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A method for calculating a series of frames of video data,
comprising grouping a plurality of architectural data ele-
ments nto a plurality of threads using a processor. Calcu-
lating a frame part of animation data for each of the threads.
Determining a calculation time for each of the threads.
Moditying the grouping of the plurality of architectural data
clements as a function of the calculation time for each of the

threads.
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METHOD TO DISTRIBUTE THE DRAWING
CALCULATION OF ARCHITECTURAL DATA
ELEMENTS BETWEEN MULTIPLE
THREADS

RELATED APPLICATIONS

[0001] The present application claims benefit of and pri-
ority to U.S. Provisional Patent Application No. 62/655,663,
filed Apr. 10, 2018, which 1s hereby incorporated by refer-
ence for all purposes as 1f set forth herein 1n its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to systems
and methods for architectural calculation, and more specifi-
cally to systems and methods to distribute the drawing

calculation of architectural data elements between multiple
threads.

BACKGROUND OF THE INVENTION

[0003] Displaying complex architectural drawings such as
large tfloor-plans, sections with full detail, and other complex
visual data on a computer monitor 1s a computing-heavy
task. In architectural design software, such drawings must be
redrawn by the computer countless number of times to allow
the user to zoom i1n and out or pan to display the most
relevant crop of the drawing (called navigation).

SUMMARY OF THE INVENTION

[0004] A method for calculating a series of frames of
video data 1s disclosed that includes grouping a plurality of
architectural data elements 1nto a plurality of thread groups
using a processor. A frame part (each thread does not
calculate an entire frame but part of a frame) of animation
data 1s calculated for each thread (the algorithm uses one
thread per core), and a calculation time 1s determined for
cach thread. The grouping of the plurality of architectural
data elements 1s modified as a function of the calculation
time for each thread.

[0005] Other systems, methods, features, and advantages
of the present disclosure will be or become apparent to one
with skill 1n the art upon examination of the following
drawings and detailed description. It 1s intended that all such
additional systems, methods, features, and advantages be
included within this description, be within the scope of the
present disclosure, and be protected by the accompanying
claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0006] Aspects of the disclosure can be better understood
with reference to the following drawings. The components
in the drawings may be to scale, but emphasis 1s placed upon
clearly illustrating the principles of the present disclosure.
Moreover, 1n the drawings, like reference numerals desig-
nate corresponding parts throughout the several views, and
in which:

[0007] FIG. 1A 1s a diagram of a first calculation model,
in accordance with an example embodiment of the present
disclosure;

[0008] FIG. 1B 1s a diagram of an exemplary first calcu-
lation, 1n accordance with an example embodiment of the
present disclosure;

Oct. 10, 2019

[0009] FIG. 2 1s a diagram of an Nth calculation, 1n
accordance with an example embodiment of the present
disclosure;

[0010] FIG. 3 1s a diagram of a system for providing a
multi-threaded animation environment, 1n accordance with
an example embodiment of the present disclosure; and

[0011] FIG. 4 1s a flow chart of an algorithm for providing
a multi-threaded animation environment, in accordance with
an example embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
INVENTION

[0012] In the description that follows, like parts are
marked throughout the specification and drawings with the
same reference numerals. The drawing figures may be to
scale and certain components can be shown 1n generalized or
schematic form and identified by commercial designations
in the interest of clarity and conciseness.

[0013] As used herein, an architectural data element can
refer to one or more elements 1n a 3D computer-aided model
of building elements, or other items as may be understood by
a person of ordinary skill in the art. An element drawing can
refer to a 2D representation of an individual 3D building
clement, or other items as may be understood by a person of
ordinary skill in the art. Flement overlapping can refer to
when the drawings of two elements overlap each other, then
the element on a higher display order level will hide parts of
the other element, or other configurations, as may be under-
stood by a person of ordinary skill in the art. A display order
can refer to a linear order of individual elements 1n a
drawing that defines an order 1n which the elements can be
displayed, where elements of a higher order can be displayed
on top of an element of a lower order, to achieve the result
defined by a user, or other configurations as may be under-
stood by a person of ordinary skill in the art. A drawing can
refer to a 2D representation of a 3D building model on
computer screen, aggregated from 2D representations of
individual elements, using an order defined by the display
order, or other configurations as may be understood by a
person of ordinary skill in the art. A cropped drawing can
refer to a part of a drawing currently displayed on a
computer screen, or other items as may be understood by a
person of ordinary skill in the art. Navigation can refer to
changing from one cropped drawing view to another
cropped drawing view, or other actions as may be under-
stood by a person of ordinary skill in the art. Animation can
refer to a sequence of frames displayed on the computer
screen while going from one cropped drawing view to
another cropped drawing view, or other actions as may be
understood by a person of ordinary skill in the art. A frame
can refer to one still image displaying part of the drawing,
or other items as may be understood by a person of ordinary
skill in the art. A frame-rate can refer to a number of frames
displayed 1n one second during an amimation, or other
metrics as may be understood by a person of ordinary skaill
in the art.

[0014] Navigation of a drawing at a user interface 1is
performed using an animation, which transfers the user from
one cropped view of a drawing of the computer model to a
different cropped view of a drawing of the computer model.
The amimation consists of an ordered sequence of frames,
and one aspect of the quality of the user experience of the
amimation at the user interface 1s determined by the number
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of frames displayed in an interval of time. A higher frame-
rate will usually result in a higher quality viewing experi-
ence for the user.

[0015] A drawing can be a two dimensional representation
of a large number of architectural data elements, each of
them having 1ts own drawing representation. There can be
many different architectural data element types and they can
differ from each other i complexity. Furthermore, even
identical architectural data element types can differ from
cach other 1n complexity depending on their architectural
properties, such as fills, geometry, composite layers and
hosted doors and windows.

[0016] The representations of individual architectural data
clements 1n a drawing can overlap with each other, based on
a display order that identifies the order 1in which elements
should be displayed to a user in a user interface from a
selected perspective. The navigation can result 1n the hiding
of certain architectural data elements that may have previ-
ously been displayed 1n an earlier frame in the sequence of
ammation drawings. The display order can be defined by the
user 1n order to get a desired drawing appearance, which can
also apply to aesthetics and standards based requirements.

[0017] When a frame 1s calculated on a single thread, then
the calculation of the frame 1s performed on an architectural
data element by architectural data element basis, as a func-
tion of the display order. In one example embodiment,
higher order elements are calculated after lower order ele-
ments, where the lowest display order element 1s the element
that has the least prominence in the display. The drawing
representation of the newly calculated architectural data
clements can then be added on the top of the already
calculated drawing representations, which can cause some
parts of the already calculated drawing representations to be
hidden by the new content. As a result, the calculation of the
frame progresses serially, element by element, with some of
the work that 1s done on the lower order elements being
rendered unnecessary by the work that 1s done on the higher
order elements.

[0018] Introducing multi-threading into the frame calcu-
lation process can reduce the time of the calculation, by
distributing the calculation of architectural data element
drawings between multiple threads, where each thread pro-
duces 1ts own drawing frame part, and the frame parts that
are calculated by each thread are then merged together to
create a single combined drawing frame. In such a multi-
threaded process, 1t 1s important to distribute the calculation
according to the display order, because otherwise the over-
lapping of the architectural data elements drawings will not
be correct. In addition, to generate the final combined
drawing frame, all threads must first finish their individual
calculation, and their frame part drawings must then be
generated on the top of each other, according to the display
order.

[0019] In a multi-threaded environment, the frame rate 1s
a function of the thread that fimishes the calculation of 1ts
frame last, because the final compilation frame cannot be
completed until the last thread is finished, and the final
compilation frame 1s needed for the subsequent frame cal-
culation 1n the multi-threaded environment. This constraint
means that the waiting threads are not used for calculation
while they are waiting, such that their allocated computa-
tional resources are wasted during that period due to 1nac-
tivity. One example of an optimization process from a
resource optimization point of view 1s to distribute the frame
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calculation tasks between the threaded processes 1n a way
that causes all threads to finish at the same time, or to
otherwise optimize the allocation of resources that are used
and the ultimate completion time for each frame.

[0020] As described earlier, the architectural data ele-
ments to be displayed can be of very different complexity,
such that 1t 1s diflicult to divide the calculation between the
multiple threads equally without first knowing how long 1t
will take to calculate them one by one. However, once a first
frame has been calculated and the completion times for each
thread are known, it 1s possible to re-allocate architectural
data elements to different threads, to reduce differences in
completion times of the different threads. Because the time
required for each architectural data element can change in
cach successive frame, the re-allocation process 1s neces-
sarily dynamic, and can be performed continuously for
optimal results. The present disclosure provides a seli-
optimizing method to dynamically distribute the drawing
calculation of architectural data elements between multiple
threads, so as to reduce difterences 1in the calculation
completion time for each thread.

[0021] In one example embodiment, the architectural data
clements are distributed between the different threads for the
first frame as a function of their quantity, without taking
their complexity 1into consideration. Each thread gets a set of
architectural data elements as a function of the location of
the architectural data elements in relationship to each other
in the display order. During the calculation, the system
measures and tracks the time to calculate the individual
architectural data elements of each frame, in addition to the
time to calculate each frame. When the threads finish their
individual drawing frame parts, the outputs are then merged
into the final composite drawing frame. To accelerate the
computer calculation required for redraw, multicore proces-
sors can be used for the multithreaded process disclosed
herein.

[0022] In the 2nd frame and each subsequent frame, the
number of architectural data elements to be displayed will
most probably change, because the navigation will change
the cropped drawing part. These changes can include 1)
architectural data elements that have disappeared from the
cropped drawing, where those architectural data elements
will be removed from the frame calculation, and 2) new
architectural data elements that have appeared, and where
the calculation time for the new architectural data elements
1s unknown. The new architectural data elements can be
added to the calculation without knowing exactly how long
it will take to calculate them, 1n a manner similar to the
process used for the first frame.

[0023] Fach of the threads is then used to calculate a new
frame part, and the calculation times required for the indi-
vidual architectural data elements are monitored. Once all
the threads have completed their calculation, the frame can
be generated and displayed, and the next frame calculation
can be started. In this manner, the process dynamically
adjusts the allocation of architectural data elements to each
thread after every frame, to optimize the distribution of
architectural data elements to ditferent threads as a function
of the completion time for the calculation of each architec-
tural data element in the previous frame.

[0024] In an alternative embodiment, the calculation time
for each architectural data element can be estimated for the
first frame and the allocation of architectural data elements
can be based on the estimated calculation time. In another
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alternative embodiment, the calculation time for each archi-
tectural data element can be estimated for each frame, and
the allocation of architectural data elements can be based on
the estimated calculation time.

[0025] FIG. 1A 1s a diagram 100A of a first calculation
estimate allocation model, in accordance with an example
embodiment of the present disclosure. The horizontal axis of
diagram 100A shows a number of architectural data ele-
ments, and the vertical axis shows an expected time to
calculate an element. The elements are grouped 1nto arbi-
trary threads C1 through C4, each having an equal number
of elements, with the same estimated completion time for
each thread T1 through T4. Based on the actual completion
times, the architectural data elements will be re-allocated to
different threads, to minimize the diflerence between the
completion times for each thread.

[0026] FIG. 1B 1s a diagram 100B of an exemplary first
calculation, 1n accordance with an example embodiment of
the present disclosure. The horizontal axis of diagram 100B
shows the number of architectural data elements, and the
vertical axis shows an exemplary first calculation time for
cach thread. The elements are grouped into arbitrary threads
C1 through C4, each having the same number of elements,
with different completion times for each thread T1 through

14

[0027] FIG. 2 1s a diagram 200 of a second or subsequent
calculation, 1n accordance with an example embodiment of
the present disclosure. In this example embodiment, the
number of architectural data elements for each of the threads
C1 through C4 1s different, as 1s the associated calculation
time for each architectural data element, but the actual
completion time T1 through T4 for each corresponding
thread C1 through C4 1s approximately equal.

[0028] FIG. 3 1s a diagram of a system 300 for providing
a multi-threaded animation environment, in accordance with
an example embodiment of the present disclosure. System
300 includes frame calculation system 302, element order
system 304, element allocation system 306, thread time
monitor 308, element time monitor 310, navigation control
system 312, building model system 314 and animation
display system 316, each of which can be implemented 1n
hardware or a suitable combination of hardware and soft-
ware.

[0029] Frame calculation system 302 receives element
data sets that define a plurality of architectural data elements
from a three dimensional computer model and a viewing
position and generates frames of video data by calculating a
drawing frame, using the spatial relationships between the
architectural data elements and the viewing position, data
that defines the appearance of the architectural data elements
and other suitable data. In one example embodiment, frame
calculation system 302 can include a plurality of different
computing threads, where each thread 1s used to calculate
different sets of elements, and where the output from each
thread 1s combined 1nto a single frame, such that the frame
1s generated after each thread has completed 1its calculation.

[0030] Flement order system 304 determines an element
order based on the architectural data elements that will be
contained in a frame, the relationship between the architec-
tural data elements, a viewing position, viewing order prei-
erence data and other associated or suitable data. In one
example embodiment, element order system 304 can assign
an element order to architectural data elements for a drawing
frame, such as by assigning the lowest order to an architec-
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tural data element that should have the least prominence in
a frame and the highest order to an architectural data element
that should have the greatest prominence 1n a frame. An
architectural data element that 1s closer to the point of view
can have a higher order than an architectural data element
that 1s farther away, and additional display order modifica-
tions can be applied as a function of the importance of an
architectural data element (such as where structural elements
can have a greater importance than detail elements), a
number of intervening elements (such as where an element
that 1s behind a large number of intervening elements has a
lower importance) and other suitable modifications.

[0031] Flement allocation system 306 receives architec-
tural data element data and display order data and assigns
architectural data elements to computing threads for frame
calculations. In one example embodiment, element alloca-
tion system 306 can assign architectural data elements to
threads based on the display order ranking of the architec-
tural data elements, the location of the architectural data
clements within a computer model or other suitable data, and
can also or alternatively receive current allocation data for a
previous frame and can modily the current allocation data to
change the allocation as a function of a change 1n point of
view, a change 1n location, or other suitable variables.

[0032] Thread time monitor 308 monitors the calculation
time required for each thread and identifies threads that
require greater time than other threads and threads that
require less time than other threads to complete calculation.
Threads that take longer can be flagged for a reduction 1n the
number of assigned architectural data elements, and threads
that take less time can be flagged to receirve additional
architectural data elements, or other suitable time monitor-
ing data can also or alternatively be used.

[0033] Element time monitor 310 monitors a calculation
time required for each architectural data element or a plu-
rality of architectural data elements, to allow architectural
data elements to be reassigned between threads to improve
uniformity of the time for each thread to complete calcula-
tion. In one example embodiment, the calculation time for
cach architectural data element can be used to select archi-
tectural data elements that will be assigned from threads that
take longer to threads that require less time to complete
calculation, or other suitable reallocation processes can also
or alternatively be used.

[0034] Navigation control system 312 generates one or
more user interface controls and receives user mput to
change the navigation through a two-dimensional represen-
tation of a three dimensional computer model, such as a
model of a building, a landscape, a structure and so forth. In
one example embodiment, navigation control system 312
can be used to generate a point of view for an animation, a
series of frames for an animation or other suitable animation
controls. Navigation control system 312 can receive a
sequence of user-entered navigation controls, start and stop
points for navigation or other suitable data, and can generate
point of view modification data and other suitable data.

[0035] Building model system 314 includes a plurality of
architectural data elements having a predetermined relation-
ship between each other and predetermined characteristics,
such as to design a building or structure for construction, to
model an existing building, structure or landscape, or for
other suitable purposes. In one example embodiment, build-
ing model system 314 can include hidden design elements
that would not be seen during an animation of the building
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or other structure, such as floor and wall structural elements,
wiring elements, drainage and water pipe elements and so
forth, as well as design elements that would not be hidden
but which may be of lesser prominence, such as wall finish
elements, ornamental feature elements and so forth.

[0036] Animation display system 316 receives a series of
frames of animation data and generates a display for viewing
by a user. In one example embodiment, animation display
system 316 can include a video display, a head-mounted
display for augmented reality or virtual reality viewing or
other suitable devices, and associated drivers, display algo-
rithms and other suitable algorithms that operate on a
processor or other suitable devices.

[0037] System 300 provides technical advantages over
other systems by creating threads of architectural data
clements and adjusting the allocation of architectural data
elements to threads as a function of calculation completion
time, movement or other animation factors that can cause the
calculation time for a frame to change. In this manner,
system 300 provides substantially more than the prior art by
allowing a multithreaded processing regime to be applied to
the calculation of an animation sequence of frames of video
data for the generation of a user interface.

[0038] FIG. 4 1s a flow chart of algorithm 400 for provid-
ing a multi-threaded animation environment, 1n accordance
with an example embodiment of the present disclosure.
Algorithm 400 can be implemented in hardware or a suitable
combination of hardware and software and can operate 1n
conjunction with one or more processors or in other suitable
manners.

[0039] Algorithm 400 begins at 402, where architectural
data element associations are identified. In one example
embodiment, each architectural data element can be defined
by predetermined variables that identify what the architec-
tural data element 1s, how it responds to different inputs, how
it interfaces with other architectural data elements and so
forth, to allow a complete model of a building, structure,
landscape or other suitable models to be made. The models
are constructed of data associations and form a special-
purpose database of data that defines each architectural data
clement and their relationships to other architectural data
clements. In this example embodiment, the architectural data
element associations can be used to i1dentily one or more
architectural data elements 1n a predetermined region of a
frame of video data that 1s to be calculated, architectural data
clements having related predetermined display order values
that can be used to identily which architectural data ele-
ments will have the greatest prominence in the frame of
video data, previously determined groups of architectural
data elements, architectural data elements that have a cal-
culation time meeting predetermined criteria or other suit-

able architectural data elements. The algorithm then pro-
ceeds to 404.

[0040] At 404, threads of architectural data elements are
created. In one example embodiment, architectural data
clements for each thread can be selected based on a display
order, such as by selecting the same number of architectural
data elements for each thread group based on a display order
ranking, which may be performed for calculation of a first
frame 1n a sequence of frames of video data, or in other
suitable manners. For example, architectural data elements
for each thread can be selected starting from a previous
thread of architectural data elements and then adding or
removing architectural data elements, such as based on a
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calculation time for each architectural data element, a dis-
play order ranking or other suitable data. The algorithm then
proceeds to 406.

[0041] At 406, a frame part 1s generated for each thread,
and each frame part 1s combined into a single animation
frame for the amimation frame sequence. In one example
embodiment, a thread can calculate graphical display values
for each element, such as to generate one or more pixel
display brightness values, color values or other suitable data
that can be used to generate a frame of video display data.
The graphical display values can be calculated for each
architectural data element 1n a predetermined order of archi-
tectural data elements, such as a display order, based on
associations between architectural data elements or in other
suitable manners. The algorithm then proceeds to 408.

[0042] At 408, a completion time for each thread 1is
analyzed. If i1t 1s determined that the completion times are
not equal, the algorithm proceeds to 410, otherwise the
algorithm proceeds to 412. The algorithm can reassign
elements until all of the threads finish at the same time, as
the algorithm 1s configured to unity calculation times.

[0043] At 410, one or more architectural data elements are
re-assigned to different threads. In one example embodi-
ment, a completion time and display order rank for each
architectural data element can be identified, and architec-
tural data elements can be identified for re-allocation to a
different thread. Likewise, the architectural data elements
having a display order rank that 1s closest to the display
order rank of the architectural data elements in the target
thread group can also be selected, and additional selection
criteria can also or alternatively be applied to increase or
decrease the number of architectural data elements that are
to be transierred, such as to optimize the time each processor
core takes to calculate elements or for other suitable pur-
poses. After the thread adjustments are completed, the
algorithm proceeds to 412.

[0044] At 412, 1t 1s determined whether movement has
occurred. In one example embodiment, display order can be
based on a number of factors that include a number of
clements 1n a frame, a size of elements 1n a frame, a spacing
between elements 1n a frame, a distance between a point of
view and each element in a frame and other suitable data. It
it 1s determined that movement has occurred, the algorithm
proceeds to 414, otherwise the algorithm proceeds 406.

[0045] At 414, one or more threads are adjusted to accom-
modate new architectural data elements that need to be
displayed, to remove old architectural data elements that do
not need to be displayed and other changes resulting from
the animation movement. In one example embodiment,
threads for frames that have fewer remaining architectural
data elements after movement can receive additional archi-
tectural data elements from threads that receive additional
architectural data elements after movement. In another alter-
native embodiment, completion times for each thread can be
estimated, architectural data elements can be re-assigned
based on new display order data or other suitable modifi-

cations resulting from animation movement can be accom-
modated. The algorithm then returns to 406.

[0046] In operation, algorithm 400 allows an animation
sequence of frames to be generated 1n a multi-threaded
computing environment, to facilitate a reduction in comput-
ing time relative to single threaded frame computation.
Algorithm 400 provides technical advantages over other
processes by creating threads of architectural data elements
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and adjusting the allocation of architectural data elements to
threads as a function of calculation completion time, move-
ment or other animation factors that can cause the calcula-
tion time for a frame to change. In this manner, algorithm
400 provides substantially more than the prior art by allow-
ing a multithreaded processing regime to be applied to the
calculation of an animation sequence of frames of video data
for the generation of a user interface.

[0047] As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items. As used herein,
phrases such as “between X and Y and “between about X
and Y” should be mterpreted to include X and Y. As used
herein, phrases such as “between about X and Y’ mean
“between about X and about Y.” As used herein, phrases
such as “from about X to Y mean “from about X to about

Y.”

[0048] As used herein, “hardware” can iclude a combi-
nation of discrete components, an integrated circuit, an
application-specific integrated circuit, a field programmable
gate array, or other suitable hardware. As used herein,
“software” can 1nclude one or more objects, agents, threads,
lines of code, subroutines, separate software applications,
two or more lines of code or other suitable software struc-
tures operating i two or more software applications, on one
or more processors (where a processor includes one or more
microcomputers or other suitable data processing units,
memory devices, mput-output devices, displays, data input
devices such as a keyboard or a mouse, peripherals such as
printers and speakers, associated drivers, control cards,
power sources, network devices, docking station devices, or
other suitable devices operating under control of software
systems 1n conjunction with the processor or other devices),
or other suitable software structures. In one exemplary
embodiment, software can include one or more lines of code
or other suitable software structures operating in a general
purpose software application, such as an operating system,
and one or more lines of code or other suitable software
structures operating 1n a specific purpose software applica-
tion. As used herein, the term “couple” and its cognate
terms, such as “couples” and “coupled,” can include a
physical connection (such as a copper conductor), a virtual
connection (such as through randomly assigned memory
locations of a data memory device), a logical connection
(such as through logical gates of a semiconducting device),
other suitable connections, or a suitable combination of such
connections. The term “data” can refer to a suitable structure
for using, conveying or storing data, such as a data field, a
data bufler, a data message having the data value and
sender/recerver address data, a control message having the
data value and one or more operators that cause the receiving
system or component to perform a function using the data,
or other suitable hardware or software components for the
electronic processing of data.

[0049] In general, a software system 1s a system that
operates on a processor to perform predetermined functions
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in response to predetermined data fields. A software system
1s typically created as an algorithmic source code by a
human programmer, and the source code algorithm 1s then
compiled into a machine language algorithm with the source
code algorithm functions, and linked to the specific mput/
output devices, dynamic link libraries and other specific
hardware and software components of a processor, which
converts the processor from a general purpose processor into
a specific purpose processor. This well-known process for
implementing an algorithm using a processor should require
no explanation for one of even rudimentary skill in the art.
For example, a system can be defined by the function 1t
performs and the data fields that 1t performs the function on.
As used herein, a NAME system, where NAME 1s typically
the name of the general function that 1s performed by the
system, refers to a software system that 1s configured to
operate on a processor and to perform the disclosed function
on the disclosed data fields. Unless a specific algorithm 1s
disclosed, then any suitable algorithm that would be known
to one of skill 1n the art for performing the function using the
associated data fields 1s contemplated as falling within the
scope of the disclosure. For example, a message system that
generates a message that includes a sender address field, a
recipient address field and a message field would encompass
software operating on a processor that can obtain the sender
address field, recipient address field and message field from
a suitable system or device of the processor, such as a bufler
device or bufler system, can assemble the sender address
field, recipient address field and message field into a suitable
clectronic message format (such as an electronic mail mes-
sage, a TCP/IP message or any other suitable message
format that has a sender address field, a recipient address
field and message field), and can transmit the electronic
message using electronic messaging systems and devices of
the processor over a communications medium, such as a
network. One of ordinary skill in the art would be able to
provide the specific coding for a specific application based
on the foregoing disclosure, which 1s intended to set forth
exemplary embodiments of the present disclosure, and not to
provide a tutorial for someone having less than ordinary skill
in the art, such as someone who 1s unfamiliar with program-
ming or processors in a suitable programming language. A
specific algorithm for performing a function can be provided
in a flow chart form or 1n other suitable formats, where the
data fields and associated functions can be set forth 1n an
exemplary order of operations, where the order can be
rearranged as suitable and 1s not intended to be limiting
unless explicitly stated to be limiting.

[0050] It should be emphasized that the above-described
embodiments are merely examples of possible implementa-
tions. Many variations and modifications may be made to the
above-described embodiments without departing from the
principles of the present disclosure, such as to generate
frames of data for suitable amimation sequences, including
but not limited to character animation, scene animation, and
so forth. All such modifications and variations are intended
to be included herein within the scope of this disclosure and
protected by the following claims.

What 1s claimed 1s:

1. A method for calculating a series of frames of video
data, comprising:

grouping a plurality of architectural data elements into a
plurality of threads using a processor;
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calculating a frame part of amimation data for each of the

threads;

determining a calculation time for each of the threads; and

modifying the grouping of the plurality of architectural

data elements as a function of the calculation time for
ecach of the threads to achieve the same calculation
time.

2. The method of claim 1 wherein grouping the plurality
of architectural data elements into the plurality of threads
using the processor comprises grouping the plurality of
architectural data elements into the plurality of threads as a
function of a display order for each of the architectural data
clements.

3. The method of claim 1 wherein grouping the plurality
of architectural data elements into the plurality of threads
using the processor comprises grouping the plurality of
architectural data elements into the plurality of threads as a
function of a calculation time for each of the architectural
data elements.

4. The method of claim 1 wherein determining the cal-
culation time for each of the threads comprises determining
the calculation time for a plurality of threads.

5. The method of claim 1 wherein modifying the grouping
of the plurality of architectural data elements as the function
of the calculation time for each of the threads comprises
assigning one or more architectural data elements from a
first thread to a second thread.

6. The method of claim 4 wherein modifying the grouping
of the plurality of architectural data elements as the function
of the calculation time for each of the threads comprises
assigning one or more architectural data elements from a
first thread having an associated calculation time that 1s
greater than the associated calculation time of a second
thread.

7. The method of claim 1 wherein modifying the grouping
of the plurality of architectural data elements as the function
of the calculation time for each of the threads comprises
assigning one or more new architectural data elements to a

first thread.
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8. The method of claim 1 further comprising modifying
the grouping of the plurality of architectural data elements as
a function of a change 1n position of an animation sequence.

9. The method of claim 1 further comprising modifying
the grouping of the plurality of architectural data elements as
a function of a change 1n a point of view of an animation
sequence.

10. A system for calculating a series of frames of video
data, comprising;

a building model system storing a plurality of architec-

tural data elements; and

a frame calculation system operating on a processor and
configured to retrieve the plurality of architectural data
clements form the building model system and to cal-
culate a frame of video data, wherein the frame calcu-
lation system further comprises an element allocation
system configured to assign each of the plurality of
architectural data elements to one of a plurality pro-
cessing threads.

11. The system of claim 10 wherein the frame calculation
system further comprises an element order system config-
ured to determine an order of the architectural data elements
prior to the assignment of the plurality of architectural data
clements to one of the plurality processing threads.

12. The system of claim 11 wherein the element allocation
system 1s configured to assign the plurality of architectural
data elements to one of the plurality processing threads as a
function of the order of the architectural data elements.

13. The system of claim 10 wherein the frame calculation
system further comprises an element order system config-
ured to determine a display order of the architectural data
clements prior to the assignment of the plurality of archi-
tectural data elements to one of the plurality processing
threads, and wherein the element allocation system 1s con-
figured to assign the plurality of architectural data elements
to one of the plurality processing threads as a function of the
display order.
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