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METHOD AND APPARATUS OF RESOURCE ALLOCATION
OR RESOURCE RELEASE

BACKGROUND

[001] A guided transportation system includes a plurality of signaling and’ guiding
components (also referred to as resource devices) for defining and interlocking route segments
for vehicles of the transportation system. A vehicle in the guided transportation system is
assigned a task to move from a start point to an end point along a designated route, which
includes one or more route segments defined by corresponding resource devices. The vehicle
has to confirm that all the resource devices needed to perform the task have been allocated to the
vehicle before starting the performance of the task. In some occasions, a resource device is
necessary for multiple vehicles with different assigned. rbutes, and thus the multiple vehicles

compete with one another for the allocation of the resource device.
DESCRIPTION OF THE DRAWINGS

[002] One or more embodiments are illustrated by way of example, and not by limitation, in
the figures of the accompanying drawings, wherein elements having the same reference numeral

designations represent like elements throughout and wherein:

FIG. 1 is a system diagram of a transportation system in accordance with one or more

embodiments;

FIGs. 2A-2B are diagrams of example list of resource devices in accordance with one

or more embodiments;

FIG. 3 is a flow chart of a method of resource allocation for a resource requesting

device in accordance with one or more embodiments;

FIGs. 4A and 4B are diagrams of example resource contention scenarios in accordance

with one or more embodiments;

FIG. 5 is a flow chart of a method of resource release for a resource requesting device

in accordance with one or more embodiments;'

CONFIRMATICN COPY



WO 2014/083399 PCT/IB2013/002603

FIG. 6 is a block diagram of a resource controlling device in accordance with one or

more embodiments; and

FIG. 7 is a system diagram of an example railway system in accordance with one or

more embodiments.
DETAILED DESCRIPTION

[003] It is understood that the following disclosure provides one or more different
embodiments, or examples, for implementing different features of the disclosure. ‘Specific
examples of components and arrangements are described below to simplify the present
disclosure. These are, of course, examples and are not intended to be limiting. In accordance
with the standard practice in the industry, various features in the drawings are not drawn to scale ]

and are used for illustration purposes only.:

[004] FIG. 1 is a system level diagram of a transportation system 100 in accordance with
one or more embodiments. The transportation system 100 includes central control equipment
110, a first resource requesting device 122 onboard a first vehicle 124, a second resource
requesting device 126 onboard a second vehicle 126, and four resource controlling devices 132,
134, 136, and 138. Each of the resource controlling devices 132, 134, 136, and 138 are
associated with one or more resource devices R1, R2, R3, R4, and R5. For example, the
resource controlling device 132 is coupled to the resource devices Rl and R2. The resource
controlling device 132 controls the operations of the resource devices R1 and R2. The resource
controlling device 132 is also responsible for reserving the resource device R1 or R2 for a
particular resource requesting device 122 or 126 (i.e., “resource allocation”) or making the
resource device R1 or R2 available for further requests from the resource requesting device 122
or 126 (i.e., “resource release”). In some embodiments, the resource controlling device 132 is a
stand-alone device physically different from the resource devicés R1 and R2. In some
embodiments, the resource controlling device 132 and one or all of the associated resource

devices R1 and R2 are implemented as an integrated device.

[005] The central control equipment 110, the first resource requesting device 122, the

second resource requesting device 126, and the resource controlling devices 132, 134, 136, and
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138 are capable of communicating with one another through a. communication network
(network) 150. In some embodiments, the network 150 is in compliance with one or more of
wireless communication protocols such as BLUETOOTH, WIFI, WIMAX, GPRS, or WCDMA,
and/or wired communication protocols such as ETHERNET, USB, or IEEE-1394.

[006] In at least one embodiment, the central control equipment 110 dispatches a task to the
first vehicle 214, and the first resource requesting device 122 onboard the first vehicle
determines the resource devices needed for performing the task based on a database onboard the
first vehicle. The first resource requesting device 122 generates'a list of resource devices to be
allocated and works with some or all of the resource controlling devices 132, 134, 136, and 138
corresponding to the resource devices R1, R2, R3, R4, or RS needed for performing the task. In
some embodiments, there are more or less than two vehicles in the transportation system 100. In
some embodiments, there are more or less than four resource controlling devices vassociated with
more or less than five resource devices in the transportation system 100. In some embodiments,
if resource devices previously allocated for the first resource 'requesting device 122 are no longer
needed by the first vehicle 124, the first resource requesting device 122 also generates a list of
resource devices to be released and works with appropriate resource controlling devices 132,

134, 136, or 138 to release the previously-allocated resource devices R1, R2, R3, R4, or RS.

[007] FIG. 2A is a diagram of an example list 210 of resource devices in accdrdance with
one or more embodiments. The list 210 is a linear style list having the resource devices R1, R2,
R3, and R4 sequentially arranged based on the ordef the resource devices are going to be used by
the vehicle when performing the task. FIG. 2B is a diagram of another example list 220 of
resource devices in accordance with one or more embodiments. The list 220 is a tree style list
having two braches indicative of alternative combinations and orders of resource devices R1, R2,
R3, R4, and RS needed to perform the task. The list 220 provides two possible ways to allocate
the resource devices for the task. The resource devices Ri, R2, R3, R4, and RS along individual
branches are sequentially arranged based on the order the resource devices are going to be used

by the vehicle when performing the task.

[008] FIG. 3 is a flow chart of a method 300 of resource allocation for a resource requesting

device 122 or 126 in accordance with one or more embodiments. It is understood that additional
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operations may be performed before, during, and/or after the method 300 depicted in FIG. 3, and

that some other processes may only be briefly described herein.

[009] As depicted in FIG. 3 and FIGs. 1 and 2A, in operation 310, a resource controlling
device 132 receives a list of resource devices (such as the list 210 in FIG. 2A) requested by the
resource requesting device 122 from a sending device. In some embodiments, if the resource
controlling device 132 is associated with a first resource device R1 on the hst 210 as originally
issued by the resource requesting device 122, the sending device is the resource requesting
device 122, and the received list is a complete list of requested resource devices. In some
embodiments, if the resource controlling device (subh as resource controlling device 134) is
associated with the resource device (e.g;, resource device R3) not on the top of the list 210 as
originally issued by the resource requesting device 122, the sending device is another resource
controlling device (e.g., resource controlling device 132), and the received list is a list of

remaining resource devices that need to be further allocated.

[010] In operation 315, the resource controlling device 132 determines if the list of resource
devices from the resource requesting device 122 is authorized, i.e., the resource requesting
device 122 is currently an authorized resource requesting device. In some embodiments, the
resource requesting device 122 is a trusted resource requesting device to the transportation
system 100 but only an authorized resource requesting device during one or more predetermined
time frames. In some embodiments, the resource requesting device 122 is authorized if the
resource requestlng device 122 is on a predetermined list of authorized resource requesting
devices. In at least one embodiment, all resource requesting devices 122 and 126 are authorized,
and thus operation 315 is omitted. In some embodiments, the central control equipment 110
maintains and updates a predetermined list of authorized resource requesting devices for all the
resource controlling devices 132, 134, 135, and 138. In some embodiments, the central control
equipment 110 maintains and updates a plurality of predetermined list of authorized resource

requesting devices tailored for individual resource controlling devices 132, 134, 135, and 138.

[011] If the resource requesting device 122 is determined to be authorized, the process then
moves on to operation 320, where the resource controlling device 132 confirms if the first

resource device (such as R1) on the list of resource devices 210 are in fact associated with the
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resource controlling device 132. If the first resource device R1 is associated with the resource

controlling device 132, the process moves on to operation 330.

[012] In operation 330, the resource controlling device 132 determines if the first resource
device R1 is available to the first resource requesting device 122. In some embodiments, the
resource device R1 is set to one of the “unallocated,” “allocated,” and “pending” states. In some
embodiments, the resource device R1 is available if the resource device R1 is currently set to the

“unallocated” state.

[013] The process then moves on to operation 340, where resource device R1 is allocated to
the resource requesting device 122. In some embodiments, the resource device R1 will be set to
the “allocated” state for the first resource requesting device 122. In some embodiments, the
resource device R1 will be temporarily set to the “pending” state, and the process moves on to
operation 360. The resource controlling device 132 will subsequently set the resource device R1
to be “allocated” state if all remaining resource devices on the list 210 are successfully allocated.
Otherwise, the resource controlling device 132 will subsequently set the resource device to be

the “unallocated” state, and the resource allocation operation 340 is deemed failed.

[014] After the resource device R1 is set to “pending” or “allocated” for the resource
requesting device 122, the process moves on to operation 350, where the resource controlling
device 132 determines if the resource device R1 is the last resource devices on the list 210. If the
resource device R1 is not the last resource device on the list 210, the remaining resource devices
on the list 210, such as remaining resource devices R2, R3, and R4, will be passed along to a
next corresponding resource controlling device. In some embodiments, if the next corresponding
resource controlling device happens to be the current resource controlling device 132 (for
resource device R2), the process then moves back to operation 340 to allocate the resource
device R2 associated to the same resource controlling device 132. In some embodiments, instead
of immediately performing operation 340 again for the next resource device R2 of the same

resource controlling device 132, the process moves on to operation 360.

[015] In operation 360, the resource controlling device 132 sends a list of remaining
resource devices (e.g., resource devices R3 and R4) to the next resource controlling device 134.

A first resource device R3 on the list of remaining resource devices is associated with the next
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resource controlling device 134. On the other hand, if the resource device currently being
processed is the last resource device on the list 210, the resource controlling device 132 sends an
allocation completion message to the sending device and/or the resource requesting device 122

in operation 370.

[016] In operation 340, if the resource device R1 or R2 is not successfully allocated for the
resource requesting device 122, the process moves on to operation 380. The resource controlling
device 132 sends an allocation failure message to the sending device. In addition, for any
negative results from operations 315, 320, and 330, the process also moves on to operation 380

to send an allocation failure message to the sending device.

[017] The resource controlling device 134, 136, and 138 also perform the method 300 when
receiving a list of resource devices. For example, the resource controlling device 134 receives
the list of remaining resource devices from a sending device (i.e., the resource controlling device
132) in operation 310. The resource controlling device 134 then determines if the first resource
device R3 on the list of remaining resource devices is associated with the resource controlling
device 134 in operation 320 and performs resource allocation as described above with regard to
operations 330 and 340. If the allocation of resource device R3 for the first resource requesting
device 122 is successful, the resource controllirig device 134 then sends another list of remaining
resource devices (now only has resource device R4) to the corresponding resource controlling

device 136.

[018] If the allocation of resource device R4 for the first resource requesting device 122 is
successful, the resource controlling device 136 in operation 350 determines that the resource
device R4 is indeed the last resource device on the list that the resource controlling device 136
receives. As a result, the resource controlling device 136 sends an allocation completion
message to the sending device (i.e., the resource controlling device 134) and/or the resource

requesting device 122 in operation 370.

[019] In some embodiments, in operation 370, the resource controlling device 132, 134, or
136 sends the allocation completion message directly to the resource requesting device 122 if,
for individual resource controlling devices, the first resource devices is also the last resource

devices on the list of resource devices. In some embodiments, the allocation completion
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message is relayed back to the resource requesting device 122 in a stage by stage manner by all
the intermediate resource controlling devices. As such, each of the intermediate resource
controlling devices sends an allocation completion message to a corresponding sending device
upon receipt of an allocation completion message from a corresponding next resource controlling

device.

[020] In some embodiments, in operation 380, the resource controlling device 132, 134, or
136 sends the failure message directly to the resource requesting device 122 and/or indirectly in
a stage by stage manner by all the intermediate resource controlling devices for the list of
resource devices requested by the resource requesting device 122. In some embodiment, the
resource controlling device 132, 134, or 136 receives an allocation failure message from the next
resource controlling device and passes it along to the corresponding sending devices. Also, in
some embodiments, responsivé to the allocation failure message from the next resource
controlling device, the resource controlling device 132, 134, or 136 releases the allocation of the

corresponding resource devices for the resource requesting device 122.

[021] As depicted in FIG. 3 and FIGs. 1 and 2B, in operation 360, if the resource controlling
device (such as the resource controlling device 132 associated with the resource device R2)
receives an allocation failure message from the next resource controlling device (such as the
resource controlling device 134 associated with the resource device R3), the resource controlling
device 132 sends an alternative list of remaining resource devices (including resource devices R4
and R5) to another corresponding resource controlling device 136, with which a first resource

device R4 on the alternative list of remaining resource devices is associated.

[022] Therefore, the allocation of resource devices is performed according to the order of the
resource devices on a list of resource devices by corresponding resource controlling devices in a
sequential manner. A first-on-the-list resource controlling device receives a full list directly
from the resource requesting device, and then each following resource controlling devices
receive a list of remaining resource devices from corresponding previous resource controlling
devices. In some embodiments, a list of remaining resource devices is still a full list of resource
devices with inclusion of status information indicative of which resource device on the list is the

first not-yet-processed resource device.
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[023] FIGs. 4A and 4B are diagrams of example resource contention scenarios in accordance
with one or more embodiments. Resource contention occurs when two or more resource
requesting devices are asking for the allocation of the same resource device. In some
embodiments, the allocation of individual resource device is performed on a first-come-first-
serve basis. In some embodiments, additional processing is performed in order to prevent

deadlock during resource contention.

[024] In FIGs. 4A and 4B, nine resource devices R1-R9 and two resource requesting devices
410 and 420 are depicted as examples. Although the resource allocation method 300 is in fact
performed by resource controlling devices associated with resource devices RI1-R9, the
corresponding resource controlling devices are omitted in FIGs. 4A and 4B to avoid obscuring

the illustration of the example resource contention scenarios.

[025] In FIG. 4A, a first resource requesting device 410 has a list of requested resource
devices R1, R2, R5, and R8. A second resource requesting device 420 has a list of requested
resource devices R6, R5, R4, and R7. For the list of requested resource devices from the second
resourcé requesting device 420, the corresponding resource controlling devices for resource
devices R6, R5, R4, and R7 handles the resource allocation as described above with regard to the
flow chart in FIG. 3. For the list of requested resource devices from the first resource requesting
device 410, the corresponding resource controlling devices for resource devices R1 and R2

handles the resource allocation as described above with regard to the flow chart in FIG. 3.

[026] However, when the corresponding resource controlling device for the resource device
R2 sends a list of remaining resource devices to a resource controlling device with which the
resource device RS is associated, a resource contention occurs. In some embodiments, the
allocation of the resource device RS is performed on a first-come-first-serve basis. In FIG. 4A,
the resource device R5 has been allocated for second resource requesting device 420 prior to

receipt of the list from the corresponding resource controlling device for the resource device R2.

[027] In some embodiments, if the resource device R5 is set to the “pending” state for the-
second resource requesting device 420, the method 300, performed by the resource controlling
device of the resource device RS for the first resource requesting device 410, holds at operation

340. The status of the resource device R5 will subsequently be set to the “allocated” state for
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the second resource requesting device 420 or set to the “unallocated” state as a result of
allocation success/failure of allocating resource devices downstream (from the resource device
R5) the list of resource devices from the second resource requesting device 420. In at least one
embodiments, the resource controlling device of the resource device RS keeps the first resource
requesting device 410 and other resource requesting devices in a waiting list in a first-come-first-
serve basis (i.e., a queue). After the resource device RS no longer in the “pending” state, the
operation 340 for the first resource requesting device 410 resumed and performed as described

above with regard to FIG. 3.

[028] In yet some embodiments, if the resource device R5 is already set to the “allocated”
state for the second resource requesting device 420, the process 300, performed by the resource
controlling device of the resourcé device RS for the first resource requesting device 410
determines that the allocation of resource device RS has failed. In at least one emBodiments, an
allocation failure message was relays back to the first resource requesting device 410 through the
corresponding intermediate resource controlling devices with which the resource devices R2 and
R1 associated. The resource devices R2 and R1 upstream (from the resource device R5) the list
of resource devices of the first resource requesting device 410 will be set to the “unallocated”

state if they were previously set to the “allocated” state or “pending” state.

[029] In yet some other embodiments, the allocation of the resource device RS5 also accept
prioritized or urgent requests. For exarhple, the list of resource devices from the first resource
requesﬁng device 410 carries priority information. If the resource controlling device of the
resource device R5 determines that the request from the first resource requesting device 410
takes precedence over the second resource requesting device 420, the resource controlling device
of the resource device R5 forces the status of the resource device R5 from the “pending” state to

the “unallocated” state.

[030] In FIG. 4B, the first resource requesting device 410 has a list of requested resource
devices R1, R2, R5, and R4. The second resource requesting device 420 has a list of requested
resource devices R9, R8, RS, and R2. For the list of requested resource devices from the first
resource requesting device 410, the corresponding resource controlling devices for resource

devices R1 and R2 handles the resource allocation as described above with regard to the flow
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chart in FIG. 3. For the list of requested resource devices from the second resource requesting
device 420, the corresponding resource controlling devices for resource devices R9, RS, and R5

handles the resource allocation as described above with regard to the flow chart in FIG. 3.

[031] However, the corresponding resource controlling devices for resource devices R2 and
R5 send lists of remaining resource devices for the first and second resource requesting devices
410 and 420 to each other at about the same time. In other words, a resource contention occurs
when a currently received list is from a downstream resource controlling device according to
previously received list before allocation completion of the previously received list. The
previously received list is the reason of currently setting the corresponding resource device R2 or
RS currently to the “pending” state or “allocated”. In some embodiments, the corresponding
resource controlling devices for resource devices R2 and R5 handle this type of resource
contention as if allocation failure messages are received from eaéh other. In some embodiments,
the allocation failure messages are relayed back to the first and second resource requesting
devices 410 and 420 through intermediate resource controlling devices. In some embodiments,
the first and second resource requesting devices 410 and 420 resend the corresponding lists of
requested resource devices to the corresponding first resource controlling devices on the lists
upon receipt of the allocation failure messages, immediately or after waiting for a random period

of time.

[032] In at least one embodiment, the list of resource devices carries priority information.
Therefore, the resource allocation of the list with higher priority will carry on, and the resource

allocation of the list with lower priority will be forced to retreat.

[033] FIG. 5 is a flow chart of a method 500 of resource release for a resource requesting
device in accordance with one or more embodiments. It is understood that additional operations
may be performed before, during, and/or after the method 500 depicted in FIG. 5, and that some

other processes may only be briefly described herein.

[034] As depicted in FIG. 5 and FIGs. 1 and 2A, in operation 510, a resource controlling
device 132 receives a list of resource devices (such as the list 210 in FIG. 2A) to be released for
the resource requesting device 122 from a sending device (such as the resource requesting device

122 here). In operation 520, the resource controlling device 132 determines if the first resource
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devices (such as R1) on the list of resource devices 210 is in fact associated with the resource
controlling device 132. If the first resource device R1 si associated with the resource controlling
device 132, the process moves on to operation 525, where the resource controlling device 132
further confirms if the first resource device R1 is currently allocated for the resource requesting
device 122.

[035] In operation 530, after it is determined that the first resource device R1 is currently
allocated for the resource requesting device 122, the first resource device R1 is set to
“unallocated” state. The process moves on to operation 540, where the resource controlling
device 132 optionally cease operation of the corresponding resource device R1 for the resource
controlling device 132. In some embodiments, the resource controlling device 132 in operation
540 deactivates the resource device R1. In some embodiments, the resource controlling device

132 in operation 540 sets the resource device R1 to a default operation mode.

[036] In operation 530, if the resource device R1 is not successfully released for the resource
requesting device 122, the process moves on to operation 550. The resource controlling device
132 sends a release failure message to the sending device. In addition, for any negative results
from operations 520 and 525, the process also moves on to operation 550 to send an allocation

failure message to the sending device.

[037] After the resource device R1 is successfully set to the “unallocated” for the resource
requesting device 122, the prbcess moves on to operation 550, where the resource controlling
device 132 determines if the resource device R1 is the last resource devices on the list 210. If the
resource device R1 is not the last resource device on the list 210, the remaining resource devices

on the list 210, such as remaining resource devices R2, R3 and R4 still need to be released.

[038] In some embodiments, if the next corresponding resource controlling device happens
to be the current resource controlling device 132 (for resource device R2), the process then
moves back to operations 530 and 540 to release the resource device R2 associated to the same
resource controlling device 132. In some embodiments, instead of immediately performing
operations 530 and 540 again for the next resource device R2 of the same resource controlling

device 132, the process moves on to operation 570.
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[039] In operation 570, the resource controlling device 132 sends a list of remaining
resource devices (e.g., resource devices R3 and R4) to a next resource controlling device 134. A
first resource device R3 on the list of remaining resource devices is associated with the next
resource controlling device 134. On the other hand, if the resource device is the last resource
devices on the list 210, the resource controlling device 132 sends a release completion message
to the resource requesting device 122, directly or indirectly through intermediate resource

controlling devices, in operation 580.

[040] FIG. 6 is a block diagram of a resource controlling device 600 in accordance with one
or more embodiments. ‘The resource controlling device 600 is usable as the resource controlling

devices 132, 134, 136, and 138.

[041] The resource controlling device 600 includes the hardware processor 610 and a non-
transitory, computer readable stofage medium 620 encoded with, i.e., storing, the computer
program code 622, i.e., a set of executable instructions. The processor 610 is eléctrically coupled
to the computer readable storage medium 620. The processor 610 is configured to execute the
computer program code 622 encoded in the computer readable storage medium 620 in order to
cause the resource controlling device 600 to perform a portion or all of the operations as depicted
in FIGs. 3 and 5.

[042] The resource controlling device 600 also includes a network interface 630 and a
resource device interface 640 coupled to the processor 610. The network interface 630 allows
fhe resource controlling device 600 to communicate with the network 150 (FIG. 1), to which one
or more other resource controlling devices and resource requesting devices are connected. The
network interface includes one or more of wireless network interfaces such’ as BLUETOOTH,
WIFI, WIMAX, GPRS, or WCDMA; or wired network interface such as ETHERNET, USB, or
IEEE-1394. The resource device interface 640 allows the resource controlling device 600 to
communicate with or control the corresponding one or more of the resource devices R1, R2, R3,

R4, and RS (FIG. 1).

[043] In some embodiments, the processor 610 is a central processing unit (CPU), a multi-
. processor, a distributed processing system, an application specific integrated circuit (ASIC),

and/or a suitable processing unit.



WO 2014/083399 PCT/IB2013/002603
13

[044] In some embodiments, the computer readable storage medium 620 is an electronic,
magnetic, optical, electromagnetic, infrared, and/or a semiconductor system (or apparatus or
device). For example, the computer readable storage medium 620 includes a semiconductor or
solid-state memory, a magnetic tape, a removable computer diskette, a random access memory
(RAM), a read-only memory (ROM), a rigid magnetic disk, and/or an optical disk. In some
embodiments using optical disks, the computer readable storage medium 620 includes a compact
disk-read only fnemory (CD-ROM), a compact disk-read/write (CD-R/W), and/or a digital video
disc (DVD).

[045] In some embodiments, the storage medium 620 stores the computer program code 622
configured to cause the computer system 600 to perform the method as depicted in FIG. 3 or
FIG. 5. In some embodiments, the storage medium 620 also stores information needed for
pérforming the method 300 and 500 or generatéd during performing the method 300 and 500,
such as a list of authorized resource requesting devices 623 received from the central control
equipment 110 (FIG. 1), the received list of resource devices 624, the list of remaining resource
devices 625, or information 626 for operation the corresponding one or more of the resource

devices R1, R2, R3, R4, and RS.

[046] FIG. 7 is an example railway system 700 in accordance with one or more
embodiments. One of many possible application of the transportation system 100 (FIG. 1) and
methods 300 and 500 (FIGs. 3 and 5) is further illustrated by the example railway system 700.

[047] The railway system 700 includes a first track 702, a second track 704, a first platform
706 accessible to the first track 702, and a second platform 708 accessible to the second tra_ck
704. As depicted in FIG. 7, a train 710 is currently on the first track 702 and stops at the first
platform 706. Four switches 722, 724, 726, and 728 coupled with the first track 712 and the
second track 714 to optionally guide the train 710 to move between the first track 702 and the
second track 704. There are multiple signal devices 732, 734, 736, 738, 742, 744, 746, and 748
disposed along the first and second tracks 702 and 704. The switches 722, 724, 726, and 728 and
the signal devices 732, 734, 736, 738, 742, 744, 746, and 748 correspond to the resource devices
depicted in FIG. 1. Also, the train 710 is equipped with an on-board resource requesting device

correspond to the resource requesting device depicted in FIG. 1. -
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[048] The railway system 700 further includes multiple resource controlling devices 751,
752, 753, 754, 755, 756, 761, 762, 763, 764, and 765, which correspond to the resource
controlling devices depicted in FIG. 1. Each of the resource controlling devices 751, 752, 753,
754,755, 756, 761, 762, 763, 764, and 265 is associated with one or more of the switches 722,
724, 726, and 728 and the signal devices 732, 734, 736, 738, 742, 744, 746, and 748. As
depicted in FIG. 7, the resource controlling device 764 is associated with both the switch 728 and
the signal device 746. Other resource controlling devices in FIG. 7 are only associated with a
corresponding one of switches 722, 724, and 726 and the signal devices 732, 734, 736, 738, 742,
744, and 748.

[049] The railway system 700 also includes a central control equipment 770 corresponds to
the central control equipment in FIG. 1 and a network 780 corresponds to the network in FIG. 1.
The resource controlling devices 751,752, 753, 754, 755, 756, 761, 762, 763, 764, and 765, the
resource requesting device onboard the train 710, and central control equipment 770 are all
coupled to the network 780 in compliance with a wired communication protocol or a wireless

communication protocol.

[050] In at least one embodiment, the central control equipment 770 assigned a task to the
train 710 to move from the first platform 706 to the second platform 708. In order to perform the
task, the train 710 needs to secure the allocation of some of the resource devices, such as the
signal devices 732 and 734 along the first track 702, the switch 722 and 728 to direct the train
710 to the second track 704, and the signal devices 746 and 748 along the second track 704.
Therefore, the resource requesting device onboard the train 710 sends a list of resource devices
including resources 732, 734, 722, 728, 746, and 748 to the first corresponding resource
controlling device 751 according to the list. The corresponding resource controlling devices 751,
752, 753, 764, and 765 then perform the resource allocation according to the method 300
depicted in FIG. 3. Once the train 710 arrives the second platform 708, the resource requesting
device onboard the train 710 further sends a list of resource devices including resources 732,
734,722, 728, 746, and 748 to the first corrésponding resource controlling device 751 according
to the list. The corresponding resource controlling devices 751, 752, 753, 764, and 765 then

perform the resource release according to the method 500 depicted in FIG. 5.
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[051] In some embodiments, the train 710 dissects the task into two or more sub tasks, and
the resource requesting device onboard the train 710 requests for allocation of resource devices
in a piecewise manner. For example, the train 710 first requests for the allocation of the signal
devices 732 and 734, moves from the first platform 706 to the switch 722, and then requests for
the allocation of the switches 722 and 728 and the signal devices 746 and 748. In some
embodiments, a complete list of resource devices is sent to the resource controlling devices, with
inclusion of the information that successful allocation of the first predetermined number of

resource devices is not affected by an unsuccessful result from downstream the list.

[052] The transportation system 100 and the railway system 700 have been used as examples
to describe the method 300 and 500 and the resource controlling device 600. However, a person
having ordinary skill in the art would appreciate that the method 300 and 500 and the resource
controlling device 600 is applicable in rﬁany other appliéati_ons, such as a datar coMunication
system or any system that allocation of resource devices is prerequisite for performing an

assigned task.

[053] In accordance with one embodiment, a method of resource allocation by a resource
controlling device includes receiving, from a sending device, a list of resource devices requested
by a resource requesting device. Allocation of a first resource device on the list of resource
devices is performed if the first resource device is associated with the resource controlling device
and the resource requesting device is authorized. A list of remaining resource devices is sent to a
next resource controlling device, if the first resource device on the list of resource devices is
successfully allocated for the resource requesting device and the first resource device is not a last
resource device on the list of resource devices. A first resource device on the list of remaining
resource devices is associated with the next resource controlling device. An allocation failure
message is sent to the sending device if the first resource device on the list of resource devices is

not successfully allocated for the resource requesting device.

[054] In accordance with another embodiment, a method of resource release by a resource
controlling device includes receiving, from a sending device, a list of resource devices to-be-
released for a first resource requesting device. Release of a first resource device on the list of

resource devices is performed if the first resource device is associated with the resource
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controlling device and is currently allocated for the resource requesting device. A list of
remaining resource devices to-be-released for the resource requesting device is sent to a next
resource controlling device, if the first resource device on the list of resource devices is not a last
resource device on the list of resource devices. A first resource device on the list of remaining
resource devices is associated with the next resource controlling device. A release failure
message is sent to the sending device if the first resource device on the list of resource devices is

not successfully released for the resource requesting device.

[055] In accordance with another embodiment, a resource controlling device includes a
communication interface and a processor. The communication interface is configured to
communicate with a resource requesting device and another resource controlling device. The
processor is configured to be coupled with one or more resource devices. The processor is
configured to: receive a list of resource devices to be allocated or released for the resource
requesting device; perform allocation or release of a first resource device on the list of resource
devices if the first resource device is coupled with the processing unit; and sending a list of
remaining resource devices to the another resource controlling device, a first resource device on
the list of remaining resource devices is associated with the another resource controlling device,

if the first resource device is not a last resource device on the list of resource devices.

[056] The foregoing outlines features of several embodiments so that those skilled in the art
may better understand the aspects of the present disclosure. Those skilled in the art should
appreciate that they may readily use the present disclosure as a basis for designing or modifying
other processes and structures for carrying out the same purposes and/or achieving the same
advantages of the embodiments introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the spirit and scope of the present
disclosure, and that they may make various changes, substitutions, and alterations herein without

departing from the spirit and scope of the present disclosure.
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What is claimed is:

1. A method of resource allocation by a resource controlling device, comprising:

receiving, by a processor of the resource controlling device from a sending device, a first
list of resource devices requested by a first resource requesting device;

performing allocation of a first resource device on the first list of resource devices, if the
firs:c resource device is associated with the resource controlling device and the first resource
requesting device is authorized;

sending a list of remaining resource devices to a next resource controlling device, a first
resource device on the list of remaining resource devices is associated with the next resource
controlling device, if the first resource device on the first list of resource devices is successfully
allocated for the first resource requesting device and the first resource device is not a last
resource device on the first list of resource devices; and

sending an allocation failure message to the sending device, if the first resource device on
the first list of resource devices is not successfully allocated for the first resource requesting

device.

2. The method of claim 1, further comprising:

sending an allocation completion message to the first resource requesting device if the
first device on the first list of resource devices is successfully allocated for the first resource
requesting device and the first resource device is the last resource device on the first list of

resource devices.

3. The method of claim 1, further comprising:

| sending an allocation completion message to the sending device, if the first resource
device on the first list of resource devices is successfully allocated for the first resource
requesting device and either (1) the first resource device is the last resource device on the first
list of resource devices or (2) an allocation completion message from the next resource

controlling device is received.

4. The method of claim 1, further comprising:
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receiving an allocation failure message from the next resource controlling device; and
releasing, responsive to the allocation failure message from the next resource controlling

device, the allocation of the first resource device on the first list of resource devices.

5. | The method of claim 1, further comprising:
receiving an allocation failure message from the next resource controlling device; and
sending, responsive to the allocation failure message from the next resource controlling
device, an alternative list of remaining resource devices for the first resource requesting device to
another next resource controlling device, a first resource device on the alternative list of

remaining resource devices is associated with the another next resource controlling device.

6. The method of claim 1, further comprising:

receiving, from another sending device, a second list of resource devices for a second
resource requesting device, a first resource device on the second list of resource devices being
the first resource device on the first list of resource devices; and

performing allocation of the first resource device on the second list of resource devices
for the second resource requesting device after receipt of a confirmation regarding whether all
resource devices on the list of remaining resource devices are successfully allocated for the first

resource requesting device.

7. The method of claim 6, wherein the allocation of the first resource device on the second
list of resource devices for either the first resource requesting device or the second resource

requesting device is performed on a first-come-first-serve basis.

8. The method of claim 1, further corhprising:
sending the allocation failure message to the sending device if the first resource device on

the first list of resource devices is not associated with the resource controlling device.

9. The method of claim 1, further comprising:
determining that the first resource requesting device is authorized if the first resource

requesting device is on a predetermined list of authorized resource requesting devices.
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10. A method of resource release by a resource controlling device, comprising:

receiving, by a processor of the resource controlling device from a sending device, a list
of resource devices to-be-released for the first resource requesting device;

performing release of a first resource device on the list of resource devices if the first
resource device is associated with the resource controlling device and is currently allocated for
the resource requesting device;

sending a list of remaining resource devices to-be-released for the resource requesting
device to a next resource controlling device, a first resource device on the list of remaining
resource devices is associated with the next resource controlling device, if the first resource
device on the list of resource devices is not a last resource device on the list of resource devices;
and '

sending a release failure message to the sending device if the first resource device on the

list of resource devices is not successfully released for the resource requesting device.

11.  The method of claim 10, further comprising:
sending a release completion message to the first resource requesting device if the first
resource device on the list of resource devices is successfully released for the resource requesting

device and the first resource device is the last resource devices on the list of resource devices.

12.  The method of claim 10, further comprising:

sending a release completion message to the sending device if the first resource device on
the list of resource devices is successfully released for the resource requesting device and either
(1) the first resource device are the last resource device on the list of resource devices or (2) a

release completion message from the next resource controlling device is received.
13. The method of claim 10, further comprising:
relaying one or more of release failure messages and release completion messages

regarding resource devices on the list of remaining resource devices to the sending device.

14.  The method of claim 10, further comprising:
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sending the release failure message to the sending device if the first resource device on

the list of resource devices is not associated with the resource controlling device.

15. A resource controlling device comprising:
a communication interface configured to communicate with a resource requesting device
and another resource controlling device; and
a processor configured to be coupled with one or more resource devices, the processor
being configured to:
receive a list of resource devices to be allocated or released for the resource
requesting device;
perform allocation or release of a first resource device on the list of resource
devices if the first resource device is coupled with the processor; and
sending a list of remaining resource devices to the another resource controlling
device, a first resource device on the list of remaining resource devices is associated with
the another resource controlling device, if the first resource device is not a last resource

device on the list of resource devices.

16.  The resource controlling device of claim 15, wherein the allocation performed by the
processor comprises further causing the processor to:
set the first resource device on the list of resource devices to an allocated state for the

resource requesting device if the first resource device is currently set to an unallocated state.

17. The resource controlling device of claim 15, wherein the allocation performed by the
processor comprises further causing the processor to:

set the first resource device on the list of resource devices to a pending state if the first
resource device is currently set to an unallocated state resource and the list of remaining resource
devices is not empty'; and

set the first resource device on the list of resource devices to an allocated state for the
resource requesting device after receipt of an allocation confirmation for all resource devices on
the list of remaining resource devices if the first resource device is currently set to the pending

state.
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18.  The resource controlling de\}ice of claim 15, wherein the allocation performed by the
processor comprises further causing the processor to:

set the first resource device on the list of resource devices to a pending state if the first
resource device is currently set to an unallocated state and the list of remaining resource devices
is not empty; and

set the first resource device on the list of resource devices to the unallocated state after
receipt of an allocation failure message for all resource devices on the list of remaining resource
devices if the first resource device on the list of resource devices is currently set to the pending

state.

19.  The resource controlling device of claim 15, wherein the processor is further configured
to: '

send a message indicative of allocation completion or release completion to the resource
requesting device if the first resource device is the last resource device on the list of resource

devices.

20.  The resource controlling device of claim 15, wherein the processor is further configured
to: |

determine if the resource requesting device is on a predetermined list of authorized
resource requesting devices; and

ignore the list of resource devices to be allocated for the resource requesting device if the
resource requesting device is not on the predetermined list of authorized resource requesting

devices.
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