wo 2017/052624 A1 [N N0 000 OO 0 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/052624 Al

30 March 2017 (30.03.2017) WIRPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HO04L 29/08 (2006.01) HO04L 12/24 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) International Abolication Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2015/052361 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
25 September 2015 (25.09.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: INTEL CORPORATION [US/US]; 2200 . o
Mission College Boulevard, Santa Clara, California 95054 (84) Designated States (uniess otherwise indicated, for every
(US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventors; and TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicants : YANG, Shao-Wen [CN/US]; 2739 NW TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Overlook Dr. Apt. 2132, Hillsboro, Oregon 97124 (US). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
CHEN, Yen-Kuang [US/US]; 10188 Macadam Lane, Cu- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
pertino, California 95014 (US). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(74) Agent: JORDAN, B. Delano; Jordan IP Law, LLC, c/o GW, KM, ML, MR, NE, SN, TD, TG).

CPA Global, P.O. Box 52050, Minneapolis, Minnesota Pyplished:

55402 (US).

with international search report (Art. 21(3))

(54) Title: IOT SERVICE MODELING WITH LAYERED ABSTRACTION FOR REUSABILITY OF APPLICATIONS AND RE-
SOURCES

/10

_H
[N ]
4;/

—@& Compute

(7

—O Communication

—
[\
L]

| @ Sense

C(C

O Actuation

—
[\*)
147

| O Storage

([

-0 Power

\ H

Select an IOT Application Capability Requirement

FIG. 1

(57) Abstract: Systems, apparatuses and methods may identity a capability abstraction in a request to configure a first Internet of
Things (IOT) application in a physical environment including a plurality of IOT devices and select a resource abstraction from a
plurality of resource abstractions based on the capability abstraction. The selected resource abstraction may correspond to a first [OT
device in the plurality of IOT devices. Additionally, the first IOT application may be bound with the first IOT device. In one ex -
ample, first data originating from the first IOT device is received, a first runtime abstraction is selected from a plurality of runtime
abstractions, wherein the first runtime abstraction corresponds to the first IOT application, and the first data is sent to the first IOT
application via the first runtime abstraction.



10

20

30

WO 2017/052624

10T SERVICE MODELING WITH LAYERED ABSTRACTION FOR
REUSABILITY OF APPLICATIONS AND RESOURCES

TECHNICAL FIELD
Embodiments generally relate to the Internet of Things (IOT). More
particularly, embodiments relate to IOT service modeling with layered abstraction for

reusability of applications and resources.

BACKGROUND

Internet of Things (IOT) solutions may enable household devices such as

thermostats, washers/dryers, and so forth, to interactively report operational data to
homeowners, utility companies and other analytical services. The code of an 10T
application may typically be embedded with unique identifiers (IDs, ¢.g., media
access control/MAC addresses) of the devices used by the application. Accordingly,
when the 10T application is deployed in a physical environment, the application may
be permanently bound to particular IOT devices in the environment. If the 10T
devices malfunction, reconfiguration of the application may be time consuming and
costly due to the inflexible nature of the deployment. Additionally, if multiple 10T
applications are deployed in the same environment, each application may be bound to

a dedicated set of devices, which may be inefficient and further increase costs.

BRIEF DESCRIPTION OF THE DRAWINGS

The various advantages of the embodiments will become apparent to one
skilled in the art by reading the following specification and appended claims, and by
referencing the following drawings, in which:

FIG. 1 is an illustration of an example of a prompt according to an
embodiment;

FIG. 2 is an illustration of an example of an IOT service model having layered
abstraction according to an embodiment;

FIG. 3 is a flowchart of an example of a method of operating a layered
abstraction controller to enhance application reusability according to an embodiment;

FIG. 4 is a flowchart of an example of a method of operating a layered

abstraction controller to enhance resource reusability according to an embodiment;
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FIG. § is a block diagram of an example of a layered abstraction controller
according to an embodiment;

FIG. 6 is a block diagram of an example of a processor according to an
embodiment; and

FIG. 7 is a block diagram of an example of a computing system according to

an embodiment.

DESCRIPTION OF EMBODIMENTS

Turning now to FIG. 1, a user prompt 10 is shown in which a plurality of
capability abstractions 12 (12a-12f) are presented on a display. The capability
abstractions 12 may generally be used to configure an application such as, for
example, an Internet of Things (IOT) application for operation in a physical
environment including a plurality of devices such as, for example, IOT devices (e.g.,
light sensors, Internet Protocol/IP cameras, infrared sensors, central processing
units/CPUs, solid state disks/SSDs, power switches, thermostats, appliances, and
other resources). The IOT application may perform a wide variety of functions such
as, for example, home/office automation, retail facility presence monitoring (e.g., in
automated entrance/exit systems), wide area (e.g., city, town) surveillance, and so
forth.

The capability abstractions 12 may reference basic functional abilities without
specifying the types of IOT devices that provide the referenced abilities (e.g. resulting
in a layer of capability abstraction) or specifying the particular IOT devices that
provide the referenced abilities (e.g., resulting in a layer of resource abstraction).
Another layer of runtime abstraction may also be achieved by enabling multiple
virtual instances to be created for each IOT device in the physical environment. In the
illustrated example, the capability abstractions 12 include categories such as, for
example, a compute option 12a, a communication option 12b, a sense option 12¢, an
actuation option 12d, a storage option 12¢ and a power option 12f, although different
options/capability abstractions may be used depending on the circumstances. As will
be discussed in greater detail, resource abstraction and capability abstraction may
enhance reusability (e.g., portability) as well as resource efficiency. Moreover,
runtime abstraction may further enhance resource efficiency.

FIG. 2 shows an IOT service model 14 in which a plurality of IOT devices 16
(16a-16h, e.g., at a physical layer) have a resource abstraction layer 18 (18a-18g), a

2
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capability abstraction layer 20 (20a-20¢) and a runtime abstraction layer 22 (22a-22i).
The illustrated capability abstraction layer 20 includes categories such as, for
example, a light sensing option 20a, a presence sensing option 20b, a compute option
20c, a storage option 20d, a light actuation option 20e, etc., wherein the capability
abstraction layer 20 may reference basic functional abilities without specifying the
types of IOT devices 16 that provide the referenced abilities (e.g. resulting in a layer
of capability abstraction) or specifying the particular IOT devices 16 that provide the
referenced abilities (e.g., resulting in a layer of resource abstraction).

The plurality of IOT devices 16 may include, for example, light sensors
(generally “LS”) such as a first light sensor 16a (LS1) and a second light sensor 16b
(LS2), TP cameras (generally “IC”) such as a first I[P camera 16¢ (IC1) and a second
IP camera 16d (IC2), infrared sensors (generally “IS”) such as a first infrared sensor
16¢e (IS1), cloud computing nodes (generally “Cloud”) such as a first cloud node 16f,
gateways (generally “GW?”) such as a first gateway 16g (GW1), power switches
(generally “PS”) such as a first power switch 16h (PS1), and so forth. Additionally,
the resource abstraction layer 18 may include, for example, a “Type A” light sensing
resource abstraction 18a (e.g., ZIGBEE HA/home automation light sensing), a “Type
B” light sensing resource abstraction 18b (e.g., BLUETOOTH smart light sensing), an
IP camera resource abstraction 18c, a “Type A” infrared sensing resource abstraction
18d (e.g., ZIGBEE HA infrared sensing), a CPU resource abstraction 18e, an SSD
resource abstraction 18f, a “Type A” power switching resource abstraction 18g (e.g.,
ZIGBEE HA power switching), and so forth.

In general, a request to configure an IOT application such as, for example, a
first application 24 (“Application A”) for operation in a physical environment
including the plurality of IOT devices 16 may be entered by a user at development
time in response to a prompt such as, for example, the prompt 10 (FIG. 1). The
request may extend through the capability abstraction layer 20 and the resource
abstraction layer 18 to the physical layer containing the 10T devices 16. More
particularly, the request might include, for example, the light sensing capability
abstraction 20a, wherein the Type A light sensing resource abstraction 18a may be
selected from a plurality of resource abstractions based on the light sensing capability
abstraction 20a. In the illustrated example, the Type A light sensing resource
abstraction 18a may be provided by either the first light sensor 16a or the second light

sensor 16b in the physical environment. Accordingly, the first application 24 may be
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bound (e.g., associated, linked) with the first light sensor 16a for the purposes of light
sensing.

Of particular note is that if the first light sensor 16a malfunctions, the first
application 24 may be automatically bound with any other IOT device 16 having the
light sensing capability without requiring the first application 24 to be re-programmed
with new embedded IDs, MAC addresses, etc., that are unique to the new IOT device
16. Thus, the second light sensor 16b might be readily substituted for the first light
sensor 16a, in the illustrated example. Indeed, even another type of light sensor that
corresponds to the Type B light sensing resource abstraction 18b and has different
connectivity (e.g., BLE/BLUETOOTH low energy) may be substituted for the first
light sensor 16a. Moreover, different types of IOT devices having overlapping
capabilities may replace one another in a manner that is transparent to the user. For
example, if the first cloud node 16f is used by the first application 24 for compute
capability, a failure in the first cloud node 16f may cause the first gateway 16g to be
automatically bound with the compute option 20c of the capability abstraction layer
20.

Additionally, a first runtime abstraction 22a (e.g., virtual instance) may be
selected and/or invoked from a plurality of runtime abstractions at the runtime
abstraction layer 22, wherein the first runtime abstraction 22a may be dedicated to the
first application 24. Accordingly, data generated by the first light sensor 16a may be
sent at deployment time to the first application 24 via the first runtime abstraction
22a. By contrast, a second runtime abstraction 22b may be selected and/or invoked
from the plurality of runtime abstractions, wherein the second runtime abstraction 22b
may be dedicated to a second application 28 (“Application B”). Thus, data generated
by the first light sensor 16a may also be sent to the second application 28 via the
second runtime abstraction 22b. The illustrated runtime abstraction layer 22 may
therefore improve resource efficiency by enabling the IOT devices 16 to be
reused/shared across multiple applications. Runtime abstraction may also obviate
multi-stakeholder concerns over resource isolation.

In one example, the runtime abstraction layer 22 is implemented via multi-
threading. For example, a JAVA servlet may package virtual instances of the IOT
devices 16 into different threads, which a) interact with corresponding preceding and

successive resources for an application, and b) interact with the underlying physical
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resource through resource abstraction. Virtual instance packaging may also be
achieved through containers such as, for example, DOCKER containers.

FIG. 3 shows a method 32 of operating a layered abstraction controller to
enhance application reusability. The method 32 may be implemented as one or more
modules in a set of logic instructions stored in a machine- or computer-readable
storage medium such as random access memory (RAM), read only memory (ROM),
programmable ROM (PROM), firmware, flash memory, etc., in configurable logic
such as, for example, programmable logic arrays (PLAs), field programmable gate
arrays (FPGAs), complex programmable logic devices (CPLDs), in fixed-
functionality hardware logic using circuit technology such as, for example,
application specific integrated circuit (ASIC), complementary metal oxide
semiconductor (CMOS) or transistor-transistor logic (TTL) technology, or any
combination thercof. For example, computer program code to carry out operations
shown in the method 32 may be written in any combination of one or more
programming languages, including an object oriented programming language such as
JAVA, SMALLTALK, C++ or the like and conventional procedural programming
languages, such as the "C" programming language or similar programming languages.

Mlustrated processing block 34 provides for generating a prompt including a
plurality of capability abstractions (e.g., options). The prompt may be similar to the
prompt 10 (FIG. 1) and/or may implement a capability abstraction layer such as the
capability abstraction layer 20 (FIG. 2), already discussed. Thus, the plurality of
capability abstractions may include, for example, a compute option, a communication
option, a sense option, an actuation option, a storage option, a power option, and so
forth. Block 36 may receive a request to configure an IOT application in a physical
environment including a plurality of IOT devices, wherein the request is associated
with the prompt.

Additionally, one or more capability abstractions may be identified in the
request at block 38. Illustrated block 40 selects a resource abstraction from a plurality
of resource abstractions based on the capability abstraction, wherein the selected
resource abstraction corresponds to one or more IOT devices in the plurality of 10T
devices. Block 42 may bind the IOT application with at least one of the one or more
IOT devices based on the selected resource abstraction. If it is determined at block 44
that the 10T application is already bound with another IOT device (e.g., that has
malfunctioned), illustrated block 46 unbinds the IOT application from the other IOT

5
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device and the method 32 may repeat. Otherwise, the method 32 may repeat without
conducting block 46.

FIG. 4 shows a method 48 of operating a layered abstraction controller to
enhance resource reusability. The method 48 may be implemented as one or more
modules in a set of logic instructions stored in a machine- or computer-readable
storage medium such as RAM, ROM, PROM, firmware, flash memory, etc., in
configurable logic such as, for example, PLAs, FPGAs, CPLDs, in fixed-functionality
hardware logic using circuit technology such as, for example, ASIC, CMOS or TTL
technology, or any combination thereof.

Mlustrated processing block 50 provides for receiving first data originating
from an IOT device such as, for example, one of the plurality of IOT devices 16 (FIG.
2), already discussed. A first runtime abstraction may be selected and/or invoked at
block 52 from a plurality of runtime abstractions, wherein the first runtime abstraction
corresponds to a first IOT application. Additionally, illustrated block 54 sends the
first data to the first IOT application via the first runtime abstraction. Block 56 may
provide for receiving second data originating from the first IOT device, wherein a
second runtime abstraction may be selected and/or invoked from a plurality of
runtime abstractions at block 58. In the illustrated example, the second runtime
abstraction corresponds to a second IOT application. The second data may be sent to
the second 10T application via the second runtime abstraction at block 60.

Turning now to FIG. 5 a layered abstraction controller 62 is shown. The
layered abstraction controller 62 (62a-62f), which may include logic instructions,
configurable logic, fixed-functionality logic hardware, etc., or any combination
thereof, may implement one or more aspects of the method 32 (FIG. 3) and/or the
method 48 (FIG. 4). In the illustrated example, a request handler 62a identifies a
capability abstraction in a request to bind a first IOT application in a physical
environment including a plurality of IOT devices. The controller 62 may also include
a resource manager 62b that selects a resource abstraction from a plurality of resource
abstractions based on the capability abstraction, wherein the selected resource
abstraction corresponds to a first IOT device in the plurality of IOT devices. A
deployment manager 62¢ may bind the first [OT application with the first IOT device.
Additionally, when the first IOT application is already bound with a second 10T
device that has malfunctioned, the deployment manager 62¢ may unbind the first IOT

application from the second IOT device.
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In one example, the controller 62 further includes a device interface 62d to
receive first data originating from the first IOT device and a runtime manager 62¢ to
select a first runtime abstraction from a plurality of runtime abstractions, wherein the
first runtime abstraction corresponds to the first IOT application. In such a case, the
runtime manager 62¢ may also send the first data to the first IOT application via the
first runtime abstraction. If, on the other hand, the device interface 62d receives
second data originating from the first IOT device, the runtime manager 62¢ may select
a second runtime abstraction that corresponds to a second 10T application. Thus, the
runtime manager 62¢ may send the second data to the second IOT application via the
second runtime abstraction.

The controller 62 may also include a prompt generator 62f to generate a
prompt including a plurality of capability abstractions, wherein the request to bind the
application is associated with the prompt. The plurality of capability abstractions may
include, for example, a compute option, a communication option, a sense option, an
actuation option, a storage option, a power option, and so forth.

FIG. 6 illustrates a processor core 200 according to one embodiment. The
processor core 200 may be the core for any type of processor, such as a micro-
processor, an embedded processor, a digital signal processor (DSP), a network
processor, or other device to execute code. Although only one processor core 200 is
illustrated in FIG. 6, a processing element may alternatively include more than one of
the processor core 200 illustrated in FIG. 6. The processor core 200 may be a single-
threaded core or, for at least one embodiment, the processor core 200 may be
multithreaded in that it may include more than one hardware thread context (or
“logical processor”) per core.

FIG. 6 also illustrates a memory 270 coupled to the processor core 200.
The memory 270 may be any of a wide variety of memories (including various layers
of memory hierarchy) as are known or otherwise available to those of skill in the art.
The memory 270 may include one or more code 213 instruction(s) to be executed by
the processor core 200, wherein the code 213 may implement the method 32 (FIG. 3)
and/or the method 48 (FIG. 4), already discussed. The processor core 200 follows a
program sequence of instructions indicated by the code 213. Each instruction may
enter a front end portion 210 and be processed by one or more decoders 220. The
decoder 220 may generate as its output a micro operation such as a fixed width micro

operation in a predefined format, or may generate other instructions,
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microinstructions, or control signals which reflect the original code instruction. The
illustrated front end portion 210 also includes register renaming logic 225 and
scheduling logic 230, which generally allocate resources and queue the operation
corresponding to the convert instruction for execution.

The processor core 200 is shown including execution logic 250 having a
set of execution units 255-1 through 255-N. Some embodiments may include a
number of execution units dedicated to specific functions or sets of functions. Other
embodiments may include only one execution unit or one execution unit that can
perform a particular function. The illustrated execution logic 250 performs the
operations specified by code instructions.

After completion of execution of the operations specified by the code
instructions, back end logic 260 retires the instructions of the code 213. In one
embodiment, the processor core 200 allows out of order execution but requires in
order retirement of instructions. Retirement logic 265 may take a variety of forms as
known to those of skill in the art (e.g., re-order buffers or the like). In this manner,
the processor core 200 is transformed during execution of the code 213, at least in
terms of the output generated by the decoder, the hardware registers and tables
utilized by the register renaming logic 225, and any registers (not shown) modified by
the execution logic 250.

Although not illustrated in FIG. 6, a processing element may include other
elements on chip with the processor core 200. For example, a processing element
may include memory control logic along with the processor core 200. The processing
element may include 1/O control logic and/or may include 1/O control logic integrated
with memory control logic. The processing element may also include one or more
caches.

Referring now to FIG. 7, shown is a block diagram of a computing system
1000 embodiment in accordance with an embodiment. Shown in FIG. 7 is a
multiprocessor system 1000 that includes a first processing element 1070 and a
second processing element 1080. While two processing elements 1070 and 1080 are
shown, it is to be understood that an embodiment of the system 1000 may also include
only one such processing clement.

The system 1000 is illustrated as a point-to-point interconnect system,
wherein the first processing element 1070 and the second processing element 1080 are

coupled via a point-to-point interconnect 1050. It should be understood that any or all
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of the interconnects illustrated in FIG. 7 may be implemented as a multi-drop bus
rather than point-to-point interconnect.

As shown in FIG. 7, each of processing elements 1070 and 1080 may be
multicore processors, including first and second processor cores (i.e., processor cores
1074a and 1074b and processor cores 1084a and 1084b). Such cores 1074a, 1074b,
1084a, 1084b may be configured to execute instruction code in a manner similar to
that discussed above in connection with FIG. 6.

Each processing element 1070, 1080 may include at least one shared cache
1896a, 1896b. The shared cache 1896a, 1896b may store data (e.g., instructions) that
are utilized by one or more components of the processor, such as the cores 1074a,
1074b and 1084a, 1084b, respectively. For example, the shared cache 1896a, 1896b
may locally cache data stored in a memory 1032, 1034 for faster access by
components of the processor. In one or more embodiments, the shared cache 1896a,
1896b may include one or more mid-level caches, such as level 2 (L2), level 3 (L3),
level 4 (L4), or other levels of cache, a last level cache (LLC), and/or combinations
thereof.

While shown with only two processing elements 1070, 1080, it is to be
understood that the scope of the embodiments are not so limited. In other
embodiments, one or more additional processing elements may be present in a given
processor. Alternatively, one or more of processing elements 1070, 1080 may be an
element other than a processor, such as an accelerator or a field programmable gate
array. For example, additional processing element(s) may include additional
processors(s) that are the same as a first processor 1070, additional processor(s) that
are heterogeneous or asymmetric to processor a first processor 1070, accelerators
(such as, e.g., graphics accelerators or digital signal processing (DSP) units), field
programmable gate arrays, or any other processing element. There can be a variety of
differences between the processing elements 1070, 1080 in terms of a spectrum of
metrics of merit including architectural, micro architectural, thermal, power
consumption characteristics, and the like. These differences may effectively manifest
themselves as asymmetry and heterogeneity amongst the processing elements 1070,
1080. For at least one embodiment, the various processing elements 1070, 1080 may
reside in the same dic package.

The first processing element 1070 may further include memory controller

logic (MC) 1072 and point-to-point (P-P) interfaces 1076 and 1078. Similarly, the
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second processing element 1080 may include a MC 1082 and P-P interfaces 1086 and
1088. As shown in FIG. 7, MC’s 1072 and 1082 couple the processors to respective
memories, namely a memory 1032 and a memory 1034, which may be portions of
main memory locally attached to the respective processors. While the MC 1072 and
1082 is illustrated as integrated into the processing clements 1070, 1080, for
alternative embodiments the MC logic may be discrete logic outside the processing
clements 1070, 1080 rather than integrated therein.

The first processing element 1070 and the second processing element 1080
may be coupled to an I/O subsystem 1090 via P-P interconnects 1076 1086,
respectively. As shown in FIG. 7, the I/O subsystem 1090 includes P-P interfaces
1094 and 1098. Furthermore, I/O subsystem 1090 includes an interface 1092 to
couple I/O subsystem 1090 with a high performance graphics engine 1038. In one
embodiment, bus 1049 may be used to couple the graphics engine 1038 to the I/O
subsystem 1090.  Alternately, a point-to-point interconnect may couple these
components.

In turn, I/O subsystem 1090 may be coupled to a first bus 1016 via an
interface 1096. In one embodiment, the first bus 1016 may be a Peripheral
Component Interconnect (PCI) bus, or a bus such as a PCI Express bus or another
third generation I/O interconnect bus, although the scope of the embodiments are not
so limited.

As shown in FIG. 7, various [/O devices 1014 (e.g., speakers, cameras,
sensors) may be coupled to the first bus 1016, along with a bus bridge 1018 which
may couple the first bus 1016 to a second bus 1020. In one embodiment, the second
bus 1020 may be a low pin count (LPC) bus. Various devices may be coupled to the
second bus 1020 including, for example, a keyboard/mouse 1012, communication
device(s) 1026, and a data storage unit 1019 such as a disk drive or other mass storage
device which may include code 1030, in one embodiment. The illustrated code 1030
may implement the method 32 (FIG. 3) and/or the method 48 (FIG. 4), already
discussed, and may be similar to the code 213 (FIG. 6), already discussed. The
system 1000 may also include a layered abstraction controller such as, for example,
the layered abstraction controller 62 (FIG. 5). In one example, requests to bind IOT
applications in physical environments are received via input device such as the I/O

devices 1014 and the bindings are documented in memory module such as the
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memory 1032, 1034. Further, an audio /O 1024 may be coupled to second bus 1020
and a battery 1010 may supply power to the computing system 1000.

Note that other embodiments are contemplated. For example, instead of the
point-to-point architecture of FIG. 7, a system may implement a multi-drop bus or
another such communication topology. Also, the elements of FIG. 7 may
alternatively be partitioned using more or fewer integrated chips than shown in FIG.
7.

Additional Notes and Examples:

Example 1 may include a computing system to enhance reusability of
components, comprising a memory module, an input device to receive a request to
bind a first application in a physical environment including a plurality of devices, and
a layered abstraction controller including a request handler to identify a capability
abstraction in the request, a resource manager to select a resource abstraction from a
plurality of resource abstractions based on the capability abstraction, wherein the
selected resource abstraction corresponds to a first device in the plurality of devices,
and a deployment manager to bind the first application with the first device, wherein
the memory module is to document the bind between the first application and the first
device.

Example 2 may include the system of Example 1, wherein the layered
abstraction controller further includes a device interface to receive first data
originating from the first device, and a runtime manager to select a first runtime
abstraction from a plurality of runtime abstractions, wherein the first runtime
abstraction corresponds to the first application, and wherein the runtime manager is to
send the first data to the first application via the first runtime abstraction.

Example 3 may include the system of Example 2, wherein the device interface
is to receive second data originating from the first device, the runtime manager is to
select a second runtime abstraction from the plurality of runtime abstractions, the
second runtime abstraction corresponds to a second application, and the runtime
manager is to send the second data to the second application via the second runtime
abstraction.

Example 4 may include the system of Example 1, wherein the layered
abstraction controller further includes a prompt generator to generate a prompt
including a plurality of capability abstractions, and wherein the request is to be

associated with the prompt.
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Example 5 may include the system of Example 4, wherein the plurality of
capability abstractions is to include one or more categories.

Example 6 may include the system of any one of Examples 1 to 5, wherein
when the first application is bound with a second device that has malfunctioned, the
deployment manager is to unbind the first application from the second device.

Example 7 may include a layered abstraction controller apparatus comprising
a request handler to identify a capability abstraction in a request to configure a first
application in a physical environment including a plurality of devices, a resource
manager to select a resource abstraction from a plurality of resource abstractions
based on the capability abstraction, wherein the sclected resource abstraction
corresponds to a first device in the plurality of devices, and a deployment manager to
bind the first application with the first device.

Example 8 may include the apparatus of Example 7, further including a device
interface to receive first data originating from the first device, and a runtime manager
to select a first runtime abstraction from a plurality of runtime abstractions, wherein
the first runtime abstraction corresponds to the first application, and wherein the
runtime manager is to send the first data to the first application via the first runtime
abstraction.

Example 9 may include the apparatus of Example 8, wherein the device
interface is to receive second data originating from the first device, the runtime
manager is to select a second runtime abstraction from the plurality of runtime
abstractions, the second runtime abstraction corresponds to a second application, and
the runtime manager is to send the second data to the second application via the
second runtime abstraction.

Example 10 may include the apparatus of Example 7, further including a
prompt generator to generate a prompt including a plurality of capability abstractions,
wherein the request is to be associated with the prompt.

Example 11 may include the apparatus of Example 10, wherein the plurality of
capability abstractions is to include one or more categories.

Example 12 may include the apparatus of any one of Examples 7 to 11,
wherein when the first application is bound with a second device that has
malfunctioned, the deployment manager is to unbind the first application from the

second device.
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Example 13 may include a method of operating a layered abstraction
controller, comprising identifying a capability abstraction in a request to configure a
first application in a physical environment including a plurality of devices, selecting a
resource abstraction from a plurality of resource abstractions based on the capability
abstraction, wherein the selected resource abstraction corresponds to a first device in
the plurality of devices, and binding the first application with the first device.

Example 14 may include the method of Example 13, further including
receiving first data originating from the first device, selecting a first runtime
abstraction from a plurality of runtime abstractions, wherein the first runtime
abstraction corresponds to the first application, and sending the first data to the first
application via the first runtime abstraction.

Example 15 may include the method of Example 14, further including
receiving second data originating from the first device, selecting a second runtime
abstraction from the plurality of runtime abstractions, wherein the second runtime
abstraction corresponds to a second application, and sending the second data to the
second application via the second runtime abstraction.

Example 16 may include the method of Example 13, further including
generating a prompt including a plurality of capability abstractions, wherein the
request is associated with the prompt.

Example 17 may include the method of Example 16, wherein the plurality of
capability abstractions includes one or more categories.

Example 18 may include the method of any one of Examples 13 to 17,
wherein the first application is bound with a second device that has malfunctioned and
the method further includes unbinding the first application from the second device.

Example 19 may include at least one non-transitory computer readable storage
medium comprising a set of instructions, which when executed by a computing
device, cause the computing device to identify a capability abstraction in a request to
configure a first application in a physical environment including a plurality of
devices, sclect a resource abstraction from a plurality of resource abstractions based
on the capability abstraction, wherein the selected resource abstraction corresponds to
a first device in the plurality of devices, and bind the first application with the first
device.

Example 20 may include the at least one computer readable storage medium of

Example 19, wherein the instructions, when executed, cause a computing device to
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receive first data originating from the first device, select a first runtime abstraction
from a plurality of runtime abstractions, wherein the first runtime abstraction
corresponds to the first application, and send the first data to the first application via
the first runtime abstraction.

Example 21 may include the at least one computer readable storage medium of
Example 20, wherein the instructions, when executed, cause a computing device to
receive second data originating from the first device, select a second runtime
abstraction from the plurality of runtime abstractions, wherein the second runtime
abstraction corresponds to a second application, and send the second data to the
second application via the second runtime abstraction.

Example 22 may include the at least one computer readable storage medium of
Example 19, wherein the instructions, when executed, cause a computing device to
generate a prompt including a plurality of capability abstractions, and wherein the
request is to be associated with the prompt.

Example 23 may include the at least one computer readable storage medium of
Example 22, wherein the plurality of capability abstractions is to include one or more
categories.

Example 24 may include the at least one computer readable storage medium of
any one of Examples 19 to 23, wherein when the first application is bound with a
second device that has malfunctioned, the instructions, when executed, causc a
computing device to unbind the first application from the second device.

Example 25 may include a layered abstraction controller apparatus comprising
means for identifying a capability abstraction in a request to configure a first
application in a physical environment including a plurality of devices, means for
selecting a resource abstraction from a plurality of resource abstractions based on the
capability abstraction, wherein the selected resource abstraction corresponds to a first
device in the plurality of devices, and means for binding the first application with the
first device.

Example 26 may include the apparatus of Example 25, further including
means for receiving first data originating from the first device, means for selecting a
first runtime abstraction from a plurality of runtime abstractions, wherein the first
runtime abstraction corresponds to the first application, and means for sending the

first data to the first application via the first runtime abstraction.
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Example 27 may include the apparatus of Example 26, further including
means for receiving second data originating from the first device, means for selecting
a second runtime abstraction from the plurality of runtime abstractions, wherein the
second runtime abstraction corresponds to a second application, and means for
sending the second data to the second application via the second runtime abstraction.

Example 28 may include the apparatus of Example 25, further including
means for generating a prompt including a plurality of capability abstractions,
wherein the request is associated with the prompt.

Example 29 may include the apparatus of Example 28, wherein the plurality of
capability abstractions are to include one or more categories.

Example 30 may include the apparatus of any one of Examples 25 to 29,
wherein the first application is to be bound with a second device that has
malfunctioned and the apparatus further includes means for unbinding the first
application from the second device.

Thus, techniques described herein may enable reusability of 10T resources,
which may in turn lead to easier deployment of 10T applications. Indeed, new 10T
applications may be deployed without installing any new IOT devices whatsoever.

Embodiments are applicable for use with all types of semiconductor integrated
circuit (“IC”) chips. Examples of these IC chips include but are not limited to
processors, controllers, chipset components, programmable logic arrays (PLAs),
memory chips, network chips, systems on chip (SoCs), SSD/NAND controller ASICs,
and the like. In addition, in some of the drawings, signal conductor lines are
represented with lines. Some may be different, to indicate more constituent signal
paths, have a number label, to indicate a number of constituent signal paths, and/or
have arrows at one or more ends, to indicate primary information flow direction.
This, however, should not be construed in a limiting manner. Rather, such added
detail may be used in connection with one or more exemplary embodiments to
facilitate easier understanding of a circuit. Any represented signal lines, whether or
not having additional information, may actually comprise one or more signals that
may travel in multiple directions and may be implemented with any suitable type of
signal scheme, e.g., digital or analog lines implemented with differential pairs, optical
fiber lines, and/or single-ended lines.

Example sizes/models/values/ranges may have been given, although

embodiments are not limited to the same. As manufacturing techniques (e.g.,
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photolithography) mature over time, it is expected that devices of smaller size could
be manufactured. In addition, well known power/ground connections to IC chips and
other components may or may not be shown within the figures, for simplicity of
illustration and discussion, and so as not to obscure certain aspects of the
embodiments. Further, arrangements may be shown in block diagram form in order
to avoid obscuring embodiments, and also in view of the fact that specifics with
respect to implementation of such block diagram arrangements are highly dependent
upon the platform within which the embodiment is to be implemented, i.c., such
specifics should be well within purview of one skilled in the art. Where specific
details (e.g., circuits) are set forth in order to describe example embodiments, it
should be apparent to one skilled in the art that embodiments can be practiced
without, or with variation of, these specific details. The description is thus to be
regarded as illustrative instead of limiting.

The term “coupled” may be used herein to refer to any type of relationship,
direct or indirect, between the components in question, and may apply to electrical,
mechanical, fluid, optical, electromagnetic, electromechanical or other connections.
In addition, the terms “first”, “second”, etc. may be used hercin only to facilitate
discussion, and carry no particular temporal or chronological significance unless
otherwise indicated.

As used in this application and in the claims, a list of items joined by the term
“one or more of” may mean any combination of the listed terms. For example, the
phrases “one or more of A, B or C” may mean A, B, C; A and B; A and C; B and C;
or A, BandC.

Those skilled in the art will appreciate from the foregoing description that the
broad techniques of the embodiments can be implemented in a variety of forms.
Therefore, while the embodiments have been described in connection with particular
examples thereof, the true scope of the embodiments should not be so limited since
other modifications will become apparent to the skilled practitioner upon a study of

the drawings, specification, and following claims.
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CLAIMS
We claim:
L. A computing system to enhance reusability of components,
comprising:

a memory module;

an input device to receive a request to bind a first application in a physical
10 environment including a plurality of devices; and

a layered abstraction controller including,

a request handler to identify a capability abstraction in the request;

a resource manager to select a resource abstraction from a plurality of
resource abstractions based on the capability abstraction, wherein the selected
resource abstraction corresponds to a first device in the plurality of devices;
and

a deployment manager to bind the first application with the first
device, wherein the memory module is to document the bind between the first
application and the first device.

20
2. The system of claim 1, wherein the layered abstraction controller
further includes:
a device interface to receive first data originating from the first device; and
a runtime manager to select a first runtime abstraction from a plurality of
runtime abstractions, wherein the first runtime abstraction corresponds to the first
application, and wherein the runtime manager is to send the first data to the first

application via the first runtime abstraction.

3. The system of claim 2, wherein the device interface is to receive
30 second data originating from the first device, the runtime manager is to select a
second runtime abstraction from the plurality of runtime abstractions, the second
runtime abstraction corresponds to a second application, and the runtime manager is

to send the second data to the second application via the second runtime abstraction.
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4. The system of claim 1, wherein the layered abstraction controller
further includes a prompt generator to generate a prompt including a plurality of

capability abstractions, and wherein the request is to be associated with the prompt.

5. The system of claim 4, wherein the plurality of capability abstractions

is to include one or more categories.

6. The system of any one of claims 1 to 5, wherein when the first
application is bound with a second device that has malfunctioned, the deployment

10 manager is to unbind the first application from the second device.

7. A layered abstraction controller apparatus comprising:

a request handler to identify a capability abstraction in a request to configure a
first application in a physical environment including a plurality of devices;

a resource manager to select a resource abstraction from a plurality of resource
abstractions based on the capability abstraction, wherein the selected resource
abstraction corresponds to a first device in the plurality of devices; and

a deployment manager to bind the first application with the first device.

20 8. The apparatus of claim 7, further including:
a device interface to receive first data originating from the first device; and
a runtime manager to select a first runtime abstraction from a plurality of
runtime abstractions, wherein the first runtime abstraction corresponds to the first
application, and wherein the runtime manager is to send the first data to the first

application via the first runtime abstraction.

9. The apparatus of claim 8, wherein the device interface is to receive
second data originating from the first device, the runtime manager is to select a
second runtime abstraction from the plurality of runtime abstractions, the second
30 runtime abstraction corresponds to a second application, and the runtime manager is

to send the second data to the second application via the second runtime abstraction.
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10. The apparatus of claim 7, further including a prompt generator to
generate a prompt including a plurality of capability abstractions, wherein the request

is to be associated with the prompt.

11. The apparatus of claim 10, wherein the plurality of capability

abstractions is to include one or more categories.

12. The apparatus of any one of claims 7 to 11, wherein when the first
application is bound with a second device that has malfunctioned, the deployment

10 manager is to unbind the first application from the second device.

13. A method of operating a layered abstraction controller, comprising:

identifying a capability abstraction in a request to configure a first application
in a physical environment including a plurality of devices;

selecting a resource abstraction from a plurality of resource abstractions based
on the capability abstraction, wherein the selected resource abstraction corresponds to
a first device in the plurality of devices; and

binding the first application with the first device.

20 14. The method of claim 13, further including:
receiving first data originating from the first device;
selecting a first runtime abstraction from a plurality of runtime abstractions,
wherein the first runtime abstraction corresponds to the first application; and

sending the first data to the first application via the first runtime abstraction.

15. The method of claim 14, further including:
receiving second data originating from the first device;
selecting a second runtime abstraction from the plurality of runtime
abstractions, wherein the second runtime abstraction corresponds to a second
30 application; and
sending the second data to the second application via the second runtime

abstraction.
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16. The method of claim 13, further including generating a prompt
including a plurality of capability abstractions, wherein the request is associated with

the prompt.

17. The method of claim 16, wherein the plurality of capability

abstractions includes one or more categories.

18. The method of any one of claims 13 to 17, wherein the first application
is bound with a second device that has malfunctioned and the method further includes

10 unbinding the first application from the second device.

19. At least one non-transitory computer readable storage medium
comprising a set of instructions, which when executed by a computing device, cause
the computing device to:

identify a capability abstraction in a request to configure a first application in a
physical environment including a plurality of devices;

select a resource abstraction from a plurality of resource abstractions based on
the capability abstraction, wherein the selected resource abstraction corresponds to a
first device in the plurality of devices; and

20 bind the first application with the first device.

20. The at least one computer readable storage medium of claim 19,
wherein the instructions, when executed, cause a computing device to:

receive first data originating from the first device;

select a first runtime abstraction from a plurality of runtime abstractions,
wherein the first runtime abstraction corresponds to the first application; and

send the first data to the first application via the first runtime abstraction.

21. The at least one computer readable storage medium of claim 20,
30  wherein the instructions, when executed, cause a computing device to:
receive second data originating from the first device;
select a second runtime abstraction from the plurality of runtime abstractions,

wherein the second runtime abstraction corresponds to a second application; and

20
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send the second data to the second application via the second runtime

abstraction.

22. The at least one computer readable storage medium of claim 19,
wherein the instructions, when executed, cause a computing device to generate a
prompt including a plurality of capability abstractions, and wherein the request is to

be associated with the prompt.

23. The at least one computer readable storage medium of claim 22,

wherein the plurality of capability abstractions is to include one or more categories.

24, The at least one computer readable storage medium of any one of
claims 19 to 23, wherein when the first application is bound with a second device that
has malfunctioned, the instructions, when executed, cause a computing device to

unbind the first application from the second device.

25. A layered abstraction controller apparatus comprising means for

performing the method of any one of claims 13 to 17.

21



WO 2017/052624 PCT/US2015/052361

1/6

/10

Select an IOT Application Capability Requirement

12

—@® Compute

(1)

—O Communication

—
[\l
(@]

|_@® Sense

C(

|_O Actuation

—
[\l
(¢

| Storage

([

(O Power

.

FIG. 1



PCT/US2015/052361

WO 2017/052624

2/6

v uoneorddy
Jo uondusag

vy uoneorddy
Jo uondumsag

owr [, Juowdojoadg

)

sunenjoy 3ursuag 3ursuog A\
\ . 031015 andwo)) U 3] /
207 ~PocT— 50 002 #0Z
v QdAT, Vv QdAT, q odAT, v odAT,
qoume ass ndo 3ursuog rIDWE)) JI 3ursuog gursuog
Jomod parejuy 3T 3T
831 181 o081 \-P8I 9817 qg1—" ®81—~
391 91 POTSN91" 91— egg
Yce 27T
ﬁNN
N UHrm— ¢ uoneoriddy v uoneorddy

se—"

v //vm

81

>

)

91

ou [, yuowiordog

144
(44




WO 2017/052624 PCT/US2015/052361

3/6 .
s '

Generate a prompt including a plurality of capability abstractions [——

v

—>
36
\ Receive a request to configure an 10T application in a physical
environment including a plurality of IOT devices

38 Y

] Identify one or more capability abstractions in the request

40 Y

Select a resource abstraction from a plurality of resource
abstractions based on the capability abstraction, wherein the
selected resource abstraction corresponds to an IOT device in the
plurality of IOT devices

42 +
\ Bind the 10T application with the IOT device based on the
selected resource abstraction

—

44

No

Preexisting bind?

46\

Unbind the IOT application from the other IOT device

FIG. 3
50\ /-48

Receive first data from an [OT device

32 v

Select a first runtime abstraction from a plurality of runtime abstractions, wherein the
first runtime abstraction corresponds to a first IOT application

4 v
Send the first data to the first IOT application via the first runtime abstraction
0 v
Receive second data from the IOT device
38 v

Select a second runtime abstraction from a plurality of runtime abstractions, wherein
the second runtime abstraction corresponds to a second IOT application

60~ v

Send the second data to the second 10T application via the second runtime abstraction

FIG. 4



WO 2017/052624

4/6

PCT/US2015/052361

Layered Abstraction Controller
62

Request Handler
62a

Resource Manager
62b

Deployment Manager
62¢

Device Interface
62d

Runtime Manager
62¢

Prompt Generator
62f

FIG. 5



WO 2017/052624 PCT/US2015/052361

5/6
Code \
213 Memory 270
;
Front End
Decoder(s)
220 R
- » - 210
Register Renaming Scheduling
225 230
Execution Logic
EU-1 EU-2 oos EU-N
| ] \ \
N\ 255-1 2552 l N~ 255N 250
Back End
Retirement Logic
Y 265 R
260
Processor Core 200

FIG. 6



PCT/US2015/052361

WO 2017/052624

6/6

9po)

6T0T \J
28e101g BIR(] —zz__ 9201 101
0501 SOOIAJ(] "WWO)) OSNOJA/PIe0qAY
) |
vCol v101 8101
Ol orpny $301A9(7 O1 o3pug sng
- % %
9101 .K H —
8¢01
\l d/1 \ /1 w sorydein
J104-YSTH
8601 P00t P60 T601 e
/ 0601 \_ v0l
d-d wsAsqng O1 d-d
0101
Arpegq
d-d d-d A|. d-d d-d
ﬂ/ <801 Lol ~
re0l / (v / / 430!
K10WaN ON 9801 8301 8L0T 9L0T | DN s
\ﬂ_h 210 0501 \ﬂ_h 2107
B | . 1% | .
801 - o01d 99681 VLOT . o01d 29631
ar8ol—- t——--—- QrLO] == L====
0801 0L01
JUOWIAH FUISSI001g JUOWIAH FUISSI001g

L O

( 0001




International application No.

A A AR
INTERNATIONAL SEARCH REPORT PCT/US2015/052361

A. CLASSIFICATION OF SUBJECT MATTER
HO04L 29/08(2006.01)i, HO4L 12/24(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04L 29/08; GO6F 15/16; GO6F 15/00; GO6F 9/44; HO4L 12/24

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: layered abstraction, application, resource, capability, bind, runtime, device

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2014-124318 A1 (INTERDIGITAL PATENT HOLDINGS, INC.) 14 August 2014 1-25
See paragraphs [0054], [0080], [0102], [0133], [0140], [0184]; and figure 11.
Y US 2015-0012669 A1 (BURTON AKIRA HIPP et al.) 08 January 2015 1-25
See paragraphs [0009], [0020]-[0021], [0045]; and figure 1.
A US 2013-0246996 A1 (ENTERPRISEWEB LLC) 19 September 2013 1-25
See paragraphs [0055], [0063]; and figure 2.
A US 2012-0092727 A1 (MICHAEL R. FURST et al.) 19 April 2012 1-25
See paragraphs [0055]-[0059], [0075]; and figure 1.
A US 2014-0108558 A1 (CITRIX SYSTEMS, INC.) 17 April 2014 1-25

See paragraphs [0112]-[0114]; and figure 3.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
21 July 2016 (21.07.2016)

Date of mailing of the international search report

22 July 2016 (22.07.2016)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

KIM, KI HO

Telephone No. +82-42-481-8691

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2015/052361
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2014-124318 Al 14/08/2014 None
US 2015-0012669 Al 08/01/2015 CN 104067258 A 24/09/2014
EP 2842044 Al 04/03/2015
EP 2842044 A4 07/10/2015
WO 2013-162561 Al 31/10/2013
US 2013-0246996 Al 19/09/2013 US 9075616 B2 07/07/2015
WO 2013-142433 A2 26/09/2013
WO 2013-142433 A3 21/11/2013
US 2012-0092727 Al 19/04/2012 BR 0304946 A 31/08/2004
CN 1527232 A 08/09/2004
EP 1411456 A2 21/04/2004
EP 1411456 A3 06/07/2005
US 2004-111315 Al 10/06/2004
US 2004-111699 Al 10/06/2004
US 2004-111709 Al 10/06/2004
US 2004-125403 Al 01/07/2004
US 2004-128375 Al 01/07/2004
US 2004-128669 Al 01/07/2004
US 2005-004974 Al 06/01/2005
US 7644145 B2 05/01/2010
US 7647392 B2 12/01/2010
US 7734749 B2 08/06/2010
US 8154741 B2 10/04/2012
US 8194275 B2 05/06/2012
US 2014-0108558 Al 17/04/2014 CN 104871172 A 26/08/2015
EP 2907073 Al 19/08/2015
US 2014-108486 Al 17/04/2014
US 2014-108538 Al 17/04/2014
US 2014-108599 Al 17/04/2014
US 2014-108792 Al 17/04/2014
US 2014-123265 Al 01/05/2014
US 2015-271296 Al 24/09/2015
US 8613070 Bl 17/12/2013
US 8726343 Bl 13/05/2014
US 8745755 B2 03/06/2014
US 9053340 B2 09/06/2015
WO 2014-058640 Al 17/04/2014

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

