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BACKGROUND OF THE INVENTION

Cross-Reference to Related Applications

This application relates to co-pending United States patent application Serial
No.____,attorney docket number M-5022 US, filed on even date herewith, entitled
5  Software Installation And Testing For A Build-To-Order Computer System and
paming Richard D. Amberg, Roger W. Wong, and Michael A. Brundridge as

inventors, the application being incorporated herein by reference in its entirety.

This application relates to co-pending United States patent application Serial
No.______, attorney docket number M-5217 US, filed on even date herewith, entitled
10  Software Installation And Testing For A Build-To-Order Computer System and
naming Richard D. Amberg, Roger W. Wong, and Michael A, Brundridge as

inventors, the application being incorporated herein by reference in its entirety.

Field of the Invention

The present embodiment relates to computer system diagnostics and more
15 particularly to a method for sequencing software installation and/or testing steps for a

computer system.

Description of the Related Art

Personal computer systems in general and IBM compatible personal computer
systems in particular have attained widespread use for providing computing power to

20  many segments of society. A personal computer system can usually be defined as a



» systens in particufar have attai ned w despread use for providing computing
power. to 20 many segnments of society. A personal conputer system can
usual ly be defined as a

- 2- many segnments of society. A personal conputer system can
usual Iy be defined as a desk-top, floor-standing, or portable

m croconputer that includes a systemunit-2- havi ng a system processor
and associ ated volatile and non-volatile nenory, a display nonitor, a
keyboard, one or nore diskette drives a fixed disk storage device and an

5 optional printer has been known tgo jnstall software
and to perf or mPeARY SEERAS OESRsIRe A BV§‘{"§lrf§mputer SYSYRYGR Bs‘{aﬁ%@e ‘g%@dsaﬁ Rpped to

busi nesses or 'd@ﬁd-%?%k—stﬁ:\m o‘ftabl?'ﬂﬁcr fpuféfth%ﬂﬁél%’é’sﬁs ystem ¢ nstal lation
and testing is to e f|C|entIy produce a use , reliable corrpunt]er system

whi ch may be dé!lavme&wtwrwgmmglcmﬁd Vphdle\an@lm-mlitdememwmm displayr s and

ready to 10 run testin zes errors that
occur in both tnﬁoémﬂ%?g\eiﬁ’ rmorecﬁ%st?e[ F%agigﬂﬁ%gﬁ edceﬁé"'?f@r?ﬁuter
system A pgrtlo?hoﬂagpﬁm&f corrput er system hardware tests m ght

I ncl ude di agnostics upon hardware conponents such as a processor,
menory, a disk storage device, an audi o device, a graphics device, a

keyboard, a nB been kepwn toinstallspfiwae pud g parformstests ongomphtensysiems
| ncl udes | oadi Ry gfaraaﬁ%;gavmgaegg@s& dm&&fl&gfo :s?“l%%gw%fs% ter

system prepar| ng appr eAVI T ORNENT vart & € conput er,

and preparing dpsuliatior @ideesting i itadificiantlyqnoducd Sasefil)relidbk doppatedysant war e.
Software testi n often i n¢gl udes _making sure that a desired version of

sof tware has ich mayehe 4eh%eseél|tpbasueﬁs%e§a4¢;§dlwnﬁafr@q froyy swerpandrendy ft
appropri at dr| r

It has beeﬁl kn(%%{vmti ﬁﬁeﬁ%’ Isﬁggﬂ%tﬁé}?%nganalgegﬁo thr&émgntgtﬂ?rﬁh{dw%% conput er
systens during snﬁwarépmttiumfld;eqompﬁtersysmg aﬁaMHstpfomn;ﬂnmeysbanrcbvardﬁey are
shi pped rﬁféﬂ rr&éqse[ For jnsta , a diskette contai n|n certain

di agnosti c testtEStsf Hngludediggrostics upo W@E‘B?ﬁfﬂ't‘éﬁ’c §P@ﬁ?sf » creat ed.
The diskette | ngdnitips dikBBRY defild SRR RYIcE, 2R 4bhics devxcebélké}Boer lbes whi ch

direct the software installation and di agnost I'c "processes. The 25

di skette furt hanouseanda panter Softwaee installativn pften ifgln loradmgpdcsﬁredmcmepésts on
t he conput ¢ urchas omput er
System bei i baeivas SERTR el B AR srmropriele sayirgppepag i B

the computer, and preparing appropriate initialization files for the loaded software.

Software testing often includes making sure that a desired version of software has
been installed onto the computer system and that appropriate drivers are present on

the computer system.

20 It has been known in the industry to install software and to test computer
systems during manufacture by performing a fixed procedure before they are shipped
to customers. For instance, a diskette containing certain diagnostic tests for a certain
type of computer system is created. The diskette includes lengthy, often-complicated
batch files which direct the software installation and diagnostic processes. The

25  diskette further contains all the executable files for performing tests on the computer
system being purchased.

Each computer system being built is provided with a respective copy of this
diskette. These diskettes accompany the computer systems being built around a
factory floor during the manufacturing process, tests being run on the respective

30  computer system according to the order inherent in the batch file. If a modification
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di skette. These di skettes acconpany the conputer systens being built around
a factory floor during the manufacturing process, tests being run on
the respective 30 conput er system according to the order inherent in the
batch file. If a nodification . _

- 3- needs to be nmade to the process,g.t he batch file is

correspondi ngly changed by addi ng to or renoving portions fromthe
bat ch code. That ﬁhagge t.o the batch Iii le.results in a correspondi ng
change to testi RGIpROzMmedetodhenroress, e hajch Rle iscorasprrdingly chanpedibytadding est s

are run) of eac : g ed, .for each
conputer 5 s{}s%?em sﬁ%ﬁe?oﬁ ﬁg&gg}%a%%?&gﬁwgﬁ%gg%%é ﬁ({{c&‘%ﬁ? Beltgdn e

Wi | e di agnost i cormspeating olangesto edstinig pasantetens{inehiding abd Vebichein Sngh tho@iee of
useful ness in increasing the reliability of conmputer systens prior to

shi pnent, room ¢mn 0%@2h FURRRIHRRE FRERRULEF Eistemybeingmaanufaptyredfopeach sommaeri ng
conti nues togbe | 3 orough, batch files and
execut abl e fI5| esi o¥ %%F?gﬁgg{e?gﬁtdé 1%;%%?@2%“&68 exceed the storage
capabilities of a diskette. Furthernore, it is often difficult or

i npossi bl e to cust onWhide dizgoostia grrangements afilels kind haveakhibitddaompdagecsfr es for a

singl e buj | d-t o-.0or.der .cog%hegi.sy tem ?r for a certain famly of
conput er syst enB oW thogLRcreasing f Wﬁg“’cnﬁ’é‘ of SSiemIPrippio sBipment, Kot ens or
fam |ies. Moreorgimprbverest rendihd. Pt fnst@ice, as testing f&iﬁﬁﬁkm&c&ﬁef%gfg fy the order

of software installation or testi ng for a single build-to- or der
conput er syst enfaseplicged anddharqugh,batch files gndsfxe lesr of dhesdiaguastigitestsanfien

nodi fyi ng f he t d fanmilies. .Einally, the

of t en- conpl 1 at ee%tl%atg %érie efc% ebflich %ﬁ??%ﬁ@v%ﬁeﬁn?’iei lé’sfﬁfﬁgﬁﬁ”ggsorreti mes

makes it difficmmsﬁmetmmetemraﬁdsdawmmtalraﬁ@&%krb@eameefor%inglei nt ai n

testing and sofiware ipstallation procedures quickly an —efficiently.
i d fg\\l/ﬁt i Il ati dur e i ck d ffici I

Cor r espondi ngl y OREAST epmpterEyStem op fos acertainsfamily ofieompvter sxstensivithaetd f or 20
installing soft 0 i i bef or.e. t re shipped to
cust oner s.g %&@%fi%ﬁé f&%th%?%‘éin%r %ﬁlae%prg[ b IF o 'rdlt}lﬁ%lg?‘gl i ngIOIO

sof tware ont o ainpossibié Lrmclfy therwrdene suftesre installtfon or testing foba gng@BuiR-t6.0Mponent
table. The step table contains set of software installatjon . steps

shared among’ di PIHERCOMPUIETRITIER STO52 eprtalsf HRTCPBPYET SFleme Wipant Bodifying ens
being 25  manufaeides ﬁgmf%@%%@@ﬁﬂmes.t Ak, %mﬁ—@&nﬂgﬁﬁgg e of

substantially all possib conponents “that are | wthin _
conput er syst eneursay batrh flasirbcteres somgtimesmakes it difficyltfof manufateerbtedi ment , t he

computer syst em Gof RSP Rk tegﬁgg%gh Lofwidle ;SQUREES procedures quickly and

efficiently. Correspondingly, it would be desirable to devise an improved method for

20  installing software and testing computer systems before they are shipped to customers.

SUMMARY

An apparatus for installing software onto a computer system includes a step
table and a component table. The step table contains a set of software installation
steps shared among different components of substantially all computer systems being

25  manufactured. The component table contains a set of substantially all possible
components that are included within computer systems t;eing manufactured. Ina
preferred embodiment, the computer system corresponds to a family of computer
systems and the apparatus further includes a family relation table, a family relation
table and a family component relation table. The family relation table identifies the

30  relationship between a set of software installation steps and each family of computer



systens and the apparatus further includes a famly relation table, a
famly rel ation table and a fam |y conponent relation table. The
famly relation table identifies the 30 rel ati onshi p between a set of
software installation steps and each famly of conputer

-4- system bei ng manufactured. The fam |y conponent relation table
i dentifies the rel ati onshi p betweeng-he famly of conputer systens
and the set of conponents. The famly step relation table identifies
the rel ation between a conponent and a set of software installation

steps appropri at @st%ﬁ%ein%%aﬁ%&@x%&mfékﬁilﬁé&ﬁﬁﬂ@ft&elationftable identifies the | N @not her
preferred enbodinent, the invention relates to an apparatus for

provi di ng a pl urxglationshiptbebreepthe fitmilyof sorpuiey sy emsanddhesetaf compdnests.r Bgpect i ve
conponent escriptor. a l.acl.pd a, [.espective sequence nunher. The
conponent descri %F’ZW s%eB e a“°ﬂgag£erliie6‘b§°5§ﬁ? ’é?ﬁ%‘&ﬁﬁv&e“@&ﬁﬁ*@ﬁwmﬁﬁ sg ot onput er
system The appas’oﬁWd&ihs'ﬁ&laﬂ@iﬁsiep@appmpriate%ﬁ&eécﬁ%&kﬁfbnﬁﬁgc&n pgonent tabl e.
The step table contains a set of software installation 1 st eps shared

anong di fferent conponents of substantially all _con'ﬁ)ut er systens being
manuf act ur ed.5 The corparribar prefamed embadimenthasinkention felajesite amapparatus for al |

possi bl e BRERG A ALEwhOELMISE ok ik ARIRULES: S RSB o1 1O

manuf act ur ed. escri appar at’us

ef fective sof t wadescriptttand inalutlésra réspektive sequenefitibedl Thesonpagentdserptat! | ows f or
straightforward troubl eshooting and custom zation 15 of buil d-to-order
conput er syst ensdesorihes afsaRACEYE CABPPRFAL I comButafyastemt JBe apparatus ingludestangeousl y

allows for eleng ' t,] :ﬂ‘ﬁa%{g L 0Eat

rapi d creation o%aé@% eﬁ%%ﬁ%@%%’u%%ﬁéy%?gm an ggrrigf)ift‘g%? fation
These and ot hier siéysahdred anfiong diffescnt eontpoachtssufisalsyeantially dllvemputersgiterasibemg | be
further described and no readi ly apparent from.a .review of the detailed
descri ption 20 TERUHES e EPRRI AR FoREne & Sl pstepfalgl possible By Er
DESCRI PTI ON OF  TégndoRA\WY theGre included within compfteSdy5semd béiflg Maf@fena i ¢ di agram
showi ng software installation and testing:

The described apparatus thus provides for effective software installation and
computer testing which allows for straightforward troubleshooting and customization
15  of build-to-order computer systems. The modular design of the apparatus
advantageously allows for elementary maintenance of a testing system and for the

rapid creation of steps for new computer systems and families.

These and other objects, features and advantages of the invention will be
further described and more readily apparent from a review of the detailed description

20  of the preferred embodiments which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram showing software installation and testing.

Figure 2 is a schematic diagram of software installation and testing according
to another embodiment.

25 Figure 3A is a flowchart for converting a computer order into a system

descriptor record according to the present invention.



"Figure 2 is a schematic diagramof software installation and testing

accordi ng to anot her enbodinent. 25 Figure 3Ais a
flowmchart for converting a conmputer order into a system descri pt or
record according to the present invention. -

- 5- Figure 3B shows a porti@n of an exanple conputer order,
Base Assenbly Record (BAR) file, and System descriptor record.

Figure 4 is a flowhart for creating and providing a step sequence.

Figure 5is a nore d ) y@p@;t f ' eR..sequence. 5
Figure 6 shows a strg Srsg%}&%&% a aoafglg.gxaﬁ{pﬁa&hggtepmﬁ&’lﬁ—?sﬁg‘g?m%’i S a
flowchart for mRkcordi(BARPfISRE eystettedesdriprescordecord and step sequence.
Figure 8 shows an exanple of a step file before bei ng executed.

Figure 9 shows the exenplatiye step file after being executed. 10
Figure 10 is a f|omﬁ55§4d$a§w@§@ﬁgmﬁawaa PEOVISINEA e sedexecut i ng a step
sequence. Figure 11 is a nore detailed flowhart of the

operation of the progiamsitamore detalbNEvREAIE Breats GG sBhefbeSt €D SEQUENCE.
DETAI LED DESCRI PTI ON Bigy 01~ & more detallefigthersfot | ng Atbisfheitelt 0 P og

description of the best contenpl ated node for carrying out the

i nvention. THe descr Figuredrshpws 4 struehuesend adatalisse.i | | ustrati ve and shoul d
not be taken to be limting. In the drawings, |like or simlar elenments my
be

Figure 7 is a flowchart for modifying a system descriptor record and step

sequence.
Figure 8 shows an example of a step file before being executed.
Figure 9 shows the exemplative step file after being executed.

10 Figure 10 is a flowchart of the operation of a program for executing a step

sequence.

Figure 11 is a more detailed flowchart of the operation of the program of
Figure 10 for executing a step sequence.

E DE

15 The following sets forth a detailed description of the best contemplated mode
for carrying out the invention. The description is intended to be illustrative and
should not be taken to be limiting. In the drawings, like or similar elements may be
designated by the same reference numeral. In the description, a module is defined as a

command or set of commands,

20 Figure 1 is a schematic diagram of software installation and testing system 90.
In operation, order 92 is placed to purchase build-to-order target computer system
160. Target system 160 is to be manufactured to contain a plurality of hardware and
software components. For instance, target system 160 might include a certain brand
of hard drive, a particular type of monitor, a certain brand of processor,anda

25  particular version of an operating system. Before target system 160 is shipped fo the



designated by the sane reference nuneral. In the description, a nodule is

defined as a command or set of commands. 20 Figure 1 is a
schematic di agram of software installation and testing system 90. In
operation, order 92 is placed to purchase buil d-to-order target conputer
system 160. Target system 160 is to be manufactured to contain a
plurality of hardware and sof tware conponents. For instance, target
system 160 m ght include a certain brand of hard drive, a particular

type of nonitor, a certain brand of processor, and a 25 particul ar

version of an opstemdrj theplampbityafcorBrinenteare arspiled astseh $6¢h sogwadi pped to the
- 6- custoniet, the plurality o{ conponents are installed and tested.
Such sof t war e wwstallatiqnad testng adyantaghopstysasures ¢ rekipblenvarking semputensysieres a

reliable, wor kivﬂx@chcig’ﬁpw-%fmr?ﬁ(}y%ﬁx%gh?¥eceivedf"”i ch is ready-to-run upon being
ecause di

recei ved. erent famlies of conmputer systens and
different individual 5 conput er conponents require different software
install ati on and t eBtdansg déffepgnt faniiliesiof computer systerssad diffetent iddividoati ne whi ch

tests need he run qQn target, system.l160 apd in t ordqer. .t.hose tests
shoul d be exec§PBEEFOEENS tsé%‘ﬁ'lr:%g‘] etﬁﬁ“@&%’&ﬁ%%@&&?@%‘@ftéﬁ $ation .and
testing pr OCGS%ecegagﬂofd&KﬁﬁnMcﬂ stfnded TP Hin®n tﬁ!&%f‘s(?)@n??ﬁdn@‘ﬂ{@ﬁ'atbﬂeﬁequence

t he software i'nstallation and testing steps be run on target
system 160. To thasetests shouldhe er@uted 66 23ta achisva su efféctive sofiwarednstellatiensanidng st eps,
step maker 140, and nore farti,cul ar.l equenci ng. program 204
residing on st &5 REF°T e,p'f’?lﬁf'gi r‘%éﬁ‘g“%‘“’ﬁﬂf&gf?. gtgf:(?to.sequ%ncg:. onent
descriptors frQoneas fstalitidh atd eQind Stepdi8He mnmn%éétlsyﬁe& 60. SToRequehetare by
converting an order 92, which corresponds to a desired conputer system

havi ng 10 dseftwarel insigligtion erd/es testing teps, Bemmaker 140; enddnose patiglatln vi a

conversi on nod 94 5 .1 Q ript.o conput er
readabl e descr ilé%)‘iqﬁe%cﬁ%g %'%gr?rﬁg%%ﬁ%ﬁgﬁcgtgg m%e@h@?ﬁﬁgegéﬁ&ﬁ lé'v'@ﬁ'g’ﬁ] 160 whi ch
conponent s ar e comporesriicktiptonecfran datrifter filt 96. (@ ciytaf fité €18 provided bgnbodi nent ,
t he conponent descriptors, are included in a descriptor file called a

syst em descri ptCORVertEg 3R grdgpi2 which cerresprpds oy desipsd sampater system datiegi ni ng a
listing of the g.u le &ﬁg&nents, to be
installed onto dte %%g?ﬁg/gsg%?nﬂggco@% E@J?%g‘ﬁ%%%&ﬁ%%‘fﬂ?a 1ty of

conponent descriptors, sequencing program 204 _retrieves a plurality
of sof twar dSi nst al | €oinpenentrvgsaniptorszse ¢camputer weadablandescrippionsdf thg compaerigets

conponent desciyeplof & L Eh 41408 SorkaR a2 Yhndi By 1R o 99" R Sl
embodiment, the component descriptors are included in a descriptor file called a
system descriptor record which is a computer readable file containing a listing of the
components, hardware and/or software components, to be installed onto target system

20 160. Having read the plurality of component descriptors, sequencing program 204

retrieves a plurality of software installation and/or testing steps corresponding to the
component descriptors from database 100 over network connection 110. Network
connection 110 may be any network connection well-known in the art, such as a local
area network, an intranet, or the internet. The information contained in database 100

25 may be updated through a modification depicted by arrow 130.

Having retrieved the software installation and/or testing steps appropriate for
target system 160, sequencing program 204 sequences the steps in a predetermined
order according to sequence numbers corresponding to each step. Having sequenced
the steps required for target system 160, sequencing program 204 writes a series of

30  output files to step disk 150. In the embodiment set forth in Figure 1, the output files



‘connection 110 may be any network connection well-known in the art, such as
a | ocal area network, an intranet, or the internet. The information
cont ai ned i n database 100 25 may be updated through a nodification

depi cted by arrow 130. Having retrieved the software
installation and/or testing steps appropriate for target system 160,
sequenci ng program 204 sequences the steps-7# a predeterm ned or der
according to sequence nunbers corresponding to each step. Having sequenced
the steps required for target system 160, sequencing program 204 wites a
series of 30 ' .S |5l ljent _set forth
in Figure 1, thleﬂ:t(l)"l@ftétpt)eux{l f4e:§F%nga?n1§é Efffit finesHprob Hat&ﬁﬁe?&?@rﬁg thé dppropriate

-7- i ncl yoRwire istallitior and/ertesting 5t upotPgRtisysieRERS0A ThE Sekitah & T Or
executing the appropriate software installation and/or testing steps
upon target systPefemEd in thy predsterminefl grer according tq,the sequagag nimbarhe

predet erm ned or i r rresponding to
each step. Step |£s thg%gr#ﬁ 'nlé%g@g?kgb:{é&gn%%%sy&ﬁ%ﬁ@m?ep factory
floor where tsestfsct@y Hobiwhets teedrt yunfdirestlyStoapstep dikk 150QrQilternativieBy; fiahifve! v,

fromfile server 190, connected to target system 160 via network
connecti on 180. Seiveri@Pefopgected to targetsyptems IR0 Wia Baknork enanaction 189. Preferally ¢

net wor k devi ce b s : ' : ) t he

Far et compu or EepECorhiliy SeREEARACANER dovico pp B IREK pRsonfing

i nstal | ati on anchetvesk portjofthetprget computed systeh. Folbowing thalekatiicnvf dredofteats are

| ogged back to f,ile 10 erver 190 oyer, pefwor k conpection 180,

Figure 2 is a sd'PFéaﬁ]éF‘?’b iteSYR&figps e ?%g?’é‘ aep W%Wé%@“?@ﬂ%@esystem
192 PUios UaBived @odvailiBiorediandtiv®do. of the present invention. A
custoner pl aces order 92 to purchase buil d-to-order target conputer

system 160. Target S\éstem 160 is to _be manuf actured to contain a

“plurality of conponeHiggredis 8 Bchewniiraliagmm ofsefiwarednstallatiarsand testing sysiamddr e

fhe custoner ¢ AR PEoRsr ool dukileahiaicn sl biPREG o o2, .o,

installation ts\ﬁmali‘ede bkt tbeteP RN doRPRRH SsHmETEOl Tetgetsykteh i1 60iseo bevor ki ng
conmput er system which is ) reggﬁ-to-run upon_bei ng recei ved by the
customer. . manufacturedto contain aplumlity|of copapongpts which semponsets may ielde est i ng

steps, sequ [ a@{@ ) ngé '
descri pt or seif'gr:om%g@{sagﬂ pt or fﬂ e 6.06@%&%' @‘fb&g&}é&ﬂ&%ﬁ%&g@ d|tﬁt o]
descriptor fil e thécusiomer,tephuralitp of conpuhentsde infalitgdand tested eSuch instatiation

and testing advantageously ensures a reliable, working computer system which is

ready-to-run upon being received by the customer.

To sequence the software installation and testing steps, sequencing program
20 204 reads a plurality of component descriptors from descriptor file 96. Order 92 is
converted into descriptor file 96 via conversion module 94. Component descriptors
are computer readable descriptions of the components of target system 160. In the
preferred embodiment, the component descriptors are included in a descriptor file
called a system descriptor record, a computer readable file containing a listing of each
25 component, both hardware and software, to be installed onto target system 160. The
system descriptor record may be stored directly on file server 202, Sequencing
program 204 retrieves a plurality of software installation and/or testing steps
corresponding to the component descriptors from database 100. Having retrieved the
appropriate software installation and/or testing steps for target system 160, sequencing

30  program 204 sequences the steps in a predetermined order according to sequence



are c(orrputer readabl e descriptions of the conponents of target system 160.
In the” preferred enbodi nent, the conponent descriptors are included
in a descriptor file call ed a system descriptor record, a conputer
readable file containing a listing of each 25 conponent, both hardware
and software, to be installed onto target system 160. The system
descriptor record nay be stored directly oe8-file server 202. Sequenci ng
program 204 retrieves a plurality of software installation and/or testing
st eps correspondi ng to the conponent descriptors from database 100.
Havi ng retri evechutdbers corresponding toogach si¢pe Having sequenced theatebsdeysired f6rdirpet t esting
steps for target syst 160, , sequencj nhg,. 30 rogram. 204 sequences_ the
steps in a predée¥ ?ﬁilﬁ@ae%mmg pgqg@&}%dl%gegtgthggm f %he software installation
nunbers correspopdidignd Qers 85 tib& BystePMoNIhs §F ,_gx%g,ﬁgedt Shequired for
t ar get system 1n ,epsg%J&en ]gﬁ)g pr ogram 204 di rectdg&tra%gq‘g%@ggt I on of

t he software i nstoahdctitrisdfS and 180. Hisdlesired thatmptwérk pennegtion 200bg&fenstist em 160 in
t he predeterng'nned Qrggr Vi &gn%hwork .connections 195 and 18Q. It is
desired that “hetfrUK EBHtESMEESHNYG BGoTsPopdig Raxt phtargst systam 1R Netwatk 198

pl ugged into a RSRQ esthichidals : X s 0 : 195

may be any comncjﬂr?ﬁ){:atign connect‘f%ﬁﬁeﬁgﬁ?ﬂ%%?ﬁmte%g S?IWWFOW ng the
execution of thexsativaeftbe softwimlinstdlation andiolf testing steps, regultstof e instaligtidnt s of t he
installation and tests, a ogged ck to file sefrver 202 oyer

net wor k connect ia(gﬂ.teég@redpgggi?mcggo g’llegegvfraﬁfqﬁehn%orkmmqn%ogoagqra ase. As
appar ent from t heitih ht'SfpfoplidtOdatabafiC A8 aiap%:éﬁ?ﬁé}ﬁ%ifl&&aﬂ&, theR PR fHe fort €P
maker conputer system 140 of Figure 1.7'Additionally, step disk 150 is

not necessarlf Rgpasete stepmpker enmputersystemA#0 of Figurc A. iAdditiondllygstepatiskt 180 oot
target system 160, LS, needed ompany t et,,system 160, on the
factory floor. not neces?sary. kather, ?&wg&{a@@r‘gﬁ%&@@eﬂ&&*%&%fm e

i nstal | ation and60gishédded & ¥edoRiEny target systedt 160/tnitd fa¥tbtyl flldRwW be turned to
describing the operation of the systens set forth in 15 Figures 1 and 2
in nore detail. . Fi.gure ,3A depicts the preferred process in
whi ch an order for amgmgpllydescnbegghgtsgﬁﬁ'qrgmm& feFtHg Sy S Ronput er
readabl e syst em e Vil Bbw b 1o MhBing the opedREFIFREH NS sck RrtigM 300, an
order is received for a target conputer System This ofder may be in

any one of cHuntFipwes ¥ andiPen mbrerdefailtst ance, different ordering formats are 20
possible as well as different order delivery mechanisns. For exanpl e,

orders for a t fa.C r st.e . DI el ephone, by
mai |, or over conput z‘ég%?e3A&gﬁgﬁﬁﬁfaém(d@%&gs%ﬁ@&&f"ﬂér%?[rﬁke/ar%10& %E:rRegar dl ess
of the nmeans of gystsinigcotvertedintd Ddoffipater readable system descriptor record. More

specifically, in item 300, an order is received for a target computer system. This order

may be in any one of countless forms. For instance, different ordering formats are
20  possible as well as different order delivery mechanisms. For example, orders for a
target compﬁter system may be placed by telephone, by mail, or over computer
networks (e.g., over the internet). Regardless of the means of taking or the form of
the order, the order includes the type of target computer system which a customer
desires to purchase and, possibly, an explicit listing of the particular components the
25  customer wishes that target computer system to include. After the order is received,
control transitions to transmit module 310 during which the target computer system
order is transmitted over a computer network to a manufacturing system (not shown)
which produces the target computer system. The target computer system order is also
provided to the software installation and testing system where it is piped into a



't he order, the order includes the type of target conputer system which a
cust omer desires to purchase and, possibly, an explicit listing of
the particul ar conponents the 25 custoner w shes that target conputer
systemto include. After the order is received, : control transitions
to transmt nodul e 310 during which the target conmputer system .order
is transmitted over a conputer network to-@-manufacturing system (not
shown) whi ch produces the target conputer system The target conputer
system order is cahvdsion prograliRitods'3207 The orfithdr werwork ued il rhadlile @70 A2

testing systemwhere it is FI ped into a conver si on program
in nodul e 320. Tkeofewytype well-kmswdn khe@ded i n nodul e 310 may be of any
type well-known in the art. The conversi on program converts
the target conputer morder to. seful for the

nmanuf act uri ng proces?.ﬁ%’ nrvggl'gﬁ885%%“5’%&%%@%88@8&9s@#“ﬁf’ﬁ%‘?‘&ﬁ'n’“@rd
converts the corgaefubfor HeQeinufabtisig prodess. MdresRtificAly] the GorveMidRpfolafy at nodul e
330. Preferably, the BAR fi% e contains a_ unique identi?i er whi ch

i dentifies tHe sqoa¥grisithe computer grderdisst into Aprgerd calied sBAR filsiahgoduieddlact ur ed.

The BAR file al ' inls s ea | LST| onent whi ch
may i ncl ude bot ﬁ%&g%{rhg%ﬁ{dﬂ g%ﬁé\lxlgs?aelfm?ug l%léﬁéeﬁé@'%gztifn&ﬁ%e W‘?id t he
target system HRuafgbfsdipuict systemdRibg ntdufattaded.t Tie BXRfifelald ceMithoa detailed

manuf acturer- 10, _ specific ?art. nunbers or other useful identifiers for
each conponent . lfstingpfspmpepgats, which manmchude bothbardwase and seftwersite heinclgedci £ i ¢

I nformati on suc addr : . .

Fol | owi ng t he ct%ﬁ%hg?}g? e ﬁﬁh?‘ia’?g’ qe%mﬁég@ggwgﬁ%?%%%&gﬁi pt or
record i s crHat especific pathtintbeR340 othér wyfal identifiers foriepdhaompensnt. Einally, thére
preferred 15 e jment, is a conputer-readable file whigh is descriptive
of the hardware ggﬁ%emayc@gmwgqoge WSHQEQ"%‘“‘E%‘SB@‘#SW et 3 ¢ he
target conputer gwalgihbdn a preferred enbodi ment, the system
descriptor record contains a |ist of conponents of the target system
in a format includi n%ohardware tags, software ta I nformati on tags, and

S, .
coments. A hardware agwine@mcrqaﬁ@moftthpB@&Mmgtﬂpa%.amtmdmmv
information 20 __fallow I {0, ent .
Simlarly, the s\ F%%Srcgéat?eggf‘di‘hggﬁogién%%tg%gg&flﬁ? g‘r%érog | éﬁm&’g oW ng the tag
as being rel §8 ederhdiméntfis evngputcergadabisfile which is deddtiptivedfaia Ridware dndg
I ndi cates that general information is tao follow Comments all ow

f
vari ous st at ementostvar qEPPRralste beinlnded witkdhetprgetaomauistsismofn ¢ Belsred whi g L
are I gnor eﬂnt&éi:ﬁéfz‘ﬂ,%kt@ﬂ dRCABOAT S fontdids oI5t SFeBinpSifints Bithe Igee SYSt em

descriptor recor
system in a format including hardware tags, software tags, information tags, and

comments. A hardware tag identifies to sequencing program 204 that information

20 following the tag relates to a hardware component. Similarly, the software tag
identifies information following the tag as being related to a software component.
The information tag indicates that general information is to follow. Comments allow
for various statements to be included into the system descriptor record which are
ignored by sequencing program 204. It is desired that the system descriptor record be

25  atext file which is human-readable and easy to understand. Such a file
advantageously allows for easy troubleshooting and maintenance of the installation
and testing process. It will be appreciated that the system descriptor record could be
any list of unique identifiers that correspond to a unique set of tokens, for example, in

a simple example, the system descriptor record may be a list of part numbers.



25 !a, text file which is human-readabl e and easy to understand. Such a

file advant ageously allows for easy troubl eshooting and nai nt enance
of the installation and testing process. It will be appreciated that
the system descriptor record could be any list of unique identifiers
that correspond to a uni que set of tokens, for exanple, in a sinple
exanpl e, the system descriptor record may pbe a tist of part nunbers.

-10- Fi gure 3B shows an exahpfe target conputer system order
350, a correspondi ng BAR file 360, and a correspondi ng system

descriptor record 3Figure 3B showyan ¢rampledargrl compuisr sysem ordge3sS0350 cont ai ns t he

name of a conp ] [ i ' i . famly, X', Also
i ncluded in ta;%gg P é%?‘%lr{ ﬁz%/%étae%l]dg rcarer?spgdgg{é:‘s&%t&fx fqgggpm%rew‘%;@pl ary
har dwar e conporipaages corilsiked ystegh ErdEX390 Eotmdimthd napfead @ 26@puterfaidy, ¢h @isi ve, and a

monitor. BAR file 360 results fromrunning target conputer system order 350
through a convdHustahon fasdlyark adlsadpsluded in tirget compiter systemeorder3iplarethes.  BAR

file 360 Ll ' ' [4.d.er @ pecifif. target
conput er sysst erﬁ% %ﬂlélﬁt}yﬁ am : f/’ ;% ehg?&ﬁdd&ﬁapf %@]ém Sggceé"%’od }?aﬁgw&eaggfhe
manuf act ur er - s paeiitot. CBAR file 360 n&eltsfrdm funeing target conyRiterQystert 6rdpr@3oNt s | i st ed
In the target conputer systemorder. Further, BAR file 36 cont ai ns

“ur t e 360
an identifier iBONENS SORYErsinRPIQEARLSs depigledin module 2@ elffigwe AP oBARAiled0vel | as
a text d oL onen i . ar get
comput er - syst erg e s e oE AERARR ok R SR S B i X7
descri ptor recdARSKRBG60 also includes the manufechirdrispadficgaetchunibbrs faresdhafittdescr i pt or

record 370 gl so contains the unique 15 identifier for the ific target
conput er sy erﬁ%pf’ﬁ‘ﬁ“ﬁq’fsf?hﬂ e %g%méﬂmﬂ%_ er. Wﬂ‘%ﬁ&ﬁﬁggéc riptor
record 370 cont@hiissaRieRiet HiRatdRe q\%ﬁfﬁ ﬁésﬂ'gd Sdab i Ebnidftint b \Fell as a

processor, hard drive and nonitor "are ardware, rat'her than software,
conponent s. text d¥$va pionsif eachdemporiept to be inclodedcbniidtargescompntes systems e
conponents in a,text. descrjptio Addi tionally, exenpl ati ve

syst em descri p?%ﬁepé@d#ﬁcé%ﬁ%ﬁ@gp ﬁ@atﬁsﬁm‘iﬁé?@??é%%%i ndi cating that
certain software should be installed or tested.on the target conputer
system bel ongi ng t o Alsdilistriteds thefs@stert ¥esdiiptor redoib3 HQfldoanRink g uiggat | ndi cate
that a certain operating systemappropriate for the Pentiunferr]

processor aldvayidentidies foxthg spegific target corapites systran Within family K. Morsoka theyr get
conput er syst engt ls : : : | 4, the
preferred gene?gﬁgﬁg?%gg%%&régzﬁu%%&#%ﬁap%%a%t?ges’?erﬁes?lglral%%S and
testing steps imomsdor,fhordtdnive dnd menikot &e dl0ikrdweie rathérdhen softwart,icbmponent. t he
target CODULEL SYSLSI LS ISRUANEE DRk cbiiSork Rl A6 e SURUEL, SYStem

Additionally, the exemplative system descriptor record 370 contains a software tag
20  indicating that certain software should be installed or tested on the target computer

system belonging to family X. For example, the software tag might indicate that a

certain operating system appropriate for the Pentium® processor always be installed

onto the hard drive of the target computer system belonging to family X.

In Figure 4, the preferred general method for sequencing software installation
25  and testing steps is set forth. In module 400, the unique identifier of the target
computer system is generated for the target computer system 160. In the embodiment
depicted in Figure 1, a user sitting at step maker computer system 140 provides the
unique identifier (e.g., the BAR identifier which functions as a tracking code) into
sequencing program 204 of step maker 140. Alternatively, in the embodiment of



‘depicted in Figure 1, a user sitting at step maker conputer system 140

provi des the unique identifier (e.g., the BAR identifier which
functions as a tracking code) into sequenci ng program 204 of step
maker 140. Alternatively, in the enbodi nent of

-11- Figure 2, the unique identifier is automatically read into
sequenci ng program 204 after t he targetlconputer systemorder is
recei ved. In nmodul e 410, a system descriptor record

correspondi ng t oFighr DM uhidesidedtifier is automatidally tead iftestquémding brogamtidiaffent  of
Figure 1, either network connection 110 or network 5 connection 195

| ocates the syst BWtaI8s cPmpitessystese oder is Fesei¥de embodi nent of Figure 2,
network connection 195 |ocates the system descriptor record. In modul e 420,
t he | ocat ed sys [ gﬁq] |

program 204. In t he ]E%qu&%% al%gém E%Eﬁét@rﬂe@or@?: e equ g%?ﬁggg\pg%nﬁlg%

resi des on st ep mdkcatedchmhemmbodﬁ;(an eﬁﬁ‘lgurel elthdﬂleMQrkeonnnctiohélﬂ:brgmMﬂQ

mbodi t, f
Seduendi ng’ pr Sgr SASOIPA DY OB ETNFRAECR I PN JBPASRLAIBE0oL Beire
Figures 1 and 2) nliQoReRhfdish l?gééc‘é%%ﬁxe'sfﬁéu%és@ﬁ tSredtRd! iﬁﬁ&duwzéttﬁps for

t ar get conputer system i ce the soft re installation and
testing steps apocatpd s)atemdesnnptorrecordtihpropd«zdtmsemancmgaptggramé%ﬂum system

are sequenced, uenci r,am 204 ces .out put f| S a
depicted in rmdu?%“‘ffgoe nbogignen, tie sequenc“fgnpr?g{é‘g ?ﬁfgﬁp?@}ﬁq ?elgf gure
1, the output fi hﬂ?wﬁl@inﬂfe@?ﬁ@@kﬂibd’&xhé&t,% sequencmk@ro%?&@re%é'ﬁpé&ﬁe( see
Figure 1) in six separate Those files i ncl ude *( a step file,

(2) a Setenv.lBat smeréoz(%eﬂu@cxggptwﬂt)WOrmp canjumuonm fatehase (09)(ofan

Etl ast.txt, and Ft.tx e. L.red, that step file
be an ASCI! t ext i’#).[eé %%?M&F%e%e%?iw %x'nsta.ﬁanon a‘ﬁ‘ﬁ%ﬁ%ﬁ%ﬁ"ﬁ%@' efﬁﬂnd l i nes
for executing theoxﬁlaftmzét&a 1605 tGHck Beisoftwa thstaRRionEd fbi@idStebOipprdpriate Fdte

target conmputer system being ordered. In a preferred enbodi nent, the step

file al so thegrtigulsr et remputeraYBem arspausacedssnguencingpragras i f i cal | v,
the step file al k’%\gﬁﬁfef’}"ﬁ%‘ﬁ%engﬁaﬂ#ﬁ’&%"fﬁg‘?@m ed for a defined nunber or

iterations or fo I'me. Such a format
advant ageously allows for software installation or testing steps to

be repeated il6 a cal cinlthe emhodjmentidepistediim Bigureedy theontpitfleSet praferablytwritiche

referably sets V. nt v ti abl es o th tar ter stem
"W 1| b appr el iRk 1520 RS in e segateciess dup e iR actre

file and the Set ¢ deehv.bitlfie, @)%Qi%&ﬁiesmfénﬁ%ﬂﬁle,(ﬂaﬁﬂﬁdsﬁkiﬁd emand
testing. The Ste%hflle and the Setenv.baf file are ASCI| text scri pt

files containi ngFhtxt filst Itds dasisest thpthestep flobmamASTH textfile dncludingadisiofg t he

installation and appropriate command lines for executing the software installation and testing steps for

20  the target computer system being ordered. In a preferred embodiment, the step file
also includes commands which may be looped. More specifically, the step file allows
commands to be repeated for a defined number or iterations or for a defined length of
time. Such a format advantageously allows for software installation or testing steps to
be repeated in a calculated, predetermined manner. The Setenv.bat file preferably sets |

25  environment variables on the target computer system. It will be appreciated thatina
mode of operation, only the Step file and the Setenv.bat file are necessary for
installation and testing. The Step file and the Setenv.bat file are ASCII text scﬁpt
files containing a list of appropriate command lines for executing the fnsta_llation and
testing steps for the target computer system. The Qt.txt, Et.txt, Etlast.txt, and Ft.txt

30 files are preferably all ASCII text files containing a list of appropriate command lines



t'esti‘ng steps for the target conputer system The Q.txt, Et.txt,
Etlast.txt, and Ft.txt 30 files are preferably all ASCII text files
containing a list of appropriate command |i nes

-12- for executing the software installation and testing steps for
the target conputer system in the Quick Test (@), Extended Testl
(Et), Extended Test2 (Etlast), and Final T2t (Ft) phases of

manuf acture: of the tar.gel c ut er st e . I n the enbodi ment
of Figure 2, ontf?rﬁée%‘ﬁﬁ%&‘eﬁ%e@ n]a?rq tegting steps for the target camputst sysem a st ep
di sk as depi ct egh the Quidkest (&t), EAside@Test L (E), Bitbdiell TEdtD @Slaéty 8 file
server 202 or file se(?\[/)er 190, WneﬂrEg they are ugld ’gﬂdﬁﬁ?dg?t%t he
execution of théFt}plasesafmanufactureiofithe tdrged coraputersystam. t esting st eps upon
target conputer system 160. Figure 5 depicts a nore detailed

schematic of the ope | ' rogram 204 depict.ed in
Figures 1 and 2. In %%?@b%&?gﬁg‘% g?ﬁncfges%tp?tg)f‘rg% 0%@@? aﬁj'&wnnen
correspondi ng t e & fEaisk aEpidled in Biyert ¢ NMnkRed, ik datRY iRSRsHOuRE GUAREENT
program 204. In nmodul e 510, a conponent descriptor is read fromthe

syst em descri pt P2 picfilg server 190, whepethey asevssé tacdirectthasexetytion of tlesofiviatses a
yect i . , f t t t
Gyetem ¢ COP Mol B A G ient BB G compuensyfim gt 10" IVC o ©

descriptor record including the 15 Pentiunferr] processor in nodule 370
i s an exanpl e conponBiguredalepicispatniore détailedechenetic of the operifion sfdequeniigng progr am

204 instantiates a pl 1ty ., of deriyed ohjects correspondi ng to the
plurality of co ?‘iﬂw@e&ﬂ@@@%ﬁﬁm?eﬁnwétl’éép%wﬂ%dﬁswtww@r red
embodi ment 1bh0%@n&ssﬂazfg%wge@e&ﬁp@é&ygﬁﬂ’eotieﬁ%wawm'sgégfemﬁgtﬂreﬁmﬁma' ned

from dat abase” 100)” about software i1 nstallation d testing steps that
need to be run dmmdule i, geompueptidessriptoy istread fiodOthe bystempdiadriptos B0ords of t war e

install ati on ang, t,estin t,eps ., associated the re ctive gonponents
of target corrpuct’l':g?h %%Pgﬁﬁ f%sgn%{?redefcé}b?ﬁ %Vg’(fgtwe °°mp?’}°8h$%§‘f’ﬁ5%’§8 and
stored in the a@pﬂﬁ.w'gau;anggérisyﬁanpbj ect. In the enbodi nent of Fi gure

1, the steps are retrieved via network connection 110 while in the Figure 2

enbodi nment, the stepi_ may be, retria\é?d directly fromfile server 202. To
describe 25  how t héu@righaFigee 3Bqtheillac eifht malemaisecaipios ercardanciuding ihe

preferred engodipgRftn® Roktdhr fodule 370 i%%ﬁ&ﬁé%%oéﬁ%kgﬁg%ﬁ]ﬁféﬁggg ' gn of

construction of that database.
dat abase 100. DaRdisependogpragrsm@04 instantiates a pheality ofdesivedébjetsiconespanding

o s of combuiep &ty BembelReL ety Bl SRa0 . HiRperda o

associ ate embodiment, those derived objects are used to store information (obtained from

database 100) about software installation and testing steps that need to be run on

20  target computer system 160. In module 550, software installation and testing steps
associated the respective components of target computer system 160 are retrieved
from database 100 and stored in the appropriate derived object. Iﬁ the embodiment of
Figure 1, the steps are retrieved via network connection 110 while in the Figure 2
embodiment, the steps may be retrieved directly from file server 202. To describe

25  how the steps are retrieved from database 100 in the preferred embodiment requires a
description of the preferred construction of that database.

Figure 6 shows the design of database 100. Database 100 associates
sequences of software installation and/or testing steps, in a predetermined order, with

families of computer systems. Further, database 100 is configured to associate



- 13- conponents of conputer systems with fanmilies of conputer
systens. Still further, dat abase 100 associ ates software installation
and/ or testing steps with conmponent s of conmput er systens.

Dat abase 100 is preferably a rel ati onal database. Database 100 contains 5
several tables, each containing attributes suitable for creating the

associ ati ons menti oned above. 13- Dat abase 100 cont ai ns
Step table 102, SysFamily table 104, Sys Step Seq tabl e 106,

Component table 108, sOorr t abl e 1% and(;% Step table 114. In

the preferred effBBBRPIBNO! CW“WI%EF@“G friligso °F‘P§tt°"§‘15t°§l§-t tilbfurther, the
underlined 10

tabl e 102 cont aldﬁ%ﬁ%bz’ﬁeq&%cﬁ%}?%i@tﬁlﬁ%h?ﬁd@r&%ﬁ%ﬁg K¢ Wltﬂ}(;?a‘tpg?eéxgso be| ng
shared anong di fcbmpatetsystemponents of all conputer famlies. In the
preferred construction Step table 102 has attri but es including

St epl D, Phase,

e, JAfterCode, a Maxl nst ance. Stepl D
is a unique i dent i fi Pc{ggﬁﬁl%%@%gpé%?u ’@;g‘ﬂg@é ‘?’rpé)t"a'l“?‘ah on or P
testing step.s Phageal tdisad] itaiktsGhrithesgitle for or nﬂ?ﬂé’&@&ga‘%gs the step is

to be executed. For exarrpl e, Phase is an integer c correspond
to four phases ofentiored@beve. syst em manufacturing consisting of: (1) Quick
Test, (2) Extended Testl, (3) Extended Test2, and (4) Final Test. Nane is a

Cri . p@ i Cep. :
String assigning an TP int RS IHERR $fté¥xﬁtt%ﬁtga?mm%2a§’“ o
sof twar e i nstal liglé 108, cﬁmpcmstﬂtawems SUQ&ﬁptablelDta%H@%‘inpSSt% 28164 In
(depicted in Figures 1 and . AfterCode is an identifiér which

determnes if athg#re 36?‘1 ?ﬂél?é’@teﬂ% gach dablpcgntains @ list of attebistesytheanderlined | | ati on or
testing st epml S attributes sg%ﬁ%er g?mgg)&}pst ance is an identifier which

I ndi cates the maxi num nu allowed tinmes the step may run.
Finally, CassIDidentifies a certain type of 25 conmponent which is
associated with the Stptabierld2comiind d sat oftsoftware istallathon atiegsting steps being

SysFam'IytabIe 4|dent | es _eac y of co ter steps With an
i dentification i° 8%%‘? r@&é‘%ﬁ@'ﬁ%%ﬁnﬂ"ﬁerﬁi? 68?’8“‘5&/@%%‘35 %"‘P‘ﬁt?f’ ed in the
SysFanmi |y chadtutidnSStep Bble 10PhdsdRAB i€ hdIGHiA StepBTBLAE, NAAR, €48 | V-
CmdType, AfterCode, and MaxInstance. StepID is a unique identification number for
15 each software installation or testing step. Phase designates which phase of

manufacture the step is to be executed. For example, Phase is an integer chosen to
correspond to four phases of computer system manufacturing consisting of: (1) Quick
Test, (2) Extended Testl, (3) Extended Test2, and (4) Final Test. Name is a string
assigning a name which is descriptive of the step. Cmd is a string assigning an

20  executable command line for performing the software installation or testing step upon
target system 160 (depicted in Figures 1 and 2). AfterCode is an identifier which
determines if a halt or reboot is needed after the software installation or testing step is
executed. MaxInstance is an identifier which indicates the maximum number of
allowed times the step may run. Finally, ClassID identifies a certain type of

25  component which is associated with the software installation or testing step.

SysFamily table 104 identifies each family of computer systems with an
identification integer specified in attribute SysID. Also included in the SysFamily
table is a string identifying the name of the family.



- 14- SysStep Seq table 106 is a relational table which
contains rel ati ons between Step table 102 and SysFam |y table 104.
Sys _Step_Seq table 106 includes a famly identification integer
specified in attribute SysID for a particular famly of conputer

systens (from SysFam |y table 104), a step identification integer specified
in attribute 5 Stepl D (from Step table 4p2) identifying a particular set
of steps appropriate for that famly, and a sequence nunber. The
sequence nunber is preferably contained within the attribute SegNum
whi ch represents a [BysdhpeSey tasle 106 idarelationalitibldwhitie pntains relaticas barweeat ed Wi t h
a particular fag?;ml)i/ahare to be run. Test engineers assign, the sgq%gence

nunbers, uni que ler 02 ard-SyisFamily tale 1ot PyacYen-ded table 400 ippludss adamlen to be
t he nost 10 e 3;%’5 : [ ; o\

appreci ated t ha{dgot eqﬁ\klfét%er %egi?ie& in%%‘gﬁstf gﬁlgg&s quggﬁfﬁlﬁ‘\%ﬁp pgrrgil be
used. systems (ivorp SysFadnily ablec] 04))8 stepidentificsticnl ihtegrrspactiled inattriaaient s

that are included it hin_conputer syste bei manuf act yr ed.
Attributes of t fieaD @Bmesyt“@rtgblﬁi%ﬁ Seaiine a_ymmmse’om%?% PRAFPPREE ?gmat an
identifier to epgfy ?%H‘ggg@gﬁce nhRBE! Qséggénﬁé@n B pef@rg%l?contéﬁefd'wﬁwane to

each conponent, an which references the t conponent
(e.g., hard dri the attilintdEaqNdmi whidh represents a predeterminédywdeCdmphitlaitps 112 is a

relational table containing relatiqps between_a fanl ] of conputer

systems and a sw%teﬁwﬁbﬁm%mya&w g Test epginpersasyigidhe QUFReS . The

attributes of SyfoGubalitddn pHsk Bt RREARDY S orl by bl Bierfobcat ] o
i bute SyslD i '

i nt eger 20 specifiéd in attr from SysFanm |y table 104) and a
conponent 10  effaitive fof & paticudan tirget sptemn. Ipwidli teiappreciatedithat othanways@fnpl D (from
Conmponent table 11%8%‘. b%on'g¢8t ep table 114 is a rel ational

tabl e containi nGSEBIESFHREepURbELRagdeustd © cohmonent and a set of software

installation and testing steps appropriate for that conponent. The

attributes of Conp_St@iponaitdlelbs comaiheddbpossiblo baapumeits Bt aré Heladddf i cati on
i nteger specified in attribute ConplD (from Con;Bonent tabl e 108) and

a step identifi Wihinepmpyersysemsbheing manugpciureda Adtripeeg of this tableprenreferablet ep
table 102). - - icted i
Lable 1020 11 CompDyichactfs ARG b Mk ARSI R USRIEL o] |

design is uflbl i steflg hame teleacheumpaeht, wal Classld which referenbésahe type aficompansiti ng
steps. The corrpkgtgerhaida(mvleycﬂ)%%%hfhilsr I n the system descriptor

Sys_Comp table 112 is a relational table containing relations between a family

of computer systems and a set of components that can be included in that family. The
attributes of Sys_Comp table 112 include a computer family identification integer

20  specified in attribute SysID (from SysFamily table 104) and a component
identification integer specified in attribute CompID (from Component table 108).

Comp_Step table 114 is a relational table containing relations between a
component and a set of software installation and testing steps appropriate for that
component. The attributes of Comp_Step table 114 include a component

25  identification integer specified in attribute CompID (from Component table 108) and
a step identification integer specified in attribute StepID (from Step table 102).

The example target computer system depicted in Figure 3B will be used to
illustrate how the above-outline database design is utilized to retrieve software

installation and testing steps. The computer family identifier in the system descriptor



‘record identifying family X is associated with the SysID corresponding to

famly X in SysFam |y table 104. Conponent table 108 is used to check
i f the conponents of the target conputer systemlisted in the target
conput er systemorder are legal. In other words, the sequencing

program and dat abase determne if the processor, hard drive, 5 noni t or,
and software contained in the systemdescriptor record of Figure 3B have
correspondi ng entries and correspondi ng ivl2gers specified by ConplD in
Conponent table 108. If a conponent is not legal (i.e. if a conponent

in the system demedrd pdeiifying famﬂyf}eié%sdcmtﬁdﬁﬁht}ﬁ@ykm dmdspoﬂdxﬁ’g)wﬁ'ﬁmﬁ?ﬁx id abl e
108), an error flag is raised g/ table 112 is rel ati onal
is

‘tabl e whi ch cont 3ysHamitiaishle Ao anwnmnht@blfdo wﬁﬁeﬁwli%c@m@@f@q he

SysFam |y table | egal

~ conmponents whi ch&‘%‘a& c%@%teé}é?hﬁ%@%#%é @%}&&P P 8%?1‘& g&g&s el%all ek

bel ongi ng to famvb:}ds,)ﬂne sEﬁlMﬁcm%}ﬂ@grﬁM&&dlﬂﬁbaie&hieﬁnﬂ;&&' ohﬁsoﬁ&ﬁﬂl driee,check i f
all the corrponents of the target system are | ega | n ot her vvords

the sequenci nd pleEfosAnd softwaregqataised mihesystemdaschpioarecerdiof EignredBdexer . har d
dri [ d
Sty e i R e L

| f a conponent itabledns. ¥gadmyonert is riof legal CicBxif@remporent inhie s;'ytsrhdmcnptor

descriptor record not be included on r get sy tem pel qnging to
family X), an ggé?‘?%?“%éﬂ@‘?@i‘%&bem% an error ag 1 ‘T“ﬁe‘{ rel ati onal

Sys_Step_Seq tab | gl?a‘?nst and
SysFam |y table .E%sn_égx%fea@ 1@'?@;@%&@551%1{)@@@ con |pnsg}al ﬁn%)ehe sof tware

i nst al | ati onl@&ndCompdnentiatdd mssnnd\ﬂnesysFam;lykabgaDKyTbeSywﬁomptabbrlgét conput er
syst ens bel ongi n X, FEyr.t hermgr Is in this

Sys_Step_Seq tab?@“’%@@ﬁtqt‘éfgaf com n@&qu%%ayab?dnﬁv%?éé’nmwgmwg S ¢ at ed

wi th each sof t wapgod té‘i’ B0 ) thel 38 LIRS table 112 RbfBe ust RXBekGFUIBREE and
phase nunbers repr%sggh'r% t he’proper orsg§ dﬂﬁ% ?c st%p%USZS ghould be run

for a particul arcdmpenenfs Qfﬁhmgmr@mnsybagekrénoﬂihew&vﬂs;ﬂ@ sequeacing program

15510500 S 4RSI B Skl SROBuS B P Y
representingig inthe syste@dRécH %t?ﬂé&ﬁd@ﬂqgl&eBBhWUc%ﬁeépbﬁdlﬁéﬁ&'ﬁoﬁl@med be

execut ed. The Step table 114 is relational table which

cont ai ns mappi ngSys$.Femp thle 1t12}e1f mﬂs noj legal (o &f aenmponent ixthesysism e 102.
The Conp_Step t aglihdde&Pith) ¥be included on a target system belonging to family X), an

error flag is raised,

' In the relational Sys_Step Seq table 106 resides mappings from Step table 102

20  and SysFamily table 104. The Sys_Step_Seq table 106 contains all the software
installation and testing steps which may legally be run on target computer systems
belonging to family X. Furthermore, it is in this Sys_Step_Seq table 106 that
sequence and phase numbers are associated with each software installation and testing
step. Those sequence and phase numbers represent the proper order in which steps

25  should be run for a particular family of computer systems. Therefore, the
Sys_Step_Seq table 106 contains a listing of steps to be run on family X target
computer systems as well as sequence and phase numbers representing a

predetermined order in which the steps should be executed.

The Comp_Step table 114 is a relational table which contains mappings from
30  the Component table 108 and the Step table 102, The Comp_Step table 114 contains



-16- . the software installation and testing steps to be run for the
processor, hard drive, noni tor, and software of the target conputer
system To retrieve software installation and testing steps
associated with the respective conponents to be included on the
target systeminvolves performng a join 5 operation on the SysConp
table 112 and the Conp_Step table 114 to -d#-ai n an i nternmedi ate set
listing steps to be run on the conponents of target conmputer system

160. the Md&h&lﬁﬂﬁfﬁhkﬁmgﬁéﬂw& ﬁﬂf@tﬁep%ceeéo hAAREIVA,0 be run
on the processor, hard drive, nmonitor, and software |ste I’n the
system descri ptomm&omﬂ@@pmetoémemgdipgupléer]smemsB The result of the

j oi nder of the Sys Conp table 112 and the Conp_Step table 114 is then

j oined with the S ns al.l te for
{‘alm ly \>,(VI The ressyuist o ?Eﬁ 5&§9 %%ﬁtoP%&%%ga%hg%g%céﬁﬁ@»@ﬁhé [ I?n‘sor mat i on
in the f or %@Ectﬁeqmmewwﬂam&me@dnmbwga Wm%w&é}ﬁaﬁﬂgw ofh

nunbers bei ng uni que thin a particul ar phase. Thus ree-tabl e
join of Sys_ Cdnp apaistien amthe Sm_s5€om 132 and they Gpwp 15tep tablad 143psbBinan Seq

bl 06 | d dte
Steps as el | as SRR REEE) Srale beRhSn cesampuRlsar Wfee Sl skt ana

phase nunbers to ligopstall and/or test software upon target conputer
system 160. [f the result of the first join operation (the
join of Sys Conp table, 112 and 20 p table 114) is an enpty set,
an error condition is g]olmaqulaaonqegqltsghaEﬁﬁ&}e@éqbenmonﬂgq@mfsgr ﬁ’ﬁét a
conponent to be | leliﬂ&ﬁ't £8nd dawhARN %]mdc%

famly listed on e systoem déascrl él?%érlmrs%g%‘r; : g& 'Eb%ecP %?g%eﬂlﬁhsﬁ?@
illustrative.10 3B 'mgmssuhlefthejmatdexaof@es&ysrﬂdqstablieﬂﬂban&thcﬁmdp cﬂwprtetdel y

I ndicates that a ¢ t conput s t a Y. .Assune,
however, that sysltlglﬁqtg Y’Bﬁ}’FéeY,%-ls&sz tgbﬁ%:g(% &? n&h?fag‘ﬁ%%eff?ét a
hard drive (hard fei dyx ZﬂmE&h@ﬁ@n@ﬁu%eﬁﬁb@ufcﬁﬂ&%q&ﬁ&h@fﬁ'ormatlon inkie famly
X shoul d be included on the target systemv\,hlch is’in famly Y. In that

case, Conp_St ep tfamsn of sequeneconimiens gndphapenumbstsctha sequence mhmbers being ynigue 7,
SysConp {18 HOAPO asso WA mly Y. Thus,
j oi ni ng Conp_St e%ﬁl&&g“ﬁ&g afi4 ’c%'ﬂﬁe/éa gﬁf-@ﬂ’éabg?t tices an enpty
set, for hardlsdrI&Qn;ZSteptmalla a8 Sys SWQ&%WQ&@&@%MM&&%@!‘JMI& Y

(i nstead it is qnly associated with famnil
installation and testing steps as well as sequencing information in the form of

sequence and phase numbers to install and/or test software upon target computer
system 160.

If the result of the first join operation (the join of Sys_Comp table 112 and
20  Comp_Step table 114) is an empty set, an error condition is be raised, for an empty set
signals that a component to be included on the target system does not belong in the
family listed on the system descriptor record. An example of tﬂis is illustrative.
Consider that a system descriptor record correctly indicates that a target computer
system belongs to family Y. Assume, however, that system descriptor record
25  incorrectly indicates that a hard drive (hard drive Z) belonging only to target systems
in family X should be included on the target system which is in family Y. In that
case, Comp_Step table 114 contains steps associated with hard drive Z. Sys_Comp
table 112 contains components associated with family Y. Thus, joining Comp_Step
- table 114 with Sys_Comp table 112 produces an empty set, for hard drive Zis nota
30  component associated with family Y (instead, it is only associated with family X). As



-17- apparent fromthe above exanple, the preferred design of the
dat abase advant ageously all ows one to nake certain that a target
system of certain famly contains only conponents appropriate for
that famly. Referring again to Figure 5, after the steps
associated wth the conmponents to 5 be included in the target system are
retrieved, sequencing program 204 prepared7- envi ronment vari abl es for
the target conputer systemin nodule 560 by reading the system
descriptor recordag t

Components 1o be. FLay i Lenadibel SHL AR dgh O e Pk ebBf,
descri pt or 1alews ohedemiake eertaih thafa frgetsyS8n nﬁcartemd‘amﬂtylcbn&insenlyl ronment
vari abl e such as "set 10 pe ntL I}m‘i m ght be prepared corresponding to
the processor har &&EP%“B‘&&%?@WE for that famjly. { he syst em descri ptor record.

In nmodul e 570 of Figure 5, the pl urallty of retrieved software installation
and testing stepaefefrﬁfg@gﬁe{ﬁ,ch@yesIaﬁer&tmsec%ssé%aeammmﬁeéﬁ InBRdiabove,
are sequenced int redeterm ned order. This sequencing 1S 1n
accordance witHh tWélqcé@B‘éélttﬁ gs@q&]@nwremeved 1seqvienoing program R84 preparesber s t 0

d f li,sh d
By one of ‘many sotiren A AETHIRC al bl e mapu S W Radh e ' 17,

modul e 580, the sagstandésoiptoTa@iddid (R4t epvitdhmicht 8 corfSpdFRAL toMed
earlier, the output files, are preferably witten to step disk 150 (see

Figure 1) in six componestsgdeincuded prtheitasget ﬁ@temif@dﬁtme,dlepy’Mm@mmptd?l gure

Gt Tl (4 Srcbffucpibeafh SpS8a8 s read tndfy chilopBeniBaiilledas ™ (B T,
file. It is dd§irepu-tpemtiuntisighitteprebirbdcop@spandiAgc!the progessok hdr@wark Boriponent

preferred- en‘P&dl ment, the step file also includes commands whi ch may
be | ooped. More esmﬁqsq:qpéqqrgpordt he step file allows commands to be
repeated for a defined number or iterations or for a defined I ength

of time. The Setenv.bat fhddue 9@5?1-‘1%&}'355[9”%1%%?& tr?e%ed softiate Q@tﬁf?}u&{‘mﬁhe

target computer system The step frle co e steps i
executed res pect i $asting siepsi reigievaddy Chsitlmee-able joir d@s):nbeExbmpk&dseﬁeaﬁ:éd iffHe) ,

the target compur Btebmindiy Theenldiine B bapriathe SOR th igre sdbeene.
other hand, tHhé outupbérs ird phese@i@b&ioto provide a s Vé’P'sécfu@ﬁbet %@seﬁﬁéﬁ@ing i@ff 1®s
depicted in Figur (aa.cc%mp{ls Se;[i Ss?r?g anty Tvge gfl:;[lagg gorf:xlxg a?gsonrtl?n?sl Vggl-llcjxga(\)hg in the art,

In module 580, the sequencing program 204 outputs files. As mentioned
earlier, the output files, are preferably written to step disk 150 (see Figure 1) in six
separate files in the embodiment depicted in Figure 1. Those files include (1) a step

20  file, (2) a Setenv.bat file, (3) a Qt.txt file, (4) an Et.txt file, (5) an Etlast.txt, and (6) an
Ft.ixt file, Itis desired that the step file be an ASCII text file. In a preferred
embodiment, the step file also includes commands which may be looped. More
specifically, the step file allows commands to be repeated for a defined number or
iterations or for a defined length of time. The Setenv.bat file sets the environment

25  variables on the target computer system. The step file contains the steps to be
executed respectively during the Quick Test (Qt), Extended Test! (EY), Extended
Test2 (Etlast), and Final Test (Ft) phases of manufacture of the target computer
system. In the embodiment of Figure 2, on the other hand, the output files are not
written to a step disk as depicted in Figure 1, Instead, the output files reside upon file



" server 202 or file server 190, where they can be used to direct the

execution of the software installation and testing steps upon target
conmput er system 160. Turning again to Figures 1 and 2, arrow
130 depicts that nodifications nay be made to dat abase 100. For

I nstance; if a new famly of conputer systens is created, 5 one nay
nodi fy dat abase 100 accordingly. Mre specifically, -the new famly is
assigned a new fam |y identifier in SyslD-d8-SysFanily table 104 and a name

for the new famly is ass{agped to the Name attribute of SysFamly
tabl e 104. A | $erver202 or file seryen MB weheratbessgan ke pepd ta disged thegxpcutionol B st eps i s

need be run ~andU AN R RN srinrig wronsare R GERRERREER T80, OO, TOLol

systemfamly. If the new famly of conputer systens shares several
simlarities wth anTemiptagslg td Fighrey] ardt2, brsow 1 Jedepictdwait neodificatttms may bé he
existing famly in Sys Step_Seq table 106 may be nodified to produce
entries for the Mwte datghase 10D+ For instance ifa nesifamily pEcamnuiter gystems dspreateds or t he

new fam |y of. conputer ese I . «Step table
102. Sim |l ar I5y, oy %ﬁ?oﬁﬁ/&%ﬁﬁﬁ%@@ At r@é@gﬁ%ﬁﬁp ?%ﬁecaﬁﬁ%ﬁg%q' é‘tﬁﬂﬁsy of
conmput er syst entassipritd aQe W FERIBTEeHFeFh SysSDGE 8ydFamilo M E04tand ahdne f6O8e
Conp_Step table 114 is updated to associ ate each conponent of the new

fam Ty of newripmilpis assjged testhedNarne athibutsiof SysFamily table e Aflistofi t s

corponent s al 1 eddy GP el ERepR i feing sefs's e I 8D Sa HBRT0ERRYS
nodi fied. Sys_Cofps tepbdsentibd #hich steiREEbE 198, ahl) & what lptedtteSiingd or e

conmponents which may be included on the new fam |y would be in the
dat abase. 10 mewcomputessystom famidy. J6te gew familyral compefen systems sharessessrd of t he

new conputer system w. th. . ot l . . . Agai n,
this could may bsélmgggﬁlég E&z‘h %no%%tlﬁg?m%m Isglr!fg&ttﬁag%%o#o? %%’é’&g@%ﬁ}ﬁg i ng
entry of an ol degysfstap IS¥q @ble ¢06REY B modifiédroproduce entries for the new famipak| be
appreciated that in constructing a database according to the 25 preferred

enbodi nent, cer taaymewisigps Heedbanreaedfortheprvs family of compulersystems, thasestepiaer , t he

nodul ar design o t A ously allo f e set up of

sof tware o i%g%gﬁlsﬁi%ﬁgﬁd%%@ﬁggﬁ%ﬁgmwaw ac?é{ﬁqaﬁfégnm conput er
systems. Addig i ofamily ¥f computer sySRinsWhdse corfisonahth are iaddedad Compédehttgblelogps for a
particul ar fam Iq\f of conputer systens r a particul ar , conponent

may be nodified ¢oreRStandabin 114s pdpted t%aig;qciﬁifreéd} ;@mp%pf@ﬁn%’ofmlaﬁﬁ testing
steps. computer systems with the steps appropriate for its software installation and testing.
If the new family uses only components already present in the database, this table .
need not be modified. Sys_Comp table 112 is updated so that a list of allowed
20  components which may be included on the new family would be in the database.
Particularly, one would need to associate the SysID of the new computer system with
the CompID of each allowed component. Again, this could may be done by copying

and then modifying an existing entry of an older family of computer systems.

It shall be appreciated that in constructing a database according to the
25  preferred embodiment, certain significant advantages are provided. In particular, the
modular design of the database advantageously allows for easy setup of software
installation and testing steps for new families of computer systems. Additionally,
software installation and testing steps for a particular family of computer systems or
for a particular component may be modified independent of other software installation

30  and testing steps.



19- Figure 7 depicts how a system descriptor record and a

step sequence may be patched to allow for nodul ar nodifications in a
software installation and testing process pursuant to the invention.
I n nmodul e 600, a system descriptor record is created. In nodule 610,

the system descriptor record is nodified using a system 5 descriptor
record patch. In the preferred enbodi nment -~ s patch is nodul ar, allow ng
patches to be created for a specific target conputer system a particular
fam ly of conput Beura ¥ depiets hovoa systsm desqsiptar resotdgnd a stap ssauence mmbbe

I nstance, if a ma W_S |t Ut ne..or .of hard
drives for anot hep &§}ge?§§£lg’é”rf?%‘?ﬂd“ﬂaém°?‘3‘q‘6‘§°?‘s E@&%{@ﬁo&g@ﬁeﬁl‘gm%n a
certain day, a papmbesspyrsiat to@icTRebnilét. Ih modulk 00)R@Ystam adstripté} recofdi§t €M
descriptor records contai mdgjg,ét he hard drive to be substituted and make the

substitution in nBGaed Iomedule§lonshasysters descriptorneeqsd isquedifindaising a siwstey i ned as

Ctep Sequence pat ahcopartelRe i, kil pleffred s Bn Bt R ot oot ool ™0 °

nmodul ar, al | owi ngpssiies el dreated for@spaifittaigtticoMputer systefiPEpdrtidular fartilgoF
conputer system a particular famly of conputer_systens or for a 15
particul ar conpon&PfRputgrsystemss erfarapartioulas coppenenic Ferriastangs, dfaopanuficturen one
testing step . r k AT . tai n day,
2 pat ch may be f or et B3Rl SR bryBbe Bued B5lePh 1 ERIA e iR S

cont ai ni ng t he st eqapuMdragstentyatierceitsin 84y, b patctidtlay befdrmed whichawashld modify all
correspondinghx change,t he execution order in nodule 640.

Attention wi | FOnofystn deserntor resards coantaining thebard deivefs besubrtituted aphmaketheet

system 20 160. SokRtfinuAiRi08 habaib S G Bl RS L8 At UPon

target conputer system 160 using a progra I nterprets,
and execut es the sbap. bBemedulet30, the step sequanesis orvdified using 4 $tep sequegetpatchnput er

system In the prgferred .enbodi nen this rogramJ s, cgal l ed,Runstep
and is |ocated on tpéﬁgfaﬁsﬁ%%i‘gﬁ‘e?‘n&*ﬁ’s%mﬁu}?ﬁ»ﬁﬁ%ﬁg patches t"lé?eé’_ﬁf'?@d 0r3nd on
file server 202 i gpdeifRR tA2581Q8thp R systim, faipaic@arfamily of computer systemEbWf £ 8

depicts a portion of a step sequence contained in a step file before any
sof t war e i nst df| aprEenlansampensnt. Rer instanpe ifrervanufrcturer avisheditogun onkdestiegistéponed

earlier, the ence .i ncl udes co nds for .i.nstal ling,seffware
and/or for testi nSe itg{iaB%tglrl ace ncor{‘%o-nﬁt(?&a%éﬁy’ %W&egﬁgﬂ‘ﬁ‘&

Addi tional |y, thevwatidimakfydl seesdqtencdiRoftaiihgithd seps whose order RUWSbeAGaIRAdS t O
be repeated for a defined nu iterations or for a defined 30 Ilength

er of
of time. Further, 2 @@f@ﬁ@ﬁ?@%ﬁ%‘éﬁ%%ﬁiﬁwmﬁ@ﬁor ed by the Runstep

Attention will now be turned on executing the step sequence on target system
20  160. Software installation and testing steps are executed upon target computer system
160 using a program which reads; interprets, and executes the step sequence
- corresponding to the target computer system. In the preferred embodiment, this
program is called Runstep and is located on step disk 150 in the embodiment of
Figure 1 and on file server 202 in the embodiment of Figure 2.

25 Figure 8 depicts a portion of a step sequence contained in a step file before any
software installation and testing steps have been executed. As mentioned earlier, the
step sequence includes commands for installing software and/or for testing the build-
to-order target computer system. Additionally, the step sequence in the step file
allows commands to be repeated for a defined number of iterations or for a defined

30  length of time, Further, the step file may contain remarks, ignored by the Runstep



-20- program In the step file, marks 800 are used to separate fields
of the step sequence. Itens 810 are commands for testing target
conmput er system 160. The conmands i nclude, for exanple, a command for
testing nenory and for testing small conputer .systeminterface (SCSl)
devices. As can be seen fromthe figure, each command may 5 - include
switches such as '-0' appropriate for theggrticular testing environnent.
Item 820 is a remark which is ignored by the Runstep program |tem
810c is a comm ' ' '@Fm

constructi on, t?%%g?%ﬁﬁ%g%ggme%#st ué%?glﬁpgfetgégﬁ@%g%ehe
starting point d&fma8lbarpcorhmds fontdstingnargdt oopputérispstern ¢60. dFhe commanddesi gnat es

th di i nt_ of | .. The "begjin ti | ' jnst ti [ nbi ned

10 with a ficKASder AR AEOPREY BREHIRESTTIO e o e APl emSiEgh ¢ he

| . Here, f s 2 | thirt
oop re, forssem intépf@RLSH d&@é&a.ggﬁﬁijogﬁeelhgofngg% ﬁe%[re,(égcﬁ’l Rfandd, thirty

m nutes. ltem 81¥)d IS a conman according to ‘nunber
of iterations. Inclidaswitches sl &d-0° appropriztetfordhepanicular testingeagironnehte Ietre | oop'

command i nstruc t he Rupstep.programthat an iteratjve loop,is to be
perforned. The %2911:? air‘F‘B?’gt“ig‘cg 53%“09@3’%%"&%%9@% ﬂ@ﬂ\é{}ﬁc B ci@maﬁ%e
| oopi ng commandsypiddes Bo%égtbgg&@dhﬁﬁ?%efeﬁed ébﬁs&ulaﬁ&ft?gfee"%ﬁn time Ioorp As

the Runstep program exe the step sequence, Step~ program
pl aces ti nmest amnstmétivndedignates tha starting poisttof p idop! &he ‘wod dimtealpep usstryctivinl owi ng

easy t rouhl eshoot.i ng,.and.tr acki ng_of, t he .softwgre installation and
testing process designates the ending P°“}fi°g?1t§’8p'gn‘§h5%én—&mﬁelf’?ﬁ SAFTHFHOR fReFompimsd

sequence of 1pi 9'#‘1@1a&ieﬁfdﬁbméﬁh?&%lﬁ?ﬁo@ﬁﬁe%qterat@%%gﬁﬁié-looﬁ.sﬂc}elfé?trat ed, the
Runstep programinserts tirnestanp rnformation into the st ep sequence.

|t em 830 shows wkample,icommandstic is et fobenghnyr and thitty minugs2lterh 810d is when

oSt endedeol S B RO NGRS BSubBB bRl Btk o Po0

respectively. | tabbdident, the ‘begis Gtefate’ 9opt dddimahdisiricey thé Ruitdp @Rigranbehatear f or med
three times. Finally, itenms 842 and 25 844 show when the'last iteration

of the scsi CD t stativelgemisinbe perferangd. Thes'paditerete lpop’ command signalsthergdof nest anp
i nf ormati on 4adj . 0 | . advant ageousl y
all ows for el fi?lfeg%puﬁ %&ﬁ%%%ﬁ%ﬁ%@gwgpﬁgﬁe sof tware

I nstallation and testing process. Figure 10 shows the
preferred general fl AsthefRunsiep pregnan epcyesthe sien scfuenes, the R3dstep rogrgmam 860 i s

runin a loop Wpia@es i %%&Sr;[p%ﬁbz?n% 'gnhm{oldleeste%7f9é, agzyarrlxisatggdousl?raﬁgﬁrn%g]eg)@ 0

troubleshooting and tracking of the software installation and testing process.

Figure 9 shows a portion of the step sequence of Figure 8 after the steps are

20  executed. As illustrated, the Runstep program inserts timestamp information into the
step sequence. Item 830 shows when the memory test began, and item 832 shows
when that test ended. Item 834 shows when the last iteration of the test began. Items
836 and 838 show when the scsiHD test began and ended, respectively. Item 840
confirms that the iterative loop was performed three times. Finally, items 842 and

25 844 show when the last iteration of the scsiCD test began and ended, respectively.
Inserting timestamp information adjacent to the command which was executed
advantageously allows for efficient troubleshooting and tracking of the software
installation and testing process.

Figure 10 shows the preferred general flow of the Runstep program. Runstep
30  program 860 is run in 2 loop with a Runstep batch file 870. Runstep program 860



-21- reads and interprets a step in a step sequence and wites the
command to be run from the step sequence into batch file 870. Batch
file 870 is then run, executing the step upon target conputer system
160. Upon conpl etion of a step, control is returned - fromthe batch
file to Runstep program 860 which then reads and interprets the next 5
line of the step sequence. F2&%dre 11 shows a nore detail ed
flow of the Runstep program As illustrated i n nmodul e 900, the
Runst ep pr ogr amréads sid infegprdtsa step inaatepfsequefideland wrtes the ReRumandtabe run from exi st s.

A ReRun. bat fil reatedb o) xecuted froma ste
sequence and :s%eeﬁi’iﬂféﬂ\ueﬁ?et é&?&%uﬁmggﬁ%%gb isdanJFIl’JFﬁ@m&S Tﬁe
existence 10 Qo c#@ﬂ&n%kr%@@hpﬁbeﬁtpﬁﬁc&MtﬁH%iﬁ& ear%r@?@mrﬂednvdul e 900

that the |ast comman was not successfully ‘conpleted. Thus
ReRun. bat funct iftonstha bateh file & Runsfep rogram $G9nwhich then readsiandinterprets the né¢ Run. bat
i s asked in nodul e 904 whet her or not the

does exi st, g{gggﬁ
software ins aII © SRRSHRCE- ng process should continue or whether the
operator prefers instead to performtroubl eshooting. If an operator chooses

to 15 continue, theRigaRMIsRbwARSE JetaileddloRcoflie Rieieh BrofAR. MISSmithe

Runstep. bat file is reexecuted. (This condition is the defauld option
i f neither opti damoduleP@q, ﬁh«rdiuinstat program firsteheskete sye if a filernamed BeiRuaditoot i ng

option is chosen hen, t . s wel |l known
TR the are o sk RAp R BB nerSigBRY Cf i St iomt €58 R et ep
program det er m Reguehddaind istemaiRd aft@SheceSRIBSAPIVIERS of HiERbAMAA. CThE edstédcy, and
control is passed to nmodul e 910, where a line of the step seqguence,

preferably dént &f RecRynbapindicatps tpitheRunptep program irrmoduln 899 that the last comypagr am
reads the |ine quf\ggsez}o?wﬁ%lqéon&aé?@éaeﬁ&ﬂ Rﬁ&bﬂﬂg@ﬁon%rasg%yiﬂx&h tanp

I n nodul e ner 'nni'ng or en en the

Runst ep programmdxcatmndHReardtﬁsdoesB:uﬁtpdidpera&ii’sashddéﬁhﬁduléQGrvﬂmethsrdrnl y a
begi nning timesta ne 25  that the Ru step progég i.s reading.

for the |
If there is onl W°n8‘5é%ﬁ?ﬁ§diqh%§rtdéﬁ$mgﬁ9&?§sﬁ °°nt‘n“°Rﬁ ey ogr am
assunes in nodul i tep
. ex%t'k@ an Jufﬁ?aiﬁ% pARER iRl dﬁlﬁétﬁa + ge:%t%xséhb&%t%

has just been fi |she 's"1n an en I n nmodul e 918.
After fillird i montinue, thmmnteoiqbassgptblemsteamdplcea&whﬂb thesRunstp,bahﬂd is o nodul e

900. | thete is.nmore t npi N nestanp for the
'ne that the rimEeesEEitondurth fiedeBiidosfin ForiBo Aot supafii
determ nes in nmeoder) I0be wosldBSoting 8ption! iS chosen, then troubleshooting is performed as

is well known in the art.

I

If Re_Run.bat does not exist, then the Runstep program determines that the

20  last command was completed correctly, and control is passed to module 910, where a
line of the step sequence, preferably contained in a step file, is read. The Runstep
program reads the line and determines if there is a beginning or ending timestamp in
module 912. If there is a beginning or ending timestamp, then the Runstep program
determines, in module 914, whether there is only a beginning timestamp for the line

25  that the Runstep program is reading. If there is only a beginning timestamp, then the
Runstep program assumes in module 916 that a software installation or testing step
has just been finished and fills in an ending timestamp in module 918. After filling in
the ending timestamp, control is returned to module 900,

If there is more than just a beginning timestamp for the line that the Runstep
30  program is reading, the Runstep program determines in module 906 whether there is



- 22- both a begi nning and an ending tinmestanp. If so, then the

Runst ep program assunes I n nodul e 908 that the step has been executed
and control is returned to nodul e 900. I f the Runstep program
encounters no beginning or ending tinestanp in nodule 912, t hen the

Runstep programfills in the beginning tinmestanp in nodule 920 and 5
prepares to run the step on the line of the step sequence that the Runstep
programis r eadi ng. la2rodul e 922, the Runstep program
determnes if the command to be run is stored on a local drive (the

step file contraol leh.driye in.t ' | riye). The
| ocal drive rrgayo%ozlf X\'ge.gglr}n}ngtaﬂé%?@Eggﬁggﬁéeﬁgé,?ehﬁevéﬂéép PRE™E aaissglg[essyst em
a 10  RAM dri vein@fiodule®08 attBl st&p/s B¥8n eRécuftd BT Mk islfehiteditd mbiige g0RMMRN i S
not | ocated on the local drive, then the Runstep program assunes that

the test to be rlitheiRunsteppragramencounters ngheginming o5 ending tmestampipimodule §i2,a

networ k. The Rungte rogram det er.m L.n_.nodul . et her the
Runst ep program @gn %F %8‘5 Pé%%ﬁ%ﬁﬁ%‘&%i“%’ﬂ%g ﬁlgfﬁﬂ?&lfl W?dguﬁﬁgwq%e

Runstep program prephré¥Ré HinghekgH onWHIRE Sf the Stop¥eRichce hhOhERBSE rc%?a‘mitso I ogi n
to the 15 netv\}/())rl%.I Therefore a network connection is madeegEe ore

Runst ep. bat execi¢ediBsg.t he step on target conputer system 160 over

net wor k connection 180. Fol | owi ng nodul e 936, control is
passed to nodul e 926. ﬂiﬁﬁclﬁﬁ g&g@ agged into

t he network the Runstlggogfrﬂggzrém ur?prpgm%%gFte ,lftﬁeadn&ﬁ%g)r(r%i\)/es %orrmands
from Runst ep. bat stbred bmglosalideivé (tiee steptfiilecdatrolt evhich driveid ithe systerh id thgloral 20 step

i s unnecessary if . a t ywor k .connecti on al read X1 St S. ntrol is then
passed to S 16 b3l iy mexn SeefesEP ﬁ‘é‘zﬁf‘h@rﬁ&aﬁe&c BEEchySEf- 8tep
di sk 150, t heg RUBANERive of the taPfeP BsRH, BEAEARK diROIF Y Qrdnbed RGlVREdfed obNUS, 1N
nodul e 924, the Runstep program renmoves comrands from Runstep. bat to
| ogi n to the netthotdeal diizgithanithd Runstep programssaimes that the testto tieifua i9@6tained nodul e

926, the Runstep tﬁr@%ram enbeds thex@ oper..C nd to 25 be r.un 'd to
Runst ep. bat and ?ht BB CIogR nthe pragrat deterpisigsdp module ~ ¢

the step SequenP%Z%ﬁe@@kﬁﬁ@%ﬁ&ﬂ&%&ﬂy%e&&@ﬁtﬁdth_étwoikf‘Iﬂib@!lﬁle.e 928,

the step i s executed by running Runstep.bat and, if executed
successful |y, ReRunstepgrogram, in module/R36e embieds aommandsintofRunstepbat todagin ta thel

ranstors t ol ai FOPRRS FarEG2dShrath <Pt Rl Boveds bt Kinte o HBHERE

step on target computer system 160 over network connection 180.

Following module 936, control is passed to module 926. If the Runstep
program is already logged into the network the Runstep program, during module 934,
removes commands from Runstep.bat to login to the network, for an additional login
20  step is unnecessary if a network connection already exists. Control is then passed to
module 926. If the step to be run happens to be on step disk 150, the Runstep
program need not log into the network. Thus, in module 924, the Runstep program
removes commands from Runstep.bat to login to the network. Control is then passed
to module 926. In module 926, the Runstep program embeds the proper command to
25  be runinto Runstep.bat and into Re Run.bat. The command so embedded is taken
from the step sequence, preferably contained in the step file. In module 928, the step
is executed by running Runstep.bat and, if executed successfully, Re_Run.bat is
deleted. If the step is not executed successfully, then the Re_Run.bat file is not
deleted and control transfers to failure state 929. Control is then returned to module



- 23- 900 so that another line may be read fromthe step sequence.

Thi s process conti nues until all the software installation and
testing steps are conpl eted. Upon execution of the step
sequence, the target systemis tested and software is installed. In

the enbodi ment of Figure 1, a select nunBgr of tests may be run 5
directly fromstep disk 150, but the majority of tests are run fromfile
server 190 over 0 netva{,k CO nectdi n 180. Running..t.ests fromfile
server 190 advatiAg&utaiother line mayghe;es © PR FoANTIE LLIF RISERSTEPRHEHeE he
storage capaci tyuf¥talpihe SRRy incthiblion BMHBSIAG s@pPRe completed]i Sk 150.

In the enbodi ment of Figure 2, the steps are run fromfile server 190 over
10 network connection 180. A floppy disk, here boot disk.220, is needed
only to boot tUpog sxecuiinnnd therstepyequenselbe tarmst syster is {ested andsalraiare ageousl y

sinplifies the L.nst al i | r S,

Tur ni ng once ag%?rtr?b\t{@'gf‘glfregg’o‘imﬁﬂt}fﬁéuﬁc?ﬂS#gﬁb&g&%{aﬁe@sgﬁgfx’F"'gsul ts from
the sof t wditeetly fisthalep aisk 050, Bidhd ﬂgbﬁ@@fm aRquh 8609k LACKIJ0QvE t her
file server 190 or to file 15 server 202. The results preferably include

whet her al | t henefwerksonpsetiond 8OpRenning tests from flesewex¥ifiadyantegepusliat t ypes of

R ol e A

t he execution odisk 189. step sequence, for as discussed above, the step file
I's tinmestanped by the Runstep program Such a system advant ageously

allows for inproved 2 troybl eshoot i capabilities rin nput er system
manuf act uri ng. [“%eemmél iqrfl ‘%%%6&8?“&%‘0%’%&#[5? flgﬁﬁ%erpresent
nvention haye ReooiShauRicAndo, A1 D86k dick 299, ndalQaiiglior 0 thoSe
skilled in the art that changes ar?ﬁp)?rﬁégieglflggtgﬁorfs H18 may BDe maée wi t hout
departing from tatgetcomputensyistem 160. Stch asysterd edvantapenusly stuplifies the softwiateer ef or e,

t he appended cl ai Q£NCOMDASS within their scope all such changes 25

ar e
and rmdificatio%@@‘%&ﬁteﬁn?ﬁf"ﬁsﬁhe true spirit and scope of this

i nventi on. - 24-
VWHAT | S CLAI MED | S: Turning once again to Figures 1 and 2, arrow 210 depicts that results from the

software installation and testing may be logged back to either file server 190 or to file

15 server 202. The results preferably include whether all the steps were completed
successfully and what types of failures (if any) were encountered. Logging the results.
might include simply saving or writing a modified version of the step file following
the execution of the step sequence, for as discussed above, the step file is timestamped
by the Runstep program. Such a system advantageously allows for improved

20 troubleshodting capabilities during computer system manufacturing.

While particular embodiments of the present invention have been shown and
described, it will be obvious to those skilled in the art that changes and modifications
may be made without departing from this invention in its broader aspects and,
therefore, the appended claims are to encompass within their scope all such changes

25  and modifications as fall within the true spirit and scope of this invention.



1 1. An apparatus for installing software onte a-conmputer

system 2 conprising: 3 a step table, the st
a set of software installation steps shared 4 ﬂm'

m'r cont ai ni ng
di fferent conponents of substantially all conputer .systefrs'I !H!M'ﬂ”lm

bei ng manuf actured; and, 6 a conmponent table, the conponent table
containing a set of substantially all 7 ' possi bl e
conponents that are included within conpu2d- systens being 8

manuf act ur ed. 1 2. The apparatus of claim1, wherein the

step table inclWHAT ES €LARMED ISt denti fication attribute, the step

identification attribute being a unique identification 3 for each

software installatiqgn or,testin | PT=] R 3. ..Jhe apparat us of
claimi, whzlr ein thg' steﬁ“?%?ﬁfag‘gi@rcl?sgﬂlénsg%ﬁg 5 QRto 2 cOmBUEL UM e "t he phase
attribute desi gaipkisiggd n whi ch phase of nanufacture a step is to be 3
execut ed. 1 The gggar atus of claim1, wherein the step

4.
tabl e includes a comsigadpbl, the step taplsgortaining a set@f pefiverreipstaljation sseps shefesr mi ng t o

an execut ablge command | i f of f ] re jn tion step.
1 4§ The ap%g?néodtrﬁfgg%nfl C@ﬁ%n?ﬁ;%%sgarn @y%ﬁ\ﬁtg%g{ﬂg%&ggo e includes
an aftercode 2 at t ri bubding hitffafutedf &@dde attribute identifying whether a

halt or reboot is required after a 3 correspondi ng step_is executed. 1

6. The apbar at us aspmpengntiable, tharemppnent tlle sentaining et of substangially &l naxi num 2
. Cbato. th ) . . ARG ;
nunber of 37 thies t hat PR S b BAiatad jufuudt itk B L3 bl T

- 25- 8 manufactured.

ot

1 2, The apparatus of claim 1, wherein the step table includes a step
2 identification attribute, the step identification attribute being a unique identification

for each software installation or testing step.

1 3. The apparatus of claim 1, wherein the step table includes a phase

2  atiribute, the phase attribute designating in which phase of manufacture a step is to be
executed.
1 - 4, The apparatus of claim 1, wherein the step table includes a command

2 attribute, the command attribute conforming to an executable command line for

3  performing a software installation step.

1 5. The apparatus of claim 1, wherein the step table includes an aftercode
2 attribute, the aftercode attribute identifying whether a halt or reboot is required after a

3 comesponding step is executed.

1 6. The apparatus of claim 1, wherein the step table includes a maximum
2 instance attribute, the maximum instance attribute indicating a maximum number of

3 times that a corresponding step my run.



1 7. The apparatus of claim1l, wherein the step table includes
a class 2 identification attribute, the class identification attribute

identifying a conponent 3 which is associated with m “
installation or testing step. 1 8. Thumm lmmml“ J‘ai m
1, wherein the conmponent table includes a 2 conponent *i dénttfi'tat’i on
attribute, the conponent identification atbsibute identifying 3 each
conponent wi thin the conponent table. 1 9. The appar at us of
claim1l, whergjn the gonp %m 08 h Uskesei@the sRS Bablednclud Lfication
attribute, the class iden?lrl?i%% |onoq.glttrlhbute%ent?%yll'ngc%cg?g%éss of 3
conponent . 2 identification athribute, thé blassddqméifications attrfbutd identifylingdneongionertt he
conput er system cor.responds to,. 2 a fam |y of canputer systens; and
further conprisi n\ﬁ}:""h‘ﬁasso‘“atedt““ma%?ﬁ"é’f?i‘!’%t/anﬁéqnaqritﬁf'n StBhe, the famly
relation table identifying the relationship 4 bet ween a

set of software installatign steps and, each famly of 5 .

conput er syst em bei ng 8nanuP§c?‘PBﬂ‘§EF,°{}°@’m ""r’l‘e‘emthe&mfla‘?ﬂeflvaﬂb}?ﬁ]&ﬁ@ﬁt

rel ation tabl t ' 3 ' : : te Sdentt £t

I denti fying tﬁze r%ﬁgﬁ)ﬁi"ég}]@ I}h%g{@? \%g@r? t-e{’ EJSQP!S e%/ﬁg#n%g 8%‘6’8?%"#"%%/‘5 % %u = 8
and t he set o0f3 cosaplcoanosent within the@omponenttable. a fam |y step relation table,
the famly step relation table identifying the 10

rel ati on between a conponent and a set of software installation steps 11
appropriate for the c@rreshiengpagusaficlaiméniherein the component tabld fhicludes Bltbass

apparatus of claijp 10, wherein the famly relatjion table includes a 2
fam |y identif4 ca‘g‘}"%‘%"%{"f‘meethf’&]é?ﬂlﬁl satjon atizhute identifying a¢lpsspl of conput er
syst ens. 1 3 component?- The apparatus of claim 10, wherein the famly

relation table includes a 2 step identification attribute identifying a
particul ar set of steps appropriate for a 3 particular famly.

1 10.  The apparatus of claim 1 wherein the computer system corresponds to

2  afamily of computer systems; and further comprising:

3 a family relation table, the family relation table identifying the relationship

4 between a set of software installation steps and each family of

5 computer system being manufactured;

6 a family component relation table, the family component relation table

7 identifying the relationship between the family of computer systems

8 and the set of components; and, '

9 a family step relation table, the family step relation table identifying the
10 relation between a component and a set of sofiware installation steps
11 appropriate for the corresponding component.

1 11.  The apparatus of claim 10, wherein the family relation table includes a

2  family identification attribute identifying a particular family of computer systems.

1 12.  The apparatus of claim 10, wherein the family relation table includes a
2 stepidentification attribute identifying a particular set of steps appropriate for 2
3 particular family.



l26- 1 13. The apparatus of claim 10, wherein the famly
relation table includes a 2 sequence number correspondi.ng to.each-

famly, the sequence nunber representing a 3 pr edet er
whi ch steps associated with a famly are to be execut ed.Dl &f‘“ﬁﬂiﬂ“‘lﬂ |!H
The apparatus of claim 10, wherein the fam |y conponent

defines the relationship between an attribute identifying a conputer famly
and 3 an attribute identifying a conponent. 1 15. The
apparatus of claim 10, wherein the famT4”Ttonponent relation 2 tabl e
defines the relationship between a conponent identification attribute and a
step 3 identificatisn al'ﬂeragﬁéﬁt@s of clairh 10, wherein the fab@ily relatfétftablomeludésus of
claim1 further conprisin afanmily table, the fam |y table

i denti fyi ng th?e fSARHENSE M %emggspemdlgg/f@te@qhefméy e sequence number reprggentRgmme

1 r a step
bei ng associ at3ed f@ eé%%ﬁ&gaf%aﬁ’égEt%geagg@gﬁggr?g%% t%lnh%)(re?c{be e&&% dl ncl udi ng
a respective sequence number, conmponent descrlptor descrlblng a

N tﬁa"ﬁ by PRSP RR R Bb R PR ' "

instal | ation X epsble@siinesthe ﬁlauonsmp betweenanaﬁnbu&ﬂmdwfﬁﬁxéé@r:@nter @heént s of
substantially all conputer systens bei ng manut act ur ed;

8 a conpRosEn u%@m‘@mSH@Wﬁﬁﬂent tabl e containing a set of
substanti al I y all 9 possi bl e corrponent s that are included

within the substantially all 10 onput er systens being
manuf act ur ed. 1 15  The apparatus of claim 10, wherein the family component relation

2  table defines the relationship between a component identification attribute and a step
3 identification attribute.

16.  The apparatus of claim 1 further comprising:
2 a family table, the family table identifying the family of computer systems

with a name;

17.  An apparatus for providing a plurality of steps, a step being associated
with a respective component descriptor and including a respective sequence number, a
component descriptor describing a respective component of a computer system, the
apparatus comprising:

a step table, the step table containing a set of software installation steps shared
among different components of substantially all computer systems
being manufactured;

a component table, the component table containing a set of substantially all

O 00 s O b W N

possible components that are included within the substantially all

[
<

computer systems being manufactured.



-27- 1 18. The apparatus of claim 17, wherein the conputer
system corresponds 2 to a famly of conputer systens and further
conprising: 3 a famly relation table, the famly relation table

identifying the relationship 4 betvveemm ftware
installation steps and a famly of conputer 5 _ ,ﬁm“l ﬂﬁﬁﬁ I
bei ng manufactured; 6 a famly conponent reldtidén ta 'S
famly conponent relation table 7 i dentifying the

rel ati onship between the famly of conmputer systens 8 and
the set of conponents; 9 a famly step relation table, the
famly step relation table identifying thegkflL rel ation

bet ween a conponent and a set of software installation steps 11
appropriate for the correspondi ng conponent.

1 18.  The apparatus of claim 17, wherein the computer system corresponds
2 to a family of computer systems and further comprising:

3 a family relation table, the family relation table identifying the relationship
4 between a set of software installation steps and a family of computer
5 system being manufactured; _

6 a family component relation table, the family component relation table

7 identifying the relationship between the family of computer systems
8 and the set of components;

9 a family step relation table, the family step relation table identifying the

10 relation between a component and a set of software installation steps

11 appropriate for the corresponding component.



