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A METHOD FOR BASIC INPUT-OUTPUT SYSTEM (BIOS) CODE
COMPRESSION/DECOMPRESSION DISPATCHER |

BACKGROUND OF THE INVENTION
Field of the Invention ,
The present invention is related to personal computers and more
particularly to an object-oriented basic input/output system using data
compression.

Background Art
-in IBM compatible personal computers a set of programs called basic
input/output system (BIOS) are encoded in read-only memory (ROM).
The BIOS facilitates the transfer of data and instructions between a
central processing unit (CPU) and peripheral devices such as disk drives.
Computer systems are designed to perform functional tests of the BIOS
every time the computer is turned on. When the computer is turned on,
BIOS is copied to an area of random access memory (RAM) set aside for
_it. Since a RAM is much faster acting than a ROM, accessing the BIOS
code from RAM results in much faster initialization of the co,mputer.

As more new features are designed into computers, more code has to be
stored into the BIOS stored on the ROM. The size of the ROM must be
increased to accommodate the additional code, resulting in additional
manufacturing costs. It is desirable to decreaseé product cost by reducing
the size of a ROM required to store the BIOS and all of its components.
This can be do_ne by decompressing the code as it is stored on the ROM
and then decompressing the code at the time it is copied to ihe RAM.

SUMMARY OF THE INVENTION
Bnefly the present invention provides a method in which memory
controller related components, a power on self test (POST) object, and a
.d_ecompress_ibn dispatcher are stored in a read only memory (ROM). The
" method tests and initializes the memory controller related components;
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The BI OS faci litates the transfer of data and instructions between a s

central ?ﬁ%{ug unit (CPU) and peripheral devices such as disk drives.
Conput er sys ens” are designed to performfunctional tests SCTUSES/BIIE .
every tinme the conputer is turned on. V\hen the conputer is turned on, BIGS 7
IS copied to an area of rando ok y. (F set aside for it. Since

‘a RAMis nuch faster acting t ﬁ"%SHéE/ITFm the BIOS code from RAM
results in nuch faster initi lzatlﬁﬁf"@pﬁme cofnput er. As nore new

features are designed into conputers, nMose code has to be stored into the
BIOS stored on the ROM The size of t he must be increased to

accommodat e t.,h ddi t.i onal- code, ulti add tiona nuf act uri ng

costs. It is H&'@? % %C%E@éé '596@335£§P4§9 ?%&R:FQ#IFPP@(’& ze of a

- ROM requi r ed resultingrie unconfpiré¥sethcodd, land, exeeutesitheumebmprésésd 66de.be done
~ by deconpressing the code as it is stored on the ROM and then deconpressi ng

the code at the tine it is copied to the RAM
More specifically, different basic mput/output system (BIOS) functions are

split into components, or objects, and are only decompressed and

executed when needed. A decompress:on dispatcher software takes a

:request from currently executing BIOS code to decompress another

portion of BIOS code that may be needed. The requester can specify

whether or not to just decompress the portion of code into memory or to
decompress and initialize the decompressed BIOS. The'decompression ‘
dispatcher can be used to dlspatch different portions of BIOS code to

dlfferent processors ina muht-processor system -

The BIOS stored i in a read only memory (ROM) is organized into a set of
components, each bemg drspatched as an independent executable object
after being copled to a shadow memory portion of a random access
memory (RAM) Three types of components are deflned initialization
components runtime components and functional components The
initialization components are dispatched during a Power On Self Test
(POST) cycle such that the initialization components are active during
initialization. The initializ’ation’ components are terminated prior to loading -
an operating system. The_runtime ‘components are maintained
decompresSed and executable after loading of the operating system. The
funct:onal components are dlspatched on'an as needed basis. The
components can be actively or passwely dlspatched Control over a
dlspat_ched object is returned to a requester by the decompressr,on
. dispatcher upon a condition that the component is to be passively

dispatched and the passively dispatched component is recorded in a
memory manager. Control over a dispatched object is passed to the
decompressed component upon a condition that the component is to be

~ actively dispatched. When dispatching components the decompression ;

| dispatcher works from a packing list provided in the RO_M‘image"by a o

BIOS build process. To optimize device usage, the binary images that -
comprise the different components are packed into the final ROM image.
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SUMVARY COF THE | NVENTION  The services to be

provided by a basic input/output system (Bl GS) of a.conputer systemare
i Bpl ement ed™2 W7 Runber of independently executabl e service PORUSHIIL0
Addi tionally, the BIOS is provided with a deconpression dispatcher for

deconpressi ng and di spatching the

ni nto random access

1 on
menory (RAM of the conputer syst ﬁrﬁ% ig@ﬁcﬁ?%h an as needed basi s,
(o]

and renoving the dispatched servi

§€Dwhen {lhey are no | onger

needed. As a result, the service -corrponénts may bé stored in a non-
vol atile storage in a conpressed state, al -8wi ng nore services to be
I npl enmented wi thout requiring nore non-vol atil e storage.

" board.

The packing list provides a detailed description of the packing as well as
other important pieces of information regarding the types of components
that have been packed into the ROM.

An advantage of this inventidn is that the' decompression dispatcher can
be used to embed option ROMs of add-in cards into the BIOS and, by
virtue of auto-detection, associate those ROMs with the installed add-in
card. | '

An advantage of this invention is that it provides a way to put more
features into existing products and reduce the cost of future products.

A further advantage of this invention is that it provides a solution that is
more comprehensive than the prior art by allowing all possible code and

text to be compressed.

A further advantage of this invention is that it provides a way of

| customizing BIOSs without having to change individual binary images.

A further advantage of this invention is that it provides a way of _
distributing BIOS execution to other area of memory besides the standard

. OF0000h, and onto multiple processors.

- Afurther advantage of this invention is that it provides a mechanism for

selling low-cost PCI add-in cards without having to ship a ROM on each
card, because the ROM can be embedded into the BIOS of the mother

The foregoing and other objects, features, and advantages of the
invention will be apparent from the following more particular description of
a preferred embodiment of the invention as illustrated in the
accompanying drawings.
_
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initializes the deconpression di spatcher; dispatches the POST object e
resul ti ngw 1%g_forrpressed--code, and, executes the unconpressed code. Mor
specific é}’ %X ferent basic i nput / out put system (Bl OS) f BEI{YSSHL4140 o .
split into conponents, or objects, and selected ones of the conponents are
stored in a conpressed statejjand-t-hese-conpressgd conponents are only
deconpressed and execut ed whéinTHIESIEET BASIBEEND] essi on di spat cher software
takes a request from current |y excBBPHFAGEBI OS cppde to deconpress anot her
-portion of BICOS code that nmay be'needed._'4_ guest er can specify whet her
or not to just deconpress the portion of 'code into nenory or to deconpress
and initialize the deconpressed Bl OS. _The de&g{gr.essi ?ﬂﬁﬁ spat cher. can be
used to dispatch differe B'.%RE%GB%T-'@_: DRAW ¥t ent processors in
a nul ti - pr oceFRRMIRE T & blockIdiagRirPof sl cumputen spsteetih which thierpregedtROM i s
organi zed intg a t$et'.of goa“%o_ents, each bei ng di spatched as an i ndependent
execut abl e obﬁ"(‘-,@f' 100 (S.$Mp8 (jfcopi ed to a shadow nenory-portion of a random
access nmenory (RAM. Three types of conponents are defined, initialization

conponents, rgiRYHE £HRHIBR diagrifl df dBddie MPutioutput system (BIOS)

program in accordance with the present invention;

S

FIGURE 3 is a.ﬂow diagram of the dééompreééion dispatéhef of FIGURE
2; ' | '

FIGURE 4 is a flow diagram of how the decompression dis;iatc_her of
FIGURE 2 is invoked;

FIGURE 5 is a flow diagram of how components are dispatc;héd;__ |
FIGURE 6 is a flow chart of the execution of the dispatched component;

FIGURE- 7 is a flow diagrafn of the get coinppnent subclass ideifiti_fier
block (506) of FIGURE 5; |

FIGURE 8 is a flow diagram of dispatching of corriponéhts of a class that
is protected having 4 gig limits;

FIGURE 9 is a flow diagram of dispétchi ng of cbmponents of a class that
is protected having 64 K limits;.

FIGURE 10 is a flow diagram of remdving a componént from memory;

FIGURE 11 is a flow diagram of a function returns the size and address
of any dispatched component;

FIGURE 12 is a flow diagram 'of the proc_édure for getting '_a specified
component transferred and stored in RAM in an uncompressed and
executable state; and,
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cdnponents. The initialization conponents are di spatched during a Power On
Sel f Test (Pgﬁﬁggﬁ cle such that thesinitialization conponents_are active
d&ring initi h}n The initialization conponents are terni RETVSHKLIL
to | oading an operating system The runtinme conponents are nmaintained in

t he unconDr essed/ deconpressed state and executable after |oading of the
operating system The functional conponents are deconpressed and

di spatched on an as needed basis. The conponents can be actively or

passi vel y di spatched. Controli“over a dispatcged object .is returned to a
requester by the deconpression dispatcher upgn a condition that the
conponent is to be passively dispatched and the passively dispatched .
conponent is recorded in a nenory nanager. Control over a dispatched object

is ltoasged t?_ t hle F'l(?umﬁtf%i?séé ﬂahwmagﬁiﬁ O?QEBIGS agmibteddyastthﬁta%tbmaiegpon_ent'--
is to be actively_dispatched. en. di spat ching. co n e _deconpressi on
i spat cher wor ks FYBRISESt RNl AEREE GRS 1O AP M aBeRl (e84 oo
buil d process. To optimze device usage, the binary inages that conprise
the different conmponents are packed in the final ROM i nage.



- 3- The packing list provides a detailed description of the packing as unirn

wel | as t nportant pieces of information regarding t es _of
conponen?@’%rrﬁylz have been packed into the ROM An advaﬂ%é’osblf"cohl s =

- invention is that the deconpression dispatcher can be used to enbed option v
ROVs of add-in cards into theBLOS and by _virtue of auto-detection,

associ ate those ROMs with thejfingisaidss @@BEQN ard. An advant age of
~this invention is that it proyi des ngp\gycgg put] re features into
exi sting products and reduce Etpee—profluct s. A further
advantage of this invention is that i t pt OVI des a solution that is nore

h th
comprehensive han ecBuiShoN of THE BelERke ESLBIRIR 2 {ext 1o

Refer to FIGURE 1 which is a block diagram of a computer system in

~‘which the present invention is embodied. The computer includes a read
only memory, or ROM, (10) a dynamic random access memory, or
DRAM, (22), a system memory cache (24), a cache/DRAM controller
(20), and central processing units (28, 30). A set of programs called basic
input/output syStem (BIOS) are encoded in ROM (10). The BIOS
facilitates the transfer of data and instructions between the central
processing units (28, 30) and periphéral devices. In the present invention
the BIOS is organizéd into a set of BIOS components (32 through 54), '
each of which is capable of being dispatched as an independent
executable object. Each BIOS component is a self-contained (link
independent) binary image that performs a certain task or function. The
BIOS components fall into three major types: initialization components,
runtime components and functional components. |

- The ROM (10) is a non-volatile device used to store the BIOS
components, some in a compressed state and some in an uncompressed
state. The DRAM (22) stores a shadow RAM binary image of selected |
components stored in the ROM which have been decompressed and

- stored in the shadow RAM. In Intel 80386 and 80486 computers, shadow
RAM is a portion of upper memory area set aside for programs retrieved
from ROM. | |

Compressed code is the code that resides in the ROM in a compressed
state. Decompréssed code is code that has been decompressed from its

. compressed state inside the ROM and now resides in DRAM (22)
shadowed memory, in an uncompressed state. Uncompressed code is
code that resides inside the ROM in an uncompressed state. This is code
that was never compressed.

A com'pone_nt that has been decompressed and activated is an object that
is manipulated with modular programming techniques.
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A‘furt her advantage of this invention is that it provides a way of

custom zi ng Bl OSs_wi t hout having to change i"hdj,vi dual bi nary inmages. A
f@rther advaNPAA3BR this invention is that it provides a way REI/USIS/14110
di stributing BIOS execution to other area of menory besides the standard

OFOO0Ch, and o multiple processor s= ntage of this
invention is that it provides a rrethEiHISsaHEE)THA§@EIENn | ow- cost PCl add-in
cards without having to ship a ROMipn ea(ﬂEPLAQIEQ bec use the ROM can be
~enbedded into the BIOS of the' noth oregoing and ot her objects,
features, and advantages of the invention wif1 be apparent fromthe
follow ng nore particular description of a preferred enbodi nent of the

“invention as il | Btored intherROM{10) aveple follogving aamppnents: power-on self-test

| '(POST) object (32); advanced power management (APM) object (34);
video BIOS option ROM (36); runtime system BIOS object (38);
peripheral component interconnect (PCI) BIOS object (40); small
computer system interface (SCSI) option ROM (42); configuration utility
(44); server management software object (46); miscellaneous optional
ROM(48); component packing list (50); decompression dnspatcher (52);
and power-on self-test (POST) loader module (54).

The ROM (10) is connected to PCI to ISA Bridge Device (14) via Industry
Standard Architecture (ISA) Bus (12). The PCl to ISA Bridge Device (14)
is connected to the Peripheral Component Interconnect (PCl) Bus (16)
which is connected to the host to PCI bridge device (18).

System random access memory, RAM, (22) and system memory cache
(24) are connected to the Cache/DRAM Controller (20) via a local
memory bus. The CPU 1 (28) and the CPU 2 (30) is connected to the
host to PCI bridge device (18) via the Host CPU Bus (26). |

FIGURE 13 is a flow diagram of a BIOS build process that automates
compressing and packing components into a final ROM binary image. A
list of binary images and associated attributes to include in the final ROM
image (1300) and a number of binary image files (1302) are provided to a
ROM Packing Utility (1304). The ROM Packing Utility (1304) creates a
packed ROM image (1306) and a packing list (1308) that are merged by

- a merge utility (1310) into a final ROM image (1312) and a packing map

* (1314) that are stored in the ROM (10) shown in FIGURE 1.

Terminology o |
Compressed Code- Compressed code is the code that resides in the

BIOS storage device in a compressed state.
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AVENDED SHEET BRI EF DESCRI PTI ON OF THE
DRAW NGswﬁlggH 21 is a block diagramof a conputer system j, ,pg& ﬂhe
a

present 1 nvention is enbodied; FIGURE 2 is a fIOM/dlagranto Sl c
I nput / out put system (Bl OS) prograntln accordance.wth the present
i nvention;
THIS. SHEET HAS BEEN
u  REPLACED '
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f Decompressed Code- Decompressed code is code that has been
- decompressed from its compressed state inside the BIOS storage device
and now resides ln DRAM or Shadowed Memory in an uncompressed
state.

: Uncompressed Code- Uncompressed code is code that resndes inside the
- BIOS storage device in an uncompressed state code that never has
been compressed.

Storage Device- The non-volatile device used to store the BIOS code
(compressed or uncompressed). This may be a FLASH or _EEPROM.

Component- A BIOS component is a self-contained (link independent)
binary image that performs a certain task or function. A BIOS component

~ could be something as simple as the decompression dispatcher itself or
as complex as the-entirety of Power On Self Test (POST) software.

Object- An object is a component that has been decompressed and
activated. '

Direct Dependency- A Direct Dep_en_denc':y is a depen_de'ncy'Upon another
object or component that is satisfied by a far call or absolute jump
instruction.

Indirect Dependency- An lndirect Dependency is. a dependency upon
another object or. component that i is satisfied by an API such as an
. interrupt function or the. decompressxon dlspatcher

Packing Utility- The Packing Utility is the utility used by the BIOS build
process to automate compressing and packing Components into the final
read only memory (ROM) image.
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FIGURE 3 is a flow di agram of initializi ng t he deconpressi on di spat cher of
FI GURE 2; EIGURE 4 is a flow diagram of: ‘héwt he deconpression di spatcher

ofd FI GURE 2 WO eq FIGURE 5 is a flow di agram of how coR@HHEMHM1HY e
di spat ched; FIGURE 6 is a flow chart of the execution of the di spat ched
conponent ; FIGURE 7 is a flow diag get——conponent subcl ass

H%A@ geeNal{f | ow di agr am of
~dpi.ARED ect eq and having a 4 gig
- spatcHFGOf conponents of a class

i dentifier block (506) of FIGURE[B;
di spat ching conponents of a cladp"
limts FIGURE 9 is a flow diagria
that is
Packing Script- The Packing Script is the script used by the Packing
Utility to describe the packing order of the ROM image. The Packing

Script facilitates the automated build process.

Packing List- The Packing List is genei'ated by the Packing Utility and
describes all the attributes of the packed ROM image. This list is used by
the decompression dispatcher to dispatch components.

Decompression dispatcher- The decompression d_ispatcher is the
component responsible for all decompression and dispatching activities.

Component Types

The BIOS is or_ganized_ihto a set of components, each being dispatched
as an independent executable object. Components fall into three major
types: initialization components, runtime components and functional
components.

Initialization compohents are dispatched during what is commonly
referred to as the Power On Self Test (POST) cycle. These components
are active during initialization and terminated prior to loading the
Operating System. initialization components may contain direct runtime
dependencies but these dependencies are limited to objects of the same

 Component Class. All initialization components must be segment
relocatable. |

. Runtime components are objects that must remain decompressed and
executable after loading of the Operating System. Typically, runtime
components are combined to form the 64K System BIOS image located
in the FOO00h segment. Runtime components may not contain any direct
dependencies to any other component regardless of its type or class, and
indirect dependencies are allowed only to other runtime components.
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protected and having a 64 Klimt. FIGURE 10 is a flow di agram of

r enovi Ngwip

ent from nenory; FIGJRE 11 is a flow di @Qﬁ-ﬂj@ghﬂo

function returning the size and address of any di spatched component.

state;

and

REPLACED

FIGURE 12 is a flow di agram of racedure for .getting a specified '
-conponent transferred and stor dring dRAM ﬂWA@BEEN rrpressed and execut abl e

-10-.

Functional components are dispatched on an as needed basis. A
Functional component may not contain any direct dependencnes toany
other component regardless of type or class An example of a Functional
component is a Configuration Utility or a BIOS Setup program.

| Componem Dispatchmg

Components are dispatched through a utmty called the decompression
dispatcher. There two types of dispatching supported by the
decompression dispatcher, active and passive. '

Components are said to be passi'vely dispatched when the binary image
is - decompressed into memory and control is returned to the requester by
the decompression dispatcher. Passively dlspatched components are

- recorded in the Memory Manager and must be dlsposed of pnor to .

loading of the boot strap

Components are Said to be actively dispatched when the binary image is
decompressed into memory and control is given to the decompressed
object. Components must support Real'mod_e_ execution to be actively
dispatched. Control is given directly to the actively dispatched component
by the decompression dispatcher. ' |

Control may or may not be returned to the requester depending upon the
Component being dispatched. The code segment (CS')', insthétion pointer
(IP) and Flags of the requester remain on the stack when control is given
to a actively dispatched component. That component may execute a ADD
SP, 6 if it chooses to maintain control or ex_ecuté an IRET instruction to

return to the requester.

When dispatching compdnents the decompféSsion di'spatch'er' works from
a Packing List provided in the ROM lmage by the BIOS buuld process. To

| optimize device usage, the binary images that comprise the different

components are packed into the final ROM image. The Packing List
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DESCRI PTI ON OF THE PREFERRED EMBODI MENT Ref er to-FIGURE 1 which is a bl ock

di agr am of r systemin which thé present invention is odi ed
TRe conput er |(r1ygpwggs a read only nenory, or ROM (10), a dynﬁ?’éﬁdb‘ﬂl
access nenory, or DRAM (22), a system e (24) a cache/ DRAM
controller (20), and central proc ?@%@HEEWWS(%N ). A set of prograns
cal | ed basic input/output system ) REPIAGETR 0de n ROM (10). The BICS
facilitates the transfer of data ns between the central
processing units (28, 30). and peripheral deyices. I'n‘the present invention
the BIOS is organized into a set of BICS co%onents (32 through 54), each

o ect . Each B OBreYABBAARIANE SBSTRar AnF RAKNG SRE A ANEL ROTATar
i mge th hat perf oipigces sfdnformativasbgarding it types oThenﬂo@_@ntmmmwshe‘eal ! g
Into three nmj or ; I ation conponents, runtine conmponents an

| patREG bbb ke 55 e o |

functional conpo 10) is a non-vol atile device used to store
t he BI OS conponents, sone in a conpressed state and sone in an unconpressed
state. The DRAM 22) stor es a_shadow RAM bi nary i mage of sel ected
conponent s st or e&lagH @?@lmmo“ For those conponents stored in the

conpressed st at eEdch@omb@néﬁF@%éﬁﬁﬁe@fb;bﬁé Qlgs$afd Sul-ClRisktedehTrew ROM
In Intel 80386 laﬂ
ass / Sub-Class combination must be unique for each component and
' there must not be two components of the same Sub-Class within a given
Class.

Packing Address '

The Packing Address field specifies the offset inside the ROM image
where the corresponding Component has been located. The Packing
Address is typically provided by the Packing Utility uniess specified in the
Packing Script. |

Unitialized Data components will have a Packmg Address of zero
(00000000h). '

Compressed Size
The Compressed Size field specifies the amount of space (in bytes)
consumed by a component when it is in the ROM image.

Unitialized Data eomponents use this field to specify the maximum
amount of memory required and be aligned on a 64K boundary.

Decompressed Size

The Decompressed Size field specifies the amount of space (in bytes)
consumed by a component after it has been dispatched. Components
that are placed in the ROM uncompressed have identical Compressed
and Decompressed sizes. ' '

—_—
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80486 conputers, shadow RAMis a portion of upper menmory area set aside for &=

pr ogr ans d from ROM Conpressed code is the code_ the resides in
t he ROM |‘§1’8£%)é%ressed state. Deconpressed code is code th%?”ﬂ%%s’lﬂb@n

deconpressed fromits conpressed state inside the ROM and now resides in.

'DRAM (22) shadowed nenory, -iff SSet-—Yr ate. Uncorrpressed code is
‘code that resides inside the IS SHEEH HASRFRIY @issed state. "This is code
t hat was never conpressed. : BBt had{ been deconpressed and

activated is an object that is nanlpulatﬁg w th nodul ar progranm ng
t echni ques.

Unitialized Data components specify this field to be identical to the
Compressed Size field.

Load Address . . ;

The Load Address field specifies the 32 bit physical address of where the |
component is to be dispatched. This field must be specified even if the

component is intended to be relocatable. Actively dispatched components

must specify a Load Address that is below 1Mb and aligned on a

paragraph (16 byte) boundary. | q

Unitialized Data components must specify a load address that is aligned
on a 64K boundary. If the Load Address is arbitrary then a value of all
FF's (FFFFFFFFh) may be specified. Components referencung Unitialized
Data with an arbitrary Load Address must use the Get Umtuahzed Data
Address function to determine the actual Load Address of the Unitialized
Data. This function can only be called after the Unitialized Data has been ]
dispatched. Refer to the Memory Management section described below
for restrictions on fixed Load Address for Uniti'a:l'i_zed Data components.

Execution Offset

The Execution Offset field specifies a 16 bit offset into the component
where execution is to begin. This offset must be specmed for all
components that satisfy direct dependencies of other components
regardless of whether or not they are to be actively dlspatched
Components that do not satisfy direct dependencles of other components
should specify this field as FFFFh.

'  Unitialized Data components must specify an-Execution Offset of FFFFh.

Relocatlon Type

The Relocation Type field specifies what type, if any, of component
relocation is supported. Types are either: not relocatable; relocatable
below 1MB only; relocatable above 1MB only; or relocatable anywhere.
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-7 | Stored in the ROM (10) are the foll ow ng conponents:
sel f-test wodsAs7bj ect (32); advanced power nanagenent

(AP
(84); ~video BIGS option ROM(36); runtime system Bl OS obj ect E§§§%f4ll°

(40) :

peri‘pheral conponent interconnect ¢
(m-IB)SHEBmHAngENl n uti

systeminterface (SCSI) option
.server managenent software object Y 46); REPEAGEDaneouf opti
‘conmponent packing list (50); deco (52);
self-test (POST) |oader nodule (54). The d¢gpnpre33|on

i ncl udes a deconpressor, a dispatcher and a Menory nenager .
I s'connected to PC1 to | SA Bridge Device (14) via Industry
Architecture (1SA) Bus (12). The PCl to | SA Bridge Device

power - on
smal | conput er
lity (44);
onal ROM 48) ;

and power-on
di spatcher (52)
The ROM (10)
St andar d
(14) S

connected to the Conponent | nterconnect (PCl) Bus (16) which is
EpRRL ke

connected to the bri dge deV| ce (18). System

random access

memory, RAM (22)TherRispataheFype fieldispesiies whattype of @l@mmmw is supprrted
Cache/ DRAM Cont r gl/lthe cb%)spuhamg doPRFdnd MPypedafe eifid: phskive didpatétitAgt he

CPU 2 (30) is conh

Component Organization

é %nspa?chmg, or both active and passive dispatching.

Though the flexibility of Component Type, Class, and Sub-Class allow
unique customization of a particular BIOS, there are five components that
must be supported in every BIOS. These five components are:
decompression dispatcher, decompression dispatcher unitialized data,
POST Loader, power on self test (POST), and system BIOS runtime
executable. These five 'components are described in the following

paragraphs.

Decompression Dispatcher

The decompression dispatcher component contains all the functions that
comprise the decompression dispatcher. Access is gained through the
interrupt interface defined in the decompression dispatcher Functions
section described below. This comp'on'ent resides uncompressed in the

~ ROM image.

Decompression Dispatcher Unitialized Data

This component is 128K in length and provides the memory'b'uffers

" required by the decompression dispatcher.

POST Loader
The POST Loader component handles all hardware gen

erated resets (i.e.

power on, front panel, etc.). and software generated _resé_ts after being
processed by the Shutdown Handler. This component resides
uncompressed in the ROM image and may not be dispatched into DRAM.
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host to PCl bridge device (18) via the Host CPU Bus (26). FIGURE 13 is a

flow di ag‘;&gg,ﬁfn BI OS build process that automates corrpresl,,si n and @acki ng

conponents in a final ROM binary imge. A list of binary

associated attributes to include in the final ROMimage (1300) and a nunber
0

of binary image files (1302) a Packing Utility (1304).

The ROM Packing Uility (1304) CTHgIPEER m@g@g\, : I mge (1306) and a

packing list (1308) that are | lity (1310) into a final
ROM i mage (1312) and a packi ngtsrep=tE33zp—tat—= stored in the ROM (10)
shown in FI GURE 1. Ter m nol ogy Corrpressed Code- Conpressed code is the

de t hat d d tate.
code that T esllheegnr'ngry respono%lllty of a}%g mgcyule Is Jtonccz':im‘gl:gou re%%ﬁ?; osf tﬁe ©
system to gain 2Mb of DRAM, activate the decompressnon dispatcher,
- and dispatch the main Power On Self Test.

Power On Self Test

The Power On Self Test component (24) is the main POST executable,
and is responsible for dispatching all components required for
initialization of the system. '

System BIOS Runtlme Executable _

The System BIOS Runtime Executable component is responsuble for all
compatible System Services nncludl_ng Interrupt and Device Service
Routines. This component must also contain the Shutdown Handler
responsible for handling all software related resets and dispatching the
POST Loader as needed. -

Decompression Dispatcher Functions

Dispatch Component 0.

The decompression dispatcher component (44) dlspatches a Component
into memory (12). Each Component is identified by a unique Class / Sub-
Class code combination. Dispatched Components are recorded in an
Allocation Table kept by the Memory Manager. The actual base address
of a Component may be retrieved at any time by calling the Get Physical -
Address( ) functlon -

ltis the responsibility of the caller to ensure that the Enter Flat Mod( ) has
been called and 4G Data Segments are active (this implies that Gate A20
is enabled) before calling this function. Also, if dispatching is being done |
into shadowed memory (between CO000h-FFFFFh), then the caller must
ensure that the appropnate range has been Read/Write enabled in

- DRAM.
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- 8- Deconpr essed Code- Deconpressed code is code that has been

deconpressedv;ronl s conpressed state inside the Bl OS storage _device and
naw resi des TP 1AM or Shadowed Memory in deconpressed stat ePCT/US95/14110
Unconpressed Code- Unconpressed code is code that risides inside the BIOS
‘storage device in an unconpressed = 2 EOUE gkgnever has been

conpr essed. St or age Devi ce- The W;eV|cefused to store the

Bl OS code (conpressed or unconpreg y—be=y FLASH or EEPROM

Conponent- A BI OS conponent is a sé¥ ged (I i nk i ndependent) binary

i mge that performs a certain task or funct| A BI OS conmponent could be

sonething as sinple as the deconpression dispatcher itself or
Unitialized Data Components are also dispatched using this function. All

possible requests for Unitialized Data must be satisfied in the Packing
List at build time in order for them to be dispatched by this function.
Dynamic assigning of Unitialized Data Components is not supported by
the decompression dispatcher.

Input:
AH 00h
AL  OOh - Passive Dispatch
01h - Active Dispatch
BX Class Code
CX  Sub-Class Code
EDI Relocation Address (00000000h if Relocation not
Requested.) |
ES! Unitialized Data Size (00000000h if Default)

Output - Success:
CF  Clear (0)
AH  00h

Output - Failure:
CF  Set(1)
AH  Error Code
01h - invalid Function.
02h - Component Packing List entry not found.
03h - Component does not support relocation
04h - Component cannot relocate above 1Mb
05h - Component does not support Active Dispatching
06h - Cannot Actively Dispatch above 1Mb
07h - Active Dispatch aborted because of invalid segment
alignment .
08h - Cannot allocate memory for component
09h - Decompression failed, dispatch aborted.
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as conplex as the entirety of Power On Self Test (POST) software. hj ect
- an obj unconpr essed/ deconpressed conponent that _has been '
actlvategﬁagbﬁﬁ§£ect Dependency- A Direct Dependency is a §H ﬁ?“upon
anot her object or conponent that is satisfied by a far call or absolute .
junp -instruction. I ndi rect Dependency- An indirect Dependency is a
dependency upon another object or conponent that is satisfied by an API
such-as an interrupt function or'the.deconpression di spat cher. Packi ng
Uility- The Packing Utility is the utiI 'y used by the BICOS build process
to automate conpressing and packing Cbnpo ents into the final read only

mermory (ROM bm%%gomponent Attributes( )

This function returns the information from the packing list correspondmg
to a given component.

Input:
"AH  01h
BX Class Code
CX  Sub-Class Code

Output - Success: _ | y : ‘

CF  Clear (0)

AH  Relocation Type

AL  Dispatch Type
EDX Decompressed Size
Si Execution Offset

EDI Default Load Address

Output - Failure:
CF  Set(1)
AH Error Code
01h - Invalid Function.
02h - Component Packing List entry not found

Get Component SubClass( )

Return the Sub-Class code for entry nin the Packing List that |
corresponds to a given Component Class code. To find all components
related to a given Class code call this function repeatedly incrementing
the Entry Number until a failure is returned.

Input:
AH  02h"
AL  Entry Number

& -



-9- Packi ng Script- The Packing Script is the script used by the Packing
Uility to cribe the packing order of the ROMimage. The Packin Scri pt
facilitat esqfﬁgﬁ'é{f’%nat ed build process. Packi ng List- The I?M%é’lﬂlgt
is generated by the Packing Utility and describes all the attributes of
the packed ROMimage. This list is used by the deconpression dispatcher to
di spatch conponents. Deconpr essi on di spatcher - The deconpressi on '

di spatcher is the conmponent responsible for all dispatching activities
“including deconpression. Conmponent Types 7The BIOS is organized into a
set of conponents, each being dispatched 'a'g an i ndependent execut abl e

obj ect. Conponents fall into three major types: initialization conponents,
runti me conponents an®Xundelrss&odeconponent s.

_ Out_put - Success:
CF  Clear (0)
CX  Sub-Class Code

Output - Failure:
CF Set(1)
AH  Error Code
01h - Invalid Function. -
02h - Component Packing List entry not found.

Enter Flat Mode( ) .

Enter Flat Mode execution. This function is provided for general
component usage and places the system in a mode where the full 4G
address range can be accessed through the general segment registers.
Gate A20 must be set by the caller prior to using this function. CS and SS
are unchanged and have 64K access.

Input:
AH 03h
- Gate A20 Must be Enabled.

Output - Success:
CF  Clear (0)
DS  0000h (4G Access)
ES 0000h (4G Access)
FS  0000h (4G Access)
GS 0000h (4G Access)

Output - Failure:
CF  Set(1)
AH 01h - Invalid Function.



Initialization conponents are di spatched during what is cormmonly referred

to as thwdesmyrrOn Self Test (POST) cycle. These conponent $crajses/ffiis Ve
during initialization and term nated prior to |oading the Operating
System Initialization conponents may contain direct runtine dependencies
but these dependencies are |limted to objects of the same Conponent C ass.
For the illustrated embodinment. all initialization conponents are segnent
rel ocatabl e. An exanple of an initialization conDonent is the POST Object.
Runti me components are objects that areignconpressed or renrain
deconpressed and executable after |oading of the Operating System

Typi cally, rypphi{8% ts are conbined to.formthe 64K system BI CS
i mage | ocat ed ?n thsp%z gnent . For the illustrated enbodi nent,

runti me conpbf@yR §lat Mode Gée%torba?i‘ﬂsafwcﬂﬁ? tainseRf thecliatmmedei es to any
ot her  conponggécutimitds eise redponisibility @ tivs callerd track and chagdthe cont ai n

component 1 & PR B8 ﬁ%tesb?ﬁew%&swﬁiﬁﬁc’g%na bv/*ﬂ'seffln@'e oAt

Input:
AH 04h

Output - Success: | N
CF  Clear (0) - [ |
DS 0000h (64K Access) '

ES 0000h (64K Access)
FS  0000h (64K Access)
GS 0000h (64K Access)

Output - Failure:
CF  Set(1) |
AH  01h - Invalid Function.

Dispose Component( )

This function removes a component from memory based upon the Class
and Sub-Class identifier provided by the caller. An efror s returned to the
caller if the given component does not have an entry in the Allocation
Table. Components that have been disposed of by this function are
removed from memory and the memory re-initialized to all zero's (0000h)

Input:
AH 05h
BX Class Code
CX Sub-Class Code

Output - Success:
CF Clear (0)
AH  00h



-10- Functional conponents. are di spatched on an as needed basis. For the
il lTustrated qgqeis#nt, a Functional conponent does not conta
dependencies to aggﬁbther conponent regardl ess of type or cIaSECiﬁéggké
of -a Functional component is the Cbnflguratlon Uiljty Component
Di.spat chi ng Conponents are di spafity iffity called the
deconpression dispatcher. There g pat chi ng supported by
t he deconpressi on di spatcher, acylLV 1 paSSi-ye Conmponents are said to
be passively di spatched when the binary inmg Q. i s deconpressed into nenory
and control 'is returned to the requester by the deconpression di spatcher.
Passi vel y di spatched conponents are recorded in the nmenory manager of the
deconpressi on di spat cher.

Output - Failure:

CF  Set(1)
AH  01h - Invalid Function.
02h - Component Aliocation Table entry not found.

Get physical Address( )
Return to the caller the base address and size of any dlspatched
Component identified by the given Class and Sub-Class code. An error is

returned to the caller if the given Component does not have an entry in
the Allocation Table. '

Input:
AH 06h
BX Class Code
CX  Sub-Class Code

Output - Success:
CF  Clear (0)
AH  00h
ED! 32 bit Base Address of Component
EDX Size of Component in bytes (1K aligned)

OQutput - Failure:
CF  Set(1)
AH  01h - Invalid Function.
02h - Component Allocation Table entry not found.

Memory Management
Memory testing and subsequent update of status to a video monitor are
all done in 'Real Big' mode as opposed to constantly switching between
Real and Protected Mode. 'Real Big' mode is a mode where the data

~ segment registers of the processor are loaded with Protected Mode type

_M

—_— .

| riu
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Al runtime conponents, actively as well as passively dispatched. are

di sposed WO 932 to the boot strap. Conponents are sai d perrosvsagispve! v
di spat ched when the binary imge is deconpressed into nenory and control is
given to the deconpressed object. Conponents nust support Real node
execution to be actively dispatched. Control is given directly to the
actively di spatched conponent by the deconpression dispatcher. Contr ol
may or may not be returned to the requester dependi ng upon the Conponent
bei ng di spatched. The code segnent (CS),-20astruction pointer (I1P) and Fl ags
of the requester remain on the stack when control is given to a actively

Lo el i n oo aradbristicsAv e TRCRIL afe stiesayont ’%@r‘?f% 'eqa'i“f‘“bﬁ chooses
request er. %Mﬁ’@%ﬁﬁ%ﬁ '%'Sﬁpﬁ%m Qc]SSer gSESMAYIYNS AN &@EQ@ r works

from a Packi ngvhile allowing a full 4 GB access to memory.



List provided in the ROMinmage by the BIOS build process. To optim ze

devi ce usagewolsbgszPhnary inmages that conprise the different cowoveshsdie e
packed into the final - ROM i mage. The

Packi ng Li st _ -11-

provi des a detail ed description of the packing as well|l as other inportant
pi eces of information regarding the types of conponents that have been

‘packed into the ROM Class .ldentification Each Conponent is identified
by its Oass and Sub-C ass code. The - -21-
Memory Map
FFFFFFFFh 4G

System FLASH ROM

4G-FLASH Size
Reserved Address Space '

|

Reserved Address Space

. Top of Memory
Reserved System Memory

4Mb

00400000h

Available to decompression
dispatcher
00104000h . 1M+16K
Reserved for decompression
dispatcher

00100000h | M

Reserved for System BIOS and
- Option ROMs

000C0000h | | 768K
Reserved for Video Memory




Class / Sub-d ass conbi nati on nust be unique for each conponent and there
must not W@9M778onponents of the same Sub-C ass within a grorosdshasm- _
Packi ng Address The Packing Address field specifies the offset inside t he
ROM i mage where the correspondi ng Conponent has been |ocated. The Packing
Address is typically provided by the Packing Utility unless specified in
the Packing Script. Unitialized Data conponents w |l have a Packing
Address of zero (OOOOOOOCH) . Conpressed Size The Conpressed Size field
speci fies the amount of space (in bytes)2@ensunmed by a conponent when it is
in the ROMinmage. Unitialized Data conponents use this field to specify

t he maxi num anount BBOKBHB{JX requrred, and pbe altgned on a 8ﬁ&boundary.
. . Reserved for ISA Network Adaptors

00080000h [ - 512K
Available to decompression
dispatcher

00010000h |  Reserved for DOS Compatibility | 64K

The Memory Manager tracks allocated memory blocks using a 4K byte
map and a 6K allocation table. The Memory Manager uses the 4K byte
map to specify the allocated blocks of memory. Each byte in the byte map
represents a 1K block of memory starting at OMb and ending at 4Mb. A
set byte (FFh) in a byte location means the represented 1K block of
memory has already been assigned to a requester. A clear byte (00h) in a
byte location means the represented 1K block of memory is available.

The Memory Manger uses the 6K Allocation_Table to identify the
assignee of each memory block. There is enough room in the Allocation
Table to assign 512 blocks of memory to unique Components. Each entry
in the Allocation Table has the following format:

Field Offset | Length. ___ Description

Class Oh WORD | Class code of component using memory.
Sub-Class 2h | WORD | Sub-Class code of component using
- ' memory.
Base ‘4h DWOR | 32 bit Phyéical address of memory.
Address - - D .
Size 8h | DWOR | 32 bit Length of memory block.
- D




Déconpressed Size The Deconpressed Size field specifies the anobunt of space
(in bytes) cwoseneezby a deconpressed conponent after it has bpewusssndiio
di spat ched. Conponents that are placed in the ROM uncorrpressed have
identical Conpressed and Deconpressed sizes.

-12- Unitialized Data conmponents specify this field to be identical to
the Conpressed Size field. Load Address.

-23-

When a request is being made for memory the Memory Manager
searches the byte map for a block of memory large enough to satisfy the
request. This search is conducted on a first fit algorithm. When a location
is found, the corresponding byte is set in the byte map and then logged in
the first available entry in the Allocation Table.

Interface Functions

Init Memory Manager( )

Alloc Memory Block()
Reserve a block of memory for a given Component.

input:
BX Class Code
CX Sub-Class Code
EDI Physical Address (00000000h if not specified.)
ES! Size of Block to allocate.

Output - Success:
~ CF  Clear(0)
AH 00h
EDI Physical Address of allocated memory block

Output - Failure:
CF  Set(1)
AH  07h- Cannot allocate memory for component

Dealloc Memory Block()
Un-Reserve a block of memory for a given Component.

~ Input:
BX Class Code



The Load Address field specifies the 32 bit physical address of where the
conponentWQ&AIFBe di spatched. For the illustrated enbodi recwusdshisof i el d
i.s specified even if the conponent is intended to be relocatable. Actively
di spat ched conponents spegifty—a-toad Address,_ that is bel ow 1M and
aligned on a paragraph (16 byt!=)rHt8)SHé@TMASB lalized Data components
'specify a | oad address that igf ali gmghLaegpa boundary. If the Load
Address is arbitrary then a v / FFFFFFFFh) may be
speci fi ed. Conponents referencing Uniti aRhzed Data with an arbitrary Load
Address use the Get Unitialized Data Address function to determ ne the
actual Load AddresXf tSub-Ohags @bdeed Data. This function can only be
called after the Unitialized Data has been dispatched. Refer to the Menory
Managenent section described below for restrictions on fixed Load Address
for Unitialized @bﬂlaufjorrponent s, for the illustrated enbodi nent.

Execution O fset ‘Nghdxecution Offset field speC|f|es a 16 bit offset into
t he conponent where execution is to begin. For theillustrated enbodi nent,
this offset-is specified for all conmponents that satisfy direct o
dependenci.es nts regardl ess of whether. or not they are to -
be actively dgeéﬁéﬁ{é’(ﬁycﬂggﬁggnents that do not satisfy direct dependenC| es
of ot her conp¥¥heresamdfandtion.t his fiel d as FFFFh.

Input: : N
BX Class Code . | 4
CX Sub-Class Code

Output - Success:
CF  Clear (0)
AH 00h
EDI Physical Base Address
EDX Size of Block

Output - Failure:
CF  Set (1) _
AH  07h - Cannot allocate memory for component

Description of Flow Charts :

" Refer to FIGURE 2 which is a flow diagram of a basic input/output system
(BIOS) program in accordance with the present invention. The program
starts (200), and tests and initializes the memory controller related

. components (202). Next the program initializes the power on self test
(POST) decompression dispatcher (204) shown in more detail in the flow
diagram of FIGURE 3. Finally, the program dispatches and executes the -
POST (206) as shown in FIGURES 4 and 5, and stops (208).

Refer to FIGURE 3 which is a flow diagram of a decompression
dispatcher of FIGURE 2. The dispatcher data and executable code is
copied (302) from the ROM to the RAM. The dispatcher interrupt vector is
—_—
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Unitialized Data conponents specify an Execution O fset of FFFFh.

‘Rel ocati on TWO96/18%22 Rel ocati on Type field specifies what typepcriosesmariof
cenponent relocation is supported. Types are either: not rel ocatabl e;

rel ocatabl e below 1 MB only; relocatable above 1 MB only; or relocatable

anywher e. -13-

-25-

installed (304), the memory allocation table is cleared (306) and the
component handle table is cleared (308). The compressed BIOS
component information in the packing list is fetched from RAM (310). The
relocation type field is examined to find what type of relocation is
supported, below 1 meg.(312, 314) , above 1 meg. (316, 318), or
anywhere (320). If the required size is not available (322) allocation error
flags are set (324). If the specified load address is not available (326)
aliocation error flags are set (328).

If the required size is available (322), then the memory allocation table is
updated (330). If the end of the component list in the packing list has not
been reached (332), then the flow returns to block (310). If the end of the
component list in the packing list has been reached (332), then the flow
ends (334). :

Refer to FIGURE 4 which is a flow diagram of how the decompression
dispatcher is invoked. The function to be dispatched requires the passing
of and returning of parameters through a stack, which is an area of RAM
set aside for temporary storage of the parameters. The portion of the
stack holding local variables and parameters of a procedure is called a
stack frame. The stack frame is set up (402) and a check is made to
determine if the requested function is valid (404). If not, the procedure is
halted (406). If yes, then the dispatcher function is executed (408). When
the flow returns, the stack frame is restored (410) and the flow ends
(412). FIGURES 5 through 12 are flows for execution of the dispatcher
function block (408) of FIGURE 4.

Refer to FIGURE 5 which is a flow diagram of how components are
dispatched. The dispatcher assumes only one component from a class is
being loaded, and hence the count of components is set to 1. The counter
is used as an index into the packing list. The component of a class might
contain a number of components referenced by a subclass identifier. A
check (504) is made to determine if all components of the class are to be
loaded. If yes, then the first subclass identifier is fetched (506) as




Di spatch Type The Dispatch Type field specifies what type of dispatching
i S suppoW@8&6/13772t he correspondi ng conponent. Types are ei tHowusIpasgbve
di spatching; active dispatching; or both active and passive di spatching.
Conmponent Organi zati on Though exibili ty of Conmponent " Type, C ass,
and Sub-d ass al | ow uni que cug oL apajticular BICS, certain
conponents are typically inclug These conponents are:
deconpressi on di spatcher, decoFpresston—_ 0 er including unitialized
data, and nenory manager POST Loader, 238 | f test (POST), and
system BI GS runtime executabl e. These corrponents are described in the
fol | owi ng pardeseriied in FIGURET. disthe subblagsds ddwnd infthe phuimg)listS(SOB)I

di tch t

decompr ossi onRne oA b eddiads Mo abhintihis ittbme ISP, g . e
in the Decorrp$‘&‘§?§ﬁ1's rmtsfgumféﬂétheﬁeﬁmn@hgt (§8§1..tband@%§auob@ftbe| ow. This
conponent I esguissiass!imdieRivotRtetds not incremehted and the flow!jtoceeds to getROM

| mage. packing mforma_tlon for the component indexed by the count of the
component counter (512). The procedure next uncompresses the
component at the index count and places the uncompressed code in
RAM (514). The details of block (514) are shown in more detailin
FIGURE 12. At the end of the uncompressing procedure, a check (516) is
made to determine if there are more components in this class to ‘
uncompress. If yes, the component index counter is decremented (518).
If no, a check (520) is made to determine if this is the last component
actively dispatched or if an option ROM is present. If not, the flow ends
(524). If yes, then the return address is adjusted to execute the
dispatched component (522). '

Refer to FIGURE 6 which is a flow chart of the execution of the
dispatched component. The list pointer for the packing list entries is

- fetched (602). The packing list pointer is checked (604) to determine if the
end of the packing list is pointed to. if yes, a search failure flag is set
(610). If no, a check (606) is made to determme if the pointer is pointing
to the desired entry. If no, the list pointer is advanced (608). it yes, the
flow proceeds to block (612). If the search of the packing list i is successful
(612), then the component decompression information is fetched (61 4).
and this part of the procedure ends (616). ). If the search of the 'packin.g
list is not successful (612), an error is displayed (618) and the procedure

is halted (620).

Refer to FIGURE 7 which is a flow diagram of the get component
subclass identifier block (506) of FIGURE 5. ‘The sub class index is
checked (702) to determine if it is valid. If not valid, an error is displayed
(722) and the procedure is halted (724). If yes, the packlng list pointer is
checked (704) to determine if the end of the pac,kmg listis pomted to. If
yes, a search failure flag is set (710). If no, a check (706) is made to
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Deconpression Di spatcher Unitialized Data This conmponent is 128K in |ength
“and provi des M/ ry buffers required by the deconpressi onPETASSVEAL

. POST Loader The POST Loader conponent handl es all hardware generated
‘resets (i.e. power on, front pane and software generated resets
~after being processed by t he Shut dpwpygia _ nponent resides:
uncorrpressed In the ROM i nage and | Nhed i nto DRAM

- 14 - -

determine if the packing list pointer is pointing to an entry from the
desired class. If no, the packing list pointer is advanced (708). If yes, a
check (712) is made to determine if the packing list pointer is referencing
a desired sub component.. if no, the packing list pointer is advanced
(708). If yes, the component code is fetched from the ROM (714) and this
portion of the procedure stops (718).

Refer to FIGURE 8 which is a flow diagram of dispatching of components
of a class that is protected having 4 -gig limits. The procedure loads the
GDTR global descriptor table register (802) with the global descriptor
table and then enters protected mode (804). The data segment (DS),
extra segment (ES) , global segment (GS) , and general-purpose file
segment (FS), registers are configured with 4 gig limits and protected
mode is exited (808). The registers DS, ES, FS, and GS are loaded with
a 0 base address (810) and the procedure stops (812).

Refer to FIGURE 9 which is a flow diagram of dispatching of components
of a class that is protected having 64 K limits. The procedure loads the
GDTR global descriptor table register (902) with the global descriptor
table and then enters protected mode (904). The data segment (DS),
extra segment (ES) , global segment (GS) , and general-purpose file
segment (FS), registers are configured with 64K limits and protected
mode is exited (908). The registers DS, ES, FS, and GS are loaded with
a 0 base address (910) and the procedure stops (912).

Refer to FIGURE 10 which is a flow diagram of removing a component
from memory. The procedure loads the pointer to the handle table (1002),
and checks to see if it is pointing to the correct entry (1004). If not, it
checks to see if it is at the end of the table (1006) and if so sets the not
found flag (1010) and fiow proceeds to block (1014). if it is not at the end
of the table the pointer is incremented to the next entry (1008) and the
flow returns to block (1004). If the handle pointer is at the correct entry,
the not found flag is cleared (1012) and flow proceeds to block (1014). If |
the not found flag is set the procedure is exited (1022), otherwise the size
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The primary r onsibility of this nodule is to configure enough of the
system to“éh?‘/ﬂ of DRAM activate the deconpression di sprcrivsesnang
cause the main Power On Self Test to be deconpressed and di spat ched.

Power On Self Test The Power Op_Self Test component (32) is the main POST

execut abl e, and is responsible qugrSHlEtr pn of the system and

causing all necessary conpnentf qul Thi s conponent resides in
a conpressed state in the ROM komge-——and 3s df bed earl i er, this
conponent i s deconpressed and di spat ched- 2 to DRAM by the decorrpr essi on

di spatcher. = System BI OS Runti nme Executabl e The System BI OS Runti ne
Execut abl e conpuhaddreéss arespbiesietl (¢018) and the comespdnding ety s Shyared es

i ncl udi ng int \, 0 nent, .cont ai ns
the Shut down %“a’ﬁé?q’?%'m@@%hﬁiﬁa?%of%ﬁe (11 B8 tpd el PPV B e 2007
and di spat chi rfgomﬁaeﬂ’@sﬂ e tahde(1880)needed. Thi's component resides in a

corrpressed state |n the ROM state, and it is deconpressed and. di spatched

i nto DRAM by tﬁ’ fer ?o ?’F@{Jﬁ?ﬁ r\]ovrﬁc':r? ks a(flow diagram of a function which returns
the size and address of any dispatched component. This function loads
the pointer to the handle table (1102), and checks to see if it is pointing to
the correct entry (1104). If not, it checks to see if it is at the end of the

- table (1106) and if so sets the not found flag(1110)and flow proceeds to
block (1114). If it is not at the end of t_he table the pointer is incremented ‘
to the next entry (1108)-and the flow returns to block (1104). If the handle
pointer is at the correct entry, the not found flag is cleared(1112)and flow
proceeds to block (1114). If the not found flag is set, an error is displayed
(1120) and the function is halted (1122), otherwise the size and address
are retrieved (1116)-and the function is exited (1118). '

- Refer to FIGURE 12 which is a flow diagram of the procedure for gétting
a specified component transferred and stored in RAM in an -
uncompressed and executable state. -

A RAM memory block large enough to hold the specified component is

“found (1202) and allocated. After the memory space is allocated (1204),
the size field in the packing list is accessed to get the size information
(1206). The compressed and decompressed size informat_ion is obtained
from the packing list entry (1206). The Compressed Size field specifies
the amount of space (in bytes) consumed by a component when it is in |
the ROM image. Unitialized ‘Data components use this field to Specify the

" maximum amount of memory required and that they be aligned on a 64K

boundary. The D‘eéompr‘e‘sséd Size field specifies the amount of space '
(in bytes) consumed by a component after it has been dispatched.
Components that are placed in the ROM uncompressed have identical
Compressed and Decompressed sizes. Unitialized Data components
specify this field to be identical to the Compressed Size field.
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Deconpr essi on Di spatcher Functions D spatch Conponent ( ) The deconpression
~di spatcher OWOpeIN2 (52 ) di spatches a Conponent into nenory RCIAJSISASAN

. Conponent is identified by a unique C ass/Sub-C ass code conbi nati on.

- Di spat ched Conponents are recorded in an Allocation Table kept by a
~Menory Manager. The actual base address of a Conponent nmay be retrieved at
any time by calling the Get Physical Address( ) function. For the-
illustrated embodiment, it is the responsibility of the caller to ensure
that an Enter Flat I\/bde() function has beeB9cal |l ed and 4G Data Segnents
are active (this |rrpI|es that Gate A20 is enabl ed) before calllng t he Enter

Flat I\/bdg( ) functi e coth @nentfls @hbﬁﬁ@mpress@dl thdreineocainpenénttio coprdoiied 2
oy et veen oo A oo 46 Ssdpa oo oo BBHRG 12 (1
- compressed or uncompressed BIOS code. If the component is
compressed, then the component is decompressed (1210), stored in an
uncompressed state in the shadowed memory pornon of RAM, and the
procedure stops (121 6).

In the event that memory cannot be allocated (1204) an error is displayed
(1224) and the procedure halts (1226).

While the invention has been particularly shown and described with
reference to preferred embodiments thereof, it will be understood by
those skilled in the art that the foregoing and other changes in form and
detail may be made therein without departing from the scope of the
invention.



-15- Unitialized Data Conponents are al so di spatched using this function.
For the WP ed enbodiment, all possible requests for BENUASI440 Data
are satisfied in the Packing Llst at bUI|d time in order for themto be

di spat ched by this function. [FErtratzed= .a=gonponents are not
supported by the deconpressiq Tdi%@HEET\EIAS BEEN ||nput : - AH OOh

AL Goh - Passive Dispatch REPLACGD h - Active D spatch

Cl ass Code - “CX  Sub-O & e EBF Rel oc

(00000000h i f Rel ‘ocation not Requed@ed. ) atfum mmﬁﬂﬂueuc’w)at a

Size (OOOOOCOOh:if Default) _
What is claimed is:

1. In a data pro_cess__ing system in which are stored in a read'_ipnly memory
(ROM), memory controller related components, a power on self test
(POST) object, and-a decompression dispatcher, . -

a method comprising steps of: : :
A. testing and initializing said memory controller related

~ components; - :
_B. initializing sald decompression dlspatcher ,
C dispatching said POST object resulting in uncompressed code, ‘
and, : . .

_D. executing said uncompressed- code,.

2. The method in accordance with claim 1 wherein’ o

said data processing system includes a random access memory
(RAM) having stored therein a dispatcher interrupt vector, and a memory
allocation table, and,

said ROM has stored therein dispatcher data, executable
dispafcher code, and compressed basic input/output system (BIOS)
component information,

said step of lnltlalxzmg said decompressmn dispatcher further
comprising steps of: : :

-A. copying said dispatcher data and executable dlspatcher code
from said ROM to said RAM;

B. installing said dispatcher interrupt vector;

C. clearing said memory allocation table;

- D. getting said compressed BIOS component information from said

ROM; | | |

E. updating said memory allocation table;

F. setting up a stack frame;

G. executing said dispatcher code and,

'H. restoring said stack frame upon completion of execution of said

dispatcher function.

—_—
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Qitput - Success: ~ CF Oear (0) AH OCh Qut put - Failure:

"CF Set (1wo96n137¢i  Error Code 01 h - Invalid F'mmvijsm;uno

, 02h - Conponent Packing List entry _not found. : 03h = Conponent

ldoes not support relocation - @@E t cannot_ rel ocate

| above 1 Mo - 05h - Conpone tnaugeﬁEpgggéggggﬂt Ac

=06h - Cannot Actlvely Di spatch ab . Actlve Di s at

aborted because of -invalid segnent al i gnnment ummqﬂ’"ﬂ”l

al l ocate nenory. for conponent - 09B1- Decorrpres ﬂﬂ”W‘

di spat ch aborted.
- ' 3. The method in accordance with claim 2 wherein -

said computer system includes a component index counter,

said dispatcher information includes a packing list of component
subclass identifiers, and,

said step of executing said uncompressed code includes steps of:

l. setting a default count of said component index counter to one;

J. getting one component subclass identifier of said component
subclass identifiers;

K. searching said packing list for an instance of said one
component subclass identifier; |

L. incrementing said count of subclass components upon a
condition that said sub class is found in said packing list;

| M. getting packing information for an indexed component indexed

by said count of components; '

N. uncompressing said indexed component resulting in an |
uncompressed component;

0. storing said uncompressed component in said RAM;

P. decrementing said component index counter upon a condition
that more components are to be uncompressed in said class.

4. The method in accordance with claim 3 wherein '

said computer system includes a list pointer,

. said step of getting one component subclass identifier of said

component subclass identifiers includes steps of:

Q. advancing said list pointer until said list pointer points to an
entry in said packing list from said one class; and, |

. R. getting a component code corresponding to said entry in said

packing list. '

5. The method in accordance with claim 4 comprising further steps of:
S. finding a RAM memory block large enough to hold said
component code. '

6. The method in accordance with claim 5.comprising further steps of:

Sheet Has Been Ré laced
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WD 96/ 13772 _
PCT/ US95/ _ -15-
Unitialize 3%172C0nponent s are al so dispatched using this %%H@F?%HHOAI I

possi bl e requests for Unitialized Data nust be satisfied in the Packing
List at build tine in order f Jg_g EQ be o] hed by this function.
Dynam ¢ assigni ng of Unitiali IS nd

t he deconpression .di spatcher. : ;o
AL  OCh - Passive Dispatch 3. h - A4 Im ﬂ)’ Ml
BX Cass Code CX  Sub-d assS Code ion

Addr ess (OOOOOOOOn cat i on _not ‘Request ed. )
ESI Unitialized Taalgcgg m Biogie aul t)

U. getting snze information from said entry in said packing list;
V. decompressing said component code resulting in
decompressed code upon a condition that sald component code is
| compressed and,
W. stonng sald decompressed code in sald RAM

7. The method in accordance with claim 5 compnsmg further steps of:
T. allocating said memory block; _
U. getting size information from said entry in said packing list; and, ‘
V. copying said component code from said ROM to said RAM |
upon a condition that said component code is uncompressed;
W. stonng said component code in sald RAM.

8. In a data processing system in which,

basic input/output system (BIOS) is organiZed into three types of

components mmahzatlon components, runtlme components and
" functional components -

each of said three ty'pes of components capable of being
dispatched as an independent executable object |

initialization of said processor bemg controlled by a power on self
test (POST),

general operation of sand processor belng controlled by an
operatlng system, '

a method compnsmg steps of:

A. dlspatchmg said initialization components during sald power on |
self test (POST) cycle such that said dlspatchlng mmahzatnon components
are active during said initialization; '

B. terminating Initialization prior to loading said operatlng system;

C. loading said operatmg system; '

E. mamtammg said runtime components decompressed and
executable after loading of said operating system;

F. dlspatchmg sald functlonal components on an as needed baS|s

ect Has Been Replaced
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Qit put - Success: ' CF  dear (0) : AH OCh

: Qut put - Failure: CF Set (1) AH  Error Code

04 h - 1 nval VE9I3TRi on. 02h - Corrponent PacR¢ HYS95/14110
ientry not found. 03h - Conponent does not support

| rel ocation . 04h -=Compenent——carror

- 05h - Conponent does not support
Cannot Actively Dispatch above 'l Nb
aborted because of invalid segmentts=

- °7W\II\|I¥*%H\I R :

08h - Cannot allocate nenory for corrponent 33 09h -
Deconpression failed, dispatch aborted. WO 96/ 13772 '
PCT/ US95/ 14110 G. decompressing a binary image of a component into memow

thereby creating a decompressed object;

H. returning control to said requester by said decompressmn
dispatcher upon a condition that said component is to be passively
dispatched; _

l. recording a passively dispatched compohent in a memotry
manager; and,

J. passing control to said decompressed component upon a
condition that said component is to be actively dispatched,

9. The method in accordance with claim 8 wherein

said data processing system includes a random access memory
(RAM) having stored therein a dispatcher interrupt vector, and a memory
allocation table, and,

said ROM has stored therein dispatcher data, executable
dispatcher code, and compressed basic input/output system (BIOS)
component information, '

said step of initializing said decompression dlspatcher further
comprising steps of: :

A. copying said dispatcher data and executable dispatcher code
from said ROM to said RAM;

B. installing said dispatcher interrupt vector;

C. clearing said memory allocation table;

D. getting said compressed BIOS component information from said
ROM; '

E. updating said memory allocation table;

F. setting up a stack frame; |

G. executing said dispatcher code; and,

H. restoring said stack frame upon completion of execution of said
dispatcher functlon

10. The method in accordance with claim 9 wherein
said computer system includes a component index counter,

This Sheet Has Been Reﬂlaced'
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-16- Get Conponent Attributes() This function returns the

I nf or mat t he packing list correspondi ng to a_given conponent.
1 nput : WalbelisH] AH 01h "BX dass Code PCI/USISN41NGy
Sub- C ass Code : OJt put - Success:’ CF dear (0

I—I-\\I

Typc

TH§S EER HOBtBERN
v " ||||n|||ﬂﬂ|||

AH Rel ocation Type
Deconpressed Size
Default Load Address

said dispatcher information includes a packlng hst of component
subclass identifiers, and, : _ .

said step of executlng sand uncompressed code mcludes steps of:

l. setting a default count of said component index counterto one;

. J. getting one component subclass identifier of said component

subclass identifiers; - L .

K. searching said packing Ilst for an mstance of said one ..
component subclass identifier; .

L. incrementing said count of subclass components upon a
condition that said sub class is found in said packing list;

M. getting packing information for an indexed component indexed
by said count of components; .

N. uncompressing said indexed component resultmg in an
uncompressed component; :

O. storing said uncompressed component in sald RAM

P. decrementmg_ said component index counter upon a condition
that more components are to be uncompressed in said class.

11. The method in accordance with claim 10 wherein
- said computer system includes a list pointer,

said step of getting one component subclass identifier of said
component subclass:identifiers includes steps of: ..

Q. advancing said list pointer until said list pomter points to an
entry in said packing list from said one class; and,

R. getting a component code corresponding to said entry in said -
packing list.

12. The method in accordance with claim- 11 -comprising further steps of:
S. finding a RAM memory block large enough to hold said
component code.

13. The method in accordance with claim 12 comprising further steps of:
‘T. allocating said memory block;
U. getting size mtormatlon from said entry in said packmg list;

This Sheet Has Been RT
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Qut put - Failure: CF  Set(1) AH  Error Code
01 h - Invaljd Function. - 02h - Conponent Packing Li st

entry not fo 13772 Get Conponent Subd ass() Ret ur n $95/14110

Sub- O ass code for entry n in the Packl ng List that corresponds to a

(gi ven Conponent C ass code. To fi ndraH—comperents —related to a given

‘Cl'ass code call this function repeq dily SHRET EMErREENy the Entry Nunber
| niREPLACED

until a.failure is returned.
AL Entry Nunber

‘Hlllllﬁ’lﬂﬂlllll Ui

V. decompressing said component code resulting in
decompressed code upon a condition that said component code is
compressed; and, _

W. storing said decompressed code in said RAM.

-35-

14. The method in accordance with claim 12 comprising further steps of:
T. allocating said memory block;
U. getting size information from said entry in said packing list; and,
| V. copying said component code from said ROM to said RAM
upon a condition that said component code is uncompressed;
W. storing said component code in said RAM.

15. In a data processing system in which are stored in a read only
memory (ROM),

a plurality of basic input/output system (BIOS) components,

each one of said BIOS components being a self-contained, link
independent, binary image of code that upon execution performs a
certain task, -

said BIOS components including a decompression dispatcher
component a power on self test (POST) component,

a component packing list, said packing list describing all attributes
of said packed ROM image; said packing list being used by said
decompression dispatcher to dispatch said components;

compressed code in said non-volatile storage device in a
compressed state, said compressed code being code that has been
compressed, :

said- method comprising steps of:

A. executing said decompression dispatcher, said decompression
dispatcher decompressing said compressed code resulting in |
decompressed code, said decompressed code being code that has been

‘decompressed from its compressed state inside said non-volatile storage
device;

B. storing said decompressed code in a shadowed memory in an
uncompressed state as decompressed code; and,

' This Shect Has Been Reﬂla
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-17- BX d ass Code Qut put - Success:;

CF d e:ﬂ"?ﬂ)"m CX  Sub-d ass Code OR%’?s”’lﬁéPI ure: .

CF Set (1) AH  Error Code : 01 h - Invalid - |
Functi on. - (RR2h=—=CorporRct ki ng List—entTy not foumd; .
Enter Flat Mde() Ent er|{ A48 SNEE'éHéﬁ&ﬁﬁN n. This ded |
for ‘general component age HAEPYHNCGEDLS th system”"ﬂ“"ﬁﬂ"lmmﬁm |
full 4G ' - ' = _3'-6_ ' |

C. activating said decompressed code resulting in an object, said
object being a component that has been decompressed and activated.

16. A BIOS build.process comprising steps of: _
A. providing a list of binary images and assocxated attnbutes to
include in a final ROM image and a. number of bmary rmage filesto a
ROM Packing Utility;
B. invoking said ROM Packmg Utmty to create a packed ROM
image and a packing list; - . §
C. merging said packed ROM :mage and sald packing list into a , ‘ .
final ROM image and a packing map; and,
D. storing said final ROM image and said packmg map in a ROM.

17. In a data processing system in which are stored in a read only
-memory (ROM) :
a plurahty of basic input/output system (BIOS) components,
each one of said BIOS components bemg a self-contained, link
independent, bmary lmage of code that upon execution performs a
certain task, :
said BIOS components mcludlng a decompressuon dispatcher
component a power on self test (POST) component and a BIOS build
process, - .
said build process including a packmg utrmy used by said build
process to automate compressing and’ packing components into a read
only memory (ROM) binary image, |
' said packing utility including a packing script,
a method comprising. steps of:
A. invoking said BIOS build process
B. executing said packing script, said packlng scnpt berng used by
- said packing. utility to describe a packing orde_r._of components packed
into said read only memory (ROM) image; :
C. invoking said packing utility to generate a packlng list, said
packing list describing all attributes of said packed ROM image; said

ThlS Sheet Has Been Rep laced
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~addr ess fange can be accessed through the general segnent registers

Gate A20 mu by the caller prior to usmgthlsfunctlon
‘are unchangﬁogﬁbﬁ’ﬁ%ve 64K access. ~ Input: CR{IFS”’G)QHO

“Gate A20 Must be Enabl ed. : Qut put - Succesg.’ CF d ear
I(:g) o00h (4G A(I::)(?ess?OOOn (46 A G A ess) . |
=07 R

Fai | ure: CF  Set (1) fm

packing list being used by said decompression dispatcher to dispatch
components;

D. storing uncompressed code in a non-volatile storage device in
an uncompressed state, said uncompressed code being code that never
has been compressed; and,

E. storing compressed code in said non-vola’ule storage device.in a
compressed state, said compressed code being code that has been
compressed. '

18. The method in accordance with claim 17 comprising further steps of:

F. executing said decompression dispatcher, said decompression
dispatcher decompressing said compressed code resulting in
decompressed code, said decompressed code being code that has been
decompressed from its compressed state inside said non-volatile storage
device;

G. storing said decompressed code in a shadowed memory in an
uncompressed state as decompressed code; and,

H. activating said decompressed code resulting in an object, said
object being a component that has been decompressed and activated.

—_—
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I r;put: 6h BX Cass Code. CX  Sub-d ass Code

‘Qut put - Clear (0) AH  00h bi t
Base Address o?élgonponent EDX Size of Conponent in byr‘é—ggé?"%ﬁo

fal i gned) Qut put - Fail ure: CF Set (1) AH Ol h -

!I nval i d Functi on. 02h - Conponent Allocation Table entry not
f ound. Menory Managenent The nenory nm er is responsible for managi ng
menory al |l ocation for the BI OS menory. ﬂmg)ry testing and subsequent
update of status are
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Nérmry testing and subsequent update of status to a video nonitor are
all done in 'Real Big' nobde as opposed to constantly sw tching between
Real and Pr ¥@8¢t¥’Abde. 'Real Big' node is a node where the PE¥HS5/14110
segnent registers of the processor are |oaded with Protected Mde type
WD 96/ 13772 _

- PCT/ US95/ 14110 ' - 20-
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Real Mbde characteristics. The processor essgdbtially runs in Real Mode

while allowing a full 4 GB access t.
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The Menory Manager tracks allocated nenory bl ocks using a 4K byte map
‘and a 6K allocation table. The Menory Manager uses the 4K byt to
specify the WOPHIH2d bl ocks of menory. Each byte in the byt egﬁﬁ’Bs”’m-
.represents a 1 K block of nenory starting at Ovb and ending at 4Mb. A

' set byte (FFh) in a byte location neans the represented 1 K bl ock of
menory has al ready been assigned to a regqyester. A clear byte (OCh) in a
byte location neans the represented 1 K 8fbtk of nmenory is avail abl e.

The Menory Manger uses the 6K Allocation Table to identify the

assi gnee of each menory bl ock. There is engggh roomin the Allocation
Tabl e to assign 512 bl ocks of nenory t-e=uf que Conponents. Each entry

in the Allocation Table has the fol {oSTARI f)or mat : Fiel d O f set
Lengt h : . Description @ﬁss Ch WORD d ass
code of conponent using nenory. Sup- d ag 2h WORD Sub- C ass
code of conponent using menory.

Base 4h DWOR 32 bit H 4 of nenory. Addr ess

D Size 8h DWOR of menory bl ock.

AT REQUESTED
COMPONENT
HAN?DLE

1108
Z

ADVANCE
HANDLE POINTER

1112
/ .

CLEAR NOT FOUND FLAG

120 122
DISPLAY ERROR [—={ HALT

READ SIZE AND THE LOAD L 1116
ADDRESS ATTRIBUTES

: 3118

FIG. 11



-24- CX Sub-C ass Code Qut put None  Get Menory

. Bl ock() V\her‘so%g?d__n;unct I on. | nput

1200

: BX

10/11

1202

FIND RAM MEMORY BLOCK
-{ LARGE ENOUGH TO HOLD

G ass COd?crms95]14uo

COMPONENT
_ 1224 1226
DISPLAY ERROR }—e HALT
GET SIZE INFO FROM
PACKING LIST
1208
COMPONENT NO
COMPRESSED
YES 1210 1212
DECOMPRESS COPY COMPONENT FROM
COMPONENT FLASH TO RAM
N8 1220
DISPLAY ERROR j—={ HALT

FIG. 12



¢
CX  Sub-d ass Code Qut put - Success: CF dear (0). AH

00h E i cal Base Address EDX Size of Bloc ut -
Fai | ure: I%09@1%%%8& (1) AH 07h - Cannot aIIocatekﬂgﬂggvﬁgbﬁ

‘conponent Description of Flow Charts Refer to FIGURE 2 which is a flow
di agram of a basic input/output system (BIOS) programin accordance with
the present invention. The programstarts (200), and tests and initializes
the nenory controller and its dependenci 44/§$02). Next the program
initializes its deconpression di spatcher (204) shown in nore detail in the
fl ow di agram of FIGURE 3. Finally, the program di spatches and executes its
POST conponent (206) as shown in FIGURES 4 and 5, and stops (208).

1}00 1/3,02

LIST OF BINARY IMAGES AND
ASSOCIATED ATTRIBUTES TO |
INCLUDE IN FINAL ROM IMAGE B'NAI*}I‘L(EISMAGE

-ROM PACKING UTILITY

o AL

1304

PACKED ROM IMAGE ~ PACKING LIST
| 1310
MERGE UTILITY
1312 LL LL 1314
yd _/
FINAL ROM IMAGE PACKING MAP

FIG. 13



Refer to FI‘@RE 3 which is a flow diagramof initializin
de(:orrpressi on di spatcher of FIGURE 2. The di spatcher dat 2B,

code is copied (302) fromthe ROMto the RAM The di spatjchér Yﬁe%ﬁ%upﬁam
vector is WD 96/ 13772

PCT/ US95/ 14110 Il TH S SHEETILHAS BEEN:-- ...
- 24- _ CX  Sub-C ass Code Qut put :

A METHOD FOR BASIC INPUT-OUTPUT SYSTEM (BIOS) CODE
COMPRESSION/DECOMPRESSION DISPATCHER

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention is related to personal computers and more
particularly to an object-oriented basic input/output system using data
/ compression. -

Background Art
In 1BM compatible personal computers a set of pfograms called basic -

. input/output system (BIOS) are encoded in read-only memory (ROM).
The BIOS facilitates the transfer of data and instructions between a
central processing unit (CPU) and peripheral devices such as disk drives.
Computer systems are designed to perform functional tests of the BIOS
every time the computer is turned on. When the computer is turned on,
BIOS is copied to an area of random access memory (RAM) set aside for
it. Since a RAM is much faster acting than a ROM, accessing the BIOS
code from RAM results in much faster initialization of the computer.

As more new features are designed into computers, more code has to be
stored into the BIOS stored on the ROM. The size of the ROM must be
increased to accommodate the additional code, resulting in additional
manufacturing costs. It is desirable to decreasef product cost by reducing
the size of a ROM required to store the BIOS and all of its components.
This can be done by gé€compressing the code as it is stored on the ROM
and then decompressing the code at the time it is copied to the RAM.

SUMMARY OF THEINVENHON

.
2 I 20 - K axValdalale - By ) 7 Py gy ey pvey. gy g
i -

b = by S 2S00 = i
- Y » . v 7 oTovTa -

controller related components, a power on seltest{POST) object, and a
decompression dispaicherarg Stored in a read only memory (ROM). The

-
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Get Menory Bl ock() Where am | function. ] € 2 e — BX
‘Cl ass Code CX Sub- Cl ass Code Qut p%ﬁ?ﬁp&@&@ﬁ;ﬁs SHEET
CF dear (0 AH  00h EDI  Physi ¢jal Base &s
EDX Size of Bl ock Qut put - Failure: _ C[Eatez ____________ )“__

AH  07h - Cannot allocate nenory for corponent De ELQu”
Charts Refer to FIGURE 2 which is a flow di agram of a baS| C

i nput / out put system (BIOS) programin accordance with the present

i nvention. The program starts (200), and tests and initializes the
menory controller rel ated t he program
initializes the power on sel fs't"ww%%»gm% essi on di spat cher
(204) shown in nore detail in the flow

The services to be provided by a basic input/output system (BIOS) of a
computer system are implemented via a number of independently executable
service components. Additionally, the BIOS is provided with a decompression
dispatcher for decompressing and dispatching the service components into
random access memory {(RAM) of the computer system for execution on an as
needed basis, and removing the dispatched service components when they are
no ionger needed. As a result, the service components may be stored in a non-

volatile storage in a compressed state, allowing more services to be

implemented without requiring more non-volatile storage.

\Y'AME’MDED SHEET




di agram of FIGURE 3. Finally, the program di spatches_and. e
POST (206) as shown in FIGURES 4 and 5, and stops ( o A
FIGURE 3 which is a flow diagram of a deconpressi on
FI GURE 2. The di spatcher data and execut abl e code
the ROMto the RAM The dispatcher interrgpt vect orflis.
- 26- described in FIGURE 7. If the subciass is found in the packi ng |i st
(508) then the count of the subclass index counter is |ncrenented (510)

I f the 2 Q) T 16 | ) bl S i3

t he subclass |ndex counter |s not |ncrenented and the flo M/proceeds fo get .

More specifically, different basic input/output system (BIOS) functions are split into

components, or objects, and selected ones of the components are stored in a

compressed state and these compressed components are only decompressed and

executed when needed. A decompression dispatcher software takes a request from
currently executing BIOS code to decompress another portion of BIOS code that may
be needed. The requester can specify whether or not to just decompress the portion
of code into memory or to decompress and initialize the decompressed BIOS. The
decompression dispatcher can be used to dispatch different portions of BIOS code to

different processors in a muiti-processor system.

The BIOS stored in a read only meméry (ROM) is organized into a set of components,
each being dispatched as an independent executable object after being copied to a
shadow memory portion of a random access memory (RAM). Three types of
components are defined, initialization coﬁ\ponents, runtime components and functional
components. The initialization components are dispatched during a Power On Self
Test (POST) cycle such that the initialization components are active during
initialization. The initialization components are terminated prior to loading an operating
system. The runtime components are maintained jn_the uncompressed/decompressed
_State and executable after loading of the operating system. The functional
components are decompressed and dispatched on an as needed basis. The
- components can be actively or passively dispatched. Control over a dispatched object
is returned to a requester by the decompression dispatcher upon a condition that the
component is to be passively dispatched and the passively dispatched component is
recorded in @ memory manager. Control over a dispatched object is passed to the
decompressed component upon a condition that the component is to be actively
dispatched. When dispatching components the decompression dispatcher works from
a packing list provided in the ROM image by a BIOS build process. To optimize device
usage, the binary images that comprise the different components are packed in the

final ROM image.

\T AMENDED  SHEET
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packing information for the conponent indexed by the gotsa

conponent counter (512). The procedure next decorrpres at
t he index count and places the deconpressed code ) .

details of block (514) are shown in nore detail in FlIjCORe 43D ; A d
of the deconpressi ng procedure, a check (5 Fe—made . Lo

determne if there are nore conponents in this class to deconpress
yes, the conponent index counter.is decrenented (518). If no, a check
(520) is nade to determne if this is the | a8t conponent actively

di spatched or if an option ROMis present. |If not, the flow ends (524).

I'f 'yes, then the Thg c'Rm@dﬁiﬂ,’tgﬁévaés Q(Héiﬁléﬁddéébri%ﬁéﬁ%? thd ﬁ&%éﬂéwé]%
conponent (522). ef er "t o, Fl IS a chart f t he
execution of the °I§19§|5‘5‘98Hé‘8‘ B'&ﬁﬁﬁﬁémm"ﬂﬂ@'\ "GQP"%BQ#E%WP% © CREAPLERISHhg

list entries is fhettlaed He@dPackeddnioatbleiRQM.i st pointer is checked (604)
to determine if the end of the packing list is pointed to. If yes, a
search failure flag is set (610) If _no_a check (606) |s made to determ ne

i f the pointer isAp@Eavanirge S vdege Aeisaatehersan er

of the packing 123 kot ertity o "‘”“F‘Wg%‘fgadi""cg*&q“‘d‘ﬁéﬁ'og e sei on
CCONY)
information is er'E‘HE(Pf(aé"iQ’)detecéﬁ?ﬂ %ﬁ?%clﬂgrtgo%‘? H@ﬁ@ rIIBéBGu'P%a sHRddM6) . -
). If the search cdrdt he packing list is not successful (612). an error is’
di spl ayed (618) and the procedure is halted (620).
An advantage of this invention is that it provides a wayAo put more
features into existing products and reduce the cost gt future products.

A further advantage of this invention is that i{frovides a solution that is
more comprehensive than the prior art by llowing all possible code and
text to be compressed.

A further advantage of this invepfion is that it provides a way of
customizing BIOSs without hdving to change individual binary images.

A further advantage ofAhis invention is that it provides a way of
distributing BIOS execution to other area of memory besides the standard
O0FO0000h, and grfto multiple processors.

A further ddvantage of this invention is that it provides a mechanism for
sellinglow-cost PCI add-in cards without having to ship a ROM on each
capd, because the ROM can be embedded into the BIOS of the mother

boarg-

The foregoing and other objects, features, and advantages of the
invention will be apparent from the following more particular description of
a preferred embodiment of the invention as illustrated in the
accompanying drawings.

AMENDED  SHEET




Ref er -to FIGURE 7 which is a flow diagram of the get
I dentifier block (506) of FIGURE 5. The sub class in

to determne if
t he procedure i

(704) to deternmine if the end of the packing list is}

search failure

- 27 - determne if the pa

the desired class. If no, %&Ekﬁéﬁﬁ#nﬁﬂﬁéﬂwg\%nced (708). If

meAceneukms(ao
it isvalid. If not valid, an error il dis
s halted (724). If yes, the Lpackl ng i ﬂDa’po ter .....

flag is set (710). If no, a check (706) is made to

yes, a check (7EHURE 1maade blocklelisgramnef af cérhputenciksteh lin sthigloithé giresent
referencing a desired sub co&yg&ment | f
invention is embo

FIGURE 2 is a flow diagram of a basic input/output system (BIOS) program in

accordance with the present invention;

FIGURE 3 is a flow diagram of jpitializing the decompression dispatcher of
FIGURE 2;

FIGURE 4 is a flow diagram of how the decompression dispatcher of FIGURE

2 is revoked.

FIGURE 5 is a flow diagram of how components are dispatched;

FIGURE 6 is a flow chart of the execution of the dispatched component;

to an entry from

FIGURE 7 is a flow diagram of the get component subclass identifier block

(606) of FIGURE 5;

FIGURE 8 is a flow diagram of dispatching ef components of a class that is

protected and having a 4 gig limite.

FIGURE 9 is a flow diagram of dispatching e components of a class that is
protected and having a 64 K limite.

FIGURE 10 is a flow diagram of removing a component from memory;

FIGURE 11 is a flow diagram of a function returning feturre-the size and

address of any dispatched component.

FIGURE 12 is a flow diagram of the procedure for getting a specified
component transferred and stored in RAM in an uncompressed and executable

state; and
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no, the packing list pointer is advanced (708). If yef. g,mcggmmmmc de
Is fetched fromthe ROM (714) and this portion of th roc
(718). Refer to FIGURE 8 which is a flow di agram of %ﬁp
conmponents of a class that is protected and having a M

procedure | oads a global descriptor tablegegister GDIR (802) W|th a
gl obal descriptor table and then enters protected node (804). A data

segment (DS), an extraﬁegﬁﬁﬁh(&%%@ PREFERRIEDEMECDIMENY

general - purpose file se | sters of the uter systemi’s
configured with ReErig ﬁlEt xﬁﬁcw@?%ﬁ:&&"%ﬁ@ ‘?fsa%%‘ Qi@ c¥BEM InThe

regi sters DS, ESvhnESthapcb@ﬁt mnhoathadmmdmdaTﬁekmammeidneMeé&1:@)adand t he
orocedur e ot ops di emory 5} Mol °uDh Yiianid phead st Mo bggLa™ oF
limts. The prod2dAM (P3h@ssysiengimadapntelns @N}ra caghedDRAM spatroligdTR (902)
with a global QQFrdrﬂéﬁntFa@BP&e%ﬁﬁx L (@Btgﬁﬁ%éﬁcﬁ‘fﬁ* afiid@alieddhsic The

O e Bt St ABIC0T b A 908 RIS, o 11

and protected nﬂd@lmasesametms(féﬂﬁt)dati landrisstrisdtions Uéﬁweﬁﬁthd:ﬁenttaid GS are
loaded with a 0 RaseRUILARS (4687 5D) aRABPetiPhieR BEGAUE AnthepPedeht fvention
the BIOS is organized into a set of BIOS components {32 through 54),
each of which is capable of being dispatched as an independent
executable object. Each BIOS component is a self-contained (link
independent) binary image that performs a certain task or function. The
BIOS components fall into three major types: initialization components,
runtime components and functional components.

The ROM (10) is a non-volatile device used to store the BIOS
components, some in a compressed state and some in an uncompressed

state. The DRAM (22) stores a shadow RAM binary image of selected

components stored in the ROM, whish-have-been—desempresced—and
stered For those components stored in_the compressed state, they are
decompressed before storing in the shadow ROM. In Intel 80386 and
80486 computers, shadow RAM is a portion of upper memory area set

aside for programs retrieved from ROM.

Compressed code is the code the resides in the ROM in a compressed
state. Decompressed code is code that has been decompressed from its
compressed state inside the ROM and now resides in DRAM (22)
shadowed memory, in a_decompressed -ar—uheemptessed state.
Uncompressed code is code that resides inside the ROM in an

uncompressed state. This is code that was never compressed.

A component that has been decompressed and activated is an object that
is manipulated with modular programming techniques.

_AMENDED  SHEET




menory. The procedure |oads the pointer to the handle t
checks to see if it is pointing to the correct entry (1 %%
checks to see if it is at the end of the table (1006) a d P s
not found flag (1010) and flow proceeds to block 1014. 177t |s not at the
end of the table the pointer is increnented to the next entry (1008) and
the flow returns to block (1004). If the handle pointer is at the correct
entry, the not found flag is cleared (11012) and fl ow proceeds to bl ock
(1014).  If the not found flag is set the procedure is exited (1022),

ot herwi se the siStered in the ROM (10) are the following components: power-on self-188t
(POST) object (32); advanced power management (APM) object (34);
video BIOS option ROM (36); runtime system BIOS object (38);
peripheral component interconnect (PCI) BIOS object (40); small
computer system interface (SCSI) option ROM (42); configuration utility
(44); server management software object (46); miscellaneous optional
ROM(48); component packing list (50); decompression dispatcher (52);
and power-on self-test (POST) loader module (54). The decompression

Refer to FIGURE 10 which is a flow di agram of renoving ng r&
2f5

W

........ RS ha

S s A

dispatcher (52) includes a decompressor, a dispatcher and a memory manager.

The ROM (10) is connected to PCI to ISA Bridge Device (14) via Industry
Standard Architecture (ISA) Bus (12). The PCI to ISA Bridge Device (14)
is connected to the Peripheral Component Interconnect (PCl) Bus (16)
which is connected to the host to PCI bridge device (18).

System random access memory, RAM, {22) and system memory cache
(24) are connected to the CachelDRAM Controller (20) via a local
memory bus. The CPU 1 (28) and the CPU 2 (30) is connected to the
host to PCI bridge device (18) via the Host CPU Bus (26).

FIGURE 13 is a flow diagram of a BIOS build process that automates
compressing and packing components into a final ROM binary image. A
list of binary images and associated attributes to include in the final ROM

- image (1300) and a number of binary image files (1302) are provided to a
ROM Packing Utifity (1304). The ROM Packing Utility (1304) creates a
packed ROM image (1306) and a packing list (1308) that are merged by
a merge utility (1310) into'a final ROM image (1312) and a packing map
(1314) that are stored in the ROM (10) shown in FIGURE 1.

Terminology =
Compressed Code- Compressed code is the code that resides in the

BIOS storage device in a compressed state.




and address arc retrieved (1018) and the correspondi ng-EftFy3s=tkaared .
fromthe nmenory allocation table (1018) and the handl g @ﬁu@m“m’
fromthe handle table (1020). Refer to FI GURE 11 whjch i | ow di agram
of a function which returns the size and address of ér‘ﬁ@’m sg

conponent. This function loads the pointer to the ham--- and
checks to see if it is pointing to the correct entry (1104). If not, it
checks to see if it is at the end of the table (1106) and if so sets the
not found flag(1110)and flow proceeds to -8l ock (1114). If it is not at the
end of the table the pointer is increnented to the next entry (1108) and
the flow ret ur ridecamptessiedQddet)Dedompressdéthootieis qoaierther hasbeent he correct

entry, the not é&mp ' : c‘sg@,g

(1114). If the Jnot fo%%gg? I‘Bn?iltgééeﬁfésg%djesﬁtg?ﬁslvéég’ﬂ%gg?e ?‘ftﬂ%&g and the
function is hal@W¥d "("I‘!szz'f'd%tﬁeﬂﬁpd\é oh&Sheidowedn Meathily e ansuBcompidsssd da
(1116) and the J&a%%eh gl ted (1 118). Refer to FIGURE 12 which is a

fl ow di agram o ure for getting a specified conponent
transferred and stored in RAMin an unconpressed and executabl e state. A

RAM nenory bl odkndommpressad @pde- drivoimpressedsquee isicodedbalesiees insideftbend
(1202) and allcm@tse&orfééeév,&e@n SRURCH PSR Sard, bOdehed kP  the size

field id the p%ckln IS accessec t0O get t I'ze I nformation
eenc mpresse '

Storage Device- T_hé non-volatile device used to store the BIOS code
(compressed or uncompressed). This may be a FLASH or EEPROM.

Component- A BIOS component is a self-contained (link independent)
binary image that performs a certain task or function. A BIOS component
could be something as simple as the decompression dispatcher itself or
as complex as the entirety of Power On Self Test (POST) software.

Object - an object is a-an uncompressed/decompressed component that has been
decompressed-and activated.

Direct Dependency- A Direct Dependency is a dependency upon another
object or component that is satisfied by a far call or absolute jump
instruction.

Indirect Dependency- An Indirect Dependency is a dependency upon™—
another object or component that is satisfied by an APl such as an
interrupt function or the decompression dispatcher.

Packing Utility- The Packing Utility is the utility used by the BIOS build
process to automate compressing and packing Components into the final
read only memory (ROM) image.

.....-.&-,_
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(1206). The conpressed and deconpressed size information'i
the packing list entry (1206). The Conpressed Size field. s%ﬁ‘a‘éMCF%éE'{"ﬁ@HEH I

anount of space (in bytes) consumed by a conponent when i
i mage. Unitialized Data conponents use this field to specﬂf’@‘etgw “P&m

anount of nenory required and that they be aligned on a 64K boundary. Ihe
Deconpressed Size field specifies'the amogot of space (in bytes) consuned
by a conponent after it has been deconpressed and di spat ched. As

(Gent i cal Conpy S SRAPEXS BIRId BeaR ST bl AR AP ‘[@éﬁiﬁgn{] .
specify this fit#lility tQ)dQ%CnQ%WBI regkingordee oOhe R4 mdags. Zidhef Féﬁ:‘ﬂng

96/ 13772 Script facilitates the automated build process.
PCT/ US95/ 14110 -28-

Packing List- The Packing List is generated by the Packing Utility and
. describes all the aftributes of the packed ROM image. This list is used by
J the decompression dispatcher to dispatch components.

Decompression dispatcher - The decompressio_n dispatcher is the component
responsible for all desempression——ahd dispatching activities including
decompression. '

Component Types

The BIOS is organized into a set of components, each being dispatched
as an independent executable object. Components fall into three major
types: initialization components, runtime components and functional
components.

Initialization components are dispatched during what is commonly

referred to as the Power On Self Test (POST) cycle. These components

are active during initialization and terminated prior to loading the

Operating System. Initialization components may contain direct runtime
dependencies but these dependencies are limited to objects of the same
Component Class. ## For the illustrated embodiment, all initialization

components must=be are segment relocatable. _An _example of an_initialization
component is the POST Object. ~--

Runtime components are objects that #suws$ are uncompressed or. remain
decompressed and executable after loading of the Operating System. Typically,
runtime components are combined to form the 64K system BIOS image located
in the FOOOOh segment. Rensime. For the illustrated embodiment, runtime
components mmay do not contain any direct dependencies to any other
component regardless of its type or class, aad but_may contain indirect
dependencies aa&aﬂ% to other runtime components. An example of a

runtime component is the Runtime System BIOS Object.
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and address arc retrieved (1018) and the correspondi nggentry-Ts_cleared.
fromthe menmory allocation table (1018) and the handl Eﬁ?%?%E%TQQFEE

fromthe handl e table (1020). Refer to FI GURE Jj1 vvh@hi&?RaMow
di agram of a function which returns -10 he size and FMress of-any
di spat ched conmponent. This function | oads the pointer to the handl e
table (1 102), and checks to see if it is pointing to the correct

entry (1 10%nch5nél%nﬁdneﬁﬂﬁ€r55dl§&télﬁa orf aﬂl bs inseddd bais.eRAFSH the fustrated
~t+able (1106) and if so sets the not found flag(l 11 0)and fTow proceeds to

bl ock (1 1 lembodiment ja; Finctignak femapReRt ey 14da8se Naie G91aiR e@ny s direct
| ncrement ed d %%I‘E]c@?é {beaﬂiﬁ&heﬁeawoﬁémﬂr ?%)rd@@o# Bpel dradadsSt Al BRamBlefos K

(1 104). If I nter he correct entry, the not found
flag is cl eeﬁtmtngnallcozr)mmdnf h@mCOHleprm@eé&dltveﬁm t he not
found flag is set, an error is displayed (1120) and the function is
halted (1122), othermﬁse the size and address are retrieved (1116)
rand t he funcCoroponent®isparchind 118) . Refer to FIGURE 12 which is a

- f di f th d f [ -
o A O By ope LR ATHORR e
~state. Thefe B8/ iR TBypesbbOAisphthing suppostiedt sy hisd detdrapressionfdismhtcher,

: conmponent is found (1202) and allocated. After the nenory space is-
“al located (13%8iYp and pass"’e

Components are said to be passively dispatched when the binary image is
decompressed into memory and control is returned to the requester by the

decompression dispatcher. Passively dispatched components are recorded in the

Memory-Manager memory manager of the decompression_dispatcher. and=rusi-bo-

All_runtime _components, actively as well _as passively dispatched, are disposed of
’ prior to th_e boot strap. '

Components are said to be actively dispatched when the binary image is
decompressed into memory and control is given to the decompressed object.
Componénts must support Real mode execution to be actively dispatched. Control
is given directly to the actively dispatched component by the decompression

dispatcher.

Control may or may not be returned to the requester depending upon the
Component being dispatched. The code segment (CS), instruction pointer'(lP) and
Flags of the requester remain on the. stack when control is given to a actively
dispatched component. That component may execute a ADD SP, 6 if it chooses to

maintain control or execute an IRET instruction to return to the requester.

When dispatching components the decompression dispatcher works from a Packing
List provided in the ROM image by the BIOS build process. To optimize device
usage, the binary images that comprise the different components are packed into
the final ROM image. The Packing List
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the size field in the packing list is accessed to get. T 'pn
(1206). The conpressed and deconpressed size infornati oﬁgré“é&'g\%%ﬁ% |
fromthe packing list entry (1206). The Conpressed Sige f|e2 sqféti'&%es |
t he amount of space (in bytes) consuned by a conponent 1§ AN B A l
"the ROMimage. Unitialized Data conponents use this field to specify t he
maxi mum anount of nenory required and that they be aligned on a 64K
boundary. The Deconpressed Size field specifies the anount of space

(in bytes) consumed by a conponent after i-tithas been di spatched.
Conmponents that are placed in the ROM uncorrpressed have identi cal

Conpressed and [2%918%%38 ilé&%ﬂ%%cr&iiﬁﬁbﬁhb ta& &Bﬂﬁg%ﬁ%ﬁmponﬁec' fy
this field to beldent* resse %
pieces of information regard g the types o components that have been

packed into the ROM.

Class ldentification
- Each Component is identified by its Class and Sub-Class code. The
4 Class / Sub-Class combination must be unique for each component and
-there must not be two components of the same Sub-Class within a given
Class.

Packing Address

The Packing-Address field specifies the offset msnde the ROM image
where the corresponding Component has been located. The Packing
Address is typically provided by the Packing Utility unless specified in the
Packing Script.

Unitialized Data components will have a Packing Address of zero
(00000000h).

Compressed Size
- The Compressed Size field specifies the amount of space (in bytes)
consumed by a component when it is in the ROM image.

Unitialized Data components use this field to specify the' maximum
< amount of memory required and be aligned on a 64K boundary.

Decompreésed Size
The Decompressed Size field specifies the amount of space (in bytes)

consumed by a decompressed component after it has been dispatched.
Components that are placed in the ROM uncompressed have identical

Compressed and Decompressed sizes.




- 30 - CLAI VE: 1 1. An apparatus conprising: | 2 ———fj=a——= -
non-vol atil e storage having a basi c input/output syste '?EFOQFMﬂNfQMEEB
therein, the BICS being constituted of a plurality of de qﬁa&@ 4
execut abl e servi ce conmponents and a deconpression dis Ebﬂgz ﬁﬁﬁuLc
conponents being stored in a conpressed state, and the deconpressro;
di spatcher being used during operation of a conputer systemwthin mhlch 7
the apparatus is integrated, to deconpress and di spatch the service 3
conponents for execution, on an as needed b¥sis, to provide basic 3

i nput/out put services to the conputer system and to renmove the di spatched
10 service conponiifisizedddatexcumporentsspecityithisticlg® baddertizalicCheconponent s

are no | onger ne‘?ﬂﬁ'-ﬂpressed Size field.

Load Address
The Load Address field specifies the 32 bit physical address of where the

component is to be dispatched. Fhie=fiold—must—be For the illustrated
embodiment, _this field is specified even if the component is intended to ber
relocatable. “~Actively dispatched components #ust specify a Load Address
that is below 1Mb and aligned on a paragraph (16 byte) boundary.

Unitialized Data components must specify a load address that is aligned
on a 64K boundary. If the Load Address is arbitrary then a value of all
FF's (FFFFFFFFh) may be specified. Components referencing Unitialized
Data with an arbitrary Load Address saest use the Get Unitialized Data
Address function to determine the actual Load Address of the Unitialized
Data. This function can only be called after the Unitialized Data has been
dispatched. Refer to the Memory Management section described below

v for restrictions on fixed Load Address for Unitialized Data components,

- Execution Offset
The Execution Offset field specifies a 16 bit offset into the component where

execution is to begin. This-effset-must-be For the illustrated embodiment, this
offset is specified for all components that satisfy direct dependencies of other

components regardless of whether or not they are to be actively dispatched.

Components that do not satisfy direct dependencies of other components

sheuld specify this field as FFFFh. K

Unitialized Data components-mdst specify an Execution Offset of FFFFh.

Relocation Type

The Relocation Type field specifies what type, if any, of component
relocation is supported. Types are either: not relocatable; relocatable
below 1MB only; relocatable above 1MB only; or relocatable anywhere.




1 2. The apparatus as set forth in claim1, whereint
di spatcher includes a first function invocable during o RERL
conputer systemby a first executing one of the service conp gnapRt ausp
a 4 first non-executing one of the service conponents t econpre

and = dispatched for execution. 1 3. The apparatUS'as Ser Tortn |n
claim2 wherein the first executing one 2 of the service conponents
identifies the first non-executing one of the 3 service conponents to be
deconpressed and di spatched for execution t3the 4 first function of the
deconpressi on di spatcher using a first unique 5 conponent classification

code.

Dispatch Type

The Dispatch Type field specifies what type of dispatching is supported
by the corresponding component. Types are either: passive dispatching;
active dispatching; or both active and passive dispatching.

L J

Componént Organization
Though the flexibility of Component Type, Class, and Sub-Class allow unique

customization of a particular BIOS,

supperted=in=onary_RIOS. certain_components are typically included in every

BIOS. These fi#e components are: decompression dispatcher, decompression
dispatcher including unitialized data, and memory manager POST Lbéder,
power on self test (POST), and system BIOS runtime executable. These five.

components are described in the following paragraphs.

Decompression Dispatcher

The decompression dispatcher component contains all the functions that
comprise the decompression dispatcher. Access is gained through the
tatesrupt an interface defined in the decompressien-dispateher Decompression
Dispatcher Functions section described below. This component resides

uncompressed in - the ROM image.

Decompression Dispatcher Unitialized Data
This component is 128K in length and provides the memory buffers

required by the decompression dispatcher.

o

POST. Loader
The POST Loader component handles all hardware generated resets (i.e.

power on, front panel, etc.) and software generated resets after being
processed by the Shutdown Handler. This component resides
uncompressed in the ROM image and may not be dispatched into DRAM.

 AMEMDED  SHEET




- 31 - 1 4. The apparatus as set forth in claim2, wherérfTthe t1T5]
function is 2 equipped to dispatch a non-executing one of i t HEPLAGEMENT SHEET
conponents in an 3 active or a passive nanner, the non-e ecutl ég&

t he service conmponents 4 being given executlon control ga&:ﬁ 80

t he active manner, and not 5 given controfgwhen dispatchec i tne passive
manner . 1 5. The apparatus as set forth in claim2, wherein the
deconpression 2 dispatcher further includes a second function invocable

during oper atiingryrhary rbgﬁ‘or&ﬁfmvto?rthﬁyrﬁém Ry 1 coRfiing eﬁES b B SRefitol NE

service corrponents to renove a third executing one of the service

conponent s f 196in eitcot D(B%M aqgtivage theridecerppressipn dispateher, pod wWispefphccalise 1,
wherein the Sﬁ%ﬁ{% Pﬁﬁlbpﬁn §eli‘jfess‘?@ bEHecbibldides ald HidB&icheg. | nvocabl e

during opera e conpute

Power On Self Test
The Power On Self Test component (2432) is the main POST executable, and is

responsible-fe

ited for initialization of the system,

and causing all necessary compopents to be dispatched. This component resides

in a compressed state in the ROM image, and as described earlier, this component

is decompressed and dispatched into DRAM by the decompression dispatcher.

System BIOS Runtime Executable
The System BIOS Runtime Executable component is responsible for all compatible
System Services including interrupt and Device Service Routines. This component
must—alee contains the Shutdown Handler responsible for handling all software
related resets and dispatching the POST Loader as needed. This component
resides in a_compressed state in the ROM state, and it _is decompressed ang

dispatched into DRAM by the decompression dispatcher.

Decompression Dispatcher Functions

Dispatch Component ( )

The decompression dispatcher component (4452 ) dispatches a Component into
memory (+2 22). Each Component is identified by a unique Class/Sub-Class code
combination. Dispatched Components are recorded in an Allocation Table kept by
the a Memory Manager. The actual base address of a Component may be

retrieved at any time by calling the Get Physical Address( ) function.

#=i> For the illustrated embodiment, it is the responsibility of the caller to ensure

that an #we Enter Flat Modg() function has been called and 4G Data Segments are
active {(this implies that Gate A20 is enabled) before calling this- the Enter Flat

Mode() function. Also, if dispatching is being done into shadowed memory
(between COOOOh-FFFFFh), #hem the caller must ensureg that the appropriate
range has been Read/Write enabled-im-BiAdt. |

AngEMDES QHEET
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3 system by an executing one of the servi ce conponents. t-o—obtain——u - i

I nformati on 4 about another service conponent. 1 7. *‘ ﬁWMssEas '

set forth in claim®6, wherein the BIOGS is further 2 onstltut d of a ‘
.. |

conponent packing list wherein the infornmation about t enel A
conponents are stored. 1 .8. The apparatus as set mdmmba:;:m:?-—-

wherein the informati on about a 2 service conponent includes classificati on
i nformétion, a conpressed size 3 and a deconpressed size of the service '

conponent . -15-
Unitialized Data Components are also dispatched using this function. A4 For the
illustrated embodiment, all possibie requests for Unitialized Data muet~be- are
satisfied in the Packing List at build time in order for them to be dispatched by this

function. -Byremie-assigning-ef Unitialized Data Components ie are not supported
by the decompression dispatcher.

Input: . .
AH  0Oh '
AL  OOF - Passive Dispatch

01h - Active Dispatch
BX Class Code
CX  Sub-Class Code
EDI Relocation Address (00000000 if Relocation not
Requested.)
ES!I  Unitialized Data Size (00000000h if Default)’

Output - Success:
CF  Clear (0)
AH  00h

Output - Failure:
CF  Set (1)
AH  Error Code
01h - Invalid Function.
02h - Component Packing List entry not found.
03h - Component does not support relocation .
04h - Component cannot relocate above 1Mb -
- 05h - Component does not support Active Dispatching
06h - Cannot Actively Dispatch above 1Mb
07h - Active Dispatch aborted because of invalid segment
alignment .
08h - Cannot allocate memory for component
09h - Decompression failed, dispatch aborted.

AMENDED  SHEET




deconpression 2 dispatcher includes a function i nvocabl ecm_mc@g@
of the computer 3 system by an executing one of the serV| ce co

change the conputer 4 systemfrom a first manner ofj
‘a second manner of 5 menory managenent. 1 10. Th
forth in claim1l, wherein the BIOS is further

32 -

1 9.

self-test (POST) |oader for servicing reset of 3 the conputer system
including configuring a predeterm ned m nijgum amount 4 of nenory of the
conput er system for the deconpression dispatcher, and 5 | oadi ng the
deconpression di spatcher into the configured nenory for 6 execution,
t he POST | oader as well as the deconpression di spatcher 7 being stored in
the non-vol atil e SBpaye Fabuse: unconpr essed state.

CF  Set(1)
AH  01h - Invalid Function.
02h - Component Allocation Table entry not found.

Get physical Address( )

Return to the caller the base address and size of any dispatched
Component identified by the given Class and Sub-Class code. An error is
returned to the caller if the given Component does not have an entry in
the Allocation Table.

Input:
AH 06h
BX  Class Code
CX  Sub-Class Code

Output - Success:
CF  Clear (0)
AH  00h
EDI 32 bit Base Address of Component
EDX Size of Component in bytes (1K aligned)

Output - Failure:
CF  Set (1)
AH  0th-Invalid Function.
02h - Component Allocation Table entry not found.

Memory Management

Eﬁﬁ?ﬁa@“ p

2 constituted of a power-on

bot h

The memory manager is responsible for managing memory allocation for the BIOS’
memory. Memory testing and subsequent update of status-te=a=videe—meniter are

all done in ‘Real Big” mode as opposed to constantly switching between Real and

Protected Mode. ‘Real Big’ mode is a mode where the data segment registers of

the processor are loaded with Protected Mode type

: AMENDED SHEET




1 11. The apparatus as set forth in claim 10, wherei f-tiE :
conponents include a POST object for perform ng power- @@#@ﬁﬁégfﬁgﬁFlnc
an initialization period of the conputer system 1

systen1conpr|3|ng 2 a) random access nenory ( MP“eanﬂ"? """"""""""
a non-vol atil e storage having a basic input/output systém (BlIOS). stored 4
therein, the BIOS being constituted of a plurality of independently 5
execut abl e servi ce conponents and a decor ession di spat cher, the service 6
conponents being stored in a conpressed ate and the deconpression 7°

di spat cher being | oaded into the RAM and used during operation to 8
deconpress and di spzﬁ)éh tib- Q@%Q‘éd%orrponents into the RAM for executi on,
9 on an as needed basis, to provide basic input/output services to the

.‘d-—-—-——
w

Output:
None

Get Memory Block( )
Where am | function. ~ .

Input: )
BX Class Code
CX  Sub-Class Code

Output - Success:
CF  Clear (0) -
AH 00h
EDI Physical Base Address
EDX Size of Block

Output - Failure:
CF  Set (1)
AH  07h - Cannot allocate memory for component

Description of Flow Charts

Refer to FIGURE 2 which is a flow diagram of a basic input/output system

(BIOS) program in accordance with the present invention. The program

starts (200), and tests and initializes the memory controller selated-eemponcnic

and its dependencies (202). Next the program initializes the-pewer—en=soH—tect
0SS its decompression dispatcher (204) shown in more detail in the flow
diagram of FIGURE 3. Finally, the program dispatche's and executes #he jts POST
component (206) as shown in FIGURES 4 and 5, and stops (208).

Refer to FIGURE 3 which is a flow diagram of initializing_the @ decompression
dispatcher of FIGURE 2. The dispatcher data and executable code is copied (302)
from the ROM to the RAM. The dispatcher interrupt vector is

AMENDED  SHEET




- 33 - 10 conputer system and to renove the di spatcle€ r -
conponents fromthe 1 RAM upon execution, when the dist&?ﬁéﬁ*@éﬁ$ﬁ%ﬁEET
conponents are no | onger 2 needed. 1 13. The conputlet .s e

forth in claim12, wherein the 2 deconpression dispaﬁch3?$$§ﬁﬁﬁgagé """ |
first function invocable during 3 operation by a first executing one of
~the service conponents in the RAMto 4 cause a first non-executing one

of the service conponents to be 5 deco ggssed and di spatched into the RAM
for execution. 1 14. The conputer g%

.2

) : : temas set forth in claim13,:-
Ndentifies t nierasd & HGHREY. ftfagubHaSs s bibdda K BeeeadenBabl < o be
deconpr essed #ieoh thé caling pathehsubdlagsdntidve chiilef isrinercamented (51@). ke fir st
function of tYg,ciassis not found in the packing list (508), then the count of the

subclass index counter is not incremented and the flow proceeds to get

packing information for the component indexed by the count of the

component counter (512). The procedure next uReermpresses decompresses the

component at the index count and places the unecempressed decompressed code

in RAM (514).. The details of block {514) are shown in more detail in FIGURE 12.

At the end of the uneempressing decompressing procedure, a check (516) is made
to determine if there are more components in this class to ureermpress

decompress. If yes, the component index counter is decremented (618). If no, a
check (520) is made to determine if this is the last éomponent actively dispatched
or if an option ROM is present. If not, the flow ends (5624). If yes, then the

return address is adjusted to execute the dispatched component (522).

Refer to FIGURE 6 which is a flow chart of the execution of the
dispatched component. The list pointer for the packing list entries is
fetched (602). The packing list pointer is checked (604) to determine if the
end of the packing list is pointed to. If yes, a search failure flag is set
(610). If no, a check (606) is made to determine if the pointer is pointing
to the desired entry. I no, the list pointer is advanced (608). If yes, the
flow proceeds to block {612). If the search of the packing list is successful
(612), then the component decompression information is fetched {(614).
and this part of the procedure ends (616). ). If the search of the packing
list is not successful (612), an error is displayed (618) and the procedure

is halted (620). : .

Refer to FIGURE 7 which is a flow diagram of the get component
subclass identifier block (506) of FIGURE 5. The sub class index is
checked (702) to determine if it is valid. If not valid, an error is displayed
(722) and the procedure is halted (724). If yes, the packing list pointer is
checked (704) to determine if the end of the packing list is pointed to. If
yes, a search failure flag is set (710). If no, a check (706) is made to
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code.

1 15. The conputer systemas set forth in.cla
first 2 function is equipped to dispatch a non-executin

erein the

Wh |
- gng 20D Aitfe 1994 vi c

..............................

5 deconpression di spatcher using a first uni que corrponen‘t‘q%ﬁ,ﬁém\!Mﬁtwgg_r6|I
FERTa

3 conponents into the RAM for execution in an active oﬂ!;:@;%%éaéezwe;:=

the 4
contr ol

non- executing one of the service copponents being given execution
5 when di spatched in the active manner, and not given control when

di spatched 6 in the passive manner.

34 - 1 16. geldimnif® FRHE Dacking lisMpéinter & pdiRtindtd Bn Shitl Tohs the'BESiRId1idse

If no, the packing list pointer is advanced (708). If yes, a check (712) is made to
determine if the packing list pointer is referencing a desired sub component.s -lf
no, the packing list pointer is advanced (708). If yes, the component code is
fetched from the ROM (714) and this portion of the procedure stops (718).

Refer to FIGURE 8 which is a flow diagram of dispatching of components of a
class that is protected and having a 4 gig limite. The procedure loads the-GBIR a
global descriptor table register GDTR (802) with $he a global descriptor table and

then enters protected mode (804). Jhe A data segment (DS), an extra segment

(ES), a global segment (GS), and a_general-purpose file segment (FS) registere of

the_computer system _is a8 configured with theLgig limite and protected mode is
exited (808). The registers DS, ES, FS, and GS are loaded with a O base address
(810) and the procedure stops {812).

Refer to FIGURE 9 which is a flow diagram of dispatching of components of a
class that is protected and having a 64K limits. The procedure loads the-GhIR a
global descriptor table register GDTR (902) with $ke-a global descriptor table and
then enters protected mode (904). The data segment (DS), extra segment (ES),
global segment (GS), and general-purpose file segment (FS), registers are
configured with 64K limits and protected mode is exited (908). The registers DS,
ES, FS, and GS are loaded with a O base address {910) and the procedure stops
(912).

Refer to FIGURE 10 which is a flow diagram of removing a component from
memory. The procedure loads the pointer to the handle table (1002}, and checks
to see if it is pointing to the correct entry (1004}, If not, it checks to see if it is at
the end of the table (1006) and if so sets the not found flag (1010) and flow
proceeds to block 1014. If it is not at the end of the table the pointer is
incremented to the next entry (1008) and the flow returns to block (1004). If the
handle pointer is at the correct entry, the not found flag is cleared (1012) and flow:
proceeds to block (1014). If the not found flag is set the procedure is exited
(1022), otherwise the size '

2 —
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2 deconpression dispatcher further includes a second function invocable 3
during operation by a second executing one of the service-conpenents in-the
4 RAM to renove a third executing one of the service ¢@&y@g@@@gﬁﬁgug&i'

execution in the RAM 1 17. The conputer system as et f hin claim

12, wherein the 2 deconpression dispatcher includes a funﬁ;mp ,,,,, ARR q pLe“

durlng operation by 3 an executing one of the service COﬂp@ﬁ@#ﬁi?ﬂgigF&e:ﬂ

RAM to obtain information 4 about another service conmponent. 1 18.

The conputer systemas set forth in claba%17, wherein the BIOS is 2 further
constituted of a conponent packing Ilst erein the infornation 3 about

the service conponents are st ored. The conputer s set
forth in clai %ﬁqeddmraéﬁrﬁe‘t“ﬁéeﬁjrﬁ’fQ)W}E?ﬂddﬁe CQr"e&BBU?'”Q eé’é’w %‘ﬁponent

i ncl udes conprG@Rhe thémdhf Nctdtion tafle(P0PB)sREthetharklie enapis ded&;ﬁor epr essed

f
size of the sgrylirg reOBROLEN (1020).

Refer to FIGURE 11 which is a flow diagram of a function which returns
the size and address of any dispatched component. This function loads
the pointer to the handie table (1102}, and checks to see if it is pointing to .

/ the correct entry (1104). If not, it checks to see if it is at the end of the
table (1106) and if so sets the not found flag(1110)and flow proceeds to
block (1114). If it is not at the end of the table the pointer is incremented
to the next entry (1108) and the flow returns to block (1104). If the handle
pointer is at the correct entry, the not found flag is cleared(1112)and flow
proceeds to block (I114). If the not found flag is set, an error is displayed
(1120) and the function is halted (1122), otherwise the size and address
are retrieved (I116) and the function is exited (1118).

Refer to FIGURE 12 which is a flow diagram of the procedure for getting
a specified component transferred and stored in RAM in an
uncompressed and executable state.

A RAM memory block.Jarge enough to hold the specified component is

found (1202) and allocated. After the memory space 15 allocated (1204),

the size field in the packing list is accessec to get the size information

(12086). The compressed and decompressed size informaton is obtained A
from the packing list entry (1206). The Compressed Size field specifies

the amount of space (in bytes) consumed by a component when itis in

the ROM image. Unitialized Data components use this field to specify the i

maximum amount of memory required and that they be aligned on a 64K

boundary. The Decompressed Size field specifies the amount of space

(in bytes) consumed by a component after it' has been decompressed and
dispatched. Compenents As described earlier, components that are placed in the

ROM uncompressed have identical Compressed and Decompressed sizes.

Unitialized Data Components specify this field to be identical to the Compressed

Size field.
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1 20 The conputer systen1as set forth in cIa|n112 mh Nt

deconpr essi on di spatcher includes a function invocabl:e ¢mpmngEMﬁaﬁﬁﬂﬁﬁx
3 an executing one of the service conponents in the

conputer systemfroma first manner of nenory managene nxhﬁzdﬁs
manner of nenory managenent.
- 35 - 1 21. The conputer systemas set forth in claim12, wherein the
BIOS is 2 further constituted of a power-on self-test (PCST) | oader for

servicing 3 reset of the conputer systemgsjncluding configuritga—— -

predeterned M MR O T ||||
_ ) * C L M S5 %

CLAIMS:

1 1. An apparatus comprising:

2 a) a non-volatile storage having a basic input/output system (BIOS) stored
3 therein, the BIOS being constituted of a plurality of independently
4 executable service components and a decompression dispatcher, the service

components being stored in a compressed state, and the decompression'

W

(S2]

dispatcher being used during operation of a computer system within which
the apparatus is integrated, to decompress and dispatch the service
components for execution, on an as needed basis, to provide basic

input/output services to the computer system, and to remove the dispatched

QO W w o~

service components upon execution when the dispatched service components

are no longer needed.

1 2. The apparatus as set forth in claim 1, wherein the decompression

2 dispatcher includes a first function invocable during operation of the
3 computer system by a first executing one of the service components to cause a
4 first non-executing one of the service components to be decompressed and

dispatched for execution.

1 3. The apparatus as set forth in claim 2 wherein the first executing one
2 of the service components identifies the first non-executing one of the

service components to be decompressed and dispatched for execution to the

= W

first function of the decompression dispatcher using a first unique

w

component classification code.
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4 amount of the RAM for the deconpr essi-on di spatchef-f,?'-"'?é'rid.l--o-a’d-i ng the 5 B

deconpression dispatcher. into the configured RAM for ex tT o0, - || 6
POST | oader as well as the i ' i spat cher bei n555%¢%gﬁ%§7
non-vol atile storage in aﬂ‘“ﬂﬁ%ﬂmmmﬁ"mtﬂ e. 1 22 AP 4998
systemas set forth in clai*m 21, twhtrein *t he service 2 bQﬂﬁdn'enr'S'"1"nc1"r1ﬁ' a
POST .conponent for perform ng power-on self-test 3 during an tnitialization

period of the conputer system 1 23. |In a conputer system a conputer
i npl ement ed nethod for providing 2 basie i3dput/output service to the ;
conputer systemduring operation, the 3 conmputer inplenented nethod ‘

conprising the s s . of: 4 3 .l ogdi ng, a_deconpressi on di. spat cher of
a basic i ﬂput ! Ou?ﬁgtapgﬁgquésmag SﬁBFE@} B ﬁ\“égzno‘ﬁg%ﬂ“gﬁﬁ ﬁrs t%f"étb%'f)dﬁ t he
conput er 3ystgiippsd Oof alkpRIh § RACSERuRIUné 6FAM REvitdeomPBadhR' irS¥%at em
for executionﬁﬁ?ﬁe BIOOS I ncl udi ng tﬁe deconpr essi onwdi spat'cher alnd a

pl ur al'i t y3of activke penalepassive Sasnerc thebla-exacuiivg aenpbribat serviee nepmponents

pre-stored in the pon-volatile storage, 9 the deconpyessi.on di spatcher
bei ng :pre*st BF8 BHERn SXSRUGRPr EQUEY g’ﬁ‘é‘i éi,ls%chﬁﬁef"bé e (3Gt Ve JngpRel, and not

conponent § WelRnPEEAFLP Wifkn' QispalBER 5 B paldh€ manner.

-t

5. The apparatus as set forth in claim 2, wherein the decompression

2 dispatcher further includes a second function invocable during operation of
3 the computer system by a second executing one of the service components to
4 remove a third executing one of the service components from execution.

1 6. The apparatus as set forth in claim 1, wherein the decompression

2 dispatcher includes a function invocable during operation of the computer
3 system by an executing one of the service components to obtain information
4 about another service component. '

.1 7. The apparatus as set forth in claim 6, wherein the BIOS is further

w

constituted of a component packing list wherein the information about the

3 service components are stored.

1 8. The apparatus as set forth in claim 7, wherein the information about a

N

service component includes classification information, a compressed size

3 and a decompressed size of the service component.




1 b) the decorrpress—mf—ﬁer*dmmresm n~g

an as 2 needed basis, neede V|ce conpong
non-vol atile 3 storage into mﬂﬂmmﬂnlg tion;, and
deconpressi on di spatcher renovi ng ched servic
fromthe RAM when the dispatched service conponents are

AMENDED SHEET
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1 9. The apparatus as set forth in claim 1, wherein the decompression

v

dispatcher includes a function invocable during operation of the computer

system by an executing one of the service components to change the computer

~ow

system from a first manner of memory management to a second manner of

(%))

memory management.

1 10. The apparatus as set forth in claim 1, wherein the BIOS is further

2 constituted of a power-on self-test (POST) loader for servicing reset of
3 the computer system, including configuring a predetermined minimum amount
4 of memory of the computer system for the decompression dispatcher, and

loading the decompression dispatcher into the configured memory for

o1

execution, both the POST loader as well as the decompression dispatcher

w

7 being stored in the non-volatile storage in an uncompressed state.
1 11. The apparatus as set forth in claim 10, wherein the service
2 components include a POST object for performing power-on self-test durfng

3 an initialization period of the computer system.

1 12. ° A computer system comprising:

2 a) random access memory (RAM); and _
3 b) a non-volatile storage having a basic input/output system (BIOS) st-ored
4 therein, the BIOS being constituted of a plurality of independently
5 executable service components and a decompression dispatcher, the service
5 components being stored in a compressed state, and the decompression
f dispatcher being loaded into the RAM and used during operation to
3 decompress and dispatch the service components into the RAM for execution,
d

on an as needed basis, to provide basic input/output services to the
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1 13. The computer system as set forth in claim 12, wherein the

2 decompression  dispatcher includes a first function invocable during
3 operation by a first executing one of the service components in the RAM to
4 cause a first non-executing one of the service components to be

decompressed and dispatched into the RAM for execution.

w

1 14. The computer system as set forth in claim 13, wherein the first

2 executing one of the service components in the RAM identifies the first
3 non-executing one of the service components to be decompressed and
4 dispatched into the RAM for execution to the first function of the

(9) ]

decompression dispatcher using a first unique component classification

code.

[$3]

1 15. The computer system as set forth in claim 13, wherein the first

2 function is equipped to dispatch a non-executing one of the service
3 components into the RAM for execution in an active or a passive manner, the y
4 non-executing one of the service components being given execution control

when dispatched in the active manner, and not given control when dispatched

wl

in the passive manner.

[32)
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4 RAM to remove a third executing one of the service components from

.

5 execution in the RAM.

1 17. The computer system as set forth in claim 12, wherein the

v

decompression dispatcher includes a function invocable during operation by

an executing one of the service components in the RAM to obtain information

- W

about another service component.

1 18. The computer system as set forth in claim 17, wherein the BIOS is

N

further constituted of a component packing list wherein the information

3 about the service components are stored.

1 19. The computer system as set forth in claim 18, wherein the information
2 about a service component includes component classification, a compressed

3 size and a decorepressed size of the service component.

1 20. ~ The computer system as set forth in claim 12, wherein the

decompression dispatcher includes a function invocable during operation by '

[\

an executing one of the service components in the RAM to change the

= W

computer system from a first manner of memory management to a second

w

manner of memory management.
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1 21. The computer system as set forth in claim 12, wherein the BIOS is

AV

further constituted of a power-on self-test (POST) loader for servicing

reset of the computer system, including configuring a predetermined minimum

- w

amount of the RAM for the decompression dispatcher, and loading the

decompression dispatcher into the configured RAM for execution, both the

w

POST loader as well as the decompression dispatcher being stored in the .

w

7 non-volatile storage in an uncompressed state.

1 22. The computer system as set forth in claim 21, wherein the service

2 components include a POST component for performing power-on self-test
3 during an initialization period of the computer system.

1 23. In a computer system, a computer implemented method for providing
2 basic input/output service to the computer system during operation, the

computer implemented method comprising the steps of:

AW

a) loading a decompression dispatcher of a basic input/output system

5 (BIOS) from a non-volatile storage of the computer system into random

W

access memory (RAM) of the computer system for execution, the BIOS
including the decompression dispatcher and a plurality of independently
executable service components being pre-stored in the non-volatile storage,

the decompression dispatcher being pre-stored in an uncompressed state,

O W W N

whereas the service components were pre-stored in a compressed state;

b

b) the decompression dispatcher decompressing and dispatching, on an as

(A%

needed basis, needed ones of the service components from the non-volatile
storage into the RAM for execution; and

c) the decompression dispatcher removing the dispatched service

[ B - R Y

components

from the RAM when the dispatched service components are no longer needed.

[6))
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3 (b.1) a first executing one of the service components invoking a first

4 function of the decompression dispatcher and identifying a first

non-executing one of the service components to the first function; and

w

(b.2) the first function decompressing and dispatching the first

(3}

~

non-executing one of the service components from the non-volatile storage

to the RAM for execution.

w

1 25. The computer implemented method as set forth in claim 24, wherein in

2 step (b.1) the first executing one of the service components identifies the
3 first non-executing ones of the service components using a unique service
4 component classification code.

1 26. The computer implemented method as set forth in claim 24, wherein in

2 step (b.2) the first function decompresses and dispatches the first
3 non-executing one of the service components in either an active or a
4 passive manner, the first non-executing one of the service component being

w

given control when dispatched in the active manner, and not given control

when dispatched in the passive manner.

(3]

1 27. The computer implemented method as set forth in claim 24, wherein

2 step (b) further includes the steps of:
3 (b.3) a second executing one of the service components invoking a second
4 function of the decompression dispatcher, and identifying ‘a third executing

one of the service components to the second function, and

Ul

w

(b.4) the second function removing the third executing one of the service

7 component from the RAM.
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1 28. The computer implemented method as set forth in claim 23, wherein

2 step (b) includes the steps of:
3 (b.1) a first executing one of the service components invoking a function
4 of the decompression dispatcher, and identifying another service component

w1

to the function, and

(b.2) the function returning information about the other service component

w

7 to the first executing one of the service components.

1 29. The computer implemented method as set forth in claim 28, wherein
2 step (b.2) includes the function retrieving the returned information from a

3 packing list of the BIOS, wherein the returned information are stored.

1 30. The computer implemented method as set forth in claim 29, wherein the
2 retrieval in step (b.2) includes retrieving a classification, a compressed

3 size, and a decompressed size of the other service component.

1 31 The computer implemented method as set forth in claim 24, wherein

2 step (b) includes the steps of:

3 (b.1) a first executing one of the service components invoking a function
4 of the decompression dispatcher, and identifying a first manner of memory

management to the function, and

w

(b.2) the function switching the computer system to the first manner of

(S}

7 memory management.

1  32. The computer implemented method as set forth in claim 23, wherein step

N

(a) including the steps of:

(a.1) executing a power-on self-test (POST) loader module upon reset of

- W

the computer system, the POST loader module being pre-stored in a

(¥} ]

decompressed state in the non-volatile storage; and

P
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(a.2) the POST loader module loading the decompression dispatcher from

(&3]

7 the non-volatile storage into the RAM for execution.

1 33. The computer implemented method as set forth in claim 31, wherein

2 step (b) includes decompressing and dispatching, by the decompression
3 dispatcher, a POST component for performing power-on self-test during an
4 initialization period of the computer system.
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ABSTRACT

A METHOD FOR BASIC INPUT-OUTPUT SYSTEM (BIOS) CODE
COMPRESSION/DECOMPRESSION DISPATCHER

The services to be provided by a basic input/output system
(BIOS) (38) of a computer system are implemented via a number of
_ independently executable service components. Additionally, the BIOS
is provided with a decompression dispatcher (52) for decompressing
and dispatching the service components into random access memory
(RAM) (22) of the computer system for execution on an as needed
basis, and optionally refnoving the dispatched service components
when they are no longer needed. As a result, the service components
may be stored in a non-volatile storage in a compressed state, allowing
more services to be implemented without requiring more non-volatile

storage.

(Figure 1)
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(57) Abstract

A basic input/output system (BIOS) (38) stored in a read only
memory (ROM) (10) is organized into a set of components, each being
dispatched as an independent executable object after being copied to
a shadow memory portion of a random acess memory (RAM) (22).
Three types of components are defined, initialization components, runtime
components and functional components. The initialization components
are dispatched during a Power On Self Test (POST) cycle such that
the initialization components are active during initialization. The
initialization components are terminated prior to loading an operating
system. The runtime components are maintained decompressed and
executable after loading of the operating system. The functional
components are dispatched on an as needed basis. When dispatching
components a decompmsmon dispatcher (52) works from a component
packing list (50) provnded in the ROM image by a BIOS build process.
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