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(54) Anticipatory responses to commands

(57) Responsive to intercepting an outbound re-
sponse, a response interceptor may, upon determining
that the response is associated with a particular category
of responses, that do not match with an anticipatory re-

sponse to the source of the corresponding command, for
example, store in a record an indication that said antici-
patory response was incorrect. This can be made by in-
crementing a counter.
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Description

[0001] The present application relates generally to
communication between a device and a component and,
more specifically, to optimizing the communication
through use of anticipatory responses to commands.
[0002] A device that reads information from, or writes
information to, a smart card typically does so through the
use of a smart card reader. The smart card reader may
be connected, e.g., through a directly wired connection
or a wireless connection, to the device. Specific software,
called a "driver", is generally executed by the device to
facilitate reading from, and writing to, a memory compo-
nent of the smart card using the smart card reader. The
driver includes an application programming interface
(API) that allows other programs to issue requests and
commands so that the requests and commands will be
understood by the driver. An API generally comprises a
source code interface that a computer system or program
library provides in order to support requests for services
to be made of the API by a computer program.

GENERAL

[0003] Responsive to intercepting an outbound com-
mand, such as an APDU, a command interceptor may
transmit an anticipatory response to the source of the
command, for example, to prematurely indicate that the
command has met with success. Accordingly, a given
application whose further execution is dependent upon
the successful completion of the command may further
execute earlier than would be the case if the given ap-
plication was to await the transmission of the command,
the generation of a response indicating success and the
receipt of the response indicating success.
[0004] In accordance with an aspect of the present ap-
plication there may be provided a method of handling
outbound commands. The method may comprise inter-
cepting a command outbound from a driver module and
determining that the command will elicit a response se-
lected from among a plurality of predictable responses.
The method may further comprise selecting an anticipa-
tory response from the plurality of predictable responses
and transmitting the anticipatory response to the driver
module. In other aspects of the present application, a
mobile communication device may be provided for car-
rying out this method and a computer readable medium
is provided for adapting a processor to carry out this
method.
[0005] Said intercepting may comprise delaying trans-
mission of said command to a smart card reader over a
wireless communication channel.
[0006] The method may further comprise transmitting
said command to a smart card reader over a wireless
communication channel.
[0007] The wireless communication channel may com-
prise a Bluetooth communication channel.
[0008] The intercepting may comprise obtaining a copy

of said command and transmitting said command to a
smart card reader over a wireless communication chan-
nel.
[0009] The plurality of predictable responses may
comprise a first predictable response that indicates suc-
cess.
[0010] Selecting said anticipatory response may com-
prise selecting said first predictable response that indi-
cates success.
[0011] The command may be a first command, and
said method may further comprise: intercepting a second
command outbound from said driver module; determin-
ing that said driver module is maintaining an incorrect
state of a smart card to which said second command is
addressed;generating a further response, said further re-
sponse indicating that said smart card has been uncou-
pled from an associated smart card reader; and trans-
mitting said further response to said driver module.
[0012] Determining that said driver module is maintain-
ing said incorrect state may comprise consulting a record
of smart card state information.
[0013] The method may further comprise, responsive
to receiving said command, incrementing a counter of
commands.
[0014] The method may further comprise only execut-
ing said associating, determining, selecting and trans-
mitting when a value maintained in said counter of com-
mands is greater than or equal to a predetermined value.
[0015] The command may be a command Application
Protocol Data Unit (APDU) and said response is a re-
sponse APDU.
[0016] The method may further comprise, responsive
to said intercepting, associating said command with a
category, selected from among a plurality of categories,
to facilitate said determining.
[0017] The plurality of categories may comprise a cat-
egory of commands with a predictable set of possible
responses or a category of commands whose set of pos-
sible responses do not form a predictable set of possible
responses.
[0018] The plurality of categories may comprise a cat-
egory of commands whose set of possible responses do
not form a predictable set of possible responses.
[0019] In accordance with another aspect of the
present application there may be provided a method of
handling a response. The method may comprise receiv-
ing a response from a smart card reader coupled to a
smart card, determining that the response is of a type
distinct from a type of response transmitted to an asso-
ciated driver module as an anticipatory response to the
command and storing, in a record, an indication that an
incorrect anticipatory response has been transmitted to
the associated driver module. In other aspects of the
present application, a mobile communication device is
provided for carrying out this method and a computer
readable medium is provided for adapting a processor
to carry out this method.
[0020] The method may further comprise, responsive
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to said determining, incrementing a counter of incorrect
anticipatory responses provided to said associated driver
module.
[0021] The method may further comprise receiving
said response over a wireless communication channel.
[0022] The wireless communication channel compris-
es a Bluetooth communication channel.
[0023] The method may further comprise: intercepting
a command outbound from said driver module; determin-
ing that said driver module is likely to be maintaining an
incorrect state of said smart card; generating a further
response, said further response indicating that said smart
card has been uncoupled from said smart card reader;
and transmitting said further response to said driver mod-
ule.
[0024] Determining that said driver module is likely to
be maintaining said incorrect state may comprise con-
sulting said record.
[0025] The command may be a command Application
Protocol Data Unit (APDU) and said response is a re-
sponse APDU.
[0026] In accordance with an aspect of the present ap-
plication there may be provided a mobile communication
device comprising a processor adapted to execute a
component to carry out the foregoing methods.
[0027] In accordance with an aspect of the present ap-
plication there may be provided a computer-readable me-
dium containing computer-executable instructions that,
when performed by a processor in a mobile communica-
tion device, cause said processor to carry out the fore-
going methods.
[0028] Other aspects and features of the present ap-
plication will become apparent to those of ordinary skill
in the art upon review of the following description of spe-
cific embodiments of the application in conjunction with
the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Reference will now be made to the drawings,
which show by way of example, embodiments, and in
which:
[0030] FIG. 1 illustrates an environment in which a
smart card is illustrated along with a mobile communica-
tion device that communicates wirelessly with a smart
card reader;
[0031] FIG. 2 schematically illustrates the mobile com-
munication device of FIG. 1;
[0032] FIG. 3 schematically illustrates the smart card
reader of FIG. 1;
[0033] FIG. 4 illustrates a representation of interaction
between a smart card driver module and a command
interceptor of the mobile communication device of FIG.
2, the smart card reader of FIG. 3 and the smart card of
FIG. 1;
[0034] FIG. 5 illustrates steps in an exemplary method
performed by the command interceptor of the mobile
communication device of FIG. 2;

[0035] FIG. 6 illustrates steps in an exemplary method
of handling a response Application Protocol Data Unit
(APDU) at the command interceptor of the mobile com-
munication device of FIG. 1;
[0036] FIG. 7 illustrates steps of an exemplary method
of handling a case wherein the smart card driver module
of the mobile communication device of FIG. 1 has re-
ceived incorrect information about the state of the smart
card of FIG. 1; and
[0037] FIG. 8 illustrates steps of an exemplary method
in which an alterable frequency of consideration may be
incorporated into the method of FIG. 5.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0038] When the connection between the device and
the smart card reader is wireless, for example, using the
Bluetooth™ wireless communication protocol, some
complications may arise. In a typical transaction, the de-
vice transmits, over the wireless connection, a request
to the smart card reader and the smart card reader for-
wards the request to the smart card. The smart card then
responds to the request with a response and the smart
card reader forwards the response, over the wireless
connection, to the device. Unfortunately, the latency of
a round trip communication from the device to the smart
card and back again limits the speed with which the de-
vice can make use of the smart card, e.g., to authenticate
a user of the device. To a lesser extent, bandwidth avail-
able for the connection between device and smart card
reader may also limit the speed with which the device
can make use of the smart card. The smart card driver
is located on the device and has knowledge of how to
talk to the smart card, which has been received by the
smart card reader. There are many cases where, in order
to perform an operation, there is a requirement for several
transactions.
[0039] FIG. 1 illustrates an exemplary communication
system 100 that includes a mobile communication device
106 that is enabled to communicate wirelessly with a pe-
ripheral device in the form of a smart card reader 104. A
smart card 102 is illustrated mounted in the smart card
reader 104. In some embodiments, the smart card 102
may be communicably coupled with the smart card read-
er 104 via a wireless link. In still further embodiments,
the smart card reader 104 may be integrated with the
mobile communication device 106, in which case, the
smart card reader 104 may be called a component rather
than a peripheral.
[0040] FIG. 2 illustrates the mobile communication de-
vice 106 including a housing, an input device (e.g., a
keyboard 224 having a plurality of keys) and an output
device (e.g., a display 226), which may be a full graphic,
or full color, Liquid Crystal Display (LCD). In some em-
bodiments, the display 226 may comprise a touchscreen
display. In such embodiments, the keyboard 224 may
comprise a virtual keyboard. Other types of output de-
vices may alternatively be utilized. A processing device
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(a microprocessor 228) is shown schematically in FIG. 2
as coupled between the keyboard 224 and the display
226. The microprocessor 228 controls the operation of
the display 226, as well as the overall operation of the
mobile communication device 106, in part, responsive to
actuation of the keys on the keyboard 224 by a user.
Notably, the keyboard 224 may comprise physical but-
tons (keys) or, where the display 226 is a touchscreen
device, the keyboard 224 may be implemented, at least
in part, as "soft keys". Actuation of a so-called soft key
involves either touching the display 226 where the soft
key is displayed or actuating a physical button in proximity
to an indication, on the display 226, of a temporary action
associated with the physical button.
[0041] The housing may be elongated vertically, or
may take on other sizes and shapes (including clamshell
housing structures). Where the keyboard 224 includes
keys that are associated with at least one alphabetic char-
acter and at least one numeric character, the keyboard
224 may include a mode selection key, or other hardware
or software, for switching between alphabetic entry and
numeric entry.
[0042] In addition to the microprocessor 228, other
parts of the mobile communication device 106 are shown
schematically in FIG. 2. These may include a communi-
cations subsystem 202, a short-range communications
subsystem 204, the keyboard 224 and the display 226.
The mobile communication device 106 may further in-
clude other input/output devices such as a set of auxiliary
I/O devices 206, a serial port 208, a speaker 210 and a
microphone 212. The mobile communication device 106
may further include memory devices including a flash
memory 216 and a Random Access Memory (RAM) 218.
Furthermore, the mobile communication device 106 may
include various other device subsystems 220. The mobile
communication device 106 may have a battery 222 to
power the active elements of the mobile communication
device 106. The mobile communication device 106 may,
for instance, comprise a two-way radio frequency (RF)
communication device having voice and data communi-
cation capabilities. In addition, the mobile communication
device 106 may have the capability to communicate with
other computer systems via the Internet.
[0043] Operating system software executed by the mi-
croprocessor 228 may be stored in a computer readable
medium, such as the flash memory 216, but may be
stored in other types of memory devices, such as a read
only memory (ROM) or similar storage element. In addi-
tion, system software, specific device applications, or
parts thereof, may be temporarily loaded into a volatile
store, such as the RAM 218. Communication signals re-
ceived by the mobile device may also be stored to the
RAM 218.
[0044] The microprocessor 228, in addition to its op-
erating system functions, enables execution of software
applications on the mobile communication device 106. A
predetermined set of software applications that control
basic device operations, such as a voice communications

module 230A and a data communications module 230B,
may be installed on the mobile communication device
106 during manufacture. A smart card (SC) driver module
230C may also be installed on the mobile communication
device 106 during manufacture. Furthermore, a com-
mand APDU interceptor 230D may also be installed on
the mobile communication device 106 to implement as-
pects of the present disclosure. As well, additional soft-
ware modules, illustrated as other software modules
230N, which may comprise, for instance, a personal in-
formation manager (PIM) application, may be installed
during manufacture. The PIM application may be capable
of organizing and managing data items, such as e-mail
messages, calendar events, voice mail messages, ap-
pointments, and task items. The PIM application may al-
so be capable of sending and receiving data items via a
wireless carrier network. The data items managed by the
PIM application may be seamlessly integrated, synchro-
nized and updated via the wireless carrier network with
the device user’s corresponding data items stored or as-
sociated with a host computer system.
[0045] Communication functions, including data and
voice communications, may be performed through the
communication subsystem 202 and through the
short-range communications subsystem 204.
[0046] The short-range communications subsystem
204 enables communication between the mobile com-
munication device 106 and other proximate systems or
devices, which need not necessarily be similar devices.
For example, the short-range communications subsys-
tem 204 may include a Bluetooth™ communication mod-
ule to provide for communication with the smart card
reader 104 where the smart card reader also implements
a Bluetooth™ communication module. As another exam-
ple, the short-range communications subsystem 204
may include an infrared device to provide for communi-
cation with similarly-enabled systems and devices.
[0047] FIG. 3 illustrates an example embodiment of
the smart card reader 104. The smart card reader 104
includes a controller including at least one smart card
reader microprocessor 310, which is suitably pro-
grammed to control the overall operation and functions
of the smart card reader 104. The smart card reader 104
may also include an output device (e.g., a display module
312). The smart card reader 104 may further include pe-
ripheral devices or subsystems such as a flash memory
314, a RAM 316, a serial port 318 (e.g., a Universal Serial
Bus, or "USB", port), a smart card reader short-range
communications subsystem 320 (e.g., an infrared trans-
ceiver, wireless bus protocol system using a protocol
such as a Bluetooth™), a storage component interface
322 (e.g., for a memory card or any other data storage
device), a pairing-activation input device 324 (e.g., a
push button) and a biometric information input device
325 (e.g., a fingerprint sensor). In some embodiments,
the RAM 316 includes a portion allocated to a data cache.
[0048] The smart card reader microprocessor 310 op-
erates under stored program control with code or
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firmware being stored in the flash memory 314 (or other
type of non-volatile memory device or devices). As de-
picted in FIG. 3, the stored programs (e.g., firmware) in-
clude an operating system program or code module 326
and other programs or software application modules in-
dicated generally by reference 328. The operating sys-
tem module 326 of the smart card reader 104 further
includes a smart card reader driver component 332.
[0049] The smart card reader driver component 332 is
responsible for coordinating communications between
the smart card reader 104 and the smart card 102 and/or
the smart card driver module 230C of the mobile com-
munication device 106. Based on results of various com-
munications with the smart card reader 104, the smart
card driver module 230C maintains a record of the state
of the smart card 102. The operating system module code
326, code for specific device application modules 328,
code for the smart card reader driver component 332, or
code components thereof, may be temporarily loaded
into a volatile storage medium such as the RAM 316.
Received communication signals and other data may al-
so be stored in the RAM 316. Additionally, the storage
component interface 322 receives the smart card 102,
which may provide additional storage space for the smart
card reader 104.
[0050] In one embodiment, the smart card 102 has a
controller 338 responsible for coordinating communica-
tions between the smart card 102 and the smart card
reader driver component 332 of the smart card reader
104.
[0051] The stored program control (i.e., software ap-
plication modules 328) for the smart card reader micro-
processor 310 may include a predetermined set of ap-
plications, code components or software modules that
control basic device operations, for example, manage-
ment and security related control of the data of the smart
card reader 104, and may be installed on the smart card
reader 104 as a component of the software application
modules 328 during the manufacturing process. Further
applications may also be loaded (i.e., downloaded) onto
the smart card reader 104 through the operation of the
serial port 318, the smart card reader short-range com-
munications subsystem 320 or from the smart card 102.
The downloaded code modules or components may then
be installed by the user (or automatically) in the RAM 316
or non-volatile program memory (e.g., the flash memory
314).
[0052] While the smart card reader driver component
332 is shown to be an integrated portion of the operating
system 326 for security purposes (e.g., individuals are
not permitted to tamper with the smart card reader driver
component 332), the smart card reader driver component
332 may be installed as one of the software applications
328, and in such embodiments, suitable security related
precautions may be taken to ensure that the smart card
reader driver component 332 cannot be modified or tam-
pered with by unauthorized users.
[0053] The serial port 318 may be a USB-type interface

port for interfacing or synchronizing with another device,
such as a personal computer or the mobile communica-
tion device 106. The serial port 318 is used to set pref-
erences through an external device or software applica-
tion or exchange data with a device, such as the mobile
communication device 106. Such data may be stored on
the smart card 120 that is plugged into the storage com-
ponent interface 322 of the smart card reader 104. The
serial port 318 is also used to extend the capabilities of
the smart card reader 104 by providing for downloads,
to the smart card reader 104, of information or software,
including user interface information.
[0054] The short-range communications subsystem
320 provides an interface for communication between
the mobile communication device 106 or personal com-
puter and the smart card reader 104. In one embodiment,
the short-range communications subsystem 320 em-
ploys an infrared communication link or channel. In an-
other embodiment, the short-range communications sub-
system 320 operates according to a wireless RF bus pro-
tocol, such as Bluetooth™. However, the short-range
communications subsystem 320 may operate according
to any suitable local wired or wireless communication
protocol, so long as the short-range communications
subsystem 204 (FIG. 2) of the mobile communication de-
vice 106 operates using the same protocol, thereby fa-
cilitating wireless communication between the mobile
communication device 106 and the smart card reader
104. Any communications mechanism and/or protocol
may be implemented for the short-range communica-
tions subsystems 204, 320, so long as the mobile com-
munication device 106 can communicate with the smart
card reader 104 when the mobile communication device
106 is no more than a predetermined distance away from
the smart card reader 104.
[0055] Traditionally, a smart card driver module is sup-
plied by the manufacturer of the smart card 102. The
operating system of the mobile communication device
106 includes an API. Aspects of the API define a smart
card framework. The smart card driver module 230C reg-
isters with the operating system of the mobile communi-
cation device 106 so that calls to smart card framework
aspects of the API can be appropriately handled by the
smart card driver module 230C.
[0056] Communication between the smart card reader
104 and the smart card 102 may be standardized to use
Application Protocol Data Units (APDUs), where a stand-
ard structure for an APDU is defined by ISO 7816. ISO
7816 is an international standard related to electronic
identification cards, especially smart cards, managed
jointly by the International Organization for Standardiza-
tion (ISO) and the International Electrotechnical Com-
mission (IEC). It may be considered that there are various
categories of APDUs including command APDUs and
response APDUs. A command APDU is sent by the smart
card reader 104 to the smart card 102. A command APDU
contains a header and may contain data. A response
APDU is sent by the smart card 102 to the smart card
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reader 104. A response APDU contains a status word
and may contain data.
[0057] When the given application executed on the mi-
croprocessor 228 of the mobile communication device
106 requires input from the smart card 102, the given
application sends an initial request to the smart card
framework, which request is redirected, by the smart card
framework, to the smart card driver module 230C, which
is also executed by the microprocessor 228. Responsive
to receiving the request, the smart card driver module
230C issues a request command APDU to the smart card
102, via the smart card reader 104. Upon receiving the
request command APDU from the smart card driver mod-
ule 230C, the smart card reader 104 forwards the request
command APDU to the smart card 102. Note that, in gen-
eral, a request command APDU may be transmitted to
the smart card 102 in bits and pieces, e.g., in a series of
packets. Such piecewise transmission is provided for in
protocols known as T=0 and T=1 as part of ISO 7816.
The smart card 102 receives the request command AP-
DU and responds by sending a response APDU to the
smart card reader 104. The smart card reader 104, upon
receiving the response APDU, forwards the response
APDU to the smart card driver module 230C. Responsive
to receiving the response APDU, the smart card driver
module 230C generates a response and transmits the
response to the given application.
[0058] It can be documented that wireless communi-
cation (sending and receiving each packet) between the
smart card reader 104 and the mobile communication
device 106 is associated with a greater amount of latency
than wired communication of the same packets. As a
result, operations on the mobile communication device
106, when the operations involve use of a wireless chan-
nel to the smart card reader 104, can, due to this latency,
take significantly longer than when the operations involve
use of a wired channel to the smart card reader 104. It
is, therefore, desireable to reduce, to a practical extent,
the latency associated with the exchange of packets be-
tween the mobile communication device 106 and the
smart card reader 104.
[0059] It has been discussed that the smart card reader
driver module 230C on the mobile communication device
106 generates command APDUs. While there are many
possible command APDUs, the command APDUs may
be divided into command APDUs that have a predictable
set of possible response APDUs and all other command
APDUs (i.e., those command APDUs whose set of pos-
sible response APDUs do not form a predictable set).
[0060] For example, a command APDU such as the
"SELECT FILE" command APDU may be considered to
be in the category of command APDUs that have a pre-
dictable set of possible response APDUs. The "SELECT
FILE" command APDU usually elicits a response APDU
indicating success or a response APDU indicating failure.
In contrast, a command APDU requesting encryption of
some data will elicit a response carrying a payload that
depends on, inter alia, the data that is to be encrypted,

the key used for encryption and the method of encryption.
[0061] For a more exhaustive study of indications that
may be found in a response APDU that the smart card
102 transmits in response to the "SELECT FILE" com-
mand APDU, see part 4 of ISO 7816 and, in particular,
Section 6: Basic Interindustry Commands. The status
condition indicated in a response APDU (responsive to
the SELECT FILE command APDU) may be ascertained
by reviewing status bytes SW1 and SW2. For example,
a response APDU that indicates successful implemen-
tation of a received command APDU may have the fol-
lowing values in the status bytes: SW1 = 0x90; and SW2
= 0x00.
[0062] A response APDU (responsive to the SELECT
FILE command APDU) that indicates a warning regard-
ing implementation of a received command APDU may
have the following values in the status bytes: SW1 = 0x62;
and SW2 = 0x83 (selected file invalidated) or SW2 = 0x84
(not formatted properly).
[0063] A response APDU (responsive to the SELECT
FILE command APDU) that indicates an error (i.e., a fail-
ure) in implementing a received command APDU may
have the following values in the status bytes: SW1 =
0x6A; and SW2 = 0x81 (Function not supported); or SW2
= 0x82 (File not found); or SW2 = 0x86 (Incorrect param-
eters P1-P2); or SW2 = 0x87 (Lc inconsistent with P1-
P2).
[0064] By bypassing a wait for a number of packets to
be exchanged over a wireless channel between the mo-
bile communication device 106 and the smart card reader
104, the latency of operations that use the wireless chan-
nel can be reduced.
[0065] In overview, by intercepting command APDUs
outbound from the smart card reader driver 230C and
categorizing the command APDUs, the command APDU
interceptor 230D may identify a specific type of command
APDU that elicits a predictable response APDU. By gen-
erating the predictable response APDU and transmitting
the predictable response APDU to the smart card reader
driver 230C, command APDU interceptor 230D may re-
duce the latency of operations that use the wireless chan-
nel.
[0066] In view of FIG. 4, the command APDU intercep-
tor 230D may intercept (step 502) a command APDU 404
generated by the smart card driver module 230C, before
the smart card driver module 230C is able to transmit the
command APDU 404 over the wireless connection to the
smart card reader 104. Notably, the smart card driver
module 230C may have generated the command APDU
404 responsive to receiving a command 402 from a given
application.
[0067] Intercepting the command APDU 404 may in-
volve delaying transmission of the command APDU 404
to the smart card reader 104 while providing the smart
card driver module 230C with an indication that the com-
mand APDU 404 has been transmitted.
[0068] Alternatively, intercepting the command APDU
404 may involve merely "listening in" as the smart card
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driver module 230C transmits the command APDU 404
to the smart card reader 104, such that the command
APDU interceptor 230D obtains a copy of the command
APDU 404.
[0069] The command APDU interceptor 230D may
then categorize (step 504) the intercepted command AP-
DU 404, that is, the command APDU interceptor 230D
may associate the intercepted command APDU 404 with
a category. One example category with which the inter-
cepted command APDU 404 may be associated is a cat-
egory of command APDUs that elicit, from the destination
smart card, a response APDU selected from among a
predictable set of possible response APDUs. One exam-
ple category with which the intercepted command APDU
404 may be associated is a category of command APDUs
that elicit, from the destination smart card, a response
APDU that does not come from a predictable set of pos-
sible response APDUs.
[0070] In the case wherein the command APDU inter-
ceptor 230D determines (step 506) that the intercepted
command APDU 404 is categorized as a command AP-
DU whose response APDU does not come from a pre-
dictable set of possible response APDUs, the command
APDU interceptor 230D may transmit (step 508), without
further processing, the command APDU 404 over the
wireless connection to the smart card reader 104.
[0071] In the case wherein the command APDU inter-
ceptor 230D determines (step 506) that the command
APDU 404 has been categorized (step 504) as a com-
mand APDU that elicits a response APDU selected from
a predictable set of possible response APDUs, the com-
mand APDU interceptor 230D may select (step 510) an
anticipatory response APDU 406 from among the pre-
dictable set of possible response APDUs. For example,
where the predictable set of possible response APDUs
includes a response APDU that indicates success, the
command APDU interceptor 230D may select, as the an-
ticipatory response APDU 406, the response APDU that
indicates success. The command APDU interceptor
230D may then transmit (step 512), to the smart card
driver module 230C, the anticipatory response APDU
406. Additionally, the command APDU interceptor 230D
may transmit (step 508) the command APDU 404 to the
smart card reader 104 over the wireless connection.
[0072] The transmission (step 508), by the command
APDU interceptor 230D, of the command APDU 404 over
the wireless connection to the smart card reader 104 may
only be necessary in the event that the interception (step
502) of the command APDU 404 has involved delaying
the transmission of the command APDU 404 over the
wireless connection to the smart card reader 104.
[0073] Thus, the smart card driver module 230C may
be given an indication (by the anticipatory response AP-
DU 406) that the command carried in the payload of the
command APDU 404 has been carried out successfully
by the smart card 102, thereby allowing the smart card
102 to transmit a response APDU indicating success.
Responsive to receiving the anticipatory response APDU

406, the smart card driver module 230C generates a re-
sponse 408 and transmits the response 408 to the given
application.
[0074] Responsive to receiving the command APDU
404, the smart card reader 104 passes the command
APDU 404 to the smart card 102, at which the command
APDU 404 is processed. Following the processing of the
command APDU 404, the smart card 102 passes a re-
sponse APDU 410 to the smart card reader 104. The
smart card reader 104 then transmits the response APDU
410, over the wireless connection, to the mobile commu-
nication device 106.
[0075] FIG. 6 illustrates steps in an exemplary method
of handling the response APDU 410 at the command
APDU interceptor 230D of the mobile communication de-
vice 106. Initially, the command APDU interceptor 230D
receives (step 602) the response APDU 410. In the case
wherein, upon inspecting (step 604) the response APDU
410, the command APDU interceptor 230D determines
(step 606) that the response APDU 410 includes an in-
dication of success, the command APDU interceptor
230D need not carry out any further steps relative to this
exchange of APDUs, since the command APDU inter-
ceptor 230D has already transmitted (step 512) the an-
ticipatory response APDU 406 indicating success to the
smart card driver module 230C. Conveniently, before
sending the response 408, the smart card driver module
230C did not wait for: the command APDU 404 to be
sent, over the wireless connection, to the smart card
reader 104; the processing of the command APDU 404
by the smart card 102, leading to the generation, by the
smart card 102, of the response APDU 410; and the re-
ceipt of the response APDU 410, over the wireless con-
nection.
[0076] In the case wherein, upon inspecting (step 604)
the response APDU 410, the command APDU intercep-
tor 230D determines (step 606) that the response APDU
410 includes an indication of failure, the command APDU
interceptor 230D stores (step 610) a record that indicates
that the smart card driver module 230C has received an
incorrect anticipatory response. Based on storage of the
record that indicates that the smart card driver module
230C has received an incorrect anticipatory response,
the command APDU interceptor 230D may be consid-
ered to store an indication that that the smart card driver
module 230C is likely to be maintaining incorrect infor-
mation about the state of the smart card 102. Optionally,
ahead of storing (step 610) the record, the command
APDU interceptor 230D may increase (step 608) a coun-
ter of incorrect responses.
[0077] FIG. 7 illustrates steps of an exemplary method
of handling the case wherein the smart card driver mod-
ule 230C has received an incorrect anticipatory re-
sponse. Upon receiving (step 702) a subsequent com-
mand APDU 414 from the smart card driver module
230C, the command APDU interceptor 230D consults
(step 704) the record that indicates whether the smart
card driver module 230C has received an incorrect an-
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ticipatory response. The subsequent command APDU
414 may have been generated by the smart card driver
module 230C responsive to having received a subse-
quent command 412 from the given application.
[0078] In a first scenario, upon determining (step 706)
that the smart card driver module 230C is likely to be
maintaining an incorrect state of the smart card 102, the
command APDU interceptor 230D generates (step 708)
a "smart-card-removed" response APDU 416A that indi-
cates that the smart card 102 has been removed from
the smart card reader 104. In the case wherein the smart
card 102 and the smart card reader 104 communicate
wirelessly rather than via a physical connection, a "smart-
card-removed" response may be used to indicate that
the smart card 102 and the smart card reader 104 have
become uncoupled. Subsequently, the command APDU
interceptor 230D transmits (step 710), to the smart card
driver module 230C, the "smart-card-removed" response
APDU 416A.
[0079] Responsive to receiving the "smart-card-re-
moved" response APDU 416A, the smart card driver
module 230C resets the record of the state of the smart
card 102. Once the smart card driver module 230C has
reset the record of the state of the smart card 102, the
smart card driver module 230C may issue a further com-
mand APDU (not shown), where the further command
APDU is very similar to the subsequent command APDU
414, but is based on a different assumption of the state
of the smart card 102.
[0080] In a second scenario, upon determining (step
706) that the smart card driver module 230C is likely to
be maintaining a correct state of the smart card 102, the
command APDU interceptor 230D proceeds to execute
the method of FIG. 5. That is, the command APDU inter-
ceptor 230D categorizes (step 504) the subsequent com-
mand APDU 414 as either a command APDU with a pre-
dictable set of possible response APDUs or a command
APDU whose set of possible response APDUs do not
form a predictable set of possible response APDUs. In
the case wherein the command APDU interceptor 230D
determines (step 506) that the subsequent command AP-
DU 414 has been categorized (in step 504) as a com-
mand APDU whose set of possible response APDUs do
not form a predictable set of possible response APDUs,
the command APDU interceptor 230D may transmit (step
508) the subsequent command APDU 414 over the wire-
less connection to the smart card reader 104.
[0081] However, in the case wherein the command AP-
DU interceptor 230D determines (step 506) that the sub-
sequent command APDU 414 has been categorized (in
step 504) as a command APDU with a predictable set of
possible response APDUs, the command APDU inter-
ceptor 230D may select (step 510) an anticipatory re-
sponse APDU 416B from among the predictable set of
possible response APDUs. The command APDU inter-
ceptor 230D may then transmit (step 512), to the smart
card driver module 230C, the anticipatory response AP-
DU 416B. Additionally, the command APDU interceptor

230D may transmit (step 508) the subsequent command
APDU 414 to the smart card reader 104 over the wireless
connection.
[0082] The smart card driver module 230C may be giv-
en an indication (by the anticipatory response APDU
416B) that the subsequent command APDU 414 has met
with success. Responsive to receiving the anticipatory
response APDU 416B, the smart card driver module
230C generates a response 418 and transmits the re-
sponse 418 to the given application.
[0083] Accordingly, it is contemplated that the com-
mand APDU interceptor 230D may keep track of trans-
mitted incorrect anticipatory responses (see step 608,
FIG. 6). Based on a determined rate of transmission of
incorrect anticipatory responses, the command APDU
interceptor 230D may adjust a frequency with which in-
tercepted command APDUs are considered as predict-
able candidates for anticipatory responses. For example,
the command APDU interceptor 230D may consider eve-
ry second intercepted command APDU, every third in-
tercepted command APDU,..., every tenth intercepted
command APDU, etc. A method in which an alterable
frequency of consideration may be incorporated into the
method of FIG. 5 is illustrated in FIG. 8.
[0084] The method illustrated in FIG. 8 begins when
the command APDU interceptor 230D intercepts (step
802) a command APDU. Responsive to intercepting a
command APDU, the command APDU interceptor 230D
increments (step 804) an APDU counter. The command
APDU interceptor 230D then determines (step 806)
whether the APDU counter has reached a predetermined
value, "X". Upon determining that the APDU counter has
reached value X, the command APDU interceptor 230D
resets (step 808) the APDU counter to zero. Subsequent
to resetting the APDU counter, the command APDU in-
terceptor 230D proceeds to execute the method of FIG.
5. That is, the command APDU interceptor 230D cate-
gorizes (step 504) the command APDU intercepted in
step 802 as either a command APDU with a predictable
set of possible response APDUs or a command APDU
whose set of possible response APDUs do not form a
predictable set of possible response APDUs.
[0085] Upon determining (step 806) that the APDU
counter has not yet reached value X, the command APDU
interceptor 230D transmits (step 810) the command AP-
DU intercepted in step 802 to the smart card reader 104.
That is, the command APDU interceptor 230D does not
interfere with the normal progression of the APDU ex-
change. Instead of examining every intercepted com-
mand APDU for eligibility for generating an anticipatory
APDU, as perhaps suggested by the method of FIG. 5,
every X intercepted command APDU is examined more
closely for the opportunity of sending an anticipatory re-
sponse APDU. Accordingly, the apparent latency of the
APDU exchange is only reduced for every X intercepted
command APDU.
[0086] The value of X may be initialized to a first value.
However, as operation of the command APDU intercep-
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tor 230D is carried out, an aspect of the command APDU
interceptor 230D may monitor the counter of incorrect
anticipatory response APDUs (counted in step 608).
Based on a determined rate of transmission of incorrect
anticipatory response APDUs, the command APDU in-
terceptor 230D may adjust a frequency with which inter-
cepted command APDUs are considered as candidates
for anticipatory responses. The rate of transmission of
incorrect anticipatory response APDUs may be deter-
mined from a count of total intercepted command APDUs
and the count held at a given time in the counter of in-
correct anticipatory response APDUs (counted in step
608).
[0087] If a frequency exceeds a predetermined maxi-
mum, the command APDU interceptor 230D may adjust
the value of X so that relatively fewer intercepted com-
mand APDUs are considered as candidates for the an-
ticipator response APDU.
[0088] Advantageously, according to various embodi-
ments of the present application, while the volume of traf-
fic between the mobile communication device 106 and
the smart card reader 104 remains unchanged, the delay
between the given application sending an initial com-
mand 402 and receiving the response 408 (based on the
anticipatory response APDU 406) may frequently be re-
duced.
[0089] The above-described embodiments of the
present application are intended to be examples only.
Alterations, modifications and variations may be effected
to the particular embodiments by those skilled in the art
without departing from the scope of the application, which
is defined by the claims appended hereto.
[0090] The following numbered clauses (which are not
claims) disclose aspects of the invention:

1. A computer implemented method of handling out-
bound commands, said method comprising:

intercepting a command outbound from a driver
module;
determining that said command will elicit a re-
sponse from among a plurality of predictable re-
sponses;
selecting an anticipatory response from said plu-
rality of predictable responses; and
transmitting said anticipatory response to said
driver module.

2. The method of clause 1 wherein said intercepting
comprises delaying transmission of said command
to a smart card reader over a wireless communica-
tion channel.

3. The method of clause 1 or clause 2 wherein said
intercepting comprises obtaining a copy of said com-
mand and transmitting said command to a smart card
reader over a wireless communication channel.

4. The method of any one of clauses 1 to 3 wherein
said plurality of predictable responses comprises a
first predictable response that indicates success.

5. The method of clause 4 wherein said selecting
said anticipatory response comprises selecting said
first predictable response that indicates success.

6. The method of any one of clauses 1 to 5, where
said command is a first command, and said method
further comprises:

intercepting a second command outbound from
said driver module;
determining that said driver module is maintain-
ing an incorrect state of a smart card to which
said second command is addressed;
generating a further response, said further re-
sponse indicating that said smart card has been
uncoupled from an associated smart card read-
er; and
transmitting said further response to said driver
module.

7. The method of clause 6 wherein said determining
that said driver module is maintaining said incorrect
state comprises consulting a record of smart card
state information.

8. The method of any one of clauses 1 to 7 further
comprising, responsive to receiving said command,
incrementing a counter of commands.

9. The method of clause 8 further comprising only
executing said associating, determining, selecting
and transmitting when a value maintained in said
counter of commands is greater than or equal to a
predetermined value.

10. A computer implemented method of handling a
response, said method comprising:

receiving a response from a smart card reader
coupled to a smart card,
said response responsive to a command previ-
ously transmitted to said smart card reader;
determining that said response is of a type dis-
tinct from a type of response transmitted to an
associated driver module as an anticipatory re-
sponse to said command; and
storing, in a record, an indication that an incor-
rect anticipatory response has been transmitted
to said associated driver module.

11. The method of clause 10 further comprising, re-
sponsive to said determining, incrementing a coun-
ter of incorrect anticipatory responses provided to
said associated driver module.
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Claims

1. A method of handling a response, said method com-
prising:

receiving (602) a response from a component,
said response responsive to a command previ-
ously transmitted to said component;
determining (604, 606) that said response is of
a type distinct from a type of response transmit-
ted to an associated module as an anticipatory
response to said command; and
storing (610), in a record, an indication that an
incorrect anticipatory response has been trans-
mitted to said associated module.

2. The method as claimed in claim 1, further compris-
ing, responsive to said determining, incrementing
(608) a counter of incorrect anticipatory responses
provided to said associated module.

3. The method as claimed in claim 1 or claim 2, further
comprising receiving said response over a wireless
communication channel.

4. The method as claimed in claim 3, wherein said wire-
less communication channel comprises a Bluetooth
communication channel.

5. The method as claimed in any one of claims 1 to 4,
wherein said command is a command Application
Protocol Data Unit (APDU) and said response is a
response APDU.

6. A method of handling a response, said method com-
prising:

receiving (602) a response from a peripheral de-
vice, said response responsive to a command
previously transmitted to said peripheral device;
determining (604,606) that said response is of
a type distinct from a type of response transmit-
ted to an associated module as an anticipatory
response to said command; and
storing (610), in a record, an indication that an
incorrect anticipatory response has been trans-
mitted to said associated module.

7. The method as claimed in claim 6, further compris-
ing, responsive to said determining, incrementing
(608) a counter of incorrect anticipatory responses
provided to said associated module.

8. The method as claimed in claim 6 or claim 7, further
comprising receiving said response over a wireless
communication channel.

9. The method as claimed in claim 8, wherein said wire-

less communication channel comprises a Bluetooth
communication channel.

10. The method as claimed in any one of claims 6 to 9,
wherein said command is a command Application
Protocol Data Unit (APDU) and said response is a
response APDU.

11. A mobile communication device (106) comprising:

a memory (216); and
a processor (228) operative to perform the meth-
od as claimed in any one of claims 1 to 10.

12. A computer-readable medium (216) containing com-
puter-executable instructions that, when performed
by a processor (228) in a mobile communication de-
vice (106), cause said processor to carry out the
method as claimed in any one of claims 1 to 10.
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