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(57) Abstract: An example method is disclosed, for example a method of executing a software module in a computing system, the
method comprising executing, in afirst processing device of the computing system, afirst software module to verify a second software
module and to cause a second processing device of the computing system to execute the second software module, executing, in the
second processing device, the second software module to execute, in the second processing device, athird software module and to
provide afirst key of akey pair tothe third software module, and protecting, by the second processing device, amemory space associated
with the third software module, wherein the memory space contains the first key of the key pair, wherein the first processing device
contains a second key of the key pair.
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EXECUTING SOTWARE

BACKGROUND

[0001] A computing system may include a trusted secure processor that controls
a boot process. For example, the trusted secure processor may load a firmware, such
as for example a BIOS firmware, and cause a second, untrusted processor in the
computing system to execute the firmware. The firmware executing on the untrusted
processor may load software components such as for example a boot loader and/or

operating system.

BRIEF DESCRIPTION OF DRAWINGS

[0002] Examples will now be described, by way of non-limiting example, with

reference to the accompanying drawings, in which:

[0003] Figure 1is a flow chart of an example of a method of executing a software

module in a computing system;

[0004] Figure 2 is a flow chart of an example of a method of executing a software

module in a computing system;

[0005] Figure 3 is a simplified schematic of an example of a processing

apparatus; and

[0006] Figure 4 is a simplified schematic of an example of a computing device.

DETAILED DESCRIPTION

[0007] Figure 1is a flow chart of an example of a method 100 of executing a
software module in a computing system. The method 100 comprises, in block 102,
executing, in a first processing device of the computing system, a first software module
to verify a second software module and to cause a second processing device of the
computing system to execute the second software module. In some examples, the first

processing device may be a trusted secure processor, and in some examples may be a
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processor that is first invoked upon power on or boot of the computing system and
caused to execute the first software module. In some examples, the first software
module may comprise software or firmware stored in storage accessible by the first
processing device, for example storage within the first processing device. In some
examples, the second software module may be a firmware such as for example a BIOS

firmware or UEFI firmware.

[0008] The method 100 also comprises, in block 104, executing, in the second
processing device, the second software module to execute, in the second processing
device, a third software module and to provide a first key of a key pair to the third
software module. Thus, for example, if the first processing device is atrusted secure
processor, the second software module (e.g. firmware) may be checked, verified and/or
authenticated by the first processing device executing the first software module (e.g. by
verifying a hash value of the first software module against a hash value stored in the first
processing device, and/or verifying a digital signature of the second software module),
and hence the second software module executing on the second processing device may
be considered as trusted, even though the second processing device itself in some
examples may be considered as untrusted. Hence, the third software module, for
example invoked by the second software module, can also in some examples be
considered as trusted. In some examples, the third software module may also be

checked, verified or authenticated.

[0009] In some examples, executing, in the second processing device, the
second software module to provide a first key of a key pair to the third software module
may comprise causing the third software module to generate the first and second keys of
the key pair. The second key (e.g. public key) of the key pair may then be provided to

the first processing device.

[0010] In block 106, the method comprises protecting, by the second processing
device, a memory space associated with the third software module, wherein the memory
space contains the first key of the key pair. This may, in some examples, ensure that the
first key cannot be accessed by other executing software modules, even for example an
operating system, thus protecting in some examples against a compromised operating
system. In some examples, the protection may prevent other software modules from
accessing the memory space, or may encrypt the memory space. In some examples,
the memory space may also include the whole of the third software module’s instruction
and/or data space. In some examples, the memory space may be a space in memory of

the computing system. In some examples, the second processing device may provide
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functionality, such as for example Software Guard Extensions (SGX), to protect the

memory space.

[0011] The first processing device contains a second key of the key pair. Thus
there may in some examples be a secure channel between the first processing device
and the third software module executing on the second processing device. For example,
the third software module may be able to send messages to the first processing device
that are signed and/or encrypted such that they may be received by the first processing
device, decrypted if encrypted, and verified by the first processing device that they
originated from the third software module using the first key of the key pair. In some
examples, the key pair may be a symmetric key pair or may in some examples be an
asymmetric key pair.

[0012] In some examples, the first processing device may provide (and may in
some examples also generate) a credential such as a key of a key pair and send the
credential to the second processing device, e.g. to the third software module executing
on the second processing device. The kay may be a symmetric key or a public key of a
key pair. Therefore, the first processing device may also in some examples be able to
send messages or information to the third software module in a secure manner, such as
for example encrypted or verifiable by the public key.

[0013] Figure 2 shows an example of a method 200 of executing a software
module in a computing system. The method comprises, in block 202, executing, in a first
processing device of the computing system, a first software module to verify a second
software module and to cause a second processing device of the computing system to
execute the second software module. The method also comprises, in block 204,
executing, in the second processing device, the second software module to execute, in
the second processing device, a third software module and to provide a first key of a key
pair to the third software module. The first processing device contains a second key of
the key pair. For example, the second key of the key pair is stored in a memory of the
first processing device, such as for example an internal memory of the first processing
device. In some examples, the blocks 202 and 204 of the method 200 are similar or
identical to the blocks 102 and 104 respectively of the method 100 described above with
reference to Figure 1.

[0014] The method 200 also comprises, in block 206, generating, by the third
software module, the first and second keys of the key pair and providing the second key
of the key pair to the first processing device. For example, the key pair may be
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generated directly by the third software module, or generating may comprise obtaining
the key pair from another source, such as for example a cryptographic component (CC)
of the computing system. In some examples, the second key is a public key of an

asymmetric key pair.

[0015] In block 208, the method 200 comprises protecting, by the second
processing device, a memory space associated with the third software module, wherein
the memory space contains the first key of the key pair. In some examples, block 208 is
similar or identical to block 106 of the method 100 of Figure 1.

[0016] Block 210 of the method 200 comprises monitoring, by the third software
module, an integrity of the computing system, securing an indication of the integrity of the
computing system using the first key of the key pair and providing the secured indication
to the first processing device. Therefore, in some examples, the third software module
may be a monitoring or reporting module that communicates with the first processing
device and allows the first processing device to monitor or determine an integrity of the
computing system. For example, the integrity may be the status of one or more functions
or other software modules, such as for example an antivirus function, a firewall function

or any other function related to security of the computing system or other function.

[0017] Figure 3 is a simplified schematic of an example of a processing
apparatus 300, such as for example a computing apparatus or device. The processing
apparatus 300 comprises a memory 302 and a first processor 304 to run a first code
component during a boot process to authenticate a second code component, to load the
second code component into the memory and to store a first key of a key pair. In some
examples, the first code component is a firmware internal to or accessible the first
processor 304, which may in some examples be a trusted secure processor. The
second code component may in some examples be a firmware such as a BIOS or UEFI

firmware or a boot firmware.

[0018] The processing apparatus 300 also comprises a second processor 306,
such as for example an untrusted processor, to run the second code component to load
a third code component into the memory, to protect an area of the memory and to store a
second key of the key pair in the area of the memory. In some examples, as the second
code component is authenticated, it may be considered as trusted and hence the third
code component may also be considered as trusted. In some examples, the third code
component may also be authenticated, e.g. by the first processor 304 or by the second

code component.
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[0019] In some examples, as the first processor stores the first key of the key
pair and the second key is accessible by the third code component (e.g. the area of the
memory is an area allocated to or associated with the third code component), there may
be a secure channel for communication between the third code component executing on
the second processor 306 and the first processor 304. For example, the third code
component may be able to send signed and/or encrypted information or messages to the

first processor 304.

[0020] In some examples, the second processor 306 is to run the third code
component to generate the first and second keys of the key pair and to provide the first
key of the key pair to the first processor. In some alternative examples, at least the first
key may be stored within the first processor, for example at manufacture or prior to a

power on or boot procedure.

[0021] In some examples, the second processor is to run the third code
component to determine a status of at least one operational characteristic of the
processing apparatus and to provide a message secured by the second key to the first
processor, wherein the message includes an indication of the status. Thus, in some
examples, the third code component may be for example a monitoring component, and
the at least one operational characteristic may comprise a security characteristic of the
processing apparatus 300, such as for example a status of a firewall, antivirus program
or other security related characteristic. Therefore, in some examples, the first processor
304 may determine one or more operational characteristics of the processing apparatus
300 through secure communication with the third code component executing on the
second processor 306. That is, for example, the communication may be encrypted,
and/or the communication may be signed such that the first processor 304 may verify

that the third code component is the origin of the communications.

[0022] In some examples, the area of memory 302 that stores the second key
(and that in some examples also stores the third code component) may be protected,
such as for example by encryption and/or restricted access by other executing
components. For example, the second processor 306 may in some examples protect the

area of memory, for example using SGX.

[0023] Figure 4 is a simplified schematic of an example of a computing device
400 comprising a first processing apparatus 402 (e.g. atrusted processor) to verify a
boot firmware (e.g. BIOS or UEFI firmware) of the computing device, and a second
processing apparatus 404, wherein the first processing apparatus 402 is to cause the
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second processing apparatus 404 to execute the boot firmware. In some examples,
therefore, the boot firmware being executed by the second processing apparatus 404

can be considered to be trusted.

[0024] The boot firmware is to cause the second processing apparatus 404 to
load a software module into a memory (not shown) of the computing device 400 and to
secure an area of the memory associated with the software module that contains a first
key of a key pair. For example, the area of the memory, which in some examples
contains the code and/or data for the software module, may be secured using SGX or
another feature of the second processing apparatus 404.

[0025] The first processing apparatus 402 is to store a second key of the key
pair. Therefore, in some examples, there may be a secure communication channel
between the software module executing on the second processing apparatus 404 and
the first processing apparatus 402.

[0026] In some examples, the key pair comprises a symmetric key pair, or the
key pair comprises an asymmetric key pair wherein the second key comprises a public
key.

[0027] In some examples, the second processing apparatus is to run the
software module to generate the first and second keys of the key pair and to send the
second key of the key pair to the first processing apparatus. The second key may in
some examples be a public key of an asymmetric key pair.

[0028] Examples in the present disclosure can be provided as methods, systems
or machine readable instructions, such as any combination of software, hardware,
firmware or the like. Such machine readable instructions may be included on a computer
readable storage medium (including but is not limited to disc storage, CD-ROM, optical
storage, etc.) having computer readable program codes therein or thereon.

[0029] The present disclosure is described with reference to flow charts and/or
block diagrams of the method, devices and systems according to examples of the
present disclosure. Although the flow diagrams described above show a specific order of
execution, the order of execution may differ from that which is depicted. Blocks described
in relation to one flow chart may be combined with those of another flow chart. It shall be
understood that each flow and/or block in the flow charts and/or block diagrams, as well
as combinations of the flows and/or diagrams in the flow charts and/or block diagrams
can be realized by machine readable instructions.
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[0030] The machine readable instructions may, for example, be executed by a
general purpose computer, a special purpose computer, an embedded processor or
processors of other programmable data processing devices to realize the functions
described in the description and diagrams. In particular, a processor or processing
apparatus may execute the machine readable instructions. Thus functional modules of
the apparatus and devices may be implemented by a processor executing machine
readable instructions stored in a memory, or a processor operating in accordance with
instructions embedded in logic circuitry. The term ‘processor’ is to be interpreted broadly
to include a CPU, processing unit, ASIC, logic unit, or programmable gate array etc. The
methods and functional modules may all be performed by a single processor or divided

amongst several processors.

[0031] Such machine readable instructions may also be stored in a computer
readable storage that can guide the computer or other programmable data processing

devices to operate in a specific mode.

[0032] Such machine readable instructions may also be loaded onto a computer
or other programmable data processing devices, so that the computer or other
programmable data processing devices perform a series of operations to produce
computer-implemented processing, thus the instructions executed on the computer or
other programmable devices realize functions specified by flow(s) in the flow charts

and/or block(s) in the block diagrams.

[0033] Further, the teachings herein may be implemented in the form of a
computer software product, the computer software product being stored in a storage
medium and comprising a plurality of instructions for making a computer device
implement the methods recited in the examples of the present disclosure.

[0034] While the method, apparatus and related aspects have been described
with reference to certain examples, various modifications, changes, omissions, and
substitutions can be made without departing from the spirit of the present disclosure. It is
intended, therefore, that the method, apparatus and related aspects be limited only by
the scope of the following claims and their equivalents. It should be noted that the
above-mentioned examples illustrate rather than limit what is described herein, and that
those skilled in the art will be able to design many alternative implementations without

departing from the scope of the appended claims.
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[0035] The word “comprising” does not exclude the presence of elements other
than those listed in a claim, “a” or “an” does not exclude a plurality, and a single

processor or other unit may fulfil the functions of several units recited in the claims.

[0036] The features of any dependent claim may be combined with the features

5 of any of the independent claims or other dependent claims.
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CLAIMS

1. A method of executing a software module in a computing system, the method
comprising:

executing, in a first processing device of the computing system, a first software
module to verify a second software module and to cause a second processing device of
the computing system to execute the second software module;

executing, in the second processing device, the second software module to
execute, in the second processing device, a third software module and to provide a first
key of a key pair to the third software module; and

protecting, by the second processing device, a memory space associated with
the third software module, wherein the memory space contains the first key of the key
pair;

wherein the first processing device contains a second key of the key pair.

2. The method of claim 1, wherein the first processing device comprises a trusted

processing device.

3. The method of claim 1, wherein the second software module comprises a boot

firmware of the computing system.

4. The method of claim 1, comprising generating, by the third software module, the
first and second keys of the key pair and providing the second key of the key pair to the

first processing device.

5. The method of claim 1, wherein the key pair comprises one of a symmetric key

pair and an asymmetric key pair.

6. The method of claim 1, comprising monitoring, by the third software module, an
integrity of the computing system, securing an indication of the integrity of the computing
system using the first key of the key pair and providing the secured indication to the first

processing device.
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7. The method of claim 1, wherein the second key of the key pair is stored in a

memory of the first processing device.

8. A processing apparatus comprising:

a memory; and

a first processor to run a first code component during a boot process to
authenticate a second code component, to load the second code component into the
memory and to store a first key of a key pair;

a second processor to run the second code component to load a third code
component into the memory, to protect an area of the memory and to store a second key

of the key pair in the area of the memory.

9. The processing apparatus of claim 8, wherein the first code component
comprises a firmware of the first processor and the second code component comprises a

boot firmware of the processing apparatus.

10. The processing apparatus of claim 8, wherein the second processor is to run the
third code component to generate the first and second keys of the key pair and to

provide the first key of the key pair to the first processor.

11. The processing apparatus of claim 8, wherein the second processor is to run the
third code component to determine a status of at least one operational characteristic of
the processing apparatus and to provide a message secured by the second key to the

first processor, wherein the message includes an indication of the status.

12. A computing device comprising:

a first processing apparatus to verify a boot firmware of the computing device;
and

a second processing apparatus, wherein the first processing apparatus is to
cause the second processing apparatus to execute the boot firmware;

wherein the boot firmware is to cause the second processing apparatus to load a
software module into a memory of the computing device and to secure an area of the
memory associated with the software module that contains a first key of a key pair; and

wherein the first processing apparatus is to store a second key of the key pair.
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13. The computing device of claim 12, wherein the first processing apparatus
comprises a trusted processor.
14, The computing device of claim 12, wherein the key pair comprises a symmetric

key pair, orthe key pair comprises an asymmetric key pair wherein the second key

comprises a public key.

15. The computing device of claim 12, wherein the second processing apparatus is to
run the software module to generate the first and second keys of the key pair and to

send the second key of the key pair to the first processing apparatus.
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