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157) ABSTRACT
Embodiments include an apparatus comprising a processor
and a computer readable storage medium having computer
usable program code. The computer usable program code can
be configured to determine whether priority of a requested
task is higher than a priority ofa currently executing task. The
computer usable program code can be further configured to
determine whether a value indicates that the currently execut-
ing task can be interrupted. The computer usable program
code can be configured to trigger execution of the requested
task on the processor, if the value indicates that the currently
executed task can be interrupted. The computer usable pro-
gram code can be further configured to wait for lapse of a time
period and, interrupt the currently executing task upon detec-
tion of lapse of the time period or detection of a change to the
value, if the value indicates that the currently executing task
cannot be interrupted.
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INTERRUPTION OF CHIP COMPONENT
MANAGING TASKS

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
)119from United Kingdom Patent Application No. 1308598.
0, filed on May 14, 2013, which is incorporated by reference
in its entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the field of inte-
grated circuit chips. More particularly, the present disclosure
relates to interrupt control of chip component management
tasks.

BACKGROUND

[0003] Today's integrated circuit chips comprise a large
number of functions and components which need to be man-
aged. Typically, a dedicated chip hardware component acting
as service module and being interoperable with some on-chip
sensors and control elements is used for performing said
management.

[0004] Some management tasks must be executed more
urgently than others (e.g. tasks for preventing inconsistent or
harmful system states). Two approaches and corresponding
chip architectures exist for ensuring that highly urgent tasks
are executed quickly: A) chips comprising a single manage-
ment unit using unconditional interruption of the currently
executed task in favor of the urgent task, and B) chips com-
prising two or more management units, wherein at least one
management unit is selectively reserved for performing a low

priority task and wherein at least one further management
unit is selectively reserved for immediately performing a high
priority task if requested.

[0005] According to approach A), a chip uses a single man-
agement unit for executing chip component management
tasks whereby only one task can be executed at a time. In case
the execution ofan urgent task is necessary, said urgent task is
executed by the management unit immediately and any other
task which may currently be executed at said moment is
terminated abruptly. Such chips are cheap to manufacture but
the abrupt interruption ofa currently executed task may cause
inconsistent system states or may even damage chip compo-
nents. A graceful termination is not supported by this chip
architecture as the option of a graceful termination bears the
risk that in case the currently executed task is trapped in an
infinite loop, the current task may never terminate gracefully
and thus the urgent task may never be executed. In case the
urgent task is to prevent damage to a chip component, the
incapability to execute the urgent task may cause damage to
the chip.
[0006] According to approach B), a chip comprises mul-

tiple management units. In this architecture, low-priority
tasks are selectively assigned to one of said management units
while an urgent task may selectively be assigned to another
one of the management units. As one management unit is
exclusively reserved for an urgent task, it is ensured that the
urgent task can be executed immediately. This approach has
the disadvantage that the management unit reserved for
urgent tasks is idle most of the time. Thus, the available
hardware resources are used inefficiently. Moreover, such
multi-management-unit-chips are more expensive to manu-
facture.

SUMMARY OF THE INVENTION

[0007] It is an objective of embodiments of the invention to
provide for an improved chip and corresponding method for
executing urgent tasks promptly without causing harm to the
chip or its components.

[0008] Said objective is solved by the subject matter of the
independent claims. Advantageous embodiments are
described in the dependent claims. If not explicitly stated
otherwise, the features of the embodiments can freely be
combined with each other.

[0009] A "service engine" as used herein is a microcontrol-
ler used formanaging one ormore components of a chip (ke. ,

initiating, monitoring and/or controlling one or more compo-
nents of a chip). Preferentially, the service engine consists
purely of hardware, firmware or a combination of hardware
and firmware. According to preferred embodiments, the ser-
vice engine is implemented as an on-chip component. This
may provide for "intelligent" chips being capable of self-
booting and/or comprising on-chip power management,
maintenance, monitoring, clocking, error identification, and
error recovery logic. In case a particular component is
requested by two or more requesting instances at the same
time, it may be the duty of the service engine to decide which
one of the requests to be served first and which of the corre-
sponding requestors to be assigned the requested component
as a resource.

[0010] An "integrated circuit chip, ""micro chip, "or "chip"
as used herein is a set of electronic circuits on one plate
("chip" ) of semiconductor material, normally silicon. This
can be made much smaller than a discrete circuit made from
independent components. Chips may be used in computers,
mobile phones, digital home appliances, and a plurality of
other devices. An example for a chip as used herein is a
processor chip of IBM's PowerProcessor chip family.

[0011] A "component" of a chip as used herein may be any
kind of hardware and/or firmware based component of the
chip such as a memory, a data storage, a bus-interface, a
network controller, a microprocessor, a GPS module, a cryp-
tographic module, a processor or the like. A component may
comprise or be connected to sensor elements used for sensing
status information of the component, e.g. the temperature, the
amount of free memory, or the like, for reporting this infor-
mation to the service engine. Said information may be evalu-
ated by the service engine and used as input when executing
some chip-component-management tasks. A component may
also comprise or be connected to control units operable to
receive control commands from the service engine, the con-
trol commands being indicative if said component should be
initiated, shut down or should operate in a particular manner.

[0012] A "task" as used herein is a data processing routine
implemented in firmware and/or hardware elements of the
service engine. Depending on the embodiment, there may be
tasks for booting the chip, for shutting-down the chip, for
assigning a particular chip-component to a requesting
instance inside the chip or external to the chip, for switching
the operation mode of a chip component, maintenance, error-
recovery, component-monitoring tasks, and the like.

[0013] A "register" as used herein is a data storage compo-
nent being part of the chip. The register may consist of static
or dynamic RAM. The register may be implemented as pro-

cessorr

register at the top ofa memory hierarchy of a processor
or as a separate register whose main function is to serve as
data store for the service engine or another chip component.
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[0014] A 'priority' of a task indicates the urgency of start-

ing execution of said task. The urgency may completely or at
least partially reflect a technical requirement (e.g. the require-
ment of preventing system inconsistencies, of preventing
harm to the hardware of the chip and/or of preventing data
loss). Harm and data loss may be caused, for example, due to
overheating of a chip. Depending on the embodiment, the
priority may be specified explicitly in a request for a particu-
lar task or in the requested task (e.g. in the form of an attribute
value). Alternatively, the priority of a task may be given
implicitly, for example, by the type of the requested task, the

type of component having submitted a task request or some
other features of the task or task request in combination with
a corresponding prioritization logic implemented in the ser-
vice engine.
[0015] The expression "terminating a task gracefully" as
used herein encompasses the termination of said task in a
controlled manner or abruptly at a state of execution at which
it is guaranteed that the termination will not leave the chip or
any of its components in an inconsistent and/or harmful state.
Exiting a task in a controlled manner implies that the task
itself or any other routine of a component of the service
engine or the chip executes some processing routines which
guarantee that no chip component managed by the service
engine is transformed by said termination into an inconsistent
and/or harmful state.
[0016] In one aspect, the invention relates to an integrated
circuit chip comprising a service engine. The service engine
is adapted to manage one or more components of the chip via
one or more tasks. The service engine comprises a processing
engine adapted for executing the one or more tasks. The
service engine further comprises a data storage having stored
a current state of a currently executed one of the tasks.
[0017] The service engine further comprises an interface
for receiving a request for executing another one of the tasks.
The request may be received from one of the components or
from a requestor external to the chip. The currently executed
task has a first priority and the other, requested task has
another priority referred herein as "second priority. "
[001S] The service engine comprises a clock which is
adapted to measure a time interval having lapsed between the
receiving of the request and the current time.
[0019] The service engine further comprises a control
engine adapted to interrupt the currently executed task and to
trigger the execution of the requested task in case:

[0020] A) the second priority is higher than the first
priority, and

[0021] B) the stored current state indicates that the cur-
rent task is gracefully interruptible; and/or b2) the mea-
sured time interval exceeds a threshold value, whereby
in b2) the interruption and the triggering is executed
regardless ofwhether the currently executed task can be
or has already been terminated gracefully.

[0022] Said features may be advantageous as they may
allow using single-threaded service engines which can be
manufactured cheaply both for low-priority and high-priority
tasks, whereby the low-priority tasks are terminated almost
always gracefully and whereby it is ensured that at the latest
after the lapse of the time threshold the starting of the high-
priority task is guaranteed.

[0023] Said features may allow signalizing to the service
engine if and when during the execution of a current, low-

priority task, said task can safely be interrupted in favor of a
higher priority task.

[0024] According to some embodiments, the measuring of
the time interval is triggered by the receipt of the request.

[0025] If the first priority is higher than the second priority
and in case the stored state indicates that the current task is not
interruptible while the lapsed time period has not yet
exceeded the time threshold, the service engine may trigger
the graceful termination of the currently executed task by the
processing engine. Upon a successful graceful termination,
the stored current state value is updated to a value indicating
that the current task is "interruptible. "The service engine may
continuously and repeatedly evaluate the current state value
as long as the measured time period has not lapsed and will
start executing the requested task upon determining that the
updated current state value equals "interruptible. "
[0026] According to some embodiments, the processing
engine is merely operable to execute one task at a time. In
other words, the processing engine and the corresponding
service engine may be single-threaded. Thus, cheaply manu-
factured chips with a single-threaded service engine may
provide for the same functionality regarding guaranteed ser-
vice time for high priority tasks as multi-threaded service
engine chips without terminating low-priority tasks un-grace-
fully.

[0027] According to some embodiments, the chip com-
prises only a single service engine for managing the chip's
components. This further reduces the manufacturing costs.
[002S] According to embodiments the request comprises
an attribute value being indicative of the priority of the
requested task. This may be advantageous as the requesting
instance is provided with means to influence the priority level
ofa task and thus to influence the decision whether a currently
executed task is interrupted or not.

[0029] Alternatively, the priority ofeach task is stored as an
attribute value in a storage component in association with its
respective task. The priority ofa task may also be given by the
type of the task. In this case, the decision logic of the service
engine uses the type of the requested and of the currently
executed task to make a decision if the current task should be
interrupted. This embodiment may be particularly advanta-
geous for simple chip architectures where only few tasks have
to be maintained. For example, there may only be supported
a first task for continuously monitoring status parameters of
the chip components which should normally run twenty-four
hours per day and a second task for shutting down a compo-
nent in case the monitored chip temperature exceeds a thresh-
old value. The second task may only be requested occasion-
ally for preventing harmful system states. The continuously
executed first task will be gracefully terminated (if possible)
whenever a task request for the second request is received by
a service engine operable to identify the type of the currently
executed and requested tasks.

[0030] According to some embodiments, the requested task
is one of a plurality of first tasks and the currently executed
task is one of a plurality of second tasks. The first tasks are
responsible for booting, initializing, and/or shut-ting down a
processor core of the chip, for protecting the processor core
against overheating, and/or for managing the energy supply
of said processor core. The second tasks are responsible for
monitoring the components, in particular for monitoring a
processor core of the chip, for clocking the components, for
creating usage statistics, and/or for identifying errors and
invalid states of the components. Each one of the first tasks
has a higher priority than any one of the second tasks. Said
features may be advantageous as the service engine may serve
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general maintenance tasks but may interrupt them gracefully
for starting executing any one of the second tasks which are
more important as they may be required for preventing dam-

age from the chip and/or its components.

[0031] According to some embodiments, the processing
engine is adapted for continuously monitoring the current
state of the currently executed task and for updating the
current state stored in the data storage accordingly. For
example, the service engine may execute a low-priority moni-
toring task of limited duration. The task may complete its
execution and terminate gracefully without any interrupt by
another task. The service engine will recognize that the task
has terminated and store the current state value "interrupt-
ible" (although there may currently be executed no task at all
as the current task already terminated). According to another
example, a medium-priority task may be requested. Upon
start ofthe medium-priority task, the service engine will store
the current state value "uninterruptible" to the storage
medium, thereby preventing said task from immediate inter-

ruption by a requested task of higher priority (lower priority
task will not interrupt the medium-priority task anyway). The
current state value "uninterruptible" of the medium-priority
task may only be interrupted by a high-priority task after its
graceful termination by the service engine or in case a time
period since the receipt ofa corresponding task request for the
high-priority task exceeded a time threshold.

[0032] In addition, or alternatively, the currently executed
task comprises executable instructions which, when
executed, set the current state stored in the data storage to a
value specified in said instructions.

[0033] For example, a particular task may be interruptible
at any time without causing harm to or causing inconsisten-
cies in any one of the components. Upon starting execution of
said task, the service engine stores the value "interruptible" to
the data storage.

[0034] Or, for example, a task may comprise a first sub-task
whose abrupt interruption could cause damage to the chip and
comprise a second sub-task which can be interrupted abruptly
without causing any damage. Upon starting said first sub-

task, the service engine will store the value "uninterruptible. "
Upon having terminated the first sub-task and started execut-
ing the second sub-task, the service engine will store the value
"interruptible" to the data storage. Thus, the decision when
the current state value should be changed to "interruptible" or
"uninterruptible" may be taken by some instructions which
are part of a task and/or may be taken by the service engine
comparing the priority of the currently executed task with the
priority of the requested task and other factors such as the
stored current state value, the elapsed time, etc. Said features
may provide for a highly flexible, fine-grained specification
whether and when a particular task can be interrupted or not.

[0035] According to embodiments, interrupting the cur-
rently executed task comprises triggering a graceful termina-
tion of the currently executed task or awaiting a graceful
termination from said currently executed task's own initia-
tive. After or during completion of the graceful termination,
the current state "interruptible" is stored to the data storage.
The state value "interruptible" indicates that the currently
executed task has already terminated or can be terminated
immediately without causing harm (ke. , can be terminated
gracefully even by an immediate interruption). This enables
the control engine to trigger the execution of the requested
task in accordance with case bl). For example, upon deter-
mining that the requested task is of higher priority than the

currently executed task, the processing engine may jump to a
section within the instructions of the current task which
specify some graceful exit commands for said task. By
executing said instructions, the current task is terminated
gracefully.

[0036] A task state value set to "interruptible" indicates that
a currently executed task has already been terminated grace-
fully or that its immediate termination will not result in errors
or inconsistencies of the chip or its components.

[0037] According to some embodiments, in case the mea-
sured time interval exceeds the threshold value, the service
engine is adapted for setting the current state stored in the data
storage to "interruptible" regardless of whether the currently
executed task was or can be gracefully terminated or not. This
enables the control engine to trigger the execution of the
requested task in accordance with b2).

[003S] According to some embodiments, the request is one
of a plurality of requests supported by the service engine.
Each of the supported requests corresponds to one of the
tasks. Each of the requests may have assigned a request-
specific threshold value. Alternatively the task specific
threshold value may be stored in a data storage of the chip in
association with an identifier of the respective task. The deter-
mination if the measured time interval exceeds the threshold
value is executed in respect to the threshold value being
specific to said request. This may allow for a flexibly adapt-
able and fine-grained task management and task interruption
logic executed by the service engine.

[0039] Alternatively, one single threshold value may be
used for each one of the supported tasks.

[0040] According to some embodiments, any kind of task
supported by the service engine is stored on a storage medium
of the integrated circuit chip (e.g. in the form of Assembler
instructions).

[0041] According to some embodiments, the request for
executing a particular task is generated by one of the compo-
nents or an on-chip component management unit. The request
may comprise its request specific threshold value. The
request may also be received from a requestor external to the
chip (e.g. from an external hard disc controller or the like).

[0042] The service engine may be implemented as an on-

chip microcontroller. The components may consist of hard-
ware and/or firmware or a combination thereof. The tasks are
computer-interpretable instructions stored on the chip (e.g.
program instructions written for example in Assembler or
other languages that can easily be translated into opcode).
The instruction set of the service component may be adapted
in a way as to execute all supported task, in particular the
high-priority tasks, very efficiently. Said features may be
advantageous as hardware-implemented methods can be
executed more quickly than analogous software-based meth-
ods. In addition, the execution of software-based program
logic may be stalled by failures of other pieces of software-
based program logic, failures of executing the operating sys-
tem, and the like. This cannot happen in the hardware and/or
firmware based implementation ofa service engine according
to any one of the above embodiments.

[0043] According to some embodiments, the data store
comprising the current state is a register having stored therein
the current state in the form of a single bit value. The stored
cur-rent state is either "interruptible" or "uninterruptible. "
Said features may be advantageous as a register and a single-
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bit representation of a state reduces the storage space con-
sumed and also the time for reading and evaluating the stored
current state value.

[0044] According to embodiments the stored current state
is either "interruptible" or "uninterruptible" or "conditionally
interruptible. "The interruption of a currently executed task
whose stored state value is 'conditionally interruptible'
enables the control engine to interrupt the currently executed
task in case additional conditions are met by the requested
task or by components of the chip. Such additional conditions
may consist of the operation mode of the service engine,
additional parameters received with the request, the current
time and date, a user-id and service level information in
respect to a contract between a user and a cloud service
provider or the like. Thus, in case the chip and its processing
power are used (e.g. within a cloud infrastructure), the service
level agreement with a particular user and/or the expected
processing load at a particular time and date may have an
impact on whether a particular task having the status "condi-
tionally interruptible" will be interrupted in favor of the
requested task or not.

[0045] For example, a first user having a service level
agreement for processing power with a cloud service provider
which covers a smaller amount and/or quality of service than
the service level agreement of a second user with said pro-
vider, the "conditionally interruptible" state could indicate
that tasks of the first user with a may be interrupted in favor of
a requested task of the second user. In some use case sce-
narios, a particular component or resource of the chip may be
assigned at least temporarily to different users (e.g. in depen-
dence on a service level agreement), and information on the
user-ID may be included in any request for a task submitted

by said component or resource to the service engine. Thus, a
cloud service provider may take advantage of the fine grained
interrupt control mechanism provided by a state capable of
being represented and stored in the form ofmultiple different
values.

[0046] According to some embodiments, the service
engine comprises a user-interface, e.g. a graphical or com-
mand-line interface, allowing a user to configure the time
threshold value and/or the priority of the tasks.

[0047] In a further aspect, the invention relates to an assem-
bly of a plurality of integrated circuit chips according to one
of the above embodiments. Each chip comprises a service
engine and one or more components to be managed by said
service engine. The components of each chip comprise one
processor core. Said core is managed by its respective service
engine. For example, a main frame comprising a plurality of
chips with a respective processing core may be provided. The
processing core of each of said chips may be managed as a
component of said chip by a respective on-chip service
engine.

[004S] In a further aspect the invention relates to a com-
puter-implemented method for managing one or more com-
ponents of an integrated circuit chip via one or more tasks.
The chip comprises a service engine. The method is executed
by the service engine and comprises:

[0049] executing a current one of one or more tasks;

[0050] storing a current state of the currently executed task
in a data storage of the chip;

[0051] receiving a request from one of the components for
executing another one of the tasks, the currently executed task
having a first priority, the other task having a second priority;

[0052] measuring a time interval having lapsed between the
receiving of the request and the current time;
[0053] interrupting the currently executed task and trigger-
ing the execution of the requested task in case
[0054] A) the first priority is higher than the second priority,
and

[0055] BI) the stored current state indicates that the current
task is gracefully interruptible; and/or b2) the measured time
interval exceeds a threshold value, whereby in b2) the inter-

ruption and the triggering is executed regardless of whether
the currently executed task terminated gracefully or not.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] The above and other items, features and advantages
of the invention will be better understood by reading the
following more particular description of embodiments of the
invention in conjunction with the figures wherein:
[0057] FIG. 1 is a block diagram of a chip 102 comprising
a service engine 104 and several components 114-120.
[005S] FIG. 2 in an assembly of multiple chips 102.1-102.
4.
[0059] FIG. 3 is a flow chart of a method executed by the
service engine or its components.

DETAILED DESCRIPTION OF THE INVENTION

[0060] FIG. 1 discloses a chip 102 which comprises a plu-
rality of components 114-120.Said components may be, for
example, a memory or storage component, a bus interface, a
central processing unit, a network controller or the like. The
chip further comprises a microcontroller acting as a service
engine 104 which manages the chip components 114-120.
The service engine 104 comprises a single threaded process-
ing engine 106which is operable to execute one task at a time.

[0061] According to FIG. 1, task T4 is currently executed
by the processing engine. Each tasks T1-T5 supported by the
service engine may be implemented as computer executable
instructions embodied in firmware and/or hardware of the
service engine (e.g. in the form of assembler instructions).
Each task has a priority P1-P5. The priority of the task may be
given by the task type or, for example, by an attribute value
stored in as sociation with the respective task or by an attribute
value contained in a request for a particular task. The service
engine 104 comprises a register 112 having stored a current
state of the currently executed task T4. That state may be, for
example, "interruptible" "uninterruptible, "or "conditionally
interruptible. "
[0062] The service engine 104 comprises an interface 122
for receiving a request R from one of the chip components
114-120 or from a chip-external component. According to
FIG. 1, component 116 sends a request for executing task Ti
via the interface 122 to the service engine 104.Upon result of
said request, a clock 10S of the service engine 104 starts
monitoring the time period lapsing since the receipt.
[0063] The service engine comprises priority means 110
which are operable to compare the priority of the currently
executed task T4 with the priority P1 of a requested task T1.
The service engine comprises or is operatively coupled to a
register 112 which has stored a current state value ("CS")of
the currently executed task. Upon receiving the request R
from component 116, the priority means 110 compares the
priority P1 of the requested task T1 with the priority P4 of the
currently executed task T4. In addition, the service engine
evaluates the current state value CS stored in the register.



US 2014/0344823 A1 Nov. 20, 2014

[0064] In case priority P1 exceeds priority P4 and in case
the CS value is "interruptible, "the service engine triggers the
processing engine to immediately start executing the
requested task T1. In case the current state value CS should
indicate that the current task T4 is "uninterruptible, "the ser-
vice engine will send a command to the processing engine
triggering the graceful termination of task T4. Alternatively,
instead of sending said trigger command, the service engine
may simply wait until the currently executed task terminates
from his own initiative, thereby setting the current state value
CS to "interruptible. "As soon as the currently executed task
has set the CS value to 'interruptible', task T4 is stopped and
the execution of the requested task T1 is started. This kind of
interruption is herein also considered as 'graceful', as obvi-
ously, the program instruction underlying the task T4 will
only set the current state value to "interruptible" if it is
ensured, by the nature of the instructions already executed
and yet to follow, that an abrupt termination of said task at that
particular point of execution will not cause any harm to the
system. As soon as task T4 has gracefully terminated, the CS
value is set to "interruptible" and the requested task T1 is
executed. Only in case the graceful termination of task T4
should not be completed within a predefine time period (mea-
sured since the receipt of requests R), task T4 is forcefully
terminated by the service engine to ensure that the high-
priority task T1 is executed.

[0065] For example, the currently executed task T4 may be
a "24/background task" (ke. , a task which is supposed to run
continuously twenty-four hours per day, seven days per
week). The background task is of low priority and is used for
continuously monitoring the status of the components of the
chip (e.g. for calculating usage statistics). Ifpossible, task T4
should be executed continuously and should only be inter-

rupted for urgent error correction or maintenance task such as
T1.The requested task T1 may be a power management task
which needs to be executed within a short time interval for
preventing harm to the chip.

[0066] To ensure that the high priority task T1 can interrupt
the low priority task T4 as soon as possible and to ensure that
T4 continues execution as soon as T1 has terminated, com-
ponent 120, which may be a monitoring microcontroller, may
continuously send requests for executing task T4 to the ser-
vice engine 104. Such requests won't interrupt a currently
executed task T1 as requests for low-priority task T4 do not
have a higher priority than the currently executed task T1.
However, as soon as T1 has finished execution and the service
engine has received a request for task T4, the service engine
will restart executing T4.
[0067] Alternatively, in order to ensure that the high prior-
ity task T1 can interrupt the low priority task T4 as soon as
possible, the currently executed task T4 may comprise pro-
gram instruction which, upon termination of said task, trigger
the execution of another task (e.g. , a currently requested task
T1 specified in the request R or another task specified in the
executed instructions of task T4). Said approach may have the
advantage that the repeated execution of requests for starting
the execution of T4 is not necessary, thereby reducing the
computational load of the service engine.

[006S] Preferentially, task T1 comprises some instructions
for setting the CS value to "uninterruptible" upon starting T1
and for setting the CS value to "interruptible" upon terminat-

ing T1.Thus, as soonasthehigh-prioritytasks Tl has finishe
executing, the service engine 104 receiving a request for low
priority task T4 from component 120 will start the monitoring

task T4. According to some embodiments, the service engine
104 may comprise further program logic and storage for
temporary storing intermediate results of an interrupted low
priority task and use said intermediate results for resuming
the low priority task after the interrupting high-priority task
has finished executing.
[0069] The priority of a task may be specified explicitly by
an attribute or may be provided implicitly by the type of the
task. The type of the task can be indicated by the component

type sending a corresponding task request. For example, com-
ponent 116may be a power management controller and any
request (including request R) submitted by said component
may be identified by the service engine 104 as power man-
agement request being of high priority.
[0070] FIG. 2 depicts an assembly 202 of multiple chips
102.1-102.4 as respectively depicted in greater detail in FIG.
1.Each chip comprises one or more components and a single
threaded service engine 104.1-104.4. Such an assembly may
constitute a multi-core processor mainframe, wherein each
"core" corresponds to one of the chips.
[0071] FIG. 3 depicts a method to be executed by the ser-
vice engine or some of its components according to one
embodiment of the invention. In step 302, the service engine
104 executes a current one T4 out ofone or more tasks T1-T5.
In step 304, the service engine 104 stores a current state of the
currently executed task in a data storage 112of a chip 102. In
step 306, the service engine 104 receives a request R for
executing a particular task T1 from one of the plurality of
components 116.The currently executed task T4 has a first

priority P4 and the requested task T1 has a second priority P1.
Upon receiving the request R, the clock 10S starts continu-
ously measuring in step 30S the time having lapsed since the
receipt of the request R. The service engine 104, by means of
the priority means 110, determines in step 310 if the first
priority P1 is higher than the second priority P4. If this is not
the case, then the current task T4 is continued to be executed
as depicted by step 31S and the service engine 104 awaits
further requests.

[0072] In case the priority of P1 is higher than P4, the
service engine 104 evaluates in step 312 (path b I) if the stored
current state CS indicates that the currently executed task T4
is gracefully interruptible. If this is the case, the service
engine 104 interrupts T4 abruptly (in case T4 should still be
running) and starts executing T1 in step 316.1.
[0073] Ifthe stored state indicates that the current task is not
interruptible, the service engine triggers in step 317the grace-
ful termination of the currently executed task T4 or awaits the
currently executed task to set the current state value CS to
"interruptible" on its own initiative and then triggers the
immediate (graceful) termination of T4 and the execution of
task T1 (thereby, the service engine does not "wait" indefi-
nitely: if the time elapsed since the receipt ofthe request R for
a higher priority task exceeds the threshold value, the cur-
rently executed task is terminated ungracefully).
[0074] In any case, upon the graceful termination of task
T4, the stored current state ofT4 is updated to "interruptible"
and step 312 is repeated for the updated value. This time, the
service engine will determine that the stored current state
indicates that the current task is gracefully interruptible and
will execute step 316.1 comprising the interruption of the
currently executed task if any and starting execution of the
requested task.

[0075] After having determined that the priority P1 exceeds
P4, the service engine will (independently ofpath b1) repeat-
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edly execute decision step 314 (path b2) for determining if the
measured time interval since the receipt of request R exceeds
a threshold value. If this is the case, the service engine will
interrupt the currently executed task T4 and will trigger the
execution of the requested task T1 regardless of whether the
currently executed task already terminated gracefully or not.
This may be implemented by simply ignoring the stored
current state value CS or by forcefully setting said value to
"interruptible" and executing step 312. If this is not the case,
the clock of the service engine will continue executing step
30S.

[0076] Reference throughout this specification to "one
embodiment, ""an embodiment, "or similar language means
that a particular feature, structure, or characteristic described
in connection with the embodiment is included in at least one
embodiment of the present invention. Thus, appearances of
the phrases "in one embodiment, ""in an embodiment, "and
similar language throughout this specification may, but do not
necessarily, all refer to the same embodiment.

[0077] The present invention may be a system, a method,
and/or a computer program product. The computer program
product may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

[007S] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to, an
electronic storage device, a magnetic storage device, an opti-
cal storage device, an electromagnetic storage device, a semi-
conductor storage device, or any suitable combination of the
foregoing. A non-exhaustive list ofmore specific examples of
the computer readable storage medium includes the follow-
ing: a portable computer diskette, a hard disk, a random
access memory (RAM), a read-only memory (ROM), an eras-
able programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a por-
table compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a
mechanically encoded device such as punch-cards or raised
structures in a groove having instructions recorded thereon,
and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, is not to be con-
strued as being transitory signals per se, such as radio waves
or other freely propagating electromagnetic waves, electro-
magnetic waves propagating through a waveguide or other
transmission media (e.g. , light pulses passing through a fiber-

optic cable), or electrical signals transmitted through a wire.

[0079] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface in each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage in a computer readable storage
medium within the respective computing/processing device.

[00SO] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or either
source code or object code written in any combination of one
or more programming languages, including an object ori-
ented programming language such as Java, Smalltalk, C++ or
the like, and conventional procedural programming lan-

guages, such as the "C"programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user's computer,
partly on the user's computer, as a stand-alone software pack-
age, partly on the user's computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user's computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service Pro-
vider). In some embodiments, electronic circuitry including,
for example, programmable logic circuitry, field-program-
mable gate arrays (FPGA), or programmable logic arrays
(PLA) may execute the computer readable program instruc-
tions by utilizing state information of the computer readable
program instructions to personalize the electronic circuitry, in
order to perform aspects of the present invention.

[00S1] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams ofmethods, apparatus (systems), and computer pro-
gram products according to embodiments of the invention. It
will be understood that each block of the flowchart illustra-
tions and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer readable program instructions.

[00S2] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the instruc-
tions, which execute via the processor of the computer or
other programmable data processing apparatus, create means
for implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks. These computer read-
able program instructions may also be stored in a computer
readable storage medium that can direct a computer, a pro-
grammable data processing apparatus, and/or other devices to
function in a particular manner, such that the computer read-
able storage medium having instructions stored therein com-
prises an article of manufacture including instructions which
implement aspects of the function/act specified in the flow-
chart and/or block diagram block or blocks.

[00S3] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[00S4] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation ofpos-
sible implementations of systems, methods, and computer
program products according to various embodiments of the
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present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or por-
tion of instructions, which comprises one or more executable
instructions for implementing the specified logical function

(s). In some alternative implementations, the functions noted
in the block may occur out of the order noted in the figures.
For example, two blocks shown in succession may, in fact, be
executed substantially concurrently, or the blocks may some-
times be executed in the reverse order, depending upon the
functionality involved. It will also be noted that each block of
the block diagrams and/or flowchart illustration, and combi-
nations of blocks in the block diagrams and/or flowchart
illustration, can be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts or carry out combinations of special purpose hardware
and computer instructions.

1-6. (canceled)
7. An apparatus comprising:

a processor; and

a computer readable storage medium having computer
usable program code embodied therewith, the computer
usable program code executable by the processor to
cause the apparatus to:
determine whether priority of a requested task is higher

than a priority of a currently executing task;
responsive to a determination that the priority of the

requested task is higher than the priority of the cur-
rently executing task, determine whether a value in a
register indicates that the currently executing task can
be interrupted without causing the processor or any
components ofthe processor to be in one or more ofan
inconsistent state or a harmful state;

if the value indicates that the currently executing task
can be interrupted without causing the processor or
any components of the processor to be in one or more
of an inconsistent state or a harmful state, trigger
execution of the requested task on the processor;

if the value indicates that the currently executing task
cannot be interrupted without causing the processor
or any components of the processor to be in one or
more of an inconsistent state or a harmful state,

wait for lapse of a time period since receipt of a
request to execute the requested task; and

interrupt the currently executing task upon,

detection oflapse ofthe time period since receipt of
the request to execute the requested task, or

detection, prior to lapse of the time period, of a
change to the value in the register to indicate that
the currently executing task can be interrupted
without causing the processor or any compo-
nents of the processor to be in one or more of an
inconsistent state or a harmful state.

S. The apparatus of claim 7, the computer usable program
code further comprising computer usable program code to:

monitor the value in the register.

9.The apparatus of claim 7, wherein the request to execute
the requested task includes an attribute value indicating the
priority of the requested task.

10. The apparatus of claim 7, wherein the priority of the
requested task and the priority of the currently executing task
are based on a type of the requested task and a type of the
currently executing task, respectively.

11. The apparatus of claim 7, wherein the request to
execute the requested task indicates a duration for the time
period.

12.The apparatus of claim 7, wherein the requested task is
one of a first group of tasks and wherein the currently execut-
ing task is one ofa second group oftasks, wherein tasks of the
first group of tasks are responsible for one or more ofbooting
a processor core of a chip, initializing a processor core of the
chip, shutting down a processor core of the chip, protecting a
processor core of the chip against overheating, and managing
an energy supply of a processor core of the chip, and wherein
tasks of the second group of tasks are responsible for moni-
toring a processor core of the chip, clocking a processor core
ofthe chip, creating usage statistics for a processor core of the
chip, and identifying errors and invalid states of a processor
core of the chip.

13.A computer program product for executing tasks on a
chip based on priority, the computer program product com-
prising:

a computer readable storage medium having computer
usable program code embodied therewith, the computer
usable program code comprising computer usable pro-
gram code to:
determine whether priority of a requested task is higher

than a priority of a currently executing task;

responsive to a determination that the priority of the
requested task is higher than the priority of the cur-
rently executing task, determine whether a value in a
register indicates that the currently executing task can
be interrupted without causing the chip or any com-
ponents of the chip to be in one or more of an incon-
sistent state or a harmful state;

if the value indicates that the currently executing task
can be interrupted without causing the chip or any
components of the chip to be in one or more of an
inconsistent state or a harmful state, trigger execution
of the requested task on a processor;

if the value indicates that the currently executing task
cannot be interrupted without causing the chip or any
components of the chip to be in one or more of an
inconsistent state or a harmful state,

wait for lapse of a time period since receipt of a
request to execute the requested task; and

interrupt the currently executed task upon,

detection oflapse ofthe time period since receipt of
the request to execute the requested task, or

detection, prior to lapse of the time period, of a
change to the value in the register to indicate that
the currently executing task can be interrupted
without causing the chip or any components of
the chip to be in one or more of an inconsistent
state or a harmful state.

14. The computer program product of claim 13, the com-
puter usable program code further configured to:

monitor the value in the register.

15. The computer program product of claim 13, wherein
the request to execute the requested task includes an attribute
value indicating the priority of the requested task.

16. The computer program product of claim 13, wherein
the priority of the requested task and the priority of the cur-
rently executing task are based on a type of the requested task
and a type of the currently executing task, respectively.
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17. The computer program product of claim 13, wherein
the request to execute the requested task indicates a duration
for the time period.

1S. The computer program product of claim 13, wherein
the requested task is one of a first group of tasks and wherein
the currently executing task is one ofa second group of tasks,
wherein tasks of the first group of tasks are responsible for
one or more of booting a processor core of the chip, initial-
izing a processor core of the chip, shutting down a processor
core of the chip, protecting a processor core of the chip
against overheating, and managing an energy supply of a
processor core of the chip, and wherein tasks of the second
group of tasks are responsible for monitoring a processor core
of the chip, clocking a processor core of the chip, creating
usage statistics for a processor core of the chip, and identify-
ing errors and invalid states of a processor core of the chip.
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