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SYSTEM AND METHOD FOR FORECASTING REAL ESTATE SOLUTIONS

CROSS-REFERENCE TO RELATED APPLICATION
|0001]| This application claims the benefit of United States Provisional Patent Application
No. 62/924.846, filed October 23, 2019, and entitled “System and Method for Predicting

Business Solutions™, the entirety of which 1s incorporated herein by reference.

TECHNICAL FIELD
|0002] The present disclosure relates to forecasting real estate solutions, and more specifically
to applying futureproofing methodology to analyze business data for predicting and optimizing

real estate solutions.

BACKGROUND

|0003] When businesses evaluate their real estate, the biggest cost affecting each business may
be related to the size of the business real estate occupying space. A business may need a right
space that meets the business and real estate objectives. Forecasting future real estate space
needs for a business 1s challenging because the evolution of the business over time usually
cannot be foreseen at the time of forecasting. The business may be affected by variables 1n the
quantity and quality of the business space headcount, as well as market forces that may affect
their industry.

[0004] In existing systems, the business often relies on a real estate professional asking the
business about 1ts future space needs and providing lease options, which most likely results 1n
imprecise estimates. There 1s a need to consider different variables to understand a business’s
commercial requirements and needs 1n the future and provide an optimal real estate solution

for 1ts long-term real estate needs.

SUMMARY
|0005]| In accordance with some embodiments of the present disclosure, there 1s provided a
computer-implemented method for predicting and optimizing real estate solutions. The
method comprises receiving, by a server computing device comprising a processor and a
non-volatile memory storing computer-executable instructions, a user dataset associated with
a business entity from a user computing device via a network, wherein the user dataset

comprises a historical headcount associated with the business entity and a business objective
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dataset. The method also comprises determining, based on the historical headcount
assoclated with the business entity, a set of forecasted headcounts at different points of a
future time span, and generating, based on the set of forecasted headcounts and the business
objective dataset, a plurality of scenarios associated with the business entity. The method
further comprises constructing, by the server computing device, discrete option trees with
respective discrete real estate solutions corresponding to respective scenarios, and
performing, through a neural network system by the server computing device, a plurality of
stress tests on the plurality of the scenarios against the forecasted headcount to evaluate
respective discrete real estate solutions and determine respective costs and actions associated
with respective discrete real estate solutions with respective costs and actions. The method
still further comprises 1dentifying, based on respective costs and actions associated with the
determined respective discrete real estate solutions by the server computing device, an
optimal real estate solution with a minimized cost and a corresponding action that the
business entity takes to minimize the costs, and providing, by the server computing device,
information for causing a visual representation 1dentifying an optimal real estate solution for
the business entity to be displayed on a display of a user computing device.

|0006] In accordance with aspects of the disclosure, the method comprises generating a
value for using a flexible office space solution, and providing the business entity with an
option that combines a traditional lease option with the flexible office space solution.

|0007] In accordance with further aspects of the disclosure, the neural network system
comprises a first network and a second network, wherein the first network and the second
network are alternatively trained till convergence.

|0008] In accordance with still further aspects of the disclosure, the method comprises
iteratively training the first network to predict future costs of the real estate solutions by
minimizing the predictive error using an optimizer, and training the second network to
choose a best cost mmimizing solution for the costs generated by the first network.

|0009] In accordance with aspects of the disclosure, the business objective dataset associated
with the business comprises a lease space, alease term, and a lease structure that the business
requests.

|0010] Furthermore, 1n accordance with some embodiments, there 1s provided a computing
system for predicting and optimizing real estate solutions, the computing system comprising a
non-volatile memory storing computer-executable instructions and a processor coupled to the

memory. The processor, when executing the instructions, 1s configured to receive a user dataset
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associated with a business entity from a user computing system via a network, wherein the user
dataset comprises a historical headcount associated with the business entity and a business
objective dataset, and determine, based on the historical headcount associated with the business
entity, a set of forecasted headcounts at different points of a future time span. The processor,
when executing the instructions, 1s further configured to generate, based on the set of forecasted
headcounts and the business objective dataset, a plurality of scenarios associated with the
business entity, and construct discrete option trees with respective discrete real estate solutions
corresponding to respective scenar10s. The processor, when executing the instructions, 1s still
further configured to perform, through a neural network system, a plurality of stress tests on
the plurality of the scenarios against the forecasted headcount to evaluate respective discrete
real estate solutions and determine respective costs and actions associated with respective
discrete real estate solutions, 1dentify, based on the determined respective discrete real estate
solutions, an optimal real estate solution with a minimized cost and a corresponding action that
the business entity takes to minimize the costs, and provide information for causing a visual
representation 1dentifying an optimal real estate solution for the business entity to be displayed
on a display of a user computing device.

|0011] In accordance with aspects of the disclosure, the processor, when executing the
instructions, 1s further configured to generate a value for using a flexible office space
solution, and provide the business entity with an option that combines a traditional lease
option with the flexible office space solution.

|0012] In accordance with further aspects of the disclosure, the neural network system
comprises a first network and a second network, and wherein the first network and the second
network are alternatively trained till convergence.

|0013] In accordance with still further aspects of the disclosure, the processor, when executing
the instructions, 1s further configured to iteratively train the first network to predict future costs
of the real estate solutions by minimizing the predictive error using an optimizer; and train the
second network to choose a best cost mimmimizing solution for the costs generated by the first
network.

|0014| In accordance with aspects of the disclosure, the business objective dataset associated
with the business comprises a lease space, alease term, and a lease structure that the business
requests.

|0015] It 1s to be understood that the disclosure 1s not limited 1n 1ts application to the details

of constructions and to the arrangements set forth 1n the following description or illustrated
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in the drawings. The disclosure 1s capable of embodiments in addition to those described
and 1s capable of being practiced and carried out in various ways. Also, 1t 1s to be understood
that the phraseology and terminology employed herein, as well as in the abstract, are for the
purpose of description and should not be regarded as limiting.

[0016] It 1s to be understood that both the foregoing general description and the following

detailed description are explanatory only and are not restrictive of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
|0017] The accompanying drawings, which are incorporated in and constitute part of this
specification, and together with the description, illustrate and serve to explain the principles of
vartous example embodiments. In addition, 1t should be understood that any figures which
highlight the functionality and advantages are presented for example purposes only. The
disclosed methodology and system are each sufficiently flexible and configurable such that
they may be utilized in ways other than that shown.
|0018] FIG. 1 1llustrates an example computing system 100 for providing real estate solution
prediction according to some embodiments of the present disclosure.
|0019] FIG. 2 1s an example conceptual system diagram of performing the real estate solution
according to some embodiments of the present disclosure.
10020]| FIG. 3A 1s a flowchart diagram 1llustrating an example process configured to forecast
the headcount demand associated with a business entity 1n accordance with some embodiments
of the present disclosure.
|0021] FIG. 3B 1s an example screen shot of visualizing forecasted headcount at different
points of time 1n the future 1n accordance with some embodiments of the present disclosure.
10022] FIG. 4 shows an example screenshot of visualizing generated scenarios based on a
forecasted headcount demand associated with a business entity in accordance with some
embodiments of the present disclosure.
[0023] FIG. 5 1s a flowchart diagram 1llustrating an example process configured to optimize a
real estate solution 1n a practical application 1n accordance with some embodiments of the
present disclosure.
10024] FIG. 6 shows an example screenshot of results of performing stress tests on the
generated scenar10s 1n accordance with some embodiments of the present disclosure.
10025 FIG. 7 shows an example screenshot of results of comparison of real estate solution

scenar1os 1n accordance with some embodiments of the present disclosure.
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[0026] FIG. 8 shows an example screenshot of results of a traditional lease versus a hybrid co-
working solution 1n accordance with some embodiments of the present disclosure.

10027 FIG. 9 shows an example screenshot of results of example real estate solutions in
accordance with some embodiments of the present disclosure.

10028] FIG. 10 shows an example screenshot of real estate solutions of a traditional sublease
versus a co-working assignment mn accordance with some embodiments of the present
disclosure.

10029] FIG. 11 1s a block diagram of an example computing device in accordance with some

embodiments of the present disclosure.

DETAILED DESCRIPTION

|0030] Embodiments of the present disclosure describe futureproofing systems and methods
using a neural network to process historical business data and business objectives for predicting
and optimizing real estate solutions. Embodiments described herein are directed to a system
and method to buld agile strategies to futureproofing real estate solutions that can
align businesses” real estate to their business objectives while maintaining the ability to pivot
seamlessly amid an increased pace of business and economic changes.

|0031] Embodiments provided herein describe a computing system and method for providing
a futureproofing analytical tool to analyze historical business real estate data and forecast
future real estate solutions within different future timespans. Further, the system and method
may utilize deep learning technology to assist businesses in determining optimal solutions for
their long-term real estate needs. For example, the system may be created to help forecast the
s1ze of real estate space and mix of leasing options that would be likely to mimmimize a business’s
real estate spending over time and provide customized recommendations for an individual
business based on the business historical development facts, business objectives, market trends,
elc.

|0032] Embodiments of the present disclosure describe a computing system that includes a
deep learning neural network system with various machine learning models to analyze business
data associated with a business entity. The system may be implemented to perform a variety of
operations, including: forecasting headcount demand based on a history of a business or 1ts
industry and volatility; developing real estate and occupancy scenarios based on the forecasted
headcount; performing stress tests on the real estate and occupancy scenarios against a range

of headcount forecasts; and determining an optimal real estate solution. In addition to this
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innovative process, the system may include innovative features for providing businesses with
visual reporting of 1ts real estate lease options and for providing an option that combines a
traditional lease option with a flexible lease option.

|0033|] Embodiments described herein address a computer-centric and Internet-centric problem
of forecasting a future headcount demand and further provide an optimal real estate solution
for a business entity. Further, embodiments described herein may provide technology-based
improvements for predicting real estate solutions for an individual business entity by
combining business real estate information analysis and a deep learning neural network
system. The deep learning neural network system may be implemented as one or more
computer programs or pieces of application software on one or more computing devices that
process business data of the business entity and optimize real estate solutions. The
improvements of the present disclosure as reflected in embodiments described herein may
generate an automatic processing system to provide optimal financial solutions for each
respective business entity, including: providing a right size of real estate space by better
understanding and quantifying business future demand and 1ts various components, providing
a right mix of lease staggering, lease optionality, co-working, and/or flexible workplace
programs to create the agility a business entity needs; balancing an additional cost versus
benefit of flexibility for business entities; and mmmimizing cost over the lifecycle of business
entity occupancy and mitigating risk associated with high growth and contraction scenarios.
|0034| FIG. 1 illustrates an example computing system 100 for providing real estate solutions
according to some embodiments. As 1llustrated, system 100 may include an application server
120 (e.g., a server computing device) and a plurality of user/client devices 130 (e.g., a
user/client computing device). Application server 120 may be in communication with a
plurality of client devices 130 within a cloud-based or hosted environment via a network 110.
Application server 120 may include a processor 121, a memory 122 and a communication
interface for enabling communication over network 110.

|0035] Application server 120 may include one or more online applications 123 stored in
memory 122 and executed by processor 121 for providing one or more online services and
providing a website with particular services for users to visit. In some embodiments,
application server 120 may include a forecasting model 124, a scenario generator 125, a neural
network system 126, a user database 127, an interface 129, etc. The deep neural network system
126 may be configured to process business user datasets for forecasting future real estate

solutions. The deep neural network system 126 may be one of the components of the
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applications 123. Applications 123 may include a web application to provide an online software
service hosted by a real estate solution provider. The online software service may be accessed
by the client device 130 via a browser application 133. Further, memory 122 may store
applications 123, a neural network system 126, and other program modules which are
implemented in the context of computer-executable instructions and executed by application
server 120.

10036 Client device 130 may include a processor 131, a memory 132, a browser application
133, and a user interface 134. Browser application 133 may facilitate user interaction with
application server 120 and may be configured to transmit information to and receive
information from application server 120 via network 110. The user interface 134 may be
configured to recerve the data vianetwork 110. Client device 130 may be any device configured
to present user interfaces and receive iputs thereto. For example, client device 130 may be a
smartphone, a personal computer, a tablet, a laptop computer, a personal digital assistant
(PDA), or any computing system that 1s equipped with browser application 133, which may be
used to provide a convenient interface to allow a user to interact with an online application
product running 1n application server 120 over network 110. Network 110 may be the Internet
and/or other public or private networks or combinations thereof.

|0037] Application server 120 1s depicted as a single device for ease of 1llustration, but those
of ordinary skill in the art will appreciate that application server 120 may be embodied in
different forms for different implementations. For example, application server 120 may include
a plurality of servers communicating with each other through network 110. Alternatively, the
operations performed by application server 120 may be performed on a single server. In another
example, a plurality of client devices 130 may communicate with application server 120. A
single user may have multiple client devices 130, and/or there may be multiple users each
having their own client device(s) 130.

|0038] System 100 may include a user database 127 which may be coupled to or in
communication with the application server 120 via network 110. User database 127 may be a
shared remote database, a cloud database, or an on-site central database. User database 127
may recelve mstructions or data from and send data to application server 120 via network
110. The database 127 may store business user profiles 128 of a plurality of business entities.
Each business may create a user account with business information which may be stored as a
user profile 128 1n user database 127. Each business user or representative may access a

particular product or service hosted on the application server 120 with the user account.
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|0039] FIG. 2 1s a conceptual diagram of an example system 200 for performing the real estate
solution prediction for a business entity. The system 200 may be configured as computer
programs (e.g., software) executed on one or more computers, in which the systems, model
components, processes, and embodiments described below can be implemented and executed
by an application server 120 and other computing devices.

[0040] In some embodiments, system 200 may include various functional modules, such as a
forecasting model 124, a scenario generator 125, and a neural network system 126. Each of
these models of operations 1s outlined 1n more detail below.

|0041| The application server 120 may read a user profile 128 associated with a business entity
or recerve inputs from a user computing device 130 via an interface 129. The user profile 128
of each business entity may be constructed and represented as a business user dataset 210 (e.g.,
user dataset). The user dataset 210 may include a plurality of business attributes, historical
business data and future business objectives. For example, the user dataset 210 associated with
a business entity may include real estate information, financial information, business and
employee information, occupancy and workplace data, etc. The user dataset 210 associated
with a business entity may include a historical business dataset 202 and a business objective
dataset 204. For example, the historical business dataset 202 may include a business name, a
business 1dentifier (ID), historical headcount data, and any other historical business
information. A business objective dataset 204 of the business entity may include a size of the
requested space for the business (e.g., lease space), a length of the real estate lease term (e.g.,
lease term), and a structure of the real estate lease (e.g., lease structure) that the business 1s
considering, etc.

[0042] In some embodiments, the forecasting model 124 may be executed by the application
server 120 to forecast the headcount demand. The scenario generator 125 may be executed by
the application server 120 to develop real estate and occupancy scenarios based on the
forecasted headcount. A trained neural network system may be executed by the application
server 120 to perform stress tests on the real estate and occupancy scenarios against the range
of headcount forecasts. The computing system 1s configured to determine the optimal real

estate solution.

|0043| Headcount Forecasting
10044| FIG. 3A 1s a flowchart diagram illustrating an example process 300 configured to

forecast the headcount demand associated with a business. The process 300 may be described
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to represent a sequence of operations that can be performed by one or more computers
including hardware, software, or a combination 1n the above described systems. Thus, the
described operations may be performed with computer-executable instructions under control
of one or more processors. The order in which the operations are described 1s not intended to
be construed as a limitation, and any number of the described operations can be combined 1n
any order and/or 1n parallel to implement the process.

|0045] The application server 120 may utilize a statistical forecasting model 124 to assess the
historical business headcount obtained from a user profile 128 to forecast the headcount for a
business at a future time. For example, if the business 1s evaluating 1ts options for a 15-year
real estate lease, the business may first need to understand what the headcount 1s projected to
be over the course of the 15 years, so that 1t can optimize the parameters of the 15-year lease.
The forecasting model 124 may be a statistical model configured to execute an advanced
statistical forecasting process for forecasting the headcount for the business 1in a future time
span (e.g., 1-15 years 1n the future). The forecasting model 124 may be implemented based on
statistical demand forecasting based on the information of historical headcount, peer growth
and volatility associated with businesses.

[0046] At step 302, the application server 120 may receive the historical headcount associated
with a business entity by reading the user profile 128 stored 1n a user database 127. In some
embodiments, the application server 120 may obtain the historical business headcount by
recerving user inputs entered by a user/client (e.g., business entity) via a user computer over a
network 110.

|0047] At step 304, the application server 120 may utilize the forecasting model 124
configured to assess the past or historical headcount associated with the business entity. For
example, the application server 120 may utilize the forecasting model 124 to process the
historical headcount and remove any variations 1n the headcount that may be a result of
“historical noise.” Historical noise may include headcount that was affected by mergers and
acquisitions, corporate reorganizations, and seasonal demands, that may have affected the
historical headcount by increasing or decreasing the demands on headcount during short bursts
of time. The application server 120 may then determine potential future disruptors that may
atfect the headcount 1n the future. Future disruptors include the effect automation may have on
the future headcount needs. The application server may utilize the forecasting model 124 to
assess the type of industry of the business (e.g., professional services, etc.), and perform an

exhaustive deep dive using various research-based techniques to determine potential future
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disruptors. The forecasting model 124 may be configured to incorporate numerous standard
rules that project how businesses may be disrupted, including how automation may affect the
headcount for a business, or how software analytics may affect a business’s headcount. The
forecasting model 124 may be configured to consider effects of historical headcount growth,
trends and volatility, impact of business disruptors, technology and economic events, and a size
of footprint range and flexibility needs. The application server 120 may execute the forecasting
model 124 to determine any change 1n utilization of the headcount.

[0048] At step 306, based on the processed historical headcount and described impacts, the
application server 120 may execute the forecasting model 124 to capture or analyze how the
headcount associated with the business entity evolves over time and generate a set of values
indicating the forecasted headcount at different points of time 1n the future. For example, after
the future disruptors have been applied to the system, the application server 120 may execute
the forecasting model 124 to generate a corresponding headcount forecast. In some
embodiments, Monte Carlo methods may be applied as fundamental computational algorithms
1in the headcount forecast process. Based on processed historical data and 1ts described impacts,
a set of stochastic variables may be defined as the seeds that generate random sampling to
stmulate various headcount increase / decrease scenarios which are generally treated as
deterministic inputs in traditional models. For example, the historical growth and volatility may
be translated into a normal or exponential distribution to reflect growth pattern and
randomness; while the future disruptors may be defined as discrete Bernoulli distributions
which represent certain probabilities of a disruptor event happening.

10049| FIG. 3B shows an example screenshot of visualizing forecasted headcount at different
points of time 1n the future. The forecasted headcount may account for the structure of the
industry, economic changes, automation and any other future disruptors that a real estate
solution may provide and the client may have deemed pertinent. As illustrated in FIG. 3B, the
forecasted headcount may represent a size of footprint range and flexibility needs for
businesses 1n different future time spans.

|0050] Scenario planning

|0051] Based on the forecasted headcount determined for a business entity, the application
server 120 may execute a scenario generator 125 to evaluate options in the market and available
modes of flexibility to generate or develop various real estate and occupancy scenarios. FIG. 4
shows an example screenshot of visualizing generated scenarios based on the forecasted

headcount demand associated with a business entity. The generated scenarios may include
10
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different options, such as a traditional lease, a flexible lease and a combination of a core and
flexible co-working plan. As illustrated in FIG. 4, the flexible lease may include a client lease
and an option of lease expansion. The combination of a core and flexible co-working scenario
may 1nclude a long term lease and an enterprise co-working occupancy. These scenarios may
be adaptable to each business and be generated based on information specific to the business
and 1ts needs. To generate these scenarios, the application server 120 may obtain the business
objective dataset 204 from the business user. The business objective dataset 204 may include
initial information regarding the size of the space the business 1s considering, the length of the
real estate lease term, and the structure of the real estate lease that the business 1s considering.
[0052] The application server 120 may determine 1f there are any limitations and options that
need to be considered 1n the scenarios. For example, 1f the business 1s considering expanding
1ts real estate space, but there 1s no space available for the expansion, the application server
120 may first 1dentify the space as a limitation and develop scenarios that do not include
expansion. Similarly, 1f a business has a right of first refusal on real estate space that 1s adjacent
to their space, the application server 120 may first identify that right and generate scenarios
that include the right of first refusal. Additionally, 1f an enterprise company has a lease from a
third-party flexible space provider, 1t may have a rolling right of termination for that flexible
space. Each of these scenarios has various operating and capital costs associated with 1t, and
the application server 120 may evaluate those costs with each scenario. The application server
120 may generate numerous real estate and occupancy scenarios based on the business
objective dataset 204 associated with the business.

|0053| Stress testing

|0054] The application server 120 may perform the stress testing on the generated scenarios
against the range of headcount forecasts associated with a business entity. In some
embodiments, the application server 120 may optimize real estate solutions by utilizing a neural
network system 126 to perform the stress testing on the generated scenarios against the range
of headcount forecasts.

|0055] A computer-implemented process to perform a stress testing on the generated scenarios
may be developed with deep reinforcement learning algorithms which may be configured as
computer programs (e.g., software) executed on one or more computers, in which the systems,
model components, processes, and embodiments described below can be implemented.

|0056] Referring to FIG. 2, to perform the stress testing on the generated scenarios associated

with a business entity, the neural network system 126 may include a policy network 220 and a
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value network 230 which may be configured with algorithms that use a randomly weighted
policy function (“the policy network 2207") and a randomly weighted value function (“the value
network 2307), respectively. These algorithms of the policy network 220 and the value network
230 may utilize artificial intelligence and neural networks to perform the stress testing on the
generated scenarios against the range of headcount forecasts.

|0057]| The application server may be configured to train the value network 230 to accurately
predict the expected future costs of real estate by minimizing the predictive error using an
opttmizer, such as adaptive moment estimation (ADAM). ADAM optimization 1S a
computationally efficient stochastic optimization method, which 1s a first-order gradient-based
optimization of stochastic objective functions. In general, stochastic optimization methods may
be utilized to adjust the variables within a set of defined constraints, until 1t finds the best
combination of variables that achieve the objective (1.e., minimal real estate costs in this case.
Because of the complicated searching process and a large set of data, advanced algorithms may
be used to improve efficiency and reduce computing power. ADAM optimization 1s one of
these advanced algorithms. The ADAM optimization algorithm may be used instead of the
classical stochastic gradient descent procedure to update network weights 1teratively based on
training data. The application server or other computing devices may train the policy network
220 to choose the best possible, cost mmmimizing solution for the value generated by the value
network. Once the value network 230 and the policy network 220 result in the same value, the
optimal real estate solution for the business may be determined for the future forecast. The
policy network 220 and the value network 230 may be alternately trained until convergence to
generate a future real estate solution with a minimized cost and a set of decision rules.

[0058] The value network 230 may be 1nmitialized with a randomly weighted policy function.
The inputs fed into the value network 230 may be a random value, the values (size, remaining
term, product type) of the real estate at the time of an option point, the values of the observable
state variables (headcount, market rent) at the time of the option point and finally the allowable
options that can be exercised at the time of the option point. The time of the option point may
be indicative of a critical time/date which may be a decision point on whether the real solution
should exercise a real estate lease option or event. For example, the time of the option point
may be a notice date or effective date of a space expansion/contraction, a lease expiry date, a
notice date or effective date of lease termination/renewal option, etc. The output of value
network 230 may be the predicted next action that the user/client may take to minimize the

expected future costs of real estate. For example, for a lease with an expansion option 1n year
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five for a single floor, the input to value network 230 may be the size of the lease, the remaining
term, the headcount 1in year five and the size of the expansion option. The output of value
network 230 may be a one or a zero, representing taking the option or not taking the option,
respectively. To transform the values of the inputs to the outputs, the vector of inputs may be
first normalized, then multiplied by a vector of weights, and this may be performed repeatedly
(using a standard feedforward neural network), and the resulting vector may be constrained to
lie 1n the allowable values.
[0059] The value network 230 may be 1nitialized with a randomly weighted value function.
The value function 1s a stmilar neural network to the policy function. The value function may
receirve the same mputs as the policy function, as well as take the predicted action of the policy
function. The value function may output an estimate of the future expected real estate costs 1f
the user/client takes the expected action.
|0060] Both policy networks 220 and value networks 230 are sets of analytical methodologies
to study the interdependence and linkage between nodes (people or events) or between a
business entity and scenarios associated with the business entity. The interdependence and
linkage are quantified to reflect how strong two nodes (people or events) are correlated. By
testing randomly weighted policy networks 220 or value networks 230 and refining the network
weights utilizing artificial intelligence algorithms given defined optimization goals, the
existing networks may be “trained” to best represent how nodes (people and events) are
connected and impacting each other. A computing device or the application server 120 may
train the neural network system 126 according to a sampling process described below. The
process shown below 1s an example and 1s not intended to be construed as a limitation. Other
similar processes known 1n the art may be used to train the neural network.
1) Create a headcount scenario using a headcount predicting model.
2) Walk through the created scenario, and at each decision point, choose the action that
nminimizes the cost of future real estate as predicted by the policy function.
3) After each scenario, add the decision points, the function inputs and the outcomes to an
array .
4) Initially repeat steps 1, 2, and 3 for some number of times (e.g., 1000 times) for an
initialization period.
5) Sample a batch of decision points, inputs and actions.
6) TTrain the value network 230 to accurately predict the expected future costs of real estate

by minimizing the predictive error using an ADAM optimizer.
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7) Repeat steps 1, 2, 3, 5 and 6 for a number of times, until convergence (1.e., the weights
of the network stop changing)

8) Train the policy network 220 to choose the best possible cost minimizing policy by
substituting the predicted value from the value network 230 for the actual value of the estimated
future real estate costs.

9) Repeat steps 1 to 6 until convergence (1.e., the policy network 220 and value network
230 stop changing).
|0061] For example, the application server may begin by generating headcount scenarios.
These headcount scenarios may be future headcount amounts at the desired frequency of
sampling, for the decision period. For example, a headcount scenario may be the annual
headcount for two business units in the same location, for the next ten years. Or 1t may be the
monthly headcount at two locations, for the next five years. These solutions are forwarded to
an “agent” which 1s responsible for coordinating the entire training process. That agent may
then forward the 1nitial state, (whatever the first headcount state 1s) to the action network. The
action network may predict the next best action to take, of the available actions. For example,
at the beginning of a lease, there are not many actions to consider, but the user/client could
sublease space, sign a lease for additional space, or sign a lease for short term flexible space.
The action network returns a predicted best combination of actions at the point of evaluation,
which can also be no action at all. At the beginning, the action network’s answers may be
primarily random, to ensure that the agent efficiently explores the possible actions to take. The
agent then receives the action and sends the current state and the action to the evaluation
environment. There 1s also an evaluation environment that looks at the costs of different real
estate options. It takes 1in the current state and the action and returns a cost. For example,
beginning a new lease requires capital for build out and the user/client may begin to pay rent.
The evaluation environment requires data on local real estate costs and the availability of space.
It then returns the cost for the period. The evaluation environment also returns the new state,
which can be random. For example, if the user/client chose to do nothing at the first month of
anew lease, the evaluation environment may return the same lease, but now at month two. The
agent may save these variables, the cost, action, state and next state to a memory. This process
may be repeated at first some number of times for imtialization, until the memory has reached
some number of experiences.
|0062| At this point, the agent may transit to a new phase of the process where the networks

may be trained. This begins with taking a sample of the experiences from the memory. These
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sampled experiences are sent to the target action network, which 1s a frozen (not as frequently
updated) version of the action network. The target action network may evaluate the next state
and return a next action. The next state and next action may be forwarded to a target value
network, which 1s a frozen copy of the value network and an estimated value may be returned
for being 1n the next state, and taking the next action, in the next period. The sum of the reward
that the agent experienced, plus the discounted estimated value of the next period, becomes the
value of being 1n this state. The state of this period and the action taken this period are sent to
the value network, to obtain the estimated value of being in this period and taking the action.
The estimated loss 1s some function of the expected value and the actual value. The
opttmization engine then updates the weights of the value network to minimize the loss
function. The updated value function 1s then used to evaluate the value of taking the actions
prescribed by the action network, and the action network’s parameters are updated in the
direction of the gradient of the value network by an optimizer. Then the target networks are
updated 1n the directions of the current value and action networks. This process 1s repeated
until convergence.

|0063] FIG. 5 1s a flowchart diagram 1llustrating an example process configured to optimize
real estate solutions 1n a practical application. The process 500 may be described to represent
a sequence of operations that can be performed by one or more computers including hardware,
software, or a combination 1in the above described systems. Thus, the described operations
may be performed with computer-executable instructions under control of one or more
processors. The order in which the operations are described 1s not intended to be construed as
a limitation, and any number of the described operations can be combined 1n any order and/or
in parallel to implement the process.

0064 At step 502, the application server 120 may receive a user dataset 210 associated with
a business entity via anetwork 110. In one embodiment, the user dataset 210 may be read from
a user profile 128 stored 1n the database 127. The user dataset 210 associated with the business
entity may include a historical business dataset 202 with a historical headcount for the business
entity and a business objective dataset 204. The application server 120 may receive the
historical business headcount from user inputs entered by a user/client via a user computing
over a network 110.

|0065] At step 504, based on the historical headcount of the business entity, the application
server 120 may execute a forecasting model to determune a set of forecasted headcounts at

different points of future time. As described above, prior to the optimization process, a
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forecasting model 124 (e.g., statistical model) may be created and configured to capture how
headcount of the business evolves over a time period. The headcount of the business may
account for the structure of the industry, economic changes, automation and/or any other future
disruptors that the real estate solution provider and the client have deemed pertinent.

|0066]| At step 506, based on the set of forecasted headcounts and the business objective dataset
204, the application server 120 may execute a scenar1o generator 125 to generate a plurality of
scenar10s assoclated with the business entity. As described in FIG. 4, the generated scenarios
may 1nclude different options of real estate solutions provided to the business entity.

[0067] At step 508, the application server 120 may construct discrete option trees with
respective discrete real estate solutions corresponding to respective scenarios. In some
embodiments, an option tree may be constructed to represent the real estate and leasing
decisions that are available to the business entity over the life of the analysis, and the
interdependencies between those options. For example, a night of first refusal on adjacent space
1S an expansion option with a specific date, while an enterprise lease from a third-party flexible
space provider has a rolling right of termination. Each of these options has embedded within
them several other decisions, which may either be discrete or continuous. An expansion may
be on a varniable number of floors and the term length of the commitment may also be a
decision. This option tree may begin with the imitial decisions of commitment, like lease size,
lease term and lease structure, and go all the way out either to a defined end date or continue
In perpetulty.

|0068]| Each of these options may come with associated costs, both capital and operating, that
come from market knowledge, previous transactions, and occasionally a separate stochastic
model of the evolution of the rent market.

|0069] At step 510, the application server 120 may execute a trained neural network system to
perform a plurality of stress tests on the plurality of the scenarios against the forecasted
headcount and the option trees to evaluate respective discrete real estate solutions and

determine respective costs and actions associated with respective discrete real estate solutions.

|0070] During the stress testing of the generated scenarios associated with the business, the
application server 120 may generate various situations and associated costs for each of those
situations. The trained neural network system may perform the stress test many times against
various real estate and occupancy scenarios, such as 1000 times. The system may sample a

batch of decision points, inputs and actions.
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|0071] For a given situation, the application server 120 may evaluate what the associated action
1s and what the cost for that action 1s for the business. This information may be inputted into a
database 1n the computing system including at least the application server 120. As more of this
information gets inputted into the system, the system becomes more intelligent in generating
an accurate estimate for the business. For example, the system may analyze a business for the
current time and what real estate space was needed for the present headcount. Over time, the
system may capture more and more of this information, and becomes more intelligent as to
olven situations, such as what the action taken at the time was, and what the related cost was
for that action at that time. Once the system 1s equipped with this information, the system may
perform a policy function to determine what the minimal cost for the situation might be. The
policy function may evaluate the size, the remaining term, the product type, the headcount, the
market rent, and the options that can be exercised at the time of the future analysis. From this
analysis, the application server 120 may determine the action the business may take to
minimize the expected future costs of real estate. For example, for a lease with an expansion
option 1n year five for a single floor, the input would be the size of the lease, the remaining
term, the headcount 1n year five and the size of the expansion option, and the output may be a
one or a zero, representing taking the option or not taking the option. A feedforward neural
network may be utilized for this process.

|0072] FIG. 6 shows a screenshot of example results of performing stress tests on scenarios
against the range of headcount forecasts. The example results may indicate growth/contraction
impact on space needs over time and may be used for analyzing financial impact and assessing
risk profile under high growth/contraction.

[0073] At step 512, the application server 120 may determine and 1dentify, based on the
determined respective discrete real estate solutions, an optimal real estate solution 240 with a
nminimized cost and a corresponding action that the business entity takes to minimize the costs.
|0074] In some embodiments, the application server 120 may utilize the trained policy network
220 and the trained value network 230 to evaluate several discrete option trees which represent
discrete real estate solutions for different sizes of the initial lease, different expansion or
contraction options of the use of flexible space. During evaluation, the application server 120
may perform mean running on many scenarios to sample the average costs, the lowest costs,
the highest costs, and the entire distribution of net present values for future real estate solutions.

Thus, a version of each real estate solution may be obtained and the solution may include
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minimal costs and a set of future decision rules that the user/client can use to accomplish the
same.

|0075] In some embodiments, the optimization process may compare financial performance
and risk of real estate strategies so as to obtain optimal solutions for footprint, size and mix of
flexibility & co-working. FIG. 7 shows an example screenshot of results of comparison of agile
alternatives of a traditional lease, a flexible lease and a core and flexible (co-working) option
in accordance with some embodiments. As shown, a traditional lease may be generally a
baseline scenario where a traditional long-term lease 1s signed and occupied, directed by
business’s estimate of space needed. A flexible lease may be a traditional lease, but 1t’s
optimized and designed to include the right amount of 1nitial space and lease options at specific
time and size, given headcount forecast and stress-testing. A Core and Flex (co-working) may
be a hybrid real estate structure that has both a traditional lease and a license agreement with a
co-working provider, where the structure 1s optimized and designed given headcount forecast
and stress-testing. In addition, as illustrated in FIG. 7, Net Present Value (NPV) Costs are
usually broken down to Occupancy Costs (total real estate costs for the portion that 1s utilized
by business), Vacancy Costs (total real estate costs for the portion that 1s vacant or significantly
underutilized by business) and Capital Costs (total capital costs required to build out space,
buy fumiture, etc.). This specific way of reporting financial costs may give the client an 1dea
of the value of real estate flexibility (which may minimize capital spend and vacancy costs)
and the limitations of traditional lease options. For traditional lease options, capital spend 1s
still very high compared with co-working / flexible space. Lastly, the model may determine the
percentage of total space/portiolio that may be structured as co-working / flexible space, 1.e.,
Space As A Service (SAAS). For example, the optimized solution may be illustrated as having
a co-working / flexible space of 29% SAAS.

|0076] In some embodiments, the application server 120 may generate and include various real
estate and occupancy models. The application server 120 may perform the stress testing on the
various solutions.

|0077] In some embodiments, a supply and demand model may be constructed which ties
future states of the client headcount and the real estate model to a total cost of occupancy,
which includes both the cost of the occupancy solution at that time, as well as lost productivity
due to lack of space. The supply and demand model may be a process of translating headcount
forecast (e.g., heads) to seat demand (e.g., number of seats and special amenities needed, based

on a set of workplace strategies like seat sharing program, hot desking / hoteling, work from
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home policy, meeting room seats to heads ratio, etc.) and eventually to total square footage
needed (based on workplace design standards like square foot per private office, workstation,
conference room, etc.). A real estate model may be indicative of a real estate deal structure
with economics factors. The real estate deal structure may include size of main premise
footprint, time and size of expansion / contraction options 1f any, and anything in a space lease
or license agreement that may impact the space supply. The economics factors may underlie a
financial model and associated with (rent, operating costs, taxes, capital requirement, landlord
allowance, etc.

|0078] Visual reporting to businesses

|0079] Referring back to FIG. 1, in addition to the innovative process for forecasting the real
estate space needs for businesses, the application server 120 may provide an innovative feature
of a visual report to businesses via an interface 129. For example, the application server 120
may 1nclude a visual interface that 1dentifies the various options for the business, including
what the business’s unoccupied lease space may look like for various plans.

|0080] FIG. 8 1llustrates example results of traditional lease versus a hybrid co-working
solution 1n accordance with some embodiments. As illustrated in FIG. 8, a hybrid solution may
be 1dentified as an optimized real estate solution. The visual interface 129 may show the
business that a traditional long-term lease may result, on average, in 18% of 1ts leased space
being left unoccupied. That 1s a cost the business may spend without being able to utilize the
leased space. Alternatively, 1t may also show the business that the optimal solution, which may
incorporate both traditional lease space as well as flexible work space, may only result, on
average, 1n 2% of 1ts leased space being left unoccupied. The 1llustrated visual report also
shows the financial comparison of each occupancy plan given a few representative headcount
scenar10s, which gives the business a complete view of what may happen 1n various future
orowth scenarios. The visual representation may help businesses quickly 1dentify the optimal
solution for their needs.

|0081| Generating a value for how to use flexible space

|0082] In some embodiments, the described computing system may provide a value for how
to use flexible real estate space. As a result of the extensive stress testing that the system
performs, the system may 1dentify scenarios that include flexible office space. As a result, the
system may provide solutions to businesses that combine both traditional leases with flexible
office space solutions. The system’s ability to combine the option of flexible office space along

with a traditional long-term lease drastically increases the range of possibilities available to
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businesses for their real estate and ensures that businesses find the optimal solution that’s the
most affordable for their needs.

|0083] FIG. 9 1llustrates an example screenshot of results of a traditional lease versus a hybrid
co-working solution 1n accordance with some embodiments. As illustrated in FIG. 9, a hybrid
co-working solution may be 1dentified as an optimized real estate solution as compared with a
traditional lease solution. For example, the standard report may include a headcount forecast
chart showing the average value and the range of the headcount values (50" and 95" percentile)
as a summary of the stmulations. Then, the report may display a space/building stack diagram
describing the detailed space structure including size, space type (owned space, traditional
lease, various co-working space types like enterprise co-working, shared co-working, private
suites, etc.), and options available 1n each scenario. Lastly, an NPV financial result may be
represented comparing how each scenario performs on average, low growth (53" percentile) and
high growth (95" percentile) situations in order to give client a full picture of potential risk.
|0084] FIG. 10 1llustrates an example screenshot of real estate solutions of a traditional
sublease versus a co-working assignment 1n accordance with some embodiments. As illustrated
in FIG. 10, a co-working assignment solution may be 1dentified as an optimized real estate
solution as compared with a traditional sublease solution and an optimal subleasing solution.
The visual interface 129 may show the business that a traditional sublease may result, on
average, 1n 30% of 1ts leased space being left unoccupied. That 1s a cost the business may spend
without being able to utilize the subleased space. Alternatively, 1t may also show the business
that the optimal solution, which may incorporate both traditional lease space as well as flexible
co-working space may only result, on average, in 6% of 1ts leased space being left unoccupied.
|0085] To assist businesses 1n determining optimal solutions for their long-term real estate
needs, a computing system may be provided to help forecast the size of real estate space and
mix of leasing options that may minimize a business’s real estate spending over time. The
system may provide a statistical understanding of a business’s space needs, and help businesses
plan for their long-term needs. Adequate planning based on statistical analysis and statistical
trends may save businesses significant money, reduce risk, and minimize ongoing business
disruption. The statistical analysis implemented by the computing system may be used to help
businesses forecast optimal projections for space utilization and other business objectives in
the long term.

|0086] In some embodiments, the described futureproofing strategies implemented by

computing system may provide an aggregated picture of the real estate needs of a business, and
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the range of possibilities for the business. The system may provide the optimal combination of
traditional lease options, lease expansion or contraction options, and co-working options.
|0087] In addition to being used by businesses to forecast future real estate needs and minimize
costs, the described futureproofing strategies implemented by the computing system may be
used 1n other situations where there 1s a need for long-term real estate planning. For example,
the system may be used to plan the overall need for hotel rooms 1n a city or region, or the
system may be used by a flexible space provider to plan 1ts inventory of long-term leases.
[0088] FIG. 11 1s a block diagram of an example computing device 1100 that may be utilized
to execute embodiments to implement processes including various features and functional
operations as described herein. For example, computing device 1100 may function as
application server 120, user/client devices 130 or a portion or combination thereof 1n some
embodiments. The computing device 1100 may be implemented on any electronic device to
execute software applications derived from program instructions, and may include but 1s not
limited to personal computers, servers, smart phones, media players, electronic tablets, game
consoles, email devices, etc. In some implementations, the computing device 1100 may include
one or more processors 1102, one or more mput devices 1104, one or more display or output
devices 1106, one or more communication interfaces 1108, and memory 1110. Each of these
components may be coupled by bus 1118, or in the case of distributed computer systems, one
or more of these components may be located remotely and accessed via a network.

|0089] Processor(s) 1102 may use any known processor technology, including but not limited
to graphics processors and multi-core processors. Suitable processors for the execution of a
program of instructions may include, by way of example, both general and special purpose
microprocessors, and the sole processor or one of multiple processors or cores, of any kind of
computer. Generally, a processor may receive instructions and data from a read-only memory
or a random access memory or both. The essential elements of a computer may include a
processor for executing instructions and one or more memories for storing instructions and
data. Generally, a computer may also include, or be operatively coupled to communicate with,
one or more mass storage devices for storing data files; such devices include magnetic disks,
such as internal hard disks and removable disks; magneto-optical disks; and optical disks.
Storage devices suitable for tangibly embodying computer program instructions and data may
include all forms of non-volatile memory, including by way of example semiconductor
memory devices, such as EPROM, EEPROM, and flash memory devices; magnetic disks such

as iternal hard disks and removable disks; magneto-optical disks; and CD-ROM and DVD-
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ROM disks. The processor and the memory may be supplemented by, or incorporated 1n,
ASICs (application-specific integrated circuits).

[0090] Input device 1104 may be any known input device technology, including but not limited
to a keyboard (including a virtual keyboard), mouse, track ball, and touch-sensitive pad or
display. To provide for interaction with a user, the features and functional operations described
1n the disclosed embodiments may be implemented on a computer having a display device 1306
such as a CRT (cathode ray tube) or LCD (liquid crystal display) monitor for displaying
information to the user and a keyboard and a pointing device such as a mouse or a trackball by
which the user can provide mput to the computer. Display device 1106 may be any known
display technology, including but not limited to display devices using Liquid Crystal Display
(LCD) or Light Emitting Diode (LED) technology.

|0091| Communication interfaces 1108 may be configured to enable computing device 1100 to
communicate with other another computing or network device across a network, such as via a
wired connection, a wireless connection, or a combination of wired and wireless connections.
For example, communication interfaces 1108 may include an Ethemet interface, an optical
interface, a coaxial interface, an infrared interface, aradio frequency (RF) interface, a universal
serial bus (USB) interface, a Wi-F1 interface, a cellular network interface, or the like.

|0092] Memory 1110 may be any computer-readable medium that participates in providing
computer program instructions and data to processor(s) 1102 for execution, including without
limitation, non-volatile storage media (e.g., optical disks, magnetic disks, flash drives, etc.), or
volatile storage media (e.g., SDRAM, ROM, etc.). Memory 1110 may include various non-
transitory computer-readable instructions for implementing an operating system 1112 (e.g..
Mac OS®, Windows®, Linux), network communication 1114, and Application(s) and program
modules 1116, etc. The operating system may be multi-user, multiprocessing, multitasking,
multithreading, real-time, and the like. The operating system may perform basic tasks,
including but not limited to: recognizing input from input device 1104; sending output to
display device 1106; keeping track of files and directories on memory 1110; controlling
peripheral devices (e.g., disk drives, printers, etc.) which can be controlled directly or through
an I/0 controller; and managing traffic on bus 1118. Bus 1118 may be any known internal or
external bus technology, including but not limited to ISA, EISA, PCI, PCI Express, NuBus,
USB. Serial ATA or FireWire.
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|0093| Network communication 1114 instructions may establish and maintain network
connections (e.g., software applications for implementing communication protocols, such as
TCP/IP, HTTP, Ethernet, telephony, etc.).

[0094] Application(s) and program modules 1116 may include software application(s) and
different functional program modules which are executed by processor(s) 1102 to implement
the processes described herein and/or other processes. The program modules may include but
not limited to software programs, objects, components, data structures that are configured to
perform particular tasks or implement particular data types. The processes described herein
may also be implemented 1n operating system 1112.

|0095] Communication between various network and computing devices may be facilitated by
one or more application programming interfaces (APIs). APIs may be proprietary and/or may
be examples available to those of ordinary skill in the art such as Amazon® Web Services
(AWS) APIs or the like. The API may be implemented as one or more calls in program code
that send or receive one or more parameters through a parameter list or other structure based
on a call convention defined in an API specification document. A parameter may be a constant,
a key, a data structure, an object, an object class, a variable, a data type, a pointer, an array, a
list, or another call.

|0096] The features and functional operations described 1n the disclosed embodiments may be
implemented 1n one or more computer programs that may be executable on a programmable
system including at least one programmable processor coupled to receive data and instructions
from, and to transmit data and instructions to, a data storage system, at least one input device,
and at least one output device. A computer program 1s a set of instructions that can be used,
directly or indirectly, in a computer to perform a certain activity or bring about a certain result.
A computer program may be written 1n any form of programming language (e.g., Objective-C,
Java), including compiled or interpreted languages, and 1t may be deployed in any form,
including as a stand-alone program or as a module, component, subroutine, or other unit
suitable for use 1n a computing environment.

|0097] The described {features and functional operations described 1n the disclosed
embodiments may be implemented 1n a computer system that includes a back-end component,
such as a data server, or that includes a middleware component, such as an application server
or an Internet server, or that includes a front-end component, such as a user computer having a
oraphical user interface or an Internet browser, or any combination thereof. The components

of the system may be connected by any form or medium of digital data communication such
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as a communication network. Examples of communication networks include, e.g., a telephone
network, a LAN, a WAN, and the computers and networks forming the Internet.

|0098] The computer system may include user computing devices and application servers. A
user or client computing device and server may generally be remote from each other and may
typically interact through a network. The relationship of client computing devices and server
may arise by virtue of computer programs running on the respective computers and having a
client-server relationship to each other.

|0099] Although the term “at least one” may often be used 1n the specification, claims and
drawings, the terms “a”, “an”, “the”, “said”, etc. also signify “at least one” or “the at least one™
in the specification, claims and drawings.

|0100] The various embodiments described above are provided by way of i1llustration only and
should not be construed to limit the scope of the disclosure. Various modifications and changes
may be made to the principles described herein without following the example embodiments

and applications 1llustrated and described herein, and without departing from the spirit and

scope of the disclosure.
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CLAIMS

What 1s claimed 1s:
1. A computer-implemented method for optimizing future real estate solutions,
comprising:

recelving, by a server computing device comprising a processor and a non-volatile
memory storing computer-executable instructions, a user dataset associated with a business
entity from a user computing device via a network, wherein the user dataset comprises a
historical headcount associated with the business entity and a business objective dataset;

determining, based on the historical headcount associated with the business entity, a
set of forecasted headcounts at different points of a future time span;

generating, based on the set of forecasted headcounts and the business objective
dataset, a plurality of scenarios associated with the business entity;

constructing discrete option trees with respective discrete real estate solutions
corresponding to respective scenarios;

performing, through a neural network system, a plurality of stress tests on the
plurality of the scenarios against the respective forecasted headcounts to evaluate respective
discrete real estate solutions and determine respective costs and actions associated with
respective discrete real estate solutions;

1dentifying, based on the determined respective costs and actions associated with
respective discrete real estate solutions, an optimal real estate solution with a minimized cost
and a corresponding action that the business entity takes to mmmimize the costs; and

providing information for causing a visual representation 1dentifying an optimal real
estate solution for the business entity to be presented on a display of the user computing

device.

2. The method of claam 1, comprising:
generating a value for using a flexible office space solution; and
providing the business entity with an option that combines a traditional lease option

with the flexible office space solution.
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3. The method of claim 1, wherein the neural network system comprises a first network
and a second network, and wherein the first network and the second network are altermatively

trained till convergence.

4. The method of claim 3, wherein the neural network system 1s a feedforward neural
network.
5. The method of claam 3, comprising:

iteratively training the first network to predict future costs of the real estate solutions
by minimizing a predictive error using an optimizer; and
training the second network to choose a best cost minimizing solution for the costs

predicted by the first network.

6. The method of claam 5, wherein the optimizer 1s an adaptive moment estimation
(ADAM) optimization algorithm configured to update network weights iteratively based on

training data.

7. The method of claim 5, wherein the second network and the first network are trained

with a set of values associated with the business entity at the time of an option point.

8. The method of claam 7, wherein the set of the values comprises a size, a remaining
term, a product type of the business entity, and the time of the option point comprises a notice
date, an effective date of a space contraction, a lease expiry date, and an effective date of

lease termination associated with the business entity.

9. The method of claim 1, wherein each forecasted headcount 1s represented by a range
of headcount values, and each of the plurality of the scenarios comprises a space type and

respective capital costs associated with the business entity.

10. The method of claim 1, wherein the business objective dataset associated with the
business comprises a lease space, a lease term, and a lease structure that the business entity

requests.
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11. A computing system, comprising:
a non-volatile memory storing computer-executable instructions; and

a processor coupled to the memory that, when executing the instructions 1s configured

to:
receive a user dataset associated with a business entity from a user computing
device via a network, wherein the user dataset comprises a historical headcount
assoclated with the business entity and a business objective dataset;
determine, based on the historical headcount associated with the business
entity, a set of forecasted headcounts at different points of a future time span;

generate, based on the set of forecasted headcounts and the business objective
dataset, a plurality of scenarios associated with the business entity;
construct discrete option trees with respective discrete real estate solutions
corresponding to respective scenarios;
perform, through a neural network system, a plurality of stress tests on the
plurality of the scenarios against the respective forecasted headcounts to evaluate
respective discrete real estate solutions and determine respective costs and actions
associated with respective discrete real estate solutions;
1dentify, based on the determined respective costs and actions associated with
respective discrete real estate solutions, an optimal real estate solution with a
minimized  cost and a corresponding action that the business entity takes to mimimize the
costs; and
provide information causing a visual representation 1identifying an optimal real

estate solution to be presented on a display of the user computing device.

12. The computing system of claim 11, wherein the processor 1s further configured to:
generate a value for using a flexible office space solution; and
provide the business entity with an option that combines a traditional lease option

with the flexible office space solution.

13. The computing system of claim 11, wherein the neural network system comprises a
first network and a second network, and wherein the first network and the second network are

alternatively trained till convergence.
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14. The computing system of claim 13, wherein the neural network system 1s a

feedtforward neural network.

15. The computing system of claim 13, wherein the processor 1s further configured to:
iteratively train the first network to predict future costs of the real estate solutions by
minimizing a predictive error using an optimizer; and
train the second network to choose a best cost minimizing solution for the costs

generated by the first network.

16. The computing system of claam 15, wherein the optimizer 1s an adaptive moment

esttmation (ADAM) optimization algorithm configured to update network weights iteratively.

17. The computing system of claim 15, wherein the second network and the first network
are trained with a set of values associated with the business entity at the time of an option

point.

18. The computing system of claim 17, wherein the set of the values comprises a size, a
remaining term, a product type of the business entity, and the time of the option point
comprises a notice date, an effective date of a space contraction, a lease expiry date, and an

effective date of lease termination associated with the business entity.

19. The computing system of claim 11, wherein each forecasted headcount 1s represented
by arange of headcount values, and each of the plurality of the scenarios comprises a space

type and respective capital costs associated with the business entity.
20. The computing system of claim 11, wherein the business objective dataset associated

with the business comprises a lease space, a lease term, and a lease structure that the business

entity requests.
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“Q” documentreferring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art
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