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Real I\/bde Card Services Clients with Ii Ié\/s Card
Servi ces | npl enentation : - FI L?%eg ENTI ON
This invention relates to PCMCIA Card Services inple i Mor e
specifically, the invention relates to a protected rmdeTﬂ? don of
PCMCI A Card Services for the Mcrosoft Wndows operating envi ron t hat

supports real-node clients of Card Seryiees during the conputer system boot

procedure. THE. | NVENTI ON
Lapt op and not ebook si zMeM%BHQIEBBM%?g’ ﬁFPB"EE}é i ncreasi ngly
popul ar. One probl em wi tRe deCa gf‘f‘ﬁﬁﬁ Ghenakyw ebook si zed personal

conputers is that itAiRrotictéd deC@rdcﬁtrpmes;lmlamrtwl@%ch systens since
there are usually no internal expansion slots. Peripherals can be connected
to external ports on | aptop and not ebook sized personal conputers; however,

t he external peripherals hang_off Eh?J Si ﬂe of the portable

" This invention relates to PCMCIA Card Services
implementations. More specifically, the invention relates to a protected
mode implementation of PCMCIA Card Services for the Microsoft®
Windows™ operating environment that supports real-mode clients of Card

Services during the computer system boot procedure.
BACKGROUND OF THE INVENTION

~ Laptop and notebook sized pérsonal computers have become
increasingly popular. One problem with many existing laptop and notebook
sized personal computers is that it is difficult to add peripherals to such '
systems since there are usually no internal expansion slots. Peripherals can
be connected to external ports on lapfop and notebook sized personal |
computers; howevef, the external peripherals hang 6ff the side of the portable

computer system thereby making the system no longer portable:

~ To provide a convenient interface for small peripheral devices, a
computer industry consortium drafted a specification defining a standard |
interface for credit-card sized computer peripherals. The computer industry
consortium is known as the Personal Computer Memory Card Industry

Association (PCMCIA) and the standard credit-card sized peripherals are
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conput er’ system t hereby maki ng the system no | onger portable.

To provide a convenient interface for small peripheral devices, a. conputer
i ndustry consortiumdrafted a specification defining.a standard interface
for credit-card sized conputer peripherals. The conputer industry
consortiumis known as the Personal Conputer Menory Card | ndustry

Associ ation (PCMCIA) and the standard credit-card sized peripherals are

-2- known as PCMCI A Cards. The first vé¥ston of the PCMC A speci fication
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itself, to allow the systemto adapt t ugged 1 nto a
conput er 9y9{ epersdhdl CéifplfersMuEINGRCard International Association.)

The PCMCIA standard is defined such that it is possible to plug
-in and remove cards while the base system is running, without damage to the
cards or to the base system. This hot insertion/removal feature is unique to
PCMCIA computer hardware. Furthermore, éonfiguration information is
kept in memory on a PCMCIA card itself, to allow the system to adapt to the
card when it is plugged into a computer system. The PCMCIA standard
defines the physical size and shape of PCMCIA cards. The PCMCIA standard
also defines power and voltage levels, and connector pinouts. Cards that
comply with the PCMCIA standard may be plugged into compatible systems
without fear that the connectors won't match or that voltage differences will
damage the hardware. The standard also defines the range of ‘configuration
information which may be kept on the cards, and indicates how software can

read this information.

The PCMCIA hardware includes the socket into which the card
is plugged, a connector for conveying power and information between the
cards and the computer, and a socket adapter integrated circuit which couples

the computer microprocessor to the sockets. The socket adapter contains



defines the physical size and shape of PCMCI A cards. The PCMClI A standard

al so defines power and voltage | evels, and connector pinouts. Cards that
conmply with the PCMCI A standard nay be plugged into conpatible systens

w t hout fear that the connectors won't match or that voltage differences

wi || damage the hardware. The standard al so defines the range of
configuration informati on which may be kept on the cards, and indicates how
software can read this information. ' The PCMCI A har dwar e

i ncl udes f\%ﬁ&%ktﬁgge@n@fﬂe‘miﬁagié&sfﬁr ftéfrupts GAR% a eaDRasdware thiinge

conveyi ng power and I nformati oh between the cards and the conputer, and a

socket ad@s{(&rﬁrocwfseﬂfcﬂta%ch' Edrdbeingthiberted orRbsVelpor arard datteryr opr ocessor
to the sockets. The socket adapter contains

-3-  har dWairingdowe r!efapgmgmafdmam: aHows thetcard'sphemobp /O canmd har dwar e
. change event ocCcurs such as a card being inserted or renpbved, or a card
battery rimeirapt tobe diteetéd tp bhe proper pldcessvithin theroverallmomputer/ O, and
interrupt to be directed to the proper places within the overall conputer
system Fsystemarforeexairiple, if a cardorontains memory, the\memony mayshe Rappashed
such that it appears at any point in the conputer's address space bel ow 16
megabyt essuddi that it appears abasypoinbin thenecomputer's address space belomsds t he
i nterrupt request can _be routed to one of a nunber of systerﬁ'll RQ i nes.
megabytes. Similarly, if a card can generate an interrupt request, the interrupt

request can be routed to one of a number of system IRQ lines.

The current PCMCIA standard defines two layers of software that
a computer system uses to access and manage PCMCIA cards. The two layers
of software are called the Socket Services layer and the Card Services layer. In
operation, applicatioﬁs which wish to use PCMCIA cards access the PCMCIA
cards by using functions available from the Card Services layer. Applications
which use the Card Services functions are known as Card Services “"clients".
A Card Services client registers with Card Services by calling a Card Services
client registration function and providing some client information and the
address of a client callback routine. Card Services executes the callback

routine when a PCMCIA card related event occurs.

For example, when a hardw_are event from a PCMCIA card
socket occurs, the client's callback routine performs processing associated with
the event. Events include hardware events such as card insertion/removal
or low battery and software events such as a client requesting exclusive use of
a card. Upon card insertion, a registered client might use the callback routine

to query the card to determine the card's type. If card was the correct type it



The current PCMCI A standard defines two |ayers of saoftware that a conputer
system uses to access and nmanage PCMCI A cards. The two | ayers of software
are called the Socket Services |layer and the Card Services layer. In
operation, applications which wish to use PCMCI A cards access the PCMCI A
cards by using functions available fromthe Card Services | ayer.
Applications which use the Card Services functions are known as Card
Services "clients". A Card Services cTi®nl registers with Card Services by
calling a Card Services client traté‘o funct,j
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client mght use the callback routine to query the card to determ ne the
card's type. If card was the correct type it
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/O and interrupt nust be set up to fit the syste the card has

been pl ugggsgh Qﬁ{gﬂe gfiﬂéhpﬁ?a KAV bdveraPiidbarices | dfSycket Sepdoés @ack cards by
progranm ng the Car ardware regi sters and the PCMCI A adapter.
| instance of Socket Services serving one or more PCMCIA adapters), but only a
single instance of Card Services. Clients of the Card Services layer see a- |
number of PCMCIA sockets available but do not see a number of PCMCIA
adapters, each of which has one or more sockets. This abstraction, and the
configuration management support, are the primary reasons for the Card

Services software layer.

In an IBM® compatible personal computer running the real
mode DOS environment, the Socket Services software layer of the PCMCIA
standard is usually implemented using a ROM, a device driver, ora
Terminate and Stay Resident (TSR) program. Most implementations of the
Socket Services layer only require about 3K of memory, a relatively small

amount of memory.

In a real-mode DOS environment, the Card Services software
layer is implemented using a device driver or a TSR progfam that is loaded
after DOS has loaded. Since the Card Services software layer, as defined by the

- PCMCIA specification, must provide a large number of functions, the Card

Services software layer usually requires more than 40K of memory. This



The Socket Services and Card Services |layers are designed such that a
singl e system may have several instances of Socket Services (each instance
of Socket Services serving one or nore PCMCI A adapters), but only a single
i nstance of Card Services. Cients of the Card Services |ayer see a -
nunber of PCMCI A sockets avail able but do not see a nunber of PCMCI A
adapters, each of which has one or nore sockets. This abstraction, and the
configuration managenent support, are the-primary reasons for the Card

Servi ces software | ayer. ln an, | cqnpati bl e personal
_ com)uter llrelatiu'ahg:argﬁ an%u/émﬂm@wyemd g‘ﬂh&ﬁf&%ﬁ‘@%%ﬁx idces
software |ayer of the | A standard. is usual ly inplenented using a ROM a
devi ce drpreblemdn raemmca&ﬁféamﬁgl %LR&@ qu‘g%S%Wagram l\/bgt
I npl erent ati ons of the Socket Services |ayer only require about 3K of
menory, a relatively small amount of nmenory. In a real - node
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interface (GUI) which makes application programs easier to use. The

Microsoft® Windows™ operating environment supports DOS applications

through the use of DOS virtual machines.

The Microsoft® Windows™ operating environment takes
advantage of the extended memory available in computers based on the 386
or later microprocessors. To more efficiently use the computer system
memory, protected mode implementations of Card Services that operate in
the Windows™ operating environment have been proposed. (See "An
Architecture for Implementing PCMCIA Card Services Under the Windows
Oﬁerating System in Enhanced Mode", Serial No. 08/041,705, filed April 1,
1993.)

However, a protected mode implementation of Card Services
may have compatibility problems with some real mode clients of Card
Services. Specifically, some real mode clients of Card Services may reqhire
access to Card Services functions during the cdmpuier system boot procedure.
Since the protected mode implementation of Card Servicesis not available until

after the Microsoft® Windows™ operating environment is loaded, the real



-5- relatively large anmobunt of nenory used for Card Services can.present a
problemin nmenory constrai ned DOS based conputer systens. The
M crosoft Wndows[err].operating environnent is largely replacing the
ol der DOS only environnment in personal conputers. The M crosoft W ndows
envi ronment provides an attractive graphical user interface (GJ ) which
makes application prograns easier to use. The M crosoft Wndows operating
envi ronnment supports DOS -applications through the use of DOS virtual
machi nes. The M crosoft Wndows operating environnent takes -
advant age of the extended nenory avaid @l- in conputers based on the 386 or
| at er nicroprocessors To nore eff|C|entIy use the conputer systen1nennry
prot ect ed \g Chfd Serviees dting thes computerpsysiem bootiw
W ndows|[ er'r operatln envi ronnment have been proposed. (See "An
- Architect 4@%%1& ¥Ph&ises the CaROSENicenfuhctionsi they needer the W ndows
Qperating Systemin Enhanced Mode", Serial No. 08/041, 705, filed April 1,
1993.) However, a protected nmode i npl enentation of Card
Services may have conpatlblllty problems with sone real node clients of
Card Services. Specifically, sone real node clients of Card Services may
require access to Card Services functions during the conputer system boot
procedure. Since the protected node inplenentation of Card Services is not
avai lable until after the Mcrosoft Wndows[err] operating environnent is
| oaded, the real _



node clients requiring Card Services during the conmputer system boot wll
not be able to access the Card Services functions they need.

-7- - SUMMARY OF THE | NVENTI ON It is
therefore an object of the present invention to provide a supplenent to a
protected node Card Services inplenmentation that provides access to Card
Services functions during the conputer system boot -process.

These and ot her objectives are acconplished by a Card Services
Conpatibility Driver. The CaggnbahARYCHSTHEIMRPMENRONtY Driver is a device

It is therefore an object of the present invention to provide a
supplement to a protected mode Card Services implementation that provides

" access to Card Services functions during the computer system boot process.

These and other objectives are accomplished by a Card Services
Compatibility Driver. The Card Services Compatibility Driver is a device
driver or TSR that loads near the beginning of the computer system boot
procedure. The Card Services Compatibility Driver simulates a full
implementation of Card Services by supporting only the functions that are
legal when no cards are installed in the system even though cards may be
installed in the system. Later, a full protected mode implementation of Card
Services is loaded into the system. The Card Services Compatibility Driver
transfers all the state information it has collected during the computef system
boot'procedure to the full protected mode implementation of Card Services.
After receiving this information, the full protected mode implementation of
Card Services takes control and services all future Card Services requests. The
full protected mode implementation of Card Services also inférms the
registered Card Services clients of any cards inserted in the system by making

card insertion callbacks.



driver or TSR that | oads near the begi nning of the conputer system boot
procedure. The Card Services Conpatibility Driver sinulates a ful

ispl enent ati on of Card Services by supporting only the functions that are
| egal when no cards are installed in the systemeven though cards nay be
installed in the system Later, a full protected node inplenentation of
Card Services is |oaded into the systeg .The Card Services Conpatibility
Driver transfers all the state |nfornat|on it has col l ected during the
conput er system boot pr oBr@ETSES R@WIRGsnode i npl enent ati on of
Card Services. After recerving this in ornatlon the full protected node

I npl enmentati on of Card Services takes control and services all future Card
Servi ces requests. The full protected node inplenentation of Card Services
al so informs the rdgiesolsjects, featureSamd advantagestaf the presemtainyentioserted in
t he system by nmaking card insertion call backs.

- 8- will be apparent to Bﬁb%m&ﬂﬁ{kﬁ&'aﬂwmﬂw&w@mg detailed The .
obj ects, features and advantages of the present invention wll be apparent
to one slddstﬂptlon innwhiaht, in view of the follow ng detail ed description in
whi ch: Figure 1 is a block diagramof the Card Services and
Socket

Figure 1 is a block diagram of the Card Services and Socket
Services software layers defined by the PCMCIA specification as used in a

computer system;

Figure 2 is a typical memory map of a real mode DOS machine
after DOS, a Socket Services device driver, a Card Services device driver,
other device drivers, and Terminate and Stay Resident (TSR) programs have

been loaded;

Figure 3a illustrates a block diagram of the program interactions
in a computer system using a Card Services Compatibility Driver during the

computer boot stage;

Figure 3b illustrates a block diagram of the program interactions
in the computer system of Figure 32 when a protected mode Card Services
implementation has been loaded and the Card Services Compatibility Driver

- is transferring its database to the protected mode Card Services |

implementation;



Servi ces software | ayers defined by the PCMCI A specification as used in a
conputer system Figure 2 is a typical nenory map of a real
nmode DOS machine after_DOS, a Socket Services device driver, a Card

Servi ces device driver, other device drivers, and Term nate and Stay

Resi dent (TSR) prograns have been | oaded; Figure 3a
illustrates a bl ock diagram of the programinteractions in a conputer
systemusing a Card Services Conpatilsil®ty Driver during the conputer boot

st age; ure 3b illusirates abloc di agram.of the program
interactions in theFlﬁm’ﬂ&Cé} u§?§t€érﬂ Bk’ti geam pf rPfQ%ﬁ‘Bt‘QE‘Eréﬂ ﬂgﬂe Car d

Services inplenentation has en | o the Card Serwvik&es atibility
Driver isin @@PPF%@Y?WH’ gﬁBf%t@F éﬁﬁ’jd%? Sces
| mpl ement gt ?ementatxon has taken control from the Card Services Compa?xbmty

Driver;

Figure 4 illustrates a flow diagram of the steps required by

present invention;

Figure 5 illustrates a memory map of the real mode memory
area after DOS, a Socket Services device driver, the Card Services
Compatibility Driver, other device drivers, and Terminate and Sta'y Resident

(TSR) programs have been loaded. -



Figure 3c-illustrates a block diagramof the programinteractions in the
conputer system of Figure 3b when the protected node Card Services

i-npl ement ati on has taken control fromthe Card Services Conpatibility
Driver; Figure 4 illustrates a fl ow di agram of the steps
required by present invention; Figure 5 illustrates a nenory
map of the real node menory area after 1803, a Socket Services device
driver, the Card Services Conpatibility Driver, other device drivers, and-
Term nate and Stay Resi d& QALIIN FXINGY INGS A Lk :
- 10 - . NOTATI ON AND NOVENCLATURE The
detail ed descriptions which follow are presented largely in terns of

detsi | ed descriptions whi ch fol |ow are presented |ar: of
dath bris wihin o dheARtaleddiesrdptons SUrER N AiepraEated BREANIRand
L e e AR R AR, AT B S oo

operations of data bits within a computer memory. These algorithmic

descriptions and representations are the means used by those skilled in the
data processing arts to most effectively convey the substance of their work to

| others skilled in the art.

An algorithm is here, and generally, conceived to be a self
consistent sequence of steps leading to a desired result. These steps are those
requiring physical manipulatiohs of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared, selected, chosen,
modified, and otherwise manipulated. It proves convenient at times,
principally for reasons of common usage, to refer to these signals as bits,
values, elements, symbols, characters, images, terms, numbers, or the like. It
should be borne in mind, however, that all of these and similar terms are to
be associated with the appropriate physical quantities and are merely

convenient labels applied to these quantities.

In the present case, the operations are machine operations
performed in conjunction with a human operator. Useful machines for
performing the operations of the present im}éntion.include general purpose

- digital computers or other similar devices. In all cases, there should be borne

in mind the distinction between the method operations of operating a



others skilled in the art. An algorithmis here, and

general ly, conceived to be a self consistent. sequence of steps leading to a
desired result. These .steps are those requiring physical manipul ati ons of
physi cal quantities. Usually, though not necessarily, these quantities take
the formof electrical or magnetic signals capable of being stored,
transferred, conbi ned, conpared, selectegd, -chosen, nodified, and otherw se
mani pul ated. It proves convenient at tines, principally for reasons of
common Us%iﬂnphtérraﬁd? thé méthed ofscqgnplitation iiself, Thé¢ presentliowention synbol s,
characters, ihmges, terns, nunbers, or the like. It should be borne in

m nd, howepekdtes tdatethbd stépst for pexating iancomputer and processingeelaetzical or ed
with the appropriate physical quantities and are nerely cqnvenient |abels
appl i ed t cotheephysicahsignalssto generate other desiradphysi¢ad signalsase, the
operations are machi ne operations performed in conjunction with a human
operator. Useful machines for perform ng the operations of the present
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activated or reconfigured by a computer program stored in the computer.

The algorithms presented herein are not inherently related to any particular
computer or other apparatus. In particular, various general purpose
machines may be used with programs in accordance with the teachings
herein, or it may prove more convenient to construct more specialized
apparatus to perform the required method steps. The required structure for a
variety of these machines will appear from the description given below.
Machines which may perform the functions of the present invention include
those manufactured by the Assignee, Intel Corporation, as well as other

manufacturers of computer systems.



The present invention also relates to apparatus for performng these
operations. This apparatus may be specially constructed for the required
pur poses or it may conprise a general purpose conmputer selectively
activated or reconfigured by a conputer programstored in the conmputer. The
al gorithns presented herein are not inherently related to any particul ar
conputer or other apparatus. In particular, various general purpose

machi nes may be used with prograns i ddcordance with the teachi ngs herein,
or it may prove nore conveni ent tmﬁggmmsrmre speci al i zed apparatus to -
performthe required nethod steps. The required structure for a variety of
these machines will appear fromthe description given bel ow. Machi nes which
may performthe functions of the present invention include those

manuf act ured by t heNdgwirtjoelar progeamfuingolamguage has beehlindicated éor

manuf acturers of conputer systens.

- 12 - carrying out the various procedures desedibed harein.| This is due, in part, No
particular progranmm ng | anguage has been indicated for carrying out the
vari ous ptmﬁteci%ctsﬂuimrﬁl guages thatimight be anentionedare universally f act t hat
not all |anquages_that m ght be nentioned are universall avai | abl e. Each
user of a? i yEagh esﬁﬁs%taepawwamomw will be| awiarenfa language

which is most suitable for his immediate purposes. In practice, it has
proven useful to substantially implement the present invention in C and
Intel x86 assembly language, which is then compiled and assembled into
machine executable object code. Because the computers and the monitor |
systems which may be used in practicing the instant invention consist of
many diverse elements, no detailed program listing has been provided. It is
considered that the operations and othér procedures described herein and
illustrated in the accompanying drawings are sufficiently disclosed to

permit one of ordinary skill to practice the present invention.



whi-ch is nost suitable for his imedi ate purposes. In practice, it has
proven useful to substantially inplenent the present invention in C and
I'ntel x86 assenbly | anguage, which is then conpiled and assenbled into
machi ne execut abl e obj ect code. Because the conputers and the nonitor

systens which nmay be used in practicing the instant

many di verse el enents, no detailed programlisting has been provided.

consi dered that the operations and oft‘he1=3 pT ocedur es descri bed herein and

illustrated in the acconpanyi nmmmgmf iciently disclosed to
-permt one of ordinary skill to practice the present invention.
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DETAI LED DESCRI PTI ON An

i npl ementation of PCMCI A Card Services that provides access to Card
Servi ces functions Aw impleitentationwfePCMCLA GdrdBervicesethat ipsovides| osed. | n
the foll ow ng description, for purposes of explanation, specific

nomencl at @aeeess to Card Services furptioniscdiuring the cagiputerisystemm rsiceshis

pr esent

t hat thesdlisqhaseds iIn thetfollowing descripti qurpeses af explanatign; specifige

pr esent

unnecessarily.

invention. However, it will be apparent to one skilled i ese
specific details are not required in order to practice the present invention. In
other instances, well known circuits and devices are shown in block diagram

form in order not to obscure the present invention unnecessarily.
Card Services and Socket Services

The current PCMCIA standard defines two layers of software that
a computer system uses to access and manage PCMCIA cards: the Socket
Services layer and the Card Services layer. Figure 1 illustrates how the Socket
Services and Card Services software layers are related and how the two layers

access the PCMCIA cards.

A Socket Services layer is implemented for each particular

-~ PCMCIA socket adapter in the system. Each Socket Services implementation

provides a set of routines used to configure and control the corresponding

PCMCIA socket. Referring to Figure 1, there is a different implementation of

i nventi on consi st of

|t

i nvention. However, it will be apparent to one skilled in the art

Socket Services (21 and 23) for each particular PCMCIA socket adapter (25 and

27, respectively) in the system. The Socket Services layer is designed such that
it can be implemented in ROM and can be part of the system BIOS. The

'S

invention. In .other instances, well known ci rcui_tségt,n devi ces are
shown in momendatute isnsetdorthi t¢ prenidemothargughsunderstandipg
' Card Servf(_ies .anq1 Socktﬁ'gl ervi ces
1 n the art t

PIeseRt i on



The current PCMCI A standard defines two |ayers of software that a conputer
system uses to access and manage PCMClI A cards: the Socket Services |ayer

and the Card Services l.ayer. Figure 1 illustrates how the Socket Services
and Card Services software |ayers are related and how the two | ayers access
t he PCMClI A cards. A Socket Services layer is inplenented for

each particular PCMCI A socket adapter -i n4the system Each Socket Services

i npl ement ati on provides a set of routines used to configure and control -t he
cor r espongunetioitdVid thesSedket SeRdtes software 1dyeguire chlled by the Caml Serfvieasent

I npl ement ati on of Socket Services (21 and 23) for each particular PCMCI A
socket addayer31 @bingal s@ftware intertuptangrhanisihieSpydfieally, the ISAC kAt Ser vi ces
| ayer is designed such that it can be inplenmented in ROM and can be part of
t he syst ersoftwGeBe iliterrupt is used to access Socket Services functions. The Socket 14 -
functions in the Socket Services software |ayer are called by the Card

Ser vi ces |Seyeices layesiisgndeperidentrof theteperafingraystemi munning @i thecal |y, the

LNT 1A software interru t |s used to access, Socket SerV| ces functlons The
Socket Sercpmputer system. s ckettServices IaterfacesSpecificationai ng on the

conputer system _(See PCMCIA Socke er vi ces Interf 7 peC|f|cat|on
Rel ease Z%ﬁdea%e%é 0, Sepd 21992, Fepsana &%WM ? Hemalonal

Association.)

The Card Services software layer is designed to run on top of one
or more instances of Socket Services. The Card Services software layer
provides a set of functions that Card Services clients use to access and
configure PCMCIA cards. Referring to Figure 1, the Card Services software
layer 31 is located above each implementation of Socket Services and calls the
routines from each Socket Services implementation to. perform hardware
specific functions. The Card Services software layer 31 is operating system
dependent and usually is loaded during operating system startup. Real mode
Card Services clients call Card Services functions using a software interrupt
mechanism. Specifically, the INT 1A software interrupt is used with the AH
register set to the hexadecimal value AF to call Card Services. Other types of
Card Services clients may access Card Services using other interféces. The
Card Services layer 31 is designed to hide the different PCMCIA socket
adapters from Card Services clients (33 and 35), such that the Card Services
clients (33 and 35) always have a consistent interface to PCMCIA Cards. (See
PC Card Services Interface Specification, Release 2.00, Sept. 1992, Personal

Computer Memory Card International Association.)



Associ ation.) The Card Services software |layer is designed to
run on top of one or nore instances of Socket Services. The Card Services
software | ayer provides a set of functions that Card Services clients use
to access and configure PCMCIA cards. Referring to Figure 1, -‘the Card
Services software |layer 31 is |ocated above each inplenentati on of Socket
Services and calls the routines fromeach Socket Services inplenentation to
per form hardware specific functions. Thd>Car d Services software | ayer 31 is

operating system dependent angapdGakvices tn Reatidoderi ng operating system
.startup. Real node Card Services clients call Card Services functions using

a software interrupt nmechanism Specifically, the INT 1A software interrupt
is used with the AH register set to the hexadecinmal value AF to call Card
Services. Ot her typeEigure QillusBatesiatypicali memonysyapofas eabmodsBQS ces
using other interfaces. The Card Services |ayer 31 is designed to hide the
di fferent Egkputersystem withreakmodedGachBerdces and Sasketbervicesdayets 35)
such that the Card Services clients (33 _and 35) always have a consi stent

i nterface loadedMinshedD@S copgautepsystemilkistrateddn Figure 3cthedoard pervieeson

Rel ease 2.00, Sept. 1992, Personal Conputer Menory Car,fj | nt er nat i, gnal
Associ at i oang Socket Services software layers are implemented as Terminate anqggay

tcf,‘ Iroflciler &ﬁ;@%&ﬁ) grquggynsrﬁyoge\é@gdrivers. Th':ei Socket %eirwlrilcgss ary%} 93 ahd
Card Services layer 31 illustrated in Figure 2 use valuable memory below the
640K barrier. Since the Socket Services layer 25 only uses about 3K of
memory, it does not significantly reduce the amount of memory available to

DOS applications in the application area 41.

However, the real mode Card Services layer 31 requires
approximately 40K of memory such that it significantly decreases the amount
of real mode memory available to DOS application programs in the DOS
application area 41. It is therefore desirable to implement Card Services in a
different manner such that Card Services does not require very much

valuable memory below the DOS 640K barrier.
Card Services in Protected Mode

To make IBM®-compatible personal computers easier to use, the
IBM®-compatible personal computer market needed an opérating system
with a graphical user interface (GUI). To fulfill the demand for a graphical
25 user interface for IBM-compatible personal computers, Microsoft® created the

Windows™ operating environment. The Microsoft® Windows™ operating



conmputer systemw th real-node Card Services and Socket Services |ayers

| oaded. In the DOS conputer systemillustrated in Figure 2, the Card

Servi ces and Socket Services software |ayers are inplenented as

Term nate and Stay Resident (TSR) progranms or device drivers. The
Socket Services |ayer 25 and Card Services layer 31 illustrated in
Figure 2 use valuable nenory bel ow the 16 640K barrier. Since the Socket
Services |ayer 25 only uses about 3K of menory, it does not

si gni fi candnivirorenentearehiwins downwafdlyecompatible with ¢he existingDiicrgsofi® at i ons
in the application area 41. : However, the real node Card
Servi ces |D@Sropktating systes used ondBMeonpatible prysonal emputersuch that it
significantly decreases the amount of real node nmenory available to.
'DOS appl i ddidrosof® WindewsT, rHaning in enhanssd; madeoHses gg? "_{o.teFFdi s
therefore desirable to inplenent Card Serviceg in,a di ff er ent, manner
such that made obInte] 386 of greatelMicRQRIOFESSEES-y Binnsing the ppotegted; modeny,

bel ow t he DOS 640K barrier.. . Card Services in

Pr ot ect ed Migreso Vt&méowsm is able to usg.extended MEMATY) e personal conputers

easier to use, the | BMconpat i bl e personal conputer market needed an
operating system with a graphical user interface (GJ). To fulfill the

comuter s M or osof Proeled BRads i BiedEibne HEFAIPREE AR T
Mcrosoft Wenﬂﬁcml%sgﬁ@rﬁ}i}lagwsm operating environment have been proposed.
The protected mode implementations of Card Services place the Card
Services layer up in the extended regions of memory such that no real mode
memory is used. (See "An Architecture for Implementing PCMCIA Card
Services Under the Windows Operating System in Enhanced Mode", Serial
No. 08/041,705, filed April 1, 1993.) Thus, the size of the DOS application area
for DOS applications is not reduced.by the Card Services layer at all.

However, the protected mode implementations of Card Services
have a compatibility problem with some programs that operate in real mode.
Specifically, since a protected mode implementation of Card Services that
runs in the Microsoft® Windows™ operating environment cannot be loaded
until the Microsoft® Windows™ operating environment is loaded, any real
mode applications, device drivers, or TSRs that require Card Services during
the computer system boot process will not'operate properly. Such programs
expect to find a real mode implementation of Card Services already loaded so
that they can register as Card Services clients, and get information about

sockets during the computer systein boot process.



- 16 - - environnment remai ns downwardly conpatible with the existing

M crosoft DOS operating systemused on | BM conpati bl e personal conputers.
M crosoft Wndows[err], running in enhanced node, uses the protected node
of Intel 386 or greater mcroprocessors. By using the protected node,

M crosoft Wndows[err] is able to use extended nenory.

Prot ected node inpl enentations of Cart ISérvices that run in. the Mcrosoft
W ndows[ err] operating environnent have been proposed. The protected node
i npl enent ations of Card &eﬁﬁé§emﬁe%mp&gﬂltﬂepw’@§s | ayer up in the
extended regions of nmenory such that no real node nenory is used. (See "An
Architecture for Inplenenting PCMCIA Card Services Under the W ndows

ting Systemi hanced ‘Mode", Serial No. 08/ 041,705 fi] i1,
1053 Thus, the si ZBecpresat rvensiop salker he sompatgptpraplark Bt one 14
t reduced by the Card Services.| T yer, th
or ot ot o FAIGBORR BIBREATS e edpirecatin Serfies.during the ompUlFR ¢

e Eg'eﬁ?‘eﬁ”ﬁte%sj@?{‘xﬁa%@?ﬁn%a eohtspBEGE & Qrbldriites TolfipalBafty DAGel /ThE (00 &
Y . o :

W cone| oA SHRT A SO SpORch A ke el
evice dri V@%f%%@ggﬁviﬁlée?ﬁ%eé Bjfer hitFahe f§flg}yfdi@&ed%bas Cdrd Servives er

system bodt not operate proper Such prograns expect to find
a real rm‘iﬁqj@ﬂll 8l #id fhddd.Card Services already | oaded so that they can
regi ster as (l;arg ervices clients, and get information about sockets during
t he conputer system boot process.

The Card Services Compatibility Driver simulates an
environment in which there are no cards in any of the sockets. The Card
Services Compatibility Driver simulates this environment even though cards
may be present in the sockets. By acting as if no cards are present, the Card
Services Compatibility Driver can return a NO CARD return code for a great
majority of the Card Services functions. Thus, the Card Services .
Compatibility Driver only needs to fully implement the small subset of Card
_Services' functions that are legal when no cards are present in the computer

system.

Eventually, the computer loads the full protected mode Card
Services implementation. After the computer loads the full protected mode
Card Services implementation, the full protected mode Card Services
implementation requests the Card Services Compatibility Driver for all the
information that the Card Services Compatibility Driver obtained during the

computer system boot process. After passing this information, all subsequent



- 17 - The Card Services Conpatibility Driver

The present invention solves the conpatibility problemwith real node
prograns that require .Card Services during the conputer system boot by

i ntroduci ng the concept of a Card Services Conpatibility Driver. The Card
Services Conpatibility Driver is a DOS §gadabl e device driver that acts as
a tenporary Card Services layer until the full protected node Card Services
i npl ement aequests forl Gartk Gervices functions are routed:to thesfull pretectedmedebi | ity
Driver sinulates an environnment in which there are no cards in any of the -
sockets. TardcServiesrimplemendatieni bility Driver sinulates this environnent
even though cards may be present in the sockets. By acting as if no cards
are present, the Card Services Conpatibility Driver can return a NO CARD
return code for a great majority_,of the Card Services functions. Thus, the
Card Services. Conpatibility DrivETteBhReSEHBYOM: o fully inpl enent the small
subset of Card Services functions that are | egal when no cards are present
in the conputer system Eventual |y, the conputer |oads the

the 011 prot ect od ASRBIY ANEFGieh BT FEF ptbRPiln, AR o ARHRE e 0T
mode Card 3eH¥ifeF System boot before the Windows™ operating environment has

been loaded. As illustrated in Figure 3a, all requests for Card Services

functions are handled by a Card Services Compatibility Driver 50. The real

mode application programs, device drivers, and TSRs can register as Card

Services client. The programs can also get status and perform some of the

physical to logical mappings. However, the Card Services clients will not

receive any card insertion callbacks at this time.

Figure 3b illustrates how the program entities interact during the
computer system boot after the Windows™ operating environment and the
full protected mode Card Services implementation 51 have been loaded.
After the computer loads the full protected mode Card Services
implementation, the full protected mode Card Services implementation 51
requests the Card Services Compatibility Driver 50 to provide all the
information that the Card Services Compatibility Driver 50 collected during
the computer system boot. This information includes: the socket services
data structure; a list of registered Card Services clients (including handles,
callback éntry points, client data, global event mask); a list of registered erase
queues; a list of registered timers (with amount of time remaining on each

timer); and the available resources (if appropriate for the operating



i mpl enentation requests the Card Services Conpatibility Driver for all the
i nformation that the Card Services Conpatibility Driver obtained during the
conmput er system boot pr.ocess. After passing this information, all

subsequent - 18 - requests for
Card Services functions are routed to the full protected node Card Services
I npl enent ati on. - 19. - System Descri ption

Figure 3a illustrates how t he program en?iti es interact during the

oaned | ASAPIETmaN). Behifat e CLAFSURviBRSCRIn pkIly THVE S0 3R the "
f uncti ons ¢an @ eRske it CabREresy iplerReARRIGDB imiisiCpbifBimd0. The real

node appl i cat'i on prograns, device driv TSRs can Tegister as Card

Servi ces Hﬁﬁal/lﬁ?ﬁapmaﬁﬁd%mdﬂvﬁﬁn ir(gaﬁi Hie saxdenRAbAAENISeFdRrof the
physi cal to”l ogi call mappi ngs. However, the rd Services clients will not

recei ve aifyr gi¢ transition! folbe tankpaehs. Aftéhobtdinireg the information, the-hgr e 3b
illustrates how the programentities interact during the conputer system

boot af t erproteztell nibalesCapd: Setvices implememtationall willetakaldvepithe ENTeHAode
Card Services inplenentation 51 have been | oaded. After the conputer | oads
the full enttyepoind fromdhe4iard Services Compatibility Driver 50 and assume to

role of Card Services provider to all Card Services clients. The protected

mode Card Services implementation 51 then informs the registered Card

Services clients about any cards present in the system by performing card

insertion callbacks for all the cards present in the system.

Finally, Figure 3¢ illustrates how the program entities interact
after the computer system boot has completed. The Card Services
Compatibility Driver 50 will no longer be used for Card Services calls.
However, since a client may have called ReturnSSEnt'ry, the Cérd Services
Compatibility Driver 50 must continue support for the Socket Services entry
point provided to the Card Services client. When the Socket Services entry
point is called by a Card Services client, control will be passed to the protected
mode Card Services 51 Socket Services entry point.

Figure 4 illustrates the steps of the present invention. First, at
step 101, the computer system boot procedure is initiated. The computer
performs the normal boot procedure at dictated by the ROM BIOS present in
the computer. During the boot proéedure, the computer executes commands

- out of a CONFIG.SYS file. The CONFIG.SYS file causes the Card Services
Compatibility Driver to be loaded into memory as stated in step 103.



I npl ementation, the full protected node Card Services inplenentation 51
requests the Card Services Conpatibility Driver 50 to provide all the
i-nformation that the Card Services Conpatibility Driver 50 collected during
the conmputer systemboot. This information includes: the socket services
data structure; a list of registered Card Services clients (including

handl es, callback entry points, client ta, gl obal event nmask); a |ist of
regi stered erase queues; a list of regitered timers (with amount of time
remai ning on each tinmer); and the avail able resources (if appropriate for

t he operating The computer proceeds to load in other TSRs and detite-drivers
environnent). Note that the Card Services Conpatibility Driver 50 and the
full prot dering thedhootprocess,ras stated imstepd#5atAnaadi newsTSR eridevice

physi cal /| ogi cal socket and wi ndow mapping in the same nmanner in order for
t he transdﬂ%enmmabéeatt@ﬁl&phw attempd togegisten with Gard Sesyices-i The the ful |
protected node Card Services . inplenmentation !‘i}l w || take over the INT 1A
entry poi ﬁ“drssmlF%Cmt@@imaneC@ﬁ%ﬂsﬁbﬂ e Tegiptralion sequests asdume to

role of Card Serviges provider to al] Card, Seryic | fenfs. The protected
mode Car d noEmal Casd Septises implemeniation woulds Hie Gard $eryiceber ed Car d
Servi ces I ent.§ .apout.any, cards present in the systemb erform,g, card
“nser t1 on COmPHIRIRG Biive hwey s ArESTs eadhrepintaag Lot rvices dieft
Finally, BhaYis catds'drt 1REAREE I TR AERPEOSH 2205 vk SRstaflbg" act

At step 107, the computer system loads in the Windows
 operating environment. In the present embodiment, the computer loads in
Microsoft® Windows™ 3.1. However, any current or future protected mode
implementation of Windows™ may be loaded. At step 109, the computer
loads in a full protected-mode implementation of Card Services. The
protected-mode implementation of Card Services is loaded into the extended
memory area such that it does not reduce the amount of memory available to

real-mode DOS programs.

After the full protected-mode implementation of Card Services
has been loaded, the Card Services Compatjbility Driver passes all the state
information that it has collected to the newly loaded protected-mode
implementation of Card Services at step 111. The transferred state
information includes:

1) The Socket Services data structure.

2) The list of clients that have registered with Card Services.

3) A list of the registered erase queues.



af t‘er the conputer system boot has conpleted. The Card Services
Conpatibility Driver 50 will no |longer be used for Card Services calls.
"However, since a client. my have called ReturnSSEntry, the Card Services
Conmpatibility Driver 50 must continue support for the Socket Services entry
point provided to the Card Services clignt. Wen the Socket Services entry
point is called by a Card Services client, control wll be passed to the

prot ected node Card Sejui : . Vi f s s
Figure 4 illustrat esﬁt%\ellisggﬁgégﬁ}?éghg?gée ?ﬁéﬁ\%gnt%ﬁytoﬁfhﬁer?ﬁmg{n%%\p
101, the conputer systemQeRitiMRELTE M\Fid'bar?i nitiated. The conputer perforns

t he normal boot procedure at tglact atgd by tHe ROM BICS present in the -

conmputer. During thes)bRehilaHle ¢esbiirtes (ihaggeapﬁa&rf&m% afijgmands out of
a CONFIG SYS file. The CONFIG SYS fil e caluses the Card Services

Conpatibility Driver to hénvieefigreritht o nenory as stated in step 103.
- 20 - The conputer proceeds to load in other TSRs and device
drivers during the boot process, as stated in step 105. As each new TSR or
device driver initializes itself, it may attenpt to register with Card
Services. Thée Card SAt stepeH3Ctiepsystem trapsfers centrpl of tises ENTtIdesofdyyiase r at i on
requests as a nornmal Card Services inplenmentation would. The Card Services
Conpat i bi | interrDpt $@ the pookected-miodedmplenerttationioft Gard §ervices. By vi ces
client :
: transferring control of the INT 1A software interrupt to the protected-mode
implementation of Card Services, all future requests for Card Services
* functions will be routed to the protected-mode implementation of Card
Services. Thus the Card Services Compatibility Driver has been relieved of its

duty.

At step 115, the protected-mode implementation of Card
Services examines the slots to see if any Cards are present. If no cards are

present, then the Card Services initialization procedure is complete.

However, if one or more cards are preseht in the system then the
protected-mode implementation of Card Services may need to inform some
of the registered clients of Card Services. The protected-mode
implementation of Card Services first examines the list of registered clients to

find the clients that wish to know about card insertions. The protected-mode
implementation of Card Services then performs "callbacks" to those clients
informing the clients that a card has been inserted, as stated in step 117. After

informing all registered clients that wish to know about card insertions about



that no cards are installed in the systemeven if cards are installed.
At step 107, the conputer systemloads in the Wndows operating
environnment. In the present enbodi nent, the.conputer |oads in M crosoft
W ndows[err] 3.1. However, any current or future protected node

I npl ementati on of Wndows[err] nmay be | oaded. At step 109, the conputer
| oads in a full protected-node inpl ere@Rati on of Card Services. The

prot ect ed-node i npl ementati on of Card Serviges,is |o0aded. . pto,.the extended
mermory aralbtheeards present lﬂo@‘? Sﬁétemeal?&eth%éammm%ﬁ “Hﬂﬁgﬁt‘%ai lable to
real - mode DOS, pr ogr ans. After the full protected-node
i pl ement PROCeAUES; ISGOMPIELs- i ces has been | oaded, the Card Services

Conpatibility Driver passes all the state information that it has coll ected
to.the newy | oaded protected-node inplenentation of Card Services at step

Lz, ety ansl T oSS HOB54 DEPGRe memary s spbbaFl, SO0
reregiszt SLE&{X Udingthe 38 \Yetéites Compatibility Dhivér 50 B tid p?&‘;erltf egi stered
chch 11 meirVeRtiBH, S thd CHRA Sertiter CRpiibifty Difer STM BeAntell fess i ate
for the ofgnay)¢he Card Services Compatitsility 'D¥¥&"50 does not use very much

real mode memory. Thus, the Card Services Compatibil_ity Driver 50 does not

significantly decrease the size of the DOS application area 41.
Card Services Compatibility Driver Implementation Details

The Card Services Compatibility Driver will be implemented as
a combination DOS loadable device driver or TSR. Although the Card
Services Compatibility Driver needs to handle all Card Services requests, the
Card Services Compatibility Driver can retﬁrn either NO CARD or BAD
HANDLE for most of the functions. 'I"hé list below describes what action

needs to be taken for each of the Card Services functions.

AddSocketServices - The AddSocketServices function is fully
implemented by the Card Services Compatibility Driver. Thus new Socket
Services handlers may be added during the boot process. |

AdjuétResourceInfo - The AdjustResourcelnfo function
normally makes adjustments to the Card Services internal database of system

~ resources that can be allocated for use by clients. If the operating



A'\t-step' 113, the systemtransfers control of the INT 1A software I nt errupt
to the protected-node inplenmentation of Card Services. By transferring
control of the INT 1A.software interrupt to the protected-node
i mpl enentation of Card Services, all future requests for Card Services
functions will be routed to the protected-node inplenentation of Card
Services. Thus the Card Servi ces Conpat L%)i%lity Driver has been relieved of
its duty. At step 115, th rot ect ed- node i npl enent ati on of
Card- Services examnes the slots to see if any Cards are present. |If no
car dls ?r e pﬁfé’meﬂtfﬁlp‘t'hg\ﬁﬁmf_sf@r 3@%@51% iT§FQUILE i%ﬁuﬁi’ﬁt‘é‘d ﬁ?‘é _Cia§:ih
conpl et e. . SHawever, if.one or re.cards are pr in e
systemtherﬁ%@%ﬁ?@%@g‘g%@wqhwgﬂiﬁ%{”‘g‘ﬁ) igforma ‘SQFQ{’)@ Wheed to
i nf orm sone, Qf e reqgi.steged. clientsa af [ ervices. The protected- node
| pl enent acAgstRehFFIRt bitissory FlL; The. CAFA seftiter Ramapiiolly rodh et
clients to f] ' . o ' i ons. The
pr ot ect ed- rﬁy(f@glfwggrgﬁg 3\{“ ?O%P%{m&éﬂ t§§¥‘§ :@gg@g@%“%@é& og F ﬁssg’rggﬁ%?bac ks" to
t hose cli e%' ) cli tﬁﬁ;‘d@@ qﬁ.{# ' S
stated in st plhﬁ{f%%é}?géml&nef ir'c?‘nlarrﬁ%da regl g{lg'}egg&g% e tlg&?ﬁ?tt%vbg to
kng‘é" about ¢! difithe Ypek Mg @AGitbnment does not allow the external definition of
resources, the Card Services Compatibility Driver will return IN USE.

CheckEraseQueue - The CheckEraseQueue function is fully
implemented by the Card Services Compatibility Driver. The Card Services

Compatibility Driver responds to erase requests by setting queue entries to

MEDIA_MISSING.

CloseMemory - The Card Services Compatibility Driver returns
BAD HANDLE to any CloseMemory requests since no memory handles exist
yet.

CopyMemory - The Card Services Compatibility Driver returns
BAD HANDLE to any CopyMemory requests since no memory handles exist
yet. '

DeregisterClient - The DeregisterClient function is fully
implemented by the Card Services Compatibility Driver to allow Card

Services clients to deregister.



all the cards present in the system ‘then the Card Services initialization
procedure is conplete. Figure 5 illustrates how the real node
nenory area appears after using the Card Services Conpatibility Driver 50
of the present invention. Since the Card Services Conpatibility Driver 50
Is very small (less than 5K), the Card Services Conpatibility Driver 50
does not use very much real node menor 24 Fhus, the Card Services

Co bi | . he DOS
Cormat 511117, 01 Sty e e GG R BBy Bofer " 000
| npl Dr i '
Tl o g R R RO S 2 v

Al t hough 4ihe Q%rgpi‘sé s thav it e o6dsistéredandl e al | Card '
Servi ces reqﬁ%g,eéﬁ %glr%g er |cl;eas Co %é Wﬁsllltg Déllver can return either’
NO CARD or BAD HANDLE for npbst of the funct ions. The |ist bel ow descri bes
what action needs to be taken for each of the Card Services functions.

AddSocket Servi ces -G@iGara8eRvicdsirfors The Cardubervices ConipatibilifynDriveent ed by
the Card Services Conpatibility Driver. Thus new Socket Services handlers

may be adfidly inplengeritscthb@¢tCardServicesInfo function to retidnutheResmbec afnf o -
The Adj ust Resourcelnfo function nornmally nakes adjustnents to the Card
Servi ces logical satkets installed ahdsipformation about she KaardcServicesal | ocat ed for
use by clients. If the operating

implementation.

GetClientInfo - The Card Services Compatibility Driver fully
implements the GetClientInfo function to return information about a

registered client.

GetConfigurationInfo - The Card Services Compatibility Driver
responds to a GetConfigurationInfo request by returning NO CARD, even

though a card may be present in the system.

GetEventMask - The Card Services Compatibility Driver fully
implements GetEventMask requests for global masks. Howe:ver, if a client
request information about a particular socket, the Card Services Compatibility
Driver responds by returning NO CARD, even though a card may be present

in the system.

GetFirstClient - The Card Services Compatibility Driver fully
implements GetFirstClient requests for non-socket specific information.

However, if a client makes a GetFirstClient request for information about a



- 23 - -environnent allows the external definition of resource
availability, the Card Services Conpatibility Driver will retain the

i Af ormati on provi-ded by. an Adj ust Resourcelnfo function call. The Card
Services Conpatibility Driver eventually passes this information to the
protected node Card Services inplenmentation for the protected node Card
Services inplenentation to use. If the operating environnent does not allow
the external definition of resources, pBe-.Card Services Conpatibility

Driver will return | N USE. . . ckEr.aseQueue,- , The .

CheckEr asReriticesachnt the ard Seoviess Comratibile Ve 58dRds By foruming

Conpat i biJ.jt Lver  The rd _Serviges_Co tibilit I ver responds to
orave. r cNOLARY). Slen thiah dcardby P ASRER ht sadket

Cl oseMenory - The Card Services Conpatibility Driver returns BAD HANDLE to
any Cl oseMenory requests since no. nenory handl es exist yet.

CopyNermory - The AP TRE A i B By LR DROR: HANDLE o

any CopyMenory requests since no Nerory handles &x
responds to GetFirstPartition requests by returning NO CARD, even though a

card may be present in the system.

GetFirstRegion - The Card Services Compatibility Driver
responds to GetFirstRegion requests by returning NO CARD, even though a

card may be present in the system.

GetFirstTuple - The Card Services Compatibility Driver responds
to GetFirstTuple requests by returning NO CARD, even though a card may be

present in the system.

GetNextClient - The Card Services Compatibility Driver fully
implements GetNextClient requests for non-socket specific information.
However, if a client makes a GetNextClient request for information about a
specific socket, the Card Services Compatibility Driver responds by returning
NO CARD, even though a card may be present in the socket. -

GetNextPartition - The Card Services Compatibility Driver
responds to GetNextPartition requests by returning NO CARD, even though a

card may be present in the socket.



Deregi sterCient - The DeregisterClient function is fully inplenmented by
the Card Services Conpatibility Driver to allow Card Services clients to
deregister. - 24 -

Der egi st er EraseQueue - The Card Services Conpatibility Driver fully

I mpl ements the DeregisterEraseQueue function to allow Card Services clients
to deregister an erase queues that it previously registered.

Get Car dServi ceslnfo - The Card ServicesZ€ompatibility Driver fully

i mpl enents the Get CardServicesinfo function to return the nunber of | ogical
sockets installed afsetNextRegiononTheCardiServices Cavpatibility Bpiverent at i on.
GetCdientinfo - The Card Services Conpatibility Driver fully inplenents the
Get O i ent Irespondster GetNextRegian requests by rebirning NO LARD, svendhoughes .

Get Configurationlnfo - The Cﬁrd ervices Conpatibility Driver responds to a
Get Conf i g¥asd MY be presest i the, -urni ng NO CARD, even though a card nmay
be present in the system Get Event Mask - The Card Servi ces
Conpatibility Driver fully

GetNextTuple - The Card Services Compatibility Driver
responds to GetNextTuple requests by returning NO CARD, even though a

card may be present in the socket.

GetStatus - The Card Services Compatibility Driver responds to
GetNextTuple requests by providing the actual socket status, excépt that it will

say there is no card present even if a card is present.

GetTupleData - The Card Services Compatibility Driver responds
to GetTupleData requests by returning NO CARD, even though a card may be

present in the socket.

MapLogSocket - The Card Services Compatibility Driver fully

implements the MapLogSocket function.

MapLogWindow - The Card Services Compatibility Driver fully
implements the MapLogWindow function.

MapMemPage - The Card Services Compatibility Driver
responds to MapMemPage requests by returning NO CARD, even though a

card may be present in the socket.



I npl ements Get Event Mask requests for global nmasks. However, if a client
request information about a particular socket, the Card Services
Gonpatibility Driver responds by returning NO CARD, even though a card nmay
be present in the system - GetFirstClient - The Card Services
Conpatibility Driver fully inplenents GetFirstCdient requests for
non-socket specific information. However, 1f a client makes a
GetFirstCient request for information Jbout a

- 25 - specific SOCKﬁgPh?Bécﬁtf-dl'@Cakd&rﬂtﬁpﬁmhphﬁbﬂit?rﬁ)ﬁeer fullyonds by
returning NO CARD, evéen fhough a card may be present in the socket.
Cet Fi r st Pﬁf\?léﬂle‘ﬁts-thﬂ’Ma@h SSeketi fipxtiGnopati bility Driver responds to
GetFirstPartition requests by returning NO CARD, even though a card may be
present in the system GetFirst Region - The Card Services
Conpatibility Driver responds to GetFirstRegion requests by returning NO
CARD, even though aMapPhyWindow prEeGard Services sompatibility Driver fully
CetFirstTuple - The Card Services Conpatibility Driver responds

implements the MapPhyWindow function.

ModifyConfiguration - The Card Services Compatibility Driver
responds to ModifyConfiguration requests by returning NO CARD; even

though a card may be present in the socket.

ModifyWindow - The Card Services Compatibility Driver
responds to ModifyWindow requests by returning NO CARD, even though a

card may be present in the socket.

OpenMemory - The Card Services Compatibility Driver responds
to OpenMemory requests by returning NO CARD, even though a card may be

present in the socket.

ReadMemory - The Card Services Compatibility Driver responds
to ReadMemory requests by returning NO CARD, even though a card may be

present in the socket.

RegisterClient - The Card Services Compatibility Driver fully
implements the RegisterClient function such that device drivers, TSRs, and

application programs may register with Card Services.



to GetFirstTuple requests by returning NO CARD, even though a card nay be
present in the system GetNextClient - The Card Services
Conmpatibility Driver fully inplenments Get NextCient requests for non-socket
specific information. However, if a client makes a GetNextdient request
for informati on about a speci fi c socket he Card Services Conpatibility
Driver responds by returning NO CARD, ev7e Though a card may be present in

togﬁngicli;ie} i ty | Dri Venggxg%ﬁ&s’é‘%} R I@?g{éﬁi %ngcge‘g%%r Serglbglg}yrgf’ﬂfﬁi ng NO

CARD, ) .

L0l S o AR S e
} . CARD,

ey be Sé@gﬁ?ﬁ.ﬁ?ﬁﬁ%‘é@éﬁéﬁm sWith CaaHald TR, even taough & car

Services Conpatibility Driver responds to Get Next Tupl e requests by
returni ng NO CARD, even though a card may be present in the socket.

RegisterMTD - The Card Services Compatibility Driver responds
to RegisterMTD requests by returning NO CARD, even though a card may be

present in the socket.

RegisterTimer - The Card Services Compatibility Driver fully
implements the RegisterTimer function such that Card Services clients may

register timers within Card Services to have Card Services callback the client.

ReleaseConfiguration - The Card Services Compatibility Driver
implements the ReleaseConfiguration function by returning BAD HANDLE
since no card could have been confi'gured. No card could have been
configured since the RequestConfiguration function is not implemented by

the Card Services Compatibility Driver.

ReleaseExclusive - The Card Services Compatibility Driver
implements the ReleaseExclusive function by returning BAD HANDLE since
no exclusive access to a card could have been granted. No exclusive access to |
a card could have been granted since the RequestExclusive function is not

implemented by the Card Services Compatibility Driver.



GetStatus - The Card Services Conpatibility Driver responds to Get Next Tupl e
requests by providing the actual socket status, except that it wll say
t.here is no card present even.if a card i.s present.

Get Tupl eData - The Card Services Conpatibility Driver responds to

Get Tupl eData requests by returning NO CARD, even though a card may be
present in the socket. MaplpgSocket - The Card Services
Conpatibility Driver fully inplenents t MapLogSocket functi on.

NebLogw ndow funct deeieasto"! TRE CAPYRice Challa iy riper ifpiggRats 'he
cven t oudfeReIsHT0 AAEHBATY Il IR PREDFARDIE bihcbhd recelliny 10 0
Ty B O iy S o Comat 11 v
ReleaseIRQ - The Card Services Compatibility Driver
implements the ReleaseIRQ function by returning BAD HANDLE since no
preceding RequestIRQ could have been performed.

ReleaseSocketMask - The Card Services Compatibility Driver
implements the ReleaseSocketMask function by returning BAD HANDLE

since no preceding RequestSocketMask could have been performed.

ReleaseWindow - The Card Services Compatibility Driver
implements the ReleaseWindow function by returning BAD HANDLE since
no preceding RequestWindow could have been performed. |

ReplaceSocketServices - The Card Services Compatibility Driver
fully implements the ReplaceSocketServices function such that newer Socket

Services implementation may an older Socket Services implementation.

RequestConfiguration - The Card Services Compatibility Driver
responds to RequestConfiguration requests by returning NO CARD, even
though a card may be present in the socket.



MapPhyW ndow - The Card Services Conpatibility Driver fully inplenents the
MapPhyW ndow f uncti on. Modi fyConfiguration - The Card
Services Conpatibility. Driver responds to MdifyConfiguration requests by
returning NO CARD, even though a card nay be present in the socket.

Modi fyW ndow - The Card Services Conpatibility Driver responds to

Modi f yW ndow requests by returning NO CARD even though a card nay be

present in the socket. ep8AMenory - The Card Services
Conmpatibility Driver @ﬁ{g\/ﬁgp SomBitibBItY ' Dii 081' NO CARD, -
even though a card é e present in the g?SEmEE B ibility'Dti ReadMenory --

The Card mgﬁ&ét il W«Pféq«é&tsr RORFRIAS NOTARDY evencthorghs by
ret urni ng%ﬁéﬁg%t ev Eoug;ﬁ a ca vbe presgént in the socket.

Regi ster G § eidd m }.l& &ntSey thesoekéionpati bility Driver fully inplenents
the RegisterCient function such that device drivers, TSRs, and application

programnms may register with Card Servi ces.
RequestlO - The Card Services Cbmpatibility' Driver responds to
RequestIO requests by returning NO CARD, even though a card may be

present in the socket.

RequestIRQ - The Card Services Compatibility Driver responds
to RequestIRQ requests by returning NO CARD, even though a card may be

present in the socket.

RequestSocketMask-- The Card Services Compatibility Driver
responds to RequestSocketMask requests by returning NO CARD, even

though a card may be present in the socket.

RequestWindow - The Card Services Compatibility Driver
responds to RequestWindow requests by returning NO CARD, even though a

card may be present in the socket.

ResetCard - The Card Services Compatibility Driver responds to
ResetCard requests by returning NO CARD, even though a card may be

present in the socket.

ReturnSSEntry - The Card Services Compatibility Driver fully
implements the ReturnSSEntry function such that an entry point into Socket



- 28~ - Regi st er EraseQueue - The Card Services Conpatibility
Driver fully inplenents the Regi sterEraseQueue function such that Card
Services clients may regi ster erase queues with Card Servi ces.

Regi ster MID - The Card Services Conpatibility Driver responds to

Regi ster MID requests by returning NO CARD, even though a card may be
present in the socket. Regi sterTinmer - The Card Services
Conpatibility Driver fully inpl enentsnélrie Regi sterTi mer function such that
Card Services clients may register timers within Card Services to have Card

§S$ Vi oo SorriceeiaTeiEpesy s Sockst Seavices entdiEt SR BUIRCRRL ¢ Inc, Fg%d
t ' . BAD,HANDLE .si ' '

;ZU[S ‘ﬁéCSé‘%ﬁw et pasteepreiod RE SnBRHLE R SRED S Card tefticel? 1!

P e e R T SR R SR Bonbility o the bl |

Rel easeEx %%%Héahﬁ%agttgm ggﬂ;igée%wk&ggéﬁlgﬁ%NDLE since no excl usi ve access

to a card ave béen gran xcl usi ve access to a card coul d have
been granted since the RequestExclusive function is not inplenmented by the
Card Services Conpatibility Driver.

SetEventMask - The Card Services Compatibility Driver

implements the SetEventMask function to allow Card Services clients set
global masks. However, if a Card Services client attempts to set an Event
Mask for a specific socket the SetEventMask function responds with NO
CARD. |

SetRegion - The Card Services Compatibility Driver responds to
SetRegion requests by returning NO CARD, even though a card may be

present in the socket.

ValidateCIS - The Card Services Compatibility Driver responds
to ValidateCIS requests by returning NO CARD, even though a card may be

present in the socket.

VendorSpecific - The Card Services Compatibility Driver
responds to VendorSpecific requests by returning BAD FUNCTION.

WriteMemory - The Card Services Compatibility Driver
“responds to WriteMemory requests by returning NO CARD, even though a

card may be present in the socket.
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- 29 - Rel easel O - The Card Services Conpatibility Driver

I npl enments the Rel easet O function by returning BAD HANDLE si nce no

precedi ng Request| O coul d have been perforned. Rel easel RQ -
The Card Services Conpatibility Driver inplenments the Rel easel RQ function
by returning BAD HANDLE since no precedi n% Request | RQ coul d have been

per f ormed. Rel easeSocket Madk = The Card Services
Conpatibility Driver inplenments the Rel easeSocket Mask function by returning
BAD HANDLE since no precedi ng Request Sb8RME Mask coul d have been perfor ned.
Rel easeW ndow - The Card Services Conpatibility Driver inplenents the

Rel easeW ndow function by returni ng BAD HANDLE si nce no precedi ng
Request W ndow coul d have been perfornmed.

Repl aceSocket Services - The Card Services Conpatibility Driver fully

Servi ces. i mpl erbnt it f SREIReERy SpACSora Al SIRACTA aBH pitidd o

providing Card Services, said method comprising the steps of:

loading a Card Services compatibility driver into said computer system;

simulating a real mode Card Services environment usiﬁg said Card
Services compatibility driver, said real mode Card Services
environment appearing as if no PCMCIA cards are installed in
said PCMCIA adapter, said Card Services compatibility driver
collecting state information; ' |

loading a protected mode Card Services implementation into said

' computer system,; |

transferring said state information from said Card Services
compatibility driver to said protected mode Card Services
implementation; and

transferring control of Card Services requests to said protected mode
Card Services implementation such that said protécted mode
Card Services implementation services Card Services function

requests.

2. The method of providing Card Services as claimed in dlaim 1
further comprising the step of informing Card Services clients of any
PCMCIA cards installed in said computer system.

R e



Request Confi guration - The Card Services Conpatibility Driver responds to
Request Confi gurati on requests by returning NO CARD, even though a card may
be present in the socket. _ - 30 -
Request Excl usi ve - The Card Services Conpatibility Driver responds to

Request Excl usi ve requests by returning NO CARD, even though a card may be

present in the socket. Request 1 O - The Card Services
Conmpatibility Driver responds to RequestlO requests by returning NO CARD,
even though a card may be present in the spcket. Request | RQ -

The Card Services Conpatibility Driver responds to Request|RQ requests by

returni ng NO CABD, Theamethuosliof paovialing @ardoSenvices ast claimed én claikel.

Request Socket Mask - The Card Services Conpatibility Driver
wherein said step of informing Card Services clients of any PCMCIA cards
installed in said computer system comprises calling a card insertion callback
routine in each of said Card Services clients informing each said Card

Services client about a PCMCIA card insertion.

4. The method of providihg Card Services as claimed in claim 1
wherein said protected mode Card Services implementation operates in a

Windows operating environment.

5. The method of providing Card Services as claimed in claim 4
wherein said protected mode Card Services implementation comprises a

Windows Virtual Device Driver.

6. The method of providing Card Services as claimed in claim 1
wherein said step of simulating a real mode Card Services environment

comprises registering one or more Card Services clients.

7. The method of providing Card Services as claimed in claim 6

wherein said state information comprises a list of said Card Services clients.
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responds to- Request Socket Mask requests by returning NO CARD, even though a
card may be present in the socket. _ Request Wndow - The Card
Services Conpatibility-Driver responds to Request Wndow requests by
returning NO CARD, even though a card nay be present in the socket.

Reset Card - The Card Services Conpatibility Driver responds to ResetCard
requests by returning NO CARD, even though a card may be present in the
socket . Ret urnSSEntry - The Card Services Conpatibility
Driver fully inplenents the ReturnSSEnt$% function such that an entry

poi nt into Socket : 3 : . laimed in daimd¥ -
Services'is ret §F n(-a%\.e *ﬁg‘@ogﬁgfog&l%(%asfde%%rrvilcep%oﬁsnct re?urn to tZe Card

Services Chijkdtein ¥4l SR infofinhBoR Fubthiep Londsriseses Sokker SéfvicdsadtaSer vi ces

. structure.

9. The method of providing Card Services as claimed in claim 8
wherein said state information further comprises a list of registered erase

queues.

10. The method of providing Card Services as claimed in claim 9
wherein said state information further comprises a list of registered timers

and an amount of time remaining on each of said registered timers.

11. A computer system, said computer system comprising the
elements of :

a PCMCIA adapter;

a Card Services compatibility driver, said Card Services compatibility
driver loaded into said computer system during a boot stage, said
Card Services compatibility driver simulating a real mode Card
Services environment wherein said real mode Card Services
environment appears as if no PCMCIA cards are installed in said
PCMCIA adapter, said Card Services compatibilit);.driver

collecting state information; and

g



Compati bility Driver has given over Card Services responsibility to the
full protected node Card Services inplenentation.

Set Event Mask - The Card Services Conpatibility Driver inplenments the

Set Event Mask function to allow Card Services clients set global masks.
However, if a Card Services client attenpts to set an Event Mask for a
specific socket the Set Event Mask function responds with NO CARD.

Set Regi on - The Card Services Conpati bi I'[Hy Driver responds to Set Regi on
requests by returning NO CARD, even th(')ué a card may be present in the

?gggg;ds to Val ?CPJPM l a5 ?l%éﬁf Theﬁ?ﬁ&’gedé%\é@&sgg\:@%ﬂ[egoug a cia\rlgr
Servi ces. Conpat i bi || B %%Fe? pismentasion, NHRRE ERGald Eompdes Sgpfem
Compati bi 1 i 1y Dri ver SHEL 5@9&%%%@%%&%?%@‘2&%gg%"?ﬁ@@é‘?ﬁﬁ?ﬁ‘;"‘% CARD,
even though a card mééinﬁﬁti%riﬁﬁﬁaﬁvhf' talRfetfingdaid state information to said
protected mode Card Services implementation, said protected
mode Card Services implementation servicing Card Services |

réquests after said state information is transferred.

12. The computer system as claimed in claim 11 wherein said Card

Services compatibility driver registers one or more Card Services clients.

13. The computer system as claimed in claim 12 wherein said protected
mode Card Services implementation informs said Card Services clients of any
PCMCIA cards installed in said PCMCIA adapter by calling a card insertion

~ callback routine in each of said Card Services clients. '

14. The computer system as claimed in claim 12 wherein said protected
mode Card Services implementation operates in a Windows operating

environment.

* A L M S *



- 32 - . . CLAI M5 1. In a conputer
system conprising a PCMClI A adapter, a nethod of providing Card Services, '
sai d net hod conprising the steps of: | oadi ng a Card Services
conpatibility driver into said conputer system sinmulating a real -
node Card Services environnment using said Card Servi ces
~conpatibility driver, said real node CarglgServices envi ronnment
appearing as if no PCMCI A cards are installed in said PCMCI A
adapter, said QF:dIlwecoinpedercsystein & tlaimedrinwlaim 14 wherein saix ipretectedy
state information; | oadi ng a protected node Card-Services

i-npl ement anbde CardoSemvices implementatiococpupeises asWéndows VirtualaBReviger'i ng
said state information fromsaid Card Services compatibility
driver to Beiverprotected node Card Services i npl enent ati on; and
transferring control of Card Services requests to said protected node

Card Services inplenentation such that said protected node Card
Servi ces inplenentation services Card Services function

requests. 2. The nmethod of providing Card Services as clainmed in

claim1 further npri sing the step of, infaqr.m nag. d Services,clients of
any PCMCI A card]s6c- iO-EB? spmpten,sysie %ﬁlﬁﬁ?‘@a @ygg’é’igrﬁ& whetetn safd Staté

information comprises a list of said Card Services clients.

17. The computer system as claimed in claim 16 wherein said state

information further comprises a Socket Services data structure.

18. The computer system as claimed in claim 17 wherein said state

information further comprises a list of registered erase queues.

19. The computer system as claimed in claim 18 wherein said state
information further comprises a list of registered timers and an amount of

. time remaining on each of said registered timers.
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- 33 - 3. The met hod of prodejng:Card Services as clained in claim?2

wherein said step of informng Card Servicesicliéents of any PCMCI A cards
i.nstalled in said conputer system conprises calling a card insertion
cal | back routine in each of said Card Services clients inform ng each said
Card Services client about a PCMCI A card, i asertion.
of providing Card Services as cl ai ned QKSCIain11 wherein said protected
node Card Services inplenentation operates in a Wndows operating

5. The met hod of providing Card Services as clained

envi ronnent .
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conprises registeri ng one or nore Card Services clients. ' 7. The
met hod of providing Card Services as clainmed in claim6 wherein said state
isnf ormati on conprises.a |ist of said Card Services clients.

- 34 - 8. The method of providing Card Services as clained in claim?7
wherein said state information further conprises a Socket Services data
structure. 9. The net hod of &/G‘i/i ding Card Services as clained in
claim8 wherein said state information further conprises a |list of
regi stered er asepgueues. ' 10. The nethod of providing Card
Services as clainmef in claim9 wherein saird state information further
conprises a list of registered tiners :
SYSTEM AREA
768K
VIDEO AREA
640K
APPLICATION AREA 41
OTHER TSRS 49
DEVICE DRIVERS 47
~40K REAL MODE CARD SERVICES LAYER 31
SOCKET SERVICES LAYER 25
DOS 45
INTERRUPT VECTOR TABLE

Figure 2
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and an anount of tinme remaining on each of said registered tiners.
11. A conputer system said conputer system conprising the elenents of:

a PCMCI A adapter;

Services conpatibility

during a boot stage,
sinmulating a real

r eal

sai d
node Card

node Card Services

cards are installed in said
conmpatibility driver

driver
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said Card
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C?r .Services conpatibility driver
rvices environnment wherein said
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collecting state information; and
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12. The conputer systemas clainmed in claim11l wherein said Card Services
conpatibility driver registers one or nore Card Services clients.

18. The conputer systemas clained in claim12 wherein said protected node
Card Services inplementation infornms said Card Services clients of any
PCMCI A cards installed in said PCMCI A adgpfer by calling a card insertion
cal | back routine in each of said Card Services clients. 14. The
conmputer systemas clainmed in claim12 wherein said protected node Card
Servi ces inplenentation oper rating environnent.

- 36 - - 15. The conpypet ssﬁlqln&%pll&éagpel h claim14 wherein said
prot ected node Card SerV| ces | enentation co ses a Wndows Virtual
Devi ce Driver. '

Load in small real-mode Card

103+ Services compatibility driver
Load in the remainder of TSRs

105.| _ and device drivers. The Card
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handle any calls to Card Services

!
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107 - . .
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!
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109 -
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'
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113 -
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Figure 4



16. The”wnputer systemas clainmed in claim12 wherein said state

I nformation conprises a |list of said Card Services clients. 17.
The conputer systemas-clainmed in claim 16 wherein said state information
further conprises a Socket Services data structure. 18. The

conputer systemas clainmed in claim1l7 %Wirei n said state information
further conprises a |ist of registered € ase queues. 19. The
conputer systemas clained in claim18 wherein said state infornmation
further conprises a list of registered tinmers and an anmount of tinme
remai ni ng on eaﬁ&\ of said registered tiners.

SYSTEM AREA
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VIDEO AREA

|

640K

DOS APPLICATION AREA 41

Y
TSRS 49

DEVICE DRIVERS 47

~5K{ CARD SERVICES COMPATIBIITY DRIVER 50
SOCKET SERVICES 25

' DOS 45

INTERRUPT VECTOR TABLE

Figure 5
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ABSTRACT

METHOD AND APPARATUS FOR SUPPORTING REAL MODE CARD SERVICES CLIENTS
WITH A PROTECTED MODE CARD SERVICES IMPLEMENTATION.

PCMCIA defines a standard interface for small portable

computer peripherals. Part of the PCMCIA specification defines a Card
Services software layer. The current PCMCIA specification defines a Card
Services layer that provides Card Services to clients that wish to use PCMCIA
cards. A Card Services Compatibility Driver is defined that ensures
compatibility with real mode clients. The Card Services Compatibility Driver
is a device driver or TSR that loads near the beginning of the computer
system boot procedure. The Card Services Compatibility Driver simulates a
full implementation of Card Services by supporting only the functions that
are legal when no cards are installed in the system even though cards may be
installed in the system. Later, a full protected mode implementation of Card
Services is loaded into the system. The Card Services Compatibility Dﬁver
transfers all the state information it collects during the computer system boot
procedure to the full protected mode implementation of Card Services. After
receiving this information, the full protected mode implementation of Card
Services takes control and services all later Card Services requests. The full
protected mode implementation of Card Services also informs the regisfered
Card Services clients of any cards inserted in the system by making card

insertion callbacks.
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