;edex| X6$TxY 2 9 JUL 2003 1 METHOD AND APPARATUS FOR DI SPLAY OF W NDOW NG
APPL CATI-OQN PROGRAMS ON A TERM NAL SPECI FI CATION Field of the Invention
The present invention relates generally to nmethods and apparatus for
di splaying information on a ternmnal) and nore particul arRg dél £008s to
met hods and apparata for formatting and di splaying, an a termnal,
graphi cal user interfaces such as the Mcrosoft Wndows operating
envi ronnent and applications progranmd wthin such environnents. f Y,
-. 2 9 JUL 2003 Background of the Invention G aphical user Interfaces such
as the Mcrosoft Wndows~ optrrating environnment conprise the nost popul ar
operating environment for the world' s best selling applications software.
Such environnents are typically preferred 5 because of ease of use,
unifornity of user irE ?" 'ﬁ?g‘h”%gﬁ'ﬁl{ﬁ REHPISPLAY @Bl 1 as ot her
reasons. HoweverWlNﬁQMNGrAEHVIG@WMP&BO@RAWQM@O‘EWINEE with
wor kst ati on and m croconputers such as personal conputers. Such
wor kst ati ons and m croconputers, while flexible, present difficulties with
10 security, reliability, ease of adm nistration) and value. Wile data
termnals are known to offer the advantages of inproved security and ease
of admnistration ralative to mcroconputers, and usually at | ower cost,
term nal s have genmmﬂulmmnuﬁwwmnabl e to provi de conpatibility with the most
popul ar graphi cal Term nal s operating in the X environnent
can provi de sane graphigemd» 15 i nterface capabil.ities operating under
Uni X' u, but typically are expensive, require extensive nenory, and offer
Tittle conpatibility with the nost popul ar Wndows environenent Anot her
option known in the prior art is diskless PCS. However) diskless PCS offer
several defici encﬂllmmulmmmnml nst ances, diskless PCS operating in a 20
client server env pl ay applicant programinfarneiir~r7 by
downl oadi ng t he appl ig@fson fromthe server arid executing the application
locally. This requires the diskless PCto have whatever processing po~NSr
is required for each application it attenpts to execute. In today's
environnent, this can require eight or nore negabytes of nenory, a powerful
processor, and so 2~ on -- naking a diskless PC expensive. In addition,

di skl ess PCS offer limted security and can require extensive

adm ni stration. The Wndows NT operating system provides a robust network
client/server environnent, while at the sane tine offering conpatibility at
the applications program | evel wiSBECHECATIIMNSr W ndows environnent.
However,

Fiald of the Invention

The present invention relates generally to mesthods and apparatus for
displaying information on a terminal, 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.



30 the NT operating systemwoos witten for PC clients, and not term nals.
As s J 2.9 Jut. Zpp3 result, NT clients are generally required to be
robust and, as z reSU t) expensive. In addition) Wndows Hi§ w@s ggg3i tten
for the client/server environnment, anti not the nultiuser environnent. The
W nFranme operating system recently offered by Gtrix Systens. Inc.,
nmodi fi es the Wndows PdT operating systeimby extending 5 it to operate in a
mul tiuser environment, alt hough Ehe ﬁr I o; ari ago i cation for WnFranme has
been PCS clients as opposed t 1 AN t heref ore been a need
for a term nal | S Y&l Yal Sinve pat-el i abl @y st 0 .

adm ni ster) sec%\‘&rH a%%l ‘égg';g'ffeey‘%r” ¥ai§§{?‘g%}an{ghe:p%ll"i?ééa@ﬁ @H%@@%\ iTHEEPHRR i on
within a rasvironseint\Wdarepriss ¥hepesat hpoSulsr Bperitind® BRORbnmBUWIWEY Yhe{vdrides

I nvention The present invention provides an el egant solution to the

short coni rygsstofelline appiioatians sofmwvarkat Such gnovriodeseris dnectypératlyvisrefared nal
capabl e of displaying i .5 applij.catjons software conpatible wth a w ndow ng
envi r onmerftecap eﬁ’i@@ g faise: HREOUPIEYE Oh MSPHINART AR %BB\H‘-@@@ displayplagywell
term nal capgfles QEsgQgmuni cating with an applications server running a
mul tiuser operating system This provides secure access to W ndows
appl i cations atHpp@wvdeskE@gh UBeNenvibX@ABhEY Ywees| id@dighadorfor alise  with
application server is provided in the farmof any 20 suitable conputer

runni ng t heoiNsigtiane epdr aticngcwyputarspsoshded merebnali xcodysttens, | Boch The

W nFrameTM operat.ing system incorporates the Wndows NI operating system
pl us ext en¥f af'ﬂﬁgeﬁéat I"'Hﬁroéoﬂ?‘gﬁleéﬁl f:)‘f"B‘Poé'@l"%ﬁovﬁf%%”q é@%}&t'%wﬂas
mufti - r I fedals he t.erim ' ”'ﬂff L a e I rent )
a har dm eseggﬂgs,?crhp tse'c tjre-eg"gaci:fear o'n?%tﬁéeﬂf'{rite y(ﬁg'&br (?‘(’:@S%Sg?éala{#n@?w%%rge
addi ti on) Ureevh &6 iffEalthefdderatRkYol iiBrbogd BRCOritR EPdYa a6l hEmaasRhtich | V

i ncapabl e of local execution of nodern application prograns such as word
pr ocessi ngslativaphirosrocdonabiers, aod wuady gidpwlearcqstotgranisilsdraveveenarhlly

W nd DCS ti /St itself. In_thi the t i nal ., of th
pr esent 1 AT MRPIS i BETHRE | SPrPPRRHBALVIER oSN PSRUGF (ERPPIGRHIYSAT s or

di skl ess R tfllesOtiGmiksts dpRPdd i nee R eRvibheik $8hVSibvide: sotné gfhphidal 2003

15 interface capabilities operating under Unix¥, but typically are expensive, require

extensive memory, and offer little compatibility with the most popular Windows
environments.
Another option known in the prior art is diskless PCS, However, diskless
| PCS offer several deficiencies, In most instancas, disklass PCS opearating in 2
20 client sarver environment displsy application program information by
downloading the application from the server and executing the application
loczlly. This requires the diskless PC to have whatever processing powesr is
required for each application it attempts to execuie. In today’s environment, this
can require eight or more megabytes of memory, a powerful processor, and so
25 on -- making a diskless PC expensive. In eddition, diskless PCS offer limited
security and can require extensive administraiion.
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



environment I nportantly the hardware architecture does not inplenent the
‘,convgnti anal | RM PC/ AT bus, and the firmwmare within the term nal inplenents
nei t her standard PC/ AT E103 nor a standard PC-conpati bl e ?@Sk ?_)p@fti ng b
system The terminal firmvare inplenents network access e er’i‘éJ o)
.conpatible with the application server, sagain, for exanple, the I CA-3
extensions available fromGCtrix Systens, A high resolution graphical

di spl ay i fespitpWTIekkretdie fqdherasareqlirats 6o BBFoBBY: Aifd ¢ BRESIPNOEIEHNR:.

(i ncluding grayscale) or color, as well as input/output devices typical of
t he W ndous agditiarorivindowad¥il Wasasrittonser, tHeestlepafsdrvaramireamen, and raither
IO services. In additional, the terminal includes a network interface

capabl e ofNSCEWWHHEEE SVITGREN- ¢ Hie WiRTrREE SRATatag BYFteiRy (658N tbatientd bial

bowr -1 1 ngts ST, SFE Rkl e RS e SRRt ShaBPLEY esfiEhing
appl i cabi @reoSep¥rste ihhg rhRlisBAkntRofineAt, adithddteh WEGes eMNT a0k dNREoNS ?5

operating environnment, including any application prograns executing on the
server anWinEoopsdsbpeehd LS elienfs dsheppesad takerminatshe exenpl ary

arrangenment, the ter urinal appears to the )yser essentjally the sane as a
much more expeh§EiR, Npesiasaiair cbesturad@eet ol HaRade HEES OWFh cisnfrletvelyas a

resul t durj t] e rni.n .. 1.he i ntion qoffers
nunmer ous P{e'a &%%?eﬁoi%qw gté’gtl)goa? éﬁnﬁ)r\t/{f{cg' gg‘rt‘rgﬁeir%sﬁr%aégesﬁg e%rt O{/']\?ﬁq%mgt t he
same timeafpiedtddr) pRIYradh I6rHessA aflidid eat H@SusyPI Wdds® operating
ciient/server environnent. One feature of the present invention is the

avai | abPl ebyirofimenitOnt i ndependent conputing within a Wndows environnent.
Thus, with a system 25 according to the present invention, a user defines
hi s operating environnent and that environnent foll ows himo; her

t hroughout the system A user ggm"qawﬁrtﬂfeqhge]?.gg?onto one termnal) define
an environnent, and then log o . That second term nal
woul d aut onat i TaklptedemPind¥ntibe pedlidéPaMRRIgadeEbtidny theadhdrtimitigstdte
first termnal. O In addition t4 the ability to display application program
i nfornati &P prige art] in 2hgt JUIrC2ERSE areinexpansye teneipRlecanablé of shisplaving

i ncl ud a setup node_which perm.ts the user to,configure a variety of
oper at I g 2BBIRARRNS FOTTHEETESITRATDIeTS TR A BIAs Wing AV EouReDhe pr esent

invention to c Y mﬁ% Y, 430
W nFrane, a spg.gpg '%%ﬂc’igg term r'1a (olép%r'r%g/ﬁ’eﬁigﬁSo?}ést’[y‘lg%ﬁ?géméggﬁﬁ%%ee oped
whi ch ei t BemneuRit afies veith @hhaiplit Stiorisesgromadinhing Benwitibks dperating systein.onal
PC operating system The term ng! operating s?{st em includes a boot block to
i nitilaliZ8isantpydas tsechee Apsesmto f\Windswes appligatiensh @t thaidasktamads In an

addi tional drivers and co nd_software, includi | oadi.ng, . nodi f i

W nFranme EFFER a'c\,’oﬁ%bg%%%ﬁ]'ow BPp?‘f'F’é'dr?oﬁ?rf"ngé %OY'Id%lgn'ﬁ?%'ﬁepocfm §ﬂtany

"1 ncl udes sRKHIBIAnBARRLAINMAG the ANirTRRhE JipePafing 8V¥&Im proviaddidy efriko the
ability to display applications display information in a Mcrosoft W ndows
envi r onmeBystetie |peeseh WinFemhe'b npataing syedteshemconpoies thy Wiodowmtiii cat e
with other servers or hosts running "non-Wndows" operati n? systemsc%/ t he
i ncl usi onCBEraFNGCTY SRR Rigs B eITIPHymRieTPAITD Adisplap srewmeal kepws asACa

the ability to '“hot key" swtc g the various personalities. Another
feature of ?%‘éveﬂ)’rge)ss%@%ilﬁsi/e\gn‘%%p%r?%iﬂs%’gt he i npl enmentati on of a graphical user

interface for opgfitgiitdoin@ldas! 8hMeATbxamdifyhembedinldny, nanageiwdresks.
In particular, the graphical interface enploys a plurality of w ndows and
each w2hdemhiteotites breedndm ghe dntad X 26 pooeessor rioree e radditadn, ctingr tastrendlst i cs
or 20 other | ocal tasks. Arranged in groups wthin ch,w natjow era thef

sel ect's wAITEHF @Al IFBTRE MMPIGUPEEOR -t S1aFRE Y BB 2P 94/ R AXEHEON G

choi ces, i r ect..ar J d ol

t hr ough a%%%@&ﬂc%pgg ?Ernr%lgééﬁ%res?l"gb %a@éﬁgqg(g?%&%{ T %E%r’%é%%]rtgyg%?éi ated

wi th di ffefHpdpnes ppdg@nesipse ervh 86 Aah8owdSoADDE bperatingasystenoitsdihe
present invention is the inclusion of the term nal operating systemin
fl ash ment this Yy theatsrmiaaio?ytheayesrntiprtin ishdistight'y difipiantyire RRR hods,

i ncl udi i i h itable i f h. . | el
et V80EOTDLEAL oD LR AeSUobhe It AR SRAA |

predeterm ned stars. ~0 It is therefore one object of the present invention
to provide a term nal



2 9 JU _ 2003 r c;apabte of displ8ying informat~vn generated by an
,applijcation server executing popul ar appljCations progranms running Wwthilr-~
"the Pllicrosoft Wndowsa NT operating enviranmant. It is a Turther object

or the present invention to provide a termnal 5 configurati®8 $is?®h

havi ng a graphical user interface for cdnfiguring the termnef operating

pararnters It is 2 sill furthEr abject of the eras=nt invention to provide

a tar min&PVFBPTH™Epl ay of applidations programinformation which enul ates

i | ] i ent -ser. ki ' 10 |
s a stit ] 1 ur i RBeV R bk e B A STIRAINTY O OFS oI P IERRY il
having a e@RPeRAAZ BNl PACATIAN, GarletHel FifRwWARE Wit %?%QF ﬁﬁpl%&ht@’“

nmuf ti-ussr Conputing environnment together with desira ure, rmal |y
associ at ethewh&h stacHaehtPG/AT @IOSNViDF cnERaidarkt PiCScanpatibherdisgbjopetatig t he

preset invention tg provide a termng! 15 operating system which enables
comuni GatveiMwi t ihg FEHEGR nbrroysfat iMPRjeEeTte oRABNOTMNRERESSt exiensente
time running a.non-s dard ,PCLAT 8105 ari.d pnon-standard (ac %0:1)8 1T. is a
STt ur PR B AR Rd Rt gt B SXPRPG e 1A SR RS and
met hod f orgyEA@h(E) fr6RNERAKOD stHRAAL | AGidH réé’tﬁufi@é@rﬁ?hic‘%ﬁ’%‘iﬁ%&@% PR ?0
| t is yet another object of the present Invention to provide multipler
resi dent pethdoalaeddecst Lioe and eray baleither trhodiagh e nsav({irehidipggagrangcdiBeor
vari ous personalities wthout the need to change expansi on cards or renove
pover frofPidieas avell AainPuUkisspubderigehbroiel)afctne Windrwspervemment eurh on
may bs 1 tatserf'\ouse, keyboard, touchscreen and other /0O services.
In additional, the terminal includes a network interface capable of
communicating with the application server across conventional RS232 lines,
Etharnat connections, wiraless, ISDN, fiber optic, AC power-line modems, cable
or other connections. Whean connected to the application server, the terminal
15 displays the Windows NT or Windows 95 operating environment, including any
application programs executing on the server and accessed by the user of the
terminal. In the exemplary arrangement, the terminal appears to the user
essentially the same as a much more expensive, less secure, harder to manage
personal computer. As a result, during operation the terminal of the present
20 invention offers numerous featuras nommally associared with a multiuser system,
while at the same time offering many of the desirable features typical of a
client/servar environment.
One feature of thes present invention is the availability of client-

independent computing within a Windows environment. Thus, with a system

N
n

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



appreciated fromthe followi ng Detailed Description of the Invention taken
[in z5 conbination with the acconpanying Figures. THE FI GURES Figure 1 shows
"a geheralized arrangenent of an application server and a teggi n@ln h(ﬁ
accordance with the present invention. Figure 2 shows in fu ¢ e? bl ock
diagramformthe architecture of the 30 8 ogic of the present invention. r
~ . r 729 JU 2Q03 Figure 3 shows in block diagramformthe architecture
of the conemshahst Ceoprdsegtiresedtioniiguiueled «bhelp avdevetwsrepehits les skt War e
architecture of a termng! in accordance with the present invention. 5

Fi gure a 309fs\igurs avapet pearerasing aseaptamfitbenerminalet up i nterface

bet ween the CGUI.. Enqi nd.the renpai nder pof the. system_ Figure 6 shows in
flaw chart for ri1{°ae_ﬁ§1§%| %FET‘“%F&&%‘% ?rﬁéeBf&vgg‘g‘%‘g§°~99mp&1_g‘f'ﬁéCPW’PI%ﬁ of
the presenlanh LR CAEILEE ShbSe R0nARR w;ataa%?,ssr ciaéFdL.QEEEE {EyeRing —S
a setup screen fromthe configurat~cn software of the 7 pr ssent

i nvent i @&n.opfErgtingssyaenyglssheunt hevaaped sivhiott witer aasoiited ef wtHdwise

configuration software of the present invention. DETAI LED DESCRI PTI ON OF
THE | NVENTEERP7AS tRetha cHE tRosv acmvengapal PC arsiang sye@nsy sthantesmisabwn

R Gl s G iRERes’ DVELL Blbci! T PAIIAGY! Ba &o% B System,
followed by a kernel which loads additional drivers and cemmand software,
including loading modified WinFrams client code. Execution of the modified

10 WinFrame client’inciudes making 2 connection to an applications server.

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

15 with the ability to "hot key" switch amonag the various personalities.

Another feature of the present invention is the implementation of =
graphical user interface for configuration of a termina!l and other locally managed
tasks. [n 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 &rs tha selects' which
can be configured within that window. These selects, or choices, from which
the user may sezlect are displayed, or displayabls through & pull-down or similar
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 parallel port, a serial port, or a2 network adapter when the terminal is placed
in a2 predetermined state.

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



comuni cates bidrectionally with one or a plurality of termnals 12 over a
sui tabl e.network or other communications |ink 14. The network |ink nmay be
an RS232 line, an AC power |ine nodem or an Ethernet connection such as
tWSled 24 pair or coaxial cable, or other suitable lint; s@8hJéls M3per
optics. In a exenplary arrangenent whi chghas been determ ned to operate
satisfactorily, the application server is running an operating system such
as W ndasvsap¥bte oMdiSpI@PRGORT el £idXE EMshBtE by B BppRcdtias 8eRlel REGELRNg
Citrix Gs the INNnfranF DS. The G trix renote w ndows protocol or

ext ensi onspdpdRndRPRIEtICOS Bréomanct ogmhingswidklih de ASiceoduft | \Wernamns® T ch
provide true nmultiuser capal~iiity Lvithin the Wndows NT environnment, For
such a cofRYEF Gt FOHORRENEppl i cation server may be, for exanple, a

per sonal conputgr;.bas 1ot ntjumar _'4 rocessar, or other

simlar pr ocess@r'séogug rtggr Z&’&% gj ptﬁg é)'lresgnﬁ/i?’%erit?%@ets?sgf?wSF LTS

~~I ncess®réonfi@Rithal syiskérhhavisli k aglap nAs@uUidy Wteﬁé@é'forléb%@“ hary
or

30 coni~ig!.~rstion, the server may have si xteen negab:/tes o

W nf r a: ne'tetmingl @<ragting003rSerspl us 1- 8 nmegabyt es of RAM per concurrent
user, depending,_on thg 1pa ti %:g?i ar application being run by the user. In
appropriate config&rsit T OREECH B D2 REFSEAT S&NHH0TY 1@ BrRyida | st gunehier cat e
Wit h ot herq:sgr. ) A B i, £ Vier fl ni ost 18,
ot hier per <hagl Vs brBablh MicEyidieh JHidifayhubtessd b mdeine

ot her connasrhpOtér iBUE ltliaRt-8s AWt Wk kiAh eYvioPiawd, cat i ons server 24, the
application server 10 nRy al so communicate v~ rith renmote ternminals 2C, or
by ot hetO neans ltdsra sl fugiher -alecrset the prescRefiaventign nexprovale agrermind,

t he hardware.architecture of termpnal in 10 accordance with the present

i nvention HRYHE T E&aﬂaﬂque%% 'S.fEPW’%%P?ﬁT%f%F‘§S%C'@BG Wi, 2 MYPHMEsfy a
m cr opr oc : J-am " - lLaLy i . .
80365C7Con o Tag SATKCRhsrE Rhadkn ik bl MERAH L cRANGRY BERei s wiy
from cl ocka alignt-esetsrleagii@nhOest. The CPU comuni cates with the renaining

l ogic via an address bus 105, a data bus 106 and a CTRL bus 10i. 15

| mportantly, thé usedurtds: abjes ahdha mesant inypnten |y porvidenpaermira! wi t h

B

itfalls agpAgd ne I £ u e i j
gnvi ronnment . ﬁ]&ggﬁ%%ﬂ%?@ ttﬁﬁe@%;nd,dﬁg%sﬁg{uSnﬁ%ﬁlé%%%gé%d?ﬁﬁﬁﬁ?l%q%o to
a control rdh-Afddard?P0,D0%.Wwell as a flash nenory 8fr8y 112 and a VGL~,

controller 1 i 4. The data bus 1C6 |ike~nrise conmunicates vvith the
control ASIC 170}s endilhigrthep gbiect péithe plesent amventiome ¥e myovideagn #ppagituThe

CTR bus 1 im L =2rl id tral ..si | t.he ASIC .110 dth
VoA conti gt ethog Tartt el SR Bty B 1rine SR eP Yot ng
DI AGCS 4p ' t he 1AElGat/dRothdP obltet APtHe frebald FORAHBA GBS viNk rLLRR fERIRNY

array 1 16 via a bus 120, and al so conmuni cates with the flash nmenory
112 vi a a fRibstngitE2Xor BrerPbdhusith 2a@dadveitchimg wimttewy tenvanides pecaoniatities aen
the ASIC 1 10 and the flas!~ mernorr/ 112) a serial 1/0 and parall el

cont r ol | erWADOUL The REed &3 changk) expRASEOR 6RsAT| TEMoMEgROWar mﬁft%ted”'ﬂ%ﬂi

contioller 12E. Gddi & i the; C_pr.yi Si | . t0
flash nmenory 11-5’{'@%? o%'b%egﬂﬁ,&sgg@g and t% gfggsﬁg]qs%&%n {ﬂ BQJ PJE nggr
appreciatad from the following Detailed Description of the Invention taken in
25 combination with the accompanying Figures.

THE FIGURES

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

30 logic of the presentinvention.



o the menory array 116, and provides COML, COMZ, and FPCS signaf~ to the
,SIO controller 124. Furthsr, the ASIC 110 provi des a K~CS signal to the
"keyboar dl mouse control | er 126 and provides an NE T CS sigrged Jup 10{?53 LAN
controller 1 2%. Finally, the ASIC provides a spea<er enable signal SPEN to
s ~a speaker 130. The CPU i 00 al so comiinicates with the SIO con;rolle
124, the keyboard! npuse controller 126, and the i, AN controller 128 via a
portion of the Figire1Rshows iadelpek drearamdonsitoelarebitpetove d0é thehaomnalr ASIC
|nterruptsfll£_J\IT gN T B and INTP to the S10 controller, provides hardt~iare
|nterrupt§ Wf 4nd MBIfJT 1 Oto the KB/ MS control | er 126, and provides
hardware inter F‘i’&Ure'\ﬂgﬂ %\% Ir*ﬂ%v!eﬁ’ elNCd?nﬁ'\r Q#f?\fvaré%%hl{g@tup@g?%yte%%! ln 16
is xypicaily conprise M nenory h ot her types of Tmenory nay
be accept abherdihﬁomretfﬂ@@erSnvéﬁWer unl i ke rmdern per sonal
conputers, the anobunt at DRAMin the array 116 15 reauired for operation of
the terr nal typeer 15 shiows te W‘tﬁhflndthl@t?kaﬁ@@rém farm KiBet setipuinterface

megabytes. I n an i ment nenory address lines and a
byte sel efEVERB @Pegﬁé%%%ia@ﬁ "Ihlerﬁef’éa‘?‘ﬁ%’ Pr‘gﬁ?)‘? §V§é"£€e to 16 MB. in other
enbodi nents di f BRI e

Contra! ASI1C 1 ;:f,gJ,E‘en%I %hgﬁ%e%gp I ar ?5?@?%@1%&%&8% ﬁﬁec |mocna$ %

bl oclts farnibastheoterirohal &R pastehelindditircabnhasts wagd appteatdd Berver,
interinave), a systemtinmer and Speaker tinmer, and an |10 controller. The
Control ASI c rrefygtmes?SAb@mwpl @ﬁemreacragnafrg@t@vaﬁpaixc@lratmeqftwampyw
mtegra,g)e eyl G ﬁd is described in greater detail in Connection with

Fi gure A 8?58? ?Phg exanple, it has been shown sufficient to size the
flash 25 menoriFigdetd OfEd IPaRT dRbwO el At NLoMRMBFes | BaQiciRbd 7RI OB ONS
a size of ~'ptofwe megabytes or nore may be preferre In a

pref err ed cenbigdrantat sbifevare ay tHe prészntonpéntias. fl ash nenory, in sone
enbodi ments a substantial functionality of the present invention would
remain even if '"the array was of EPROM and SRAM or ot her conparabl e nmenory

deyi ces. 30 1 he SIO C%@é@%ﬁ%ﬁﬂﬁm%mﬂ/ 5te 1, CA " Ji2 and

printer |or 2 9 JUL trfs—1352 o 136,

respectyigvel y. Refbfricd Adere! h@hrmntar 8 Aiffieli2dy $f¥n b@saom&%Za&wasﬁee such
as that available f. om Startech. The keyboard/ nouse controller 126
similarly veiomminsi gaessnivitheatidey bdar partid@landa neiogte atdlicetion esdrirer LAN
controller, which need not be provided in al! 5 enbodi nents, comruni catES

with a LAIQ°FP1"1"‘é‘Pf%ﬂ,I§31‘2'E’”9|"H°6ﬁE!Y é&(\émﬁ%ﬁ' IR d?clBEfy'ﬁ‘é oft FEMIBYBobE %R e

controll erg d cqn ogl d
and nouse W %@ %H@%%Iétﬁgp?{%n}"ﬁ Sslt'rg(néa lrﬁglqeﬁf(c}}tfd “lkgqg%\?%’% é'ﬂ,{
som- enboHIEH Fnd, ke K@/b@@reel RO S hesr B EknéreeiR@hhiesbri Sudteas owidrdd bl e
with the four-:vice kEyboard interface described in U'S. 10 Patent No.

4, 706, (2&DalilmaﬂdajﬂalH@blei\l\orcmi'tar(slulltablmhralysbehaa'wflbai patite heBwramplary

|nt erface controll co wth any accepted ne k st ndard

i ncl udi ng af’@%@?"%i’wﬁgg?m%?ﬁf tﬁ%’?"@edﬂ‘?e" FG&)F%‘?“HFW#%GEEFQ? KA 57

2K6 menor S i
befle R Rl 30N SRUER SR E0E WhR 0 ARt

controller as ope atl soci ate menory

array 144 efxt)éns‘ubaﬂ sgcmabemwwloWPaMIstcitﬁfwmheo.rw,mf‘dddnbcmsl sThedtrixed to
a nonitor '14G via an MPS 148. The video controller 114 may be, for
exanpl e, &eTOPHE WNGOMWS RIGIPRE oRiexRenSions- N dRAVDACA Arf prﬁawﬁh% vl Tshp

d f. d d h |
i spl age SORRATTRRLtSHH YRt e FaBEp e MO b AT R,
Array st apd$rdnmdam | FobBudPRAESHGi2ibR0%eE %ﬁdllcﬁilén' Ser/BE nadyl pehasr the

total nenory requirements are distinctly l'ess than for a persona( conputer
havi ng si mubmpl@a@mrbmmalesomputhrapﬂaxd O rddwse laiperh tingrat ¢ o §i porcessor @v
steep signal 150 m- vy provi ded fromthe ASI C 110. Various nethods, for
i mpl enent i@ H@eréf@fléégfgvmrsm s addl ﬁﬁawa&zaﬂrm*gs PWPC&Sﬁ‘Hné’éHFB'ﬁ'B’E

version of, L he fIesenly V\ﬁe} Wgﬂt%ggéntﬂ? %eg% S Prﬁxrﬁ.an Oaef NS PANE

supply of Plhe" Toni itor, video sIgna Iouvers the
power G@qlébhﬂgﬁﬁndrhetrf@ﬁért\@rr PR/ HINeEn megabote Bl SisN fot REnspne™
signals are mani pul ated in accordance with the VESA standard to cause the
nonitor to power down. It will be apparent to those 5kilied in the art
that, in the future, nunmerous of these functions, incl~:ding the 30 CPU,
rrray be incorporated into one or nore VL.S! devices such as ASICs) gate
2 9 JUL 2003




il arrays, or other devlCaS. In a special feature. of thp hard~nrare of the
Jresenr invention, the term n=! operating systemstored in the flash nenory
1 12 may be updated through a vanety of nethods. including g%nnani tion
through a suitable interface such as the parallel port ? 36¢f% ler port
132 or 7 34, or a network adapter such g LAN interface 142, In an

exenpl ary em , odi nent, the flash nenory may be updated through

conmuni Ca?@&gﬂ%ﬁha%é@%wéy%‘fWMﬂeP%BnEbﬁeﬁteﬁ I NAkpbidiRh ¥rethe! ShrBouiar
predeterm ned state, such as by attaching a | oopback plug, an appropriate

key seauenrppliostiontbeinguihdh thergass. | n such an arrzngenent. downl oadi ng
to ' O the ternminal's menory systemis enabled vrhile still permtting
comuni cati on WPt RPPRRPH#W Coriigusatiens.hdhe pRRRIGRION v§ervenei @omaynialst i ons

i nk, d rati i i , ei , i | ' DRAM 1 16
o " he P 2bATnARES Ot SR AN s Rt bW el IS se Bl oo 2 i hess oo
| nfor matg org,i st PetdohBl L8R FLasN26BEPN hidrreh REaALY. A 4 uan -

terminal is returned a normal 15 operating status In i ch’ down oad?rrg

di sabl ed. dthenaoratecciomdi sicnas & hreutsrséreotiadr dhaiEni2atiens Renapazal g
following a reset by beginning execution of the boot code container! in the
flash nmen@Ppligeha) sereer 10 meyr #lag i aremunicase vaifh Yemate gyminsla 26arageey i n

two banks, qf i e accessed af, a predeterm ned address of the CPU
menor y spé’g;e??‘t P’oer“‘z“‘z@’ ﬁ%ﬁ%‘? 295508 FFFFF and E00000 - FFFFFF, whil e

the remai nder KfefohdndEXtYtSPRRRei 3, Hd AeAdGE d @rafitddlfe TRIY 1&fminRf in

norncl PC functions as shov~.~n in Table 1, below. | t v~ril! be appar ent
t o t hosi® scicbtdsuhcierwitheharpgresdratinvemicanmayergpbertyr eppostiaedt , (nt particular,

vi deol gr aphi% nory addresses are shifted eight negabytes beyond

conven~i afat E‘C" nﬁ%@'céﬁﬂraegg‘é@m?ﬁe%ﬁﬁ’ér‘PfaIHEJggsefﬁﬁBEﬁ %%‘ﬁt",‘ apHxeRiaphi c
may be us i -l"fggm%q}' ¥ 2.4 i i n e ff),
so the VG%%% 6 r~nly ?@?ggn S 't&odrad' Pg&L%ﬁ?%E@;gégi%ogﬁégg%%E% %H?I
graphi cs weskysighal9 @R clo&¢ BhEN ekE 010 MADTDdThe TP ERXMIMuNi BREE Rl tiss CCGA

nmode), and that these addresses wilt be shifted to 8A0000h - 8AFFFFh, and so
vn. The adémessog |hQicevisean asitirésedus d OFeraniistaBbus83INIE ndRAVIRL Hhu=108.

COn | SYRS ol £, 2d e SRl TR (A1 ) SENSSRS cornhald B o
perm t di SRARROfA RIS APRL! SAY! QReP RFEANR) DEAIRL! Qandurd0 sinte the
present invention is intended to avoid many, if not all, of the pitfalls associated
with personal computers operating in & networked environment.
In particular, the address bus 105 extends from the CPU 100 to a control
20 ASIC 110, as wvell as a flash memory array 112 and a VGA controlier 114. lThe
data bus 1086 likewise communicates with the control ASIC 110, the VGA
contreller 114, and a memory array 116. The CTRL bus 108 similarly providzs
control signals to the ASIC 110 and the VGA controllar 114. Miscellansous logic
118 provides CONFIG, IDCS and DIAGCS to the ASIC 110.
25 The ASIC 110 communicates with the memory array 116 via a DMA bus
120, and aiso communicates with the flash memory 112 via a PD bus 122. The
PD bus 122 also provides communication betwaen the ASIC 110 and the flash
msrnory 112, a serial /O and parallel controller 124, a keyboard and mouse
controlier 126, as well as a LAN controller 128. In addition. the ASIC provides

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



FLASH BAf JK 0 Boot Bl ock Flash FLASH BANK 1 File System Fl ash Netv-~rork
.Card, Addi tional Flash Menmory . Video/ G aphics | Controller DRAM BANK i i
ORAhJ! BANK 0 FFFFF; = E00040 DFFFFF C00000 BFFFFF B80060 BZBF8UL 803000
AFFFFF sooooo 7FFFFF Q00000 3FFFFF 000000 i A6l .E i 2U Bank O may be
arranged into a 16K byte boot black 2t '¢he upper address range, for

exanpl e FFCOOCH - FFFFFFH, followi ng tv~~o0 ei ght Kbyte paran®t2r bl ocks,
and f urt hethefroptrowy agrag Pl Giradd provefesnBbmM Bl @OKS2 davn ppqsaggﬁag%oEﬁP%Q@H
(for a 512KByte all ocation) or down to FOOO40H of a one negabyte allocation
i s made) drOTHERKRDH 241 FUriRerneliab Ry Cal 1 ldt apioonides arekBLS EighalStorahs

bl ocks of re typicaliy-o nized as .a file system Bank |I of the
flash mmWé*F%§8§¥IV@f?‘§éa{g : FBdap?cN"ge%fé} devidenalain theyLANnge

f dd Fid 4 f [ Fi. t he AS1C
110 may be Borter anprenthvels A ST B ber broranet enePlauBioCoRey S anal

and proVs dgeakkodiB®ignals to RES>r T ~0 SYNC |l ogic 162. DRAM control |ogic
1 f~4, and timer control logic 165. An (INT) buffer 168 receives |NTP,
I NTA) INTB, M5i NT2 GBYNTOnalsal Komyhgnislesemgvith2tioe IR0 2@pirdier §0o4f hhin

Table 2. T, [ ff ' ki f si |s to Int t

Cont rol 1 GSVEeRRYgRSaE ERPYalas (28 st fix LAN <angrlleashy e mocinn eblthe npu
buf f 17 tj tr i f ' | oqj

gencrat as | NER buraaony dfe AR e TREARRY BretrBBly ntFa” Mot

Cont rol i rgmat INGIF fethe SIO €anabier, suppide shAdomiveriake i @Rak BINT Gvial BseeRt 1 ol
logic 174, which in turg &Eovi des a control signal to DRAM control 164. The
€

DRAM coift rtBIthedB/MS soptreden £26 aand rewid esihprdivarednterrupt No6Titlo chel Logi ¢
160; the t'cr,qq;o,pegn]téé)l logic 1 ofi also generates the speaker enabl e signal
SPEN. !'n the exenplary enbodi nent, the interrupt control logic 170 is not
8259 10 conpat itHeimahhdrgWirify 118% BYIEAR ddriiBH I | 28906 16S:
is not 854 conpati bl e,&an&ﬁfperat e?bzt {'?ﬁrgﬁé?ec?Fgrguency&gﬁ*ﬁgaﬁl‘ﬂgbgh

8254- conpaithit eyl of eneffiong n@s bt adcepthigle iBosemef et ditnenher Hdwauancy
interrupts s_'ntgg%/ the timer control logic are nmasked in the kernel, but
ot hers ar ¥V&E&sMNPAgiPongsonal spprusteimt die smavyr ahd)RANE imaheasrray ne1 6

ot andar'd REAVIEIoebtuch 85 e taotbl HRGSlY il B G Prsvnas.ebRadig

f requency temuliaiRGabytR! R4S s RENNRA) eRBIMhERE, B 89 |
i ncl udes a CPU ngr egs | nput guffgrg&l%& V\/(I’li ch re%g!%eégéé’o&]%c%eg%gnﬁ-ﬂ3

si gnal s ag$ndes dwitbeatldat liheadilecu@ading hjprroliinitssthanm2nomyt spidcstgriad M® @ DRAM
Menory Address (I]\%x i 78 as well as MeniI O Chip Select Control logic 7 80.
The Msmi 1618 prSeRlpentsAiftesent sgee of gpemesy ispeseanasrbepiefetredut put

signal s, includi l@gl—]&%@ nd_F~ASHCSI (FCS1 ) signals. and ot hers
as shown in Tag-:h%ggs urtt er,ﬁll:?fsl?i’gleé'fp??f\'r%r@eb!(o\%’?e?i"gﬁ r@ippiynegignah
the dapd busmksG6r &1d irveld R AMeEd dwo Gty dicBRt st ﬁ%yg niitld Qlitnlfireridave)Z
buf fer 1$2 provides data to a Bdata Qut Qut Buffer Latch 184, which

suppl i es GRYSIRMATDRALRC BDRakEs tirTére abdfdnel/ O1@enmblar. pibei CerstrdaASIT ondower

cont rol Iogj c,. 186,  whi ch%cgugpl i es SLEEP and PWROM sign2ls. The signals
8D0- 15 cafi >0 88 'PIRIFEEeAea & 8auaraYidppthasligBly intagratdidayice and js
SupD i e tadrifad i e FBHoRRY O Al ! [ e interrupt sO control
| ogic 170 al so provrgdes Si gnars lfJ% t Céc u @r %%8'88 A configuration
In an operating example, it has been shown sufficient to size the flash
25 memory 112 on the ordar of 512KB; howazver, in other applications a size of up
to five megabytes or more may be preferred. While in a preferred embodiment
the array 112 comprises flash memory, in some embodiments a substantial
functionality of the present invention would remain even if the array was of

EPROM and SRAM or other comparable memory devices,

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



2 9 JUL 2003 la r egister 192 $fso providas a cenfiaurat~on siancl (such as
hardware configuration, for exanple how m-:ch flash andl or DRAM or from
the nonitor power supply or froma plug-in card, for exanpl e,zga\jm@t%;mk
card) to the CPU data output buffer, whigh c.an supply data on tha bus 1
(~6 to the CPU. 5 Referring next to Figult® 4, the key elenents of the
tsrmnsi o i M. & rr i_hventi.Qn be better

under st Ood-Bgfa:ﬂEll%rﬁ/?%g, é%gr %@?ét%gsd r%%erﬁt{\]"ﬁgy'f ()T'%eeg%mé’afﬂff? copurollsf dkér e
of the presmyt beventlie®EI sdd\ate CaRAL izl XY té\,é};ﬂ@.ﬂ%ﬁﬂ_é@ﬁéﬁ dea.lhgn_.

I nstead, the present invention relies on firnv~are to provide the'requisite
Bl OS servi kegbearditeusppantreliért 126 simizylgracsnmunicaed Qvigx egel b6 ¥rdenhe ghaent
the firmdvare is d ig ed to run in virtu2l $086 node, with AT-conpatible
har dwar e cBTdesrf’eﬁ'tagfs les 3he HeANnE @it eifRr. chitaioinesds nafdbe inrevisiedeima!!

enul at ed=xi ware. a | S SSi . 1.n additign, while a standard
keyboardacgﬂ’fb%cf’}l@rn ?'s‘%ﬁ@e’ﬁaﬁ'ﬁ)%% & I g‘%‘& H}?Bbfa Cﬁehf&l A7 (e E¥emplay
non- st andapebieeybé Obth&£kehBodafthdlie Aok SsiaCce2E50 ' ~Noul d al so
be ~ 5 emul ated. Signal séyggch as 110 fromﬁrngz?oﬁéggg?%ggg‘?&guc &t dwar e
conponent scantrollat.ewdulet Uk tkeybaeid ehdtmotbe witlibatth orcompiyowitnges Hdre
control of an Emul gted A20 gate, the nenory managenent features of the
processor E@G‘Fﬂ%e‘ﬂmh@& %deéﬁtrﬁ?m emPRdimEnEs ahe iRy balard kootrolles wiih be

nor mal har i ntinuing wi.th reference-{o Figure-
4, the ter %&%do%oe?%ﬁ%@ sEyes% g%{n‘thg%‘ﬁi%gg%’%&c"u‘i‘ﬁb&%f%i“ﬂ?’ %CBSEFCW%?LW lé»]o%)
fol I onetlObpaiepa a1, TOE088! FHaliFGhe. LANGIRFJIRK BBy HY aY) d6RaBRe Wetorkhe
in:arcepting and remappi ng functions of the present |nven{|pn, as nore
par ti cUl BrineeiRpe atentdolmn ednthimar cobipn withpiey i mcepfted heetisarkedtal@and. t he
| Q SYS code i(lio i {Blcz)iad$d. Next the COVMANa, C(7M 25 code 315 is | oaded,

f ei | o~~nr e DY ‘é‘?aif? 1§ cdififiatas. sreveTeas byl am NRINERECIBfACS IMmay hame
AUTO>~XEC. B\« ,lé.ﬁnggrarx, SN %ggit@ggr@&gg s?ér t%oard and nouse drivers

al t hough both su ivers ~ e ~rsed’in éry instance, as well as
a VGA XMB drivelhel videy @idsqgrapalcgdecatldasr opt4onak epdeativiens! aslicRthted
starti n? a sel f-test sequence) which executes if appropriate conditior:s 30
exi st. 1A Werewihsn sesonshinediarg mrrayal 4o bplsiotngvideo and gadphick infomnatich, 9

J 2003 15 i C8t 1 onS t. S th -test t XBCUt e.
The ExeC. CNTbI2 49818 U2 FERCPSEAdAE e ST DA TRRAARS PerGRIanis
i npl t aty 8 2 ' t d
Ty cause rTher o SReTeg S HETEARD dBUlcE T e R A A P

connect i orh&seconehz londer of esemMdgsblyte be Veldetheenbadtdprdvids Mgls Yessittient er s
the setup node to obtain current configuration data, and then continues
4vith | oad?®ehiRs diselavs opmeatiblenwithi 68 arpexsampie tatclepsprhariiden Goaphjesni t s

Exee. ook? 3525 SRnasBEy o\ v Brcsiaep s hdes SHfedin We arfehetrim taise
vas not s ah@fisty. rddirdnibivis M dhnCopReyPih 1o biifrEatithrftdl Haash NG

of network drivers at 335 and begin he running of netwo connecti on” code
(aaam | Casimilar nagzblitisoion  displayWiedowstappliksticat pBaframisn A giéessighaly150
preferred enbodi nent e network connection code includes a substantially

I
nmodi fi ed VBRY pf&r’d%#wm%ﬁémr &1 OpoGriusgnethadiefasimpipmenting a sleep

signal may be used. For example, in 8 monochrome version of the present

25 invention, a signal is provided 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 manipulated in accordance with the VESA
standard to cause the monitor to power down, It will be apparent 1o those
skilied in the art that, in the future, numerous of these functions, including the

30 CPU, may be incorporatsd into one or more VLS! devices such as ASICs, gate



1 5 version of which is available fromGtrix Systens, Inc. Now referring
,to Figure 5, the cooperation of the term nal operating systemand the
hardware architecture of the present invention nmay be better 2ppJuicizgsed.
In p2rticular, the | awast |ayer shown in Figure 5 is the Inputloutput
.system and hardtvare'l ayer 400. The nextihi gher layer is the priver |ayer
402) Za while the top layer is the Application | ayer 404. At povyeron, the
power - up antkyisnior qtbet sledidEsi n t he hardware | ayer are perforned as part of
t he boot bl ock 300. The power-up and Init tests 405 execute partly.out of
the flash nerl 'B3/Sageldgpwre »f dhe hpetwarg ofubediremait inventione ahe ermiswkr on

| . d . i.nal i ith.th 5 b
oL, oot e ERRAASH 148 SHEL Bl SRMARUETR A0 iR BhaBh e
i nd 30, .
T T, e Feshoborll il ey AT o st e s

files arte asahetraraibd pont 186, &l sesibl penOI32 o ANBE, drhenkeworinatiagter such as
CCh' | MAND. COM sequence executes, it causes the 30 AUTOEXEC file to | oad.
The AUTQEXEMNiRterfase d4ids edn taneerBEpiacoemiysiiment. 2he flagh meomryemiagdte As

i d ab ! . COM 32 bral i1.h h,
Whdut o aa0 gt Rl RERERR s 8 4R sU5En het, Hi¥ Fert ol wiaest on
0, any tingstheneafifned BedteOREERESHY, E‘ﬁ?éﬁi%t:eé ?o@,:fbatdlegi_l{u;ﬁc %ﬂ@;&p,fo%tﬁrg

verification or changing, the Setup Mbdule 330 is run. e Setup
330 5 recdieyemdushoe matatber fuitahl®neaas. noisecs enugrrarageamnént, e wnlb@dimglto
starts the GU engine 42.0. The GUJ engine 420 in turn_communicates with a

keyboar'® dRRVEFMAPD'S MR YafYsiem Banabied vilie #ili @8 RAENGRRIPPWEFE LS
50" o SRR L "R ERGEh A RESL PRI oAb AR eRN T

420 al so conmuni cat es system In turn

provi dos Gepatirty ERSra¢télRRicd dRhePd £ tetmirk?@) DRANE N 18Ryr {HY fIS¥R MNP oRE

based on a Cirrus 5429 graphics processor, to generate a video display
duri ng t hel isdinpcths qiéercmiteFhhesepdaied eqpeeating wylkterhdnteswtidreds $wored eat er
detail in connection with Figyre 5. The keyboard driver 422 in turn
communi cat*88 Uesh ’Pﬁg‘q{éyﬂ)éarg REAFEERIV: ednh PR B als (RIHERe Gy NOFER!

exanpl g, j.onal . | out put system a

uni ve_rgeq %g’g??gﬁ&\é%“(sdggyhﬁfé?%’Z‘(’:@'ﬁ%‘r g’ﬁggw'east soma enbodi ments may
al so include a fhigrmiat cenlRibAGATHE $y3tehATRaEECD RginhabeARRG FdIRMAvING 4 he

aforpnenti Qned U.S. Patent No. 4, i06,068. Likew se, the nouse driver 424

i s typi calreyembyde@nming eaecutipratf dppbopt cade adintemed inhthe ftasis enemary
oper at | ng S5t bhbe FIeLsEh MG HHhEr Frasavs FERBER8rD: WHe EABoe T of
typical I'y BficR*RE WobBs ' bt 8T prblid®inth BiMass of the CPU memory space. for
20 exampie COQQ00 - DFFFFF and EQDOOO - FFFFEF, while the remainder of the
memory space is allocated to provide many of the normal PC functions as shown

in Table 1, below. It will be apparent to those skilled in the art that, in an

exemplary embodiment, the video/graphics memory addressss are shifted eight

megabytes beyond conveniionat PC memory addresses. In such an

25 embodiment, the VGA chip may be used in “compartible” mode (i.e., linear
addressing mode turned off), so the VGA chip only rezsponds to a frame buffer

2t AQODOh - AFFFFh (in graphics mode) or BOOOOh - B7FFFh (for MGA mode) or

BB8000h - BBFFFh {for CGA mode), and that these addresses will be shifted to

B8A0Q00h -8AFFFFh, and so on. The addresses have been shifted to permit

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



As discussed in greater detail in connection: with Figure 5, the setup
process permts the user to specify the confiauratian information of, the
ternmi'nal) including such paraneters as network interface andq 9 elht
configuration details) 25 | anguage, colagrs, and other paraneters. Once
these paraneters are specified, the datais stored in the connection data

files 440. ik Ayl | : y £ Op@X{ he _t a.nal, .setup .
modure 4. T e R diffeuba SEARPAEE dincrishy' SRRl Grhsor
EXEC. COM pdieplasgso f-Windoddnapsliczaivsegrdgda iy iafeima®od he net uvork connecti on
nodul e 41 6. The 30 network connection nmodule 3~.0 initiates by retrieving
the data stared in thF FOASH B hy2803 17} connect FBRFEata files 440 and
the command |ine of the cpnnection nodul e. fhereby CB%H cating to the
appl i catdon server how t Ol BabkBtaxk Filekhr est| of the arp and hardware

| ayers of the term nal. 'Qggﬁé%égﬂﬂfim et wor k gpapeetion modul e

communi cates with the key 22, the nouse drivar 424, the 5

vi deo i nputloutput systen Ad8 5,2 tgqgs il el and memomnogRY vi ces portion 42E
0. the term nal operatinglsys . itipon, the net~rrork connection
nodul e al so connects a haytetwerlserial intarface 44BFFBEFwel | as, in sane
enbodi nents, a hard4vare nEtwork interface 44..4.. né% network drivers 444
exeClUte cut of R-;~JI 1 1B“Pf one exenpl ary| enbodi 000Gt may execute out
of flasfprnmory 1 12. 10 [Th@qitfsHd #admterface 442 gyycbe a conventional
RS232 interface, but may pl so bE another fofmof serial connection, such as
t he Uni versal Ser~al Bus,! Merd89. Referringj next topBogape 6, the operation

of the GU engine 42a sho—.'—n“mf ng setup nodul e of the term nal
12 may be better appreci af\gb‘?“f EFRAFS engi ne oper at 6F6RFy during the setup
mode, and provides a rudi "eghadoyed S graphijcal user bgb rface during the
configuration operation. | f ion with §|9re 5, above, the
operation of Fia~ure f begpﬁ@%en t he setup sequenc;fr_-‘i:.s;i nvoked duri ng
termn 5boot up. The set'p ence may bej i nvoked from a sequence of
keystroKes or any ot her cm.r_aud_sm abl e neang@oOlide sat up sequence
starts by calling setup 20Dea@9 502, which fin rumpulls information from
setup dat8 files 418. The| setup data files 418 i denBFFEFEhe options

avai | abl e in the configurgBi Bf the ternijnal. The b code 502

comuni cates bidirectionally with a RAM structure 58§§ éﬁd al so causes

exi sting connection information fromthe connection data files 440 to be
witten into the RAM structure 504. The GUI engi ne 420 al so 25 conmuni cat es
bidirectionally 4vith ~th2 RAtJf strughg%g 40 set up and display currant
information in an arrangenent described hereinafter as areas, groups and
sel ect 201 n addBénio0,may her shvarigeidanto b ergiabetebopbitikdesthe Geger addresat i on
to video controller a30 whila responding to information received fromthe
user via CRBSEr JOUSKaelr EREORSbo&FEFEEY. Idpwing tue @igiobyiscpatamstene

user to Cyﬁggkg,hra%%gr%urathglf u{oﬁgbvtin)(g Oa]; plurality of main blocks down ta address
F8O00QH (for a 512KByte allocation) or down to FOOOQOH (if a one megabyte

allocation is made) or EODOODH (if a two megabyte allocation is made). The
25 main blocks of memary are typically organized as a file system. Bank 1 of the
flash memory is typi.cally allocated to a file system desvice, and may range from
address DFFFFFH down to CCOO00H.
Referring next to Figure 3, the ASIC 110 mav be better appreciated. A
clock bufier 160 receives a CLK50 signal, and provides clock signals to RESET
30 SYNC logic 162. DRAM contral logic 164, and timer control logic 166. An
(INT) buffer 168 receives INTP. INTA, INTB, MSINT, KBINT and NINT signals as



2 9 JUL 2003 1g configuration nenus for the operating characteristics of
the termnal. such as the |anguage disal ayed on the termni(, the network
connection nethod, and so on. Shown mFigure 7A is an iIIustg?tJ@nzog; a
setup screen used in the configuration node of the termnal. In a preferred
enbodi nent, the setup screens are displayed Gaphically. As the user cyclas
t hrough the configuration screens, the configuration data may be

sel ecti vel setufutett ¢l Tiapld [2e VB INTIH TS DRI a thgrdfigy RPRIgh A4 RS Koy THE

updated data is maintained in the RAM structure 50~ before being witten to
t he connectpamobiggic fli70esvhids readivesvaconiral sigpaldfsemt CPUPCehol BGhut buffer

enbodi nent ertain.of the data may be updated dynam cally, while 10 ot her
data is nopgpﬂﬁ@dﬂ@ﬁfiqo”ﬁ'@ sﬁiﬂﬁrﬁﬁa%ﬁbéoﬂy%mpei €8.andogensranex eti on

of the setppes dingludi | L Y LNl configuration data
to the conllrrllgct Fgﬁgﬁ? " I’Jgs 4@199r\,%{dr?gqget$§pcé‘gq”ﬁ%ﬁc§ggx' ?‘%"gﬁﬁ‘pﬁ'éw'r% ‘to
the EXEG COM32%of stippifdd baddrifolofigh Bt elpapd korerd196Licon7 a0 e 340, shown
in Figure 5. 15 Continuing with refgerencevtM(;éFiogure 7§,C the'%?gl' R/@Hdow
i n which tP@videa aappreupksianbl 1h@RAVecorddolt 064er Tha RARNNcangal 686Q aMbt hin

each area Q0. are one or_.nore qq’houps 610) -and each croup 610 conprises one
ar more selFEEVESEHEFT gngl framdinaseRINEP e g g hpAimeneonicytngis £86i on”

group inclé{tgg?e%ég? elﬁgﬁé}%%%g"ag%r%ipgg@héﬁi SPX and | PX, each of which

has associ a rew ian rndicating that that select has

been chosen, orlnstieéadinplBaf 8MbbBENSIRX thd MikirGd 88ntrdliogid B30 ihfoidgbse
structures associated with the configuration software are shown. In

parti cul@rcorapatile: bkewism theisyiseers trpef.camimien cARER! LOGE TOE) isTiwx 8254
structures ‘f{'ﬁi ntte|d to l%y t he area}HIngt i ncl ude boundaries, size, title and
groups at t¥CHBaMY's 20F IOP5FSS 248 higheriseayRpcY b aaErB254-Sorpratihie dayiasot ed

previ ousl yrh £368uRIiSANAPRERe Bf ARethi he ifé%%gngP irgl?%réﬁésggélw b @dife?"

all areas which are current;y belng sékaye

pl SP_ARI r Adrtfdl Tilc &me amaskean any esbedi BBNlothehe dribr shesdiceanlduginedo i S
di spl ayed as the bottomarea, dnd the last area Itsted is the top area

di spl ayed.2ARTOKHB2tB¢ P | aMafa@ebtiole memmal gise | keryvern dnteniupdens The bighet t t ed
al t hou e ing is not necessarily requjred. in all enbodi nments. 2 9
3UL 2009 iq_geé&lea'%ﬂ%é ReEV AU BEP 0 &' e e éérftbtﬂfgj@féfﬁv RRERANPHER ey |
groups defdmedbbrwbbe BAPIREAGERS 1rBq@bic Rleidish O NrdPubide niiFERck! 5
700. As previously noted, each area typic2lly i1 ncludes one or re groups.

An opti onalnitata structure 706 for a STRING LI ST may al so be provi ded, and

a FILELIS TS5 70s isléﬁrovi ded as a directory to bitnmap i mages which may be
used in nultipl &% RPENIID @loonineludrs vakPHudddress Inpptobpifeand &editrs.

The St UEkue 8l e R HATTa 200550 TR n Lol o b
previ oum H@put gn@e 3 GRANE MEMoRCaLREss Mt T78 &4 WA HE MERNY Bhiy 18
Select Control logic 180. The Mem/!0O Chip Select Control logic 180 provides
a variety of output signals, including FLASHCSO (FCS0) and FLASHCS1 {(FTS1)
signals, and others as shown in Table 2, Further, the ASIC 110 receives signals
DO-15 from the data bus 106 and provides them to CPU Data input buffer 182.

25 The buffer 182 provides data to a Bdata Output Buffer & Latch 184, which
supplies output signals BDO-15. The buffer 182 also provides data to Power
control logic 186, which supplies SLEEP and PWRDWN 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 control logic 170 also provides signals to the buffer 180. A configuration



10 associated v~rith each area ID 712 points to an area stucaure 715 which
includes the srea ID 712 together with an A8S X entry 720 and an ABS~Y
entry 722 to give the location of that area relative to din an gyemsary
embodi ment? 'the top left corner of the display. The area structure 714
2!'so includes a ROA5 entry 724 and a UWS entry 726 that together
specify the size of the area. A 15 FLAGS entry 728 specifies whether a
border extm edr OO B akRi T I LY i a 3
entry 732 s:og?(;[l fies the te>6<‘lt!S ofddt%heétthngggrlngloﬂ\lsglagcgts%&hw a&iﬁ: ‘%Atle
bar of thecqpfiquratibar far emarmpls hewarrMAX-FSER, &MV cerDRAN 3dr ﬁaecth‘é ﬁﬁthe
maxi mum nunber of c&aracters which may be used far the title. 20

addi ti on, ROYCHAHRPY PLEIAR & FIUg-iglarsdi Frol @Rk feﬁﬁt\yofIGBarﬁd)rtotthe GRurber

f MPTR 738
epect 11 65 THE SDEE allrich IARE ALl Heh Pt Sl T @heﬁmy
DEF_BUTT®1~! 74R& 7R lﬁeﬁtstwrssqmbb@twk e AR eg'r.lnlnatr p%@t,n%

default. The default utton wi | e actlv ed v: ~hen 't

pressed. /Ay2%erGAN m@Lﬁiﬁaéd\tenwrync}A&\aswpﬁcbém@suﬁmeme|t ‘bmtﬁeoébpr‘é’EIaQ& Wil l

be activated ~. vhen the "esc" is pr~sssed. Finally) a list of painters.

one far eaié?mgthgdﬁf%&%eﬁaﬁtewsvmrﬁwaﬁ@oértba preserpigyientiod ianol 44fmpatibie

Each grou i 4 t.o an associated group structure block 746,

di SCUSSEdRﬁgﬁm %1% tZ(ﬁAﬁoh%% %E%' ?@?‘a Wb | %r(?sgi'"e'r EPtABASYSSON Henweea. 72U

The structigr gréfidehenOr SRLAREARBIISE @ﬁy\/@ ane/4 IS t JUL

~ppg 20 identical to thggstructure gﬁt c’ARCA L?g‘? 783§I§§Ir%dia?%ﬁ/u ggang

bl ocks ¥drexsimriam0 emiedimeraathefianivaus isdesigneddiosturuivt UirR 2P BOBEEodAs

with the A 1ST 700, tha D1SP_AREh, LIST 748 also points to the area

structure “14. A lxeermAatible E?M’l’"&r‘@“ﬁ&ﬂnﬁfﬁ% SGRGP 5 ISINtRONPE Sostrolprsagnd/50)

arid incl 0|nter 754 r.evi oys group
qgﬁérsabgiﬁgu@mbpat 34n s%fﬂ*?% |?1st gfl;;; 8§ ROssIhle. er“‘sfq'ﬁgf’ﬂr@’ ils e

pointer 756 and a group structure r“t he

optional StEMANEALUeYBo&A® cBRIoRSIE RRAIROM dEémpaa@ éﬁ%oanﬁérgld@n n&llkRy 1D
760, a next.string pointer 762. a previous string pointer 4, and a string

structure qoapﬂtSéandw cRpfrotled isguseghthe tnoetface go auhss rdestasr wopid alserbe’ 58,

it poi n1t to the [_3‘5'10 st uctur8 glock 746 and includes the croup IrJ
752, a PARERH! Serftr) #8070t Foraernd i the Bertscef viichnhahware

acti vat ed,com¢]anaﬁ§%v@uat§% mpsfem&féiﬁn%ataé 3 8eAiRbyid Holépﬂg%'ﬁge &bty 732

to identif nunber use Phe ar

and GSTA, m an entulaesl ADO gatb, 186, mé@.ap,eeman&jameﬁ@féa&a%sf ¥f %Hbepfcﬂie@&brve
| ocation of the crouF within the area. In an 1 S exenplary enbodi nent, both

the group caHl PAENSbgstio Fipudeteoihs wrapaspend fwbithy etattisvia rcorrtah batdwateef t
corner of Tt%‘?-n %g gnt aining them but other relationships may be defined
that are & $0°ace 5?’ such as specifying the |ocati on of a sel ect

relativgto t h@&r@&ﬁ&z‘n@”wﬁih e Rr S R, F%ﬂStth'e”@Hs ﬁ&%qfwﬁt y& Rl a-r ea

ensure that all featurés of an area maintfain their posi

if the 20bagre excomridwilhe lgyauiosk 30O, fokoWseChy Tdédxﬂ S 4 QQHMQQSRO\/JS
and COLUWNS entri es 788 and 790, respectively, for specifying the size of
the group,!hakerael 3Q5 arovides smnno e inrcensing agd remenpingdidetions of the

group. In i O U CK~ GE P .entry 794 and C~U1CK~

STROKES eﬁ’féjs %"7 énﬁ% 53S0 B%ﬂf?"é’dﬂ'f‘af’ R/ﬁ{S{r""‘@'f_Eeéyst Qﬂfbc%‘@ﬁét'r?é’tl ons
associ at edf\ﬂhé heirbae m@ume @W@&od@@d o%%baédt NELCHA EBDNUY

entries for titla position 798, group |abel 8QQ and MAX STR LEN 02 may be

previ débi copr add tlﬁoﬂpa®Wme3QSELE¢T8xmuung 86dminsamdsowirdeiietio biydemt i fy

A D, ATTACHY EOFREST BAT 30010 THopAb GXes St Hls T AraHas Divn sxesie

whi ch t hekQ@EéérgLHr?J rr%ru%lépdriv%rs although both such drivers may nor be used in every
instance, as well as a VGA XMS driver. It may also inciude other optional code,
including starting a self-test sequence, which executes if appropriate conditions

30 exist, [n an exemplary embodiment, a loopback plug installed in a



21 2 9 (!~~ ~ associated. The ALD-AT'i ACI -1 entry 806 is not repaired in
,all oases, but assists in inproving performance in at Jeest sone instances,
"lastly, a list of pointer entries 80%$A t hrough 80$N each paigg mﬂ_qggelect
structure associated with the particular group, As will be drscusse

hErei nafter, ~ variety of Select structures 5 may bs associated with each
.group, but some el enents are conmon and®y the various types. Thus, the
first pointer 808A points to a SELECT COMW~11 structure bl ock 810.

Ref er r i ngcag@aiynicatione raregagseuthaseli-BTSIHENCE C¥RFWHEI t button entry
740 and cancel _pu ry 742 so,paint .to the sel ec ommon_struct ure
bl ock 810. 10 *E%%@%’E@%\P&l o r'ea%?cgcré\qéf& Pﬁ'@%'u‘g%%e@%%l"é‘c ®1D
entry 8 7, L Vi I and
rer v enTriRatRidr St U cRBiehP Al ERePSREF T B L BrirtndineY 00
822 far spegid itRer ERechPgalfitan sanch shade of tid e atihgadf, nd &kt cdtinéclios and
QUI CK_KEY, CHR entries S24 and 82fi for spec~fyina the hot fceystroJce ~ 5
cor nb( n&t cods. &sspereswitiimhlamented| erobodisnaix IGPREYHIRMB 28tesdtheeseiep

string 83Q for specifying the Xi mym sj ze an itle for the,select, and an
SFLAGS en(i3pemism Opiainytery roft QHBHan debee 819 40 PRS2 ups Gith dogting ¢t

addi tion, 4 is also provided. As noted ~. previously,
di fferent t%g&ﬁgk ggﬁggggag%g%g\?ai | abl e, and reference is again made ~0 to
Figure 7A, 1 he ghisflikgi@mentatiRespamisahealser whiseheomyanaeif phowedes méddisn a

group depend on the type of data required at that step for configuri nlj; t he
t er m nal . sklectednbyi tret Bacesthet IECHEIMe82F trancees APy unHdepBBEYPhgr &iVla

button (see buttons 6401; jn others,, a select.J ablin r.

di sabl i‘&?g 330 M the setup Mpds weR ”1967?9!6‘%9@'éhﬁkﬂggﬁ%ﬁ,]cf’ﬁp%%ﬁ% 0 M e o
f several LGe WIRT: 5 : | pdi i " TRYRRiRat aoNn”
and '\'/Seri zﬁmghgtgngrou%g&géoogﬁgggégggpq%égggle?:;?i.%q&nb%? ﬁsl ot heﬁ'ﬁaaﬁo

i mage may Rensr! 86hmshtioMtd@e (dbait, NERS thipedrd.i cotextr othet neewseltlextt 840. | n
sone, a fill-inentry is required t680 in Fig. 7A), while in others one of
many fi el ds anpesebdytpreferded embgdimenghthenesevare CPABCE PR £06E iBgludes £

xnaust v BRPTSIAIGT EHLER S LARNT POy B DS et prands ey ™
JU . 23Q3 Vte?gggid;%%hm{ & Dvaifaie frond Citrixl Byst8®LaRE. Ccursor start and cursor

end entries 83% are provided, together with a "first displayed"
entry 840 for iNteatidfyirig ftooRiguhd &) tHzacacpenatimm oficthet ténmingh ogetRting
di splayed. In addition) a LAGEL_REL X entry .. 842 is prqvided rapzanwelL as a
LABEL_REL SYsg&nrgndane draidwarasEehitomueh et i“fEEG?S?iHr'"é(e“HHB BRY REYEIRY) ect
type, entries for NMO:.SLRE‘)@@ nt), N : ] Butout
respecti V(ﬁpfl’fecé?tgdeB\ﬁ %agaﬁn ri%\ga%i Igyg%\%?gvarﬁgbi%éf%ﬁ% eg.' unbeur 'méf

options $a2.and sAafithiveetant 450, Te Wit higheRliayed iduhelOrkest ippemseL, 856
and a flag pointer 858 to identify the nunber of option which are active.

Fi nal | y20 avisitd dod top 1ay6e the Apsgizapiooveved4Ofor Ln "image" type of sel ect,
apevi 16, Far A% PRIEFED. PRROP- S8 56 ISEEh IO 1 ATV e Ry B8R | s
Bt ruct ur ¢ TR oo o bgPs A 208} LBl pEl A Bha i St BB o
will be popRedidipartly out of the flash memory system 112 and partly out of RAM 118,
Once the power on self tests are completed, the terminal continues with the

boot sequence described generally above in connection with Figure 4, including

N
n

the remainder of the boot block 300, an AUTOEXEC sequence 408, and the
COMMAND.COM sequence indicated at 315. Both the AUTOEXEC and
COMMAND.COM files are maintained in the flash memory.

After the terminal’s COMMAND.COM sequence executes, it causes the

20 AUTOEXEC file to load. The AUTOEXEC in turn causes the EXEC.COM 325 to



automatically when the parent select is activaaed, and one of a group of

fields is selected. For a "list of strings" select, entries are provided
far nunber of options 20 888) the maxi num|ength of the~c~pti Nyt for
MAK~OP~LEN) 870, a horizontal display offset entry 872 and a vertica

di splay offset entry 87L, together withygn Y, |label position 878 and Y

| abs! position $$0. Finally 2 label string 882 and a select string size

entry $84 jasce pProonotRdabded eihel PYEEGYROM boqiéecABRA MEH Bramd ¥ither & hde
nouse pointer hot spot 25 is specified by a structure which includes an
area | D erfiatyp ddodula 3gGapthDdatwgrko0annantiprameduc 840D AoIitidl instdtatidron,
an option gelect.%xﬁe 90fi_1is provided_to specify the,tEpe of select with
whi ch a pd¥t PBYI HPehJheEsrster $hal Qnerating). PRaMHErs Hadker BTEHBC e@Hita i es
908 and 91Q . : i Lt hi he-. a ects
b wi i n erCeioh 8 ARl shE Lot ol ¥5bds Pubo s B d Med i S ey

left X andedeivesiihic?Rfatin #BH 0AS drQ¥BFe EEQRY dtPAksYa PRSNG Sass’®e GuE 9
JUL ?pp3 L the nousy hvt spat, together ~~rirh an entry 914 fvr nouse fl ags

~~r hi ch canging #80r ' Treu€d)! lropirepéL0tio then actrivmabiedtedevith hekgyhoped drigau i S

di spl ayed. #;tadditign to tha hot spots described in tha fo,regoiQQGtg,

addi ti onal“$ot MYPBECHYE Arbviagedthe Tilerenh PR b SE1ERES OFIVET K2 ofithe ay
to all ow i - ' e Li .har., pokt ; ermt
the aroa 4 nohope R SRS b A AR RRah L 28 w8 Bk BREEY

data str uckiih &hé ViddoSIBpBERVitSlatkyfs@dm Mg hahidhng thiepeavidentit @eIhaokiesh
pntr3es from anong the various choices. The current data structure black is

shown altO gRmtralied 432l widsh anaerfor Exe5blé dre bresdiarher Cofunsd@s graphies |y
defined by SETUP;  an entré_ 954 for how many 10 imaege files are defined;
entries 9S¥OSATFYEE0 JOGHRIE FVATSH SR W RAFD ST TUPSS2AHENSEt oEh SREHR:

Derers) | Mbuehte 0 S80chotn o LA B0t B AR BT Sy TBLAUB TDer O
al l ocated in blTekskeyboaed. driver 422 in turn communicates with the keyboard
controller hardware 432, which may, for example, be a conventional P5/2
15 keyboard Input/output system, a universal serial bus (USB) interface, and in st
least soma embodiments may also include a four wire keyboard interface such
as that described in the aforemantioned U.S. Patent No. 4,706,068, Likewiss,
the mouse driver 424 is typically also communicating at appropriate times with
. a mouse Input/output system 434, Throughout such operations, the terminal
20 operating system’s flash file and memory services portions 426 will typically be
exacuting out of flash and RAM.

As discussed in greater detail in connection with Figure 5, the setup
process permits the user to specify the configuration information of the terminal,
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 1o the network connection madule 416. The

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



Addi tional entries 962 and 964 are provided for the nunber of pixels per i
5 colbum and row, respsctive(y, as well as a fon t entry 966, 2n area focus
entry 9f $, a group focus entry 97Q and a string focus entry 972. Also, a
mouse focus entry 974 is provided for specifying the hot sppg.Jutuetoher)
OFOCUS and Tf=0CUS entries 976 and 978 nmay be provided for specifying

sel ect options and select types with keybbard focus. Still further,

I I =(gCUS and JF~CUS entries 980 20 and 982 are provided for the hotspot
entries 908OBRFEUSREFRCFIasHSRmANd s crremand IN1eek thessnssdonbmwsule.

Focus. 1 ogilErety Sty BEG% hBlitifin ISRt ol a9 seliCe it e
croup bor defiver 40BbRANaM laDe@MbfAREASIRAL M ¥ HSRicBREC Y h B IRUSE JIRHES: 25

The information specifying the current state of the selects Is specifred in
an ACTI VE SEduiECTostmunitares with@fe kEpiodard driver W22.i thel nndese airfuar tagm gRBry
1002, an_STFLAGS, or select common flags, entry 1004) and an ACTIVE entry,
whi ch st or ¥SePHBPEUPHIME Systame 428, and tgélﬂé%fﬂ@c,‘ MeBRTWEEDIFEShRe rtidat 426wy be

made avai l ghl Ihe UP_cade. 30 .an exenpl ary enbodi nent, an event
aueue struc ul%é&‘%aﬂl& pr?a%/EtTréﬁ’ 3}5&55" %za‘_ié]'t,'?rmt F AR STHHEEED MeAvleRlsPdi ng
keyboar d sg#ok&Srsad thaf@laPe FBMENPRESadd 4340 £V QY G CHesohte é?ﬂﬁsgiments,
previously) a key feature of the present invention is t%at the termna

oper at i ng Bgrsiveanegietinrek pntestane 44y efibe ortwsrkndtivesnpéd idxkeutd tb: af RAM
standard PC/ AT BI OS or D'OS However, the rerrr2rrfal operating systemis
requi red tb!8upSHR BXRPRISNH eROOH B, D dRav s eI RIhRAINashHBsalsrY i11,2- to

gl >Ube . g \ SR
(o D! &18PPhe sBHEPINERERS I 2ally bL U RN a2 BHEfaEE. BYL pibrbishc 5
is 2 list ©f ahBthartapsasOscky %Xﬁnalélﬁorﬁlﬂﬁrﬁﬁtﬁemib%%l%P:%PBLE?QFU@%Wted

by the present 10 invention; it w be apparent to those skilled in the

art that the |iBefatoeg neat té figjuwe &, nogrepetaiost ahtee & Bl i d 20 own in
nctions are unsupported. |n addition, sonme of the

functions. ..O he %_,U )
feat ures WHPHFE ér NG seYrdradyrgf "Bﬁl‘?'l"?‘“%b%é??\ééeiWW’&P&%‘H@T%ﬁ The
f g iy > . : .
Dart Ly supaot B lonel b o NIRRT e e naded brd B Va0 ryimBltaly o

Li kewi s¥S dambidalnusidhinieeideSetrify the @bNabualtids opyRRIH.ed in terns of
function and flag, but the "Control -Break” function is not supported.

Simlarly, Funcfisomotsshin teouggticrDvithGeiguBes, RdioskeTithe dnenationmmds)Figereof| y
partially supported hecause no real .tine hardware is.prqvided ig the
Derminal* CPROm eV Qi FE R RERLEBRS iorRp ke fUTP RS FINRIRASE 4R SHBFRERA so
that it myefemld YAgy Lo MRAREECHLAP AWedlieRBe Obt eNENReY LROUy other

reflecting absolute tine.

. convenient and suitable means. The satup sequence starts by calling setup
20 code 502, which in tum puils information from setup data files 418. The setup
data files 418 identify the options available in the configuration of the terminal.
The setup code 502 communicetes bidirectionally with a RAM structure 504,
and also causes existing connection information from the connection data files
440 to be written into the RAM structure 504, Ths GU! engine 420 also
25 communicates bidirectionally with the RAM structure to set up and display
current information in an arrangement dascribed hereinafter as areas, groups and
selects. In addition, a hardware interface 506 provides video information to
video controller 430 while responding to information received from the user via

tha mouse 260 and kevyboard 250.

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



In addition, the flash file systemof the presant invention is, in the
presently preferred arrangenent, partitioned into nultiple single-directory
drives. However, unlike conventional disk files, the flash filg §y§gﬁ&1

i ncludes no clusters or sectors. Files within each drive or partiti gr ow
upwards fromthe . 25 bottomo the parggtion, r;vhile directory entries
prow down~rvard fromthe top. Files are stored contiguously, w thout

f ragment i mgnfiguraitinoimeneBtio 8% opdiheifa @heraskeri RRIE SVIRSteFONHEI duch BE eferred
enbodi nent, are generally simlar to a DC-S directory entry; however,

el enent s W@nauegRodisdiaved oml the teminab ehe edtanek dehnastioh oneyor, tanthen bhl e t o
execute o of fI?sh, rat her than DRAM, These 30 include the starting

addr ess ofg' YOI {17 YRR /1Y 15 3hBIUETraten oha speyp sskegmespdiahe cpndigurptionpuus

2: ~ segne i it i ddr ace.  File deletio ile
al so sim F{a\tcr)d)ét 8¥§'§ {eétr!‘rgrr‘\wbw%:%ﬁ%/%ﬁf %&%ﬁ%ﬁi’l ﬁfeésg gté'Pséc‘): r%r}sr %rlgs&'Fﬂé‘é%%—;
i mport arg (depRidatly. Wag ahéibser sydRketdubR the BERAGOFatidh GRS, thEe
first byte of the directory entry is changéd to 0, as opposed to setting it
to 5 ESh. chmifigusatipnidatpenépibeeskinttiveyiupeassd thy thd bashtirbaak. ussubs egient
files v~i hen, be witten_to the next avail able space. However, if_ there

[
i s not endGYRPEFLFTARIVSnaliee HBrateddata bk ERiRFINgGd Inche. RAM sirughurg B4k fo.
t he del et = f i L. itten.to the flash
bl ook wihers'dEceins FIREF o 308 cHRELIbE R (e 390\ Al hin § rBSpiyd®

f ragnent atgreferied BRibdRBAENt! E6rthiR & thk0di@ashySodw naEbed dWRBgcalllhavhii@sh
file system supports conventional DLR, TYPE end DEL comrmands, supports a

new " DEBUGVES" anten ot cupdatedr antingha EEBYGseauerss dgecomptbtadso Wampport s

program execution thr ough batoh files. The file system also supports the
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program execution), 1/0 redirection, pipes, or interrupts 20h (Program -

Ter mi nat e]n Fire[Ter mi nat e Address], 23h (Gr!-Break Exit Address], 24h
Giti 20 E . Handl Vect , h |lute Disk Fteadj) Zfi
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DOS functions are enul ate erw~i ss supported by the termn

oper ati ng chiesvemark grloviper @$@Nknd RUERtdro0p &1 O ompliges bheaitmoterkelteced 25
standard Bl OS and DOS functions are not sugpoﬂrted. In addition, even thos
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System efarBaety PRl BRHE TERAP: REX BiBTRRy A Sh0Malh oRE Sebhedh -
305 estaplhslaeatt Q?e@ighléédiﬁ&c&m& Ree thdesfe s UAGL IHRRn chosen, or salapted.
Referring next to Figures 7B1 - 7B8, the data structures associated with
the configuration software are shown. In particular, a list of area pointers is
found in AREA_LIST 700. The structures pointed to by the area list include

boundaries, size, title and groups attachsd for all areas as defined by the SETUP

]
tn

process. As noted previously, each area appears as a window on the screen.
In addition, all areas which are currently being displayed are listed in
DISP_AREA_LIST 702. In &n exemplary embodiment, the first area listed is
displayed as the bottom area, and the Iast er=a listed is the top area displayed.
In the exemplary embodiment, overlapping ef windows is permitted although

30 overlapping is not necessarily required in all emboadiments.
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"drive size; READ FLASH DRIVE, for reading data fromthe fl ash greigr y00%#38;
VWRI TE FLASH DRI VE: GET FLASH DRI VE BLOCK SIDE, for interrogating the black
size of the nenory 438, ERASE FLASH DRI V& BLOCK) for erasing data fromthe
menory 5 438; WARM REBOOT) used by the manufacturing test to | oop through
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called fromthe boot block or ot portions of the ker 3Q5 anytine
necessal¥ a580¢AIRb AR ﬂ@ead%syﬁ%tp@mta& ENGIPE ﬁ%a&ﬁfiepﬁﬁ @81*0*% iruudss
processi ng.Ln i Nt - knt.e t r
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25 timer, fied ted locatioal bethangteaaklmdive jonfiebhugtamplBrg enmticdiempt) the typ this
function prevents, far exanple, nouse and keyboard interrupts from baing
di sabl ed fleft cannerxebifxe displayi de area structpphd 1énalsgHnelydss aaROXMERMNce to
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keyboar ~ JUl. z~ controller. Since the hardware of the present

i nventi on TIPS ROSITEONENtry TR0 tdned PCLEABARtemttarZ82 apecifibe the text vhthe does
not conply with either conventional aC AT 6i pS or DCS, but the overall
system i s titht eantbdtg dopatinnt wWithin yder title bayi @y thed PRRIRY B tarGRq yvhile a

comvent | S LS80 eRS, 2380t E HRREEIY SOhe B SRFALA GEAP 2,

enbodi Weﬁtma?%hugég e5¢ e stteand calls are handled in the terninal
airmvare) either by enulating cr rnodifving the appropriate response to the
i nconmi 2P si gnalin Siditionesperees swidtube Aldealsadinciudgeaneanite /46 fomthe

buts the PHEERYSer STFHRA FOUM MEbSEMBABe ARITEaaE Tierve AREAAIFLE i *
port - gener MR RAAEE a0 ey BEIREL RoBiHdk. Wiyl oREf SRy poar® srthect e
DEF_BUTTOM 740 specifies which burton within the area will be the detault.
The default button will be activated when the "enter" key is pressed. A
25 CAN_BUTTON entry 742 specifies the cancel button, which will be activated
when the "esc" key is pressed. Finally, & list of pointers. one for each group
assaciated with the area, is specified at 744A-744N. Each group pointer 744
points to an associated group structure block 746, discussed hereinafter. A hot
key list may also be defined for the area.

30 The structure of the DISP_AREA_LIST, shown at 748, is essentially



exception is disassenbled so that the kernel can process it correctly to
emul ate 15 PC conpatibility, thus sinplifying the porting of various
personalities. Because an entire subroutine is executed for eggh U
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for the sdB8Nda AEEPRAFHaE aft PO arcqpsphiel suchoapepecitying) the- locEtian afel.
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1n an eXemeandy niwpedtli nent, byte swappi ng has not been inpl enented, and
thus only even pytes of the &jTght hit 510 device can be accessed. However,

byt e swappi ng 28 '$B{PUreStrupiuesBivckd 44 slsadnsludes BRI S; anchGOMUMNE gnaries
t andar d f | el 0. = R t FOh th h 6FEh,
ahich are 1t R P80 AR bbdhOeR) | By SRVITRETRBES e of Hir grahy R Wel
enbodi mentGRIEAGIEe ePtSs TH2 oW PbLIORNg3fth bbRIQUEh tBEFBrdud. StiandagRichdd ess

for an AT first saris) ports -30 Remappad to 7FGh through 7FEh) which are
the port &HCESIEY ROSITHANf¢MtsY 79dne)d a QUICK UKEYpBTROXESentreX 796 may
exenpl L34 a'sng)ggisrﬁee%tuﬁed for "hot" keystroke combinations associated with the group.
Further, and similar to the area structure, entries for titla position 798,
group label 800 and MAX_STR LEN 802 may be previded. In addition, a
NUM_OF_SELECTS entry 804 is providsed to identify the number of selects
contained within a graup. Next, an entry 806 for AID_ATTACH is provided as

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



Having fully described a preferred enbodi mnt of the invention and vari ous
alternatives, chose skilled in the art wll recognize, given the teaChinas
herein, that nunerous alternatives and equival ents exist 4vhich da not
depart fromthe invention. It is therefore intended that theg ry, ‘\é E on not
be imted E=~; thQ Taregoi ng descrepti ohl but onl y by the appen | ai ns.
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conmpatible W th personal conputer BIOS or disk operating systens a

i ncapabl e BYTIRR EOYYI ﬁ@otolﬁlé capekl battborerprogrdnalsocadihy to nbsmwt\@rﬁ,@.ghhe

interface n enul ating or processing instructions supplied by
progr ans e%gcﬁf‘ﬁrﬁgﬂﬁﬁk ?fogrmtel y located application server to provide to
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system display neans responsive to 't rocessing nmeans f%rSe
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s? AF Al A@fp’gwes@m@fd B1g togetherlwuh ROWS and COLS entnes €20 and 822 far
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S o8 sl at oo o

E------ 13 ctombmwmmsésmﬂmm{wkmm akMke] £ BILH] SAR_LEN 828 and select string

830 for specifying the maximum size and title for the seleet, and an SFLAGS

entry 832 for specifying the characteristics of the seleot.

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. The diffsrent types of selects which may be provided within a

group depend on the type of data required at that step for configuring the

terrminal. 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, onz of several choices must be

25 selected, as indicated in the "Communication” and "\;Serial Port" groups 660 and

670 of Figure 7A, In still others, an image may be selected, while in others

spacific text must be selected. In some, a fill-in entry is required (680 in Fig,

7A), while in others one of many fields must be filled in. Although these are the

types of selects which have been implemented in an exemplary embodiment, the

30 list is not exhaustive and other selects can be readily implemented given the
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a]J ca] ca] ca]cal ca] calJca aJcaj]c cal'cal cd;e]déa] cal ca] caabcqgH),
"10%& () - QLOY& Kor 2ANi/Age” type of sslsct, only an entry for the file ID 708 and an
109&' ()-109%& ()-!3109%& ()-Y:10%& ()-qd¥YNC "10% 10 10

10sL0s 10%&agespRiNten@ 6@ muEt peispreifed- Ly) 109&' () -' MLO%&' () - W<YNC, " 10% $10
o/R,' - 21 o/R,' - 21 [0) - ! -t 0 ! - 0, ! - 0, ! -

& ()21 S10%: (g 2 S0 o Dor%eerd XV EE (i §RE (B eh P B is B Svidea

WWU3YNC! Y$10% type’of select, a group entry
& () - 2! 5 G¥etner A RA QRLR Glou PRARYBWhIcH D oitiOta Grodp $48%& L ot 2ne typd
shown in group structure block 746, The child group will be popped up
automatically 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_OP_LEN) 870, a horizantal
display offset entry 872 and a vertical display offset entry 874, togsther with an
X label position 878 and Y label position 880. Finally e label siring 882 and a
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 ID entry 900, a group IDeﬁtry
902, and a select ID 804. In addition, an option select type 9086 is provided to
specify the type of select with which a particular hot spot is associated. Further,
pack raference entries 208 and 910 are provided for the group ID within the
area, and the select 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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()d)))=\ " dEdy: ! llnI :é%:%lltlnﬁofé&'lcrg Qr-elgilln%%ftlrtﬁtg)res Fa data structure is also jed
provid
far maintaining the currently selected entries fram among the various chaices.
The current dsta structure block is shown at 950, and includes an entry 952 for
the number of areas currently defined by SETUP; an entry 954 far how many

10 image files are defined; entries 956 end 958, respectively, for how many groups
and selects have been defined, an entry 860 for allocating 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 well as a font entry 9686, an area focus entry
968, a group focus entry 970, and a string focus entry 872, Also, a mouse
focus entry 974 is provided for specifying the hot spot. Further, OFOCUS and
TFOCUS entries 876 and 978 may be provided for specifying select options and

- select types with keyboard focus. Still further, IFOCUS and JEOCUS entries 980

20 and 8982 are provided for the hotspot entries 808 and 910 from the mouse
structure block described above, Finally, a menu entry 9886 is specified for
identifying the current menu focus, togethsr with entrias 988 and 920 for
defining area borders and group bordars, together with an OFLAGS entry for
specifying mouse modes.

25 The information specifying the current state of the selacts 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 all selects, from which that data may be made
available 1o the SETUP code.

30 In an exemplary embodiment, an event queue structure 1010 may also be
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cliant or other supported emulations. Attached as Tables 3A-3C is 2 list of the
standard 10.SYS and Bl0S.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 are
unsupported. In addition, some of the features which are listed are only partly
supported in a presantly preferred embodiment. Thus, Function 36h [Get Disk
Free Space) is only partly supported due to the use of flash rmemory instead of
15 a hard disk. Likewise, Function 33h [Get/Set System Value) is supported in
terms of function and flag, but the "Control-Break" function is not supported.
Similarly, Function 2Ah through 2Dh {Get/Set Date/Time functions] is only
partially supported because no real time hardware is provided in the terminal cf
- the present invention. The "Get Tirme" function is supported so that it may be
20 used 10 measure the duration of events, without reflecting absolute time.
In addition, the flash file system of the present invention is, in the
presently preferred arrangement, partitioned into multiple single-directory drives.
Howaver, unlike conventional disk files, the flash file system includes no
clusters or sectors. Files within each drive or partition grow upwards from thz
‘ 25 bottom of the partition, while directory entries grow downward from the top.
Files are stored contiguously, without fragmenting. Oirectory entries, which are
sixteen bytes fong in a preferred embodiment, are generally simitar to a DOS
directory entry; however, elements which would normally be reserved are

defined to permit the file to execute out of flash, rather than DRAM. These

30 include the starting address of the file within the flash, as well as the remap
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then be written to the next available space. However, if there is not enough
available space for the subsequent fi!es,.'the flash block for the deleted file is
erased and undelsted files are rewritten to the flagh block where the deleted file
had been maintained. As noted before, fila fragmentaticn is not permitted in at

10 least some embadiments.

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

15 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 systern does not support batch file comman;:ls (except
program execution), 1/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 Writa], and
2Fh [(Multiplex Interrupt].

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 are supported 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" 205 establishes
the ability to emulate thess functions,

20 The service functions supported by the boot block 305 include: GET
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10 The operation of the kernel 305 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 int 70k functions for video
services. The interrupt /int 70A is initially intercepted by the kernel 305 to
suppress the display of text-mode messages from the various device drivers

16 while those drivers are loaded. After the drivers are loaded and the terminal
enters graphics mode, the ACTIVATE VIDEO INT 10h function is called to
restore normal int 70h operation. 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 2 "PROCESS DOS INTERRUPTS®
function, which can be called from the boot block or other portions of the kernel
305 anytime necessary to process pending BDOS 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 keybsard 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 cursor -- and to fluch the keyboard controller’s

30 outpur when it becomes necessary to send a command to the keyboard
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109%& () - 1Rar&Qvare interrupts and related calis must be managed by the present invention.
'n a preferred embodiment. such interrupts. and calls are handied in the terminal
firmware, either by emulating c¢r modifving 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
tables as necessary 10 intercept 1/O to various ports. After an access 10 2
selected port generates an exception, the instruction that generated the
exception is disassembled so that the kernel can process it correctly to emuiate
15 PC compatibility, thus simplifying the porting of various personalities. Because
an entire subroutine is executed for each intercepted /O instruction, the 1/0
instruction will not execute as fast, so intercepted l/O is limited to as few ports
2s possible. In some instances, all or only a portion of an /O port is interrupted
: as necessary 10 provide AT compatibility. [t will be appreciatad that, whila the
20 primary embadiment described herein is intended to provide a Citrix Winframe
personality, 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 personalities in memory, with the terminal
connacted to multiple hosts running different operating systems which expect
25 such differing personalities. The user or others may then be able to select from
such personalities through a hot key or other seguence, with the kernel of the
present invention then executing the appropriate personality out of memory and

permitting communication to the appropriate host.
The 10 ports which are intercepted by the kernel to provide AT

30 compatibility are:
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21h [The AT-compatible interrupt controlles’'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 control port on an AT architecture] -- One speaker
control bit is emulated 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 1o port
21h}] -- Emulated.
2F8h through 2FFh [A standard address for an AT second serial port| -~
20 The parts are remapped to 5F0h through BFEh, which are the port addresses for
the second serial port of an exemplary embodiment of the present invention.
The new port range [BF0 - 5FE] includes even addresses only. in an exemplary
embodirnent, byte swapping has not been implemeanted, and thus only even
bytes of the eight bit SI0 device can be accessed. However, byte swapping
25 may be ir-'nplemented if desired.
378h through 37Fh [A standerd address for an AT parallel port} --
Remapped to 6FOh through 6FEh, which are the port addresses for the parallel
pcrt of an exemplary embodiment of the present invention.

3F8h through 3FFh [A standard address for an AT first serial port| -
30 Remapped to 7F0h through 7FEh, which are the port addresses for the first senal
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the foregoing description, but only by the appended claims.
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computer BIOS or disk operating systems and incapable of

executing windowing applications locally, adapted to

receive windowing information supplied by programs

executing on a remotely located application server, and

display means for displaying the windowing
information.

2. A terminal for displaying, in the Microsoft Windows®
operating environment, application program information
provided by a host system running a Microsoft Windows®
operating systems comprising:

interface means for receiving from the application
server windowing information for an application program
operating on the application server,

processing means, only partly compatible with personal
computer BIOS or disk operating systems and incapable of
executing the application program locally, responsive to
the interface means for either emulating or processing
instructions supplied by programs executing on a remotely
located application server to provide to the host system
responses compatible with those expected by the host
system,

display means responsive to the processing means for

displaying the windowing information.



