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METHOD AND SYSTEM USING Al CALL PREDICTION AND CACHE

CROSS REFERENCE(S) TO RELATED APPLICATIONS
[0001] None.

BACKGROUND
[0002] As artificial intelligence (Al) technologies (such as machine learning,
natural language processing, and knowledge representation) advance, they are
becoming increasingly important. Al can be used to analyze topics as diverse as
meteorological predictions, business decisions, and astronomical theory. Al models,
however, can be very expensive to run, requiring a large amount of processing power
which can translate to expensive servers, space, and energy. Individuals may not have
the resources to run complex machine learning models and thus may rely on services
with supercomputer or large computing clusters that can process data and run models
for them. Al computing services may then want to optimize their services. In particular,
they want to optimize so as not to waste valuable processing time as well as ensuring
that the service can scale to process queries from a large number of clients. During
peak times, a large number of prediction requests can be received, and each prediction
request may require one or more models to be run for a long time. This can lead to
strain on the system and long wait times. Conversely, at off-peak times, very few
requests may come in resulting in a lot of idle time for the system. Increasing
processing power to support high demand at peak times is costly, and can result in

increased idle processing power during off-peak times.

[0003] In a previous system, a user may send a request for a prediction to a
computer. The computer can retrieve contextual data related to the prediction request,
and then sends the prediction request to an Al computer. The Al computer can process

the prediction request and generate an output. The output is then returned to the user
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device through the computer. The work of the Al computer is thus limited to the

requests received from the user devices.

[0004] Embodiments address these and other problems individually and

collectively.

BRIEF SUMMARY
[0005] One embodiment includes determining, by a call prediction processing
computer, that an Al computer is operating below a threshold processor usage. The
method then includes requesting, by the call prediction processing computer, a set of
cacheable requests from an orchestration service computer and receiving, by the call
prediction processing computer from the orchestration service computer, the set of
cacheable requests. Then the method includes sending, by the call prediction
processing computer, a cacheable request from the set of cacheable requests to the Al
computer. The method then includes receiving, by the call prediction processing
computer, an output, wherein the output is generated by the Al computer based on the
cacheable request and initiating storing, by the call prediction processing computer, the

output in a data repository.

[0006] Another embodiment includes a system comprising a call prediction
processing computer, the call prediction computer comprising a processor and a
computer-readable medium, the computer-readable medium comprising code for
implementing a method that includes determining that an Al computer is operating
below a threshold processor usage. The method then includes requesting a set of
cacheable requests from an orchestration service computer and receiving, from the
orchestration service computer, the set of cacheable requests. Then the method
includes sending a cacheable request from the set of cacheable requests to the Al
computer. The method then includes receiving an output, wherein the output is
generated by the Al computer based on the cacheable request and initiating storing the

output in a data repository.

[0007] Another embodiment includes receiving, by an orchestration service
computer, a prediction request message comprising a prediction request in the form of

an Al call from a user device and determining, by the orchestration service computer,
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that the prediction request is a cacheable request. Then the method includes retrieving,
by the orchestration service computer, contextual data from a data repository and
modifying, by the orchestration service computer, the prediction request message to
include the contextual data. The method also includes sending, by the orchestration
service computer, the prediction request message to an Al computer, the prediction
request message comprising the Al call and the contextual data. The method then
includes receiving, by the orchestration service computer from the Al computer, an
output responsive to the prediction request message and sending, by the orchestration
service computer, the output to the user device. Then the method includes initiating, by
the orchestration service computer, storage of the prediction request and the output in

the data repository.

[0008] Another embodiment includes a system comprising an orchestration
service computer, the orchestration service computer comprising a processor and a
computer-readable medium, the computer-readable medium comprising code to
implement a method that includes receiving a prediction request message comprising a
prediction request in the form of an Al call from a user device and determining that the
prediction request is a cacheable request. Then the method includes retrieving
contextual data from a data repository and modifying the prediction request message to
include the contextual data. The method then includes sending the prediction request
message to an Al computer, the prediction request message comprising the Al call and
the contextual data. The method then includes receiving, from the Al computer, an
output responsive to the prediction request message and sending the output to the user
device. Then the method includes initiating storage of the prediction request and the

output in the data repository.

[0009] Further details regarding embodiments of the invention can be found in

the Detailed Description and the Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a block diagram of a system according to embodiments.

[0011] FIG. 2 shows a block diagram of an orchestration service computer

according to embodiments.
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[0012] FIG. 3 shows a block diagram of a call prediction processing computer

according to embodiments.

[0013] FIG. 4 shows a flow diagram of a prediction request process according to

embodiments.

[0014] FIG. 5 shows a flow diagram of a caching process according to

embodiments.

[0015] FIG. 6 shows a flow diagram of a call prediction process according to

embodiments.

DETAILED DESCRIPTION
[0016] Embodiments can improve efficiency of an Al engine service by
introducing a cache. Caching results can improve efficiency in artificial intelligence
computations, which can be costly in terms of computational and financial resources.
Additionally, embodiments introduce a system for predicting future requests to the Al
engine, which can play a part in predicting future requests made to the Al engine and

create those requests in advance and then cache the results.

[0017] A cacheable request can be a request that is repeatable and that would
likely give the same result if asked again within a reasonable time frame. A cacheable
request is one where the contextual data is not time dependent. An example of a
cacheable request may be “Where is the best place to open a new pizzeria in San
Francisco?” “San Francisco” in this example is an example of geographical input data
and is stable over time. Thus, a cacheable request that is asked at two different times

(e.g., a week apart) may give the same result.

[0018] Conversely, a non-cacheable request may be one that is time dependent
and/or depends on time dependent data. For example, a non-cacheable request may
relate to transaction fraud risk such as “What is the fraud score for this transaction?”
Each transaction fraud risk determination may depend on the entities involved, the
details of the transaction, the time of the transaction, etc. Thus, a cached transaction
fraud risk response to a transaction fraud risk request may no longer be relevant after

the transaction has been processed, because the transaction will only occur one time.
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[0019] Prior to discussing embodiments of the invention, some terms can be

described in further detail.

[0020] A “user device” may be any suitable electronic device that can process
and communicate information to other electronic devices. The user device may include
a processor and a computer-readable medium coupled to the processor, the computer-
readable medium comprising code, executable by the processor. The user device may
also each include an external communication interface for communicating with each
other and other entities. Examples of user devices may include a mobile device, a

laptop or desktop computer, a wearable device, etc.

[0021] A “user” may include an individual or a computational device. In some
embodiments, a user may be associated with one or more user devices and/or personal
accounts. In some embodiments, the user may be a cardholder, account holder, or

consumer.

[0022] A “processor” may include any suitable data computation device or
devices. A processor may comprise one or more microprocessors working together to
accomplish a desired function. The processor may include CPUs comprising at least
one high-speed data processor adequate to execute program components for executing
user and/or system-generated requests. The CPU may be a microprocessor such as
AMD's Athlon, Duron and/or Opteron; IBM and/or Motorola's PowerPC; IBM's and
Sony's Cell processor; Intel's Celeron, Itanium, Pentium, Xeon, and/or XScale; and/or

the like processor(s).

[0023] A “memory” may be any suitable device or devices that can store
electronic data. A suitable memory may comprise a non-transitory computer readable
medium that stores instructions that can be executed by a processor to implement a
desired method. Examples of memories may comprise one or more memory chips, disk
drives, etc. Such memories may operate using any suitable electrical, optical, and/or

magnetic mode of operation.

[0024] A “prediction request” may be a request for a predicted answer to a

question. For example, a prediction request may be a request for some information
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about a future event, a classification prediction, an optimization, etc. The prediction
request may be in the form of natural language (e.g., as an English sentence) or may be
in a computer-readable format (e.g., as a vector). The answer to a prediction request

may or may not be determined using artificial intelligence.

[0025] A “prediction request message” may be a message sent to an entity (e.g.,
an orchestration service computer, an Al computer with an Al engine) with a prediction

request.

[0026] An “Al call” may be a command to execute a subroutine, particularly an
artificial intelligence model. The Al call may be in the form of natural language (e.g., as
an English sentence) or may be in a in a computer-readable format (e.g., as a vector).
An Al call may specifically be a command to get a result from some form of Al engine

(machine learning, natural language processing, knowledge representation, etc.).

[0027] A “call information message” may be a message with information about an
Al call and/or a prediction request. A call information message may include a prediction
request (or an Al call) and an output generated based on the prediction request (or Al
call). The call information message may also include information such as contextual
data used in the generating the output, an identifier of the contextual data, and a time

stamp of the prediction request.

[0028] A “threshold processor usage” may be a threshold on an amount of
computer processing power that is used. For example, a threshold may be a percentage
of processor usage, such as 20%. As another example, threshold processor usage may
be based on a number of hardware units, such as a number of processor cores in use.
In some embodiments, the threshold may be determined such that there is sufficient
processor operational capacity to perform call prediction processing while still
processing incoming prediction request without diminishing the speed or performance of

the processor.

[0029] A “cacheable request’ can be an inquiry that can be stored. A cacheable
request may be one where the request is static in time. It may be static because the

input (and output) is not time dependent, and thus the output can be saved for a period
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of time. The cacheable request may also be a prediction request. If the same prediction
request is received in the same period of time, the original output is still be valid. The
request may be static over a period of time such as one week or one month (or more or

less than these).

[0030] An “Al engine” may comprise a plurality of modules with artificial
intelligence capabilities. Each module may perform tasks to one or more different areas
of artificial intelligence, such as machine learning, natural language processing, and
knowledge representation. The Al engine may be able to integrate the models to, for
example, use the natural language processing module to process a question and then

use the machine learning module to generate a prediction in response to the question.

[0031] “Contextual data” may include data that provides circumstances
surrounding an event, entity, or item. Contextual data may be additional information that
gives a broader understanding or more detail about existing information or requests
(e.g., prediction request, Al call). In embodiments, contextual data may include

transaction histories, geographic data, census data, etc.

[0032] FIG. 1 shows a block diagram of a system 100 according to embodiments.
System 100 may comprise a user device 110, an orchestration service computer 120,
an Al computer 130, a messaging system computer 140, an Al call information
consumer 150, a data repository 160, and a call prediction processing computer 170.
Any of the devices in FIG. 1 may be in communication with each other via a suitable

communication network.

[0033] The communication network may include any suitable communication
medium. The communication network may be one and/or the combination of the
following: a direct interconnection; the Internet; a Local Area Network (LAN); a
Metropolitan Area Network (MAN); an Operating Missions as Nodes on the Internet
(OMNI); a secured custom connection; a Wide Area Network (WAN); a wireless network
(e.g., employing protocols such as, but not limited to a Wireless Application Protocol
(WAP), I-mode, and/or the like); and/or the like. Message between the entities,
providers, networks, and devices illustrated in FIG. 1 may be transmitted using a secure

communications protocols such as, but not limited to, File Transfer Protocol (FTP);
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HyperText Transfer Protocol (HTTP); Secure Hypertext Transfer Protocol (HTTPS),
Secure Socket Layer (SSL), ISO (e.g., ISO 8583) and/or the like.

[0034] User device 110 may be a device that a user can use to request
predictions from an Al engine of the Al computer 130 through the orchestration service
computer 120. Examples of a user device 110 may include a laptop, desktop computer,

mobile device.

[0035] Orchestration service computer 120 may process prediction requests. The
orchestration service computer 120 may act as a router to route messages to
appropriate computers. Orchestration service computer 120 may also determine and/or
retrieve contextual data associated with a prediction request. In some embodiments,
orchestration service computer 120 may also determine predictions for future cacheable

prediction requests.

[0036] Al computer 130 may be a computer with an Al engine. The Al computer
130 may have a plurality of models available to complete different tasks. For example,
the Al computer 130 may have a fraud detection model, a business location model, and
natural language processing model. The Al engine of Al computer 130 may use models

individually and/or in combination.

[0037] Messaging system computer 140 may comprise message-oriented
middleware. For example, the messaging system computer 140 may operate with
RabbitMQ or Apache Kafka. The messaging system computer 140 may be a server
computer. The messaging system computer 140 may receive messages from entities
known as producers, which may include orchestration service computer 120 and/or call
prediction processing computer 170. A producer may be an entity that generates
messages with information that other entities may use later. Messaging system
computer 140 may receive call information messages from the orchestration service
computer 120. Call information messages may include cacheable requests, outputs
based on the cacheable requests, and contextual data. The messaging system
computer 140 may additionally receive other information, such as contextual data from
other producers. The messaging system computer 140 can process the information,

and arrange the call information messages into one or more queues or partitions.

8



10

15

20

25

WO 2021/006861 PCT/US2019/040722

[0038] Al call information consumer 150 may read call information messages
from messaging system computer 140. After reading the call information message, the
Al call information consumer 150 can store the information in the call information

message in the data repository 160.

[0039] Data repository 160 may store information including cacheable requests,
outputs generated from the cacheable requests, and contextual data. The data
repository 160 may persist information for a period of time (e.g., one day, one week,
one month). The period of time to cache an output may be part of the output. The data
repository 160 may also store contextual data such as transaction data, business data,
geographic data, etc. Data repository 160 may be a non-relational database (a NoSQL

database).

[0040] Call prediction processing computer 170 may process predictions about
prediction requests (e.g., Al calls) that users will send to Al computer 130 in the future.
Call prediction processing computer may also send prediction requests to Al computer
130 and/or orchestration service computer 120. Call prediction processing computer

170 may be in communication with Al computer 130 to monitor processor usage.

[0041] FIG. 2 shows a block diagram of an orchestration service computer 120
according to embodiments. Orchestration service computer 120 may comprise a
memory 122, a processor 124, a network interface 126, and a computer-readable
medium 128. Computer-readable medium 128 may store code executable by the
processor 124 for implementing some of all of the functions of orchestration service
computer 120. Computer-readable medium 128 may include a data retrieval module
128A, a prediction request module 128B, a cache module 128C, and a call prediction
module 128D.

[0042] The memory 122 may be implemented using any combination of any
number of non-volatile memories (e.g., flash memory) and volatile memories (e.g.,

DRAM, SRAM), or any other non-transitory storage medium, or a combination of media.

[0043] The processor 124 may be implemented as one or more integrated

circuits (e.g., one or more single core or multicore microprocessors and/or
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microcontrollers). The processor 124 may be used to control the operation of the
orchestration service computer 120. The processor 124 can execute a variety of
programs in response to program code or computer-readable code stored in memory
122. The processor 124 may include functionality to maintain multiple concurrently

executing programs or processes.

[0044] Network interface 126 may be configured to connect to one or more
communication networks to allow orchestration service computer 120 to communicate
with other entities such as user device 110, Al computer 130, etc. For example,

communication with the Al computer 130 can be direct, indirect, and/or via an API.

[0045] Computer-readable medium 128 may comprise one or more non-transitory
media for storage and/or transmission. Suitable media include, as examples, a random
access memory (RAM), a read only memory (ROM), a magnetic medium such as a
hard-drive, or an optical medium such as a CD (compact disk) or DVD (digital versatile
disk), flash memory, and the like. The computer-readable medium 128 may be any

combination of such storage or transmission devices.

[0046] Data retrieval module 128A, in conjunction with the processor 124, may
retrieve contextual data from data repository 160. The contextual data retrieved may
relate to a prediction request. For example, for a prediction request about an optimal
location for a new hotel in San Francisco, the data retrieval module 128A, in conjunction
with the processor 124, can retrieve contextual data, for example, about tourism in San

Francisco, existing hotel locations, hospitality transaction histories, etc.

[0047] Prediction request module 128B, in conjunction with the processor 124,
can process prediction requests. Processing prediction requests may include
determining if a prediction request is cacheable. If it is cacheable and is already in the
cache, the cache module 128C, in conjunction with the processor 124, may retrieve the
cached output of the prediction request. The prediction request module 128B can, in
conjunction with the processor 124, also determine what contextual data is needed for a
prediction request, and then work with the data retrieval module 128A to retrieve that
data from a data repository. Alternatively, the prediction request module 128B may just

receive the contextual data from the data retrieval module 128A without determining the
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relevant contextual data first (i.e., the data may be determined by the data retrieval
module). The prediction request module 128B may also send prediction requests, along

with relevant contextual data.

[0048] Cache module 128C, in conjunction with the processor 124, can cache
and retrieve cacheable requests. Cache module 128C can initiate storing cacheable
requests in the data repository. Cache module 128C may initiate storing cacheable
requests by sending prediction requests, outputs, and contextual data to a messaging
system computer. Additionally, cache module 128C may retrieve cached results from

the data repository.

[0049] Call prediction module 128D, in conjunction with the processor 124, may
predict what cacheable requests are likely to be made. The call prediction module 128D
may store past prediction requests, along with a timestamp of when the cacheable
request was made. The call prediction module 128D may use frequency to determine
when a prediction request may be made. For example, call prediction module 128D may
determine that a particular cacheable request is made by various users every week.
The call prediction module 128D may also predict cacheable requests based on date.
For example, cacheable requests such as “Where is the best place to open a Halloween
costume shop?” may be received in the fall each year. Alternatively, call prediction
module 128D, in conjunction with the processor 124, may send a request to an Al
computer for a set of predicted cacheable requests. The cacheable requests predicted
by the call prediction module 128D may be used by call prediction processing computer
to generate prediction requests before they are received by the orchestration service

computer 120 from a user device.

[0050] FIG. 3 depicts a call prediction processing computer 170 according to
embodiments. Call prediction processing computer 170 may comprise a memory 172, a
processor 174, a network interface 176, and a computer-readable medium 178. These
components may be similar to or different than the corresponding components in the
orchestration service computer 120 of FIG. 2. Computer-readable medium 178 may
store code executable by the processor 174 for implementing some or all of the

functions of call prediction processing computer 170 described herein. Computer-
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readable medium 178 may comprise a performance monitoring module 178A, a call
prediction request module 178B, a prediction request module 178C, and a cache
module 178D.

[0051] Performance monitoring module 178A, in conjunction with the processor
174, may monitor the processor usage (e.g., CPU utilization) of Al computer 130. The
performance monitoring module 178A may determine an amount of processing power
that the Al computer 130 is using (e.g., the number of processor cores, the amount of
non-idle time), and may determine if the processor usage is below a predetermined
threshold. Example thresholds may be a percentage, such as, 20%, 30%, etc. The
threshold may be chosen, such that there is sufficient processor operational capacity to
perform call prediction processing without diminishing the speed or performance of the

processor from processing incoming prediction requests.

[0052] In some embodiments, the performance monitoring module 178A may
have direct access to the hardware of the Al computer 130. Alternatively, the
performance monitoring module 178A may receive information from the Al computer
130 (e.g., from the performance monitoring software of Al computer 130) about
processor usage. Performance monitoring module 178A may operate on a schedule.
For example, performance monitoring module 178A may check the processor usage
every 5 minutes. If the processor usage is above the threshold, the call prediction
processing computer 170 may wait until the next scheduled time. If the processor usage
is below the threshold, the performance monitoring module 178A, in conjunction with
the processor 174, may cause the call prediction processing computer 170 to activate

call prediction request module 178B.

[0053] Call prediction request module 178B, in conjunction with the processor
174, may send requests to orchestration service computer 120 for predicted cacheable
requests. The call prediction request module 178B may receive a set of cacheable calls
from the orchestration service computer 120. The call prediction request module 178B
may specify a number of cacheable calls that are requested. For example, the call
prediction request module 178B may request the N requests most likely to be

requested. For example, if it is December, cacheable calls might include “Where can |
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find a gift for my wife?”; “How late is Acme store open on Christmas Eve?”; and “What is
the best meal to cook on Christmas?” Call prediction request module 178B can be
triggered by the performance monitoring module 178A determining that Al computer

130 is operating below a threshold processor usage.

[0054] Prediction request module 178C, in conjunction with the processor 174,
can send prediction requests to the orchestration service computer, in particular,
cacheable requests. The prediction request module 178C may select a particular
cacheable request from a set of cacheable requests received from orchestration service
computer 120. For example, the prediction request module 178C may prioritize the set
of cacheable requests. Alternatively the prediction request module 178C may select a

random cacheable call from the set of cacheable requests.

[0055] Cache module 178D, in conjunction with the processor 174, may initiate
storing outputs to cacheable requests in data repository 160. Cache module 178D, in
conjunction with the processor 174, may store cacheable requests and outputs
responsive to the cacheable requests in the data repository 160. Alternatively, the
cache module 178D, in conjunction with the processor 174, may send a call information

message comprising a cacheable request and output to a message system computer.

[0056] FIG. 4 shows a flow diagram of a processing a prediction request

according to embodiments.

[0057] In step $502, user device 110 may send a prediction request message to
an orchestration service computer 120. The prediction request message may comprise
a prediction request, which may be in the form of a question. The prediction request
may be in the form of an Al call. An Al call may be an input for an Al engine. An
example prediction request may be “Where is the best place to build a hotel in Austin,
Texas?” Another example of a prediction request may be “Is this transaction
fraudulent?”. The prediction request message may be sent to the orchestration service
computer 120 through a web service, a API, etc. For example, there may be a web
interface that allows user device 110 to send prediction request messages to the

orchestration service computer 120.
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[0058] In step S504, orchestration service computer 120 may determine that the
prediction request is a cacheable request. For example, the question “Where is the best
place to build a hotel in Austin, Texas?” may be a cacheable request, while the question
“Is this transaction fraudulent?” may be a non-cacheable request. If the prediction
request is a cacheable request, the orchestration service computer 120 may attempt to
retrieve the output of the prediction request from data repository 160, if the output has
been previously cached. If the output is in the data repository 160, the orchestration
service computer 120 may return the output to user device 110. A cacheable request

may be a request that is relatively time independent.

[0059] If the output of the prediction request is not stored in the data repository
160, the orchestration service computer 120 may evaluate the context of the prediction
request and/or the user device 110 to determine if the prediction request is a cacheable
request. For example, if the user device 110 is a computer of a processing network
(e.g., a payment processing network), the orchestration service computer 120 may infer
that the prediction request is a transaction fraud request and is not a cacheable request.
Alternatively, if the user device 110 is a laptop computer of a person, the orchestration
service computer 120 may infer that the prediction request is a cacheable request, or
there may be a higher probability that the prediction request is a cacheable request. In
some embodiments, the orchestration service computer 120 may use the Al computer
130 to determine if the prediction request is cacheable, for example, using a machine

learning model of the Al computer 130.

[0060] In step S506, orchestration service computer 120 can retrieve contextual
data relating to the prediction request from data repository 160. For example, if the
prediction request is “Where is the best place to build a hotel in Austin, Texas?”, then
the orchestration service computer 120 may retrieve information such as geographic
information about Austin, locations of existing hotels and tourist attractions in Austin,
transaction patterns in Austin, etc. In some embodiments, the prediction request

message may include contextual data.

[0061] In step S508, orchestration service computer 120 can send the prediction

request message, comprising the Al call (i.e., the prediction request) and the contextual
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data, to the Al computer 130. The Al computer 130 can use an Al engine to process the
Al call with an Al model or a combination of models and generate an output responsive
to the prediction request message. Examples of Al models may include a machine
learning model, a neural network, a recurrent neural network, a support vector machine,
a Bayesian network, a genetic algorithm ,etc. For example, the Al engine may analyze
the contextual data (e.g., existing hotel locations, hospitality transaction patterns) with a
business optimization learning model to determine where to build a new hotel. In some
embodiments, the Al engine may use a natural language processing module to parse

the prediction request.

[0062] In some embodiments, the output from the Al computer 130 may also
include a period of time that the output for the prediction request should be persisted in
the data repository. For example, the period of time may be 3 days, 1 week, 1 month,
etc. The period of time may depend on the frequency with which the cacheable request
is requested by users. For example, a cacheable request that is made hourly may be
stored for 3 days or a week, while a cacheable request that is made weekly may be
stored for one month. The period of time may also depend on the contextual data
associated with the cacheable request. For example, an output may depend upon
contextual data that is refreshed monthly. Thus, an output that is based on that

contextual data may be cached for a time period of one month.

[0063] The orchestration service computer 120 may then receive the output to
the prediction request from the Al computer 130. The output may be, for example, an
address of an optimized location of a new hotel, a list of addresses, a neighborhood in

which to build a new hotel, etc.

[0064] In step S510, orchestration service computer 120 may send the output to

the user device 110.

[0065] After receiving the output, the orchestration service computer 120 can
initiate the storage of the prediction request and output in the data repository 160. In
some embodiments, initiating the storage of the prediction request may include a
process such as that of FIG. 5, which is described in further detail below. In other

embodiments, the orchestration service computer 120 may store the prediction request
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and output in the data repository directly. The orchestration service computer 120 may
also store the contextual data and/or a reference to the location of the contextual data in

the data repository 160.

[0066] The prediction request message may be a first prediction request
message with a first prediction request in the form of a first Al call. The orchestration
service computer 120 may then receive a second prediction request in a second
prediction request message at a subsequent time, but during the time period that the
output is stored in the data repository 160. The second prediction request may be in the
form of a second Al call. The second prediction request message may be received from
a second user device (not shown) operated by the same or different user as the user of
the first user device 110. In some embodiments, the second user device may be the
same as the first user device 110. Alternatively, the second user device may be
operated by a second user. The orchestration service computer 120 may then
determine that the second prediction is a cacheable request, using the process as
described in step S504.

[0067] The orchestration service computer 120 may then determine that the
second prediction request corresponds to the first prediction request. In one
embodiment, the orchestration service computer 120 may attempt to retrieve the
second prediction request from the data repository 160. If the second prediction request
is in the data repository 160, as the first prediction request, the orchestration service
computer 120 may determine that the second prediction request corresponds to the first
prediction request. In another embodiment, the orchestration service computer 120 may

directly associate the second prediction request with the first prediction request.

[0068] The orchestration service computer 120 can then retrieve the output from
the data repository 160 associated with the first prediction request and the second
prediction request. The orchestration service computer 120 can then send the output to

the second user device.

[0069] FIG. 5 shows a flow diagram of caching an output using a messaging

system according to embodiments. The process of FIG. 5 may occur, in some
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embodiments, immediately after the process of FIG. 4. Alternatively, the process may

occur at the end of the day, at once per hour, or at some other suitable time.

[0070] In step S602, orchestration service computer 120 may send a call
information message to a messaging system computer 140. The messaging system
computer 140 may receive the call information message and store the call information
message in a queue. The call information message may comprise a prediction request,
an output responsive to the prediction request, and contextual data. For example, the
prediction request may be a question such as “Where is the best place to build a new
restaurant in San Francisco?” and the output may then be a location (e.g., an address,
a neighborhood) determined by an Al engine as an optimal place to build a restaurant.
The contextual data may include, for example, geographic data of San Francisco,
locations of existing restaurants, and food transaction information from the past six
months. In some embodiments, the call information message may comprise an identifier
of the contextual data in data repository 160 (e.g., a location in memory, a key) instead

of the contextual data itself.

[0071] In step S604, an Al call information consumer 150 may be subscribed to
the messaging system computer 140 and receive the call information message when it
is posted to the queue. The Al call information consumer 150 may additionally, or
alternatively, retrieve information from the queue at will. For example, the Al call
information consumer 150 may retrieve and store one call information message in the
data repository 160 at a time. The Al call information consumer 150 may retrieve call
information messages from the queue at a slower or faster rate than they are sent by

the orchestration service computer 120.

[0072] In step S606, Al call information consumer 150 may store the call
information message in data repository 160. In some embodiments, the prediction
request, output, and/or contextual data may be stored separately in the data repository
160 instead of as a single call information message. The prediction request, output,
and/or contextual data may be stored with an identifier to associate them in the
database. In some embodiments, the contextual data may already be in the data

repository 160. The Al call information consumer 150 may store identifiers of the
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contextual data in the data repository 160. Additionally, or alternatively, the prediction
request message may have included new contextual data that was not in previously in
the data repository 160, and the new contextual data may be stored in the data

repository.

[0073] FIG. 6 shows a flow diagram for performing a call prediction process

according to embodiments.

[0074] In step S702, the call prediction processing computer 170 may determine
that the Al computer 130 is operating below a threshold processor usage. Call
prediction processing computer 170 may do so by monitoring the performance of Al
computer 130. For instance, in some embodiments, call prediction processing computer
170 may operate on a schedule. For example, call prediction processing computer 170
may check the Al computer 130 every 5 minutes, every hour, etc. The threshold may
be, for example, 20% of the Al computer’s operating capacity. If the Al computer 130 is
operating above the threshold, the call prediction processing computer 170 may sleep

until the next time that it checks the Al computer 130.

[0075] In step S704, call prediction processing computer 170 may request a set
of cacheable requests from the orchestration service computer 120 after determining
that the Al computer 130 is operating below the threshold. The set of cacheable
requests may include one or more cacheable requests. The orchestration service
computer 120 may directly determine the set of cacheable requests or may
communicate with the Al computer 130 to determine them. For example, it can maintain
a list of cacheable requests that it receives, as well as the time and/or number of times
that each cacheable request has been made. Then, when the orchestration service
computer 120 receives a request for the set of cacheable requests, it can use this
information and use the frequency information to determine ones that are likely to be
requested soon and that are not in the cache. In some embodiments, the orchestration
service computer 120 can maintain a record of a period of time that cacheable requests
are persisted in the cache (e.g., one day, one week). Alternatively, orchestration service
computer 120 can send a prediction request message to the Al computer 130 to

determine the set of cacheable requests.
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[0076] In some embodiments, when using the Al computer 130 to determine the
set of cacheable requests, the prediction request may be “What are the N cacheable
requests most likely to be requested?” and the contextual data may be, for example, a
time and date and other environmental contextual information that may be suitable for
determine cacheable requests. An Al engine of the Al computer 130 can then run an
appropriate learning model to determine the set of cacheable requests. Call prediction
processing computer 170 may then receive the set of cacheable requests from the
orchestration service computer 120. In a further embodiment, the call prediction
processing computer 170 may send the prediction request for the set of cacheable

requests to the Al computer 130 directly.

[0077] In step S7086, call prediction processing computer 170 can select a
cacheable request from the set of cacheable requests. For example, the call prediction
processing computer 170 may select the first cacheable request from the set of
cacheable requests. Alternatively, the call prediction processing computer 170 may
prioritize the set of cacheable requests. For example, the set of cacheable requests
may be prioritized by when the cacheable request is likely to be requested by a user or
how frequently the cacheable request is requested. The call prediction processing
computer 170 may then select the cacheable request that will likely be requested in the
near future. The call prediction processing computer 170 may send the cacheable
request to the Al computer 130 via the orchestration service computer 120 in a
prediction request message. Alternatively, the call prediction processing computer 170
may send the cacheable request to the Al computer 130 directly. The cacheable

request may be in the form of an Al call.

[0078] In step S708, the orchestration service computer 120 may send the
cacheable request (in the form of an Al call) to the Al computer 130. Prior to sending the
cacheable request to the Al computer 130, in step S710, the orchestration service
computer 120 may retrieve contextual data for the cacheable request from the data
repository 160. In some embodiments, the orchestration service computer 130 may
determine and/or confirm that the cacheable request is cacheable. The Al computer 130

can use an Al engine to process the Al call with an Al model (e.g., a learning model
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comprising a neural network) or a combination of models and generate an output
responsive to the prediction request message. After generating the output, the Al

computer 130 may then send the output to the orchestration service computer 120.

[0079] The output may also include a period of time that the output should be
persisted in the data repository. For example, the period of time may be 3 days, 1 week,
1 month, etc. The period of time may depend on the frequency with which the
cacheable request is requested by users. For example, a cacheable request that is
made hourly may be stored for 3 days or a week, while a cacheable request that is
made weekly may be stored for one month. The period of time may also depend on the
contextual data associated with the cacheable request. For example, an output may
depend on contextual data that is refreshed monthly. Thus an output based on that
contextual data may be cached for a time period of one month. In step S712, the
orchestration service computer 120 may then return the output to the call prediction
processing computer 170. The call prediction processing computer 170 may then

receive the output.

[0080] In step S714, call prediction processing computer 170 may store the
output in data repository 160. The call prediction processing computer 170 may also
store the cacheable request in the data repository 160. In some embodiments, the call
prediction processing computer 170 may be a producer that can send information to
messaging system computer 140. When the call prediction processing computer 170
stores information in the data repository 160, the call prediction processing computer

170 may send a call information message to messaging system computer 140.

[0081] Embodiments of the invention provide a number of advantages. What are
the advantages. By caching results, the time that is spent on generating predictions is
spread out. Therefore, during peak times, the Al computer can experience less strain as
some portion of the results will be precomputed and thus the Al engine does not need to
compute all the results. The processor use is thus more consistent, as during off-peak
times the Al computer can be put to use to reduce demands during peak times.
Additionally, the prediction of the requests means that the information that is cached is

going to be more useful. Use of a messaging system can free up the orchestration
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service computer to continue processing large amounts of prediction requests without

waiting to confirm that the cacheable requests have been cached.

[0082] Any of the software components or functions described in this application,
may be implemented as software code to be executed by a processor using any
suitable computer language such as, for example, Java, C++ or Perl using, for example,
conventional or object-oriented techniques. The software code may be stored as a
series of instructions, or commands on a computer readable medium, such as a random
access memory (RAM), a read only memory (ROM), a magnetic medium such as a
hard-drive, or an optical medium such as a CD-ROM. Any such computer readable
medium may reside on or within a single computational apparatus, and may be present

on or within different computational apparatuses within a system or network.

[0083] The above description is illustrative and is not restrictive. Many variations
of the invention may become apparent to those skilled in the art upon review of the
disclosure. The scope of the invention can, therefore, be determined not with reference
to the above description, but instead can be determined with reference to the pending

claims along with their full scope or equivalents.

[0084] One or more features from any embodiment may be combined with one or
more features of any other embodiment without departing from the scope of the

invention.

[0085] A recitation of "a", "an" or "the" is intended to mean "one or more" unless

specifically indicated to the contrary.

[0086] All patents, patent applications, publications, and descriptions mentioned
above are herein incorporated by reference in their entirety for all purposes. None is

admitted to be prior art.
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WHAT IS CLAIMED IS:

1. A method comprising:

determining, by a call prediction processing computer, that an Al computer
is operating below a processor usage threshold,;

requesting, by the call prediction processing computer, a set of cacheable
requests from an orchestration service computer,;

receiving, by the call prediction processing computer from the
orchestration service computer, the set of cacheable requests;

sending, by the call prediction processing computer, a cacheable request
from the set of cacheable requests to the Al computer;

receiving, by the call prediction processing computer, an output, wherein
the output is generated by the Al computer based on the cacheable request; and

initiating storing, by the call prediction processing computer, the output in

a data repository.

2. The method of claim 1, wherein the processor usage threshold is

about 20% or less.

3. The method of claim 1, wherein the set of cacheable requests

comprises cacheable requests most likely to be requested by users.

4. The method of claim 1, wherein the output is persisted in the data

repository for a predetermined period of time.

5. The method of claim 4, where in the period of time is determined by

the Al computer as part of the output.

6. The method of claim 1, wherein the output is received from the

orchestration service computer.

7. The method of claim 1, wherein the Al computer comprises an

artificial neural network.
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8. The method of claim 1, wherein the call prediction processing
computer sends the cacheable request to the Al computer via the orchestration service

computer.

9. The method of claim 1, wherein the call prediction processing

computer prioritizes the set of cacheable requests to select the cacheable request.

10.  The method of claim 1, wherein the call prediction processing
computer continuously sends cacheable requests from the set of cacheable requests to
the orchestration service computer as long as the Al computer is below the threshold

processor usage.

11. A system comprising:

a call prediction processing computer, the call prediction processing
computer comprising a processor and a computer-readable medium, the computer-
readable medium comprising code for implementing a method comprising:

determining that an Al computer is operating below a threshold
processor usage;

requesting a set of cacheable requests from an orchestration
service computer,

receiving, from the orchestration service computer, the set of
cacheable requests;

sending a cacheable request from the set of cacheable requests to
the Al computer;

receiving an output, wherein the output is generated by the Al
computer based on the cacheable request; and

initiating storing the output in a data repository.

12.  The system of claim 11, wherein the threshold processor usage is

20% or less.

13.  The system of claim 11, wherein the set of cacheable requests

comprises the N cacheable requests most likely to be requested.
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14.  The system of claim 11, wherein the output is persisted in the data

repository for a predetermined period of time.

15.  The system of claim 14, where in the period of time is determined

by the Al computer as part of the output.

16.  The system of claim 11, wherein the output is received from the

orchestration service computer.

17.  The system of claim 11, wherein the set of cacheable requests is

determined by the Al computer.

18.  The system of claim 11, wherein the call prediction processing
computer sends the cacheable request to the Al computer via the orchestration service

computer.

19.  The system of claim 11, wherein the call prediction processing

computer prioritizes the set of cacheable requests to select the cacheable request.

20.  The system of claim 11, wherein the call prediction processing
computer continues to send cacheable requests from the set of cacheable requests to
the orchestration service computer as long as the Al computer is below the threshold

processor usage.

21. A method comprising:

receiving, by an orchestration service computer, a prediction request
message comprising a prediction request in the form of an Al call from a user device;

determining, by the orchestration service computer, that the prediction
request is a cacheable request;

retrieving, by the orchestration service computer, contextual data from a
data repository;

modifying, by the orchestration service computer, the prediction request

message to include the contextual data;
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sending, by the orchestration service computer, the prediction request
message to an Al computer, the prediction request message comprising the prediction
request and the contextual data;

receiving, by the orchestration service computer from the Al computer, an
output responsive to the prediction request;

sending, by the orchestration service computer, the output to the user
device; and

initiating, by the orchestration service computer, storage of the prediction

request and the output in the data repository.

22.  The method of claim 21, wherein initiating storage of the prediction
request and the output comprises:

sending, by the orchestration service computer, a call information
message to a messaging system computer, wherein the call information message
comprises the prediction request and the output;

storing, by the messaging system computer, the call information message
in a queue;

retrieving, by a call information consumer computer, the call information
message from the queue; and

storing, by the call information consumer computer, the prediction request

and the output in the call information message in the data repository.

23.  The method of claim 21, wherein initiating storage of the prediction
request and the output comprises:
storing, by the orchestration service computer, the prediction request and

the output in the data repository.

24.  The method of claim 21, wherein the prediction request message is
a first prediction request message, the prediction request is a first prediction request,
the Al call is a first Al call, the cacheable request is a first cacheable request, and the

user device is a first user device, the method further comprising:
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receiving, by the orchestration service computer, a second prediction
request message comprising a second prediction request in the form of a second Al call
from a second user device;

determining, by the orchestration service computer, that the second
prediction request is a second cacheable request;

determining, by the orchestration service computer, that the second
prediction request corresponds to the first prediction request and is stored in the data
repository;

retrieving, by the orchestration service computer, the output from the data
repository; and

sending, by the orchestration service computer, the output to the second

user device.

25.  The method of claim 21, wherein the output is persisted in the data

repository for a predetermined period of time.

26.  The method of claim 25, wherein the period of time is determined

by the Al computer as part of the output.

27.  The method of claim 21, wherein the contextual data comprises

transaction data.

28.  The method of claim 21, wherein determining that the prediction

request is a cacheable request includes using the Al computer.

29.  The method of claim 21, wherein determining that the prediction

request is a cacheable request includes evaluating the user device.

30. The method of claim 21, wherein the user device is a computer of a

processing network.

31. A system comprising:
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an orchestration service computer, the orchestration service computer
comprising a processor and a computer-readable medium, the computer-readable
medium comprising code to implement a method comprising:
receiving a prediction request message comprising a prediction
request in the form of an Al call from a user device;
determining that the prediction request is a cacheable request;
retrieving contextual data from a data repository;
modifying the prediction request message to include the contextual
data;
sending the prediction request message to an Al computer, the
prediction request message comprising the Al call and the contextual data;
receiving, from the Al computer, an output responsive to the
prediction request;
sending the output to the user device; and
initiating storage of the prediction request and the output in the data

repository.

32.  The system of claim 31 further comprising a messaging system
computer and a call information consumer computer, and wherein initiating storage of
the prediction request and the output further comprises:

sending, by the orchestration service computer, a call message to the
messaging system computer, wherein the call message comprises the prediction
request, the contextual data, and the output; and

storing, by the messaging system computer, the call information message
in a queue;

retrieving, by a call information consumer computer, the call information
message from the queue; and

storing, by the call information consumer computer, the prediction request

and the output in the data repository.

33. The system of claim 31, wherein initiating storage of the prediction

request and the output comprises:
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storing, by the orchestration service computer, the prediction request and

the output in the data repository.

34.  The system of claim 31, wherein the prediction request message is
a first prediction request message, the prediction request is a first prediction request,
the Al call is a first Al call, the cacheable request is a first cacheable request, and the
user device is a first user device, the method further comprising:

receiving a second prediction request message comprising a second
prediction request in the form of a second Al call from a second user device;

determining that the second prediction request is a second cacheable
request;

determining that the second prediction request corresponds to the first
prediction request and is stored in the data repository;

retrieving the output from the data repository; and

sending the output to the second user device.

35.  The system of claim 31, wherein the output is persisted in the data

repository for a predetermined period of time.

36.  The system of claim 35, where in the period of time is determined

by the Al computer as part of the output.

37.  The system of claim 31, wherein the contextual data comprises

transaction data.

38.  The system of claim 31, wherein determining that the prediction

request is a cacheable request includes using the Al computer.

39.  The system of claim 31, wherein determining that the prediction

request is a cacheable request includes evaluating the user device.

40. The system of claim 31, wherein the user device is a computer of a

processing network.

28



