Disk Read], 26h {Absolute Disk Write|, and
2Fh [Multiplex Interrupzl.

From the foregoing, it will be apparent that, while a selected group of the
standard BIOS and DOS functions are emulated or otherwiss supported by the
terminal operating system of the present invention, a very significant number of

25 standard BIOS and DOS functions are not supported. In addition, even thoss
BIOS and DOS functions which sre supportad ara not executed by standard AT-
compatible hardware. instead, the portion of the terminal operating system
referred to in Figure 4 as the "boot block"” 300 and the "kernel” 2035 establishes

tha ability to emulate thess functicns,

20 The service functions supported by the boot block 305 include: GET
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10 The operation of the kernel 205 is shown in greater detail. In particular,
the kernel includes three service functions. The first is an "ACTIVATE VIDEO
INT 10h" function, which enables the normal /nt 70h functions for video
services. The interrupt int 70h is initially intercepted by the kernel 305 to
suppress the display of text-mode messages from the various device drivers
18 while those drivers are loaded. After the drivers are loaded and the terminal
enters graphics maode, the ACTIVATE VIDEO INT 10h function is called to
restore normal /int 70h o;;»eration. In addition, the kernel 305 includes a second
function, "SET POWER DOWN TIME,” which can set various power saving
: 'functions (such as Energy Star compliance) and the delay timer for activating
20 such features. Finally, the kemel 305 includes a2 "PROCESS DOS INTERRUPTS®
functon, which can be called from the boot block or other portions of the kernel
305 anytime necessary 10 process pending DOS interrupts which require real
time processing in a DOS environment. The interrupts most often processed by
this function are mouse and keyboard interrupts, although they may include
25 timer, serial, parallel and network interrupts. The interception by this function
prevents, for example, mouse and keybseard interrupts from baing disabled for
an excessive period -- 1.e., long enough to be an annoyance to & User, for
axample a delay of about one second between a movement of the mouse and
a responsive movement of the curser -- end to fluch tha keyboard controller’s

30 outputr when it becomss necessary to send a2 command to the keyboard
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PC/AT BIOS or DOS. but the overall system is intendad to permit the user to
5 wview and interact with a conventicnzi Windows display, some conventional
harcware interrupts and related calis must be managed by the present invention.
'n 3 preferred embodiment, such interrupté and calls are handled in the terminal
iirmware, either by emulating ¢r rodifving the appropriate response 1o the
incoming signal. Such responses will be treated in greater detail in connection
10 with the software kernel described hereinafter.
The kernel puts the processor in virtual 8086 mode and sets up various
tebles as necessary 10 intercept I/Q to various ports. After an access 10 a
selected port generates an exception, the instruction that generated tha
exception is disassembled so that the kernel can process it correctly to ermuilate
16 PC compatibility, thus simplifying the porting of various personalities. Because
an entire subroutine is executed for each intercepted 1/0 instruction, the 1/O
instruction will not execute as fast, so intercepted 1/0 is limited to as few ports
gs possible. In some instances, all or only a portion of an /0 port is interrupted
+ as necessary 1o provide AT compatibility. 1t will be appreciatad that, whila the
20 primary embodiment described herein is intended to provide a Citrix Winframe
persanality, other personalities could also be implamented for use by the terminal
of the present invention. In some instances, the terminal of the pressnt
invention may include multiple personalitizs in memory, with the terminal
cennected 10 multiple hosts running different operating systemns which expact
25 such differing personalities. The user or others may then be able to select from
such personalities through a hot key or cther seguence, with the kernel of the
present invention then executing the appropriate personality out of memory and
permitting communication to the appropriate host.

The /O ports which zre intercepted by the kernel to provide AT

(2]
Q

compatibility are:
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5 controller of blocking interrupts of equal or lesser priority until the "end of
interrupt” command is received.
21h (The AT-compatible interrupt controller’s mask register] -- Emulated.
40h-43h [Access 10 an AT-compatible 8254 system timer} -- The ports are
not emulated, but are intercepted because some AT-based drivers write to these
10 ports. Since the interrupt mask register of an exemplary embodiment of the
present invention is set at port 40h, unintercepted writes would interfere with
the interrupt mask register of the present invention.
61h [A miscellaneous controf port on an AT architecture} -- Ons speaker
control bit is emulatad to permit the speaksr to be turned on and off.
15 AOh {The command port of an AT-compatible computer’s second interrupt
controller] -- As with port 20h, the "end of interrupt" command is emulated.
A1h [The mask register for the second interrupt controller {similar to port
21h)} - Emulated.
2F8h through 2FFh [A standard address for an AT second serial port] --
20 The ports are remapped to 5FOh through 5FEh, which are the port addresses for
the second serial port of an exemplary embodiment of the present invention.
The new port range (5F0 - 5FE} includes even addresses only. In an exemplary
embodiment, byte swapping has not begen implemanted, and thus only even
bytes of the eight bit SIO device can be accessed. Howsever, byte swapping
25 may be ir.nplemented if desired,
372h through 27Fh [A standerd address for an AT parallel port] --
Remapped to 6F0h through 6FEh, which are the port addresses for the paraliel
pcrt of @n exemplary embodiment of the present invention.
3F8h through 3FFh [A standard address for an AT first sarial port| --
30 Remapped to 7FCh through 7FEh, which are the port addresses for the first serial



10F 3$10%&' ()-!F 3$10%n& ()-5"E zX6~];0

» TTYRMB109% " &' () -! Y MB10%& () -!Y! Mb10% j & ()-1:$10%& ()-!1:$109W&' ()-!1:$10
&' ()-EX~_@ !! 109%& ()-"&L0% ()- 10 10

10Y2: $109%&' ()-!VY2: $10% " & ()-Y! MB10%&' ()-Q zX6~ @

|1 v3YYRSI0%CCE () - ! WF3SLOWNV& () -y! F3S10WNVE () - y3$10%& (Jq! BE1aRE[& () -! 3%
109\ () - RSTUbe{\=0 !!v 10%g& ()-!10%& ()- 10 10

103Y9%R$109%& ()-! *"3YYR$10%ss&' ()-! d3YU&HEL0% i & ()-el | Z8{\=0

L1 mY$109& () -! Y$109& () -Y$10% & ()-! YS10%&R' ()-! Y$109%&' () -

Vi YE10%8drk-dHrom ENEMDIA P EOUAENL 0

10! 3s' &$109&' ()-! U3s' &$10%88&' ()-!3s' &$10% *& ()-!3s' &$10%gg&' () - >k} [ 9M=0
L1LT | #109% [ &Heying #4096 digribet #100dfaRad) etnbbt0o@VE of ) thel D% r(tjort’ and

109&' ()-kHI {Y7) 10! F&$10%&' () - !_F&$10%t_}&' ()-. . _

F&$109& \3riseaiemgtives: dneseskiled (7 the ATOYIN geg9anizxx@iveR the! rashirtBsy h;
h& ()-10% h& ()-LMIO% h& ()1 Y 10% h& ’g%-s! VL% he ()- 19

10" % uvﬁﬁrﬁf%’& r(‘f—'i'é%é?'{é _altgiqﬁ%ygs(g 1% equivalents exist which do not depart

& from the invention. It is therefore intended that the invention not be limited by

the foregoing description, but only by the appended claims,

CFRARAAS AR LR AERE AR



101010 101010 101010!') &g10% Ol 0& () --&g10% h& () --, x*ndEUV7yF
109%& ()--10%& ()-"10%& ()- GlO%& ()- 10%& ()- 10%& ()-
CJEUV7y#10%&' ()-! GLO%& () - | MLO%& ()-10%& ()-T
10%& ()-10%& ()-"6edEuV7y010%& ()-.10%& ()-S, nTLO%O&'z(Q -HolReDE () -
10%& ()-Y, &0%& ()-FNdEuV7y010%h& &? L 10%& () -S, mMOW& ()-7 10%& () - Shz
10%& ()-339! 10%& ()-Y Nornmal" "Heading 13]c" "Headi ng 23] c¢" "Heading
33] ¢c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83]c" " ' 93] c"A "Default Paragraph Font" ?&#*Y2; nCLHU ZckktJ}7i TIN
"B&(*3 /f:rN>$ " 9&RO() +, -.0357:
>@aA1DoFMPVUYXYYt [ ~] “ bd" f gj npux~[ [ 86) . ub5ekl, N6Ti nes New RomanAr.i al Couri er
New' h Rdot ARBIH{\R A9P8 t gpmmunigating ywith a gelactedsyyesof a plurality
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

of host systems, each of said host systems using a different

communications protocol, comprising
5 a first personality for providing responses to a first set and a second set of
instructions supplied by a first host system in accordance with the
communications protocol associated with that first host system,
at least a second personality for providing responses to a third set and a
fourth set of instructions supplied by a second host system in accordance
10 with the communications protocol associated with that second host
system,
at least one of said host systems providing program information,
processor means responsive to the first and at least the second

personalities for processing one of the first and third sets of instructions
15 and for emulating one of the second and fourth sets of instructions and
incapable of executing windowing applications locally, to provide to the
associated host system responses compatible with the communications
protocol associated with that host system, and

switching means for identifying the host system to which the terminal is
20 currently connected and selecting the appropriate one of the first and at

least the second personalities for communications with the |dentified host

system.



