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PREFERENCE CLUSTERING USING DISTANCE AND ANGULAR
MEASUREMENT

CLAIM OF PRIORITY
{06001] This patent application claims the benefit of priority to U.S.
Provisional Patent Application Serial Number 62/316,137, entitled
“PREFERENCE CLUSTERING USING DISTANCE ANGULAR
MEASURE,” filed on March 31, 2016, which is hereby incorporated by

reference herein in its entirety.

TECHNICAL FIELD
{0002] This disclosure pertains generally to preference clustering using
distance and angular measurement, and in some examples to specific

clustering algorithms including a Distance Angular Measure, or (DAM).

BACKGROUND

{6003] Cluster analysis comprises a set of statistical techniques that aim to
group objects into homogeneous subsets. The objects can be people or
products. For example, cluster analysis can be used to segment consumers
into subsets based on their preferences for a set of products. Such consumer
segmentation might be used for providing personalized offers based on
group preferences. Cluster analysis can also be used to cluster products
instead of consumers to identify groups of similar products, for example to
identify a group of related products. There are two common types of
conventional clustering ruethods: partitioning roethods and hierarchical
methods.

{6004} In the partitioning approach, most commonly, the researcher must
first specify the number of clusters that he or she is interested in. Objects are
initially assigned to clusters on a random basis or on the basis of some prior
knowledge or analysis. Using an iterative algorithm, a clustering program

reassigns each object to clusters until no further improvement in within-
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cluster homogeneity is achieved. The analysis is repeated for different
numbers of clusters of interest to the researcher. An algorithm known as K-
means is a widely used partitioning algorithm.

{0005] One of the technical challenges in identifying clusters such as a
group of consumers {or products) is identifying how 'close’ consumers are to
each other, or how far apart they are. Two consumers are 'close’ when their
dissirnilarity or distance is small or their similarity is large. There are
different proximity measures for different types of data, for example
categorical data, continuous data or a mix of the two.

{00066] The most widely used proximity measures for continuous data

include the:

Minkowski disiance
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Minkowski distance is typically used with p equal 1 or 2, and

the Cosine similarity

(2)

BRIEF DESCRIPTION OF THE DRAWINGS
{0007] In order more easily to identify the discussion of any particular
element or act, the most significant digit or digits in a reference number refer
to the figure number in which that element is first introduced.
{0008] FIG. 1isablock diagram illustrating a networked system in

accordance with an example embodiment.
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i8009] FIG. 2is a block diagram illustrating components of a machine, in
accordance with some example embodiments, able to read instructions from
a machine-readable medium (e.g., a machine-readable storage medium) and
to perform any one or more of the methodologies discussed herein.

{6018] FIG. 3 is a block diagram llustrating a representative software
architecture which may be used in conjunction with various hardware
architectures herein described.

{06011] FIGS. 4A and 4B illusirate comparative aspects of the subject
matter in accordance with some embodiments.

{06012] FIGS. SA and SB illustrate further comparative aspects of the
subject matter in accordance with some embodiments.

{0013] FIG. 6 illustrates a flow chart of a method for analyzing a cluster in

accordance with an example embodiment.

DETAILED DESCRIPTION
i0014] “CARRIER MEDIUM” in this context refers to any tangible and
intangible medium that 13 capable of storing, encoding, or carrying
instructions for execution by the machine, and includes a carrier signal and a
machine-readable medium.
{6015] "CARRIER SIGNAL" in this context refers to any intangible
medium that is capable of storing, encoding, or carrying instructions for
execution by the machine, and includes digital or analog communications
signals or other intangible medium to facilitate communication of such
instructions. Instructions may be transmitted or received over the network
using a transmission medium via a network interface device and using any
one of a number of well-known transfer protocols.
{6016] "CLIENT DEVICE" in this context refers to any machine that
interfaces to a communications network to obtain resources from one or
more server systems or other client devices. A client device may be, but is
not limited to, a mobile phone, desktop computer, laptop, portable digital
assistants (PDAs), smart phones, tablets, ultra-books, netbooks, laptops,

mulii-processor systems, microprocessor-based or programmable consumer
3
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electronics, game consoles, set-top boxes, or any other communication
device that a user may use to access a network,

{86017] "COMMUNICATIONS NETWORK" in this context refers to one or
more poritons of a network that may be an ad hoc network, an intranet, an
extranet, a virtual private network (VPN), a local area network (LAN), a
wireless LAN (WLAN), a wide area network (WAN), a wireless WAN
{(WWAN), a metropolitan area network (MAN), the Internet, a portion of the
Internet, a portion of the Public Switched Telephone Network (PSTN}, a
plain old telephone service (POTS) network, a cellular telephone network, a
wireless network, a Wi-Fi® network, another type of network, or a
combination of two or more such networks. For example, a network or a
portion of a network may include a wireless or cellular network and the
coupling may be a Code Division Multiple Access (CDMA) connection, a
Global System for Mobile communications (GSM) connection, or other type
of cellular or wireless coupling. In this example, the coupling may
implement any of a variety of types of data transfer technology, such as
Single Carrier Radio Transmission Technology (1xRTT), Evolution-Data
Optirnized (EVDO) technology, General Packet Radio Service (GPRS)
technology, Enhanced Data rates for GSM Evolution (EDGE) technology,
third Generation Partnership Project (3GPP) including 3G, fourth generation
wireless (4G) networks, Universal Mobile Telecommunications System
(UMTS), High Speed Packet Access (HSPA), Worldwide Interoperability for
Microwave Access (WiMAX), Long Term Evolution (LTE) standard, others
defined by various standard setting organizations, other long range
protocols, or other data transfer technology.

[0018] "MACHINE-READABLE MEDIUM" in this context refers to a
component, device or other tangible media able to store instructions and data
temporarily or permanently and may include, but is not be limited to,
random-access memory {RAM), read-only memory (ROM)}, butfer memory,
flash memory, optical media, magnetic media, cache memory, other types of
storage (¢.g., Erasable Programmable Read-Only Memory (EEPROM})
and/or any suitable combination thereof The termt "machine-readable
medium" should be taken to include a single medium or multiple media {(e.g.,

a centralized or distributed database, or associated caches and servers) able
4
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to store instructions. The term "machine-readable medium” shall also be
taken to include any redium, or combination of multiple media, that is

capable of storing instructions {e.g.,

7

code) for execution by a machine, such
that the instructions, when executed by one or more processors of the
machine, cause the machine to perform any one or more of the
methodologies described herein. Accordingly, a "machine-readable medium”
refers to a single storage apparatus or device, as well as "cloud-based”
storage systems or storage networks that include multiple storage apparatus
or devices. The term "machine-readable mediom" excludes signals per se.
{06019] "COMPONENT" 1n this context refers to logic having boundaries
defined by function or subroutine calls, branch potuts, application program
interfaces (APIs), or other technologies that provide for the partitioning or
modularization of particular processing or control functions. Components are
typically combined via their interfaces with other components to carry out a
machine process. A component may be a packaged functional hardware unit
designed for use with other components and a part of a program that usually
performs a particular function of related functions. Components may
constitute either software components {(e.g., code embodied on a machine-
readable medium) or hardware components. A "hardware component” is a
tangible unit capable of performing certain operations and may be
configured or arranged in a certain physical manner. In various example
embodiments, one or more computer systems {e.g., a standalone computer
system, a client computer system, or a server computer system) or one or
more hardware components of a computer system (e.g., a processor or a
group of processors) may be configured by software (e.g., an application or
application portion}) as a hardware component that operates to perform
certain operations as described herein. In some embodiments, a hardware
component may be implemented mechanically, electronically, or any
suitable combination thereof. For example, a hardware component may
include dedicated circuitry or logic that is permanently configured to
perform certain operations. For example, a hardware component may be a
spectal-purpose processor, such as a Field-Programmable Gate Array
(FPGA) or an Application Specific Integrated Circuit (ASIC). A hardware
component may also include programmable logic or circuitry that is

5
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temporarily configured by software to perform certain operations. For
example, a hardware component may tonclude software executed by a
general-purpose processor or other programmable processor. Once
configured by such software, hardware components becore specific
machines {or specific components of a machine} uniquely tailored to perform
the configured functions and are no longer general-purpose processors, It
will be appreciated that the decistion to implement a hardware component
mechanically, in dedicated and permanently configured circuitry, or in
temporarily configured circuitry (e.g., configured by software) may be
driven by cost and time considerations. Accordingly, the phrase "hardware
component"{or "hardware-implemented component”) should be understood
to encompass a tangible entity, be that an entity that is physically
constructed, permanently configured (e.g., hardwired), or teraporarily
configured {(¢.g., programmed) to operate in a certain manner or to perform
certain operations described herein. Considering embodiments in which
hardware components are temporartly configured (e.g., programmed}), each
of the hardware components need not be configured or instantiated at any
one tnstance in time. For example, where a hardware component comprises a
general-purpose processor configured by software to become a special-
purpose processor, the general-purpose processor may be configured as
respectively different special-purpose processors {e.g., comprising different
hardware components) at different times. Software accordingly contfigures a
particular processor or processors, for example, to constitute a particular
hardware component at one instance of time and to constitute a different
hardware component at a different instance of time. Hardware components
can provide information to, and receive information from, other hardware
components. Accordingly, the described hardware components may be
regarded as being communicatively coupled. Where multiple hardware
components exist contermporaneously, communications may be achieved
through signal transmission {e.g., over appropriate circuits and buses)
between or among two or more of the hardware components. In
embodiments in which multiple hardware components are configured or
instantiated at different times, communications between such hardware
components may be achieved, for example, through the storage and retrieval

)
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of information in memory structures to which the multiple hardware
components have access. For example, one hardware component may
perform an operation and store the output of that operation in a memory
device to which it is communicatively coupled. A further hardware
component may then, at a later time, access the memory device to retrieve
and process the stored output. Hardware components may also initiate
communications with input or output devices, and can operate on a resource
{e.g., a collection of information). The various operations of example
methods described herein may be performed, at least partially, by one or
more processors that are temporarily configured (e.g., by software) or
permanently configured to perform the relevant operations. Whether
temporartly or permanently configured, such processors may constitute
processor-implemented components that operate to perform one or more
operations or functions described herein. As used herein, "processor-
implemented component” refers to a hardware component implemented
using one or more processors. Similarly, the methods described herein may
be at least partially processor-implemented, with a particular processor or
processors being an example of hardware. For example, at least some of the
operations of a method may be performed by one or more processors or
processor-implemented components. Moreover, the one or more processors
may also operate to support performance of the relevant operations in a
"cloud computing” environment or as a "software as a service” (SaaS). For
example, at least some of the operations may be performed by a group of
computers (as examples of machines including processors), with these
opetations being accessible via a network {e.g., the Internet) and via one or
more appropriate interfaces (e.g., an Application Program Interface (API)).
The performance of certain of the operations may be distributed among the
processors, not only residing within a single machine, but deployed across a
number of machines. In some example embodiments, the processors or
processor-implemented components may be located in a single geographic
focation {e.g., within a home environment, an office environment, or a server
farm). In other example embodiments, the processors or processor-
implemented components may be distributed across a number of geographic

locations.
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186020] "PROCESSOR" in this context refers to any circuit or virtual circuit
{a physical circutt emulated by logic executing on an actual processor) that
manipulates data values according to control signals {e.g., "commands", "op

[

codes”, "machine code”, etc. ) and which produces corresponding output
signals that are applied to operate a machine. A processor may, for example,
be a Central Processing Unit {CPU), a Reduced Instruction Set Computing
{RISC) processor, a Complex Instruction Set Computing (CISC) processor, a
Graphics Processing Unit (GPU), a Digital Signal Processor (DSP), an
Application Specific Integrated Circuit (ASIC), a Radio-Frequency
Integrated Circuit (RFIC) or any combination thereof. A processor may
further be a multi-core processor having two or more independent processors
{sometimes referred to as "cores") that may execute instructions
conternporaneousty.

{6021] A portion of the disclosure of this patent document contains
material that is subject to copyright protection. The copyright owner has no
objection to the facsimile reproduction by anyone of the patent document or
the patent disclosure, as it appears in the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright rights whatsoever. The
following notice applies to the software and data as described below and in
the drawings that form a part of this document: Copyright 2016, eBay Inc,,
All Rights Reserved.

{0022] The description that follows includes systems, methods, techniques,
instruction sequences, and computing machine program products that
embody illustrative embodiments of the disclosure. In the following
description, for the purposes of explanation, numercus specific details are
set forth in order to provide an understanding of various embodiments of the
inventive subject matter. It will be evident, however, to those skilled in the
art, that embodiments of the inventive subject matter may be practiced
without these specific details. In general, well-known instruction instances,
protocols, structures, and techniques are not necessarily shown in detail.
{0023] With reference to Figure 1, an example embodiment of a high-level
Saas network architecture 100 is shown. A networked system 116 provides

server-side functionality via a network 110 {(e.g., the Internet or wide area
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network (WAN)} to a client device 108. A web client 102 and a
programmatic client, in the example form of an application 104 are hosted
and execute on the client device 108. The networked system 116 includes an
application server 122 which in turo hosts a preference clustering system 106
that provides a number of functions and services to the application 104 that
accesses the networked system 116, The application 104 also provides a
number of interfaces described herein, which present output of the tracking
and analysis operations to a user of the client device 108,

{0024] The client device 108 enables a user to access and interact with the
networked system 116. For instance, the user provides input {e.g., touch
screen input or alphanumeric tuput) to the client device 108, and the tnput is
communicated to the networked system 116 via the network 110. In this
instance, the networked system 116, in response to receiving the input from
the user, communicates information back to the client device 108 via the
network 110 to be presented to the user.

{0025] An Application Program Interface (API) server 118 and a web
server 120 are coupled to, and provide programmatic and web interfaces
respectively, to the application server 122. The application server 122 hosts
a preference clustering system 106, which includes components or
applications. The application server 122 is, in turn, shown to be coupled to a
database server 124 that facilitates access to information storage repositories
{e.g., a database 126} In an example embodiment, the database 126 includes
storage devices that store information accessed and generated by the
preference clustering system 106,

{6026} Additionally, a third party application 114, executing on a third
party server 112, is shown as having programmatic access to the networked
system 116 via the programmatic interface provided by the Application
Program Interface (API) server 118, For example, the third party application
114, using information retrieved from the networked system 116, may
support one or more features or functions on a website hosted by the third
party.

{6027} Turming now specifically to the applications hosted by the client

device 108, the web client 102 may access the various systems {(e.g.,
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preference clustering system 106) via the web interface supported by the
web server 120, Similarly, the application 104 (e.g., an "app") accesses the
varicus services and functions provided by the preference clustering system
106 via the programmatic interface provided by the Application Program
Interface (API) server 118. The application 104 may, for example, an "app"
executing on a client device 108, such as an 108 or Android OS application
to enable user to access and tnput data on the networked system 116 in an
off-line manner, and to perform batch-mode communications between the
programmatic client application 104 and the networked system vetworked
system 116.
{6028] Further, while the S8aaS network architecture 100 shown in Figure 1
employs a client-server architecture, the present inventive subject matter is
of course not limited to such an architecture, and could equally well find
application in a distributed, or peer-to-peer, architecture system, for
example. The preference clustering system 106 could also be implemented as
a standalone software program, which do not necessarily have networking
capabilities.
{6029} Figure 2 15 a block diagram iHustrating components of a machine
200, according to some example embodiments, able to read instructions from
a machine-readable medium {e.g . a machine-readable storage medium) and
perform any one or more of the methodologies discussed herein.
Specifically, Figure 2 shows a diagrammatic representation of the machine
200 in the example form of a computer system, within which instructions
210{e.g., software, a program, an application, an applet, an app, or other
executable code) for causing the rachine 200 to perform any one or muore of
the methodologies discussed herein may be executed. As such, the
instructions may be used to implement components or components described
herein. The instructions transform the general, non-programmed machine
into a particular machine programmed to carry out the described and
illustrated functions in the manner described. In alternative embodiments,
the machine 200 operates as a standalone device or may be coupled (e.g.,
networked) to other machines. In a networked deployment, the machine 200
may operate in the capacity of a server machine or a client machine in a
server-client network environment, or as a peer machine in a peer-to-peer {or
10
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distributed) network environment. The machine 200 may comprise, but not
be limited to, a server computer, a client computer, a personal computer
{PC), a tablet computer, a laptop computer, a netbook, a set-top box (STB), a
personal digital assistant (PDA), an entertainment media system, a cellular
telephone, a smart phone, a mobtle device, a wearable device {e.g., a smart
watch), a smart home device {e.g., a smart appliance), other smart devices, a
web appliance, a network router, a network switch, a network bridge, or any
machine capable of executing the instructions 210, sequentially or otherwise,
that specify actions to be taken by machine 200. Further, while only a single
machine 200 is illustrated, the term "machine” shall also be taken to include
a collection of machines that individually or jointly execute the instructions
210 to perform any one or more of the methodologies discussed herein.
{0030] The machine 200 may include processors 204, memory
memory/storage 206, and /O components 218, which may be configured to
communicate with each other such as via a bus 202, The memory/storage
206 may include a memory 214, such as a main memory, or other memory
storage, and a storage unit 216, both accessible to the processors 204 such as
via the bus 202, The storage unit 216 and memory 214 store the instructions
210 embodying any one or more of the methodologies or functions described
herein. The instructions 210 may also reside, completely or partially, within
the memory 214, within the storage unit 216, within at least one of the
processors 204 (e.g., within the processor’s cache memory), or any suitable
combination thereof, during execution thereof by the machine 200.
Accordingly, the memory 214, the storage unit 216, and the memory of
processors 204 are examples of machine-readable media.

{06031] The /O components 218 may include a wide variety of components
to receive input, provide output, produce output, transmit information,
exchange information, capture measurements, and so on. The specific /O
components 218 that are included in a particular machine will depend on the
type of machine. For example, portable machines such as mobile phones will
likely include a touch input device or other such input mechanisms, while a
headless server machine will likely not include such a touch input device. It
will be appreciated that the /O components 218 may include many other

components that are not shown in Figure 2. The /O components 218 are
11
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grouped according to functionality merely for simplifving the following
discussion and the grouping is in no way limiting. In various example
embodiments, the /O components 218 may include cutput components
output components 226 and input components 228, The output components
226 may include visual components (e.g., a display such as a plasma display
panel (PDP), a light emitting diode (LED) display, a liquid crystal display
(L.CD), a projector, or a cathode ray tube (CRT)), acoustic components {e.g,
speakers), haptic components {e.g., a vibratory motor, resistance
mechanisms), other signal generators, and so forth. The input components
228 may include alphanumeric input components {e.g., a keyboard, a touch
screen configured to receive alphanumeric input, a photo-optical keyboard,
or other alphanumeric input components), point based input components
{e.g., a mouse, a touchpad, a trackball, a joystick, a motion sensor, or other
pointing instrument), tactile input components {e.g., a physical button, a
touch screen that provides location and/or force of touches or touch gestures,
or other tactile input components), audio input components {e.g., a
microphone), and the like.

{0032] In further example embodiments, the VO components 218 may
include biometric components 230, motion components 234, environmental
environment components 236, or position components 238 among a wide
array of other components. For example, the biometric components 230 may
include components to detect expressions (e.g., hand expressions, facial
expressions, vocal expressions, body gestures, or eye tracking), measure
biosignals {e.g., blood pressure, heart rate, body temperature, perspiration, or
brain waves), identify a person (e.g., voice tdentification, retinal
identification, facial identification, fingerprint identification, or
electroencephalogram based identification), and the like. The motion
components 234 may include acceleration sensor components (e.g.,
accelerometer), gravitation sensor components, rotation sensor components
{e.g., gyroscope)}, and so forth. The environment components 236 may
include, for example, tllumination sensor components {e.g., photometer),
temperature sensor components {e.g., one or more thermometer that detect
ambient temperature), humidity sensor components, pressure sensor
components (e.g., barometer), acoustic sensor components (e.g., One or more

12
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microphones that detect background noise), proximity sensor components
{e.g., infrared sensors that detect nearby objects), gas sensors (e.g., gas
detection sensors to detection concentrations of hazardous gases for safety or
to measure pollutants in the atmosphere), or other components that may
provide indications, measurements, or signals corresponding to a
surrounding physical environment. The position components 238 may
include location sensor components {(e.g., a Global Position System (GPS)
receiver component), altitude sensor components (e.g., altimeters or
barometers that detect air pressure from which altitude may be derived),
orientation sensor components (e.g., magnetometers), and the like.

{6033} Communication may be implemented using a wide variety of
technologies. The /O compoenents 218 may include communication
components 240 operable to couple the machine 200 to a network 232 or
devices 220 via coupling 222 and coupling 224 respectively. For example,
the communication components 240 may include a network interface
component or other suitable device to interface with the network 232, In
further examples, communication components 240 may include wired
communication components, wireless communication coroponents, cellular
communication components, Near Field Communication (NFC) components,
Bluetooth® components (e.g., Bluetooth® Low Energy), Wi-Fi®
components, and other communication components to provide
communication via other modalities. The devices 220 may be another
machine or any of a wide vartety of peripheral devices (e.g., a peripheral
device coupled via a Universal Serial Bus (USB)).

{06034] Moreover, the communication components 240 may detect
identifiers or include components operable to detect identifiers. For example,
the communication components processors communication components 240
may include Radio Frequency Identification (RFID) tag reader components,
NFC smart tag detection components, optical reader components {e.g., an
optical sensor to detect one-dimensional bar codes such as Universal Product
Code (UPC) bar code, multi-dimensional bar codes such as Quick Response
(QR} code, Aztec code, Data Matrix, Dataglyph, MaxiCode, PDF417, Ultra
Code, UCC RSS-ZD bar code, and other optical codes), or acoustic detection

components {(e.g., microphones to identify tagged audio signals). In addition,
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a variety of information may be derived via the communication components
240, such as, location via Internet Protocol (IP) geo-location, location via
Wi-Fi® signal triangulation, location via detecting a NFC beacon signal that
may indicate a particular location, and so forth.

{6035] Figure 3 is a block diagram illustrating an example software
architecture 300, which may be used in conjunction with various hardware
architectures herein described. Figure 3 is a non-limiting example of a
software architecture and it will be appreciated that many other architectures
may be implemented to facilitate the functionality described herein. The
software architecture 306 may execute on hardware such as machine 200 of
Figure 2 that includes, among other things, processors 204, memory 214, and
/O components 218. A representative hardware layer 352 is illustrated and
can represent, for example, the machine 200 of Figure 2. The representative
hardware layer 352 includes a processing unit 354 having associated
executable instructions 304, Executable instructions 304 represent the
executable instructions of the software architecture 306, including
implementation of the methods, components and so forth described herein.
The hardware layer 352 also includes memory and/or storage components
memory/storage 356, which also have executable instructions 304, The
hardware layer 352 roay also comprise other hardware 358

{6036] In the example architecture of Figure 3, the software architecture
306 may be conceptualized as a stack of layers where each layer provides
particular functionality. For example, the software architecture 306 may
include layers such as an operating system 302, libraries 320, applications
316 and a presentation layer 314, Operationally, the applications 316 and/or
other components within the layers may invoke application programming
interface (API) API calls 308 through the software stack and receive a
response as in response to the API calls 308. The lavers illustrated are
representative in nature and not all software architectures have all layers. For
example, some mobile or special purpose operating systems may not provide
a frameworks/middleware 318, while others may provide such a layer. Other

software architectures may include additional or different layers.
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i8037] The operating system 302 may manage hardware resources and
provide common services. The operating system 302 may include, for
example, a kernel 322, services 324 and drivers 326. The kernel 322 may act
as an abstraction layer between the hardware and the other software layers.
For example, the kernel 322 may be responsible for memory management,
processor management (e.g., scheduling), component management,
networking, security settings, and so on. The services 324 may provide other
common services for the other software layers. The drivers 326 are
responsible for controlling or interfacing with the underlying hardware. For
instance, the drivers 326 include display drivers, camera drivers, Bluetooth®
drivers, flash memory drivers, serial communication drivers (e.g., Universal
Serial Bus (IUSB) drivers), Wi-Fi® drivers, audio drivers, power
managernent drivers, and so forth depending on the hardware configuration.
{6038] The libraries 320 provide a common infrastructure that is used by
the applications 316 and/or other components and/or layers. The libraries
320 provide functionality that allows other software components to perform
tasks in an easier fashion than to interface directly with the underlying
operating systern 302 functionality {e.g., kernel 322, services 324 and/or
drivers 326). The libraries 320 may include system libraries 344 (e ¢, C
standard library) that may provide functions such as memory allocation
functions, string manipulation functions, mathematical functions, and the
like. Tn addition, the libraries 320 may include API libraries 346 such as
media hibraries {e.g., libraries to support presentation and manipulation of
various media format such as MPREG4, H.264, MP3, AAC, AMR, JPG,
PNG), graphics libraries {e.g., an OpenGL framework that may be used to
render 2D and 3D in a graphic content on a display), database libraries (e.g.,
SQLite that may provide various relational database functions), web libraries
{e.g., WebKit that may provide web browsing functionality}, and the like.
The libraries 320 may also include a wide variety of other libraries 348 to
provide many other APIs to the applications 316 and other software
components/components.

{06039] The frameworks frameworks/middleware 318 (also sometimes
referred to as middleware) provide a higher-level common infrastructure that

may be used by the applications 316 and/or other software
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components/components. For example, the tframeworks/middleware 318 may
provide various graphic user interface (GUI) functions, high-level resource
management, high-level location services, and so forth. The
frameworks/middleware 318 may provide a broad spectrum of other APIs
that mayv be utilized by the applications 316 and/or other software
components/components, some of which may be specific to a particular
operating system or platform.

{8040} The applications 316 include built-in applications 338 and/or third-
party applications 340. Examples of representative bullt-in applications 338
may include, but are not limited to, a contacts application, a browser
application, a book reader application, a location application, a media
application, a messaging application, and/or a game application. Third-party
applications 340 may include any an application developed using the
ANDROID™ or [OS8™ goftware development kit (SBK )} by an entity other
than the vendor of the particular platform, and may be mobile software
running on a mobile operating system such as 10S™, ANDROID™,
WINDOWS® Phone, or other mobile operating systems. The third-party
applications 340 may invoke the API calls 308 provided by the mobile
operating system {such as operating system 302} to facilitate functionality
described herein.

{6041] The applications 316 may use built in operating system functions
{e.g., kernel 322, services 324 and/or drivers 326), libraries 320, and
frameworks/middleware 318 to create user interfaces to interact with users
of the system. Alternatively, or additionally, in some systems interactions
with a user may occur through a presentation layer, such as presentation
fayer 314 In these systems, the application/component "logic" can be
separated from the aspects of the application/component that interact with a
user.

{0042] Some software architectures use virtual machines. In the example of
Figure 3, this is illustrated by a virtual machine 310. The virtual machine
310 creates a software environment where applications/components can
execute as if they were executing on a hardware machine (such as the

machine 200 of Figure 2, for example). The virtual machine 310 is hosted by
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a host operating system {operating system (0O5) 336 in Figure 3} and
typically, although not always, has a virtual machine monitor 360, which
manages the operation of the virtual machine as well as the interface with
the host operating system {1 e., operating system 302). A software
architecture executes within the virtual machine 310 such as an operating
system operating system (OS) 336, libraries 334, frameworks 332,
applications 330 and/or presentation laver 328. These layers of software
architecture executing within the virtual machine 310 can be the same as
corresponding layers previously described or may be different.

{6043] In one example, clustering or proximity measures can be applied to
consurer preference grouping. Other examples or applications of this
approach are possible.

{6044} One of the challenges of applying clustering algorithrms 1s making
an appropriate proximity measure selection. Depending on the shape of the
clusters in question, different proximity measures can be used. One of the
approaches to choose a proximity measure is to visually analyze the shape of
the possible clusters. That might be done in a so-called & < 3 space explained

further below.

10045] Suppose a goal is cluster two groups of consumers in an B product
space. Each axis in R? represents consumer preference in some products or a
group of products. With reference to Figures 4A-4B, each group of
consumers {(shown by clusters of dots) has a strong preference for one of the
products {or product features) associated with that cluster grouping, but one
group's interest has high variation. Thus, a first group of consumers 402 may
be said to have a "strong preference with high variance” (403) in a Product 1
(as an example) while a second group of consumers 404 has a "strong
preference with low variance” (405} in another Product 2 (for example).
{6046] Application of conventional Euclidean distance measurement to the
described problem as shown by line 406 in Figure 4A might lead to
misclassification at region 408 (to the left of line 406) of some members of
the high variability group 402. That is seen in Figure 4A. Part of group's
members with strong preference in Product 1 were wrongly assigned to the

group with preference in Product 2. Application of the present proximity
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measurement, described further below, does not result in such

misclassification as shown by line 410 in Figure 4B.

{86047] The problem described above might potentially be solved by using a
cosine similarity measure, but a cosine similarity measure can also fall short
particularly in cases where groups of consumers can't be separated by
preferences in one of the products (features) or group of products, for
example as shown in Figures SA-5B. In Figure 5A, consumer groups 502

and 504 can be separated by preferences to Product {or feature) 1, but not by
preference to Product 2. Applying the cosine stmilarity measure may cause
consumers from the "Product 2" cluster to be misclassified as the members
of the "Product 1" cluster, and vice versa. The clusters 302 and 504 are
classified separately as shown at curved line 506 in Figure 5B using the
techniques of the present application.

{6048] A new proximity measure which can address the limitations of
Minkowski distance measures and the cosine similarity in consumer
preference grouping is described below.

{0049] A “Distance Angular Measure”, hereinafter (DAM) is defined in R?

and a first guadrant where & > 1 as:

:i—*mgi g1

3)

where =2 ¥ &

O
. . . OiE H > . o .
Minkowski distance function. Y173 as a normalizing function. If

one measures, for instance, a distance from a cluster center to some point then

the possible normalization functions could be:

ma 1

—
R g

¥
of, =T . ,
,where ¥ 1s a center of

1. A cluster variation

{. -"w x t {.. } and i‘(?

the cluster is a number of observations or

points in (, or
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@y, = MaXgee, (T, &)
2. A cluster radius ¥ Tl SE G

closeness between two points, then:

T 0
i . —a"i«
i N PRy B
. 1
SR+ 3 Ei {f i
i LR

{6030} In some examples, (DAM) comprises two components: namely (1} a

distance component {distance measure and normalized function), and (2) an
angular component {cosine function).

{0051] Some properties of (DAM) can include:

[6052] 1. Non-negativity. Os¢

EES

> 0, {(BAM) is non-negative for all

it comes from definition of (DAM). "V &7 = % by

—_
T,

“2)
iy
"r [

definition, ¥i¥s H defined as positive not equal 0. (DAM) is defined in
, cas{® i} . .
first quadrant, thus SO0 ¥Y akes values from interval 0,1}, This leads
i ,

to non~-negative values of angular component of (DAM).

[6033] 2. Symmetry. 5§
=

{0054] 3. (DAM) has a pseudo-metric property: Oy not only if

3|

g

¥ =

{8055] The resuits of the application of (DAM)} to the cluster analysis
examples discussed above with reference to Figures 4B and 5B can be
compared with the inferior results obtained by application of conventional
Fuclidean distance and cosine similarity techniques as shown in Figures 4A
and SA, respectively. In other examples, consumers can be clustered by
preference using (DAM). An example algorithm can be divided into two
parts, for example construction of a new product or category space, and
consumers grouping according to new segments,

{0056] Thus, in one example, a clustering system for analyzing a cluster
comprises processors, and a memory storing instructions that, when executed
by at least one processor among the processors, cause the system to perform
operations coruprising, at least: calculating a Distance Angular Measure
(DAM)} for the cluster, the (DAM) comprising a distance component and an

angular component of the cluster.
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I8057] In some examples, the distance component of the (DAM) may
include one of a cluster variation and a cluster radius. The cluster variation

may be defined by an algorithm comprising:

=t
=

&y .
, where ¥ 1is a center of the cluster

i ‘3 and *7%3 s a number of observations or points in

{0058] In some examples, the cluster radius may be defined by an
algorithm comprising:

{‘5(}; o= TIAX e {E f r {_\’ . }
:“"L,z:;r' L R :{""'\'_‘i.j a.-\ ,.(.-? ¢ E

2]

{6059] In some examples, a distance between two points in the cluster may

be detined by an algorithm comprising:

o — —
i pod oW oyl —
Y adeg &

{0060] SR S R S

{06061] In some examples, the angular component of the (BAM) may
include a cosine function.

{0062] Aspects of the present disclosure also include method embodiments.
With reference to FIG. 6, a method 600 for analyzing a cluster comprises, at
602, calculating a Distance Angular Measure (DAM) for the cluster, the
(DAM)} comprising a distance component and an angular component of the
cluster. The distance component of the (DAM) may, at 604, include one of a
cluster variation and a cluster radius. The method 600 may include at 606

defining the cluster variation by an algorithm comprising:

2 -
& ;{:, £5 . .
, where ¥ is a center of the cluster
S g S v R . £ X . . . . . ~ ey
=5 = % and “ "% is a number of observations or points in ;. The

method 600 may include at 608 defining the cluster radius by an algorithm

comprising:
Sy, = MAXgeey, ST, )

{6063} In some examples, the method 600 may further comprise at 610
defining a distance between two points in the cluster by an algorithm

comprising:
20
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{0064] In some examples, the method 600 further comprises at 612
including a cosine function into the angular component of the (DAM)
{6065] Although an embodiment has been described with reference to
specific example embodiments, it will be evident that various modifications
and changes may be made to these embodiments without departing from the
broader scope of the invention. Accordingly, the specification and drawings
are to be regarded in an iHustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof, show by way of illustration,
and not of limitation, specific embodiments in which the subject matter may
be practiced. The embodiments illustrated are described 1n sufficient detail
to enable those skilled in the art to practice the teachings disclosed herein.
(Other embodiments may be utilized and derived therefrom, such that
structural and logical substitutions and changes may be made without
departing from the scope of this disclosure. This Description, therefore, is
not to be taken in a limiting sense, and the scope of various embodiments i3
defined only by the appended claims, along with the full range of equivalents
to which such claims are entitled.

{0066] Such embodiments of the inventive subject matter may be referred
to herein, individually and/or collectively, by the term “invention” merely
for convenience and without intending to voluntarily limit the scope of this
application to any single inveuntion or inventive concept if more than one is
in fact disclosed. Thus, although specific embodiments have been illustrated
and described herein, it should be appreciated that any arrangement
calculated to achieve the same purpose may be substituted for the specific
embodiments shown. This disclosure is intended to cover any and all
adaptations or variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specitically described
herein, will be apparent to those of skill in the art upoun reviewing the above

description.
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CLAIMS

1. A clustering system for analyzing a cluster, the clustering system
comprising:

processors; and

a memory storing instructions that, when executed by at least one
processor among the processors, cause the system to perform operations

comprising, at least:

calculating a Distance Angular Measure (DAM) for the cluster, the
(DAM) comprising a distance component and an angular component

of the cluster.

2. The clustering system of claim 1, wherein the distance component of

the (DAM) includes one of a cluster variation and a cluster radius.

3 The clustering system of claim 2, wherein the cluster variation is

defined by an algorithm comprising:

-
o

Loy
, where ¥ 1is a center of the cluster

ELF e A e L . . . C ey
e T8 L oang A &5 is a number of observations or points in ;.
4. The clustering system of claim 2, wherein the cluster radius is

defined by an algorithm comprising:

5. The clustering system of claim 4, wherein a distance between two
points in the cluster is defined by an algorithm comprising:
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6. The clustering system of claim 1, wherein the angular component of

the (DAM) includes a cosine function.

7. A method for analyzing a cluster, the method comprising:

calculating a Distance Angular Measure (DAM) for the cluster, the
(DAM) comprising a distance component and an angular component

of the cluster.

8. The method of claim 7, wherein the distance component of the

{DAM)} includes one of a cluster variation and a cluster radius.

9 The method of claim &, further comprising defining the cluster

variation by an algorithm comprising:

3 .

5 . ~
,where ¥ isa center of the cluster

is a number of observations or points in

16, The method of claim &, further comprising defining the cluster radius

by an algorithm comprising:

11, The method of claim 10, further comprising defining a distance
between two points in the cluster by an algorithm comprising:
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12. The method of claim 7, further comprising tncluding a cosine

function into the angular component of the (DAM)

13. A machine-readable medium carrying instructions which, when read by a

machine, cause the machine to perform operations comprising, at least:

calculating a Distance Angular Measure (DAM) for the cluster, the
(DAM) comprising a distance component and an angular component

of the cluster.

14, The medium of claim 13, wherein the distance component of the

{(DAM) includes one of a cluster variation and a cluster radius.

15, The medium of claim 14, wherein the cluster variation is defined by

an algorithm comprising:

, where - is a center of the cluster

+

Log, @ & Loy and “" %3 is a number of observations or points in C;

16, The medium of claim 14, wherein the cluster radius is defined by an

algorithm comprising:

i W
P, = maXger, 1T, 5 )
17 The medium of claim 16, wherein a distance between two points in

the cluster is defined by an algorithm comprising:
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18. The medium of claim 13, wherein the angular component of the

(DAM) includes a cosine function.

19, A carrier medium carrying computer readable instructions, which
when read and executed by a processor of a machine, cause the machine to

carry out the method of any one of claims 7 to 12
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=l
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