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(57) Abstract: The present disclosure relates to systems and methods for monitoring a computing resource of a computing system.
The computing resource may include a plurality of system on wafers (SoWs) that each includes an array of dies. The monitoring is
based on receiving telemetry data from a die included in a SoW of the computing resource. An example computing system includes a
SoW, a microcontroller communicatively coupled with SoW and that receives telemetry data associated with at least one of the dies,
and a controller configured to obtain data from the microcontroller, determine the performance of the die of the SoW, and in response
to determining that the performance is degraded, apply a corrective action.

[Continued on next page]
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METHOD AND APPARATUS FOR TELEMETRY OF SYSTEM ON A WAKER

CROSS-REFERENCE TG PRIORITY APPLICATION
[08061] This apphcation claims the benefit of prionty of U.S. Provisional
Application No. 63/378,013, filed September 30, 2022, and itled “METHOD AND
APPARATUS FOR TELEMETRY DISPLAY OF SYSTEM ON A WAFER,” the disclosure

of which 1s hereby incorporated by reference in its entirety and for all purposes.

BACKGROUND
Technical Field
(6002} This disclosure relates generally to an apparatus for collecting telemetry

data from a system-on-a-wafer (SOW) and processing the collected telemetry data.

Description of Helated Technology

[0063] Certain computing systems can be used in and/or specifically configured for
hugh performance computing and/or computationally inmtensive applications, such as neural
network training, neural network inference, machine learning, artificial intelligence, complex
simulations, or the hike In some applications, a computing system can be used to perform
neural network tramning. For example, such neural network tramming can generate data for an
autopilot system for vehicle (e g., an automobile), other autonomous vehicle functionality, or
Advanced Driving Assistance System (ADAR) functionahity.

[0004] In hugh performance computing systems, there can be a high density of
processing dies. It can be desirable to obtain telemetry data associated with the processing
dies. Tn computing systems with a large number of processing dies, there are technical

challenges associated with processing telemetry data.

SUMMARY OF CERTAIN INVENTIVE ASPECTS
[6005] The mmovations described in the claims each have several aspects, no single
one of which 1s solely responsible for 1ts desirable attributes. Without limiting the scope of

the claims, some promment features of this disclosure will now be briefly described.
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6006} Umne aspect of this disclosure 15 a computing system that includes an array
of dies mncluded on a system on a wafer (SoW), a microcontroller configured to receive
telemetry data associated with at least one die of the array of dies, and a controller configured
to obtain data that comprises the telemetry data from the microcontroller, determine a
performance meiric of a particular die of the array of dies by processing the obtained data, and
apply a corrective action in response to determining that the performance metric satisfies a
threshold. The digs of the array are configured to output telemetry data.

8007} In the computing system, the corrective action can include deactivating the
particular die.

[8008] In the computing system, the corrective action can include throttling of the
particular die.

[6009] In the computing system, the controlier can be configured to identify the
particular die that generated the telemetry data.

[0010] In the computing system, the microcontroller can be configured to provide
the telemetry data to the controller with a first resolution in a first mode and a second resolution
1 a second mode.

[0011] In the computing system, the microcontroller can be configured to
communicate with two dies of the array of dies.

[0012] In the computing system, the controller can be configured to receive data
from a plorality of SoWs.

[08013] In the computing system, the telemetry data can melude data associated with
operating temperature, voltage, and current with the at least one die.

[6014] In the computing system, the controller can further be configured to
generate a graphical representation of the processed data.

(0801 5] In the computing system, the controller can further be configured to
aggregate the telemetry data for a post processing of the aggregated data.

[0016] in the computing system, the controller can be configured to partition the
dies of the SoW to perform parallel tasks.

{0017} Another aspect of this disclosure 15 a method of monitoring a computing
system. The method includes obtaining telemetry data from the computing system and

determining a performance metric of individual dies of at least one a SoW of the plurality of
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NoWs by processing the obtamed telemetry data. The computing system includes a plurality
of system on wafers {SoWs}. Additionally, each SoW of the plurality of SoWs includes an
array of dies.

{001 8] in the method, the method can further include applying a corrective action
in response to determining that the performance metric of a particular die satisfies a threshold.
The corrective action can include deactivating the particular die. Additionally, the corrective
action can include throttling the particular die.

[0019] In the method, the method can also include toggling a mode of a
microcontroller from a first mode to a second mode such that the microcontroller provides
telemetry data associated with a particular die of a SoW of the plurality of a SoWs with a
different resolution in the second mode than in the first mode.

[0020] In the method, the telemetry data can include at least one of operating
temperature, voltage, current, and power consumption of the individual dies.

[0021] In the method, the method can further include generating a graphical
representation of the performance metric for the indwvidual dies.

[0022] Another aspect of this disclosure 1s a non-transitory computer-readable
storage medium.  The storage medium includes mstructions that, when executed by one or
100Te processors, cause to perform the method of montoring a computing system. The method
meludes obtaining telemetry data from the computing svstem and determining a performance
metric of mdividual dies of at least one SoW of the plurality of SoWs by processing the
obtained telemetry data. The compuiing system nclodes a plurality of a system on wafers
(SoWs). Additionally, each SoW of the plurality of SoWs includes an array of dies.

[08023] Another aspect of this disclosure 15 a method of providing a visualization of
a performance metric of digs of a systern on a wafer {SoW). The method includes obiaining
telemetry data from dies of the SoW, wherein the SoW comprises an array of dies, determuning
the performance metric for each of the dies of the SoW based on processing the telemetry data,
and providing a graphical representation of the performance metric of each of the dies of the
SoW based on the determination.

[0024] Another aspect of this disclosure 1S a non-transitory computer-readable
storage medium. The storage medium includes mstructions that, when executed by one or

more processors, cause to perform the method of obtaining telemetry data from dies of the
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SoW, determuning the performance metric for each of the dies of the SoW based on processing
the telemeiry data, and providing a graphical representation of the performance metric of each
of the dies of the SoW based on the determination. The SoW includes an array of dies.

[0025] Another aspect of this disclosure s a system that includes an array of dies
on a system on a wafer {SoW), each die of the array configured to output telemetry data, and
a microcontroller configured to receive telemetry data from at least two dies of the array of
dies. The microconirolier is operable in at least a first mode and a second mode such that the
microcontrolier outputs the telemetry data with different resolutions in the first mode and the
second mode.

[0026] In the system, the microconiroller can be configured to output the telemetry
data with information identifying respective dies of the array of dies associated with portions
of the telemetry data.

(00271 For purposes of summanzing the disclosure, certain aspects, advantages,
and novel features of the mnovations have been described herein. It 1s to be understood that
not necessarily all such advantages may be achieved in accordance with any particular
embodiment. Thus, the innovations may be ernbodied or carried out in a manner that achieves
or optimizes one advantage or group of advantages as taught herein without necessarily

achieving other advaotages as may be taught or suggested heren,

BRIEF DESCRIPTION OF THE DRAWINGS

[028] Embodiments of this disclosure will be described, by way of non-hnuting
examples, with reference to the accompanying drawings.

[08029] FIG. 1 dustrates an example of a cabinet that includes one or more
processing systems according to embodiments disclosed herein.

[3030] FI(G. 2 iHostrates an example of a computing system according to the
embodiments disclosed herein,

[0031] FIG 3A llustrates an example SoW that includes an array of dies.

[6032] FIG. 3B illustrates an array of nodes included in each dig.

[0033] FIG. 4 illustrates an example of interactions between a controller and SoW
and die.

[0034] FI1( 5 illustrates an example of partitioning dies of the SoW.
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[6035] FIG. 6A illustrates an example of a graphical representation of processed
telemetry data at the SoW level according to embodiments disclosed herein.

[6036] FIG. 6B illusirates an example of a graphical representation of processed
telemetry data at the die level, according to embodiments disclosed herein.

6037} FIG. 7 illustrates an example of a controlier.

[0038] FI( BA ilustrates an example of interactions between a coniroller, a group
of microcontroliers, SoWs, and dies, according to the embodiments disclosed herein.

[0039] FIG. 8B illustrates an example of interactions between dies and
microcontrallers, according to the embodiments disclosed herein.

[0040] FIG. 8C illustrates an example of interactions between a microcontroler
and two dies, according to the embodiments disclosed herein.

[0041] FIG. 8D dlustrates an example of interactions between a microcontrotler

and a die, according to the embodiments disclosed herein.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0042] The following detailed description of certain embodiments presents various
descriptions of specific embodiments. However, the mnovations described herein can be
embodied in a multitude of different ways, for exarple, as defined and covered by the claims.
In this description, reference s made to the drawings where like reference numerals and/or
terms can mdicate dentical or functionally sumilar elements. It will be understood that
elements illustrated 1n the figures are not necessanily drawn to scale. Moreover, it will be
understood that certam embodiments can mclude more elements than illostrated in a drawing
and/or a subset of the elements lustrated m a drawing. Further, some embodiments can
meorporate any suitable combination of features from two or more drawings.

[3043] This disclosure relates to an apparatus that collects and displays data from
a system-on-a-wafer {SoW) in real time and for playback. Telemetry data sent by a SoW can
be configured for use in debugging and/or operational status. A method can include collecting
and distributing high-volume telemetry to apparatus endpoints.

0044 A SoW can mclude an array of mtegrated circuit dies packaged together
with each other. The SoW can achieve a high compute density. The SoW can mclude an

mtegrated cooling system. A system tray can include an array of SOWs supported by a
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common structure and connected to each other. System trays can be arranged within a
computing cabinet. SoWs of adjacent computing cabinets can be connected to each other ina
computing system.

[0045] As the demand for computing resources of a computing system increases, a
high density computing system is desired. For example, the computing system can include
one or more SoWs, and each SoW can include an array of integrated circuit dies. However,
monitoring the operation {or performance} and operating environment of each die can be
challenging. For example, the dies can generate heat during operation, and a portion of the
SoW {eg., group of dies in the SoW} can have a relatively higher temperature than other
portions. In another example, one or more dies in the SoW can have a relatively lower power
supply than other dies in the SoW. Thus, the performance of these dies with the lower power
supply can have their performance degradation.

(0046} Traditionally, it has not been possible to detect integrated circuit dies that
have a decreased performance due to the operation or operating environment of each die
mtegrated into a SoW 1o real-time. This lack of real-time monitoring can lead to performance
degradation of the SoW if one or more of its dies become imoperable or experiences decreased
performance. Furthermore, 1t a portion of the SoW {e.g, group of dies in the SoW) has
degraded performance, that could result i the entire SoW having degraded performance. Ths
situation could lead to mefficient utilization of the computing resources within the computing
system.

(080471 To address at least a portion of the above-described technical challenges,
one or more aspects of the present disclosure correspond to a computing system that includes
one or more SoWs and one or more controllers. Each SoW can be communicatively coupled
with the controlier and send data to the controller. The data can mclude telemetry data. The
telemetry data can inchude information collected from each die or portion of a SoW {e.g., group
of dies within the SoW). The telemetry data can mnchude environmental information, sach as
but not hmited to one or more of the surrounding and/or operating temperature of die{s),
operational parameters, such as power supply to each die, current and/or voltage measurements
for the dig{s), and performance information, such as usage of die(s), bandwidth, or latency.

Even though the present disclosure describes the telemetry data with a pariicular type of data,
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these descriptions are merely provided as examples, and the present disclosure does not Himit
the types of telemetry data.

[6048&] Telemetry data can be sent from individual dies of a SoW to one or more
microcontroliers on a control plane.  As one example, a SoW can include 25 dies, and 13
microcontrollers can receive telemetry data from the individual dies. In this example, 12
microcontroliers can receive telemetry data from two dies of the SoW, and 1 microcontrolier
can receive telemetry data from 1 die of the SoW. The microcontrollers can provide telemetry
data to a controller together with mformation identifying the individual dies associated with
portions of the telemetry data. The controller can process and aggregate telemetry data from
microcontroliers associated with the dies of one or more SoWs.  The controller can generate
one or more graphical representations based on the processed telemetry data. Alternatively or
additionally, the controller can direct one or more corrective actions based on the processed
telemetry data.

[0049] Although embodiments disclosed herein may relate to computing systems
with SoWs, any suitable principles, and advantages disclosed herein can be apphed to
computing systems, including a plurality of dies that are partitioned to performing computing
tasks.

[0050] The computing svstem, as disclosed herein, can also be configured to collect
the telemetry data and provide an nterface for visualizing the collected telemetry data and/or
one or more performance metrics derived from the collected telemetry data. More specifically,
the computing system can 1n¢lode a controller, and the controller can collect the telemetry data.
In some embodimenis, the controller can collect the telemetry data from one or more SoWs, a
plurahity of SoWs, an individual die of a SoW, and/or one or more portions of the dies within
the SoW. The controller can process the collected data and provide a graphical representation
of the processed collected telemetry data. The graphical representation can provide various
resohutions to depict both the SoW as a whole and s individual or portions of dies. For
instance, the system’s graphical interface can provide functionalities that allow users to
examine the processed telemetry data at the SoW level and/or at the die level within each SoW.

(0051} The computing systemy, as disclosed herein, can control the operating
parameters of each die, a portion of the SoW {e.g., group of dies in the SoW), and/or each SoW

based on the processed results of collected telemetry data. For example, the computing system
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may apply one or more corrective instructions based on the processed resulis of the collected
telemetry data. For example, the system may control the supply power of die(s} within the
NoW based on the processed resuits of the collected telemetry data. As another example, the
system can throttle one or more dies of the SoW based on the processed results of the coliected
telemetry data.

[0052] The principles and advantages disclosed herein can be applied to any
suitable computing system.  In certain apphications, the disclosed system can be apphied to
SoWs, each of which includes an array of smaller dies. The system can monitor the operation
and operational environment of the die by receiving telemetry data from each die. The system
can also provide a visual representation of the processed telemetry data in different resolutions,
such as in each die level or SoW level. Thus, a user or operator can identify the operation of
each die and 1ts environment in real-time.  Furthermore, the system may automatically
implement one or more corrective measures upon identifying an issue m the operation or
operational environment of the die. As a result, this disclosed system can enhance the
efficiency withun a computfing system.

[0053] In some aspects of the present disclosure, a plurahity of SoWs are utilized
as computing resources of a computing system. For example, FIG 1 illustrates an example of
two cabinets 100 that can include a plurality of computing tiles 110, As shown in FIG. 1, the
cabioet 100 can include one or more sockets 102 or guide rads, and a system tray that includes
an array of computing tiles 110 can be mnserted mto the cabimet 100 via the socket 102, Each
cabinet 100 of FIG. 1 mcludes a cabinet structure arranged 1o receive two system trays, where
each system tray mchides an array of computing tiles 110 {for example, a 2 x 3 array of
computing tiles 110}, Thus, multiple computing tides 110 can be integrated mto the cabmet
1600, and the present disclosure does not limit the types of sockets and number of sockets, and
these types and numbers can be determined based on specific applications.

{6054} In some embodiments, the computing tile 110 can mclude one or more of
control board structures, cooling systems, voliage regulator modules, a frame structure, a SoW,
and a heat dissipation structure. An example of the computing tile 110 1s disclosed n
International PCT Application No. PCT/US2022/040420, utled “CONNECTOR SYSTEM
FOR CONNECTING PROCESSOR SYSTEMS AND RELATED METHODS” the

disclosure which is hereby incorporated by reference herein in its entirety. In certaimn
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applications, a SoW of the computing tile 110 inchides microcontrollers that obtain telemetry
data from the digs of the SoW. In various apphicaiions, the computing file 110 can include a
circuit board that includes a plurality of microcontrollers thereon that obtain telemetry data
from dies of the SoW of the computing tile 110, According to some other applications,
microcontroliers external to the computing tile 110 that are on a circuit board on a system tray
can obtain telemetry data from the dies of the SoW.

[8055] A plurality of SoWs can be implemented within a cabinet, and the present
disclosure provides systems and methods for monttoring the operation {(and/or operating
environments) of each SoW and iis dies, generating a graphical representation of the monitored
results and controlling operation of each SoW and its dies based at least on the monitored
results.

[G056] FIG. 2 illustrates an example computing system 200, As shown in FIG. 2,
the computing system 200 can include a SoW array 210. Each SoW 212 of the SoW array 210
can correspond to a computing tile 110 (shown in FIG. 1} The SoW array 210 can include
SoWs 212 on one or more system trays and/or within one or more cabinets. The SoW array
210 can be utilized as computing resources of the computing systern 200, The number of SoWs
212 of the SoW array 210 can be determuned based on specific applications.

[6057] Each SoW 212, as shown i FIG. 2 can mnclude an array of dies 232, for
example, as further iHustrated 10 FIG. 2. Any suitable number of dies 232

the SoW 212.

can be included mn

[08058] As further itlustrated i FIG. 2, the computing systermn 200 can inchide an
electronic module array 220, In some embodiments, the electronic modules are voltage
regulating modules (VRMs) 222, The dies 232 can be interconnected with the electronie
module array 220, In some embodiments, the array of dies 232 and the electronic module array
220 are stacked vertically. A computing tile 110 of FIG. T can include a SoW 212 stacked
with an electronic module array 220 of VRMs 222, Each VRM 222 can be connected to and
provide power 1o its corresponding die 232, For example, dies 1, 2, 3, and 4 can be connected
to each corresponding VRM 1, 2, 3, and 4, respectively. Each VRM 222 can be configured to
supply an input power {e.g., mput voliage) to the corresponding die 232. For example, each

VRM 222 can receive a direct current {DC) supply voltage from an external power supply

0.



WO 2024/072934 PCT/US2023/033939

source (not shown in FIG. 2} and generate an output voltage to supply to the corresponding die
232.

[6059] FIG. 3A illostrates an example of SoW 212 that includes an array of dies
232. The die 232 can be an integrated circuit die. The digs 232 can be implemented on the
NoW 212 that is packaged with a wafer-level packaging siructure.

[0068] As shown in FIG. 3B, in some embodiments, the die 232 can include an
array of nodes. The array of nodes can include compute nodes 306 and global nodes 308, In
some embodiments, the compute nodes 306 can include circuitry for performing processing
tasks. The global nodes 308 can generate telemetry data for the die 232, The global nodes 308
may not include circutiry for performing processing tasks. For example, the global nodes 308
may include pressure, voltage, and temperature (PVT) sensors to monitor the operating
conditions of the die 232 In some implementations, compute nodes 306 and global nodes 308
may both include communication interfaces to enable communication with neighboring nodes.
For example, each global node 308 can monitor the operating voltage of the surrounding nodes
by recerving the current supply voltage from the neighboring nodes via the comwnunication
mterfaces. In some implementations, the commurucation miterfaces for compute nodes 306
may be the same as the communication interfaces for global nodes 308,

[0061] In some embodiments, each die 232 can generate telemetry data. The
telemetry data can refer to information generated from each die. The information can include,
but 13 not himited to, one or more environmental information, such as surrounding and/or
operating temperature of die(s}, operational parameters, such as power supply to each dig,
current and/or voltage measurements for the die(s), and performance information, such as
usage of die(s), bandwidth, and/or latency. For example, each die 232 can be configured to
communicate data with the SoW 212 wia the input/output mnterface 312, In this example, the
global nodes 308 can be configured to provide s data to the SoW 212 via the mnterface 312
In some scenarios, the global nodes 308 may continuously momitor the operation parameters
of the compute node 306 by enabling the commumication mnterfaces with the neighboring
compute nodes 306, Furthermore, the global nodes 308 may continuously measure the
operating temperature of the die 232

(6062} FIG. 4 illustrates an example of computing system 400 according to one or

more embodiments as disclosed herein.  As illustrated in FIG. 4, the computing system 400

-10-
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can include SoW array 210 and a controller 410. Each SoW 212 of the SoW array 210 can
mclude an array of dies 232, and each die can mclude an array of compute node 306, for
example, as described in FIGs. 3A and 3B. The controller 410 can include a microcontrolier
or a computing device that can perform computing processes, and the present disclosure does
not himit the types of the controller 410, In addition, one of more coniroliers 410 can be
impiemented to perform one or more embodiments as disclosed herem.

[6063] in some embodiments, the controller 410 can be configured to partition the
SoW array 210 mto one or more partitions. For example, the controller 410 can partition the
SoWs 212 of the SoW array 210 into two partitions, and each partition can be utilized as a
computing rescurce for a specific computing task. The controller 410 can also partition the
SoW array 210 based on computing resources specified for each task. For example, if there
are two tasks, task A and B, where task A involves more computing resources, then the
controller 410 may partition the SoW array 210 mto two partitions, each containing a different
number of SoW 212, In this example, the partition with the higher number of SoW 212 can
be used to perform the task A

[0064] FIG. S illustrates an example of the partitions of an SOW array 210, As
tustrated 10 FIG. 5, the SoW 212 in the SoW array 210 1s partitioned into two partitions,
partition 510 and partition 320 In FIG. S, the partition 520 can include more SoWs 212 than
the partition 510, Thus, the partition 520 can provide more computing resources than the
partition 510. In some embodiments, the controller 410 can estimate the number of tasks and
required computing resources to perform each task. Then, the controller 410 can partition the
NoW array 210 and assign the partitions based on the required computing resources for each
task. Even though FIG 5 describes the certamn number of SoW 212 and two partitions, these
are merely provided as an example, and the present disclosure does not limut the nomber of
dies and partitions. In addition, the nuomber of dies and partitions can be determined based on
specific apphications.

[0065] As ilustrated in FIG. 4, the controller 410 can be configured to exchange
data with the dies 232 of the SoW 212. In some embodiments, each die 232 may send telemetry
data to the controlier 410, For example, the global node 308 {shown in FIG. 3B) may collect

the telemetry data and transmit the telemetry data to the controller 410, The controller 410 1

-11-
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capable of receiving telemetry data from multiple digs 232, In some instances, the controlier
410 can simultanecusly receive telemetry data from a plurality of dies 232.

[8066] in a computing system with an array of SoWs 210, a large volume of
telemetry data can be generated. Processing and organizing such telemetry data present
technical challenges.

[0067] In certamn embodiments, the controlier 410 can identify each die and store
the telemetry data by linking the received data with a specific die 232 that transmits the
telemetry data. For instance, the controller 410 can store a unique address associated with eac
die 232 and 1ts SoW 212. Moreover, each die 232 can transmit 1fs own identifier when sending
the telemetry data in certain applications. This can enable the controller 410 to match the
telemetry data with the corresponding die that generated the telemetry data. In some
embodiments, each die 232 can transmit its telemetry data periodically. In these embodiments,
the period can be provided by a system operator of the computing system 400, In some other
embodiments, the period can be determimed based on the clock frequency of the die.

0068} The controller 410 1s capable of real-time mowtoring and processing of the
received telemetry data. In certain applications, the controller 410 can filter the received data
based on one or more metrics.  For mnstance, the controller 410 can employ a metric hike
temperature. Inthis case, the controller 410 could process the telemetry data in relation to each
die’s operating temperature and filter out the dies based on thus teraperature, such as excluding
those dies operating above a specified threshold temperature.

[8069] In some embodiments, the controlier 410 can process the recetved telemetry
data from each die at varying resolutions. For example, the controlier 410 may process the
telemetry data recetved from a first die with higher resolution than the telemetry data received
from the second die. The controller 410 can process the telemetry data with different
resolutions i different modes.

[6070] In various embodiments, the controller 410 can apply one or more
corrective actions based on the processing resulis of the received telemetry data from the dies
232, The corrective actions can include but are not limited to performing throttling,
deactivating diefs}, remitiating die(s}, controlling supply power, and the like. In some
embodiments, the controller 410 can utilize one or more mathematical operations when

applying the corrective actions. For example, when the telemetry data 1s transmitted from a
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specific die, the controlier 410 may add current data and temperature data from the received
telemetry data. Then, the controller 410 may determine one or more corrective actions, such
as throtthing and controlling power supplied to the die.

{6071} In certain scenarios, the controller 410 can reconfigure the partitioning of
the dies based on the results from monitoring the telemetry data received from the dies 232
For mstance, if the controlier 410 mutially partitioned the dies into two segments, with the first
segmeni containing more dies than the second, 1t may re-partition the dies 232 f it determines
to deactivate one or more dies due to overheating.

10072} The controlier 410 can be configured to communicate with a SoW 212, In
some embodiments, the controller 410 can store the telemetry data by categonizing the data
based on the wdentification of SoW 212 and dies 232, For example, each die 232 can have an
identifier that indicates the SoW 212 that the die belongs to as well as the die’s specific
identification within that SoW. The identifier can be composed of specific protocols, such as
mternet protocol or the like. The present disclosure does not limit the types of identification
or its protocol. Insome embodiments, the controller 410 can aggregate the telemetry data from
a plurality of dies 232 and/or a plurality of SoWs 212,

(607 3] In various embodiments, the controller 410 can perform a post processing
of the aggregated telemetry data for each die. In some embodiments, the controller 410 can
determine the correlation between the telemetry data and the performance of each die. For
example, by analyzing the aggregated data, the controller 410 may wdentify a threshold
operating temperature of the die that can cause computing degradation. In these embodiments,
the controller 410 can be configured to automatically apply one or more corrective actions
response to detecting that the operating temperature of the die satisfies a threshold. In another
mstance, the controlier 410 can establish a correlation between the operating time of the die
and s operating temperature. In this scenario, the controlier 410 can automatically apply one
or more corrective actions at specific operating times of the die that correspond to a predefined
threshold temperature.

(6074} In some embodiments, the controlier 410 can perform post-processing o
determine the external operating environment of the computing system 400, This can involve
processing aggregated telemetry data correlated with one or more external factors, such as the

power supply to each die, the die’s cooling structure, and so on. Such analysis can help
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optumize the environment for operating the computing system 400, For instance, if the
computing system 400 is housed in cabinet 100 of FIG. 1 within a data center, the resulis of
post-processing can provide information about the data center’s ambient temperature, the level
of power supplhied to the computing system, and other relevant factors.

{6075} The controller 410 can also include a graphical interface 412. The graphical
interface 412 can generate a graphical representation of a performance metric. In certain
embodiments, the graphical interface 412 may produce the graphical representation at two
ditferent resolutions, such as at a SoW level and a die level.

(6076} FIG. 6A shows an example graphical representation of a performance
metric of a SoW with die level resolution. As shown in FIG. 6A, a temperature attribute of
each die of the SoW can be indicated by varying levels of a square bar. The graphical
representation of FIG. 0A can be useful in debugging and/or for enhancing the performance of
a computing systen.

[0077] FIG. 6B shows another graphical representation of a performance metric for
SoWs of a computing system with die level resolution. In FIG 6B, a temperature attribute of
each die can be represented with different patierns (e g., pattern 610}, such that the dies
depicted with the pattern have a higher operating temperature thao the die without the pattern.
Accordingly, a graphical representation of a performance metric for dies of a plurality of SoWs
can summarize a large amount of performance data for the dies. Each graphical representation
m FIG. 6B can mclude data associated with a performance metric for each die of 6 SoWs. In
this example, each SoW mcludes 25 dies. The 6 SoWs can be mcluded on a single system
tray. Accordingly, the graphical interface of FIG. 6B can mdicate a performance metric for
each die of each SoW on a system tray.

[8078&] As shown m FIG. 6B, a selection element 620 can be used to select from a
plurality of performance metrics to be displayved on the graphical interface.  As ithustrated,
temperature 1s the selected performance metnic. The selection element 620 can be used to
select another performance metric, such as voitage, and then the graphical interface can display
voltage data for each die.

[0079] FIG 7 idlustrates an example of the controller 410, In some embodiments,
the controller 410 can include at least the storage medium 710 and a main processor 720, The

storage medium 710 18 a non-transitory storage medium. In certain applications, the storage
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mediom 710 15 a non-volatile storage medium. The storage medium 710 can contain various
mnstructions to execute one or more embodiments, as disclosed herein. It can also store and
aggregate the telemetry data received from the dies 232, The main processor 720 can be used
to execute the wstructions stored within the storage medium 710, Furthermore, the main
processor 720 can leverage its computing resources to process the recetved telemetry data and
generate a graphical representation of the attributes of the processed telemetry data.

0080} FIG. BA illustrates an example of the computing system &00 according to
one or more embodiments as disclosed herein. The computing system 800 can include SoW
array 210 and a group of microcontrollers 820, In some embodiments, each microcontrolier
810 can be configured to receive and process the telemetry data from one or more dies 232.
For example, FIG 8B illustrates an example of the group of microcontrollers 820
configurations. As shown in FIG. 88, the SoW 212 includes 25 dies 232, and the group of
microcontrollers 820 includes 13 microcontrollers 810, In this example, each of the 12
microcontroliers 820 can receive the telemetry data from 2 dies 232 (as shown in FIG. 8C),
and 1 remaiming mucrocontroller 820 can receive trom the 1 remaming die 232 {as shown m
FIG. 83). This configuration 1s merely provided as exaroples, and the present disclosure does
not tunit the configurations. Ton some embodiments, a SoW can include both microcontrollers
and dies that provide telemetry data to the mucrocontrollers. The group of microcontrollers
820 can be integrated mto the computing tide 110 (shown n FIG. 1) or integrated as an external
device.

[0081] As tllustrated 1o FIG. 8A, each SoW 212 of the SoW array 210 can include
an array of dies 232, and each die can include an array of compute nodes 306, as described m
FiGs. 3A and 3B,

[6082] As further dlustrated in FIG BA, each mucrocontrolier 810 can be
configured to communicate data with the dies 232, In some embodiments, each die 232 may
send the telemetry data to the microcontroller 810, For example, the global node 308 (shown
in FIG. 3B) may generate the telemetry data and transmit the telemetry data to the
microcontrolier 810, In some embodiments, the microcontroller 810 can receive telemetry
data from one or more dies 232, such as illusirated m FiGs. 8C and 8D. For example, the
group of microcontrollers 820 can include 13 microcontrollers 816, In this example, 12

microcontroliers can recetve the telemetry data from 2 dies 232, such that each microcontrolier
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receives the telemetry data from 2 dies 232, as shown in FIG. 8C. Then, the remaming
microcontrolier 810 receives the telemetry data from the remaining die 232, as illustrated in
FiG. 8D,

[0083] in some embodiments, each microcontroller 810 can request particular
types of telemetry data from the one or more dies 232 In certain applications, the
microcontrolier 810 can dynamically select telemetry data associated with one or more
particular metrics to obtain from the die 232, The microcontroller 810 can also control the
resolution of the telemetry data and/or frequency at which the telemetry data 1s obtained. The
microcontraller 810 can process telemetry data received from the die 232 by one or more of
transforming, filtering, discarding, applying mathematical operations, or the like.

06084} In certain embodiments, the microcontroller 810 can idenufy the die
associated with the telemetry data and store the telemetry data by hinking the received data
with the specific die 232 that transmitted the telemetry data. For instance, the microcontrolier
810 can store a unique address or wdentifier associated with each die 232. Moreover, each die
232 can transmut its own identifier when sending the telemetry data. This can enable the
ratcrocontrotler 810 to match the telemetry data with the corresponding die that generated the
telemetry data.  In some embodiments, each die 232 can transmit its telemetry data
pertodically. o some of these emnbodiments, the period can be provided by a system operator
of the computing systemn 300, Alternatively or adduionally, the period can be determined
based on the clock frequency of the die.

[H085] In some embodiments, the microcontroller 810 13 operable in a plurality of
modes that are associated with different resolutions of telemetry data. This can customize the
resolution of the telemetry data. When more precise telemetry data is desired related to a
particular performance metric, higher resolution telemetry data associated with the particular
performance metric can be obtained and/or processed by the microcontroller. When telemetry
data associated with a larger number of performance metrics 15 deswred, lower resclution
telemetry data associated with these particular performance metrics can be obtained and/or
processed by the microcontroller. The microcontroller 810 can operate 10 a first mode with
lower resolution telemetry data associated with more performance metrics.  The
microcontroller 820 can operate in a second mode with higher resolution telemetry data

associated with fewer performance metrics.  Accordingly, setting the mode of the
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microcontroller 810 can control the resolution of the telemetry data. In certain applications,
one or more microcontrollers 810 can process telemetry data from different dies at different
resolutions. For example, the microcontroller 810 may process the telemetry data received
from a first die with higher resolution than the telemetry data received from the second die.

0086} As further tllustrated in FIG. 8A, the computing system 80C can also include
a controlier 830. The controller 830 can be any suitable controller in communication with the
microcontrollers 810, In some msiances, the controller 830 can be implemented in a cabinet
{e.g. the cabinet 100 of FIG. 1). The controller 820 can be external to cabinets of a computing
system in soime applications. The controller 830 can exchange data with the microcontroller
810. In some embodiments, the controller 830 can be configured to partition the SoW array
210, as described in FIG. 5. For example, the controlier 830 can partition the SoW array 210
into a plurality of partitions, and each partition can be utilized as a computing resource for a
specific task.

[0087] In some embodiments, the controller 830 can receive the telemetry data for
each die from each microcontrolier 810 and also process the received telemetry data. For
example, the controlier 830 can process telemetry data received from the mucrocontroller 810
by one or more of transforming, filtering, discarding, applying mathematical operations, or the
like.

[(088] The controller 830 can apply one or more corrective actions upon
determining that the performance of the die 15 degraded based on the processing results of the
recetved telemetry data.  For example, the controller 830 may wnclude thresholds that
correspond to the performance metric of a particular die of the array of dies. In this example,
if the telemetry data received from the die mdicates that the performance metric meets the
threshold, it can be determined that the performance of the die 1s degraded. A corrective action
can be applied in response to determining that a performance metric associated with a particular
die satisties a threshold. The corrective actions can include but are not limited to performing
throttling, deactivating die(s), remitiating dig{s), controlling supply power (e.g., adjusting
parameters of a VRM), and the like. In some embodiments, the controller 820 can utilize a
mathematical and/or logical operation when applying the corrective actions. For example,
when the telemetry data is transmitted from a specific die, the controller 830 may add current

data and temperature data from the received telemetry data. Then, the controller 830 may
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determine one or more corrective actions, such as throttling and/or reducing power supplied to
the die.

{6089} The controlier 830 can also augment the telemeiry data with more
information, such as identifying the partition of the SoW 312 that includes the die 232
associated with the received telemetry data. Telemetry data can be aggregated for the partition
and then an action can be applied at the partition level. For example, a partition can be throitied
to give more power to one or more other partitions. The controller 830 can receive one or more
signals from other hardware in a data center, like power substations and cooling infrastructure.
This can enable advanced data center analysis and correlation with the performance of one or
more SoWs.

{60901 Data associated with telemetry and/or performance can be stored by the
controller 830. The data can later be accessed for a varnety of purposes, including but not
limited to debugging and failure analysis.

[0091] The controller 830 can use telemetry data and other system information to
mnplement power and/or thermal aware scheduling algorthims for computing resources that
can enhance hardware utilization and/or build safety monutoring and altering control loops.

(08921 In certain scenarios, the controller 820 can reconfigure the partitioning of
the dies based on the results from monitoring the telemetry data received from the dies 232,
For instance, if the controller 820 wutially partitioned the dies into two partitions, with the furst
partition containing more dies than the second, it may re-partition the dies 232 11 1t determines
that one or more dies were deactivated due to overheating.

[6093] The controller 820 can also be configured to commumcate with SoW 212,
In some embodiments, the controller 820 can store the telemetry data by categorizing the data
based on the identification of particular dies 232 associated with portions of the telemetry data.
For example, each die 232 can have an index and the microcontroller 810 can have an address.
In this example, the controller 820 can identify a particular die 232 associated with certain
telemetry data based on the index of the die 232 and the address of the associated
microcontroller 810, The identification can be performed in specific protocols, such as Internet
protocol and the hike. The present disclosure does not limit the types of identification and its

protocol. In some embodiments, the controller 820 can aggregate the telemetry data.
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[0694] In various embodiments, the controller 820 can perform a post processing
of the ageregated telemetry data for each die. In some embodiments, the controller 820 can
determine the correlation between the telemetry data and the performance of each die. For
example, by analvzing the aggregated data, the contreller 820 may identify a threshold
operating temperature of the die that can cause computing degradation. In these embodiments,
the controller 820 can be configured to automatically apply one or more corrective actions
upon detecting that the operating temperature of the die is at or near the threshold temperature.
In another instance, the controller 820 can establish a correlation between the operating time
of the die and its operating temperature. In this scenario, the controller 820 can automatically
apply corrective actions at specific operating times of the die that correspond to a predefined
threshold temperature.

[0095] In some embodiments, the controller 820 can perform post-processing to
ascertain the external operating environment of the computing system 800, This can involve
processing aggregated telemetry data correlated with one or more external factors, such as but
not limited to the power supply to each die, the die’s cooling structure, and 50 on. Such analysis
can help optinize the environment for operating the computing systern 800, For instance, if
the computing system 800 is housed in cabinet 100 {as depicted in FIG. 1) within a data center,
the resulis of post-processing can provide information about the data center’s armbient
termperature, the level of power supplied to the computing systerm, and other relevant factors.

[8096] The controlier 820, as depicted 1o FIG. 8A, can also melude a graphical
mterface 412 This interface 412 can be configured to generate a graphical representation of
an attribute of the telemetry data. In certain embodiments, the graphical interface 412 may
produce the graphical representation at two different resolutions, such as at a SoW level and a
die fevel.

[8097] The computing system disclosed heremn can be implemented in a variety of
processing systermns.  Such processing systems can used in and/or specifically configured for
high performance computing and/or computationally intensive applications, such as neural
network training, neural network inference, machine learning, artificial intelligence, complex
simulations, or the like. In some applications, the processing system can be used to perform

neural network training. For example, such neural network training can generate data for an
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autopilot system for vehicle {(e.g., an automobile), other autonomous vehicle functionality, or
Advanced Driving Assistance System (ADAK) functionality.

[609&] Unless the context clearly requires otherwise, throughout the description
and the claims, the words “comprise,” “comprising,” “include,” “including” and the like are to
be construed in an inclusive sense, as opposed to an exclusive or exhaustive sense; that 18 to
say, in the sense of “including, but not mited to.” The word “coupled”, as generally used
herein, refers to two or more elements that may be either directly connected, or connected by
way of one or more intermediate elements. Likewise, the word “connected”, as generally used
herein, refers 1o two or more elements that may be etther directly connected, or connected by

39 &¢

way of one or more intermediate elements. Additionally, the words “herein,” “above”
“below,” and words of similar import, when used in this application, shall refer to this
application as a whaole and not to any particular portions of this application. Where the context
permits, words in the above Detailed Description using the singular or plural number may also
include the plural or singular number respectively. The word “or” in reference to a list of two
or more items, that word covers all of the following nterpretations of the word: any of the
iteros n the hist, all of the ttems o the hist, and any combination of the items n the bist.

0099 Moreover, conditional language used herein, such as, among others, “can,”
“could,” “nught,” “may,” “e.g.” “for example,” “such as” and the bike, unless specifically
stated otherwise, or otherwise understood within the context as used, is generally intended to
convey that certain embodiments inchude, while other embodiments do not inchude, certamn
features, elements and/or states. Thus, such conditional language is not generally intended to
mply that features, elements and/or states are m any way required for one or more
embodiments.

[0160] The foregoing description has been described with reference to specific
aembodiments. However, the ilustrative discussions above are not mtended to be exhaustive
or to limit the mventions to the precise forms described. Many modifications and vanations
are possible in view of the above teachings. Others skilled in the art are thereby enabled to
best utilize the techniques and vartous embodiments with various modifications as suited to
VATEOUS Uses.

0181} Although the disclosure and examples have been described with reference

o the accompanying drawings, various changes and modifications will become apparent to
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those skilled in the art. Such changes and modifications are {o be understood as being included

within the scope of the disclosure.
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WHAT IS CLAIMED I5:

1. A computing sysiem comprising:

an array of dies included on a svstem on a wafer {SoW), wherein the dies of the
array are configured to output telemetry data;

a microcontroller configured to recetve telemetry data associated with at least
one die of the array of dies; and

a controller configured to obtain data that comprises the telemetry data from the
microcontroller, determine a performance metric of a particular die of the array of dies
by processing the obtamned data, and apply a corrective action in response to

determining that the performance metric satisfies a threshold.

2. The system of Claim 1, wherein the corrective action comprises deactivating the

particular die.

3. The system of Claim 1, wherein the corrective action comprises throttling of the

particular die.

4. The system of Claim 1, wherein the controller 15 configured to identity the

particular die that generated the telemetry data.

5. The system of Claim 1, wherein the mucrocontroller 15 configured to provide the
telemetry data to the controller with a first resolution m 3 first mode and a second resolution

n a second mode.

6. The system of Claim 1, wherein the microcontroller 15 configured to commaunicate

with two dies of the array of dies.

7. The system of Claim 1, wherein the controller is configured to receive data froma

plurality of SoWs.

8. The system of Claim 1, wherein the telemetry data comprises data associated with

operating temperaiure, voltage, and current with the at least one die.
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9. The system of Claim 1, wherein the controller 1s further configured to generate a

graphical representation of the processed data.

10. The system of Claim 1, wherein the controller 15 further configured to aggregate

the telemetry data for a post processing of the aggregated data.

11, The system of Claim 1, whergin the controller 1s configured to partition the dies of

the SoW to perform parallel tasks.

12. A method of monitoring a computing system, the method comprising:

obtaining telemetry data from the computing system, wherein the computing
system comprises a plurality of system on a wafers {SoWs), and wherein each SoW of
the plurality of SoWs comprises an array of dies; and

determining a performance metric of individual dies of at least one SoW of the

plurality of SoWs by processing the obtained telemetry data.

13. The method of Claim 12, further comprising applying a corrective action in

response to determinung that the performance metric of a particular die satisfies a threshold,

14. The method of Claim 13, wherein the corrective action comprises deactivating the

particular die.

15. The method of Claim 13, wherein the corrective action comprises throtiling the

particular die.

16. The method of Claim 12, further comprising toggling a mode of a microcontrolier
from a first mode to a second mode such that the microcontrolier provides telemetry data
associated with a particular dig of a SoW of the phurality of SoWs with a different resolution

in the second mode than in the first mode.

17. The method of Claim 12, wherein the telemetry data includes at least one of

operating temperature, voltage, current, and power consumption of the individual dies.
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18. The method of Claim 12, further comprising generating a graphical representation

of the performance metric for the individual dies.

19. Non-transitory computer-readable storage medium comprising instructions that,

when executed by one or more processors, cause the method of Claim 12 to be performed.

20. A method of providing a visualization of a performance metric of dies of a system
on a wafer (SoW), the method comprising:
obtaining telemetry data from dies of the SoW, wherein the SoW comprises an
array of dies;
determining the performance metric for each of the dies of the SoW based on
processing the telemetry data; and
providing a graphical representation of the performance metric of each of the

dies of the SoW based on the determined performance metric.

21. A non-fransitory computer-readable storage medium comprising mnstructions that,

when executed by one or more processors, cause the method of Claim 20 to be performed.

22, A system comprising:

an array of dies on a system on a wafer (SoW), each die of the array configured
to putput telemetry data; and

a microcontrolier configured to receive telemetry data from at least two dies of
the array of dies, the mucrocontrolier operable in at least a first mode and a second mode
such that the mucrocontroller outputs the telemetry data with different resolotions in the

first mode and the second mode.
23. The system of Claim 22, wherain the microconirolier 13 configured to output the

telemetry data with information identifying respective dies of the array of dies associated with

portions of the telemetry data.

34



WO 2024/072934 PCT/US2023/033939

NS

_____ __ §\\§
N

FIG. 1




PCT/US2023/033939

WO 2024/072934

¢ Ol




PCT/US2023/033939

WO 2024/072934

3/11

gt ‘9l

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

“.\\N\M\\\\\\\\\\\

2

%
e S0 A A s B

s

413

e

-

8

Ve Ol

25 & % &




PCT/US2023/033939

WO 2024/072934

4711

v

a385J33U]
eoiydesn

JBjjoJu0D

—

¥ Ol

RS 2 % ® AREOB

00Y



PCT/US2023/033939

WO 2024/072934

5/11

5Bl

'
1
£

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

. §
[ i
m\\ MDOS \W\ AOS \\ MOS \\ gmm\w\\ MOS \\m
[ [

M I
2§
§ FR
/] mos \w\ AMOS \ \\ MOS \M\ AOS \\ MOS \W
1
h £

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

/ % [

£ §o
/[ ] mos MOS MoS MOS MOS m _
H %

5
§ g
%
; §
§ #

| s ]| wes \\ - \M\ o \w

3 §

“""ao

a4

§
fod
[ \ MOS \W\ MOS \
§ g i
! 4 :

R A R R U Y R U A R W AR A




WO 2024/072934

6/11

PCT/US2023/033939

FIG. BA



WO 2024/072934

7/11

-
St
W0

PCT/US2023/033939

FIG. 68



PCT/US2023/033939

WO 2024/072934

8/11

L9l

07/ 105582014
UIBIA

T4 Winipay

381018

01 4210407




PCT/US2023/033939

WO 2024/072934

9/11

lan

v8 Bl

J3]]0JIUOD0IDIN

13]]0JIUOT0I0IN

® &

B B

L3

J3]]0JIUOD0IDIN

I3]|0JIUOD0IDIN

338JID3U]
jeoiydedn

13[j0JIU0D

\

0eg

P leeel ap

P0G

®

DS

MOS

008




PCT/US2023/033939

WO 2024/072934

10/11

ABH01IUO30JOHA

4B OJIUCTOIDHA

A2} OAUD30ITIAL

A3 CIIUOS0ITHA

ASHOAIUO30I0HA

4B OJIUCTOIDHA

A2} OAUD30ITIAL

A3 CIIUOS0ITHA

ASHOAIUO30I0HA

ASHOIIUOS0ITHA

ASOLUODB0I0HA

JBHOJIUOQIDHA

J2HOAIUO30I0HAL

Y

\
OLg

QW&

4g "9id

[~ =[] >] "]

[ =[] =]

(] =] =] =] =]
I iy T

A\
71t

=




WO 2024/072934

Beww
“
e
-
1=
= S
oo S
- .
L
=
&
o~ &
el
o~

| I
-

Die

AN

2

11/11

FiG. 8C

PCT/US2023/033939

Sor
Q@
e
S
=
@Mg
o0 S
S
R
=
W
e~ A
oy
e~

FiG. 8D



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/033939
A. CLASSIFICATION OF SUBJECT MATTER
INV. GO6F11/07 GO6F11/30 GO6F11/32
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2009/039462 Al (TABULA INC [US]; MILLER 1-3,6,7,
MARC [US] ET AL.) 10,
26 March 2009 (2009-03-26) 12-15,19

abstract; figures 1-35

paragraph [0117] - paragraph [0185]
paragraph [0244] - paragraph [0314]
paragraph [0358] - paragraph [0478]
the whole document

X US 2020/333974 Al (BASU RESHMI [US] ET AL) 1-3,6,7,
22 October 2020 (2020-10-22) 10,
12-15,19

abstract; figures 1-6
paragraph [0011] - paragraph [0044]
the whole document

-/—

|__K| Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

* Special categories of cited documents : ) ) ) - o
"T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

1o be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other """ document of . . - - -
. b particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
22 December 2023 11/03/2024
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Bozas, Iocannis

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/033939

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

paragraph [0109] - paragraph [0125]
the whole document

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2021/141665 Al (POORNACHANDRAN RAJESH 1-3,6,7,
[US] ET AL) 13 May 2021 (2021-05-13) 10,
12-15,19
the whole document
A US 2016/179158 Al (THOMAS TESSIL [IN] ET 1-3,6,7,
AL) 23 June 2016 (2016-06-23) 10,
12-15,19

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
PCT/US2023/033939
INTERNATIONAL SEARCH REPORT
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
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3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. E No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims;; it is covered by claims Nos.:

2, 3, 6, 7, 10, 13-15, 19(completely); 1, 12 (partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 2, 3, 6, 7, 10, 13-15, 19 (completely); 1, 12 (partially)
Obtaining performance metrics from an array of dies on a
system on a wafer and providing a corrective action when
said metrics do not satisfy certain conditions.

1.1. claims: 6, 7(completely); 1 (partially)

Communication functionality of the controller and
microcontroller

1.2. claims: 10 (completely); 1 (partially)

The controller aggregates the telemetry data.

2. claims: 9, 18, 20, 21

Visualizing performance metrics from an array of dies on a
system on a wafer.

3. claims: 5, 16, 22, 23
Obtaining performance metrics from an array of dies on a
system on a wafer and outputting said metrics in different
resolutions.

4. claims: 4 (completely); 1(partially)
Identifying the die that generated the telemetry data by the
controller.

5. claims: 8, 17 (completely); 1, 12(partially)

The telemetry data contain data relating to environmental
conditions, like temperature, voltage and current data.

6. claims: 11 (completely); 1(partially)

The controller partitions the dies of the SoW to perform
parallel tasks.
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