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SCALABLE RISK-BASED
AUTHENTICATION METHODS AND
SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 14/034,100, filed on Sep. 23, 2013, entitled “SCAL-
ABLE RISK-BASED AUTHENTICATION METHODS
AND SYSTEMS”, which is a continuation-in-part of U.S.
application Ser. No. 13/425,227, filed on Mar. 20, 2012,
entitled “DYNAMIC RISK ENGINE,” issued as U.S. Pat.
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TECHNICAL FIELD

Various embodiments of the present disclosure generally
relate to authentication. More specifically, various embodi-
ments of the present disclosure relate to a risk-based authen-
tication method and system.

BACKGROUND

Organizations strive to ensure secure and convenient user
access to services or accounts. With the proliferation of
identity theft and the growing emphasis on convenience,
organizations are forced to find a balance between gathering
enough identifying information and making the services or
accounts accessible to users. Regulations and business rules
may govern how much or the types of identifying informa-
tion the user must provide depending upon the nature of the
activity that is requested.

Existing systems often sacrifice security for convenience
or sacrifice convenience for unnecessarily. For example,
users may be required to provide a login, password, and
answer a secret question simply to view current interest rates
at an organization. Thus, although the user may be engaging
in a low-risk activity, the user may be required to provide an
excessive amount of information. Additionally, the risk level
of an activity may vary with the user, depending on past
behaviors or account preferences.

Further complicating the balance between security and
convenience is that organizations have various channels in
which users may interact with the organization. For
example, users may perform activities related to an account
at the organization over the phone, through an internet
portal, by mobile phone application, or by face-to-face
contact at a brick-and-mortar building. Thus, with the dif-
ferent means of interaction and access, organizations must
provide various methods of verifying the user’s identity.

SUMMARY

Methods and systems for scalable, risk-based authentica-
tion methods and systems are described. In some embodi-
ments, a scalable, risk-based authentication system includes
aplurality of fraud monitoring engines configured to analyze
user data and organization data and generate a set of risk
factors based on the user data and the enterprise data. The
system may further include a risk aggregator in communi-
cation with the plurality of fraud monitoring engines con-
figured to receive the set of risk factors and transform the set
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of risk factors into risk indicators. The system may further
include an authentication engine configured to receive the
risk indicators from the risk aggregator and generate an
authentication plan for a requested activity based on the risk
indicators and the requested activity.

The plurality of fraud monitoring engines may include a
batch risk scorer configured to periodically generate an
indication of an overall risk of a user account based on user
patterns and previous alerts associated with the account, an
information security monitoring engine configured to access
alerts relating to enterprise information security, and a social
network analyzer configured to analyze the user’s social
network to identify relationships indicating fraud.

In some embodiments, the plurality of fraud monitoring
engines may include a behavior and events profiler config-
ured to analyze complex relationships within the user data to
detect user behavior patterns indicating potentially fraudu-
lent behavior and generate an alert when the user behavior
patterns indicate potentially fraudulent behavior. The behav-
ior and events profiler may be further configured to compare
user behavior to historical user behavior, determine whether
the user behavior deviates from the historical user behavior
above a threshold level, and generate an alert when the user
behavior deviates above the threshold level.

The plurality of fraud monitoring engines may include
one or more risk assessors configured to assess risk by
determining whether a user device associated with the
request is identified on a government published list of
terrorist group, assessing an internet protocol address asso-
ciated with the user device based on internet protocol
reputation, and reviewing a status of the user device a status
of the user device as registered with the organization.

To generate the authentication plan, the authentication
engine may be configured to calculate an identity trust score
based on the risk indicators and compare the identity trust
score to an activity trust threshold for the requested activity.
The authentication plan may further be based on user
preferences and a channel used to request the activity. The
risk aggregator may be further configured to update an
authentication log with the authentication plan. In some
embodiments, authentication logs can be updated by the
authentication engine. The authentication plan may include
one of: requesting authentication information from the user,
allowing the user to proceed with the activity without
receiving authentication information, or denying the request
to proceed with the activity.

In some embodiments, the system further includes a set of
risk-based authenticators configured to receive and verify
authentication credentials from the user. When the authen-
tication plan requests authentication information from the
user, the authentication plan may identify at least one
risk-based authenticator to receive and verify the authenti-
cation credentials based on a type of user device and
channel. Transforming the risk factors into risk indicators
may include weighting the risk factors based on the fraud
monitoring engine the risk factor is received from.

The method for creating an authentication plan may
include receiving, from a user device via a channel, an
activity request from a user. In response to the request, risk
factors indicative of behavior of the user, a social network of
the user, the user device, and information security of the
organization may be aggregated. The risk factors may be
transformed into risk indicators, an identity trust score may
be calculated based on the risk indicators, the identity trust
score may be compared to an activity trust threshold for the
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requested activity, and an authentication plan may be gen-
erated based on the comparison and the channel used in
requesting the activity.

The risk factors indicative of the behavior of the user may
include alerts related to the behavior of the user. The alerts
may be determined by comparing the behavior of the user
with historical behavior of the user, determining whether the
behavior of the user deviates from the historical behavior of
the user above a threshold level, and generating an alert
when the behavior of the user deviates above the threshold
level. In some embodiments, the alerts may be determined
by comparing the behavior of the user with behavior of a
peer group of the user, determining whether the behavior of
the user deviates from the behavior of a peer group of the
user above a threshold level, and generating an alert when
the behavior of the user deviates above the threshold level.

The risk factors further indicate a base risk score associ-
ated with the user, and the base risk score may be generated
based on user activity across multiple channels and prior
user behavior. In some embodiments, the user’s base risk
score may be periodically generated. The risk factors asso-
ciated with the user device may include information relating
to at least one of: internet protocol reputation, ground speed,
device registration, device recognition, channel risk, inclu-
sion or exclusion from government identified fraud lists or
fraud consortium lists, a device identification risk, money
laundering risk, or deposit risk assessment.

The authentication plan may be further based on user
preferences and a device used to request the activity. The
authentication plan may include one of: requesting authen-
tication information from the user, allowing the user to
proceed with the activity without receiving authentication
information, or denying the request to proceed with the
activity.

In other embodiments, a system includes means for
receiving an activity request from a user, means for aggre-
gating risk factors indicative of behavior of the user, a social
network of the user, the user device, and information secu-
rity of the organization, and means for generating an authen-
tication plan based on the risk factors and a risk of the
requested activity.

In some embodiments, the disclosure describes a method
that includes passively authenticating a user based on infor-
mation gathered from a user operated device, where the user
operated device is used as part of a request for an activity.
The information may be used to assess risk, and the method
may further include creating an identity trust score for
comparison to an activity risk score to determine if addi-
tional authentication is needed. The method may further
include creating an authentication plan using information
gathered about the channel, the information gathered from
the user operated device, information related to historical
interaction or behavior of the user, and security and risk
intelligence of the organization.

In other embodiments, a method includes creating a
unique authentication plan for a session with a user based on
an intrusiveness of the authentication methods available,
user preferences, device capabilities, and a difference
between an identity trust score and an activity score of the
requested activity, where the unique authentication plan
includes one or more authentication options.

In some embodiments, information is aggregated and risk
is assessed across multiple channels over time to determine
risk factors or a trust based on passive interactions in
real-time. Passive interactions may include interactions with
the user or user device in which the user is not required to
actively provide information to an organization. Fraud and
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security data may influence the trust of the user, the infor-
mation or risk factors being received, or an activity being
requested by the user. The described methods and systems
may constantly check and update risk based on activities, or
lack thereof, current channel information, active or passive
authentication feeds, based on current or previous activities
on one or more channels in real time.

While multiple embodiments are disclosed, still other
embodiments of the present disclosure will become apparent
to those skilled in the art from the following detailed
description, which shows and describes illustrative embodi-
ments of the present disclosure. As will be realized, embodi-
ments of the disclosure are capable of modifications in
various aspects, all without departing from the scope of the
present disclosure. Accordingly, the drawings and detailed
description are to be regarded as illustrative in nature and not
restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present disclosure will be described
and explained through the use of the accompanying draw-
ings in which:

FIG. 1 illustrates an example of an operating environment
in which some embodiments of the present disclosure may
be utilized;

FIG. 2 is a block diagram illustrating components that can
be included in an identity authentication system in accor-
dance with various embodiments of the present disclosure;

FIG. 3 is a flow chart illustrating a set of operations for
determining whether to allow a user to engage in a restricted
activity in accordance with some embodiments of the pres-
ent disclosure;

FIG. 4 is a flow chart illustrating a set of operations for
determining whether to allow a user to engage in a restricted
activity in accordance with some embodiments of the pres-
ent disclosure;

FIG. 5 is a flow chart illustrating a set of operations for a
porting feature in accordance with some embodiments of the
present disclosure;

FIG. 6 illustrates possible components of a risk-based
authentication system;

FIG. 7 is a block diagram illustrating components that can
be included in a risk aggregator in accordance with various
embodiments of the present disclosure;

FIG. 8 is a block diagram illustrating components that can
be included in an identity authentication system in accor-
dance with various embodiments of the present disclosure;

FIG. 9 is a flow chart illustrating a set of operations for
determining whether to allow a user to engage in a restricted
activity in accordance with some embodiments of the pres-
ent disclosure;

FIG. 10 is a flow chart illustrating a set of operations for
determining whether to allow a user to engage in a restricted
activity in accordance with some embodiments of the pres-
ent disclosure;

FIG. 11 is a diagram illustrating a flow in accordance with
some embodiments of the present disclosure; and

FIG. 12 illustrates an example of a computer system with
which some embodiments of the present disclosure may be
utilized.

The drawings have not necessarily been drawn to scale.
For example, the dimensions of some of the elements in the
figures may be expanded or reduced to help improve the
understanding of the embodiments of the present disclosure.
Similarly, some components and/or operations may be sepa-
rated into different blocks or combined into a single block
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for the purposes of discussion of some of the embodiments
of the present disclosure. Moreover, while embodiments of
the present disclosure are amenable to various modifications
and alternative forms, specific embodiments have been
shown by way of example in the drawings and are described
in detail below. The intention, however, is not to limit the
disclosure to the particular embodiments described. On the
contrary, the disclosure is intended to cover all modifica-
tions, equivalents, and alternatives falling within the scope
of the disclosure as defined by the appended claims.

DETAILED DESCRIPTION

Various embodiments of the present disclosure generally
relate to identity authentication. More specifically, various
embodiments of the present disclosure relate to a dynamic
risk engine for determining when and whether sufficient
identifying information is available to permit a user to
engage in a restricted activity in addition to an authentica-
tion engine that is able to initiate channel-appropriate
authentication challenges, in order to increase the identity
trust score of a particular session. Existing and future
authentication methods or mechanisms may be added,
enabled, disabled, or removed in a manner that does not
disrupt or affect the integrity of the dynamic risk engine (i.e.,
authentication mechanisms are “hot-pluggable.”). A generic
application programming interface may connect the existing
and future authentication mechanisms.

Organizations allow users to access services and engage
in activities through various channels. Examples of channels
include modes of communication (e.g., a communications
network) for exchanging data between devices. Devices may
include, but are not limited to, computing devices such as
tablets, personal computers, smartphones, point of sale
devices, ATMs, connected smart devices such as refrigera-
tors, watches, and laptops; telephones such as landline
telephones or mobile phones; and face-to-face contact such
as between a user and an employee of the organization.
Channels may also include software and firmware associated
with the devices and communications devices such as web
portals, applications, networks, mobile applications, and
instant messaging systems. Channels may also include hard-
ware associated with the computing devices and telephones,
such as the network hardware, credit card scanners, and
retinal scanners.

Channels allow the user to engage in activities with an
organization during a session. For example, a user may use
a web portal or mobile application (i.e., a channel) to engage
in activities, such as viewing an account, trading funds,
purchasing insurance, submitting or processing a negotiable
instrument. Each channel may accept unique verifying infor-
mation, and the verifying information may change depend-
ing upon the activity requested. Thus, users may access such
accounts and perform various activities relating to services
(e.g., banking services, automobile insurance, etc.) via the
channels when sufficient verifying information has been
acquired.

For each activity request, the user is re-authenticated
using the dynamic risk engine. The user may be re-authen-
ticated to a certain level, qualifying the user to do many
activities without providing additional authentication. How-
ever, the system may lose trust in the user if the user behaves
out of a normal pattern, thus requiring the user to provide
additional authentication. Constant collection of passive or
active authentication information and risk factors constantly
alters how much the system trusts that the user is who the
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user claims to be. The system allows for a user to be
authenticated using any channel at any time.

Users may interact with the organization via channels
during one or more sessions. A session may be an interactive
exchange defined by a beginning interaction, such as log-
ging into an account, and an ending interaction such as
logging out. In some embodiments, sessions between the
user and the organization may be contiguous time periods of
interaction or related interactions that occur over a series of
distinct time periods. In another example, a session may be
a phone call, which begins with a user calling the organi-
zation and ends when the call is terminated. One or more
activities may take place during a single session. For
example, a mobile application account session may begin
with the user logging in using a username/password, com-
pleting several activities, such as checking an account bal-
ance, ordering a new credit card, and transferring funds, and
ending the session by logging out. A session may take place
through a single channel. In some embodiments, a session
may include interactions over multiple channels by porting
a session from one channel, such as a mobile application,
onto a second channel, such as a voice and data call.

In order to engage in an activity during a session, the user
provides a level of identifying information, passively and/or
actively. Passive authentication information (i.e., informa-
tion provided passively) may include information that is
accessed, collected, or otherwise received by the organiza-
tion without requiring any action by the user. Examples of
passive authentication information may include the exis-
tence or version of a secure browsing solution, a device
fingerprint, voice recognition, or behavior patterns. Active
authentication information (i.e., authentication information
provided actively) may include information that is actively
provided by the user. Examples of active authentication
information may include a password, PIN, code, and answer
to a security question. In some embodiments, the system
collects as much passive authentication information as pos-
sible before requesting active authentication information in
an effort to make the user’s contact with the organization
more convenient for the user while still identifying poten-
tially fraudulent activity.

The level of identifying information required is deter-
mined by an activity trust threshold. Various rules and
factors such as industry standards and fraud information on
a particular activity are used in determining the activity trust
threshold. The user’s identity must be verified according to
the activity trust threshold to engage in the activity.

An identity trust score can be established for the user.
During each user contact, identity characteristics and attri-
butes about the user and his/her device will be collected. The
characteristics and attributes collected during contact with a
user are stored for future comparison and data modeling.
Characteristics or attributes of the user will be assigned a
score or level whether individually or grouped characteris-
tics or attributes. When a user attempts to conduct an
activity, the identity characteristics or attributes associated
with the communication are compared to the known char-
acteristics or attributes stored about the user. All the matched
characteristics or attributes scores or levels are combined to
generate the identity trust score. Incorrect responses, unchar-
acteristic behavior, or intelligence about specific attributes
that apply to a user will either increase the activity trust
threshold or decrease the user’s identity trust score.

The identity trust score represents a measure of the
identifying information that is acquired or measured by the
fraud prevention system. The identity trust score may be
determined by various rules. Identifying information may be
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information known to the user (e.g., password), a physical
attribute of the user (e.g., biometric data), or information
identifying a device, wherein the device is associated with
the user (e.g., device fingerprint, phone number). Examples
of identifying information may include a machine identifi-
cation, username, password, social security number, token,
personal identification number, grid card code, biometric
data, geolocation, or historic user behavior for example.

Various channels allow for various types of identifying
information to be acquired. The measure may be numbers or
levels, but in either case, the measure corresponds to the
activity trust threshold such that the activity trust threshold
and the identity trust score can be compared in a meaningful
way. In various embodiments, the identity trust score must
meet or exceed the activity trust threshold in order for the
user to proceed with the activity. If the initial identifying
information does not provide an identity trust score that
meets or exceeds the activity trust threshold, the user may
actively provide (e.g., a password)—or the system may
acquire passively (e.g., a device fingerprint)—additional
identifying information to raise the identity trust score to
meet or exceed the activity trust threshold. There may be an
initial learning period on each channel such that initially, a
user may be required to use predefined authentication meth-
ods.

For example, a user may request to view an account (the
activity) via an internet portal (the channel). The risk of the
activity and the information collected in connection with the
channel are used to determine an activity trust threshold
equal to 50, for example. The machine used in connection
with the channel is identified as registered, providing an
identity trust score equal to 30. Thus, in this example,
additional identifying information is necessary for the user
to view the account. Identifying information such as a
correct username and password may provide an identity trust
score of 65, and, thus, if provided, the user will be permitted
to view the account. If the user cannot provide this infor-
mation, the user may provide other identifying information
and still view the account if the other identifying informa-
tion satisfies the activity trust threshold.

In some examples, the user’s behavior impacts the iden-
tity trust score. For example, if the user exhibits the same
behaviors as the user has done in the past, the identity trust
score may be recalculated to reflect this identifying infor-
mation. In another example, a user wishing to engage in the
activity of transferring money from one bank account to
another bank account via a mobile application may satisfy
the activity trust threshold simply by typing a personal
identification number into the application on a certain
device. For each activity requested, the user is re-authenti-
cated using the process. In some embodiments, the user is
allowed to perform basic activities based only on passively
collected authentication information.

Thus the disclosure describes a dynamic risk engine that
determines whether a user will be allowed to engage in an
activity based on an activity trust threshold determined for
that user and that activity, and compares the activity trust
threshold to an identity trust score calculated for the user.
The identity trust score may be dynamically generated as
identifying information becomes available and may increase
or decrease depending on the identifying information.
Therefore, this disclosure describes a dynamic risk engine
that facilitates equitable comparisons of trust across multiple
users, computing devices, and/or channels.

Further embodiments describe a scalable, risk-based
authentication system. The risk-based authentication system
may include a number of fraud monitoring engines that
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provide risk factors to a risk aggregator. For example, some
fraud monitoring engines may profile a user’s behavior to
detect user activity outside of a predictable pattern or normal
variation thereof. Other fraud monitoring engines may
assess risk based on a user device. User devices include
devices operated by a user (user operated devices), such as
an ATM, public computer, mobile phone, etc. Fewer or
additional fraud monitoring engines may be included in the
system, depending on the needs of the organization and
future fraud prevention techniques. Some or all of the fraud
monitoring engines may be used at one time. The risk
aggregator may weigh the risk factors differently depending
on which fraud monitoring engine reported the risk factor,
particularly (but not limited to) when the risk factors do not
yield similar results. The fraud monitoring engines, also
referred to as risk assessors, can be hot-pluggable allowing,
for enabling and disabling as needed or desired.

The risk aggregator may transform the risk factors into
risk indicators (e.g., scorable elements). This may be done
by taking the raw data, manipulating the data (e.g., scoring
based on rulesets according to risk). Risk indicators may be
communicated to an authentication engine to determine an
authentication plan. The authentication engine may deter-
mine an identity trust score for the user, which may then be
compared to the activity trust threshold to determine if the
user should be required to submit additional identifying
information prior to proceeding.

In the following description, for the purposes of expla-
nation, numerous specific details are set forth in order to
provide a thorough understanding of embodiments of the
present disclosure. It will be apparent, however, to one
skilled in the art that embodiments of the present disclosure
may be practiced without some of these specific details.

Having described embodiments of the present disclosure
generally, attention is now directed to FIG. 1, which illus-
trates an example of an operating environment 100 in which
some embodiments of the present disclosure may be uti-
lized.

The embodiments of the present disclosure illustrated in
FIG. 1 allow user interactions with organization 145 through
various points of interaction such as, but not limited to,
dedicated terminals 110 (e.g., public terminal or kiosk),
ATM networks 115 (e.g., interbank ATM network and intra-
bank ATM networks), mobile devices 120 (e.g., mobile
phone), personal computers 125, point of sale (POS) devices
130, face-to-face contact represented by user 144, or by a
landline telephone represented by telephone 142. These
points of interaction can include mechanisms for engaging
in activities with organization 145. For example, a user may
engage in activities such as viewing an account, trading
funds, purchasing insurance, submitting or processing a
negotiable instrument and may run one or more applications
or clients that allow a user to interact with the network. Such
applications may provide access to the organization 145
processing systems and interfaces. Thus, the points of inter-
action allow the user to engage in an activity via a channel.
The channels may include face-to-face contact as shown by
user 144, voice communication such as through telephone
142, internet portal or instant messaging such as through
personal computer 125, or mobile application such as
through mobile device 120.

Dedicated terminals 110 such as public terminals/kiosks
may be computers available to the public and/or specially
designed kiosks that interact with network 140. ATM net-
works 115 can be any set of ATMs in an interbank ATM
network and/or intrabank ATM network. Mobile devices 120
may be cellular phones, smart phones (a smart phone being
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a cellular phone that has capabilities and features such as,
but not limited to, internet access, a full keyboard, email
access, Wi-Fi connection capabilities, BLUETOOTH con-
nectivity, SMS, or any other functionality of a computer),
tablet computers (a portable computer having a touch inter-
face), netbooks, laptops possibly with a wireless connection
(such as an 802.11a/b/g connection or mobile broadband
connection, such as via a 3G or 4G wireless network).
Personal computers 125 may be any computer (e.g., desktop
computers, laptop computers, netbooks, tablet computers,
Internet-enabled television devices, etc.) connected to net-
work 140. Dedicated terminals 110, mobile devices 120, and
personal computer 125 may be capable of exchanging
communication in the form of voice and/or video.

POS devices 130 can be any device used as a checkout or
payment receiving mechanism for a merchant or service
provider such as a hospital, ambulance company, doctor,
automobile repair shop, pharmacy, clothing store, and oth-
ers. For example, POS device 130 can be a terminal located
at a merchant, a computer-based interface such as a webpage
or custom application, a telephone payment system, and
others.

Network 140 may include a banking network. In accor-
dance with embodiments of the present disclosure, network
140 can use a variety of interaction methods, protocols, and
systems. For example, network 140 can use any of the
automated clearing house (ACH) networks. An ACH net-
work may be operated by NACHA (previously referred to as
the National Automated Clearing House Association).
Another ACH network may be the Electronic Payments
Network (EPN). These ACH networks may interact to settle
ACH transactions involving a party that has a relationship
with only NACHA’s ACH network or only the EPN. Other
banking networks, such as CIRRUS, NYCE, and PULSE
may also be used.

As illustrated in FIG. 1, users may interact with organi-
zation 145 via different channels using various points of
interaction. Organization 145 may be a membership orga-
nization, and the users may be members or potential mem-
bers of the membership organization. Organization 145 may
be a financial institution, or any kind of entity providing any
type of service. Organization 145 may be communicably
coupled with third party 170. Third party 170 is any orga-
nization or source of information external to organization
145 that provides organization 145 with information that
may be used in determining an activity trust threshold. For
example, information provided by third party 170 may
include the identity of IP addresses known to be fraudulent,
known mal-ware on systems or networks, etc.

Third party 170 may also provide information that is
specific to a user. For example, a third party may provide
information that a credit card belonging to the user has
recently been compromised. The information may be stored
in security and fraud indicator database 155. Organization
145 may include various computing systems, model/rules
execution engine 160, user behavior database 150, security
and fraud indicator database 155, and user database 165.

Model/rules execution engine 160 uses information from
various databases and third party 170, including information
related to the risk of the activity and information acquired in
connection with the channel, applies rules relating to the risk
of the activity and the information in connection with the
channel to determine an activity trust threshold, acquires and
uses identifying information to establish an identity trust
score for the user, and determines whether the user is
permitted to engage in a particular activity. Additionally, the
model/rules execution engine 160 may dynamically gener-
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ates the identity trust score as information becomes avail-
able. The identity trust score may be upgraded or degraded
depending upon the identifying information. Model/rules
execution engine 160 could be a rules execution engine, a
model execution engine or a combination of the two.

Model/rules execution engine 160 can be communicably
coupled to one or more databases such as user behavior
database 150, security and fraud indicator database 155, and
user database 165, and may receive information from third
party 170. These databases and external sources include
information that can be utilized by model/rules execution
engine 160. Model/rules execution engine 160 may be
communicatively coupled to other systems.

User behavior database 150 may include transaction
information relating to past transactions the user has
engaged in, such as the time of day transactions were made,
the amount and destination of the transfer, the channel
and/or point of interaction used, activities and times asso-
ciated with those activities (time spent making the transac-
tion), etc. User behavior database 150 may also include
information relating to the user’s account, such as how many
logon attempts have been made, the number of failed logon
attempts, the number of successful logon attempts, where
the attempts originated from, when and where and from
what machine the user has changed passwords, registered
devices, and so on. User behavior database 150 may also
include information relating to the user’s common purchas-
ing habits.

User database 165 may store information about users,
including employment information, account balances, credit
ratings, home ownership information, annual salary, length
of membership, and/or other information. User database 165
may store security preferences or instructions that the user
has expressed, such as if a requested transaction is over $100
to ask the requestor for a one time password sent to an email
address.

Security and fraud indicator database 155 may store
information relating to information security events, physical
security events, cyber intelligence, IP addresses that orga-
nization 145 has previously received attacks from, addresses
of known fraudsters, known mal-ware on systems or net-
works, risk scores associated with IP addresses or networks,
etc. As used in this disclosure, “information security” refers
to the security and risk intelligence of an organization. This
information may also be provided or supplemented by third
party 170. These events may be related to a particular user,
or the events may relate to all users. Thus, this information
may impact the activity trust threshold required for an
activity globally, or the information may relate to one
particular user. In some embodiments, these databases may
be integrated into one database.

A computer system associated with the organization or
authorized third parties may be able to access these data-
bases for account information, user information, security
information, and other stored information. In addition, third
parties may provide information relating to the user such as
the location of the user, a credit score of the user, or any
other security information. Model/rules execution engine
160 may include many sub-engines that combine scores
ultimately.

FIG. 2 is a block diagram illustrating exemplary compo-
nents that can be included in an identity authentication
system in accordance with various embodiments of the
present disclosure. According to the embodiments shown in
FIG. 2, the authentication system 200 can include memory
210, one or more processors 220, channel information
collection module 230, activity trust threshold module 240,
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behavior trending module 250, comparison module 260,
identifying information module 270, identity trust score
module 280, and channel porting module 290. Other
embodiments of the present disclosure may include some,
all, or none of these modules and components along with
other modules, applications, and/or components. Still yet,
some embodiments may incorporate two or more of these
modules into a single module and/or associate a portion of
the functionality of one or more of these modules with a
different module.

For example, in one embodiment, the functionality asso-
ciated with channel information collection module 230 and
identifying information module 270 can be incorporated into
a single information collection and analysis module. As
another example, in one embodiment, the identity trust score
module 280 can be separated into a channel rules module for
determining the channel-appropriate authentication rules, a
security preferences module for determining the security
preferences of the user, and an identity trust score updating
module to continuously update the identity trust score as
identifying information becomes available. Moreover, the
output of these modules can be a channel-specific identity
trust score that is updated constantly to authenticate the user
according to security preferences. In some embodiments, the
identity trust score is a multiple channel identity score
updated constantly or periodically.

Memory 210 can be any device, mechanism, or populated
data structure used for storing information. In accordance
with some embodiments of the present disclosure, memory
210 can encompass any type of, but is not limited to, volatile
memory, nonvolatile memory, and dynamic memory. For
example, memory 210 can be random access memory,
memory storage devices, optical memory devices, magnetic
media, floppy disks, magnetic tapes, hard drives, SIMMs,
SDRAM, DIMMs, RDRAM, DDR RAM, SODIMMS, eras-
able programmable read-only memories (EPROMs), elec-
trically erasable programmable read-only memories (EE-
PROMs), compact disks, DVDs, and/or the like. In
accordance with some embodiments, memory 210 may
include one or more disk drives, flash drives, one or more
databases, one or more tables, one or more files, local cache
memories, processor cache memories, relational databases,
flat databases, and/or the like. In addition, those of ordinary
skill in the art will appreciate many additional devices and
techniques for storing information which can be used as
memory 210.

Memory 210 may be used to store instructions for running
one or more applications or modules on processor(s) 220.
For example, memory 210 could be used in one or more
embodiments to house all or some of the instructions needed
to execute the functionality of channel information collec-
tion module 230, behavior trending module 250, activity
trust threshold module 240, comparison module 260, iden-
tifying information module 270, identity trust score module
280, and channel porting module 290.

Channel information collection module 230 is configured
to engage in an initial contact with a user via a channel, and
in doing so, it is further configured to receive, collect, and/or
acquire information in connection with the channel, includ-
ing location information (e.g., region, city, ISO country
code, global positioning system information), machine or
device identification, internet protocol address, the type of
network (e.g., cable, dial-up, digital subscriber line, fiber-
optic internet, mobile), language, and internet service pro-
vider. For example, the channel information collection mod-
ule 230 may detect that the user is using a particular device
that is registered with the organization. Some information
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acquired by the channel information collection module may
be used in determining an activity trust threshold. For
example, if a user is determined to be located in France,
more identifying information may be required from the user
as compared to a user determined to be located in the United
States, even if the users are requesting to engage in the same
activity.

Behavior trending module 250 compiles, mines, and/or
models data related to historic user behavior. The historic
user information is compared to the user’s activity to pro-
vide additional identifying information. The identifying
information may be used in determining an identity trust
score for the user, and may be collected continuously during
the session. For example, behavior trending module 250
may compile information related to logon attempts for the
user including the number of successful and unsuccessful
logon attempts, the number of connection events, the time
period the attempts were made in, historical user channel
information, the type of activities the user has requested, the
time of day the user requests the activity or similar activities,
the nature of the activities, etc. This identifying information
is used in determining an identity trust score for the user
requesting to participate in the activity. The user’s identity
trust score may dynamically change during a session
depending on the user’s activities as analyzed by the behav-
ior trending module 250. For example, a user’s identity trust
score may initially be high enough to view an account
balance or check charges on a debit card. However, to
transfer money from one account to another account may
require additional authentication to increase the user’s iden-
tity trust score.

The user’s identity trust score may increase if the user
follows the same behavior on the website as the user
typically does. For example, assume the user typically logs
in and spends five to ten seconds on the summary page,
followed by checking credit card charges for a few minutes,
and then reviews several stock prices. If the user does some
or all of the actions prior to or while requesting the transfer,
the identity trust score would have increased since the user’s
initial logon. Thus, a user requesting to engage in a generally
high risk activity may engage in the activity if the user has
a history of engaging in the activity in a manner consistent
with past behavior. This use of past user behavior may also
decrease the identity trust score. For example, if the user’s
browsing behavior is incongruent with past browsing behav-
ior, then the user’s identity trust score may be lowered. Thus,
the behavior trending module may be used in determining
the user’s identity trust score based on any number of factors
including the number of logon attempts and historic user
behavior.

Activity trust threshold module 240 is configured to
determine an activity trust threshold for the activity. The
activity trust threshold sets a minimum identity trust score
required for a user to engage in the activity. Activity trust
threshold module 240 accesses information collected and/or
processed by channel information collection module 230
and behavior trending module 250, and other general infor-
mation relating to the risk of the activity. In some embodi-
ments, the activity trust threshold module 240 may use
information provided by third parties including information
that is specific to the user and/or information that may be
applied globally. The information is used in determining the
activity trust threshold. In some embodiments, determining
the activity trust threshold includes generating the activity
trust threshold based on rules relating to a risk of the activity
and information collected in connection with the channel. A
risk of the activity may be determined by the type of the
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activity, perceived system threats, regulations, transaction
amount, time of the activity, destination of funds, and/or any
other factors. Other factors or information in connection
with the channel may include channel risk, ground speed
(miles per hour to travel between the logon location and the
previous logon location), the number of days since the last
address change, number of alerts on the user, etc.

In some embodiments, the activity trust threshold module
240 may include a scoring system in which the value of each
factor is given a score. In some embodiments, each factor is
weighted according to its significance. The scores may be
combined in any desired manner to determine an activity
trust threshold. Any number of factors may be used to
determine an activity trust threshold for any user, engaging
in any activity via any channel, providing a flexible system.
Additionally, in some embodiments, various factors
described as used to determine the activity trust threshold
may be used instead in determining the identity trust score,
and vice versa.

Identifying information module 270 is configured to
acquire identifying information associated with the user.
Identifying information collected by the identifying infor-
mation module 270, in combination with information sup-
plied by the behavior trending module 250 is used in the
identity trust score module 280 to determine an identity trust
score.

Examples of identifying information include a password,
username, biometric data, device identification, phone num-
ber, token, one-time password, or grid card. In some
embodiments, identifying information module 270 collects
identifying information according to the channel. For
example, identifying information, if the channel is an inter-
net portal, may include device identification, username and
password personal identification number, and a token,
whereas identifying information if the channel is a voice
communication may include ANI, voice biometrics, and a
token. A set of channel rules may determine the order that
the information is collected, if at all. Some identifying
information is collected automatically and continuously. For
example, if the channel is voice communications, the iden-
tifying information module 270 may analyze the voice as the
user speaks, thus providing identifying information to the
identity trust score module 280. In some embodiments, the
identifying information module 270 requests the user to
provide additional identifying information. The request may
be made if the identifying information is not satisfactory for
the user to engage in the activity because the activity trust
threshold requires more identifying information, or the
request for additional identification may be made consistent
with security preferences expressed by the user. For
example, the user may have requested that any transaction
over a certain amount requires the user to enter a PIN, or the
user may have indicated a rule disallowing wire transfers or
transfers to certain countries.

The identity trust score module 280 is configured to
determine an identity trust score for the user based on
information acquired by the identifying information module
270 and the behavior trending module 250. In some embodi-
ments, the identity trust score module 280 performs channel-
appropriate authentication by determining an identity trust
score for the user based on the identifying information
acquired from the identifying information module 270.
Thus, the identity trust score may be a number or a level of
information that corresponds with the activity trust thresh-
old. If the activity trust threshold level is low (indicating that
the risk is low or trust is high), less identifying information
is necessary for the user to engage in the activity.
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In some embodiments, each channel is governed by
channel-specific rules. For example, on a voice telephone
call, determining only the phone number may result in an
insufficient or low identity trust score. However, if the user’s
voice is authenticated, the user will then automatically be
authenticated to a much higher level, resulting in a higher
identity trust score. In another example, a user attempting to
fill out a loan application online scores a certain identity trust
score simply by using a machine that is recognized. How-
ever, the user will score a much higher identity trust score if
the user provides a username/password combination. Thus,
some factors collected in connection with the channel as
well as historical user behavior are integrated together by
some weighted formula to dynamically generate an identity
trust score.

Once the identity trust score is determined by the identity
trust score module 280, the comparison module 260 com-
pares the identity trust score with the activity trust threshold.
If the comparison module determines that the identity trust
score meets or exceeds the activity trust threshold, then the
user will be permitted to engage in the activity. If the
comparison module 260 determines that the identity trust
score is lower than the activity trust threshold, then the user
is either rejected from engaging in the activity or the user
may be asked to provide additional identifying information
to raise the identity trust score. If additional identifying
information becomes available (e.g., the identifying infor-
mation module requests more information or collects it
automatically), the identity trust score is re-calculated with
the new information and the revised identity trust score is
compared with the activity trust threshold.

In some embodiments the identity trust score can be
dynamically generated, sometimes by information provided
from the behavior trending module, and, thus, the identity
trust score is being constantly updated without additional
requests from the user. In some embodiments, the user has
exhausted all methods of authentication in that channel but
has been unsuccessful in raising the identity trust score to the
necessary activity trust threshold level. In such a case, the
user may be rejected from engaging in the activity. In some
examples, the activity trust threshold is determined to be too
high and the user will be rejected without being asked for
additional identifying information. For example, if the infor-
mation collection module determines that the user is access-
ing an account from certain countries or regions, the request
may simply be rejected because the activity trust threshold
determined by the activity trust threshold module is simply
unattainable. When an authentication method is completed
(e.g., the user successfully logs in), the identity trust thresh-
old may be increased.

The following is an example of how the dynamic risk
engine may be used. A user wishes to engage in wiring
money from an account in the United States to an account in
China. The channel is an internet portal. Before the user has
logged in or requested to engage in the wire transfer, the
channel information collection module has collected some
information such as location, internet service providers,
network, and provided the information to the activity trust
threshold module. The information collection module has
determined that the user is located in China and that the
internet service provider is AOL. Each of the values of these
factors is given a predetermined score perhaps determined
by industry standards. For example, a location of China may
be given a certain score indicating that the trust level for this
user is not high. The internet service provider may be one
that is trusted, indicating a high level of trust.
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However, the location information may be more signifi-
cant in determining the activity trust threshold and may
therefore have a greater impact on the overall activity trust
threshold. Some factors in connection with the channel as
well as the factors related to a risk of the activity are then
integrated together by some weighted formula to determine
an activity trust threshold for this user to engage in this
activity. As illustrated in the example, the activity trust
threshold is determined by various rules related to the risk of
the activity and information in connection with the channel.
Next, an identity trust score is determined. As mentioned,
information in connection with the channel including the
device identification has been collected. Next an initial
identity trust score is determined. If the device has been
registered in the system or the user has used the recognized
device in the past, this information is taken into consider-
ation in determining the initial trust score. Additional infor-
mation used in determining the initial identity trust score
could be a correct username and password supplied by the
user. In some embodiments, a batch risk score (described
below) may be included in determining the initial identity
trust score.

An initial identity trust score is determined based on this
identifying information. The behavior trending module sup-
plies information that the logon attempt was successful on
the first attempt, that the user is currently deployed to China,
and that every Saturday, at a similar time, the user wires
money from an account in the United States to an account in
China, consistent with the user’s actions today. Additionally,
when the user logged in, the user checked a credit card
balance prior to request the transfer, as the user typically
does. The identity trust score is raised because the user is
acting in accordance with historical user behavior. As
described, the identity trust score is then compared to the
activity trust threshold to determine whether additional
identifying information is necessary. If so, the identity trust
score is regenerated as the information becomes available.

In some embodiments, authentication system 200
includes a channel porting module 290 configured to transfer
a user on one channel to a second channel that is different
from the first channel, during a session. The channel porting
module 290 allows the session to seamlessly be transferred
to a different channel. Using the channel porting module
290, an identity trust score and activity trust threshold in
connection with the second channel may be determined and
compared. If enough identifying information is available
(the identity trust score meets or exceeds the activity trust
threshold), the session will be continued on the second
channel. The information collected in connection with the
first channel may be used to authenticate the user on a
second channel. In some embodiments, the user may not be
required to provide any additional identifying information
for the session to be continued on the second channel. The
session may be transferred, and the user may be authenti-
cated, using systems and methods described in U.S. patent
application Ser. No. 14/019,669, filed Sep. 6, 2013, entitled
METHODS AND SYSTEMS FOR MULTIPLE CHAN-
NEL AUTHENTICATION, the contents of which are herein
incorporated by reference in its entirety for all purposes.

FIG. 3 is a flowchart illustrating a set of exemplary
operations for determining whether to allow a user to engage
in a restricted activity in accordance with some embodi-
ments of the present disclosure. In block 310, a user engages
in a contact via a channel. Also in this block, identifying
information relating to the user is acquired. The channel may
be a mobile application, an internet portal, voice communi-
cation, instant messaging system, or an in-person visit to a
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brick-and-mortar building. A number of devices or no device
may be used in making the contact. The user may or may not
have an account with the organization. In an example, a
contact may include a visit to a website, and identifying
information may include device identification.

In block 320, a request is received for the user to engage
in an activity. The activity may be to view a particular
webpage of the organization, transfer funds, fill out a mort-
gage application, browse interest rates, compare insurance
rates, purchase insurance, or deposit a check, for example.

In block 330, an activity trust threshold is determined for
the requested activity. In some embodiments, determining
the activity trust threshold includes generating the activity
trust threshold based on rules relating to a risk of the activity
and information collected in connection with the channel.
Some or all of the information may be assigned scores and
totaled to generate an activity trust threshold. In some
embodiments, the information is weighted depending on the
significance of the information. As described above, the
activity trust threshold sets a minimum identity trust score
(level of identifying information) that must be acquired for
the user to engage in the activity.

In block 340, an identity trust score is determined for the
user. The identity trust score is determined based on the
identifying information acquired. In some embodiments, the
identifying information is based at least in part on informa-
tion in connection with the channel. In some embodiments,
the identitying information is channel-specific. Identifying
information may include information such as a username, a
password, biometric data, a device identification, an auto-
matic number identification, a token, a onetime password, or
a grid card code, for example. Identifying information may
also include information collected or compiled in connection
with the user’s historic behavior. For example, if the user
acts in accordance with typical behaviors, the user’s identity
trust score may be increased. Or, if the user acts inconsis-
tently with past behaviors, the user’s identity trust score may
be decreased from the initial score.

In block 350, the identity trust score is compared with the
activity trust threshold. Next in block 360, based on the
comparison, the user is allowed to engage in the activity, the
user’s request to engage in the activity is rejected, or
additional identifying information is requested from the user
or collected automatically.

FIG. 4 is a flowchart illustrating a set of exemplary
operations for determining whether to allow a user to engage
in a restricted activity in accordance with some embodi-
ments of the present disclosure. Blocks 410-450 represent
the same steps as discussed in blocks 310-350. At block 460,
a determination is made whether the identity trust score
meets or exceeds the activity trust threshold. If the identity
trust score meets or exceeds the activity trust threshold, in
block 470, the user is permitted to engage in the activity. In
block 475, information related to the activity (e.g., type and
nature of activity, channel), results, and behavior (e.g.,
number of attempted logons, time of day) is recorded for
future use. Alternatively, if the identity trust score does not
meet or exceed the activity trust threshold, block 480
determines whether the identifying information acquired in
connection with the channel is exhausted, and whether other
identifying information such as past user behavior data is
available. If all identifying information has been exhausted,
then in block 490, the user is rejected from engaging in the
activity. In block 495, information related to the activity,
results, and behavior is recorded. In some examples, the
information may include associating a fraud alert with the
user. If additional identifying information may be acquired,
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then in block 492, additional identifying information is
collected or acquired. The collecting operation may be
performed automatically or the user may be requested to
provide additional identifying information. For example,
while on the phone, the user’s voice may be authenticated
and thus the identity trust score is revised. Or the user may
be asked to provide a one time password. Or the user may
have acted in accordance with previous behaviors, thus
raising the identity trust score. After the additional informa-
tion is collected, the operation returns to block 440 to
determine a revised identity trust score for the user, and to
block 450 for the comparison operation. The process con-
tinues until the user is rejected or allowed to engage in the
activity.

In some embodiments, situations exist in which no
amount of additional identifying information will permit the
user to engage in the activity. For example, if the user’s
location is determined to be in a country that raises the
activity trust threshold to an extremely high level (e.g.,
requiring biometric data such as hair samples to reach an
acceptable identity trust score), no amount of identifying
information in that channel may overcome the activity trust
threshold and thus the user is not permitted to engage in the
activity. In another example, security preferences provided
by the user may restrict activity. The security preferences
may include rules pertaining to what activity is allowed or
rules that restrict when activities can take place.

FIG. 5 is a flow chart illustrating a set of exemplary
operations for a porting feature in accordance with some
embodiments of the present disclosure. In block 510, a user
is engaged in an activity via a first channel. In block 520, the
user requests that the session be ported to a second channel
that is different than the first channel. In block 530, the user
is authenticated on the second channel. In block 540, the
user’s session is ported to the second channel and the user
can continue to engage in the activity. For example, the user
is attempting to fill out a mortgage application using a
mobile phone via a mobile phone application. The user may
choose to complete the application during the same session
but chooses to continue filling out the application on a
personal computer. The activity trust threshold for this
activity is determined to be low, and the user is authenticated
simply by the device identification. Thus, the user can
complete the application during the same session.

FIG. 6 illustrates an example of an operating environment
in which some embodiments of the present disclosure may
be utilized. More specifically, FIG. 6 illustrates possible
components of a risk-based authentication system. As illus-
trated in FIG. 6, various embodiments of risk-based authen-
tication system 600 can include channel-specific coordinator
(“CSC”) 605, risk-based authenticators 610, batch risk
scorer 615, behavior and events profiler 620, information
security monitoring 625, additional risk assessors 630, social
link analyzer 635, risk aggregator 640, authentication engine
645, and scoring server 650.

CSC 605 may be configured to receive a request from a
user to engage in a business event or activity such as making
a purchase, updating address information, etc. CSC 605 may
be configured to communicate the request to the risk aggre-
gator 640 and receive, from risk aggregator 640, an authen-
tication plan. CSC 605 may be further configured to execute
the authentication plan. An authentication plan may include
information detailing the how the user can be verified to the
activity trust threshold. For example, the authentication plan
may specify that the user should be asked for a PIN via the
user’s mobile application in order for the user to make a wire
transfer. The authentication plan may specify the identity
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trust score that the user will reach if the user correctly or
incorrectly provides the PIN. The authentication plan may
further include directions on how the risk aggregator should
respond to the current request (e.g., authenticate with no
additional information, request additional authentication
information, deny request, lock account, call user immedi-
ately, etc.). In some embodiments, the authentication plan
makes a recommendation regarding the authentication infor-
mation needed for the user to engage in the activity.

CSC 605 may also be configured to decipher the authen-
tication plan. For example, CSC 605 may use a utility style
interpreter to convert the response to a desired format. CSC
605 may distinguish between various applications such as an
application to authenticate a user and an application related
to business functions (e.g., view an account). In some
embodiments, CSC 605 is configured to control the views
that are displayed to the user based on the type of request.
In an example, CSC 605 is configured to determine when to
present a web view for a web-based application versus a
native view for a mobile client-side based application to
enforce the authentication plan. In some embodiments, CSC
605 further includes the functionality described with respect
to authentication plan receiving/requesting module 770 and
GUI generation module 780.

Depending upon the authentication plan, CSC 605 may
make an authentication request to risk-based authenticators
610, which are various authentication applications. For
example, if the authentication plan reveals that the user will
reach an identity trust score that exceeds the activity trust
threshold by providing a PIN via a mobile application, a
mobile application authenticator will be used to receive the
information and authenticate the user. CSC 605 may be
configured to receive information relating to the successful/
unsuccessful attempts from the risk-based authenticators
610 and provide this information to the risk aggregator 640
and/or authentication engine 645.

Risk-based authenticators 610 may be configured to
receive a channel for the authentication (e.g., web portal,
mobile application) and authentication information (e.g.,
mother’s maiden name) provided by the user or the user
device from CSC 605 and to authenticate the user to a
certain state of authentication. For example, risk-based
authenticators 610 may reach a state of successful comple-
tion (e.g., authenticate user to an identity trust score that
meets or exceeds the activity trust threshold), an interme-
diate state allowing multiple authentication attempts from
the user (e.g., if the user misspells a word or if the user
cannot recall the street they grew up on), or may reach a state
of authentication failure or even a state of lockout of the user
account (e.g., if the user unsuccessfully attempts to login too
many times). Regardless of the result, risk-based authenti-
cator 610 may be configured to log the final authentication
state and all the intermediate steps or attempts and provide
this information to CSC 605.

Examples of types of authentication information or cre-
dentials received by the risk-based authenticators 610 may
include answers to security questions, an SMS code, IVR
call, secure token, KBA, biometrics, bingo card, enhanced
CAPCHA, device fingerprint, secure browsing solution,
information from the device such as a device fingerprint, or
QRC cross device. In some embodiments, the authentication
information may be collected from the device with no
request to the user and/or no action from the user.

Risk aggregator 640 may be configured to receive
requests for activities from CSC 605. Based on this request,
risk aggregator 640 may be configured to request and collect
and/or receive risk factors from any number of fraud moni-
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toring engines such as batch risk scorer 615, behavior and
events profiler 620, information security monitoring engine
625, additional risk assessors 630, and social link analyzer
635 in a parallel and synchronous/asynchronous manner.
Risk aggregator 640 may collect and/or receive risk factors
from more or fewer fraud monitoring engines, allowing the
system to be scalable and adaptable to changing environ-
ments and threats. The risk factors may indicate that the
event matches a known fraudulent pattern, that it is out of a
typical behavior pattern for the user or similar user, that the
event exceeds groundspeed rules or represents a high geo-
location risk, that the event is risky when combined with
prior things done by the user or device, that the parties are
related to known bad networks/devices/other parties, and the
inherent risk of the event.

Risk aggregator 640 may be configured to transform the
risk factors into risk indicators by scoring or normalizing the
risk factors. In some embodiments, the risk factors are
weighed according to the fraud monitoring engine that
supplies the risk factor and/or by the significance of the
posed risk. Once the risk factors are transformed into risk
indicators, risk aggregator 640 communicates the risk indi-
cators to authentication engine 645. Risk aggregator 640 can
be configured to receive an authentication plan from the
authentication engine 645 and to communicate the authen-
tication plan to CSC 605. Risk aggregator 640 may receive
authentication results (e.g., attempts, channels or modes of
authentication, etc.) from CSC 605.

Batch risk scorer 615 may be configured to analyze
sessions against various scoring models and to generate a
base customer risk score that is used in determining an
overall risk score for a user’s account. The base customer
risk score may be generated on a periodic basis (e.g., daily),
and as such, generally does not include authentication infor-
mation relating to the current request. The base customer
risk score answers the question “generally, how risky is this
user account?” In doing so, batch risk scorer 615 analyzes
data from the user’s history with the organization. Informa-
tion used to generate the base customer risk score may
include, but are not limited to, data from other divisions of
an organization (e.g., customer products) and member activ-
ity across channels (e.g., channels typically used generally
and for the requested activity, recent activity with user
account, etc.). Batch risk scorer 615 may generate scorecard
models used in the behavior and event profiler based on the
user data.

Batch risk scorer 615 calculates a risk level by mining a
Big Data repository for indicators of risk according to
known fraud and abuse patterns. Some example scenarios
include excessive groundspeed across products, account
takeover red flags, new account opening velocity, and
behavior outside normal thresholds. The batch base cus-
tomer risk score is calculated from the Big Data repository
based upon historical customer, account, transaction, geo-
location, device, and contact history data. During a business
event such as logon, the base customer risk score is one of
many risk score models that risk aggregator 640 assembles
together into a Master Score Card model. The Master Score
Card also includes elements of trust—facts about the session
that lower the overall risk. The model scorecards found
within behavior and events profiler 620, batch risk scorer
615, and social link analyzer 635 are separate and distinct
scorecards that are inputs to the Master Scorecard Model
that scoring server 650 produces.

In some embodiments, the batch risk scorer 615 may
provide a base customer risk score, scorecard models, and
other customer risk information to behavior and events
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profiler 620. In some embodiments, batch risk scorer 615
may be configured to provide authentication results to risk
aggregator 640, including a log of the authentication infor-
mation provided by the user or the user device, a channel
used in the authentication or authentication attempts, the
number of authentication attempts, etc.

Behavior and events profiler 620 may be configured to
identify possible fraudulent behavior by monitoring various
enterprise events and financial transactions and evaluating
these events and transactions for possible fraud activity.
Behavior and events profiler 620 may be configured to
receive requests and provide risk factors such as alerts and
case management based on behavioral profiling, complex
events processing, and scorecard models for the user to the
risk aggregator 640. Methods and systems for behavior
profiling are described in commonly assigned, U.S. patent
application Ser. No. 13/801,784, entitled “BEHAVIORAL
PROFILING METHOD AND SYSTEM TO AUTHENTI-
CATE A USER,” which is herein incorporated by reference
in its entirety for all purposes.

Information security monitoring engine 625 may be con-
figured to maintain and provide access to alerts generated
via enterprise information security components. Such com-
ponents may include Cyber Threat Operation Center
(CTOC), which collects information from network devices
or a security consortium and generates alerts against poten-
tial risky connections to internal networks. Information
security monitoring 625 may be configured to receive
requests from and provide alerts to risk aggregator 640.

Additional risk assessors 630 may be configured to
receive user information and risk information from various
internal and external sources and to provide additional
information relating to the user or the user’s device.
Examples of additional risk assessors include a device
scoring risk assessor (e.g., evaluating groundspeed and IP
reputation), device registration risk assessor (e.g., whether
the device has been registered with the organization,
whether the device is on a watch list), device recognition
risk assessor (e.g., taking a device fingerprint and determin-
ing whether it matches with a device fingerprint in the user’s
profile), fraud consortium risk assessor (e.g., companies that
share watchlists and information about parties who have
committed prior fraud), hotfiles risk assessor (e.g., lists of
known fraudsters within the organization), ID risk assessor
(e.g., is ID flagged as risky), money laundering risk assessor
(e.g., determining whether the transaction has characteristics
of' a money laundering event), deposit risk assessor (e.g., a
deposit float management system), or a credit report indi-
cators risk assessor, among others. These risk assessors may
request information from a third party. Risk assessors can be
hot-pluggable, allowing for enabling and disabling as
needed or desired.

In some embodiments, the additional risk assessors may
run a scoring model on input data and run rules against a
requested activity to generate a risk assessment. Such risk
assessments may include reason codes explaining the score
and provide insight as to the risk factor having the most
significant impact on the score. Risk aggregator 640 may
request risk assessments from various risk assessors depend-
ing upon the activity or other information received by risk
aggregator 640. Additional risk assessors 630, as well batch
risk scorer 615, behavior and events profiler 620, informa-
tion security monitoring engine, social link analyzer 635 can
send information and/or risk assessments to risk aggregator
640 in real-time or in batch mode.

Social link analyzer 635 may be configured to build a
network of interconnection to relate people and events in
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order to provide additional risk factors. For example, the
social link analysis tool may detect if a user is connected to
a phone number that is currently or was on a hotlist through
several degrees of separation. In another example, if the user
is married to a person who has a hotlisted phone number, the
system may flag the user as being a person of interest. Such
information may be requested by and provided to risk
aggregator 640.

Social link analyzer 635 may also gather and analyze
social media information from third party and public sources
such as blogs, social media posts, news articles, public
records, affiliates, connections on social media sites such as
Facebook® and LinkedIn®. This social media may be used
in building a user’s network of interconnections.

Authentication engine 645 may be configured to receive
risk indicators from risk aggregator 640 (e.g., base risk
score, alert aggregation, behavioral model, predictive mod-
els, session risk, CEP, social network risk, additional risk
assessors, etc.), receive an identity trust score from scoring
server 650, compare the identity trust score to the activity
trust threshold, and determine whether the user has been
authenticated to the required activity trust threshold for the
current request. If the user has not been authenticated to the
required activity trust threshold, authentication engine 645
may be configured to determine a risk-based authenticator
and authentication information to achieve the required activ-
ity trust threshold.

Authentication engine 645 may be configured to provide
risk indicators to scoring server 650 and to request and
receive an identity trust score from scoring server 650. If the
user has not been authenticated at or above the activity trust
threshold, authentication engine 645 determines what
authentication is needed for the user’s identity trust score to
reach the activity trust threshold. In some embodiments,
several different methods of authentication would suffice to
raise the user’s identity trust score to meet or exceed the
activity trust threshold.

The determinations from authentication engine 645 may
be sent to the risk aggregator 640 as an authentication plan
(e.g., request user to provide PIN). The authentication plan
may be generated by considering the customer’s stated
authentication preferences, the operational status of the
authenticators, an invasiveness of the authentication
requests, and the effectiveness of the authenticator with
respect to the channel and operation being requested. In
some embodiments, the authentication plan may be designed
to minimize the use of invasive active authentication mea-
sures (e.g., answering security questions) in order to meet
the required threshold. Thus, the authentication plan may
recommend the plan using the least invasive authentication
collection method. The authentication methods may be
ranked in order of most invasive to least invasive. Authen-
tication engine 645 may further be configured to assess the
risk on any channel at any time. In some embodiments, the
authentication plan may be dependent on the channel. In
other embodiments, the authentication plan is channel-
independent.

Authentication engine 645 may apply rules to generate the
authentication plan. For example, authentication engine 645
may account for invasiveness of the authentication (with a
preference towards passive methods of authentication such
as device fingerprinting), user preferences, the channel, a
device, etc. The methods of authentication may be priori-
tized. For example, the method of authentication with the
highest priority may be the method requesting passive
information from the device currently being used. In some
embodiments, authentication engine 645 may update the
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authentication logs with the authentication plan. Authenti-
cation engine 645 may account for regulatory rules. For
example, the authentication plan returned may require NIST
level 3 strength authenticators for every request of a par-
ticular activity, independent of activity risk and identity trust
score gained.

Scoring server 650 may be configured to receive risk
indicators from authentication engine 645 and to calculate
an identity trust score for the user. Risk indicators that may
be included in the scoring include a base risk score for the
customer, aggregated alerts, behavioral model, predictive
models, session risk, complex events processing, and social
network risk. In calculating the identity trust score, scoring
server 650 may analyze the input data for a chosen set of
variables and based on certain weightage around a combi-
nation of all such data inputs, calculate the identity trust
score for the request and/or session. The scoring server 650
may weigh these risk indicators differently depending upon
business rules, risks and regulations. In some embodiments,
scoring server 650 normalizes the score by channel. Thus, if
the user provides the same information on a different chan-
nel, the user’s score may be impacted differently.

FIG. 7 is a block diagram illustrating components that can
be included in a risk aggregator, such as risk aggregator 640.
According to the embodiments shown in FIG. 7, the risk
aggregator 640 may include memory 710, one or more
processors 720, activity request receiving module 730, risk
factor collector 740, security session manager 750, risk
factor transformer 760, authentication plan receiving/re-
questing module 770, and graphical user interface genera-
tion (“GUT”) module 780. Other embodiments of the present
disclosure may include some, all, or none of these modules
and components along with other modules, applications,
and/or components.

Furthermore, some embodiments may incorporate two or
more of these modules into a single module and/or associate
a portion of the functionality of one or more of these
modules with a different module.

Memory 710 can be any device, mechanism, or populated
data structure used for storing information as described
above with regard to memory 210. Memory 710 may be
used to store instructions for running one or more applica-
tions or modules on processor(s) 720. For example, memory
710 could be used in one or more embodiments to house all
or some of the instructions needed to execute the function-
ality of activity request receiving module 730, risk factor
collector 740, security session manager 750, risk factor
transformer 760, authentication plan receiving/requesting
module 770, and GUI generation module 780.

Activity request receiving module 730 may be configured
to receive information relating to an activity request (e.g.,
identity claim, activity type) from CSC 605. Upon receiving
the information, the activity request receiving module 730
may analyze the information relating to the activity request
and signal risk factor collector 740 to begin collecting risk
factors from various components. Based on the identity
claim and/or the activity, activity request receiving module
730 may signal risk factor collector 740 to collect specific
information.

Risk factor collector 740 may be configured to receive a
signal from activity request receiving module 730. In
response to receiving such a signal, risk factor collector 740
may request risk factors from various systems and compo-
nents such as behavior and events profiler 620 (e.g., CEP
results, a behavioral profile, customer risk score model,
and/or alerts and case management based on this informa-
tion), batch risk scorer 615 (e.g., a base risk score associated
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with the customer), information security monitoring 625
(e.g., device logs, network security, and/or alerts based on
this and similar information security data), and/or additional
risk assessors 630.

Security session manager 750 may be configured to
collect all information on authentication state/history and
activity history of the current session and to log authenti-
cation results. Authentication state/history and activity his-
tory may include the current identity trust score of the
customer, whether the user is currently in a session, the last
time the user logged in, the device that was used, how many
login attempts were taken, etc. In some embodiments, activ-
ity history information may be collected/received from a
customer risk data store associated with the batch risk scorer
615. Security session manager 750 may operate to persist
related and similar data to a globally accessible and highly
available database and/or log entry into an activity log or
publish the event that an activity has been requested for
other enterprise components to listen and act upon. For
example, if additional credentials are received, security
session manager 750 logs the time, channel, and method and
whether the received credentials raise, lower, or do not affect
the identity trust score.

Risk factor transformer 760 may be configured to receive
the risk factors from the batch risk scorer 615, behavior and
events profiler 620, information security monitoring 625,
additional risk assessors 630, social link analyzer 635, and
other fraud monitoring engines. This information may be
received into the risk factor transformer 760 as raw data, and
the risk factor transformer 760 may be configured to format
the raw data into risk indicators. The risk indicators may be
transferred to the authentication engine 645. In some
embodiments, the risk factor transformer 760 weighs the
risk indicators based upon their origin. 118. In some embodi-
ments, scoring server 650 may be used by the risk factor
transformer 760 to aggregate the risk factors and to trans-
form the risk factors into risk indicators.

Authentication plan receiving/requesting module 770
may be configured to request an authentication plan from the
authentication engine 645 outlining the authentication cre-
dentials needed for the user to engage in the activity.
Authentication plan receiving/requesting module 770 may
be configured to receive the authentication plan after the
authentication engine 645 has generated the plan.

GUI generation module 780 may be configured to gen-
erate one or more GUI screens that allow for interaction with
a user or a representative. In at least one embodiment, GUI
generation module 780 generates a graphical user interface
allowing a user to provide authentication information such
as a PIN, username, password, etc., or to execute an activity
such as a funds transfer, product purchase, loan application,
etc. GUI generation module 780 may generate a GUI
allowing a representative to review an authentication request
and/or otherwise receive or convey information to the user.

FIG. 8 is a block diagram illustrating components that can
be included in behavior and events profiling system, such as
behavior and events profiler 620. According to the embodi-
ments shown in FIG. 8, the behavior and events profiler 620
may include memory 810, processor(s) 820, cross-channel
information gathering and monitoring module 830, complex
events processor 840, behavior profiler 850, model score-
cards 860, and alert and case management 870. Other
embodiments of the present disclosure may include some,
all, or none of these modules and components along with
other modules, applications, and/or components. Further-
more, some embodiments may incorporate two or more of
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these modules into a single module and/or associate a
portion of the functionality of one or more of these modules
with a different module.

Memory 810 can be any device, mechanism, or populated
data structure used for storing information as described
above with regard to memory 210. Memory 810 may be
used to store instructions for running one or more applica-
tions or modules on processor(s) 820. For example, memory
810 could be used in one or more embodiments to house all
or some of the instructions needed to execute the function-
ality of memory 810, processor(s) 820, cross-channel infor-
mation gathering and monitoring module 830, complex
events processor 840, behavior profiler 850, model score-
cards 860, and alert and case management 870.

Cross-channel information gathering and monitoring
module 830 may be configured to monitor user activity
across all channels (e.g., web portal, mobile application) and
across divisions of the organization (e.g., insurance, bank-
ing, and investments). Such information may be provided to
complex events processor 840, behavior profiler 850, model
scorecards 860, and alert and case management 870.

Complex events processor (“CEP”) 840 may be config-
ured to listen for enterprise events and correlate those
around rules that would trigger alerts such as a change of
mailing address in a previous recent session and a request for
a credit card soon after.

Behavior profiler 850 may be configured to receive infor-
mation relating to user activities, analyze the information to
generate an activity and/or behavior pattern for the user, and
group the user into behavior categories. Using the behavior
categories and/or the behavior pattern, the behavior profiler
850 may be configured to establish or predict a user’s
behavior and provide alerts to alert and case management
870 when the user’s activity pattern for a session violates the
established or predicted behavior pattern as established in
model scorecards 860. In some embodiments, the user’s
behavior is compared to the behavior of people in the users’
financial peer group. Behavior may include a behavior DNA
(e.g., how quickly a person types, the pressure used on a
keyboard, etc.) of a person. Behavior profile may be con-
figured to use a similar analysis on devices. Information
used to generate the user’s (or the device’s) behavior pattern
may be received from cross-channel information gathering
and monitoring module 830.

Model scorecards 860 may be configured to provide a
behavior model based on the user’s previous behaviors.
Multiple scorecard models, such as those from batch scor-
ing, social link analyzer scoring, and other risk assessors,
may be used to generate the score produced by scoring
server 650.

Alert and case management 870 may be configured to
receive alerts (e.g., relating to a behavior pattern of the user)
from behavior profiler 850 and CEP 840 and send the alerts
to risk aggregator 640.

FIG. 9 is a flow chart illustrating a set of operations 900
for allowing a user to engage in a restricted activity in
accordance with various embodiments of the present disclo-
sure. The operations can be performed by various compo-
nents such as processor(s) 720 and activity request receiving
module 730, among others.

Event start operation 910 begins an event, such as a
request to engage in a financial transaction, open a new
account, order a new credit card, update address informa-
tion, etc. This may take place on any channel (e.g., phone
call, mobile application, web portal, etc.). Collecting opera-
tion 920 collects risk factors from various components. The
risk factors may relate to the user, the channel, or the device
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used to make the request. In some embodiments, the risk
factors relate to the organization. Based on the risk factors
and the nature of the event, event evaluation operation 930
evaluates a riskiness of the event and translates this into an
activity trust threshold necessary for the user to meet and/or
exceed prior to engaging in the activity. Various authenti-
cator applications may be activated in authenticate operation
940.

FIG. 10 is a flow chart illustrating a set of operations 1000
for allowing a user to engage in a restricted activity in
accordance with various embodiments of the present disclo-
sure. The operations can be performed by various compo-
nents such as processor(s) 720 and activity request receiving
module 730, among others.

Activity request operation 1010 receives a request from a
user to engage in an activity. The activity may be a monetary
transaction (e.g., new purchases, investment activities) or a
non-monetary transaction (e.g., new account opening, card
ordering request, credit increase, personal status change,
account party change). The activity request may begin a
number of risk collection and determination operations, such
as fraud risk based on behavior determination operation
1020, fraud risk based on informational security risks deter-
mination operation 1030, base customer risk score determi-
nation operation 1040, social link analyzing operation 1050,
and additional risk assessment request operation 1060.

Fraud risk based on behavior determination operation
1020 determines fraud risk based on the requesting user’s
behavior. For example, a behavior profile may be accessed
and used to determine if the user is acting as the user or the
user’s peers typically act (e.g., browsing in the order the user
typically browses, engaging in activities at typical times).
Complex events processing may further indicate fraud by
analyzing events for fraudulent patterns.

Fraud risk based on informational security risks determi-
nation operation 1030 determines risk factors based on
informational security. For example, alerts against poten-
tially risky connections to internal networks may be deter-
mined during this operation.

Base customer risk score determination operation 1040
may determine a fraud risk level for the customer based on
the user’s activity across all divisions in the company and
based on the user’s profile. For example, if the user had
recently been a victim of identity theft, the customer’s base
risk score may be increased.

Social link analyzing operation 1050 analyzes the user’s
social network to determine if there are any social links
indicating fraud based on the user’s associations. A social
network may be created by identifying relationships
between customers and non-customers through the use of
common, identifying information such as a same address,
same telephone number, previously identified family mem-
bers, social media connections, etc.

Additional risk assessment(s) request operation 1060 may
request risk information such as lists identifying known
threats (persons, devices, IP addresses, networks, etc.),
credit reporting agencies, etc. This operation may further
determine whether the user or the user’s device is included
on one of the lists.

Transformation operation 1070 transforms the raw risk
factors determined from the fraud risk based on behavior
determination operation 1020, fraud risks based on infor-
mational security risks determination operation 1030, base
customer risk score determination operation 1040, social
link analyzing operation 1050, and risk assessment request
operation 1060, and formats the risk factors into risk indi-
cators.
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Identity trust score calculation operation 1080 receives
the risk indicators and determines an identity trust score for
the user. Various algorithms may be used to determine the
identity trust score.

Based on the identity trust score, the type of device
currently being used by the user or a preferred device/
method of authentication, and the activity trust threshold
(measure of riskiness of the activity), authentication plan
creation operation 1090 creates an authentication plan for
the user. The authentication plan may specify the type of
device and credentials required for the user’s identity trust
score to meet the trust score needed to engage in the activity
(e.g., PIN using mobile application). In some embodiments,
the authentication plan may indicate that the user is already
authorized and no further action is necessary. In some
embodiments, the user may be denied access to the activity
entirely (e.g., if there too many authentication attempts or if
the identity trust score indicates that there is likely fraudu-
lent behavior).

In response to the creation of the authentication plan, plan
execution operation 1095 executes the plan by sending an
authentication request, information detailing why the user is
not authenticating, or allowing the user to engage in the
activity.

FIG. 11 is a diagram illustrating a flow in accordance with
some embodiments of the present disclosure. In FIG. 11, the
member contacts the organization using a device (e.g.,
mobile phone, computer) over a channel (e.g., mobile appli-
cation). The contact may include a request to authenticate or
to partake in one or more business activities (e.g., check
account funds, set up direct deposit). The contact may be via
a phone, desktop or personal computer, credit card swiping
device, or other methods. The member’s request may be
processed by a Security Controller. The Security Controller
may be responsible for orchestrating all actions required to
get the customer to an authenticated state, which could
include collecting risk and trust factors, communicating with
external risk assessors, or requesting the Master Scorecard
and authentication plan generation. The user may be pas-
sively authenticated to a certain level based on actions taken
by the user or information gathered from the device.

The Security Controller may communicate the request to
the risk engine. The risk engine may receive risk factors
determined and analyzed by various components, such as a
behavior profiler, CEP, and others. The risk factors may be
alerts, information relating to the device, etc. Information
relating to the member, other members, the organization
security system, cyber threats, and others may be collected
(e.g., Big Data) and analyzed to generate the risk factors.
The risk engine may calculate a trust score for the member,
quantifying how confident the system is that the person
requesting the activity is the member. The risk engine may
also calculate an activity trust threshold, quantifying a
confidence level in the requestor’s identity necessary for the
member to proceed with the activity. The authentication
engine may recommend or generate an authentication plan.
The authentication plan may recommend a step-up in the
identity trust score prior to allowing the user to proceed. The
authentication plan may also recommend step-up based on
the user’s security preference. The authentication plan may
include multiple channels and methods of authentication
(e.g., biometrics) for the user to step-up the identity trust
score.

Computer System Overview

Embodiments of the present disclosure include various
steps and operations, which have been described above. A
variety of these steps and operations may be performed by
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hardware components or may be embodied in machine-
executable instructions, which may be used to cause a
general-purpose or special-purpose processor programmed
with the instructions to perform the steps. Alternatively, the
steps may be performed by a combination of hardware,
software, and/or firmware. As such, FIG. 12 is an example
of a computer system 1200 with which embodiments of the
present disclosure may be utilized. According to the present
example, the computer system includes a bus 1210, at least
one processor 1220, at least one communication port 1230,
a main memory 1240, a removable storage media 1250, a
read only memory 1260, and a mass storage device 1270.

Processor(s) 1220 can be any known processor, such as,
but not limited to, an Intel® Itanium® or Itanium 2®
processor(s), or AMD® Opteron® or Athlon MP® proces-
sor(s), or Motorola® lines of processors. Communication
port(s) 1230 can be any of an RS-232 port for use with a
modem-based dialup connection, a 10/100 Ethernet port, or
a Gigabit port using copper or fiber. Communication port(s)
1230 may be chosen depending on a network such a Local
Area Network (LAN), Wide Area Network (WAN), or any
network to which the computer system 1200 connects.

Main memory 1240 can be Random Access Memory
(RAM), or any other dynamic storage device(s) commonly
known in the art. Read only memory 1260 can be any static
storage device(s) such as Programmable Read Only Memory
(PROM) chips for storing static information such as instruc-
tions for processor 1220.

Mass storage device 1270 can be used to store informa-
tion and instructions. For example, hard disks such as the
Adaptec® family of SCSI drives, an optical disc, an array of
disks such as RAID, such as the Adaptec family of RAID
drives, or any other mass storage devices may be used.

Bus 1210 communicatively couples processor(s) 1220
with the other memory, storage, and communication blocks.
Bus 1210 can be a PCI/PCI-X or SCSI based system bus
depending on the storage devices used.

Removable storage media 1250 can be any kind of
external hard-drives, floppy drives, IOMEGA® Zip Drives,
Compact Disc—Read Only Memory (CD-ROM), Compact
Disc-Re-Writable (CD-RW), or Digital Video Disk-Read
Only Memory (DVD-ROM).

The components described above are meant to exemplify
some types of possibilities. In no way should the aforemen-
tioned examples limit the scope of the disclosure, as they are
only exemplary embodiments.

TERMINOLOGY

Brief definitions of terms, abbreviations, and phrases used
throughout this application are given below.

The term “user” may include a person and/or any end-
point computing device.

The term “identity trust score” means the score given to
the amount of confidence in the user’s identity claim.

The terms “connected” or “coupled” and related terms are
used in an operational sense and are not necessarily limited
to a direct physical connection or coupling. Thus, for
example, two devices may be coupled directly, or via one or
more intermediary media or devices. As another example,
devices may be coupled in such a way that information can
be passed therebetween, while not sharing any physical
connection with one another. Based on the disclosure pro-
vided herein, one of ordinary skill in the art will appreciate
a variety of ways in which connection or coupling exists in
accordance with the aforementioned definition.
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The phrases “in some embodiments,” “according to some
embodiments,” “in the embodiments shown,” “in other
embodiments,” and the like generally mean the particular
feature, structure, or characteristic following the phrase is
included in at least one embodiment of the present disclo-
sure, and may be included in more than one embodiment of
the present disclosure. In addition, such phrases do not
necessarily refer to the same embodiments or different
embodiments.

If the specification states a component or feature “may,”
“can,” “could,” or “might” be included or have a character-
istic, that particular component or feature is not required to
be included or have the characteristic.

The term “responsive” includes completely or partially
responsive.

The term “module” refers broadly to a software, hard-
ware, or firmware (or any combination thereof) component.
Modules are typically functional components that can gen-
erate useful data or other output using specified input(s). A
module may or may not be self-contained. An application
program (also called an “application”) may include one or
more modules, or a module can include one or more
application programs.

The term “network” generally refers to a group of inter-
connected devices capable of exchanging information. A
network may be as few as several personal computers on a
Local Area Network (LAN) or as large as the Internet, a
worldwide network of computers. As used herein, “network™
is intended to encompass any network capable of transmit-
ting information from one entity to another. In some cases,
a network may be comprised of multiple networks, even
multiple heterogeneous networks, such as one or more
border networks, voice networks, broadband networks,
financial networks, service provider networks, Internet Ser-
vice Provider (ISP) networks, and/or Public Switched Tele-
phone Networks (PSTNs), interconnected via gateways
operable to facilitate communications between and among
the various networks.

Embodiments of the present disclosure may be provided
as a computer program product which may include a
machine-readable medium having stored thereon instruc-
tions which may be used to program a computer (or other
electronic devices) to perform a process. The machine-
readable medium may include, but is not limited to, floppy
diskettes, optical disks, compact disc read-only memories
(CD-ROMs), and magneto-optical disks, ROMs, random
access memories (RAMs), erasable programmable read-
only memories (EPROMs), electrically erasable program-
mable read-only memories (EEPROMs), magnetic or optical
cards, flash memory, or other type of media/machine-read-
able medium suitable for storing electronic instructions.
Moreover, embodiments of the present disclosure may also
be downloaded as a computer program product, wherein the
program may be transferred from a remote computer to a
requesting computer by way of data signals embodied in a
carrier wave or other propagation medium via a communi-
cation link (e.g., a modem or network connection).

Also, for the sake of illustration, various embodiments of
the present disclosure have herein been described in the
context of computer programs, physical components, and
logical interactions within modern computer networks.
Importantly, while these embodiments describe various
aspects of the present disclosure in relation to modern
computer networks and programs, the method and apparatus
described herein are equally applicable to other systems,
devices, and networks as one skilled in the art will appre-
ciate. As such, the illustrated applications of the embodi-
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ments of the present disclosure are not meant to be limiting,
but instead exemplary. Other systems, devices, and networks
to which embodiments of the present disclosure are appli-
cable include, but are not limited to, other types of commu-
nication and computer devices and systems. More specifi-
cally, embodiments are applicable to communication
systems, services, and devices such as cell phone networks
and compatible devices. In addition, embodiments are appli-
cable to all levels of computing from the personal computer
to large network mainframes and servers.

In conclusion, the present disclosure provides novel sys-
tems, methods, and arrangements for risk-based authentica-
tion systems and methods. While detailed descriptions of
one or more embodiments of the disclosure have been given
above, various alternatives, modifications, and equivalents
will be apparent to those skilled in the art without varying
from the spirit of the disclosure. For example, while the
embodiments described above refer to particular features,
the scope of this disclosure also includes embodiments
having different combinations of features and embodiments
that do not include all of the described features. Accordingly,
the scope of the present disclosure is intended to embrace all
such alternatives, modifications, and variations as fall within
the scope of the claims, together with all equivalents thereof.
Therefore, the above description should not be taken as
limiting the scope of the disclosure, which is defined by the
appended claims.

What is claimed is:

1. A scalable, risk-based authentication system compris-

ing:

a memory;

a processor in communication with the memory, the
processor operable to execute software modules, the
software modules comprising:

a plurality of fraud monitoring engines to:

analyze user data and organization data, and

generate a set of risk factors based on the user data
and the organization data;

wherein the plurality of fraud monitoring engines
includes:

a batch risk scorer to periodically generate an indi-
cation of an overall risk of a user account based on
user patterns and previous alerts associated with
the user account;

an information security monitoring engine to access
alerts relating to enterprise information security;
and

a social network analyzer to analyze the user’s social
network to identify relationships indicating fraud;

a risk aggregator in communication with the plurality
of fraud monitoring engines to:

receive the set of risk factors, and

transform the set of risk factors into risk indicators;

wherein the risk factors indicative of the user’s
behavior include alerts related to the behavior of
the user, wherein the alerts are determined by;
comparing the behavior of the user with the

behavior of a peer group of the user;
determining whether the behavior of the user
deviates from the behavior of the peer group of
the user above a threshold level; and
generating an alert when the behavior of the user
deviates above the threshold level; and

an authentication engine to:
receive the risk indicators from the risk aggrega-

tor, and

30

rank authentication methods according to a level
of invasiveness, wherein the most invasive
authentication methods require user-provided
information, wherein the least invasive authen-
5 tication methods no user-provided information;
generate an authentication plan for a requested
activity that includes an authentication method,
wherein the authentication plan is based on the
level of user invasiveness required by the
authentication method, the risk indicators and
the requested activity.

2. The system of claim 1, wherein the plurality of fraud
monitoring engines includes:

a behavior and events profiler to:

analyze complex relationships within the user data to
detect user behavior patterns indicating potentially
fraudulent behavior; and

generate an alert when the user behavior patterns
indicate potentially fraudulent behavior.

3. The system of claim 2, wherein the behavior and events
profiler is further to:

compare user behavior to historical user behavior;

determine whether the user behavior deviates from the

historical user behavior above a threshold level; and
generate an alert when the user behavior deviates above
the threshold level.

4. The system of claim 1, wherein the plurality of fraud
monitoring engines includes: one or more risk assessors to
assess risk by:

determining whether a user device associated with the

request is identified on a government published list of
terrorist groups;

assessing an internet protocol address associated with the

user device based on internet protocol reputation; and
reviewing a status of the user device as registered with the
terrorist groups.

5. The system of claim 1, wherein, to generate the
authentication plan, the authentication engine is further to:

calculate an identity trust score based on the risk indica-

tors; and

compare the identity trust score to an activity trust thresh-

old for the requested activity.

6. The system of claim 1, wherein the authentication plan
is further based on user preferences and a channel used to
request the activity.

7. The system of claim 1, wherein the risk aggregator is
further to: update an authentication log with the authentica-
tion plan.

8. The system of claim 1, wherein the authentication plan
includes one of: requesting authentication information from
the user, allowing the user to proceed with the activity
without receiving authentication information, or denying the
request to proceed with the activity.

9. The system of claim 8, wherein the software modules
further comprise:

a set of risk-based authenticators to receive and verify

authentication credentials from the user,

wherein, when the authentication plan requests authen-
tication information from the user, the authentication
plan identifies at least one risk-based authenticator to
receive and verify the authentication credentials
based on a type of user device and channel.

10. The system of claim 1, wherein transforming the risk
65 factors into risk indicators includes weighting the risk fac-

tors based on the fraud monitoring engine the risk factor is
received from.
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11. A method for creating an authentication plan, com-
prising:

receiving, from a user device via a channel, an activity

request from a user;
in response to the request, aggregating risk factors indica-
tive of behavior of the user, the user device, and
security and risk intelligence of an organization;

transforming the risk factors into risk indicators;

calculating an identity trust score based on the risk
indicators wherein the risk indicators include an overall
risk of a user account based on user patterns and
previous alerts associated with the account, enterprise
information security, and the user’s social network to
identify relationships indicating fraud;

comparing the identity trust score to an activity trust

threshold for the requested activity;

ranking authentication methods according to a level of

invasiveness, wherein the most invasive authentication
methods require user-provided information, wherein
the least invasive authentication methods require no
user-provided information; and

generating an authentication plan that includes an authen-

tication method, wherein the authentication plan is

based on the comparison, the level of user invasiveness

required by the authentication method, and the channel

used in requesting the activity, wherein the risk indi-

cators of the user include alerts related to the behavior

of the user, wherein the alerts are determined by:

comparing the behavior of the user with behavior of a
peer group of the user;

determining whether the behavior of the user deviates
from the behavior of the peer group of the user above
a threshold level; and

generating an alert when the behavior of the user
deviates above the threshold level.

12. The method of claim 11, further comprising:

comparing behavior of the user with historical behavior of

the user;

determining whether the behavior of the user deviates

from the historical behavior of the user above a thresh-
old level; and

either decreasing the identity trust score when the behav-

ior of the user deviates above the threshold level or
increasing the identity trust score when the behavior
matches the historical behavior of the user.

13. The method of claim 11, wherein the risk factors are
further indicative of the user’s social network and a base risk
score associated with the user, the base risk score generated
based on user activity across multiple channels and prior
user behavior.

14. The method of claim 13, wherein the method further
comprises periodically generating the base risk score for the
user.
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15. The method of claim 11, wherein the risk factors
associated with the user device include information relating
to at least one of: internet protocol reputation, ground speed,
device registration, device recognition, channel risk, inclu-
sion or exclusion from government identified fraud lists or
fraud consortium lists, a device identification risk, money
laundering risk, or deposit risk assessment.

16. The method of claim 11, wherein the authentication
plan is further based on user preferences and the user device
used to request the activity.

17. The method of claim 11, wherein the authentication
plan includes one of: requesting authentication information
from the user; allowing the user to proceed with the activity
without receiving authentication information; or denying the
request to proceed with the activity.

18. A non-transitory computer-readable storage medium
including a set of instructions that, when executed by one or
more processors, causes the one or more processors to
perform operations comprising:

receiving, from a user device via a channel, an activity

request from a user;

in response to the request, aggregate risk factors indica-

tive of behavior of the user, the user device, and
security and risk intelligence of an organization;
transforming the risk factors into risk indicators;
calculating an identity trust score based on the risk
indicators wherein the risk indicators include an overall
risk of a user account based on user patterns and
previous alerts associated with the account, enterprise
information security, and the user’s social network to
identify relationships indicating fraud and, wherein the
risk indicators of the user include alerts related to the
behavior of the user, wherein the alerts are determined
by:
comparing the behavior of the user with behavior of a
peer group of the user;
determining whether the behavior of the user deviates
from the behavior of the peer group of the user above
a threshold level; and
generating an alert when the behavior of the user
deviates above the threshold level;

comparing the identity trust score to an activity trust

threshold for the requested activity;

ranking authentication methods according to a level of

invasiveness, wherein the most invasive authentication
methods require user-provided information, wherein
the least invasive authentication methods require no
user-provided information; and

generating an authentication plan that includes an authen-

tication method, wherein the authentication plan is
based on the comparison, the level of user invasiveness
of the authentication method, and the channel used in
requesting the activity.
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