LQOADI NG METHOD AND APPARATUS FOR COMPUTER SYSTEM Th res g ;?wen i on
ebrates tp g computer system and in particular to agﬂit:@ﬁ rngtalling
BI'CS i ntov&’ personal conplit er system Personal conputerJop n gener al
have attai ned w dgzgr ead use for providing,conputer pfF 2=

. of today's BEYE® ciety. Personal conputeéer systens !
as a desk top, floor standing, or portable mcroconpufer tH3&P Ists df a
systemunit having a single system processor, a display nonitor, a
keyboard, one or nore diskette drive ﬁ‘f% gﬁgggsk storage, and an
optional printer. One of the distinguls cteristics of these
systens is the use of a notherboard or system planar to electrically -
connect these coamofalka: Ldehiinh: -JIRSE YS! QIBuALe Jendonnd ff mrlc{darto
gi ve independent cohputing power a single user and’ ar e |nexpe sive
priced for Mr%ét‘kﬁyfpﬁdlnﬂ'-élhblng Wssmq apegisAREk EOUPELEANPY Eemof such .
personal conputer systens include the | BM PERSONAL COMPUTER AT and the | BM
PERSONAL SYSTEM 2 Model s 30, 50, 60, 70 and 80. These systens can be
classified i nto ReRSOMdnEPmAUtREYStRES inngenerakhaya Aiteingds wafespreas aispeer o

as Famly | Megaling &ERuled Yowed GBI hAGt Hé@xents of today's modern society.

Personal computer systems can usually be defined as a desk top, floor

.stanalng, or portable mlcrocomputer that consists of a system unit having
.a 51ngle system processor, a dlsplay monitor, a keyboard, one or more

. diskette drives, a fixed disk storage, and an optional printer. One of
the distinguishing characteristics of these systems is the use of a
motherboard or system planar to electricsally connect these components
together. These systems are designed primarily to give indepen&ent

- computing power to a single user and are inexpensively priced for purchase
by individuals 6r small businesses. Examples of such personal computer
systems include the IBM PERSONAL COMPUTER AT and the IBM PERSONAL SYSTEM/2
Models 30, 50, 60, 70 and 80.

These systems can be classified into two general families. The first
family, usually referred to as Family I Models, use a bus architecture
exemplified by the IBM PERSONAL COMPUTER AT. The second family, referred
to as Family IT Models, use MICROCHANNEL bus architecture exemplified

_ by the IBM PERSONAL SYSTEM/2 Models 50 through 80.

In early examples of family I personal computer systems such as the

IBM Personal Computer, it was recognised that software comnatlblllty would
~ be of utmost importance. In order to achieve this goal, an insulation

layer of system residént code, also referred to as "microcode", was
established between the hardware and software. This code provided an
operational interface between a user's application program/operating
system and the device to relieve the user of the concern about the
characteristics of hardware devices. Eventually, the code developed into

a Basic Input/Output system gBIOS), for allowing new devices to be added
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exenplified by the | BM PERSONAL COVPUTER AT. The second famly, referred to
as, Fam ly Il Models, use M CROCHANNEL bus architecture exenplified by the
| BM PERSONAL SYSTEM 2 Model s 50 through 80. In early exanples of famly |
personal conputer systems such as the |BM Personal Conputer, it was

recogni sed that software conpatibility would be of utnost |rrportance In
order o achieve this goal, an insulation |ayer of systemresident: code,

al so ref erggdgdm2as m crocOde was estald i shed between the hardware and
software. This code provided an operational interface between a user's
application progranf operating systemand the device to relieve the user of

- the concern about the characteristics of hardware devices. Eventually, the
code devel epeateisistemn, msle: insplatiay tyhet appld tatmonBb@@ram f fomatieowi ng new

devi ces to belilg %I % %@e. The im ortance f BIOS was mnngilgee]!yhe
system whf$e i nis atlng t e application ro ram from the pecul i arities of

t he har dwaeeidehéecapes titntreedfa BeuBandsivembtimdepgnding on specific device

hardware characteristics while providing the device driver with an
.1ntermed1ate interface to the device. Since BIOS was an integral part of
the system and controlled the movement of data in and out of the system
processor, it was re51dent on the system planar and was shipped to the
user in a read only memory (ROM). For example, BIOS in the IBM Personal

Computer oceupied 8K of ROM resident on the planar board.

As new models of the personal computer family were intreduced, BIOS
had to be updated and expanded to include new hardware and I/0 devices.
'As could be expected, BIOS started to increase in memory size. For
example, BIOS in the IBM PERSONAL COMPUTER AT, occupied 32K bytes of ROM.

Tdday, with the'development of new technology, personal computer
-systems of the Family II models are.growing even more sophisticated and
are being made available to consumers more ffequently. Since the
technology is rapidly changing and new I/0 devices are being added to the
personal computer systems, modification to the BIOS has become a
significant problem in the development cycle of the persenal computer

system.

For instance, with the introduction of the IBM Personal System/2
with MICROCHANNEL architecture, a significantly new BIOS, knoWwn as
advanced BIOS, or ABIOS, was developed. However, to mainta{h'software
compatibility, BIOS from the Family I models had to be included iﬁ the
Family ITI models. The Family I BIOS became known as Compatibility BIOS or
CBIOS. However, as previously explained wi;h résbect to the IBM PERSONAL
COMPUTER AT, only 32K bytes of ROM were resident on the planar board.
Fortunately, the system could be expended to 96K bytes of ROM.
Unfortunately, because of system constraints, this turned out to be the
maximum capacity available for BIOS. Luckily, even with the addition of
ABIOS, ABIOS and CBIOS could still §queeze into 96K of RCM. However, only

a small percentage of the 96K ROM area remained avallable for expan51on
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evi dent because it freed a device driver from depending on specific device
har dware characteristics while providing the device driver with an
internediate interface to the device. Since Bl QS-was—an—i-ntegral

processor i% _vg%g resident on the syst‘eg pl anar lland WREPSACERed tollt he user
in a reaoéct?ﬁ %/ nory (ROM. For exanpl €, BIGOS b=+ S ~.Conput er
occupi ed 8K of ROMresident on the planar board. As new nodels of the
personal conputer fam |y were introduced, BlIOS had tao be updated and
expanded tQ,l ..nNe dva.er & devi-ces ilAgB U be., d,

Bl OS sta-ry'flg:c}Jl Qgé %%%lrﬂgg}éve&flﬁ m%%@d]gfgécgsFogélg%aﬁlp e,ﬁ%ll ll%ﬁ%ggﬁ%ﬁl
PERSONAL COMPUTER BOM speasupi Bus3 2ewh @ SeohnROpy viddanot e tabple e be_

devel opreft;9f ReustReANALAGY PSS SQRalRTEEMPUt er systens of the Family Il
nodel s are grow ng even nore sophisticated and are being nade available to
consuners nore frequently. Since the technology is rapidly changi ng and new

| /O devices apme beitHdsadsied1dm,t e RensQBal (REPIHS! t5ebadlse fRdi fication

to the BI OGS has becone_a significant problemin_the devel ppnent cycl e of
t he ljerscﬁﬁfgaEﬁﬂgpa%%ﬁ.ogy%ﬁpénthle increasing or at least maintaining the same
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level of functionality. Since merketability and consumer acceptance of
personal computer systems appear to require the ability to maintain
compatibility, it should be appreciated that maintaining the same level of
functionality of BIOS is'a substantial factor in achieving sﬁccess in
accordahce with thié invention. Thus,:there exists a need fér éevelopiné
a method and appératus’which decreases the code space required for BIOS in

Family II machines.

An aim of of the present invention is tc provide a computer system
having apparatus for decreasing the operating size of BIOS by storing a
portion of BIOS on a direct access storage device, while maintaining

" compatibility with previous BIOS type operating systems. - -
In accordance with the present invention, there is now provided......

Viewing the present invention from a seccnd aspect, there is now
provided, an apparatus for decreasing the operating size of BIOS for a
personal computer system , the personal computer system having a system
processor electrically céﬁpled to a read only memory , random &aCCsss
portion of BIOS resident in thé read only memory, the first pﬁkiion of
BIOS having means for initializing the system and the direct dccess
storage device; a master boot recoré includeé in the direct access storage'
device, the master boot record including an exescutable ccds segment; and a
remaining portion of BICS being included on the direct access sinrace
device, the remeining portion of BIOS having means for cperatinc the

- Personal_computer_systgm, wherein <the first portion of BIOS initiszlizes

the system and the direct access storage device to load the master boot

Hy

reccrd, the first portion of BIQS transferring control to the exscutasble

This Sheet Has Been Replaced




For instance, with the introduction of the |IBM Personal Systenmi2 with

M, CROCHANNEL architecture, a significantly new Bl GS, known as advanced
BI CS, or ABICS, was devel oped. However, to maintain software
conpatibility, BIOS fromthe Famly | nodels h -
Fam |y Il nodels.. The Family | BI OGS becane kno
CBl OS. Howe&AsB3-@% previously explained vith r .
COMPUTER AT, only 32K bytes of ROM were resident on the planar board.
Fortunately, the system could be expanded to 96K bytes of ROM

Unfortunately, because system copstraints, this turpeqd out .to_be the
ot T ot Sodl ORI, ihe R SHIGRL HeHa ) ORI P EFtn B dR e Ot
ABI CS, ABI t¥» aage BBhPoroibd oSt B1ds Sivetize randan 86¢essf mdrOvy tdidbegirer, only
a smal | pe(r)ceengca}'guet% &gg Q6K ROM area remai ned available for expansion.
3 Wth t he&ddtion of future |/0O devices, CBIOS and ABIOS will eventually
run out of ROM space. Thus, new |/ O technology will not be able to be :

easily I_.nt egratJ?Qvintmenpresent invention from a third aspect, there is now

provided an apparatus for loading BIOS into a personal computer systé;;-
the personél computer system having a system processor, a read only
memory, & random access memory, and at least one direct access storage
-device, the apparatus comprising: a first portion of BIOS included in the
‘read only memory, the first portion of BIOS including: means for
initializing the systém processor and the at least one direct access
storage device, a lcading means for loading data records from the at least
one direct access storage device into random access memory, a validation
means for confirming the personal computer system is compatible with BIOS;
a remaining portion of BIOS included in the at least one direct access
storage device, the remaining portion of BIOS including reusable means for
assisting in the operation of the personal computer system, wherein the
first portion of BIOS initializes the system and the at least ohe direct .
access storage device for effecting the loading of the remaining BIOS
portion into random access memofy after confirming that the remaining

portion of BIOS is compatible with the system.

Viewing the present invention from a fourth aspect, there is now
provided a method for storing BIOS in a personal computer system, the
system including a system processor'electrically coupled to a read only
memory, a random adcess memory, and direct storage access device, the

method comprising the steps of:

(2) A storing a first portion of BIOS in the read onrly memdry, the
first portion of BIOS including means for initializing the system and the

direct access storage device;

(b) storing a reméining portion of BIOS on the direct access storage
device, the remaining portion of BIOS including means for operating the

personal computer system in a normal manner;

This Sheet Has Been Refilaced
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CBI OS and. ABI OS. Due to these problens, it has becone necessary to decrease

t he operating size offhi Re asing or at |east nmintaining the
~sanme |evel of functi 0r| lL rketability and ?ﬁ T-@CGR of
per sonal conputer syst require the abilit %E’%ﬁ E
2l

conpatibility, it should be appreciated that maintaini evel bf
functionality of BIOS is a substantial factor in achieving success .in

accor dancectdshOehi s invention. Thus, thére exists a need for devel oping a
met hod and appar-atus whi ch decreases .the code space required for BIOCS in .
Fam |y Il machines. SUMVARY OF THE INVENTION It is an object of the present
I nvention to aneliorate one or nore di sadvantages of the prior art.
According to one aspect of the present invention there is provided an
appar at us for @gcigashngihfernepeystbinhastie datedtn abpaysabtdragk deRties fagr for
a personal corrpu%er $ ste[rgn t he personal conputer system having a system
processor T8 StFF AT ¥°'b8 pPe3’to read only menory, random access menory
and direct access storage device, said apparatus conprising: neans for
initializing t tem and t-he direct access_storage device with a first
bor t1on of " nd S pEREE R saPer i oric ES0 R R T e ee SR M URTY Rifor .
means for mhetti hgeta reestée indioding eooexkcstarledcode shanadits ect access storage
device into the random _ . '

(e) transferring control to the executable code segment to load the

remaining portion of BIOS into the random access memory.

A preferred example of a method of the present invention "includes the.
step (f) of verifying the master boot fecord is compatible with the system
by comparing data stored in the first BIOS portion with corresponding data
stored in the master boot record. Another preferred method of the present
invention also include the sfep (g) of verifying the master boot record is
compafible with the system processor by comparing data in the read only
memory to corresponding data included in the masﬁgr_boot record. Anfurther
preferred method of the present invention inéludes ﬁhe step (h) of.. |

generating an indication that the master boot record is not compatible.

In an example of the present invention, there is provided a computer
system having apparatus for permitting a portion of BIOS to be executed
and then rendered inaccessible to the system: In preferred examples of the
présent invention, there is provided a BIOS record format which segments
BIOS according to function in order to store those BIOS routines which are
executed only once on ROM, while those BIOS routines which aré executed

more than once are stored on the direct access storage device.

In a preferred example of the present invention to be described
later, there is provided a personal computer system comprising a system
processor, a random access main memory, a read only memory, and at least
one direct access storage device. The read only memorv includes a first
porticn of BIOS while the remaining'portion is stored on the dirsct access
sterage device. The first BIOS portion includes routines that are used

for initialization and set up, while the remaining portion of BIOS

44
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access nmenory, said master boot record including an executabl e code
segnent; and neans for transferring control to the executabl e code segnent
to load a remai ning portion of the operational interface stored on the

di rect access storage device into the random accesy device said
remai ni ng portion of the operational interface ha ﬁgw;sH;
. operating %Q% p&é onal conputer system gsaid firs
operationg Rt 27 ace bei ng di scarded affer transte
execut abl e code segnent. According to another aspect of the presi
I nvention there is provided an apparatus for. | oading the operational

Interface;}ntQd.a Ire%%.-‘ér%akh&oepéltr%s%%t Smthtehgp&%EWQL'smuf@r syst em
havi ng a syst em processor, a read ggy\ﬂgmem)r a random access nmenory

at | east eperaipmcthaddest rorbionet RAAScnitdaliresphha éfﬁ%e"baﬁ?ﬁe|°§%@“a

first porthoibct RecaResadiagBadeviibé edd 2643 Shod @@sBér bbst rxeaarcprihuo FREory,
said first portion of the q era%lre gﬁﬁalnterface |nclgp nmeans for :

initializFARAABCEFS tRIFCRY 6'8@ FhESHES| TRERID fSect access

storage device, and a | oading neans for |oading data recerds fromthe at
least one di rﬁ‘ﬁg maé%ger o% Orre?:‘grd C.{% ié: esI nté%tr an%%en@ Sésn ggggurtyible code

éegment. The data Eegment includes data representing system hardware and

p—StH-Q(]C

a system configuration which is supported by the master boot record. The »

first BIOS portion confirms the master boot record is compatible w1th the'“
system hardware by verifying tha;mthe data from the data segment of the |
master boot record agrees with the system processor, system planar, and

planar I/0 configuration.

If the master boot record is compatible with the system hardware, the
first BIOS portion vectors the system processor to execute the execﬁtable
code segment of_the master boot record. The first BIOS portion is then
discarded bymthe system.  The executable code segment confirms that the
éystem configuratien hés not chenged and loads in the remaining BIOS
portion from the direct access storage device into random access memory.
The executable code segment then verifies the authenticity of the
remaining BIOS portion and vectors the system processor to begin executing
the remaining BIOS now in random access memory. The remaining portion of
BIOS includes only those routines needed for normally operating the
system. The first BIOS portion, ‘being no longer addressable and

superseded by the remairning BIOS porticn, is abandoned.

An embodiment of the present invention will now described with

reference to the accompanying drawings:

Fig. 1 illustrates a cut away view of a personal computer svstem
showing a system planar board connected to a plurality of direct access

storage devices;

Fig. 2 shows a system block diagram for the perscnal computer svstem
of Fig. 1;

tH&B&mRThwd
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val i dation nmeans for confirm ng the personal conputer systemis conpatible
wkth the operational interface; a remaining portion of the operational
interface included in the at | east one direct access storage device, said
remai ni ng portion of the operational interface including reusable nmeans for
assisting in the operation of the personal conputer system wherein said
first port3en83f928he direct access storage device for effecting the | oading
- of said remaining portion of the operational interface portion into random
access nmenory after confirmng that said remaining portion of the .
operational interface is conpatible with th stem. According to stil

alr[:ot her aspect *8¥ £ht BrBEERY TR ERR ;@hﬁ %O#eg%osﬁyénﬁrugﬁﬁ ooé’dtge r?g?ﬂ%rd%?%lfé;
storing an operational interface in a personal conputer system the system
ncl uding a Syslem,progessaly SleabliLaatly 1HOURSE T 0,886 08y, HEMRr Y, 2
random access ry, an ITect storage’ access device, the systenrfurther

i ncl udi'ng BIOB| irstgepbram endigkct lescepesiorageafevigeer f ace stored in the read .
only menory, the first portion of the operational interface including nmeans
for initializing the systemand-the di¥&ét access storage device and~a:
remai ni ng port¥en 8f iINEtwRISF diicoreforAntiampradersthnr BastRT Pert dpeedly access
storage device, the renmaining portion of the operational interface

i ncl udi ng nmeans, . o1 . .
¥ig. 6A is a flowchart describing the operation of the IBL routine;

Fig. 6B is a flowchart showing the steps for loading 2 BIOS image

from a fixed disk;

Fig. 6C is'a flowchart showing the steps for loading the BIOS image

from a diskette;

Fig. 6D is a flowchart showing greater detail in checking the

compatibility between the master boot record@ and the planar/processor; and

Fig. 7 is a detailed flowchart showing the execution of the

executable code segment of the master boot record to load a BIOS image.

The following_detailed description is of the best presently
contemplated mode for carrying out the invention. This descfiption is not
to be taken in a limiting sense but is made merely for the purpose of
illustrating the general principles of the invention since the écope of
the invention is best defined by the appended claims.

‘Referring now to the drawings, and in particular to Fig. 1. thers is

{1}

shown a cutaway version of a personal computer system 10, having a
pPlurality of DASD (Direct Access Storage Devices) 12 - 16 connected to a
system or planar board 24 through a plurality of I/O slots 18. A power
Supply 22 provides electrical power to the system 10 in =2 manner well
known. The planaf board 24 includes a system processor which operates

under the control of instructions to input, process, and output
information.



5 for operating the personal conputer systemin a normal nanner, said

et hod conprising the steps.of: (a) initializing the systemand the direct
access storage device with the first portion of the operational interface;
(b) loading a master boot record into random access nenory, the master boot
record inclgqiqugn execut abl e code segngnt; (c) transferring control to
the execuPSBT%E C6de segnent to |load the renmai ning portion of the
"operational interface into the random access nmenory and (d) discarding the
first portion of the operatigonal interface after transferring control to

the executabl & code %ﬁQ'}E@EonﬂCE%g%itQE Q¢ Sf l1b! 1 ARQLNGEaASAREE QS +b Mive

present invention there’'is provi a conputer systemconprising: a system
processor igferandprla|cPpPidag| Ryer ofoa ar weed L ogiopp Fors frrarfdsmlmases and

mermory and saf,dxpasdivalg fHibeftrofGiReBas B 20R1HEMIaEE o BAIACHEEinsgskd N that
the systemfurther conprises: a first portion of BIOS resident in the read
only nmenory, ORFE Yy sEhe SYEIINPEICSFE RRETHGS RS FoPPEFAPAISYEERRY t he

system anguthesdiBeet os(x eperatting agetée virCec-pas Mghes typetofr egateth i ncl uded
e
di rect accgssenst 0k agetiley bt BIoshdéividediintogragdoiéd bp HfncBidb ibastiorgd nmans
for operatgopa,! Bfe PAShEM240& S8 (311 RO HRM-Y to as rou-BIos.
BIOS provides an interface between the hardware and the operating system
software to enable a programmer Or user to program their machines without
an indepth operating knowledge of a particular device. For example, a-
BIOS diskette module permits a prdgrammer to program the.diskétte drive
without an indepth knowledge of the diskette drive hardware. Thus, a
number of diskette drives designed and manufactured by different companies
can be used in the system. This not only lowers the cost of the system

10, but permits a user to choose from a number of diskette drives.

- Prior to relating the above structgre.to the present invention, a
Summary of the operation in general of the personal computer system 10 may
merit review. Referring to Fig. 2, there is shown a block diagram of the
personal computer éystem 10. Fig. 2 illustrates components of the planar
24 and the connection of the planar 24 to the I/0 slots 18 and other
hardware of the personal computer system. Located on the planar 24 is the

' system processor 26 comprised of a microprocessor which is connected by a
local bus 28 to a memory controller 30 which is further conneéted to a
random access memory {RAM) 32. While any appropriate microprocessor can

be used, one suitable microprocessor is the 80386 which is sdla by Intel.

While the present invention is described hereinafter with particglar
reference to the system block diagram of Fig. 2, it is to be understood at
the outset of the description which follows, it is contemplated that the
apparatus and methodé in accordance with the present invention may be used
with cther hardware configurations of the planar board. For example, the

System processor could be an Intel 80286 or 80486 microprocessor.



BIOS initializes the systemand the direct access storage device to | oad
the master boot record, the first portion of BIOS transferring control to
t he execut abl e code segnent of the master boot record in order to effect
the | oading of the renmaining portion of BIOS into the random access nenory
to begin operating the system According to still another aspect of the
- present i%\agfgd_ggsthere is provided a nmeghod for storing BICS in a. personal

conputer syStem the system.ncluding a system processor electrically
coupled to a read only nenory, a random access nenory, and direct access
storage device, the nmethod conprising the steps of: (a) storing a first
porlt_i an of Bl Ci%c_%g)sitﬂle_m@&flg Pl e SBRADLY 2 fai@xafz'ijididﬁtpgidait%h atmiirOfplanar
-~ including neans for initializing the system an i.rect access storage
devi ce: (BP)ot PRI i Hge FRebimertir sersirses A T68% & Dor b on
of Bl OS onpibhér deisrcuisagcessr sikangige teyplanart e deenide hiandyiped ticohe afeadl OS
et udl N9 AN, LR0 APELA! bPAL G/ RUR S fock 56 YPhs I8 BR cenlS)

The local bus 28 is further connected through a bus controller 34 to

a read only memory (ROM) 36 on the planar 24.

An additional nonvoiatile memory (NVRAM) 58 is connected te the
microprocessor 26 through a serial/parallel port interface 40 which is
further connected to bus controller 34. The nonvolatile memory can be
CMOS with battery backup to retain information whenever power is removed
from the system. Since the ROM is normally resident on the planar, model
and submodel values stored in ROM are used to identify the system
processor and the system planar 1I/0 configuration respectively.

Thus these values will physically identify the processor and planar
I/0 configuration. The NVRAM 58 is used to store system configuration
data. That is, the NVRAM will contain values which describe the present
configuration of the system. For example, NVRAM contains information
describing the capacity of a fixed disk or diskette, ;he'type of display,
the amount of mémory, time, date, etc. Additionally, the model and
submodel values stored in ROM are copied to NVRAM whenever a special
configuration program, such as SET Configuration, is executed. The
purpose of the SET Configuratibn program is to store values characterizing
the configurétion-of the system in NVRAM. Thus for a system that is
configured properly, the model and submodel values in NVRAM yili be equal
respectively to the model and submodel values stored in ROM.;:If_these
values are not equal, this indicates that the configuration cf the sysiem
has been modified. Reference is made to Fig. €D, whére this feature in

combination with loading BIOS is explained in greater detail.

Continuing, our discussion with reference to Fig. 2, the bus
- controller 34 is further coupled toII/O slots 18,-theﬂserial/parallel
interface 40 and peripheral controller 42 by an I/O planar bus 43. The

Peripheral controller 42 is further connected to a keyboard 44, mouse 46,



and“the direct access storage device with the first portion of BICS;, (d)

| oading a master boot record into random access nenory, the naster boot
Pecord including an executable code segnment; (e) transferring control to

t he executabl e code segnment to |oad the renmaining portion of BIOS into the
random access nenory. DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) An

enbodi merdcse$s-0B& present invention will0now be described with reference to
t he acconpanying drawings: Fig. 1 illustrates a cut away view of a personal
conput er system showi ng a system pl anar board connected to a plurality of

direct access storage devices;_Fﬁé? 2 shows a system bl ock diagramfor the
per sonal Heapeatér RPStetd ornEidjskette confirollpy. §H5 Beside the NVRAM 58, the -

7 Fig. 3 i&id /BRrRrelnemdioacd he ROMBINGS idmbeeadton tsheidl poar sBoard;
Fig. 4 is a flowhart describing the overall process for |oading a BIOS

i mage fr @Aralial BREt 30cER PR PR tyiRformatiengto & Printety 388 $W¥ recor d
format f adevibe, BBSI eBsbOWwel2GAbW in the art, the local bus 28 can also be

connected to a cache controller 52, a cache.memory 68, a co-processor 54,

.and a DMA controller 56.

_ The system processor 26 conirols its internal operation as well as
interfacing with other elements of the personal computer system 10. For
example, system processor 26 is shbwn connected to a small computer system
interface (SCSI) I/O card 60 which is further connected to a DASD, such as
a fixed disk drive 62. It is to be understood that other than a SCSI disk
drive/adapter can be ﬁsed as a fixed disk in accordance.éith the present
invention. 1In addition to the fixed diék 62, the system processor 26 can
be interfaced to the diskette corntroller 64 which controls a diskette
drive 66. With respect to terminology, it is also to be understood that
the term "hardfile" describes fixed disk drive 62 while the term "floppy"

also describes diskette drive 66.

Previous to the present invention, ROM 36 could include all of the
BIOS code which interfaced the operating system to the hardware
peripherals. According to cne aspect of the present invention, however,
ROM 36 is adapted to store only a portion of BIOS. This portion includes
routines used only for initializing the system and for- loading a second or
remaining BIOS portion. When the first BIOS portion is executed by the
system processor 26, it inputs from either the fixed disk 62 or. diskette -
66 the second or remaining portion of BIOS, hereinafter referr;a-touas a
BIOS image. This BIOS image supersedes the first BIOS portion and
includes operating routines which are reusable and therefore are an
integral part of the system. In practice, these routines remain resident
in main memory such as RAM 32. The first portion of BIOS (RCOM- BICS) &s
stored in ROM 36 will be explained generally with respect to Figs. 3-4 and
in detail with respect to Figs. 6A-D. The second portion of BIOS (BIOS
image) will be explained with respect to Fig. 5, and the locading of the

BIOS image with respect to Fig. 7. Another benefit from'loading a BIOS

/s



Fig. 6Ais a flowhart describing the operation of the IBL routine; Fig. 6B
is a flowhart show ng the steps for loading a BIOS image froma fixed
disk; Fig. 6Cis a flowhart showi ng the steps for | oading the Bl CS i nage
froma diskette; Fig. 6Dis a flowhart showi ng greater detail in checking
the conpatibility between the master boot record and the planar/processor;
and Fig. 7pass8mr®stailed flowhart showi ng the execution of the executable.
- code segnent of the nmaster boot record to |load a BIOS i nage. The foll ow ng
detail ed description is of the best presently contenpl ated node for

carrying out the invention. This description is not to be taken in a
limti ng sorge bom f PAFACE be ebjliter tehlwafuRiPSsdinsictly |lnse rdei systeme

general principl &8s sOfnd BE. | BYSNY Lekkssh ﬁ?mh& $ROPF0f et REah RkERddiRR 1S
best definred by the appended cl ai ns. erring now to the drawi ngs, and in

parti cul ark® F.%19n1f106ﬂ%rl@Prgvegﬁﬁmnat%fm@ﬁsm sPerd OF Ehe) SPRBITEF
conput er sysfeem i0ackiavedg a plurality of DASD (Direct ‘Access Storage
Devices) 12 - 16 connected to a systemor planar board 24 t hrough a
plurality of /O slots 18.: A power

The explanation will now proceed to the operation of the BIOS in ROM

36 and to the operation of loading the BIOS image from either the fixed
disk or diskette. In general upon power up, the processor is vectored to

'ROM—BIOS whicn initializes the system and DASD and loads a BIOS master
‘boot record into RAM. The_masuer boot record includes a data segment
having validation informafion and a coéé segment having executable code.
ROM-BIOS transfers control to the code segment which code uses the data
information to validate hardware compatibility and system configuration.
After testing for hardware compatibility and proper system configuration,
the executable code loads the BIOS image into RAM. The BIOS image
supersedes ROM-BIOS and includes operating system routines which are

" useable to provide for the operaticn c¢f the machine.

. For purposesidf clarity, the executable ctode segment of the-master boot
record will be referred to as MBR code while the data segment will be

referred to as MBR data.

Referring to Fig. 3 there is a memory map showing the different code
modules which comprise ROM-BIOS. These code modules are judicially chosen
to include only;routines that are necessary to initialize the system, test
the hardware necessary to load the BICS ihage, and provide communications
with the user. ROM-BIOS includes a power on self test (POST).st‘ge 1
module 70, an Initial BIOS Load (iBT) Routine module 72, a Diskette module
74, a hardfile module 76, a video module 78, a diagnostic-pansl module 80,
and hardware compatibility data 82. Briefly, POST Stage I 70 performs
System pre- initialization and tests. The IBL routine 72 determines
whether the BIOS image is to be loaded from disk or diskette, checks
compatibility and loads the master boot record. Diskette module 74
provides input/output functions for a diskette drive. HEardfile module 7%
controls I/0 functions to a fixed disk or the like. Video mocdule 78

controls output functions to a video I/O controller which is further



supply 22 provides electrical power to the system 10 in a manner well

known. The pl anar _board 24 includes a system processor which operates
tinder the control of instructions to input, process, and out put
information. BC9- 89- 025 8 In use, the

per sonal congéggi system 10 i s designed g imarily to give independent
conput i ngBpo > a small group of users®or a single user and is:
inexpensively priced for purchase by individuals or small businesses. In
operation, the system processor operates under an operating system .such as

IBM $ OS/2 Operaling, VSR %i;’%DgﬁaognI chcogxlpeel ﬂgdﬁ3é5§3@@rb{?fde‘éd€§nt§o§| 08

i nt er f ace “B¥tWeen t he erating Systém A portion of
BI OS di vi deck idheanantdel dispbyy- deniasi 6or ithe sewsited- | APROWB¥pnehecprAMRIAL 1Y and

herei naft %Ext ighl ;08 uaes %ratgdiatlge@%omf@%ar&ﬁ BHRDELESS 180 dnat gytame

bet ween t he ﬁgrdmare and the operatin ystem software to enable a,
IOFogram"reFO@?W%@WOPOWMQ?%dFFFe“llPe?rgc"ﬁFﬁé%“% T9FBRET to Fig. 5. It 1

important to note that the ROM-BIOS rgutines are not necessary to normally
operate the system The ROM BIOS routlnes are used only once’ to
initialize, test, and load. ROM-BIOS is then discarded and superseded by
the BIOS image. This segregation of BIOS functions effectively reduces

the memory requirements for BIOS under normal operating conditions.

Referring now tolFig. 4, there is shown a process overview for
loading a BIOS image imto the system from either the fixed diek or the
diskette. When the system is powefed up, the system processor is vectored
to the entry point of POST Stage I, steps 101 and 100. POST Stage 1
initializes and tests only those system functions needed to load BIOS
image from the selected DASD, step 102. In particular, POST Stage I
initializes the processor/planar functions, diagnostic panel, memory
subsystem, interrupt controllers, timers, DMA subsystem, fixed .disk BIOS
routine (Hardfile module 76), and diskette BIOS routine (Diskette modul

74), if necessary.

After POST Stage I pre-initializes the system, POST Stage I vectors
the system processor to the Initial BIOS Load (IBL) routine included in
the Initial BIOS Load module 72. The IBL routine first. determines
whether the BIOS 1nage is stored on fixed dlSk or can be loadeﬂ from
diskette; and second, loads the master boot record from the selected media
(either disk or diskette) into RAM, step 104. The master boothrecord
includes the MBR data and the MBR code. The MBR data is used for
verification pufposes and the MBR code is executeé to load in the BIOS
image. A detailed description of the operation of the IBL routine is

presented with respect to Figs. 6A-D.

With continuing reference to Fig. 4, after the IBL routine lcoads the
master boot record into RAM, the system processor is vectored to the

Starting address of the MBR code to begin execution, step 106. The MBR



an i ndepth operating know edge of a particular device. For exanple, a BIOS
disskette nodule permts a programer to programthe diskette drive w thout
an i ndepth know edge of the diskette drive hardware. Thus, a nunber of

di skette drives designed and manufactured by different conpanies can be
used in the system This not only lowers the cost of the system 10, but
permts a%#§ 548 choose froma nunber of; diskette drives. Prior to

rel ating e above structure to the present invention, a summary of the
operation in general of the personal -conputer. system 10 nay nerit review.
Referring to Fig. 2, there is shown a bl ock di agram of the personal

conput er. sysft E@?rfla@ms Rl Geries bf u@li&att?sté?&@@@%hsrﬁﬁaetﬂ% phaRakidhyasd the
connectlon of the glanar 24 to the /O slots 18 and ot her hardware of the

personal EeBLPerATeYs 28k T Jemtidqthf cPRElgHralior 2 the $¥7ERy st ERF 5r ocessor
26 COWD“ﬁ&Qleulﬁeﬁt’(H’rﬂﬁJﬁ@%S&?J oﬁf}ﬁa&h@ﬂ &fCﬂ{mgBR efbdby aa:ofl;leﬁrcﬁin bais 28 to a
menory contro urt her nnect andom access .nenory -
(R a5, Siareres a8, Piliod o (5t SR DS P ORERE et 5% SEa eGP SLiAT b e

M cr opr ocgssmaer idetahle 80386 which is sold by Intel. Wile the present

invention is described hereinafter with particular reference to the system

bl ock diagramof Fig. 2, it is to be understood at
On the basis of these validity tests, the MBR code loads the BIOS

image into RAM and transfers control to the newly loaded BIOS image in
main memory, step 110. 1In partlcular, the BIOS image is loaded into the
address space previously occupied by ROM-BIOS. That is if ROM~BIOS is
addressed from EQOQOH through FFFFFH, then the BIOS image is loaded into
.this RAM address space of RAM thus superseding ROM-BIOS. Control.is then
transferred to POST Stage II which was included in the newly loaded BIOS
image thus effectively abandoning ROM-BIOS. POST Stage II, now in RAM,
initializes and tests the remaining system in order to load the operating
system boot, step 110. After the system is initialized and tested, Stage
IT POST transfers control to the operating system boot to load the
operating system, steps 112-114.

Referring back to step 110, it is noted that entry to POST Stage II
can be put in effect through a reset function, step 107. The reset
function is normally actﬁated by the user whenever a "warm start" is
desired, step 108. For example, the reset function can be activated by _
simultaneously pressing the ctrl-alt-del keys on the keyboard. The effec£
of a warm start is to bypass the pre-initialization, testing, and initial
BIOS load. It is important to note that a warm start does nqtfreboot
BIOS, however, the.operating system will be rebooted by POST.étage II.
Thus if the BIOS in RAM has ﬁot been affected, the system should operate

in a normally manner after rebooting.

For clarity, it is appropriate at this point to illustrate a
representation for the format of the master boot record. Referring to
Fig. 5, there is shown the master bcot record. -Tﬁe boot record includes
the executable code segment 120 and data segments 122-138. The MBR code

120 includes DASD dependent code responsible for verifying the identity

’s.



t he outset of the description which follows, it is contenplated that the
apparatus and nethods in accordance with the present invention may be used
wi th ot her hardware configurations of the planar board. For exanple, the
system processor could be an Intel 80286 or 80486 m croprocessor.

BC9- 89- 025 9 ,4ccessible by the processor is a
pl anar |déﬁt ?lcatlon nunber (planar ID).” The planar IDis unique to the
pl anar and identifies the type of planar being used. For exanple, the

pl anar 1D can be-hardwired to be read through an 1/0O port of the

syst enl pr QGEesRORoREETRAE , UsHeRR: ’iMcheNqBe THICHOAC RbcdYdS i€ %ohﬁaifl%'i& helh the

connected through a bus contr§¥&er 34 to a read only_nenor ROM 36 on the
pl anar 24. aYAﬁe%aFﬂfdﬁaﬁ HENTHALER | B EABHBTYOT NIRANP2SHG §‘1% Recktget o t he

m cropr oceﬁ:@grLl%s&mc@a@manswﬂsaldvpaiaieltela) porhe iqaterdeamentkd 1944168 i S
further conne %- S b S cont % 34. .The nvgkn% #k nﬁnq?é 035 be CMOS
with batt el B RY %f%’tgfs?l $TaEi OiF TR oe A VST
master boot record locate the BIOS image, and load the BIOS 1mage
The master boot record is identified by a boot record signature 122.
The boot record signature 122 can be a unique bit pattern, such as a
character string "ABC", in the first three bytes of the record. The
integrity of the master boot record is tested by a checksum value 132
which is compared to a computed checksum valie when the beot record is
loaded. The data segments further include at least one compatible planar
- ID value 134, compatible model and submodel values 136. The master boot
record's planar ID value defines which planar that the master boot record
is valid for. Similarly, the master boot record's model and submodel
values define the processor and planar I/0 configuration respectively that
the master boot record is wvalid for. It is noted that the boot record's
signature and checksum identify a valid master boot record, while the boot
record's planar ID, boot record's model and boot record's submodel
comparisons are used to identify a boot record compatible with the system
and to determine if the system configuration is valid. Another value,
boot record pattern 124 is used to determine the validity of the ROM-BIOS.
The boot record pattern 124 is compared to a corresponding pattern value
stored innBQM. If the values matcn thls indicates that a valid ROM-BIOS

“has initiated the load of a BTOS 1mage from the selected media.
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’_—-I
o]
O.I
jos
O
I

The fellowing description further describes in greate

. the values in the master boot record and their functions:

MBR Identifier (122): The first three bytes of the IBL boot record can

consist of characters, such as "ABC". This signature is used to identify

a boot record.

MBR Code Se§men+4§120)' This code verifies the compatibility of the boot

record with the planar and processor by comparing corresponding p nar id

‘s



fromthe system Since the ROMis nornmally resident on the planar, nodel
and subnode
and the system planar 1/0O configuration respectively. Thus these val ues
will physically identify the processor and planar 1/0O configuration. The
NVRAM 58 is used to store systemconfiguration data. That is, the NVRAM

wi |l contain val ues which describe the present configuration of the system
‘For: exanpbe-8RWIRAM cont ai ns i nformation Hescribing the-capacity of a fixed
di sk or diskette, the type of display,. the anmount of menory, tine, date,
etc. Additionally, the nodel and subnodel values stored in ROM are copied

t o NVRAM wheneyer speci al. confi_guration program such as. SET

Confi gur aP’P%ﬁ‘?g‘?]s/s etP1u¥he 6grﬁt?§8 ‘fﬁleﬁﬁg“%ﬁﬁ" Cﬁ’in‘f’rﬁu?‘éﬂ% &0 §88ram i s
to store ymlgdesramh@hachesér megid ke enbhqamat iTntld siybeens iaiem({BIDSNVRAM
Thus for g SxolSMuhal. |l 5.£0001 QULLd.PLOREALY orhng, TRdel 1a0d subnpdel

val ues in?

val ues stored in ROM are used to identify the system processor

€ equal ‘respecti vely e no subnodel val ues

stored i no&xvl thef MBhewode weilllasaratke ngegeqwakAM ehé sthendimmasés thetrofheo
confi gur ahi] o.rgo-g»{ stt"QSe -%ylsl,&miﬂgsofb@ﬁg Sgggé'{]iiﬁgge Ref-erence i's nmade to Fig.
[ in co t a

‘6D, where this

eature in ination w oading BIOS is explained in

greater detail.
MBR Pattern (124): The first field of the IBL boot record data segment

contains a pattern, such as a character string "ROM-BIOS 19838". This

string is used to validate the ROM-BIOS by comparing the Boot Pattern

‘value to the corresponding value stored in ROM (ROM-Pattern).

MBR Version Date (126): The master boot record includes a versicon date

for use by an update utility.

System Partition Pointer (128): The data segment contains a media pointer

to the beginning of the media system partition area for use by Stage II

POST. On an IBL diskette, the pointer is in track-head-sector format; on-

disk thé pbinfer is in Relative Block RAddress (RBA) format.

System Partition Type (130): The system partition type indicates the

structure of the media system partition. There are three types of system

partition structures - full, minimal and "not present". The full system

partition contains the setup utility and diagnostics ir addition to the

BIOS image and master boot record. The minimal system partition contains

Just the BIOS image and master t record. If a system does not have a

.

hardfile, the system partition type indicates "not present”. -In this
instance, IBL will occur from the diskette. These three system partition
types allow flekibility in how much space the system partition takes up on

the media.

Checksum value {(132): The checksum value of the data segment is

initialized to generate a valid checksum for the record length value {1.5k

bytes) of the master boot record code.



Cbntinuing, our discussion with reference to Fig. 2, the bus controller 34
is further coupled to I/Oslots 18, the serial/parallel interface 40 and
peri pheral controller 42 by an 1/0O planar bus 43. The peripheral controller

42 is further connected to a keyboard 44, nouse 46, BC9- 89- 025
10 di agnosti ¢ hane 47, and di skette coq%roller 64. Beside the NVRAM 58,
t he serlaﬂﬁpg?ﬁ interface 40 is further connected to a serial port 48

and parallel port 50 to input/output information to a printer, hard copy
device, etc. As is well known in the. art, the |local bus 28 can al so-be

connect ed@OPganéqu% Va2 érﬁb&f; B2 @At5ARNRAEIRENRS. 2 42t PEOSPSE0s 54,
and a stem processor_ 26 controls its |nternal

oper at | onstagnewt] words AeEinfiagidegpalk e Rlaepr dD8me st grorchas JBAE dWapt 2

conputer sy$hepitlar O afXaRB! &rify SlsC MR HiIASRISBY v%@dlﬁalﬁboc\}m zegdnect ed to
a small conput er systeminterface (SCSI) 1/0O card 6% .S Lurthe
connect edsysten’ @Rgglarsaehnaéghes the planar ID value in the mas er boo recor

such as one of the words in the string, the IBL media image is compatible
with the system planar. If the system's planar ID does. not métch'any word
in the string, the IBL media image is not compatible with the system

planar.

MBR model and submodel values (136): The data segment includes wvalues,

such as a strihg of'words'd;fining compatible processors. Each word is
made up of a model and submodel value and the string is terminated by a
word value of zero. If a system's model and submodel Value (stored in
ROM) match one of the words in the string, the IBL media image is
cémpatible with the system processor. If the ROM model and ROM submodel
values do not match any word in the string, the IBL media image is not

compatible with the system processor.

MBR Map length (138): The IBL map length is initialized to the number of

media image blocks. In other words, if the BIOS image is broken into four
blocks, the ﬁap length will be four indicating four block pointer/length
fields. Usually this length is set to one, since the media image is cne

contiguous 128K block.

MBR Media Sector Size (138): This word value iIs initialized to the media

sector size in bytes per sector.

Media image block pointer (138): The media image block pcinter locates 2

system image block on the media. Normally, there is only one pointer
since the media image is stored as one contiguous block. ©Cn ar IBL
diskette, the pointers are in track-head-sector format; on disk the

pointers are relative block address format.

Media image Slock.iengthIIEBB): The media image blbék'iength indicates

the size (in sectors) cf the block located at the corresponding %mage



a fixed disk drive 62. It is to be understood that other than a SCSI disk
drive/ adapter can be used as a fixed disk in accordance with the present
invention. In addition to the fixed disk 62, the system processor 26 can be
interfaced to the diskette controller 64 which controls a diskette drive
66. Wth respect to termnology, it is also to be understood that the term
"har dfi | eBcadesegasbes fixed disk drive 627while the term"fl oppy"” al so
descri bes diskette drive 66. Previous to the present invention, ROM 36
could include all of the BIOS code which interfaced the oper ati ng systemto
the hardware peripherals. According to one aspect of the present invention,
however, PAvk3Bpintendapncihet casst of & 0P8N/ canngubhs)meaﬁaBlméﬁe whltls portion

i ncl udes ERULAEC SpHSP dopMHatsE Unsk LA IZLD0 NS Y SLEM0G, oL, gading a

second or renmaining BIOS portion por Recut ed
by the syBt@nmiffagcelessr taes wr 25Apecsory ¢Ri2ibyhes/sehgor)i sbakuing katb 2her

di skette f&iikhanageconRdx hegRiBENGRortion of BIGS, hereinafter referred,
to as a Bl Oé [ maage Thi g§o§| oS i mageosupersedes the first BIOS portion and

i ncludes operating routines which are-reusabl-é and therefore are an
integral partreferkhey aystRNFigd. NeDDICENLR, id RBSEn 0HL L1884 QBRI hakesident

the operation of the IBL routine. Under normal circumstances, the IBL
routine loads the master boot record from the system fixed disk into RAM
at a specific address and then vectors the system processor to begin
executing the code segment of the master boot record. The IBL routine
also contains provisions for a diskette default mode in which -the master
boot record can be loaded from diskette. However, the IBL routine does
not allow the diskette default mode to bg performed if the system contains
the IBL media on the system fixed &isk and a valid password is present in
NVRAM. The user has the option of setting the password in NVRAM. The
purpose of preQenting the diskette default mode from being effected is to
prevent loading an authorized BIOS lmage from diskette. In other words,
the diskette default mode is used only when a system fixed disk is- not
Operational and the user has indicated (by not setting the password) the
desire to be able to load from the diskette. If the IBL routine is not -
able to load the master boot record from either media, an error message is

generated and the system is halted.

Referring  now to Fig. éé;fundér normal circumstances the system will
contain a system fixed disk which the IBL routine initializes, step 150.
Assume for purposes of illustration that the fixed disk is conFlgured for
Drive C of the personal computer system. Similarly, assume Drive A is
designated as the diskette drive. The IBL routine then examines Drive c
to determine whether it contains IBL media, step 152. Attention is
directed to Fig. 6B which describes in detail this process. The IBL
Foutine starts reading from the fixed disk at the last three sectors and
Continues reading, decrementing the media pointer, for 99 sectors or until
@ valid master boot record is found. If a master boot record is found, it
is checked for system planar and processor compatibility, step 156. If it

1S not planar or processor compatible, then an error is reported, step

7/



in main menory such as RAM 32. The first portion of BIOS (ROVM BIOS) as
stored in ROM 36 will be explained generally with respect to Figs. 3-4 and
in detail with respect to Figs. 6A-D. The second portion of BIOS (BICS

i mge) will be explained with respect to Fig. 5 and the |oading of the
BIOS i mage with respect to Fig. 7. Another benefit fromloading a BIOS
BC9- 89- 025 g eo'zfsroma DASD is the ability to load BIOS directly into the
system prd’é: s50r“2 RAM 32. Since accessin§ RAM is nuch faster than
accessing -ROM a significant inprovenment in the processing speed of the .
conputer. systemis achi eved. The explanation will now proceed to the

operation gt hecBLORol BaffOV 38.63NL 1 034 g ARRLANLDR Olcok@ad pglde, BHOS

I mage from elt her t ette. eneral upon power up, the
processor liast A speirsst of Rort Bred divkcprimhry ézpré e} hansggrosnisand DASD and
| oads a Bl (oot es+ &0eks record into RAM The naster boot record |ncI udes a
data segnent ,

Referring back to step 156, if a master boot record is found, a
series of wvalidity checks are performed to determine if the master boot
record is compatible with the computer system. Additionally, the
configuration of the system is checked. Attention is directed to Fig. €D
which discloses this process in greater detail. If the boot record is
compatible with the planar ID, model and submodel, and if furthermore the .
system configuration has not changed the master boot record is loaded and

the code segment of the master boot record is executed, step 160.

Referring back to steps 154 and 158, if an error occurs in loading
the master boot record from the fixed disk or if a fixed disk is not
available, the IBL routine determines if a valid password is included in
NVRAM, s+ep 162. This password determines whether the BIOS image can be
loaded from diskette. Note that the password will ex1st only upon belng
installed by the user running a setup utility. If a password is installed
in NVRAM, the BIOS image is prevented from being loaded from diskette,
step 164. This permits the user to ensure the integrity of the operation
of the system by causing the system to be loaded only with the BIOS image
on-the fixed disk. The password can take the form of a string of
characters stored in NVRAM.

_ Referring back to step 162, if a valia password in NVRAM-ES not
present, thus allowing BIOS image to be lcaded-from diskette, the IBL

. reutine initializes the diskette subsystem; stepfi66.h The IBL routine
then determines if Drive A includes the IBL media on a diskette, step 168.
If Drive A does not include IBL media, an error is generated tc notify the
user that an invalid diskette has been inserted in the drive, step 170.
The system then halts, step 172. Attention is directed to Fig. 6C for a

more detailed discussion of step 168.

4



havi ng validation informati on and a code segnent havi ng execut abl e code.
ROM BI CS transfers control to the code segnent which code uses the data
information to validate hardware conpatibility and system configuration.

- After testing for hardware conpatibility and proper system configuration,

t he executabl e code | oads the BIOS image i nto RAM The BI OS i mage

super sedessd@B-BR2EOS and i ncl udes operating systemroutines which are
useabl e to provide for the operation of the machine. For purposes of
clarity, the executabl e code segnent of the-master boot record will be
referred to as MBR code while the data segnent will be referred to as MBR
dat a. Referri ngeflegrRiggbadk tthespl 368 nétﬁxryrimpl-\sisommﬂgceﬁhﬁardnﬁ erdid, code

nodul es V"“dh(éhlingé)d@rﬁ&% ngtﬁ BaodeSen LN rg},gu{ﬁes &l ?ﬁéled&i‘Q?xes ‘

i to include only routine at  are necessary to |n|t| |ze e syst
" the har dwelhe Festesskaof rerdrdath ehecBEAS SteRgE0. ankt pﬁoxm@cmmmptat i ons

with the usgk. £d20N BlédBe i Gl ﬂ@lﬁe%oatﬁ@we&esor;oﬁ%ma%sm ROB; 5t afekl modul e
70, an Initial BIOS Load (1BL) Routine nodule 72, Di skette nodul e 74

hardfi | e ng@dl &ergsed wildde Pedirl S%Stﬁiﬂagﬁbgt’f%f‘sﬁ‘érf&r Hsdaberge, orand
har dwar e ceepadiiaity thedlas as82r Bradhlya nBEEImpSt a0R IR/ Anagy fFe6Ms

diskette. For example, if a new processor is added to the system, a new
BIOS image will be included on a diskette. Since a new processor will -
cauéé_vaiidity errors when loading from fixed disk, the IBL routine
provides the ability to bypass these tests by loading the BIOS'imgge from
diskette.

To recapitulate, the master_boot record is checked for compatibility
with the system through matching the system planar ID and processor
model/submodel values to the boot record values. For disk, this check is
done first in the IBL routine and then done again in the IBL boot record.
The first check (in the IBL routine) is done to make sure the boot record
is compatible with the system; the second check {iin the boot record) is
done to ensure a compatible ROM passed control to the boot record. Notice
that the check done in the disk boot record will never fail for a
compatible ROM since the IBL rcutine will have.already checked the
compatibility. In contrast, the compatibility check is not done for
diskette. The planar/processor compatibility is checked only during
diskette boot record execution. This method allows future modifications

in loading a new BIOS image from a reference diskette.

In view of the description of the IBL routine of Fig. éﬁ, the
explanation will now proceed to a comprehensive and full understanding of-
the validity tests discussed above. Referring to Fig. 6B, there is shown
a detailed flowchart of step 152 of Fig. 6A, to determine if a valid
master boot record is on drive C. The process begins by obtaining the
drive parameters to enable the IBL routine to access drive C, step 200.
An IBL load location is set to the last three sectors from the disk (the
last three sectors normally contain the master boot record), step 202. 2

load count indicating the number of attempts to read a master boot record

&4
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systempre- initialization and tests. The IBL routine 72 determ nes
whether the BIOS image is to be | oaded fromdi sk or diskette, checks
conpatibility and | oads the master boot record. Diskette nodul e 74 provides
i nput/output functions for a diskette drive. Hardfile nodule 76 controls
/O functions to a fixed disk or the |like. Video nodule 78 controls out put
“functions to a video I/O controller which is further BC9- 89- 025.

12 connectmm-89-025vi deo di spl ay. DiagnostZ0c panel nodul e 80 prQV|des

- control "to a diagnostic display device for the system -The hardware

. conpatibility data 82 includes data values to confirm hardware '

conpatibility and system configuration which are described later with
respect tofmeigdisk if (setste dpofieRniO4-0 THtee serdrrs HEeROMIBI I Abth iakethear e

not " necessayyidLs Necdmbhy 2pprALe A &kl Sfﬁ.veTfo.‘ccBg\éﬂ @AWl HRSiAlEL
used only once_to |n|t|aI|ze test, and | oad. I.s then di scarded

and super sE@EHY et FRARPEST NEES Thits TEPGF ERfat FB??S 1208812(1% fLTHEthr(?ﬁ%SS

ef f ecti vel phehefbimess with an error 1ndlcatlon, steps 212-214.

Referring back to step 208, if no drive error occurs, the disk record
is scanned for the master boot record signature, step 216. The boot
record signature, such as the characters "ABC", are compared to the first
three bytes of the disk record. If the disk record does have a valid boot
record signature (chafacters "ABC") and the checksum cemputed frqm the
.disk record loaded into memory equals the boct record checksum, the disk
record is indicated as being a valid boot record with no errors, step 218.

The process then returns, step 214.

Referring back to step 216, if the boot record signature or checksum
is invalid, the load count is incremented by 1, step 220. The load count
- is then compared. to a predetermined .constant such as 99, step 222. If 99
attempts to read a boot record have resulted in failure, an error is
indicated and the process returns, steps 224, 212 and 214. If less than
99" attempts to read a boot record have occurred, the IBL load location is
decremented by one and three new sectors are read from the new load
location, steps 226 and 206. Thus if a valid IBL boot record cannot be
loaded from the last 99 sectors (equivalent to 33 copiles) then an error

condition is set and control returns to the IBL routine.

Referring now to Fig. 6C, there is shown a detailed flow'diagram for
loading the master boot record from diskette on drive A. First, the
diskette drive parameters to access drive A are retrieved, step 220. The
IBL load location is set to the last 3 sectors on diskette (cylinder, head
and sector format), step 232.  The last 3 sectors are read, step 234. 1f
a diskette drive error is detected an error is indicated, steps 236-238.
An error conditiocn is set and control is returned to the IBL routine,

steps 240-242.



the menmory requirenents for Bl OS under normal operating conditions.
Referring nowto Fig. 4, there is shown a process overview for |oading a
BIOS image into the systemfromeither the fixed disk or the diskette. Wen
“the systemis powered up, the system processor is vectored to the entry

poi nt of RBTssSbage |, steps 101 and 10023POST Stage | initializes and
tests only those system functions needed to | oad BIOS image fromthe

sel ected DASD, step 102. In particular, POST Stage | initializes the
processor/ planar functions, diagnostic panel, nmenory subsystem interrupt
control |l ers, tRafersingDhicksbsstebenis,f iked drisle 8h08 iouktece@Hardf i | e

modul e 76) 5 §?&dced skett fs %103 OBt {Q‘eé%ﬁeé ts?%fﬁ%‘%t 54%}?3 che Sssﬁrey

Af ter pre- WAL vec
syst em pr maés@@rte@o Stthe 24r4| tiEl tB @Sotcmetotd Blignatyge| Isemnmnsd@d Chﬂcltsma

I ni tial Bllgslmqan%ugﬁoplsl alékﬁlnargmat e&@ufonrlsetmrﬁe%t “'EB”EH’ée%BL‘!"*}S&E‘%{e the

BIOS image is stored on fixed can be |l oaded from di skette; and

- second, | G&6BS t34é it e4aed 2écorld #rigrid thook eTeser e ¢ igpairure (@1 Hebiddi sk |
or di sket t@hckdn0aRAMet&1RR dD4naicHheonBst 84t laﬁ@tcoheﬁar dsi AGhURES tbhgeVBR
data and the MBR code. The MBR data is .used fo
L routine, steps 248 and 242. It is noted that in a diskette load, the
IBL routine does not search through the media as in the fixed disk load.
Therefore, in a dlskette load, the IBL media must be stored 1n a spec1f1c

location of the diskette.

Finally, Fig. 6D sﬁows.how the IBL routines tests for system planar
and processor compatibility and for a proper system configuration. The
.master boot record is checked for com?atibility with the system planar by
comparing the boot record blanar ID value to the system planar ID read by
the system processor, step 260. If the system planar IPD does not match
the boot record planar ID value, this indicates this master boot record is
not compatible with this planar. BAn error is indicated an@lcontrol return

to the IBL routine, steps 262, 264, ahd 266.

If the master boot record is compatible with the planar, the master
boot record is checked for compatibility with the processor, step 268.
The boot record model value and submodel value are compared to the model
value and submodel value stored in ROM respectively. A mismatch indicates
a new processor has probabiy been inserted and this boot record is not
compatible with the new processor. An error is indicated ard control
returned to the IBL routine, steps 270, 264 and 266. If the:haster boot

record 1is cowpatlble w1th:the planar and processor, the process or checks

to determine if NVRAM eontalns reliable informat icn, step 272. If NVRAM
is unreliable, an error is indicated and control returned to the IEBL

routine, steps 274 and 266. If NVRAM is reliable, the system

n

configuration is checked, step 276. A change in system configuraticn i
indicated if the model and submodel values stored in NVRAM do not match
the model and submodel values stored in ROM. Note that this last

Compariscn will only indicate a2 configuration error. If a confiquration

7
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verification purposes and the MBR code is executed to load in the BICOS

I mage. A detailed description of the operation of the IBL routine is
presented with respect to Figs. 6A-D. Wth continuing reference to Fig. 4,
after the IBL routine | oads the master boot record into RAM the system
processor is vectored to the starting address of the MBR code to begin .

- execution, ped-@p-A6. The MBR BC9- 89- 02 : 13
: code perfornms a series of validity tests to determne the authenticity of
“the BIOS inage and to verify the configuration of the system For a

: better understanding of the operation of the MBR code, attention is
“directed terfrgis 7ingficatied. drrawknys inhmnhetracedhfonVBRe asge- | hdleserobed in

greater degaiflemhgh@saa%h& Rhe LAGF AL oql,l Fy Eh@séy%teﬁh?asl\@%ngggesé:n%ds

t he BIOSlmagelntoRA and transters con to the newy |
i mge in mihh MREhoriFe Fleponfiguratioparasi crm ar The HgeBiO4HAdRd 08 theaded

into the changed configuration and control passed back to the IBL routine steps
278, 264, and 266. This error is not fatal itself, but notifies the user
that SET Configuration (configuration program) must be executed.
Referring back to step 276, if the system model/submodel values match, an
indication of compatibility is set and the routine returns, steps 276,
274, and 266. Thus, the compatibility between the master boot record angd
the system are tested along with determining if the system configuration

has been modified.

After the IBL routine loads the master boot record into RAM, it
transfers control to the MBR code starting address. Referring to Fig. 7,
the executable code segment of the master boot record first verifies. the
boot record pattern to the ROM pattern, step 300. If the pattern in the
master boot record does not match the pattern in ROM, an error is
generated and the system halts, steps 302 and 305. The check for.equality
between ROM and boot record patterns ensures that the master boot record
loaded from either the disk or diskette is compatible with the RCM on the
planar board. Referring back to step 300, if the pattern in ROM matches
the pattern in the boot record, the MBR code compares the system planar iD
value, model and submodel value against the co*respondlng master, boot
record values, step 304. -mhlS process was dlscussed in grea*er detail -
with respect to Fig. eD. If the values don't match the master boot
‘record is not compatible with the system planar and processor. or the
system configuration has changed, and an error is generated;:step 306,

The system will halt when the IBL record is incompatible with planar,

model, or submodel value, step 395.

Referring back to step 304,. if the system planar ID value, model ang

vl
~

submodel values match the corresponding master boot record values, the M
code loads the BIOS image from the selected media into the system RAM,
step 308. If a media load error CCCUrs in reading the data, step 310, an

error is generated and the system halts, steps 312 and 305. Referring



address space previously occupied by ROMBICS. That is if ROWBICS is
addressed from EOOOH t hrough FFFFFH, then the BIOS inage is | oaded into
this RAM address space of RAM t hus supersedi ng ROM Bl CS. Control is then
transferred to POST Stage Il which was included in the newy | oaded BI OS

i mge thus effeg%' vel y abandoni ng ROMBI OS. POST Stage |1, now in RAM
initializ&8§®ia%tests the remaini ng syst®min order to | oad the operating
system boot, step 110. After the systemis initialized and tested, Stage ||
POST transfers-control to the operating systemboot to | oad the operating

system steps, 112-11 Referring back to step 110, ihedi&ufiOiedaidabtantry
to POST St& tf’lgtc’%ngfjboe' gl%tml fewer trad ?’Fﬁoé'u‘@j%uésfeasgtefur‘;ct_i oni_ step 107.
The reset sburidei BIPS nausr imirveyonGt siipesidyy ThehasdreckmighdsetvaliddPm start

i s desired ep JBrated a£x3NPl e, Lhe resef, fungid Qnacas. beregsidivgt ed by
si mul t aneSGETy pr%egsf?l t he ?ﬂ?lsygﬁm_ ﬁ%{tﬁ(egtgp ard. The. effect

] yson the k%?rg v
of a war misthrte $EeP 314y phsthet thechswn iinivalafi Z38i BT P LAY RY R i al .
Bl G5 1 oad., Ltsdvea) rgpes t50] 4M tAMBLIR $& aFdctepss tadosT eftage Bl OS,
however, the S(gipe'rati ngq s%stém%%%%ﬁ_r% ot ed by POST Stage Il. Thus if
the BIOS ite Feairnadh BeTYshtt et 322he system shoul d operate

Thus, there has been shown a method and apparatus for decreasing the
operating size of BIOS. A first portion of BIOS is stored in RO¥ and
includes system initialization and tests necessary to boot up & remaining
portion of BIOS, stored on a DASD ihto RAM. The first and remaining
portions of BIOS are executed upon powering up, while the remaining

portion need only be executed upon resetting the system.

While the invention has been illustrated in connection with a
preferred embodiment, it should be understood that many variations will
occur to those of ordinary skill in the art, and that the scope of the

invention: is defined only by the claims,gppended hereto and equivalept.
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in a normal |y manprer—after—Tebooting. For clarity, it is appropriate at
thts point to |11 Urlid shb Has BeeRépiesdt at i on for the format of the master boot
record. Referring is shown the naster boot record. The
boot record incl udegmgllmé e code segnment 120 and data segnents
122-138. The MBR co DASD dependent code responsible for
verifying the identity BC9- 89- 025 ' 34
ROWM Bl GS, checking that the I BL boot record is co il HAS BEENS Y5t em
verifyi B PR Syst em configuratiori, antf | oadi ng t hié=F m he ~7
sel ected DASD (disk or diskette). The data segnents 122 138 == -
I nformation used to define the nedia, identify and verify the master boot
record, Iorﬁgte the BIOS i mage, and | oad the BIOS i mage. - The master boot
record entified by a boot record signature 122. The boot record
signature 122 can be a unique bit pattern, such as a character string

" ABC', ll n tﬂecofm&,{ﬁér sb[-?epfn l?%)e%o&tritshgg'r %Cgll;giem DIQ:%essor (26)

electrically coupled to a read only memory (36), a random access memory

S

{32) and at least one direct access storage device (62,66},
characterised in that the system (10) further comprises:

a first portion of BIOS resident in the read only memory (36}, the
first portion of BIOS having means for initizlizing the system (1C) and

~ -

the direct access storage device (62,66);

a master boot record included in the direct access storage device
(62,66), the master boot record including an executable
{120); and

QO
Q
0.
)]
4]
‘g
D
3
¥

2 remaining portion of BIOS included on the direct access storage
device (62,68), the remaining portion of BIOS having means for opsrating
the svstem (10), wherein 'the first portion of BIOS initializes the
system (10) and the direct access storage device (62,66) to load the

master boot record, the first

'y

ortion of BIOS transferring control to the

executable code segment (1 05 of :he master boot recerd in order zo effect
the loading of the remaining poriion of BIOS into the random access memor

(32) to begin operating the system (10).

i
-~ - "

2. A computer system (10) as clzimed in claim 1, whsrein the

initializing means of the first portion of BIOS includes & power on selif

test routine, the power on self test routine initializing and tssting only

those system functions necessary to load the remaining porticn of BICS.

w

s N - : - s . < s PR ;
A COI'llputE.' system 1\1 as ciaimed 1n Clam 2 ’ wiherein tTne t.\.a“ eI on

+h

test initializes the sysitem processor {26) functions, memory

subsystems, and direct access storage device {€2,68) subsystem.

‘TR O R




integrity of the master boot record is tested by a checksum val ue 132 which
i s conpared to a conputed checksum val ue when the boot record is |oaded.

The data segnents further include at |east one , val ue .
134, conpati bl e nodel and subnodel val ues 136. hH—IISﬂ-lEErT%bm)BEEB rd's

pl anar 1D val ue defines which planar that the nHster BBBLACEROrd ifs valid
for. Simam-By-026he master boot record' snmodel - def i ne

the processor and planar 1/O-configuration respectively that the naster
boot record is valid for. It is.noted that the boot record' s signature and
checksumidentify a valid naster boot record, while the boot record's

pl anar | Di. bobtcompeindspstemd €10 )and diedted eooo;]dt.ua Subheddn tenpar i sons are

used to i g'f Qﬁélfabél BRghs rgeend fﬁQF’P%To!cgio% tﬂ}oék&%cﬁ@ése@ A0 E %er m ne

i f the system con guration 1s va r al ue oot recor
124 is used lerddegcthe nestemebecd] regarg bitor hendROMBIESS. meThey H38? anécord

pattern %%nb@e&@ﬂﬁQ{OQGrélot@ &@h@éﬂ%@%&gr@é&hern val ue stored in ROM If
the val ues match t indicates that a valid ROMBICS has initiated the

| oad ‘of "a BIOS i nage fromthe sel ected nmedia.- The followi ng description
further descrahesphtergspaiear (ot aklclaasdd oh diRemVAl wRsrdiR tHe maBSEhodIO0t

record ar¥Lc%?§ %ﬁrtbé¥:ghgggﬁes a data segment (122-138), the data segment
.(122—138) representing a hardware configuration of the system (10) which
is compatible with the master boot record, and wherein the read conly
memory (36) includés data represgnting”a har@ware cqnfiguration of the
system processor (26), wherein before the.remaining portion of BIOS is
loaded into random access memory (32), the executable code segment (120)
compares the hardware configuration data from the master boot record with

the hardware configuration data from the read only memory (36) to verify

the master boot record is compatible with the system processor (26).

6. A computer system (10) as claimed in claim 5, wherein the data
segment (122—138f”of the master boot record includes a value (134)
representing a system planar (24) which is compatible with the masfer boot
record and wherein the system planar {24) further includes a means for
uniquely identifying the system planar (24) in order to verify that the

master boot record is compatible to the system planar (24).

7. A computer system (10) aé claimed in c¢laim 6, wherein the haféké:éﬁ
configuration data on the master boot record includes a model and submodel
values (136), wherein the mcdel value identifies a system processor (26)
which is compatible with the master boot record and the submédel value
represent an 1/0 configbration of the system vlanar (24) which is
Compatible with the master boot record, and further wherein the read onily
memory (36) inéludéﬁ a corresponding model value identifying the system
Processor (26) and submodel value representing the I/0 configurztion of
the system planar (24), wherein the model value and submodel value of the
Master -boot record are compared to the cbrrespgnding model and sub@p@el

Values of the resad only memory (36) respectively. in order to verify that

-
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MBR ldentifier (122): The first three bytes of the IBL boot record can
consi st of characters, such as "ABC'. This signature is used to identify a
boot record. MBR Code Segnent (120): This code Ve pat i b| lity
of the boot record with the planar and processor
pl anar id BC9- 89- 025 :

val ues. BP-8%8<8 val ues match, it will 2foad t he BFEG=Fm .h¢l chosen
media to system RAM |If the systeminage (BIOS i mage Ioaded i nt o MeEnory)
checksumis valid and no nedia |load errors occur the MBR code will map the

i mge to RAM d then transfer contr, Sta i ne.of the
system i ﬁ%ﬁﬁ oG E?ﬁ?r?fzﬁ)compaitﬁgl? &P h‘ﬁ’l ef%f ‘%5975%15' g%%) Pcord
dat a segnunat I,tmmbafmratmt terthe susthmgdanachanpct er ‘string "ROW BI OGS

1989". This string is used to validate the ROMBI OS by conparing the Boot

Pattern value to the corresponding value stored in ROM (ROV Pattern).
8. A computer system {10) as claimed in claim 1 further comprising:

. loading means for loading data records from at least one direct access
storage device (62,66)Iinto random access.memory (32); and a validation

means for confirming the system (10} is compatible with BIOS.

9. A computer system (10) as claimed in claim 8, wherein the validation
means includes data representing the type of system processor (26) and
configuration of a system planaf%(24) coupled to the system processor

(26).

10. A computer system (10) as claimed in claim 9, wherein the validation
means includes a means for indicating errors in loading the remaining

portion of BIOS.

11. A computer systém (10) as claimed in claim 10, wherein the means for .

indicating errors comprises a diagnostic panel.

12. A computer system (10) as claimed in claim 10, wherein the means for

indicating errors comprises a video I/0 controller.

13. .A computer system (10) as claimed in claim 8, wherein the direct
'.access storage device (62,66) comprises a.fixed disk drive (62) wherein
the loading means loads data records from the fixzed disk drive (62) into
random access memory (32). ‘.
14. A computer system (10) as claimed in claim 8, wherein the direct
access storage device (62,66) comprises a diskette drive (66) wherein the
loading means- loads data records from the diskette drive (66) into random

access memory (32).

15. A method for storing BIOS in a personal computer system (19). the

system (10)Iincluding a system processor (26) electrically coupled tc a

——
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VBR Vers”on Date (126): The master boot record includes a version date for
wse by an update utility. System Partition Pointer (128): The data segnent
contains a nmedia pointer to the beginning of the npeh -partilion
area for use by Stage Il POST. On an |BL diskette,l tThis pRERT BRSichcdn ||
track- head-sector format; on disk the pointer is i|p Rel ®&BpracBhock Agdress
(RBA) fomgetso-8ystem Partition Type (13Q@F: The sy FEFERoR=EY

i ndicates the structure of the nedia systempartition. There are three
types of systempartition structures - full, mniml and -"not present”. The
full system partition contains the setup utility and diagnostics in

addi t i on reed tdndy Bhe@BTY niB§e - andandast eﬁcmmemoefaoa/@) TS AERCRedCC8§St em

par ti 11 oneGOAbR5deURdz E, BhO%hduRBACcotpe dmS! ofe bestls becord. 11 a system
does not have a hardfile, the systempartition type indicates "not

present”". In this instance, IBL will occur fromthe diskette. These three
system parti L(iaqnsid&ﬁﬁ§ aﬁlfliiay%dfpbexighai b'f( tmo'sniﬂlwmé Eﬂi‘?,? ﬂg?—ﬁmbhﬁ (%5} ae "
partition takes up on_the nedia.. Checksum val ue, , e _che m_val ue
b the qdiECSEBREIRT PE THOE PIRLRIU PEmToAB ard e ar th eer b 0} e

record | emgtdiireat ue:ceds eorage device (62,66);

{b) storing a remaining portion of BIOS on the direct access storage
device (62,66), the remaining portion of BIOS including means for

operating the system (10) in a normal manner;

(c) initializing the system (10) and the direct access storage device

(62,66} with the first portion of BIOS;

{8) loading a master boot record into random access memory ({32), the

master boot record including an executable code segment (120);

{é) tranSfefring control to the &xecutable code segment (120) to.load

the remaining portion of BIOS into the random access memory (32).

O | . Th\liﬁii\ﬁﬁ\ﬂ\\l\iﬁi\m



byt és) of the nmaster boot record code. BC9- 89- 025

16 MBR Planar |ID Value (134): The data.segnment includes a value, such as a
string of words defining conpatible planar IDs. Each word is nade up of a
16 bit planar ID and the string is term nated by word value of zero. |If a
systenis planar I D matches the planar ID value in the master boot record,
such as opg-@b-gde words in the string, the IBL nedia image is co L'bl e
with the systemplanar. If the system s planar ID Ml rd
in the string, the IBL media image is not conpati bllp Ti#g ll-‘ngéyjs”t '

pl anar. MBR nodel and subnodel values (136): The data s T s

val ues, sugdrrasra string of words defining conpatib processors. Each word
is made up of a nodel and subnodel value and the strinhg is terminated by -a -
word val ue of zero. If a system s nodel and subnodel value (stored in ROV
mat ch one of wheappardsus and hetbod ifiog, dddreas Blg Hiesl imambr@geqiisements of

BICS in a personal éomputer system (10) includes storing a first portion.
.of 'BIOS in memory and a se&ond portion on a direct storage access device.
The personal-éomputer system (10) comprises a systiem processor (26), a
random access main memory, a read only memory (36), and at least one
direct access storage device (62,66). The read only memory {3%) includes
the first portion of BIOS and data representing the type of system
processor- (26) and system planar {(24) I/0 configuiation, The firsg
portion of BIOS only incluées routines for initializing the system (10)
and the direct access storage device (62,66) to read in a master boot

~ record into the system (10) from the direct access storage device (62,66).
The master boot record includes a data segment (122-138) and an executable
code segment (120). The data'segmeht (122—138) includes data representing
system hardware and a system configuration which is supported by the
master boot record The LlrSL BIOS portion confirms the mas ar boot

cord is ¢ m“atlb;e wwth the svshem haraw=re by verifying that the data

"

H|

m the data segment (122-138) of the mastier boot record agrzes with the
system processor (26), system planar (24), and planar (24) I/0
configuration. If the master boot record is compatible with the system
hardware, the first BIOS portion vectors the sysiem processor {26) t
execute the executable code segment (120) of the master boot.record. The
executable cods sédment (120) confirms. that the system.cenfigurztion hes.

not changed and loads in the remaining BIOS portion from the direct access

{'7-

storage device (62,66) into random access memory (32) superse

2

t BIOS portion. The executable code segment (1i23) then verifie

ing the

the

' "
H\
n

authenticity of the remesining BIOS portlon and vectors the sysiem
processor {26) to begin executihg the remaining BIOS now in random sccess
memory (32). The remaining BIOS in main memory includes reussbie routines

for operating the system (10) in a normal mznner.

This Sheet Has Been R
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conpa#ible with the system processor. If the ROM nodel and ROM subnodel
vaﬁfé&ﬁﬁp not match any word in the string, the IBL nedia i mage i s not
conpatirble with the system-processor. MBR Map length (138): The IBL nmap
length is initialized to the nunmber of nedia inmge bl ocks. In other words,
if the BIOS inmage is broken into four blocks, the map |l ength will be four
indicating four block pointer/length fields. Usually this length is set to
‘one, since the nedia inmage is one contiguous 128K bl ock. MBR Medi a Sect or
Size (138): This word value is initializédqo the nmedia sector size'jp,
.bytes per sector. Media image bl eck pointer (138): The nedia i mage bl ock
‘pointer |locates a systeminage block on the nedia. Normally, there is only
‘one pointer since the nedia image is stored as one contiguous block. On an
| BL di skette, the pointers are in track-head-sector format; on disk the
pointers. are relative block address fornmat. Media i mage bl ock |l ength (138):
The nmedi a i mage bl ock I ength indicates the size (in sectors) cf the block

| ocated at the corresponding image '

10
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BC9-89- 025 17 bl ock pointer. 1In the case of a
"¥28K conti guous nedi a i mrage whi ch includes space for BASIC this field is
set to 256, indicating that the BIOS i nage bl ock takes up 256 sectors (512
byt es/sector) starting at the nedia i mage bl ock pointer location. Referring .
~nowto Figs. 6A-D, there is shown a detailed flow chart_of the operation of
the IBL routine. Under normal circunstanc2kl) the I BL routine |oads. the
mast er boot record fromthe systemfixed disk into RAM at a specifi.c
address and then vectors the system processor to.begin -executing:the code
segnent of the master boot record. The IBL routine also contains provisions
for a diskette default node in which the master boot record can be | oaded
fromdi skette. However, the IBL routine does not allow the diskette default
mode to be performed if the systemcontains the IBL nedia on the system
fixed disk and a valid password is present in NVRAM The user has the

option of setting the password in NVRAM The purpose of preventing the
diskette def aul t nodeu5r0n1being effected is to _ '
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prevent |oading an authorized BIOS i nage fromdi skette. In other words, the
di skette default node is used only when a systemfixed disk is not
operational and the user has indicated (by not setting the password) the
desire to be able to load fromthe diskette. If the IBL routine is not
able to load the master boot record fromeither nedia, an error. nessage is
generated and the systemis halted. Referring nowto Fig. 6A;  und& nornal
ci rcunstances the systemw ||l contain a systemfixed di sk which the |IBL
routine initializes, step 150. Assunme for purposes of illustration that the
fixed disk is configured for Drive C of the personal conputer system
Simlarly, assune Drive A is desighated as the diskette drive. The |IBL
routine then exanines Drive C to determ ne whether it contains |BL nedia,
step 152. Attention is directed to Fig. 6B wid/R describes in detail this
process. The IBL routine starts reading fromthe fixed disk at the | ast
three sectors and continues reading, decrenmenting the nedia pointer, for 99
sectors or until a valid master boot record is found. If a master boot )
record is found, it i's checked for -system pl anar and processor
conpatibility, step 156. |If it is not planar or processor conpatible, then
an error is reported, step :

70

POST STAGE | |/
INITIAL BIOS LOAD /72

ROUTINE

74

DISKETTE |/
76

HARD FILE %
78

VIDEO |/
DIAGNOSTIC /fo
PANEL |
HARDWARE 82

COMPATIBILITY |/

DATA

'ROM=BIOS
FIG. 3

VRURRR T



BC9- 89- 025 18 158. Referring back to step 152,
ifsno master boot record is found on the last 99 sectors of the fixed disk
(primary hardfile), an error is reported, step 154. Referring back to step
156, if a master boot record is found, a series of validity checks are-
perfornmed to-.determ ne.Lf the master boot record is conmpatible with the

conputer system Additionally,. the configuration of the systémis checked. =

Attention is directed to Fig. 6D which discloses this process in greater
detail. If the boot record is conpatible with the planar 1D, nmdel and
subnodel, and if furthernore the system configuration has not changed the
mast er boot record is | oaded and the code.sg nt of the master boot . .record
is executed, step 160. Referring back to st g@P154 and 158, if an error
occurs-in | oading the master boot record fromthe fixed disk or if a fixed
?kzrugzdn?; avai |l abl e, phe | BL rOUtirTEfk3§E£$ﬂﬁ$ if a valid password is-
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AND TRANSFERS CONTROL

_108 y ~108
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112 K
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114 Y
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NVRAN[ step 162. This password determ nes whether the Bl OS i nage can be

| 6aded from di skette. Note that the password will exist only upon being
installed by the user running a setup utility. If a password is installed
in NVRAM the BIOS inmage is prevented from being | oaded from di skette, step
1164. This permits the user to ensure the integrity of the operation of the
:system by causing the systen1to be | oaded only with the BIOS i nage on the
‘fixed disk. The password can take- the formof a string of characters
stored in NVRAM Referring back to step 162, if a valid password i n NVRAM
is not present, thus allowing BIOS image to be | oaded from di skette, the
IBL routine initializes the diskette subsystem: step 166. The |IBL routine
then determnes if Drive Aincludes the IBL mggdyg@ on a diskette, step 168.
If Drive A does not include IBL nedia, an error Is generated to notify the
user that an invalid diskette has been inserted in the drive, step 170. The
systemthen halts, step 172. Attention is directed to Fig. 6C for a. nore
detail ed dlscu55|on of step 168. '

122
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MASTER BOOT 120

RECORD CODE SEGMENT
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BC9- 89- 025 19 Referring back to step 168, after
Orfve A is checked for IBL nedia, the master boot record is | oaded i nto RAM
and the code segnent included in the master boot record is executed, step
160. It is inportant to note that for diskette the IBL.routine does not
include the validity checks that are used with the fixed disk system The
reason for the absence of the validity checks is for |oading a _
nonconpati ble IBL i mage from di skette. For exanple, if a new processor is
added to the system a new BIOS inmage will be included on a diskette. Since
a new processor will cause validity errors when |oading fromfixed disk,
the IBL routine provides the ability to bypasS these tests by | oading the
BIOS image from diskette. To recapitulate, the master boot record is
checked for conpatibility with the systemthrough matching the system

pl anar I D and processor nodel /subnodel values to the boot record val ues.

For disk, this check is done;first in the IBL routine and then done again_
in the IBL boot record, The Yirst check {(3& the IBL routine) is done to
make sure the boot{IKNEdaddZE HARD FILEY ' - o

“ERROR ' ERROR
‘INVAUD DISK MASTER INCOMPATIBLE MASTER
BOOT_RECORD' BOOT RECORD
\ 154 | {58
. Y

160 | INVOKE MASTER
(. BOOT RECORD

f), 166

INITIALIZE |
DISKETTE

‘DRIVE A
BL MEDIA?

YES

V- - - f 17.0 ’
ERROR 104 | ERROR
DISKETTE INVALID DISKETTE
RECOVERY PREVENTED MASTER BOOT RECORD
f!
172
HALT /

FIG. 6A



I's conmpatible with the system the second check (in the boot record) is
done to ensure a conpati bl e ROM passed control to the boot record. Notice
that the check done in the disk boot record will never fail for a
conpati ble ROM since the IBL routine will have already checked the
conpatibility. 1In contrast, the conpatibility check is not done for

di skette. The planar/processor conpatibility is checked only during

di skette boot record execution. This nethod allows future nodifications in =" :

| oading a new BICS image froma reference diskette. In view of :the.s _
description of the IBL routine of Fig. 6A, the explanation will now proceed
to a conprehensive and full understanding of - the validity tests-di.scussed
above. Referring to Fig. 6B, there is shown7AlMetail ed fl owchart of step
152 of Fig. 6A, to determine if a valid master boot record is on drive C
The. process begins by obtaining the drive paraneters to enable the |BL
routine to access drive C, step 200. An IBL load location is set to the

| ast three sectors fromthe disk (the last three sectors nornally contain

t he master boot record), step RO2. A |oad count. indi-cating the nunber of
attenpts to read a Meter bg +Yro 200 .

ot++ecord
IVE PARAMETERSL/

‘ 202 |
IBL LOAD LOCATION = |/ - S

LAST*3 SECTORS ON MEDIA

\ 204
LOAD COUNT = 1 |/

206 226

[
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216
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218 Y 212
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BC9- 89- 025 20 fromdisk is set to 1, step 204.
Three sectors are read fromdisk at the IBL |load | ocation, step 206. Any
disk drive errors are detected and if a disk drive read error occurs it is
reported, steps 208-210. The process then returns with an error indication,
steps 212-214. Referring back to step 208, if no drive error occurs, the
di sk record is scanned for the nmaster boot record signature, step 216.
boot record signature, such as the characters "ABC', are conpared to the
first three bytes of theé di sk record. If the disk record does have a valid
boot record signature (characters "ABC') and the checksum conputed fromthe
di sk record | oaded into nenory equals the boot record checksum the disk
record is indicated as being a valid boot rééttd with no errors, step 218.
The process then returns, step 214. Referring back to step 216, if the boot
record signature or checksumis invalid, the load count is increnented by
1, step 220. The load count is then conpared to a predeterm ned constant
such as 99, step 222. If 99

The

\’; ' 230
GET DRIVE PARAMETERSL/

232
2

v
IBL_LOAD LOCATION
LAST 3 SECTORS ON MEDIA

v /?34
READ THREE SECTORS AT
IBL LOAD LOCATION
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EDIA LOAD
ERROR ?

_244
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VALID ?

248
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| DRIVE A IBL LOAD FAILURE
246~

| ERROR (AL=1)
BAD DRIVE A IBL RECORD

\ 240
| SET CARRY- FLAG.

‘ 242"
RETURN Y

FIG. 6C



< att'ehpts to read a boot record have resulted in failure, an error is

J;ndi cated and the process returns, steps 224, 212 and 214. If less than 99
‘attenpts to read a boot record have occurred, the IBL |oad location is
decrenented by one and three new,sectors are read fromthe new | oad
| ocation, steps 226 and 206. Thus:.if a valid IBL boot record cannot be
| oaded fromthe |ast 99 sectors (equivalent to 33 copies) then an error
condition is set and control returns to the IBL routine. Referring nowto
Fig. 6C, there is shown a detailed flow diagram for |oading the naster boot
record fromdiskette on drive A First, the gligkette drive paraneters to
access drive A are retrieved, step 230. The IBL load |location is set to the
| ast 3 sectors on diskette (cylinder, head and sector format), step 232.
The |l ast 3 sectors are read, step 234. If a diskette drive error is
detected an error is indicated, steps 236-238. An error condition is set
and control is returned to the IBL routine, steps 240-242.
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° BC9+«89- 025 21 Referring back to step 236, if no
deive error is detected, the diskette record is checked for boot record
signature and the checksumis cal cul ated, step 244. |If the boot record
signature is mssing or checksumis invalid, an error is indicated and
control returned to the IBL routine, steps 244, 246, 240 and 242. |If a
val id boot record signature and valid checksum are detected an indication
i.s set and control is returned to the IBL routine, steps 248 and 242. It is
‘noted that in a diskette load, the IBL routine does not search threugh the
media as in the fixed disk |oad. Therefore, in a diskette load, the IBL -
medi a nust be stored in a specific |ocation ofi0tlhe di skette. Finally, Fig.
6D shows how the IBL routines tests for system planar and processor
conpatibility and for a proper system configuration. The master boot record
is checked for conpatibility with the system planar by conparing the boot
record planar ID value to the systemplanar ID read by the system ) i
processor, step 260. If the system planar | D does not match the boot record
pl anar | D:vakue, this - ndi-egtes this master boot record is not conpatible
with this planar. An error s ndomted and coryGDZreturn :
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to-the IBL routine, steps 262, 264, and 266. |If the nmaster boot record is
~conpatible with the planar, the master boot record is checked for
_conpatibility with the processor, step 268. The boo : e and
“subnodel val Up—ate-—conpared-to-the nodel value and {bBAbOGE ﬁﬂﬁg{gﬁg ed in
- ROM I‘espectlvlwis@HFES'rm&gBEEm cates a new procesgorn has pr obabl y{bg¢en
=inserted and fhis bretL&cEDrd i 9| not conﬁati ble wt he {TeYURM99ES$0]- An
error is indi eaFed =kt urned to the IBL tine, steps 270} 264
and 266. If the master boot record is conpati bl e w t{h Ttte—ptramar—amd
processor, the process or checks to.d mgﬁ,kf NVRAM cont ai ns_reliabl e
i nformation, step 272. If N\/RAMls unrelria an error is indicated and
"control returned to the IBL routine, steps 274 and 266. If NVRAMis =

reliable, the gysbesm@nih@itabd QR1h&CAECKELh o RbRRRTEn AdCRANES LRyt em
configuration is i1 ndicated if _the_podel and subrmdel val ues stored in NVRAM

do not nat‘i?na??@aﬁ’ﬁﬂ TP EIbMR B0 ARt S BY Rl | SPURERET REFERhat this
| ast conparison will only indicate a configuration error. If a
configuration

Personal computer systems in general have attained widespread use for
providing computer power to many segments of today's modern society.
Personal computer systems can usuaily be defined as a desk top, floor
standing, or portable microcomputer that consists of a system unit having
a single system processor, a display monitor, a keyboard, omne or more
diskette drives, a fixed disk storage, and an optional printer. One of
the distinguishing characteristics of these systems is the use of a
motherboard or system planar to electricailv connect these components
together. These systems are designed primarily to give independent
computing power to a 51ngle user and are inexpensively priced for purchase
by 1nd1v1duals or small businesses. Examples of such personalicomputer
systems include the IBM PERSONAL COMPUTER AT and the IBM PERSONAL SYSTEM/2
Models 30, 50, 60, 70 and 80. " .:

These systems can be classified into two general families. The first
family, usually referred to as Family I Models, use a bus architecture
exemplified by the IBM PERSONAL COMPUTER AT. The second family, referred
to as Family II Models, use MICROCHANNEL bus architecture exemplified
by the IBM PERSONAL SYSTEM/2 Models 50 through 80.

In early examples of family I personal computer systems such as the
IBM Personal Computer, it was recognised that software compatibility would
be of utmost importance. In order to achieve this goal, an insulation
layer of system resident code, also referred to as '"microcode", was
established between the hardware and software. This code provided an
operational interface between a ﬁser's application program/operating
system and the device to relieve the user of the concern about the
characteristics of hardware devices. Eventuzlly, the code developed intc
& Basic Input/Output system (BIOS), for allowing new devices to be added
[
ect Has Been Replaced
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.BC9- 89- 025 ‘22 error is indicated, an error is
generated for the user. This error notifies the —t-hRat—t-Re—eonfii gurati on

. of« the system has changed since the last time S REELAGEMEM SOIEBIAs T un.

The user is notified of the changed configuratidn fand—control pasged back
to the IBL routine steps 8,264, and 266. Thig drrqr atgl itself,
I fi (cgnfli 39&1‘@5‘%?ﬁocrcm nmust

-but notifies the user that
[ %TS gQEH %%%%%&1 he |syst-em rmdb.%sahnﬂdel

be executed. Referring badk

val ues match, an indicati Mwmf' bi-Lityllis |set and the routine
returns, stiepstha76£3di2¥dn oﬁnﬂzt&bfie I/Dhae,vnehecs aveeinalhe

mast er rSGOBH R0sIRE  SUSHLEM AL Cr foP L a0l 1 hby detar ping 11 the
system con§J %ratlfdon h?'f;s bee)r?%kodnf;' ngo %te?ﬁ%gﬁe TBL Fouti ne 1 oads the
mast er bo@taSF@céFEquﬁF%d RARPIN CBIQSaABd #BEOTontrol to the MBR code starting
address. Referring to Fig. 7, the executabl e code segnent of the naster
boot record first _verifies the bogot ord pattern to t attern, step
300. If the paquteeT'%%F’ﬁs‘? I?é"lﬁ]t?g‘?erltb%st %F‘é%r He‘iféégryng? ‘%SFE?FS[E S pattern in

ROM an eroperatiigg size of BIOS while increasing or at least maintaining the same

SE=

level of functionality. Since marketability and consumer acceptance of
rpersonal computer systems appear to require the ability to maintain
compatibility, it should be appreciated that maintaining the same level of
functionality of BIOS is a substantial factor in achieving success in
accordance with this invention. Thus, there exists a need for developing
a method and apparatus which decreases the code space required for BIOS in

Family II machines.

An aim of of the present invention is tc provide a computer system
having apparatus for decreasing the operating size of BIOS by storing a
portion of BIOS on a direct access storage device, while maintaining

compatibility with previous BIOS type operating systems.
In accordance with the present invention, there is now provided......

‘Viewing the present invention from a second aspect, there is now
provided, an apparatus for decreasing the operating size of BIOS for a
personal computer system , the personal computer system having a system
processor electrically coupled to a read only memory , random-access
memory and direct access storage device, the apparatus comprising: a first
portion of BIOS resident in the read only memory, the first portion of
BIOS having means for initializing the system and the direct dccess
storage device; a master.boot record included in the direct access storage
device, the master boot record including an executable code segment; and a-
remaining portion of BIOS being included on the direct access storage
device, the remaining portion of BIOS having means for operating the
personal computer system, whereim the first portion of BIOS initializes
the system and the direct access storage deyice to load the master boot

record, the first portion of BIOS transferring control to the executable

is Sheet Has Been Replaced
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*bet ween cord patterns ensures that the naster boot record
1 oaded f i sk or diskette is conpati bl ' I
pl anar back to step 300, if the p
‘t he pattern in the boot record, the MBR code conpar

generat ed and the@Q ghhal ts, steps. 302 and 305. The check for equality

val ue, nodel and sub @ngéhﬁﬁﬂiﬂé' jhe corresppndli n O bop

record val ues, step 30f. eSS \2gS di scusse n greater 93 if with
respect to Fig. 6D. If = tch, the S
not conpatible with the system pl anar and processort

configurati on has changed, and an error is generated, step 306. ystem

will hal €%H8n the IBL record is inconpatible with planar nodel , or
subnodel val ue, step 305. Referring back to step 304, if the system pl anar
| D val ue,. nodel cé subnpdel 1§g| ues maich the correspondi ng%master boot

record val ues, c?'PP PBRXESER (1040 PR BIOS PREFE PrHirtte (€8l ected nedia
into the eSycsltrenaRArIVhomm BO& redd calymdieryl (26),ect randan GidtsSsd ehd@ddi ng t he

¥y h t 312 d
Sos. Rof 3??’?%8“3 A0 1855 0%0nk 54 9B0ET A8Ys AdrdfICasuRL (DBl S steps an

characterised in that the system (10) further comprises:

a first portion of BIOS resident in the read only memory (36}, the
first portion of BIOS having means for initializing the system (10} ‘and

the direct access storage device (62,66);

a master boot record included in the direct access storage device
(62,66), the master boot record including an executable code segment
(120); and '

a2 rehaininé portion of BIOS included on the direct access .storage
device (62,66), the remaining portion of BIOS having means for operating
the system (10), wherein the first portion of BIOS initizlizes the
system (10) and the direct access storage device (62,66) to load the
master boot record, the first portion cof BIOS transferring control to the
executable code segment (120) of the master boot record in order to effect
the loading of the remaining portion of BIOS into the random access memory

(32) to begin operating the svstem (10).

2. A computer system (10) 2s claimed irn claim i, wharein the
initializing means of the first portior of BIOS includes a powsr on seli

test routine, the power on self test routine initializing and te

Ul

ting only

M

those system functions necessary to lcad the remaining porticn of BIOS.

3. A computer system (1C) 2s claime¢ in claim 2, wherein ths power on
self test initlalizes the svstiem processor (26) functions, mnemory

subsystems, and &irect access storage cevice (€2,66) subsystem.

I
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BC9- 89- 025 23 back to step 310 I f--no médi a | oad
_error -occurs, a checksumis calcutated for the—B-ES~TITHDE, nory, step
. 3I4. If the checksumis | nvaI id an error is g @ﬂ\ $ ystem hal t's,
steps 318 and 3Q5 o step 316} iff—the checksupn|s valid,
. the system partiit ram® wthASB&Ee saved, step|{320 gh fihg96sy $t ¢m processor
- is vectored to gi N oadi ng tre sys em step 322. Thus,
t here has been show —ana apparat us fdr ‘deereastg The ¢perating
size of BICS. A flrst portlon of BICS is stored in ROM and i udes system
initialization and tests necessary to boot up aTenmal ning portion of BIGCS,
stored on a DASD into RAM The first and renainin ortlons of BICS are
execut ed upon MIN@MEEH%W%%U&F@&@Q& TGRERSESTEM y e
execut ed upon resetting the system Wile the invention has been
I |1 ustratgdrkagcrconnection with a preferred enbodi ment, it should be
under st ood that many variations will occur to those of ordinary skill in ..
the art, and that the scope of the

An apparatus and method for decreasing the memory requirements of

BIOS in a personal computer system (10) includes storing a first portion
.of BIOS in memory and a second portion on a direct storage access device.
The personal computer system {10) comprises a system érocessor (26}, a
random access main memory, a read only memory (36), and at least one
'd‘rect access storage device. (62,66). The read only memory (36) includes
the Flrst portlon of BIOS and data representing the typé of system
processoxr (26) and system planar (24) I/0 conflcuratlon The'first
portion of BIOS onlv 1ncludes routlnes for 1n1t1a1121nq the system (10)
and the direct access storage dev;ce.(sz ,66) to read in a masier boot
record into the system (10) from the direct access storage uev1ce (62,661.
The master boot record inpludes a2 data segment!(122—138) and an execﬁtable
code segment (120). The data segment (122-138) includes date repfesenting
system hardware and a system confégunation ﬁhich is supportednéy the

nmaster boot record.,

-

FIG. 2
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REPLACEMENT SHEET

inyentign is defined only by the clains, appended hé —etrt—val F.
24 CLAIMS 1. An apparatus for decreasing the operat 1g S|ze of 9n
operational interface for a personal conputer systeml th cpnput er
system having a system processor electricglly coupled o read only mpry,
random access nenory and direct access storage device, said apparatus
conprising: neans for initializing the system and the—di rage
devi ce wi.t Wih fthe addifion tof datuoé 14(h devipes, EBIOSaind ABEOS aeill evesiudHptrun rout f
read only nenory; neans for |oading a nmaster boot record stored on the

di rect acc&Msipgeeygd s, new I/Qtt@clmnbgmnmlomtdvc&gtmbmagﬂy buegated svithin
boot recor | udi ng. an execut abl e code segnent; and neans for
transfermﬁgn g 0$§F%Sthe execut abl e code segnent to | oad a renaining
portion of the operational interface stored on the direct access storage
device into the random access storage device, said remaining portion of the

operational i N t%ctﬂeﬁafﬁjoﬂféms, it has become necessary to decrease the operating size of

BIOS while increasing or at least maintaining the same level of functionality. Since
marketability and consumer acceptance of personal computer systems appear to require
the abilit); to maintain compatibiliﬁy, it should be appreciated that maintaining the same
level of functionality of BIOS is a substantial factor in achieving success in accordance
with this invention. Thus, there exists a need for developing a method and apparatus

which decreases the code space required for BIOS in Family II machines.
SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of

the prior art.

According to one aspect of the present invention there is provided an apparatus for
decreasing the operating size of an operational interface for a personal computer system,
the personal computer system having a system processor eleétrically coupled to read only
memory, random access memory and direct access storage device, said apparatus
comprising: means for initializing the system and the direct access storage device with a
first portion of the operational interface resident in the read only memory; means for
loading a master boot record stored on the direct access storage device into the random
access memory, said master boot record including an executable code segment; and
means for transferring control to the executable code segment to load a remaining
portion of the operational interface stored on the direct access storage device into the

random access storage device, said remaining portion of the operational interface having
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means for operating the personal conputer syste | T QIEHTion of the
op(arati'onal I nterface being discarded after tranmmwm[r“ Elto t he

execut abl e code segnment. 2. The apparatus of c{ajm 1, wherein|said
initializing means of said first portion of the bpprat3JaN 1994t er flace
includes a power on self test routine, s&id powe n self test rloutine
initializing and testing only those system funct{ons necessary to | oad the

remai ni ng Lt . ' | ce..B. | ai m
2 "anor of A JO5ofrplif oRER D Binghith 3h2:8c il ey Aot e SR
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4. The érpl)par at %eslﬁ%P %g?g?%ﬁgte@& e?éerlir lﬁgggﬁtg&lﬁﬁﬂl%% W4 ﬁlg%r;g%rg]és‘gng%ﬁsgi d
first portion of the operational interface includes a |oad routine for

| oadi ng said naster boot record into random access nenory and transferring
control to saiAtcoRdifigto hhber s3pest &f the presekio énveption diers isqirovidad an hppavagisei n
the master boot record further includes a data segnent, the data segnent
r epr esent ifoy leadimg dhe roperatiohalginterfacenintd at herspmal scomgpiuter osystengr they pemonalhi ch
is conpatible with said master boot record, and further wherein the read
onl y nmenocypmpueer systeny having cp SESIEmt PIogesson 4 dedsh enly omengry, a2 irandash achess
system '

memory, and at least one direct access storage device, said apparatus comprising: a first
portion of the operational interface stored on the read only memory, said first portion of
the operational interface including: means for initializing the system processor and the
at least one direct access storage device, and a loading means for loading data records
from the at least one direct access storage device into random access memory, a
validation means for confirming the personal computer system is compatible with the
* operational interface; a remaining portion of the operational interface included in the at
ileast one direct access storage device, said remaining portion of the operational interface
including reusable means for assisting in the operation of the personal computer system,
wherein said first portion of the direct access storage device for effecting the loading of
said remaining portion of the operational interface portion into random access memory
after confirming that éaid remaining portion of the operational interface is compatible

with the system.

According to still another aspect of the present invention there is provided a
method for storing an operational interface in a personal computer system, the system
including a system processor electrically coupled to a read only memory, a random
access memory, and direct storage access device, the system further including a first
portion of the operational interface stored in the read only memory, the first portion of
the operational interface including means for initializing the system and the direct access
storage device and a remaining portion of the operational interface stored on the direct

access storage device, the remaining portion of the operational interface including means
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conpares the hardware configuration data fromt
the hardware configuration data fromthe_read o
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apparatus of claim5, wherein the data segnent bf the master boot recp{ﬂ
i ncl udes i ' ; P |
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verify that the master boot record is conpatible to the system planar. 7.

The appar portioméf theaiperdfionathinteziace (b3 1ol @ hiaster BOGAEEEH! iftd SatiémOftctdie
master boot record includes a nodel value and a subnodel value, wherein the
nodel val memaeiynthe masten begtstecondoinolndingoan ekecutablescode pgmeritt €c)virinsferding
master boot record and the subnodel value represent an I/0O configuration of
t he syst efPprelnigr thaiexeentibie code sesmens toiledd thh gemaining pdrtion of ¢he operationkl
further wherein said read only nenory includes a correspondi ng nodel val ue
i denti fyi MYcHRce & (the, 3P SACEess smemerih apdidf) discurdinge fheefitsttpantion lof theO

' ' . . stem pl apar,, wherein said nodel val ue and
configur a%bgrgugflaltmht%rtsa affer thans erring Control to the executable code segment.

According to still another aspect of the present invention there is provided a
computer system comprising: a system processor electrically coupled to a read only
memory, a random access memory and at least one direct access storage device,
characterised in that the system farther comprises: a first portion of BIOS resident in the
read only memory, the firsf portioﬁ of BIOS having means for initializing the system and
the direct access storage device; a masté;' boot record included in the direct access
storage device, the master boot record including an executable code segment; and a
remaining portion of BIOS included on the direct access storage device, the remaining
portion of BIOS having means for operating the system, vs'lherein the first portion of
BIOS initializes the system and the direct access storage device to load the master boot
record, the first portion of BIOS transferring control to the executable code segment of
the master boot record in order to effect the loading of the remaining portion of BIOS

into the random access memory to begin operating the system.

According to still another aspect of the present invention there is provided a
method for storing BIOS in a personal computer system, the system including a system
processor electrically coupled to a read only memory, a random access memory, and
direct access storage device, the method comprising the steps of: (a) storing a first
portion of BIOS in the read only memory, the first portion of BIOS including means for

initializing the system and the direct access storage device; (b) storing a remaining
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nmodel and subnodel val ues of the read only nmenory|T espeéttvery rder to
verify that the master boot record is conpatible W . br pcessor
and the I/O configuration of the system planar. 8 S
| oadi ng the operational interface into a®personal |cgnputer systen
personal conputer system having a syste(T processof, a read only ne
random ac ty. | rect .ac :
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records fromthe at | east one direct access Sstorage device into random
access nebootyrecardvinto eaidonnacressnmerhory, ahefriastet beptirbeora Ghclodial aaTREItEble
systemis conpatible with

code segment; (e) transferring control to the executable code segment to load the

remaining portion of BIOS into the random access memory.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

An embodiment of the present invention will now be described with reference to

the accompanying drawings:

Fig. 1 illustrates a cut away view of a personal computer system showing a system

planar board connected to a plurality of direct access storage devices;

Fig. 2 shows a system block diagram for the personal computer system of Fig. 1;



t he opgrational interface; a renmmining portion of thj
included in the at | east one direct access storage d
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portion of the operational interface including reusaplg neans for assijsting
in the operation of the personal conputer system whgrgi mggimﬂ {gotrst
portion of the direct access storage devidce for effeft ng the | oadi ng fof
said remai ning portion of the operational interface portt 1 dgm

access menory after confirmng that s%w&i ning pprtion of the
operational interface is conpatible w e system .9. “The apparatus of
claim8, wher eif appirds Yot ideticadthg e BBerAAng size 3tdad b é&ﬁ@ﬁ%{ltih%?féeé the
operational interface includes a power on self test routine, said power on
sel f test persohalneomputet alstéin) ghe pdrsoaslt tafip@er ¥ystdin tavinss he@sfeﬁ{‘ffp}b&@&r
necessary to | oad the renmaining portion of the operational interface. 10.
The appar eleatricaily c¢auipiedoto wéeel enly memoryovendomnacsesst mieamiry iantdt diddot zesedshe
system processor functions, nenory subsystens, and direct access storage
devi ce sulStoyagesdavice] saitiappaapisrcompsisipg: cl ai m 8, wherein sai d validation
means includes data representing the type of system processor and

confi gur at i onMsang fox, mniiaskzing, ther sysnn prd theodiress ageess storageodevicsowith i firsthe

apparatus of.clajm 11, erein said yvalidation _neans includes a nmeans for
PP portion gf] tﬁ]e opera}:llwgnal?nterfice resident in the read only memory;

means for loading a master boot record stored on the direct access storage device
into the random access memory, said master boot record including an executable code
segment; and

means for transferring control to the executable code segment to load a remaining
portion of the operational interface stored on the direct access storage device into the
random access storage device, said remaining portion of the operational interface having
means for operatingithe personal computer system, said first portion of the operational
interface being discarded after transferring control to the executable code segment.
2.  The apparatus of claim 1, wherein said initializing means of said first portion of
the operational interface includes a power on self test routine, said power on self test
routine initializing and testing only those system functions necessary to load the
remaining portion of the operational interface.
3.  The apparatus of claim 2, wherein said power on self test initializes the system
processor functions, memory subsystems, and direct access storage device subsystem.
4.  The apparatus of claim 3, wherein said initializing means of said first portion of
the operational interface includes a load routine for loading said master boot record into
random access memory and transferring control to said master boot record.
5.  The apparatus of claim 1, wherein the master boot record further includes a data
segment, the data segment representing a hardware configuration of the personal
computer system which is compatible with said master boot record, and further wherein

the read only memory includes data representing a hardware configuration of the system
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indicating errors in |oading said remaining portion

ifterface. 13. The apparatus of claim 12, wherein sgtit’ipdd ﬁﬁﬁ@ﬂﬁﬁﬂ@ﬁbatlng
errors conprises a diagnostic panel. 14. The appar a} uf her ei n
said neans for indicating errors conpri% S a video P 27
15. The apparatus of claim8, wherein t at | east
storage device conprises a fixed disk drive where
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16. The apparatus of claim8, wherein e at | east
storage dpi¥é GRndRNPAdCERS m2nidird K 84ill CexidindBle\bdiee bdgnfcht ctoh@afusnﬂlerrﬁm&@ ads
data records fromsaid diskette drive into random access nenory. 17
met hod f oconfignration data dioemathe anasteri boatr feaord with athe dasdweaat mﬁguufaﬁbnw em
the systemincluding a system processor electrically coupled to a read only
menory, afroenthenreadcenly memoryyfo aeifydtheemastst dootgrecant és somipatible, with ahe
system further including a

system processor.

6. The apparatus of claim 5, wherein the data segment of the master boot record
includes a value representing the system planar which is compatible with the master boot
record and further wherein the system planar further includes a means for uniquely
identifying the system planar in order to verify that the master boot record is compatible
to the system planar. _
7. The apparatus of claim 5, wherein the hardware configuration data on the master
boot record includes a model value and a submodel value, wherein the model value
identifies a system processor which is compatible with said master boot record and the
submodel value represent an I/O configuration of the system planar which is compatible
with the master boot record, and further wherein said read only memory includes a
corresponding model value identifying the system processor and submodel value
representing the I/0 configuration of the system planar, wherein said model value and
submodel value of the master boot record are compared to the corresponding model and
submodel values of the read only memory respectively, in order to verify that the master
boot record is compatible with the system processor and the I/O configuration of the
system planar.
8. . An apparatus for loading the operational interface into a personal computer system,
the personal computer system having a system processor, a read only memory, a random
access memory, and at least one direct access storage device, said apparatus comprising:

a first portion of the operational interface stored on the read only memory, said
first portion of the operational interface including:

means for initializing the system processor and the at least one direct access

storage device, and
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first portion of the operational interface storeq menory,
the first portion of the operational interface irB:E? @Mm§w
initializing the systemand the direct access stqrdge device and{a
remai ning.portion of the operational intgrface stjon ed1®UAN3991]rec1 access
storage device, the remaining portion of the operatiional interfage
I ncl udi ng nmeans for operating the personal conpufjer systemin a nofmal
manner, said ggédidsk sRMM fofi16aliAd @ats refdsdsofrom(tBe Wﬁ_ hdtionk d2d diygem
and the direct access storage device with the first portion of the

oper at i ond¢viceninto taxlem 4doess memibryy a naster boot record into random access
menory, the nmaster boot record including an executabl e code segnent; (c)
transferring aoyalidation meansdor genfirming thecpesisongleepmaputert systeonis colmpatibleawith ng
portion of the operational interface into the random access nenory and (d)
di scar di nfhetqperational infrgfackon of the operational interface after

transferring contrpl to the cutable Qde egne t. .18. The net hod, of
claim 17, furfAEMANRT BAFUYY q é‘P%‘i?u? P‘Fﬁﬁdﬁ‘éjmlﬁ%ﬁm’ch@s‘ﬁﬁ&@?@%oot

record is cOo i bl e Wlthth stem data s ed in e,.first
portion of® cf’iffp e, APYise ﬁt’«??ﬁf :-'3 ?Ibr? P&Bﬁﬂr"é'éfp E&?i Efﬁ:?'éd‘%or ed
in the m?etugﬁblg ¥Yank ?8:055%1stmg in the operation of the personal computer system, wherein

said first portion of the direct access storage device for effecting the loading of said
remaining portion of the operational interface portion into random access memory after
confirming that said remaining portion of the operational interface is compatible with the
system.
9. The apparatus of claim 8, wherein said initialization means of said first portion of
| the operational interface includes a power on self test routine, said power on self test
- routine initializing and testing only those system functions necessary to load the
remaining portion of the operational interface.
10. The apparatus of claim 9, wherein said power on self test initializes the system
processor functions, memory subsystems, and direct access storage device subsystem.
11. The apparatus of claim 8, wherein said validation means includes data representing
the type of system processor and configuration of a system planar coupled to the system
Processor.
12. The apparatus of claim 11, wherein said validation means includes a means for
indicating errors in loading said remaining portion of the operafional interface.
13. The apparatus of claim 12, wherein said means for indicating errors comprises a
diagnostic panel.
14. The apparatus of claim 12, wherein said means for indicating errors comprises a

video I/O controller.
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) Fodtrgt he step
(f) of verifying that the master boot record is cp :th‘ﬂf system
processor by conparing data in the read only nmenofyfto correspondi g data
i ncluded in the master boot record. 20.__The nethogd iIngl udi ng
the step (g) of generating an indi cati & that the d is not
conpatible if the conpare data do not match. 21.

conpri si ng. artey ahiFas VFCIBA 8 IvHehdih GAL la¥ 1694 BHEQisb Socb&AGoRIREY IR Y.
a random access nenory and at. | east one direct access storage device,

char act erdoagtise atfigdd diBe divet wherbinr $ae load @i meatSloads fath Stcqgrds tiican said Bl OS
resident in the read only nenory, the first portion of BIOS having neans

for initifsedalisigdtiveiny sinelonpantesshmendoryect access storage device; a naster
boot record included in the direct access storage device, the naster boot
record i nld. udfhegapparatue oftclaiime 8c sdsreingheat leashdne directaageessystpragei daviesf
BIGS | nClcl(J)(IjIﬁgisgg at Qi%kgti:er ?ifigle a“(;l(i:e?'gii ssatici) rl(z)ia (iangdg;/eiat(l:se 1oatdQ edata records from said
diskette drive into random access memory..-
17. A method for storing an operational interface in a personal computer system, the
system including a system processor electrically coupled to a read only memory, a
random access memory, and direct storage access device, the system further including a
first portion of the operational interface stored in the read only memory, the first portion
of the operational interféce including means for initializing the system and the direct
access storage device and a remaining portion of the operational interface stored on the
direct access storage device, the remaining portion of the operatiqnal interface including
means for operating the personal computer system in a normal manner, said method
comprising the steps of:
(a) initializing the system and the direct access storage device with the first portion of
the operational interface;
(b) loading a master boot record into random access memory, the master boot record
including an executable code segment;
(c) transferring control to the executable code segment to load the remaining portion of
the operational interface into the random access memory and
(d discarding the first portion of the operational interface after transferring control to
the executable code segment.
18. The method of claim 17, further including the step (e) of verifying that the master
boot record is compatible with the system by comparing data stored in the first portion of

the operational interface portion with corresponding data stored in the master boot

record.
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remai nj ng portion of BIOS having neans for operatin
the first portion of BIOS initializes the system an
storage device to | oad the naster boot record, the
transferring control to the executabl e code segnent
record in order to effect the | oading oféthe remain
t he random access nenory to begin operating the sys
storing ' S : Hirile FIVE e mait
ot ocessor ol ooyt BRI inf BIPHfer SENGAR e Vg OF Ve T el
NENDry, bt Gedopd tis S6mPaTHIS WWafhohe s?ﬁh‘ingoc;ésﬁkﬁ- BetdiaphraRdith s e f48 onlyePs
of: (a) storing a first portion of BI in the read only nenory, the first
portion ahembi§Sta cuttaspomtingrdata indloded inithé miaster bepttrbeordy st em and t he direct
access storage device; (b) storing a remaining portion of BIOS on the

di rect ackssThe methpd afenlaioe]8.t includingetheistep (gbof generatingBinGBdicatibn dhat ghereans
for operating the systemin a normal manner; (c) initializing the system
and the dnasten baotgecosd 4 petngapatibledt thei comy femopwatchon of Bl OS;

21. A computer system comprising: a system processor electrically coupled to a read

only memory, a random access memory and at least one direct access storage device,
characterised in that the system further comprises:

a first portion of BIOS resident in the read only memory, the first portion of BIOS
having means for initializing the system and the direct access storage device;

a master boot record included in the direct access storage device, the master boot
record including an executable code segment; and

a remaining. portion of BIOS included on the direct access storage device, the
remaining portion of BIOS having means for operating the system, wherein the first
portion of BIOS initializes the system and the direct access storage device to load the
master boot record, the first portion of BIOS transferring control to the executable code
segment of the master boot record in order to effect the loading of the remaining portion
of BIOS into the random access memory to begin operating the system.
22. A method for storing BIOS in a personal computer system, the system including a
system processor electrically coupled to a read only memory, a random access memory,
and direct access storage device, the method comprising the steps of:
(a) .. storing a first portion of BIOS in the read only memory, the first portion of BIOS
including means for initializing the system and the direct access storage device;
(b) storing a remaining portion of BIOS on the direct access storage device, the
remaining portion of BIOS including means for operating the system in a normal
manner;
(c) initializing the system and the direct access storage device with the first portion of

BIOS;
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29 (d). loading a master boot record into random acc thgRgst er
boot record including an executabl e code segnent; (€ it r ol
to the executabl e code segnent to | oad the renaining portion of BI OSE ifnt o
t he random access menory. 29 13 JAN 1997

(@ loading a master boot record into random access memdryrﬁmmmgwmdd

including an executable code segment;

L

(e) transferring control to the executable code segment to load the remaining portion of

BIOS into the random access memory.
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LOADING METHOD AND APPARATUS FOR COMPUTER SYSTEM

. ABSTRACT

An apparatus and method for decreasing the memory requirements of

BICS in a personal computer system (10) includes storing a first portion

.of BIOS in memory and a second portion on a direct storage access device.

The personal computer system (10) comprises a system processor (26}, a
random access main memory, a read only memory (36), and at least one
direct access storage device (62,66). The read only memorf {36) includes |
the first p'értio'ri of BIOS and data representing the typé of system
processorxr -(26) and system planar (24) 1/0 conficuraition. The 'first
portion of BIOS only :mcludes routmes for 1n1t1a1121nq the system (10)
and the direct access storage dev;ce (82, ,66) to read in & mas{'.or boot
record into the system (10) from the direct access storage: device (62,66).
The master boot record includes a data segmont (122-138) and an executable
code segment (120). The data segment (122-138) includes data rebresentlnc
system hardware and a system configuration which is supportea by the

master boot record.,
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LOADING METHOD AND APPARATUS FOR COMPUTER SYSTEM

The present invention relates to a computer system and in particular

to apparatus for installing BIOS into a perscnal computer system.

Personal computer systems in general hzave attained widespread use for
providing computer power to many segments of today's modern society.
Personal computer systems can usually be defined as a desk top, floor
standing, or portable microcomputer that consists of a system unit having
a single system processor, a display monitor, a keyboard, one or more
diskette drives, a fixed disk storage, and zn optional printer. One of
the distinguishing characteristics of these systems is the use of a
motherboard or system planar to electrically connect these components
together. These systems are designed primarily to give independent
computing power to a single user and are inexpensively priced for purchase
by individuals or small businesses. Examples of such personal computer

systems include the IBM PERSONAL COMPUTER AT and the IBM PERSONAL SYSTEM/2

Models 30, 50, 60, 70 and 80. o , .

These systems can be classified into two general families. The first
family, usually referred to as Family I Models, use a bus architecture
exemplified by the IBM PERSONAL COMPUTER AT. The second family, referrsd

to as Family II Models, use MICROCHANNEL bus architecture exemplified
by the IBM PERSONAL SYSTEM/2 Models 50 through 80. .

In early examples of family I personal computer systems such as the
IBM Personal Computer, it was recognised that software compatibility weulid
be of utmost importance. In order to achieve this goal, an insulation
layer of system resident code, also referred to as "microcode", was
established between the hardware and software. This code provided an
operational interface between a user's application program/operating
System and the device to relieve the user of the concern about the
characteristics of hardware devices. Eventuzlly, the code developed intc

@ Basic Input/Qutput system (BIOS), for allowing new devices to be added



