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SYSTEMS AND METHODS FOR DETERMINISTIC SOLUTIONS TO RANDOM
PROBABILITY NETWORKS

CROSS REFERENCE TO RELATED APPLICATIONS

{0001} This application claims priority to U.S. Non-provisional Patent Application No.

18/545.161 which was filed on December 19, 2023, The entire contents of this application is

herein incorporated by reference.
BACKGROUND
Statement of the Technical Field

[6002] The present document concerns computing systems. More specifically, the present
document concerns systems and methods for deterministic solutions to random probability

networks.
Description of the Related Art

[60603] Monte Carlo algorithms are often used by computer systems to simulate future
events. Monte Carlo algorithms generally rely on repeated random sampling to obtain numerical
results representing probabilities of the fiture events. The numerical results are often presented
as a histogram or curve {e.g., a discrete probability density function (PDF) graph(s) and/or a

cumulative distribution function (CDF) curves (S curves)).

0004} There are two issues with using Monte Carlo to control systems and solve problems.
The first 15 that the number of iterations using random numbers to get a workable solution can
take mimutes to hours depending on the number of simulated events. One must decide how many
iterations of simulation will produce the necessary approximation accuracy for a given
application. The second issue is that the random data used creates solution profiles or curves that
approach the theoretical exact answer but can have significant variations caused by random

number grouping making the end result toc inaccurate.



WO 2025/136367 PCT/US2023/084855

SUMMARY

[6005] This document concerns implementing systems and methods for controlling
operations of a computing device. The methods comprise: obtaining, by a simulation system, a
start time for a task; providing the start fime from a single start node of the simulation system to
at least two intermediary nodes of one or more branches; performing, by each of the intermediary
nodes, look-up table or equation operations to obiain probability values indicating probabilities
that the task will be completed at respective times given the start time, wherein the probability
values are indexed mn a look-up table by time values; performing combining operations by a
single end node of the simulation system to combine the probability values output from the at
{east two intermediary nodes to obtain g plurality of combined probability values collectively
defining a combined probability curve; using the combmed probability curve to confirm thata
completion time for the task will likely be met; and automatedly controlling operations of the

computing device to perform the task based on the using.

[860s5] The more branches may coruprise a serial branch 10 which a first intermediary node
of the at least two intermediary nodes is connected in series with a second intermediary node of
the at least two mtermediary nodes. In this case, the probability values output from the first
mtermediary node and the probability values output from the second intermediary node may be
combined in accordance with the following mathematic equation:

Oy = A B + A B + .+ A ® By + AT B,

where O represents an Nth combined value, Ao - A each represents a probabihity value output
from the first intermediary node at a respective time unit, and Bg - By each represents a

probability value output from the second intermediary node at a respective time unit.

{60671 Additionally or alternatively, the branches may comprise first and second paraliel
branches each comprising an intermediary node of the at least two mtermediary nodes. The
mtermediary node of the first parallel branch are connected 1 parallel with the mtermediary
node of the second paraliel branch. In this case, the combining operations may comprise:
determining whether there 1s an overlap between a {irst probability curve defined by first
probability values output from the first intermediary node and a second probability curve defined
by second probability values output from the second intermediary node; selecting, as one of the
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plurality of combined probability values, a greatest probability value from one of the first
probability values associated with a first time unit and one of the second probability values
associated with the first time unit, when a determination is made that there is no overlap between
the first and second probability curves; and/or selecting, as one of the plurality of combined
probability values, a product of one of the first probability values associated with a first time unit
and one of the second probability values associated with the first time unit, when a determination

13 made that the first and second probability curves overlap at least at the first time unit,

[8968] In some scenarios, the computing device comprises a network node and the task
comprises a network communication 1o a destination node through a network. A fust branch 1s
associated with a first route through the network and a second branch 1s associated with a
different second route through the network., The method further comprises selecting a route from
the first and second routes based on associated combined probability curves. The computing
device 1s automatedly controlled to communicate a message or packet to the destination node

over the selected route.

[0009] In other scenarios, the computing device comprises a robotic device which s at least
partially moveable to follow a trajectory. A first branch is associated with a first trajectory of a
plurality of candidate trajectories and a second branch is associated with a different second

trajectory of the plurality of candidate trajectories. The method comprises selecting a trajectory
from the first and second {rajectories based on assoctated combined probability curves, wherein

the robotic device is automatedly controlled to follow the selected trajectory.

(6010} This document concerns a syster, comprising: a processor; and a non-transitory
computer-readable storage mediom comprising programming instructions that are configured to
cause the processor to implement a method for controlling operations of a computing device.
The programming instractions comprise instructions 1o: provide a start time for a task to at least
two intermediary nodes of one or more branches of a simulation system; cause each of the
mtermediary nodes to perform look-up table operations to obtain probability values mdicating
probabilities that the task will be completed at respective times given the start time, wherein the
probability values are indexed 1 a look-up table by time values; cause an end node of the

simulation system to perform combining operations to combine the probability values output
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from the at least two intermediary nodes to obtain a plurality of combined probability values
collectively defining a combined probability curve; use the combined probability curve to
confirm that a completion time for the task will likely be met; and automatedly controlling

operations of a compuiing device to perform the task.

6011} The branches may comprise a serial branch in which a first intermediary node is
connected in series with a second intermediary node. In this case, the probability values output
from the first intermediary node and the probability values output from the second intermediary
node are combined in accordance with the following mathematic equation:

On= AdBy T AFBra +. 0+ Avad™ By + Av® B,

where On represents an Nth combined value, Ae - Ax each represents a probability value output
from the first intermediary node at a respective time unt, and By - By each represents a

probability value output from the second mtermediary node at a respective time unit,

{6012} Additionally or alternatively, the branches comprise first and second parallel branches
each comprising an intermediary node. The mtermediary node of the first paraliel branch is
connected i parallel with the mtermediary node of the second parallel branch. In this case, the
programnting nstructions further corprise mmstructions to: determine whether there 1s an overlap
between a first probability curve defined by first probability values cutput from the first
mtermediary node and a second probability curve defined by second probability values output
from the second intermediary node; select, as one of the plurality of combined probability values,
a greatest probability value from one of the first probability values associated with a first time
unit and one of the second probability values associated with the first time unit, when a
determmation is made that there 1s no overlap between the first and second probability curves;
and/or select, as one of the plurality of combined probability values, a product of one of the first
probability values associated with a first time unit and one of the second probability values
associated with the first time umit, when a determination s made that the first and second

probability curves overlap at least at the first time unit.

{8613} In some scenarios, the computing device may comprise a network node and the task
comprises a network communication o a destination node through a network. A first branch 1s
associated with a first route through the network and a second branch 15 assoctated with a
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different second route through the network. The prograrmming mstructions further comprise
mstructions to select a route from the first and second routes based on associated combined
probability curves, wherein the computing device is automatedly controlled to communicate a

message or packet to the destination node over the selected route.

0014} In those or other scenarios, the computing device comprises a robotic device which is
at least partially moveable to follow a trajectory. The first or a third branch is associated with a
first trajectory of a plurality of candidate trajectories, and the second or a fourth branch s
associated with a different second trajectory of the plurality of candidate trajectories. The
progranrming instructions further comprise instructions 1o select a trajectory from the fust and
second trajectories based on associated combined probability curves, wherein the robotic device

18 automatedly conirolled to follow the selected trajectory.
BRIFF DESCRIPTION OF THE DRAWINGS

10015} This disclosure is facilitated by reference to the following drawing figures, in which

like numerals represent like items throughout the figures.
10016} FIG. 1 provides an tllustration of a system implementing the present solution.

{6017} FIGS. 2-6 each provides an illustration of a probability curve generated in accordance

with the present solution.

{0018} FIG. 7 provides a graph showing resuits of a Monte Carol combination with

IBCCUTacies.
{8019} FIG. 8 provides a block diagram of ancther system implementing the present solution.
10026} FIG. 9 provides an illustration of a computing device.

{8021} FIG. 11 provides a block diagram of an iHustrative architecture for an autonomous

robot.

{8622} FIG. 11 provides a flow diagram of an tllustrative method for controlling operations

of a computing device.
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6023} FIG 12 provides a graph showing curves with similar averages but different

variability.
DETAILED DESCRIPTION

{8024} it will be readily understood that the solution described herein and illustrated in the
appended figures could involve a wide variety of different configurations. Thus, the following
more detailed description, as represented in the figures, 1s not intended to limit the scope of the
present disclosure, but 1s merely representative of certain implementations in various different

scenarios. While the various aspects are presented in the drawings, the drawings are not

necessarily drawn to scale unless specifically mdicated.

{0025} Reference throughout this specification to features, advantages, or sinular language
does not imply that all of the features and advantages that may be realized should be or are in
any single embodiment of the invention. Rather, language referring to the features and
advantages is understood to mean that a specific feature, advantage, or characteristic described in
connection with an embodiment is included in at least one embodiment of the present invention
Thus, discussions of the features and advantages, and similar language, throughout the

specification may, but do not necessarily, refer to the same embodiment.

0026} As noted above, Monte Carlo has the following drawbacks when used to control
systerns and solve problems: {1} a relative long amount of time to generate a workable solution;
and (2} end results are produced that are too maccurate for many applications. The present
solution addresses these ssues of Monte Carlo. The present solution can be used in real-time
systems and ones requiting or benefiting from higher accuracy than the standard Monte Carlo
systern can achieve, The present solution produces the theoretical ideal accuracy and curve
while generating the answer at least 1000’s tumes faster than standard random number methods.
This increased speed enables the use of the present solution 1n systems that would have been too

slow using the current methods.

[8627] The present solution does not implement a Monte Carlo algorithm but a faster and
more accurate algorithim to find solutions that typically can ouly be solved by Moute Carlo

methods. In this regard, the present solution tmplements interconnected nodes connected with
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some nodes in series and/or others i parallel. Fach node 1s given a probability curve which
represents a range of values (e g., positions, accuracy, measurable values or other characteristics)
and the probability of the node’s value being at each specific point within that range. These
probability curves may be standard waveforms (such as Gaussian, triangle, straight line and
others) but could also be generated by historical measurements to produce an eropirical

probability curve that reflects recent or historical behavior,

08028} Another issue with Monte Carle simulations is that any change to any of the node’s
probability curve in a complex system of nodes requires the full Monte Carlo suulation agan to
see the effect of any change to any of the nodes or connections between nodes on the final result.
This 13 not the case with the present solution. The present solution enforces an assumption that
the coroplex node has a single point of nput and output although both 1nput and output can be
composed of multiple nodes in paraliel. With the present solution, changing the probability
curve of a single node, only affects the “downstream” vodes. In other words, only series and
parallel nodes between the changed node and the cutput node are affected. This means on
average the computation required to find the sffect of a node changs is 509 less than redoing the
entire computation. In applications such as project management or time based completion
calculations, updating the final probability only needs to be done using current and future nodes
as nodes representing the past can be ignored at that point so again computations from changes

are calculated quicker.

{8929} The present solution can be used in various apphcations. Such applications can
melude, but are not imuted to, integrated master schedule (IMR) applications, project cost
applications, machine learning applications, financial market apphications, event planning
apphcations, robotic control applications, autonomous vehicle application, and/or any other
applications i which prediction of future events is needed. An IMS 1s known m the art as

generally comprising a time-based schedule for network iasks and/or events.

{0936} FIG. 1 provides an iltustration that is useful for understanding the present solotion.
The present solution comprises a system 188 that 15 generally configured to generate one or more
probability curves indicating the probabilities that a task or an event will be completed by a
specified completion time, a specified completion date, and/or within a specified amount of time.
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6031} Svstem 168 comprises a start node 102, one or more branch{es) 158-154, and an end
node 112. Branch 158 comprises two intermediary nodes 104 and 186 that are connected in
series between the start node 182 and the end node 112, Thus, branch 158 may be referred to as
a serial node branch. Branch ¥52 comprises an intermediary node 108 that 1s connected in
parallel with the intermediary nodes 184, 106 of branch 150 between the start node 102 and the
end node 112, Sumalarly, branch 154 comprises an itermediary node 118 that is connected
parallel with the intermediary nodes 104, 196 of branch 150 and 15 connected in parallel with
mtermediary node 198 of branch 152, Branches 152 and 154 may be referred 1o as parallel node
branches. The present solution s not limited to the particular node architecture shown 1o FIG. 1
Systern 188 can include any number of start nodes, senal node branches, parallel node branches,
and/or end nodes selected in accordance with a given application. For example, in some
applications, system includes only one or more serial node branches. In other applications, the

system mcludes only one or more parallel node branches.

8932} FHach node 13 configured to perform look-up table (LUT) operations using an LUT
Fach LUT 120, 122, 124, 126 comprises an array that replaces runtime computation with a
simpler array indexing operation. The runtime computation 1s defined by a probability
distribution or other mathematical function that gives the probabilities of occurrences of different
possible outcomes for a task or gvent. The probability distribution s generated using empirical
data or Gaussian or other distribution data. The empirical data can imclude, but 15 not hmited to,

historical routing data for a network and/or measurement data.

[6033] In the LUT(), probabiity values may be indexed by time or other value. An
Hhustrative graph s provided in FIG. 2 for a probability curve implemented by the LUT 120 of
mtermediary node 184, The corresponding LUT 128 may be defined by the following TABLE
1

TABLE 1

Time Probability
1 ms {corresponds 1o time unit 0} %

2 ms {corresponds to time unit 1) 3%

3 ms {corresponds to time unit 2} 10%
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4 ms {corresponds to time unit 3) 20.5%
5 ms {corresponds to time unit 4) 33%

6 ms {corresponds 1o time unit 5} 20.5%
7 ms {corresponds to time unit 6} 10%

8 ms {corresponds to time unit 7) 3%

9 ms {corresponds to time unit 8} 0%

In a network routing scenarios, the percentage at time unit 1 may represent the faster time if there
was no other demand on a network node in a given path. As the demand on the network node
mncreases, the more delay there is in task completion. The percentage represents the likelihood
that the delay will be 1 ms, 2 ms, 3 ms, etc. The delay 15 4 ms on average. The present solution

15 not himited to the particulars of this example.

{6034} An illustrative graph is provided in FIG. 3 for a probability curve implemented by the
LUT 122 of intermediary node 186, The corresponding LUT 122 may be defined by the
followmg TABLE 2.

TABLE 2
Time Probability
0 (%
i 3.5%
2 9. 7%
3 152%
4 22%
5 22%
) 15.2%
7 9 7%
8 3.5%
o 0%

[8035] Droring operation, a start node 162 provides a start value vuar to each of the branches
180, 152, 184, The start value may include, but is not imited to, a start time for a task or event.

For example, 10 an autonomous vehicle routing scenario, the start value comprises a start time of
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a trip from a start location to a destination location. Each branch is associated with a respective
vehicle trajectory of a plurality of candidate trajectories. The branches may be provided the
same start value in this case. In a task scenario, the start value may comprise a start time of a
task or a start time of a sub-tasks. Each branch is associated with a respective one of the sub-
tasks. The branches 158-154 may be provided the same start value representing the task’s start
time in some scenarios or alternatively different start values representing sub-task start times in
other scenarios. The present solution is not limited to the particulars of these examples and

SCENATIoS.

8036} With regard to branch 158, the start value v 18 recetved by intermediary node 104,
The nterroediary node 104 then performs LUT operations to obtain a probability value Ax
mndexed by the start value vawr. The probability value Ax 1s then passed to intermediary node
106, At intermediary node 106, the start value vu i used to obtain a probability value By from

LUT 122

8937} The two probability values Ax and By are then provided from the intermediary node
106 to the end node 112, The end node performs a computation to combine the two probability
values to obtain a serial branch output value Gy, This process 1s repeated for a specified number
of incremented time values. The serial branch output values can be defined by the following

mathematical equations (13-(9).

O = A" Be (1)
O = Ag*Bi + Ar*By 2)
= Ad*Ba + AYBy + A% B (3}
Os = Ad*Bs + Ad*Br + Ay* By + As* By (4)
s = A Ba+ AVBs + A% B + As™By + Ad* By (5)
Os = Ag*Bs+ At*Ba + A2*Bs + As*Ba + As* By + As™Bo ()
O6= Ag™Be + Ar™Bs + A" By + As*Bs + A Ba + As* B + As™ By (7)
Or =A™ By + Ar*Be + Ar"Bs + As* Byt Ad* By + A By + A Byt ArY By (8)
Os = Ag*Bs +~ As"By + Ar*Bs + As*Bs + A" Byt As™Ba + Ag"Ba+ Ay By + Ad*Be €

i0
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where (g represents a first output value associated with a first time unit, (s represents a second
output value associated with a second time unit, O is represents a third output value associated
with a third time unit, O3 represents a fourth output value associated with a fourth time unit, G4
represents a fifth output value associated with a fifth time unit, Os represents a sixth output value
associated with a sixth time urut, O represents a seventh output value associated with a seventh
tume umit, Oy represents an eighth output value associated with an eighth time umit, and Og
represents a ninth output value associated with a nineth time unit, Ae-As represents output values

of the intermediary node 184, and Bo-Bs represents output values of the mtermediary node 186,

0038} The above mathematical equation may be generalized by the following mathematical

equations {10}-(13).

0:} = A(s*B@ (1{-\’
O = Ad™Be + A Bs 88y
Oy = Ad*Br + ABr + A" Be (12}
Oy = Ag™Bu+ A¥Bra + ..+ Axna¥ By + ARy (13)

[8939] The output values Ae-Ag of the intermediary node 164 can be plotied to define a
probability curve. An illustrative probability curve 200 1s shown 1o FIG. 2. The output values
Bo-Bs of the mtermediary node 106 can be plotted to define a probability curve. An dlustrative

probability curve 304 is shown in FIG. 3.

[8946] The output values O9-0s can be plotted on a graph to define a combined probability
curve. An illustrative combined probability corve 488 13 shown in FIG. 4. In a network routing
scenario, the combined probability curve 488 indicates that (1) there 1s a 16% chance that
completion of the message communication will take eight units of time {e.g., 8 ms} and (1) this 18
the most likely to scenario. The curve also indicates that there 15 a lower probability of the
message communication wiil be completed 1n less umits of time (see left side of curve} (e.g., <8
ms) of more units of time {see night side of curve) {e.g., > & ms). The present solution 1s not

Himited to the particulars of this example.

0041} Operation of parallel branches 182, 154 will now be discussed. The parallel branches

may be provided the same start value or different start values, For example, in a network routing
11
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scenario, the branches 152, 154 may be provided the same start value. The intermediary node
108 of branch 152 will perform LUT operations using the start value vaar as an index to obtain
probability value{s) Cx from an LUT 124 The probability value(s) Cy can be plotted to define a
probability curve. An illustrative probability curve 508 is shown in FIG. 3. The probability
curve S00 indicates that there 15 a 33% chance that the message communication will be
completed n 4 time units {e.g., 4 ms) if a respective network path 13 used, and that this 1s the
most likely scenario. There 15 a lower probability that the message communication will take less
tume {(e.g., < 4 ms) or greater time {e.g., > 4ms}. Similarly, the intermediary node 118 of branch
154 will perform LUT operations using the start value v as an index to obtain probability
value(s) Dy from an LUT 126, The probability value{s) Dix can be plotied to define a probability
curve. An illustrative probability curve 518 1s shown in FIG. 5. The probability curve 318
mdicates that there 15 a 22% chance that the message communication will be completed in &-9
time uniis (e.g., 3-9 ms} if a respective network path is used, and that this is the most ikely
scenario. There 13 a lower probability that the message communication will be completed n less
time umits {e.g., < 8-9 ms) or greater fume units {e.g., > 8-9 ms}. The present sohution is not

fimited to the particulars of this example.

8042} In & task performance scenario, the branches may be provided different start times
associated with respective sub-tagks. For example, branch 152 13 associated with a first sub-task
that has 8 first start Hme vewes {€.g., 1 ms), while branch 184 15 associated with a second sub-task
that has a second different start time vouwez (2.8, 4 ms). The intermediary node 108 of branch
152 will perform LUT operations using the first start vaiue Yuwer as an mdex to obtam
probability value(s) O from an LUT 124 The probability value(s) Cy can be plotted to define a
probability curve. An illustrative probability curve 880 is shown in FIG. S The probability
curve 500 indicates that there is a 33% chance that the first sub-task will be completed in 4 time
units (e.g., 4 ms), and that this 13 the most likely scenario. There is a lower probability that the
first sub-task will be completed in less time {e.g., <4 ms) or greater ime {e.g., > 4ms).

Similarly, the intermediary node 118 of branch 154 will perform LUT operations using the
second different start value vowez a8 an index to obtain probability valuel(s) Dy from an LUT 126,
The probability value(s) B can be plotted to define a probability curve. An illustrative
probability curve 1€ 1s shown in FIG. 5. The probability curve 8§16 indicates that there 1s a 22%

iz
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chance that the second sub-task will be completed in 8-9 time units {e.g., 8-9 ms), and that this is
the most likely scenario. There is a lower probability that the second sub-task will be completed

in less time units (e g, < 8-9 ms) or greater time units {e.g., > 89 ms).

(8043} The probability value(s) Cx and Dy are combined at end node 112 to produce
combined output values Ox. This combining operation can be defined by the following
mathematical equations. 1t should be noted that in this case, the combining staris with the values
associated with the fourth time unit since that is the time unit that the probability value starts to
merease from zero percent. Consequently, the values of §4-Qy are set to zero. Since the last
value Cy of curve 808 ends at the eighth time unit, the output values Bo- B for curve 518 are

simply multiplied by one,

0s=Cy*Dy (10)
Os = Cs*Ds (1)
O = Cs*Ds (12)
O = O Dy {(13)
Oy = Cy* Dy (14)
Qo = 1¥Dy {15)
Oro = 1¥ D (16}
O = 1By a7
Oz = 1Dy (18}
O = 1¥Dys (19)

The curve 680 indicates that there 18 a 20% probability that the task will be completed in 8-9
time units, and that this is the most likely outcome. Curve 608 also indicates that there is a lower
probability that the task will be completed in less time units {e.g., < 8-9 ms) or more time units
{e.g., > 8-9 ms). This information can then be used by a computing system to determine whether
the task can be performed by a particular time/day, to select a particular time/day to perform the
task such that it will be completed on time, and/or to determine not to perform or replace a

particolar sub-task. The present solution is not limited to the particulars of this example.
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6044} As evident from the above discussion, system 108 can be used in various
applications. Such applications include task/event scheduling applications, network routing

applications and/or vehicle routing applications.

[8045] In a network routing application, the branches 156, 152, 154 may be associated with
different paths or routes through the network from a source device {e.g., a mobile phone)ioa
destination device (e.g., another mobtile phone). For example, serial branch 156 ts associated
with a first path or route through the network. Parallel branch 152 is associated with a different
second path or route through the network, and parallel branch 154 15 associated with a different
third path or route through the network.  The start value v comprises a start tume for a
message communication from the source device {e.g., a mobile phone) to the destination device
{e.g., another mobile phone). Systemn 108 is used by the source device to determine or identify a
best route/path through the network to the destination device. The best route or path can be
selected based on the output values of the end node 112 indicating completion times of the
message communication or other tasks. The best route or path can be selected as the one
associated with the output value having the smallest value. Communications components of the
source device are then automatically, automaiedly and/or autonomously controlled to send the
message over the best route or path of the network. The use of systern 188 by the sowrce node
has many advantages. For example, the present solution provides a relatively faster way to
identify best paths/routes to minumize traffic delays 1 a network and/or to optimize network

traffic dermands on network nodes. A vehicle routing application may be similar to this example.

[6046] An dlustrative probability curve 380 generated using a Monie Carlo combination
technigue is shown 10 FIG. 5. As can be seen in FIG. 3, the probability corve 1 not smooth
resulting from errors in the probability values. This is undesirable in applications where therg
are a relatively large number of intermediary nodes 1n serial branches and/or parallel branches

since the errors provide inaccurate results. This 13 not the case in the present solution.

0047} As evident from the above discussion, the present solution computes each series
connection as being a result of the two connected nodes 184, 106 only. Each parallel connection
computes all the parallel nodes 106, 108 by combining two connected nodes with each binary

parallef result then computed with the next paraliel node until all the parallel nodes are accounted
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for. This method of doing each connection solution as a series of binary computations enables
parallel computation methods to further speed up the computation of a complex system using

parallel processing.

8048} There are many different boundary conditions that can be used with the present
solution. The boundary conditions can include, but are not limited to, the following: (1} each
network has a single starting node and a single ending node; (2} each probability or mtermediary
node has a single input and a single output; (3} each probability curve 1s normalized so the total
area has a value of one hundred percent (note: each result of combiming probability curves is
renormalized to one hundred percent before use by the next combination); (4) vo series of node
connections can create a circular path or reference; (5) parallel node combimation for time-based
solutions may require absolute starting time so probability calculations can compensate for
different starting times and length of times; {6} value-based solutions (such as financial
instruments like stocks, options, futures, currencies and sports events scores) are often done as

predictions using multiple time windows m series to come up with a future probability curve.

[8049] The determunistic method of combining probability curves starts with the horizontal
axis which usually represents time or value, The vertical axis represents percentage out of one
hundred percent. The granularity of the horizontal axis 15 chosen to provide the necessary
resolution and accuracy for the application and takes into account that the finer the granulanty
the slower the speed and the higher the memory usage. Note that the output width (fime units n
this case) 18 always the sum of at least two serial input probability widths. In order to compute
an output time of the eighth time umt (e.g., & ms}, the probability of all of the time slots from
mtermediary nodes 184, 106 are added. This computation can be defined by the above

mathematical equation {9}

{0956] As many serial combinations are made, the width of the output will continue to
merease with the percentages m the first and last columns becomung msignificant to the
probabilities in the middle. These outliers can be totaled and compressed into a single first and
fast column to keep the width of the output within reasonable and useful lengths for memory

storage and computation speed.
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10051} Parallel combinations are performed in pairs. If there are more than two curves in
parallel, then the first two curves are combined and the result is then combined with the next
curve until all curves have been combined and there is a single result. For example, the
probability curves of intermediary nodes 188 and 110 are combined to form a first combined
curve. The first combined curve may then be commbined with a probability curve of intermediary
node 168, and so on. There are several different situations involving parallel combinations
depending upon their widths, relative starting position and overlaps of the two probability
curves. The following outhines overlap situations.

1. I there 15 no overlap between paralle} probabilities, then only the latest in time or the
largest n value 5 used. (For example, with reference to FIG. §, probability curve 518 does not
overlap probability curve 58€ at tune unit 9-13. So, probability values Do — D3 are used as
probability values at time units 9-13 of the combined probability curve 668}

2. When one probability curve is completely overlapped by the other probability curve, the
non-overlap portion at the beginning 1 not used and the ending 15 used unchanged while the
middie overlap portion combines the two probabilities. (For example, probability curve 880 13
completely overlapped by probability curve 518, So, probability values Co-Cy are combined
with probability valoes De-Ds since curves 808, 5190 overlap at time units §-8. Probability values
Be-B3y3 are used unchanged to produce the combined probability curve 688.)

3. If one probability curve 1s partially overlapped by the other probability curve, then the
non-overiap portion at the beginning is not used and the ending is used unchanged while the
middie gverlap portion combines the two probabilities. (For example, probability curve 810 15
completely overlapped by probability curve 588, So, probability values By-Di¢ are combined
with probability values Co-Cs since curves 518, 508 overlap at time units #-8. Probability values

Be-By3 are used unchanged to produce the combined probability curve 668}

{80521 The total width of the parailel combination is the length of the latest one if no overlap
or the length starting at the overlap until the end of the non-overlap ending. After combining
each pair of probability values, the result may be normalized so the total area sums to one
hundred percent. Any known or (¢ be known technique can be used to normalize the probability
values. Graphs illustrating the combination of two offset parallel probability curves is provided
mn FIGS. 5-6.
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[6053] Implementing System(s)

[6054] FI1G. 8 provides an illustration of a system 380 implementing the present solution.
System 86§ 1s generally configured to control client computing device(s) 842 and/or robotic
device(s} 828 based on results of the simulation systemis) 818, Simulation system{s) 810 can be
the same as or substantially similar to system 109 described above in relation to FIG. 1. Thus,

the above discussion of system 189 s sufficient for understanding simulation system(s) 816,

[0055] The simulation system(s} 819 can be implemented on the client computing device(s)
802, the robotic device(s) 820 and/or server(s) 884, The client computing device(s) 802 can
melude, but 1s(are) not linuted to, personal computer(s), deskiop computer(s}, laptop
computer(s), tablet(s}, mobile phone(s), cellular phone(s), personal digital assistani(s), smart
televiston(s}, and/or any other network node. The robotic device(s) 828 can include, but 1s{are)
not hmited to, avtonomous vehicle(s), semi-autonomous vehicle(s), human robot(s), robotic

arumal{s), and/or articulating arm(s).

[6036] The simulation system{s) 818 can use data 816 stored in a datastore 806 to simulate
tasks and/or events and output probability curves indicating the probability that the tasks/evenis
will be completed 10 a certain amount of time and/or by a certamn completion day and/or time.
The data 816 can include, but is not limited to, start value(s) and LUT(s). The start value(s) can
mclude, but 1s{are) not imuted 10, Vawrr of FIG. 1. The LUT(s) can include, but 13{are) not limuted
to, LUT(s) 126, 122, 124, 126 of FIG. 1. The data can additionally or alterpatively be stored
iocally on the device(s) 802, 804, 828 The devices 862, 304, 828 can communicate with each
other via a network 822, Network 822 can include, but is not limited to, the Internet and/or an

intranet.

(8057} In network routing applications, operations of network node(s) 802, 864, 826 could
be autonomously controlled by: (1) optionally obtaining a roachine learning model generated by
training 2 machine learning algorithm to simulate operations of the network and/or network
node(s} for generating one or more candidate task schedules; (2) optionally generate one or more
candidate task schedules for the network and/or network node(s} using the machine learning
model; (3) obtaiming a start time for each candidate task schedule; (4) provide the start time and

the candidate task scheduole to a simulation system 818; and (5) perform operations by the
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simulation system 81§ to configure serial branches (e.g., serial branch 150 of FIG. 1) and/or
parallel branches {e.¢., parallel branches 152, 184, and/or 156 of F1G. 1), For example, a first
branch can be configured such that it will output probability values that are useful for
determining whether a first sub-task of the task schedule will be completed in a certain amount
of time, and a second branch can be configured such that it will output probability values that are
useful for deterrmining whether a second sub-task of the task schedule will be completed ina
certain amount of time, and so on. This branch configuration can also mvolve identifying
LUT(s) from a plurality of LUT(s) that should be used by tntermediary nodes of the branches.
Once the branches and thew intermediary nodes are configured, the simulation system 818 uses
the start time and LUT(s} to generate a probability curve for each sub-task. The probability
curves for the sub-tasks can then be combined to produce a combined curve (i) indicating
probabilities that the task will be completed in certain amounts of time and (1) indicating a most
fkely scenario (1.e., it is most hikely that the task will be completed in a certam amount of time
and/or by a certain date). The simulation systeny 818 will then use the combined curve(s) (1) to
confirm that the task can be completed 1 a certain amount of time and/or by a certain
completion date, (11} to select a best one of the candidate task schedules to be implemented by the
network and/or network node, and/or (i1) determine whether a particular sub-task should not be
performed and/or replaced with another sub-task so that the completion date will be met. Inthe
event that the sub-task should be replaced, the simulation system operations can be repeated to
obtain new probably curves for selected a final candidate task schedule. The simulation system
810 will communicate the results of decision (i), (11} and/or {111} to control system(s) 812, §14,
and/or 824 for causing operations of the network node(s) 802, 884 and/or 828 to be automatedly,
automatically and/or autonomously controlled so that the task 1s performed and completed in

accordance with the best candidate task schedule or the final candidate task schedule.

{6058} In a semi-autonomous or autonomous robotic device application, operations of the
robotic device 828 could be autonomously controlled by (1) optionally obtaining a machine
iearning model generated by tramning 3 machine learning algorithm to predict traffic patterns for
path segments based on time of day, time of year, geographic location, local events, local
consiruction, accident reports, weather patterns, etc.; {2} generating one or more candidate

trajectories for the robotic device in accordance with known technique(s) and/or based on the
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predicted traffic patierns for path segments; (3) obtaining a start time for the trip or movement;
{4) providing the start time and the candidate trajectories to a simulation system 818; and (5}
perform operations by the simulation system 818 to configure serial branches (e g., serial branch
150 of F1G. 1) and/or parallel branches (e.g, paraliel branches 1582, 184, and/or 186 of FIG. 1}
based on the candidate trajectory information. For example, a first branch can be configured
such that 1t will cutput probability values that are useful for determining whether the robotic
device or a portion of the robotic device {e.g., an articulating arm) will reach its destination in a
certain amount of time if it follows a first candidate trajectory, and a second branch can be
configured such that it will output probability values that are useful for determiming whether the
robotic device or a portion of the robotic device {e.g., an articulating arm) will reach its
destination in a certain amount of time if 1t follows a different second candidate trajectory, and
so on. The branch configuration can also involve wdentifying LUT{s} from a phurality of LUT{(s}
that should be used by intermediary nodes of the branches. Once the branches and their
mtermediary nodes are configured, the simulation system 810 uses the start time and LUT(s) to
generate a probability curve for each candidate trajectory. Each probability curve may (1)
mdicate probabilifies that the respective trip will be completed by the autonomous vehicle in
certain amounts of time and (2} indicate a most likely scenario (1.e., it is most hikely that the
respective trip will be completed in a certain amount of ime}. The simulation system 816 will
then use the probability curves {1} to confirm that the trip can be completed by the autonomous
vehicle in a certain amount of time (e.g., 10 minutes) and/or {11} to select a best one of the
candidate trajectories to be foliowed by the autonomous vehicle. The simulation system 810 will
communicate the results of decision (3) and/or (i1} to the control system 834 for causing
operations of the robotic device 828 to be automatedly, automatically and/or autonomously
controlled so that the best candidate trajectory is followed by the robotic device or the portion of

the robotic device. Any known technique can be used to control movement of the robotic device.

0059} In view of the foregoing, the simulation system{s) 810 implement(s} methods for
precisely and quickly solving complex network routing problems by using probability
distributions and creating a final probability distribution answer that gives results for a best path
solution and the variations by percentage without the need for random number solutions such as
Monte Carlo. The present solution solves I'T and other network best routing for combination of
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serial and parallel paths with a final probability curve and path. The present solution may also be
used as: a vehicle traffic routing solution for best times or best certainty with probability curves
and showing percentage confidence for various paths; a project management solution for best
times or best certainty with probability curves and showing percentage confidence for various
project combinations; a solution for financial, stocks and options valuations and certainty
percentages for those computations; and/or a solution for control, routing and financial systems
that roaxumizes confidence certainty over best numerical answer. In some scenarios, parallel
computation{s) 1s{are) used for faster results. The granularity or resolution representing the

probability may be modified to maximize required speed and/or required accuracy.

[8966] Referring now to FIG. 9, there ts shown a hardware block diagram comprising an
example computing device 980 that can be used for implementing the present solution. System
189 of FIG. 1, client computing device(s) 802 of FIG. §, robotic device(s) 828 of FIG. 8, and/or
server(s) 804 of FIG. 8 may be the same as or similar to computing device 988, As such, the
discussion of computing device 908 is sufficient for understanding systems and devices 108,

802, 804, 820 of FIGS. 1 and 4.

0061} Computing device 980 may include more or less components than those shown in
FIG. 9. However, the compouvents shown are sutficient to disclose an iltustrative solution
implementing the present solution. The hardware architecture of FIG. 9 represents one
mplementation of 8 representative computing device configured to enable austomatic and/or
automated tunnel creation and termination, as described herein. As such, the computing device

908 of FIG. 9 implements at least a portion of the method{s) described herem.

{0962} Some or all the components of the computing device 868 can be implemented as
hardware, software and/or a combination of hardware and software. The hardware includes, but
1s not limitted to, one or more electronic circutts. The electronic circuits can inchude, but are not
hmited to, passive components {(e.g., resistors and capacitors) and/or active components {e.g.,
amplifiers and/or microprocessors). The passive and/or active components can be adapied to,
arranged to and/or programmed fo perform one or more of the methodologies, procedures, or

functions described herein.
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6063} As shown in FIG. 9, the computing device 980 comprises a user interface 902, a
central processing unit ({CPU) {or processor) 986, a system bus 918, a memory 912 connected to
and accessible by other portions of computing device 908 through system bus 919, and hardware
entiites 914 connected to system bus 918, The user interface can include input devices and
output devices, which facilitate user-software interactions for controlling operations of the
computing device 9. The mnput devices include, but are not limuted to, a physical and/or touch
keyboard 930 The mput devices can be conuected to the computing device 908 via a wired or
wireless connection {e.g., a Bluetooth® connection}. The output devices nclude, but are not

limited to, a speaker 882, a display 954, and/or hight enutting diodes 936,

9964} At least some of the hardware entities 914 perforro actions jovolving access to and
use of memory 912, which can be a random access memory (RAM), a disk driver and/or a
compact disc read only memory {CD-ROM). Hardware entities 914 can include a disk doive unut
916 comprising a computer-readable storage medium 918 on which is stored one or more sets of
mstructions 928 {e.g , software code) configured to implement one or more of the
methodologies, procedures, or functions described herein. The mstructions 926 can also reside,
completely or at least partially, within the memory 812 and/or within the CPU 886 during
execution thereof by the computing device 908, The memory 212 and the CPU 206 also can
constitute machine-readable media. The term "machine-readable media”, as used here, refers io
a single medium or multiple media (e.g., 3 centralized or distributed database, and/or associated
caches and servers) that store the one or more sets of instractions 928, The term "machine-
readable media”, as used here, also refers 10 any medium that 1s capable of sioring, encoding or
carrying a set of instructions 928 for execution by the computing device 900 and that cause the
computing device 900 to perform any one or more of the methodologies of the present

disclosure.

[8065] FIG. 10 provides an llustration of an illustrative system architecture 16680 for a
robotic device. Robotic device(s) 828 of FIG. 8 can have the same or similar system architecture
as that shown in FIG. 10. Thus, the following discussion of system architecture 1666 is
sufficient for understanding robotic device(s) 2€ of F1G. & Robotic device is described as

comprises an auionomous vehicle. cars, trucks, vans, trains, autonomous vehicles, aircraft, aerial
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drones and the like. The present solution is not limited in this regard. The robotic device can
additionally or alternatively comprise an articulating arm and/or other movable component

capable of following a trajectory.

{8066} As shown in FIG. 10, the system architecture 1080 comprises a vehicle on-board
computing device 1020 connected to a communication device 1826, The communication device
1926 15 configured to facilitate wired and/or wireless communications with external devices
{e.g., client computing device(s) 802 and/or server(s) 804 of FI(GG. 8). In this regard, the
communication device 1026 mcludes a transceiver and an astenna. Transceivers and antennas
are well known inthe art. Any known or to be known transcerver and antenna can be used

herein. For example, a radio transceiver and a radio antenna can be used here,

18067} The communication device 1026 aliows for telemetry of vehicle related information
and/or other iformation. The robotic device 1088 includes an engine 202 and a plurality of
sensors 1084 measuring various parameters of the engine 1882, Sull, 1t should be noted that the
sensors 1084, in some examples, comprise an exhaust gas sensor, an engine knock sensor, an o
pressure sensor, an engine ternperature sensor, a battery voltage sensor, an alternator current
sensor, an engine RPM sensor, and a throttle position sensor. Other sensors 1438, 1040, 1048,
1058 are also provided in the robotic device 1880, These sensors include a speed sensor 1038,
an odometer sensor 1048, a location sensor 1048 (e ¢, a GPS device), and camera(s} 1058, Each

of the listed sensors 1s well known in the art.

[08068] During operations, measurement mformation is communicated from the sensors 1004,
1038, 1040, 1048, and/or 1058 to the vehicle on-board computing device 1028, The vehicle on-
board computing device 1020 forwards the measurement data to a remote computing device
{e.g., server(s) 884 of FI(G. 8) via communications device 1826 and/or locally analyzes the
measurement data from the sensors for purposes of detecting road conditions, detecting
environmental conditions, detecting objects in proximity to the robotic device, and/or detecting
obstructions 1 a path of the robotic device. A plurality of candidate trajectories for the robotic
device can be generated using the listed mformation and/or other information 1n accordance with
known technigues. The candidate trajectories are evaluated by simulation system 1044 to
determine, verify and/or validate that the robotic device can reach 15 destination when following
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the same within a given amount of time. The simulation system 1044 implements the present

solution as described above. The simulation system 818 of FIG. 8 can be the same as or similar
to simulation system 1844, The results of the simulation system 1044 are then stored in a local
memaory of the vehicle on-board computing device 1828 for later use in the autonomous control
of the robotic device 1888, For example, the vehicle on-board computing device 1828 controls
braking via a brake controller 1032, a vehicle speed via cruise controller 1628, and/or a vehicle

direction via steering controlier 1634 10 accordance with known techuiques.

[8969] The operating systern 1022 1s configured to support the vehicle on-board computing
device’s basic functions, such as scheduling tasks and executing applications. The sinulation
systern 18044 comprises a coruputer program that tmplements all or a portion of the methods
described herein for (1) determining, vernifying and/or validating candidate trajectories, (1)
selecting one of the candidate trajectories based on results of (1}, and (111} controliing an
autonomous device to follow the selected candidate trajectory. The operations of the simulation
systern 1844 may be the same as or sumilar to systern 188 of FIG. 1 and/or the simulation system

810 of FIG. & The clock 1842 15 an electrical device for measuring time.

0976} Vehicle history information is logged 1n a memory (not shown in FIG. 10) of the
vehicle on-board computing device 1428, or an external datastore (e.g., datastore 806 of FIG. 8).
The vehicle hustory information includes historical data related to the vehicle, and can be used to
determine whether or not the vehicle reached its destination and/or encountered obstructions
when following the trajectory. A onique identifier is provided for the vehicle. The vehicle
history mformation is stored 80 as (o be associated with the unique vehicle identifier. The unique

vehicle identifier can include numbers, letters, symbols or a combination of the same.

{6071} Referring now to FIG. 11, there 18 provided a flow diagram of an illustrative method
1196 for controlling operations of a computing device {e.g., client computing device 842 of FIG.
&, server 804 of FIG. B, rgbotic device 828 of FIG. 8, and/or robotic device 1000 of FIG. 10}
Method 1186 begins with 1182 and continues to 1184 where a simulation system (e.g., system
180 of FIG. 1, simulation system 818 of FIG. 8, and/or simulation system 1044 of FIG. 10}
obtains a start value {e.g., start value veer of FIG. 1). The start value can include, but is not

fimited to, a start time for a task. The task can include, but is not limited to, a message or packet
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communication to a destination node n a network, and/or following a trajectory stating from a
start location and ending at a destination location. Next in 1106, the start value is provided from
a single start node {e g., start node 182 of FIG. 1) of the simulation system to at least two
mtermediary nodes {e.g., intermediary node 104, 106, 188, 110, and/or 160 of FIG. 1) of one or
more branches {e.g., branches 158, 152, 154 and/or 156 of FIG. 1). Each mtermediary node
performs look-up table or algorithm operations n 1108 to obtam probability values. The
probability values may mdicate probabilities that the task will be completed at respective times

given the start tume. The probability values may be indexed in a look-up table by time values.

[8872] Tn 1116, an end node {e.g., end node 112 of FIG 1) of the simulation system
performs combining operations to combine the probability values output from the wtermediary
nodes to obtain a plurality of combined probability values defining combined probability
curve(s). The combined probability curve(s) 1s{are) used in 1112 to confirm that a completion
time for the task will likely be met. Next in 1114, the computing device is automatedly
controlled to perform the task once u 18 confirmed that its completion time will be met. it s
not confirmed that the completion time for the task will ikely not be met with a3 certain degree of
confidence or level of probability, then the tasks can be modified {e.g., by removing or replacing
a sub-tasks} and re-analyzed. Alternatively, a next task can be obtained and analyzed to confirm
whether it can likely be completed by 1ts completion time. Subsequently, method ends or other
operations are performed 1n block 1116, The other operations can melude, but are not hmited to,

returning to 1102 and repeating operations of blocks 1104-1114.

[6073] In some scenarios, the branch comprises a serial branch {e g, seral branch 186 of
FIG. 1) in which a first intermediary node {e.g., intermediary node 184 of FIG. 1) 1s connected i
series with a second intermediary node (e.g., ntermediary node 106 of FIG. 1), The probability
values output from the first intermediary node and the probability valaes output from the second
mtermediary node are combined in block 1818 i accordance with the following mathematic
equation:

Oy = Ap*Br + Ar*Bra +. .+ At By + Ax* By,
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where Oy represents an Nth combined value, Ag - An each represents a probability value output
from the first intermediary node at a respective time unit, and Be - By each represents a

probability value sutput from the second intermediary node at a respective time unit.

{8974} In those or other scenarios, the branches comprise first and second parallel branches
{e.g, paraliel branches 132 and 134 of F1G. 1). Each of the parallel branches comprises an
mtermediary node {e.g., intermediary node 188 or 110 of FIG. 1), The mdermediary node of the
first parallel branch (e.g., intermediary node 188 of FIG. 1) is connected in paraliel with the
mtermediary node of the second parallel branch (e.g., intermediary node 118 of FIG. 1), The
combining operations of 1118 can comprise: determinung whether there is an overlap between a
first probability curve defined by first probability values output from the first interroediary node
and a second probability curve defined by second probability values output from the second
mtermediary node; selecting, as one of the plurahity of combined probability values, a greatest
probability value from one of the first probability values associated with a first time unit and one
of the second probability values associated with the first time untt, when a determination is made
that there is no overlap between the first and second probability curves; and/or selecting, as one
of the plurality of combined probability values, a product of one of the first probabifity values
associated with a first time unit and one of the second probability values associated with the first
time unit, when a determmation 1s made that the first and second probability curves overlap at

least at the first fime ynit.

{8975} In those of other scenarios, the computing device comprises a network node {e.g,
client computing device 802 of FIG. 8) and the task comprises a network communication to a
destination node {e.g., another client computing device 882 of FIG. 3} through a network (e g,
network 822 of FIG. 83 A first branch is associated with a first route through the network and a
second branch 1s associated with a different second route through the network. Block 1114 can
mvolve: selecting a route from the first and second routes based on associated combmed
probability curves; and auvtomatedly controlling the network mode o communicate a message or

packet to the destination node over the selected route.

8976} In those or other scenarios, the computing device comprises a robotic device {(e.g.,
robotic device 828 of FIG. 8) which 15 at least partially moveable to follow a trajectory. A first
5



WO 2025/136367 PCT/US2023/084855

branch is associated with a first trajectory of a plurality of candidate trajectories, and a second
branch is associated with a different second trajectory of the plurality of candidate trajectories.
The candidate trajectories can be obtained in accordance with known or to be known techniques.
Block 1114 can mnvolve: selecting a trajectory from the first and second trajectories based on
associated combined probabifity curves; and automatedly controlling the robotic device to follow

the selected trajectory n accordance with known or to be known technigues.

8877} One of the features of this method is that complex and interconnected networks can
be integrated by just including the output probability curves somewhere in a master network or
connected network. This method aliows the quick and easy combining of networks that may be
mdependently updated or calculated. This enables the use of master schedules for scheduling

and master network routing with combined networks,

[8978] Auvother feature of this method 1s the ability to make decisions hased upon 2D
nformation instead of 1D data. An example 15 in FIG. 11 which shows two network path
probabilities with vastly different widths of curves but with the commonly used average being
almost the same. The wider curve shows a shightly faster average time of 9.0 vs 9.03 for the
narrow curve so with that being the only measurement, the wider curve path 1s chosen.
However, the wide probability curve indicates that there is a large vanability in the completion
time which could cause synchromzation of deliveries problems, staffing issues or other
undesirable outcomes. The shightly slower average carve shows very little varability so there s
a great deal more certainty around the completion time so synchronizing completion and start
efforts will be much more effective and have a much higher certainty with the corresponding

benefits. Without this additional 2D mformation, non-optimal soluations may be chosen.

{8079} The described features, advantages and characteristics disclosed herein may be
combined in any suitable manner. One skilled in the relevant art will recognize, i light of the
description herein, that the disclosed systems and/or methods can be practiced without ong or
more of the specific features. In other instances, additional features and advantages may be

recognized in certain scenarios that may not be present in all instances.
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6080} As used in this document, the singular form “a”, “an”, and “the” include plural
references unless the context clearly dictates otherwise. Unless defined otherwise, all technical
and scientific terms used herein have the same meanings as commonly understood by one of
ordinary skill in the art. As used in this document, the term “comprising” means “including, but

not limied to”,

{0081} Although the systems and methods have been tllustrated and described with respect to
one or more implementations, equivalent alterations and modifications will occur to others
skilled i the art upon the reading and understanding of this specification and the anvnexed
drawings. In addition, while a particular feature may have been disclosed with respect 1o only
one of several implementations, such feature ray be corabined with one or more other features
of the other implementations as may be desired and advantageous for any given or particular
application. Thus, the breadth and scope of the disclosure herein should not be limited by any of
the above descriptions. Rather, the scope of the invention should be defined i accordance with

the following claims and their equivalents.

]
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CLAIMS
We claim:

1. A method for controlling operations of a computing device, comprising;

obtaining, by a simulation system, a start time for a task;

providing the start tume from a single start node of the simulation system to at least two
mtermediary nodes of one or more branches;

performing, by each of the intermediary nodes, look-up table operations to obtain
probability values indicating probabilities that the task will be completed at respective tumes
given the start time, wherein the probability values are indexed in a look-up table by time values;

performing combining operations by a single end node of the simulation system to

combine the probability values output from the at least two intermediary nodes to obtain a
plurality of combined probability values collectively defining a combined probability curve;

using the combined probability curve to confirm that a completion time for the task will
fikely be met; and

automatedly controlling operations of the computing device to perform the task based on

the using.

~

2. The method according to claim 1, wherein the one or more branches comprise a serial
branch 10 which a first intermediary node of the at least two mtermediary nodes 1s connected n

series with a second intermediary node of the at least two mtermediary nodes.

3

3. The rethod according to claim 2, wherein the probability values output from the first
mtermediary node and the probability values output from the second intermediary node are
combined in accordance with the following mathematic equation:

Ox= Ag*Bu + AP Bra + ..+ A ™ By + AV B,

where Ox represents an Nth combined value, As - Ax each represents a probability value output
from the first intermediary node at a respective time unit, and Be - By each represents a

probability value output from the second mtermediary node at a respective time unit,
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4, The method according to claim 1, wherein the one or more branches comprise first and
second parallel branches each comprising an intermediary node of the at least two intermediary
nodes, the intermediary node of the first parallel branch being connected in parallel with the

mtermediary node of the second parallel branch

S, The method according to claim 4, wherein the combining operations comprise
determining whether there 15 an overlap between a first probability curve defined by first
probability values output from the first intermediary node and a second probability curve defined

by second probability values output from the second ntermediary node.

6. The method according to claim S, wherein the combining operations further comprise
selecting, as one of the plurality of combined probability values, a greatest probability value
from one of the first probability values associated with a first time unit and one of the second
probability values assoctated with the first time untt, when a determination is made that there is

no overlap between the first and second probability curves.

7. The method according to claim 5, wherein the combining operations further comprise
selecting, as one of the plurality of combined probability values, a product of one of the first
probability values associated with a first time unit and one of the second probability values
associated with the first time umt, when a determination 15 made that the first and second

probability curves overlap at least at the first time unit,

8. The method according to claim 1, wherein the computing device comprises a network

node and the task comprises a network communication to a destination node through a network.

9. The method according to claim 8, wherein a first branch of the one or more branches 1s
associated with a first route through the network and a second branch of the one or more

branches is associated with a different second route through the network.

10. The method according to claim 9, further comprising selecting a route from the first and
second routes based on associated combined probability curves, wherein the computing device is
automatedly conirolled to communicate a message or packet to the destination node over the
selected route,
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11 The method according to claim 1, wherein the computing device comprises a robotic

device which is at least partially moveable to follow a trajectory.

12. The method according to claim 11, wherein a first branch of the one or more branches 15
associated with a first trajectory of a plurality of candidate trajectories and a second branch of the
one or more branches is associated with a different second trajectory of the plurality of candidate

trajectories.

13. The method according to claim 12, further comprising selecting a trajectory from the first
and second trajectories based on associated combined probability curves, wherein the robotic

device is automatedly controlled to follow the selected trajectory.

14. A system, comprising;

a Processor;

a non-transtiory computer-readable storage medium comprising programming
mstructions that are configured to cause the processor to implement a method for controlling
operations of a computing device, wherein the programming instructions comprise instructions
to

provide a start time for a task fo at least two intermediary nodes of one or more
branches of a simulation system;

cause each of the mtermediary nodes to perform look-up table operations to
obtain probability values mdicating probabifities that the task will be completed at

respective times given the statt time, wherein the probability values are indexed in a

look-up table by time values;

cause an end node of the simulation syster to perform combining operations 1o
combine the probability values output from the at least two intermediary nodes to obtain

a plurality of combined probability values collectively defining a combined probability

curve,

use the combined probability curve to confirm that a completion time for the tagk
will likely be met; and

automatedly controlling operations of a computing device to perform the task.

[
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15, The system according to claim 14, wherein the one or more branches comprise a serial
branch in which a first intermediary node of the at least two intermediary nodes 1s connected in

series with a second intermediary node of the at least two intermediary nodes.

16. The system according to claim 15, wherein the probability values output from the first
intermediary node and the probability values output from the second intermediary node are
combined in accordance with the following mathematic equation:

On= AdBry+ AFBNrs +. .+ Ava¥ By + Av¥B,,

where Ox represents an Nth combined value, Ae - An each represents a probability value output
from the first intermediary node at a respective time unit, and Be - By each represents a

probability value output from the second mtermediary node at a respective time unit,

17. The system according to claim 14, wherein the one or more branches comprise first and
second paraliel branches each comprising an intermediary node of the at least two intermediary
nodes, the intermediary node of the first parallel branch being connected in parallel with the

mtermediary node of the second parallel branch.

18. The system according to claim 14, wherein the programming instructions further
comprise instructions to determine whether there is an overlap between a first probability curve
defined by first probability values output from the first intermediary node and a second
probability curve defined by second probability values output from the second intermediary

node.

19, The system according to claim 18, wherein the programming instructions further
comprise mstructions to select, as one of the plurality of combmmed probability values, a greatest
probability value from one of the first probability values associated with a first time unit and one
of the second probability values associated with the first time unit, when a deternmunation s made

that there 13 no overlap between the first and second probability curves.

20. The system according to claim 18, wheren the programmung instructions further
comprise mstructions to select, as one of the plurality of combined probability values, a product

of one of the first probability values associated with a first tioe urut and one of the second

(9]
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probability values associated with the first time unit, when a determination s made that the first

and second probability curves overlap at least at the first time unit.

21 The system according to claim 14, wherein the computing device comprises a network

node and the task comprises a network communication to a destination node through a network.

22, The system according to claim 21, wherein a first branch of the one or more branches is
associated with a first route through the network and a second branch of the one or more

branches is associated with a different second route through the network.

23 The system according to claim 22, the programming nstructions further comprise
mstructions to select a route from the first and second routes based on associated combined
probability curves, wherein the computing device is automatedly controlled to communicate a

message or packet to the destination node over the selected route.

24, The system according to claim 14, wherem the computing device comprises a robotic

device which 13 at least partially moveable to follow a trajectory.

25. The system according to claim 24, wherein a first branch of the one or more branches is
associated with a first trajectory of a plurality of candidate trajectories and a second branch of the
one or more branches is associated with a different second trajectory of the plurality of candidate

trajectories.

26. The system according to claim 235, the programming nstructions further comprise
instructions to select a trajectory from the first and second trajectories based on associated
combined probability curves, wherein the robotic device is automatedly controlied to follow the

selected trajeciory.
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