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(57) A dynamic data minimization server implements
minimization protocols to entity-specific information
based on access rights (e.g., privacy rights) of a request-
ing entity. The minimization may be applied on the fly
(e.g., as the entity-specific information is requested) and
the level, type, protocol, etc., of encryption (or other min-
imization process) may be selected based on a particular
type of a data item. The dynamic data minimization server
may determine and apply transformation functions, such
as encryption, to items of protected information, trans-

forming those items of protected information into items
of minimized information. If a requesting entity has ap-
propriate rights, the dynamic data minimization server
may selectively apply a reverse transformation function,
such as decryption, to recover the original information.
The systems and methods include generation and pres-
entation of user interfaces for presenting minimized in-
formation and processing requests to de-minimize infor-
mation, and may be used to provide minimization serv-
ices to pre-existing data stores.



EP 3 188 072 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Application No. 62/272,624 filed December 29,
2015, and to U.S. Patent Application No. 15/071,064,
filed March 15, 2016, each of which is hereby incorpo-
rated by reference in its entirety. This application is re-
lated to but does not claim priority from U.S. Patent No.
8,515,912 entitled "Sharing And Deconflicting Data
Changes In A Multimaster Database System" filed July
15, 2010; U.S. Patent No. 8,527,461 entitled "Cross-ACL
Multi-Master Replication" filed November 27, 2012; U.S.
Patent No. 8,688,749 entitled "Cross-Ontology Multi-
Master Replication" filed March 31, 2011; U.S. Patent
No. 9,081,975 entitled "Sharing Information Between
Nexuses That Use Different Classification Schemes For
Information Access Control" filed October 22, 2012; and
U.S. Patent No. 8,838,538 entitled "Techniques for rep-
licating changes to access control lists on investigative
analysis data" filed July 31, 2013, each of which are here-
by incorporated by reference in their entireties and col-
lectively referred to herein as the "Sharing References."

BACKGROUND

[0002] Generally described, electronic data stores can
be used to store open and protected information. The
information stored in a data store can be entirely open,
entirely protected, or may include both open and protect-
ed information. Different items of protected information
can have varying degrees of privacy associated with
them, and may accordingly require more or less effort to
maintain the associated degree of privacy.
[0003] Access to an electronic data store can be re-
stricted according to the degree of privacy of the infor-
mation the data store contains. Access can be restricted,
for example, by requiring use of logins and passwords
to access the data store, or by only permitting access
from certain networks or network addresses. Access can
be further limited to include only a portion of data store
contents, or to grant a particular level of access based
on the credentials provided. However, these access con-
trols provide limited flexibility and require significant effort
to administer and maintain.

SUMMARY

[0004] The systems, methods, and devices described
herein each have several aspects, no single one of which
is solely responsible for its desirable attributes. Without
limiting the scope of this disclosure, several non-limiting
features will now be discussed briefly.
[0005] Embodiments of the present disclosure relate
to a dynamic data minimization server that may automat-
ically minimize and de-minimize protected information
stored in data stores, such as in accordance with privacy

settings established by a system administrator. As used
herein, minimization refers to the process of encrypting,
masking, hashing, generalizing, randomizing, dissociat-
ing, de-personalizing, anonymizing, pseudo-anonymiz-
ing, and/or otherwise transforming an original item of in-
formation into a "minimized item" associated with a higher
degree of privacy. As but one example, a masking func-
tion may transform the name "John Smith" into "J--- S----
-," preserving the initials and length of the original item
while reducing any association between the minimized
item and a particular identity. As a further example, a
generalizing function may transform an age of an indi-
vidual, e.g., 34, into a range of "30-39" to provide some
general age information while reducing the level of per-
sonally identifiable information in the minimized item. As
still further examples, a dissociating function may remove
an association between the data items "John Smith" and
"1140 E. Main Street," or a generalizing function may
minimize "1140 E. Main Street" to "E. Main Street."
[0006] As described below, a dynamic data minimiza-
tion server may be utilized with an existing data store to
control access to protected data (either data regarding
an individual, a group of individuals, an organization, a
business, or other entity) at the level of individual items
and requests. In some aspects, the dynamic data mini-
mization server may be utilized to minimize a data store,
replacing all or part of the stored protected information
with transformed or anonymized data. The dynamic data
minimization server may utilize a reverse transformation
function, such as a decrypting function that corresponds
to a previous encryption function, to fulfill requests for
the original protected information (e.g., by a user that has
appropriate rights to access the protected data that was
originally provided in a minimized form). In other aspects,
the dynamic data minimization server may provide min-
imization services, such that a data store maintains the
original data, and requests to access information in the
data store are processed via the dynamic data minimi-
zation server and minimized on demand. Further aspects
of the present disclosure include generation and display
of user interfaces for requesting information, displaying
items of minimized protected information, and process-
ing requests to access items of de-minimized protected
information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Reference will now be made to the accompa-
nying drawings, which illustrate example embodiments
of the present disclosure. In the drawings:

FIG. 1 is a schematic block diagram of an example
network topology including a dynamic data minimi-
zation server, protected data stores, a minimized da-
ta store, and a presentation server in communication
with client computing devices via a network;
FIG. 2 is a block diagram of an example data table
containing items of open and protected information,
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in accordance with aspects of the present disclosure;
FIG. 3 is a block diagram of an example user inter-
face presenting items of minimized information in ac-
cordance with aspects of the present disclosure.
FIGS. 4A and 4B are example block diagrams de-
picting on-demand minimization of protected infor-
mation and processing of requests to access the
original protected information, in accordance with
aspects of the present disclosure;
FIGS. 5A and 5B are example block diagrams de-
picting at-rest minimization of protected information
and processing of requests to de-minimize protected
information, in accordance with aspects of the
present disclosure;
FIG. 6 is a flow diagram depicting an example routine
for minimizing protected information in accordance
with aspects of the present disclosure;
FIG. 7 is a flow diagram depicting an example routine
for processing requests to access protected infor-
mation, in accordance with aspects of the present
disclosure;
FIG. 8 is a flow diagram depicting an example routine
for processing requests to de-minimize protected in-
formation, in accordance with aspects of the present
disclosure; and
FIG. 9 is a block diagram of an example computer
system consistent with embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0008] Reference will now be made in detail to example
embodiments, the examples of which are illustrated in
the accompanying drawings. Whenever possible, the
same reference numbers will be used throughout the
drawings to refer to the same or like parts.
[0009] Embodiments describe methods, systems, and
transitory or non-transitory computer-readable mediums
for minimizing protected information and processing re-
quests to access de-minimized protected information.
The embodiments described herein may be applied to
existing data sources, with or without modification to the
original source data, and may be used to create, custom-
ize, and persist minimization settings on a per-request
and/or per-item basis. Items of protected information may
be minimized to support, for example, privacy policies,
data minimization policies, legal requirements, or other
conditions, and may be accessed or de-minimized in ac-
cordance with access policies.

Definitions

[0010] In order to facilitate an understanding of the sys-
tems and methods discussed herein, a number of terms
are defined below. The terms defined below, as well as
other terms used herein, should be construed to include
the provided definitions, the ordinary and customary
meaning of the terms, and/or any other implied meaning

for the respective terms. Thus, the definitions below do
not limit the meaning of these terms, but only provide
exemplary definitions.
[0011] Protected data is any information regarding a
particular entity, such as an individual, a group of indi-
viduals, an organization, a business, or any other entity
or combination of the aforementioned entities, that is de-
sirable to be kept private or concealed, such as personal,
sensitive, and/or confidential information. In some imple-
mentations, protected data includes any personally iden-
tifiable information ("PII") that could potentially be used
to identify a specific individual or to distinguish one indi-
vidual from another.
[0012] Open data is any information regarding a par-
ticular entity that is not protected data, such as publicly
available data.
[0013] Minimization process (function or transfor-
mation), refers to any process of anonymizing, encrypt-
ing, masking, hashing, generalizing, randomizing, disso-
ciating, de-personalizing, and/or otherwise transforming
an item of protected data (or a "protected data item") into
a "minimized data item" associated with a higher degree
of privacy and/or that is less indicative of a particular en-
tity.
[0014] A reversible minimization process (function
or transformation) can be applied to a minimized data
item to recover (or regenerate) the original protected da-
ta. A reversible minimization process can only be applied
to protected data that is minimized using a reversible
minimization process.
[0015] Access rights are rights of a requesting entity,
such as a requesting individual, group of individuals, or-
ganization, business, or any other entity, to access pro-
tected data. Access rights may be based rights of the
requesting entity and/or characteristics of the requested
data. For example, data items may have varying meta-
data that are usable to determine access rights of re-
questing entities. In some embodiments, an access con-
trol list (ACL) may be accessed to determine rights of a
requesting entity to view protected data.

Example Access Combol

[0016] An ACL is a set of one or more permissions that
govern use (e.g., read access, write access, etc.) of the
associated access-controlled (e.g., protected) data. A
permission in an ACL may be expressed in a variety of
different forms in various embodiments. For example, a
permission may specify a set of one or more trustees
(e.g., a user) and one or more use rights (e.g., read ac-
cess, write access, etc.) of those trustees with respect
to the associated data item. As another example, a per-
mission may specify a minimum security classification
level (e.g., unclassified, secret, top secret, or a particular
job title or position) such that only users that possess the
minimum security classification level can use (e.g., read,
write, etc.) the associated protected data item. In other
embodiments, other forms for expressing an ACL per-
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mission may be used. As discussed herein, the permis-
sions data associated with particular data items of vari-
ous types may be used to determine minimization proc-
esses to perform on protected data items in order to pro-
vide some form of information to the requesting entity,
while reducing personally identifiable information provid-
ed. In some embodiments, an ACL may be generated or
managed as illustrated by the Sharing References.

Example System Overview

[0017] FIG. 1 is a block diagram of an example network
topology 100 for processing requests to minimize and
de-minimize (which may include a process of re-identifi-
cation, reverse anonymization, and/or other process)
protected data in accordance with the present disclosure.
In the illustrated embodiment, the network topology 100
includes a dynamic data minimization server 102 in com-
munication with a presentation server 104. In various em-
bodiments, the dynamic data minimization server 102
may correspond to a wide variety of computing devices
configured to implement aspects of the present disclo-
sure. For example, the dynamic data minimization server
102 can include one or more computing devices (e.g.,
server(s)), memory storing data and/or software instruc-
tions (e.g., database(s), memory device(s), etc.), and
other known computing components. According to some
embodiments, the dynamic data minimization server 102
can include one or more networked computers that ex-
ecute processing in parallel or use a distributed comput-
ing architecture. The dynamic data minimization server
102 can be configured to communicate with one or more
components of the network topology 100, and it can be
configured to provide information via an interface(s) ac-
cessible by users over a network (e.g., the Internet). In
some embodiments, the dynamic data minimization serv-
er 102 can include an application server configured to
provide data to one or more presentation servers 104
executing on computing systems connected to the dy-
namic data minimization server 102.
[0018] The presentation server 104 may similarly cor-
respond to a wide variety of computing devices config-
ured to implement aspects of the present disclosure. The
example topology in FIG. 1 is not limiting, and various
configurations of the dynamic data minimization server
102 and presentation server 104 are within the scope of
the present disclosure. For example, the dynamic data
minimization server 102 and presentation server 104
may be implemented as a single computing device, as
one or more virtual computing devices, or as various com-
binations of physical and virtual computing devices and
computer-executable instructions.
[0019] In the illustrated example, the presentation
server 104 is in communication with one or more protect-
ed data stores 106, which store protected data and may
additionally store open data. Generally, a protected data
store 106 may correspond to a hard disk drive, network
accessible storage, or any other type of perpetual or sub-

stantially perpetual storage accessible by the presenta-
tion server 104. For example, the protected data stores
106 of FIG. 1 may correspond to network accessible stor-
age devices. Though depicted as external to the presen-
tation server 104, in some embodiments, protected data
stores 106 may be internal to the presentation server
104. Further, in some embodiments, the protected data
stores 106 may be internal to the dynamic data minimi-
zation server 102, may be in communication with the an-
onymization server 102 instead of (or in addition to) the
presentation server 104, and may be in communication
with the presentation server 104 via the dynamic data
minimization server 102.
[0020] In some embodiments, the presentation server
104 is in communication with a minimized data store 108.
Generally, a minimized data store 108 may correspond
to a hard disk drive, network accessible storage, or any
other type of perpetual or substantially perpetual storage
accessible by the presentation server 104. For example,
the minimized data store 108 of FIG. 1 may correspond
to a network accessible storage device. Though depicted
as external to the presentation server 104, in some em-
bodiments, the minimized data store 108 may be internal
to the presentation server 104. Further, in some embod-
iments, the minimized data store 108 may be internal to
the dynamic data minimization server 102, may be in
communication with the dynamic data minimization serv-
er 102 instead of (or in addition to) the presentation server
104, and may be in communication with the presentation
server 104 via the dynamic data minimization server 102.
Further, in some embodiments, the minimized data store
108 may be omitted or combined with one or more pro-
tected data stores 106.
[0021] The network topology 100 further includes a
network 140 operable to enable communication between
the presentation server 104 and the client computing de-
vice 150. The network 120 may be, for instance, a wide
area network (WAN), a local area network (LAN), or a
global communications network. In some embodiments,
the dynamic data minimization server 102, presentation
server 104, protected data stores 106, or minimized data
store 108 may communicate via the network 120 or via
a separate network, such as a private LAN.
[0022] The modules or components illustrated in FIG.
1 may include additional components, systems, and sub-
systems for facilitating the methods and processes. For
example, in various embodiments, the dynamic data min-
imization server 102, presentation server 104, protected
data stores 106, and minimized data store 108 may be
centralized in one computing device, distributed across
several computing devices, implemented by one or more
virtual machine instances, and/or distributed through a
network.

Example Data Structure

[0023] FIG. 2 is a block diagram of an example data
set 200 that contains items of protected information, in
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accordance with aspects of the present disclosure. The
example data set 200 may be stored, for example, in a
data store, such as a protected data store 106 of FIG. 1.
In the illustrated example, data set 200 includes record
identifier 202, first name 204, last name 206, latitude 208,
longitude 210, telephone number 212, and Social Secu-
rity Number (SSN) 214. Data set 200 is provided as an
example, and the present disclosure is applicable to any
data set containing protected information. As non-limiting
examples, data set 200 may contain medical records,
health information, financial records, billing records,
credit card information, or other confidential data. In
some embodiments, data set 200 may contain data sub-
ject to privacy laws, such as the Health Insurance Port-
ability and Accountability Act (HIPAA) or the Data Pro-
tection Directive, may contain data subject to legally man-
dated internal controls, such as the Sarbanes-Oxley Act,
or may contain data controlled by privacy policies, data
minimization policies, or other policies that restrict access
to all or part of the data set 200. Further, in some em-
bodiments, individual items of information may be pro-
tected while other items of the same type are open, and
items of information may be accessible by requesting
entities based on characteristics of the particular request-
ing entity. Thus, a first requesting entity may have rights
to view all protected information of a first entity, while a
second requesting entity may only have rights to view a
minimized version of the protected information (such as
by applying one or more minimization processes to por-
tions of the protected information). As a non-limiting ex-
ample, some telephone numbers 212 may be unlisted or
otherwise have greater privacy requirements than oth-
ers.
[0024] With reference now to FIG. 3, an example user
interface 300 for presentation of minimized data will be
described. In the illustrated example, the minimized data
presented in FIG. 3 corresponds to the data set 200 of
FIG. 2. FIG. 3 depicts a simplified interface for purposes
of illustration, and in various embodiments, user interface
300 may have more or fewer components within the
scope of the present disclosure. As non-limiting exam-
ples, user interface 300 may be implemented as a web
page displayed via a web browser, or as an application
executing on a tablet, mobile, or other computing device.
Additionally, in some embodiments, the minimized data
in FIG. 3 may be provided via an application programming
interface (API) rather than an interface generated for dis-
play.
[0025] In the example of FIG. 3, various transformation
functions have been applied to elements of data set 200
as examples of minimized protected information. As an
example of open information that has not been mini-
mized, record identifier 202 (FIG. 2) has not been trans-
formed and is displayed without transformation in the first
column 302.
[0026] Column 304 contains minimized information
corresponding to the first name 204 of FIG. 2. A trans-
formation function has been applied to the first name da-

ta, truncating the data at the first initial and replacing the
remaining characters with a period (".") to indicate that
the information has been abbreviated. In column 306, a
masking transformation function has been applied to the
last name 206, replacing all characters after the initial
with a dash. These example masking transformations,
as well as certain other minimization processes dis-
cussed herein, preserve the character length of the last
name data items (or other data items), allowing some
analyses to be performed while limiting access to the
underlying member names. As a non-limiting example,
an analysis may be performed on the minimized last
names to determine whether a particular input field length
(e.g., an input field that accepts up to 20 characters) will
be suitable for input of last names.
[0027] Columns 308 and 310 present transformed lat-
itude and longitude information corresponding to the lat-
itude 208 and longitude 210 in data set 200. For these
columns, an example transformation function has been
applied that reduces the number of significant digits in
the latitude or longitude information. The minimized data
may thus be analyzed to determine, e.g., customer ad-
dresses within a general area, such as a city or region,
without revealing exact locations. In some embodiments,
user interface 300 may include a map display that
presents imprecise geolocation data as a range, circle,
heat map, or other indicator of potential geolocations. In
further embodiments not depicted in FIG. 3, data such
as a street address may be transformed into a latitude-
longitude pair and then further transformed to minimize
the precise location.
[0028] In Column 312, a transformation function has
been applied to a subset of records within the data set
200, replacing some of the telephone numbers 212 with
the string "unlisted." In some embodiments, data set 200
may contain a field that indicates whether a telephone
number 212 is unlisted, and the transformation function
may transform the telephone number 212 based on the
contents of that field. Further, in some embodiments, the
data set 200 may include user privacy preferences that
indicate whether to minimize particular items of informa-
tion, such as a particular user’s address or telephone
number.
[0029] In Column 314, an encrypting transformation
function has been applied to the SSNs 214 of data set
200. The encrypting transformation function is an exam-
ple of a reversible transformation function. A reversible
transformation function has a corresponding reverse
transformation function, such as a decrypting transfor-
mation function, that can be applied to the presented min-
imized data to recover the original protected data. A re-
versible transformation may be used to further restrict
access to the original protected data. For example, in
some embodiments, the presentation server 104 of FIG.
1 may interact only with a minimized data store 108, and
may not have access to the original item of protected
data in the protected data store 106. The presentation
server 104 may nonetheless present the original item by
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requesting that the dynamic data minimization server 102
de-minimize an item of encrypted data, and the dynamic
data minimization server 102 may in turn apply the re-
verse transformation function to produce the de-mini-
mized item. In some embodiments, the presentation
server 104 may omit presentation of transformed data in
the user interface 300, but may retain the transformed
data and utilize it when processing de-minimization re-
quests. Further examples of reversible transformation
functions include hashing transformation functions, ci-
phering transformation functions, and other functions
producing a result that can be utilized to obtain the orig-
inal data.
[0030] Button 316 may be used to generate a request
to provide protected data corresponding to the minimized
data presented in the user interface 300. In some em-
bodiments, a separate button 316 may be provided for
each column of minimized items, or for individual rows
of data. Any other suitable user interface element or el-
ements may be used to obtain requests to de-minimize
the data or provide the original protected data.
[0031] The transformation functions described with re-
gard to FIG. 3 represent only a subset of the transforma-
tion functions within the scope of the present disclosure.
For example, a transformation function may add random
"noise" to a quantifiable item of protected data, in a man-
ner that preserves the general characteristics of the data
set 200 for analysis but does not allow identification of
any particular item of protected data. As a further exam-
ple, a transformation function may transform items of pro-
tected data into ranges or "buckets," such that precise
salary information is replaced by ranges such as
"$50,000 to $59,999," "$60,000 to $69,999," and so forth.
As a still further example, a transformation function may
identify an association between two data fields, such as
names and birthdates, and may dissociate the fields such
that names and birthdates from the data set 200 are ran-
domly paired. The example transformation functions pro-
vided herein are thus understood to be not limiting.
[0032] FIGS. 4A and 4B are block diagrams of the net-
work topology of FIG. 1 illustrating processing of requests
to minimize and provide protected data in accordance
with aspects of the present disclosure. With reference
now to FIG. 4A, at (1), a client computing device 150 may
transmit a request for data. Illustratively, the request may
seek data without regard to whether the requesting entity
(e.g., a requesting user or user group) has appropriate
rights to view protected information in the requested data
and/or needs to have all of the protected information dis-
played in order to preserve privacy rights of individuals
(e.g., such as in a healthcare environment).
[0033] At (2), the presentation server 104 retrieves the
data, including one or more items of protected informa-
tion, from one or more protected data stores 106, which
returns the requested data at (3). At (4), the presentation
server determines whether and which of the requested
data items will be minimized. Illustratively, the set of data
items to minimize may be determined based on rules or

other criteria set up by an administrator of the protected
data store 106, by a supervisor or administrator of the
requesting entity, and/or automatically by the system,
such as based on default rules. For example, minimiza-
tion rules may specify that certain types of data, such as
names, addresses, telephone numbers, and the like, are
to be minimized when data is initially requested. The min-
imization rules may further specify permissions to grant
or deny to requesting entities with various access rights.
For example, a rule may specify that requesting entities
with certain access rights will receive minimized names
and telephone numbers, will be granted permission in
response to a request to de-minimize names, and will be
denied permission in response to a request to de-mini-
mize telephone numbers. "Access rights" or "access lev-
els," as used herein, shall be understood to include such
permissions.
[0034] In some embodiments, the presentation server
104 may determine an access level associated with the
request, or (as described above) may obtain the access
level with the request. In these embodiments the pres-
entation server 104 may determine whether to fulfill the
request, whether to minimize items of protected informa-
tion, or which items of protected information to minimize,
based on the determined access level. For example, the
presentation server 104 may determine that a request
corresponds to a particular stage of an investigation, and
accordingly determine which items of protected informa-
tion should be minimized in the response, and particular
minimization processes to apply to each type of data
items and/or particular data items. For example, minimi-
zation rules may indicate a first type of minimization (e.g.,
encrypting) is to be applied to a first data items of a first
type (e.g., Social Security Numbers) in a set of requested
data requested by a particular user, while determining
that a second type of minimization (e.g., masking all but
a first character) of second data items of a second type
(e.g. last name) is applied to the set of requested data.
Thus, minimization methods may be customized for dif-
ferent types of data within a particular data set. Further-
more, even within data items of a particular type in a data
set (e.g., a list of 50 telephone numbers in a data set
including information on 50 individuals), the minimization
process selected for a particular data item (e.g., one
phone number of the 50) may be different than the gen-
eral minimization process selected from the remaining
data items of that type (e.g., the other 49 phone numbers
and have the last 7 digits randomized based on a mini-
mization rule set by an organization that is accessing the
data). For example, the one phone number may have
special permissions associated with it (or the entire indi-
vidual data record associated with it), such as in an ac-
cess control list, that indicates a higher or lower level of
minimization. For example, the permissions associated
with that data item may indicate that it is top secret and,
thus, all digits of the phone number may be randomized
(or minimized by some other method). Accordingly, min-
imization processes applied to data items may be cus-
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tomized extensively to requested data sets based on
many factors in order to provide an optimal level of de-
personalization of data items within the returned data set,
such as to meet or exceed privacy requirements associ-
ated with the data set.
[0035] In some embodiments, the interaction at (4)
may be carried out prior to the interactions at (2) and (3).
That is, the presentation server may determine whether
and how to fulfill the request prior to retrieving the re-
quested data from the protected data store 106.
[0036] At (5), the presentation server 104 requests
minimization of some or all of the items of protected data
retrieved at (3). Thereafter, at (6), the dynamic data min-
imization server 102 determines the transformation func-
tion to use for a particular item of protected information.
Illustratively, the dynamic data minimization server 102
may determine the transformation function based on the
particular item of protected information, the access level,
other content of the request, or other information. For
example, the dynamic data minimization server 102 may
determine that a credit card number must always be en-
crypted, or that a request associated with a higher level
of access corresponds to a function that provides a lower
amount of transformation.
[0037] At (7), the dynamic data minimization server
102 applies the determined transformation function to
the item of protected information to produce an item of
minimized information. For example, as described above
with reference to FIG. 3, the minimization server may
transform the surname "Smith" into "S." by truncating the
name after the first character and appending a period,
apply a hashing function to transform a Social Security
Number into an encrypted hash, or perform other trans-
formations as described above.
[0038] At (8), the dynamic data minimization server
102 returns items of minimized information correspond-
ing to the request at (5). Thereafter, at (9), the presenta-
tion server generates and outputs a user interface includ-
ing the minimized data, as described above.
[0039] In some embodiments, information stored in the
protected data store 106 may already be minimized. For
example, the protected data store 106 may store pass-
words, SSNs, or credit card numbers in encrypted for-
mats to further secure these data in the event of a breach.
The information returned at (3) may thus already be trans-
formed. In these embodiments, the presentation server
at (4) may determine whether the data should be de-
minimized, and may request de-minimization of the data
rather than minimization. De-minimization is described
in more detail below with reference to FIG. 5B.
[0040] Turning now to FIG. 4B, at (10), the client com-
puting device may transmit a request for protected data
corresponding to some or all of the minimized data re-
ceived at (9). Illustratively, the request may be transmit-
ted via the user interface 300 depicted in FIG. 3. At (11),
the presentation server 104 determines whether to grant
the request. The presentation server 104 may determine
that all, part, or none of the request should be granted.

In some embodiments, the determination may be based
on the access level associated with the request at (1), or
an access level may be determined or obtained corre-
sponding to the request at (9).
[0041] In embodiments where all or part of the request
is granted, at (12), the presentation server 104 requests
the protected data from the protected data store 106,
which returns the protected data at (13). At (14), the pres-
entation server 104 generates and outputs a user inter-
face for display of the protected data to which access
has been granted. In some embodiments the presenta-
tion server 104 may retain the protected data retrieved
at (3), in which case the interactions at (11) and (12) may
be omitted and the presentation server 104 fulfills the
request without further data retrieval.
[0042] FIGS. 5A and 5B are block diagrams of the net-
work topology of FIG. 1 illustrating processing of requests
to minimize and de-minimize protected data in accord-
ance with alternative embodiments of the present disclo-
sure. With reference now to FIG. 5A, at (1), a client com-
puting device 150 transmits a request for data in similar
fashion to that described with reference to FIG. 4A. In
the embodiment illustrated in FIG. 5A, however, the pres-
entation server 104 at (2) requests minimized data from
an minimized data store 108 in order to fulfill the request
at (1). At (3), the minimized data store 108 returns the
request, and at (4) the presentation server 104 generates
and outputs a user interface, such as the user interface
300 of FIG. 3, for display of the minimized data.
[0043] Turning now to FIG. 5B, at (5), the client com-
puting device 150 transmits a request to access the pro-
tected data corresponding to the minimized data present-
ed at (4). At (6), the presentation server 104 determines
whether to grant the request, in similar fashion to the
determination described above with reference to FIG. 4B.
In embodiments where the presentation server 104 de-
termines to grant the request, at (7) the presentation serv-
er 104 requests that the minimization server 102 de-an-
onymize the requested data.
[0044] At (8), the dynamic data minimization server
102 determines a reverse transformation function. Illus-
tratively, the dynamic data minimization server 102 may
maintain a log or transaction history of the transformation
functions used to minimize data in the minimized data
store 108, and may identify a reverse transformation
function based on the function originally used to trans-
form the protected data. In some embodiments, informa-
tion regarding transformation functions or reverse trans-
formation functions may be stored in the minimized data
store 108, and the presentation server 104 may retrieve
and provide this information with the de-minimization re-
quest.
[0045] At (9), the dynamic data minimization server
102 applies the reverse transformation function to the
minimized data to produce de-minimized data, which it
provides to the presentation server 104 at (10). At (11),
the presentation server 104 generates and outputs a user
interface to display the de-minimized data.
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[0046] Variations on the interactions depicted in FIGS.
4A-5B are within the scope of the present disclosure. For
example, in some embodiments, the dynamic data min-
imization server 102 may interact directly with protected
data stores 106 or the minimized data store 108, and the
presentation server 104 may instead request data via the
dynamic data minimization server 102. As a further ex-
ample, although not depicted in FIGS. 4A-5B, the dynam-
ic data minimization server 102 may be utilized to trans-
form a protected data store 106 into a minimized data
store 108 in accordance with aspects of the present dis-
closure, or may be utilized when transforming protected
data for storage in the minimized data store 108.
[0047] In further embodiments, the presentation server
104 may determine whether or which protected data
items to minimize based on previous requests for the
protected data items. For example, the presentation serv-
er 104 may maintain a history of de-minimization re-
quests, and may determine that a request for a particular
set of data items is frequently followed by a request to
de-minimize a particular protected item in the set. The
presentation server 104 may thus determine that the par-
ticular protected item should not be minimized when ful-
filling requests for the set of data items. As a further ex-
ample, the presentation server 104 may determine that
minimizing a particular protected data item seldom re-
sults in a request to provide the original protected data,
and accordingly that the protected data item may be min-
imized for a broader set of access levels. In further em-
bodiments, the dynamic data minimization server 102
may determine a transformation function based on an
access level associated with the request. For example,
the dynamic data minimization server 102 may apply a
masking function that masks location information entire-
ly, or may apply a transformation function that reduces
the precision of location information, depending on the
access level.
[0048] With reference now to FIG. 6, an example rou-
tine 600 for minimizing an item of protected information
will be described. The routine 600 may be carried out,
for example, by the dynamic data minimization server
102 of FIG. 1. At block 602, an item of protected infor-
mation may be obtained. For example, the item of pro-
tected information may be obtained as part of a request
to minimize the item of protected information, or as part
of a request to write the item to a minimized data store.
[0049] At block 604, a transformation function may be
determined. The transformation function may be deter-
mined based on characteristics of the item of protected
information. For example, an item of protected informa-
tion may be quantifiable, such as a glucose level, a test
score, an annual income, or a clothing size. A transfor-
mation function may thus be determined that reduces the
precision or accuracy of the quantification. In some em-
bodiments, a transformation function may be determined
based on an access level, as described above, or based
on a degree of privacy associated with the item of pro-
tected information. For example, an encryption or hash-

ing function may be determined for an item of protected
information such as a Social Security number or a credit
card number. In further embodiments, a reversible trans-
formation function may be determined.
[0050] At block 606, the transformation function may
be applied to the item of protected information to produce
in item of minimized information. In some embodiments,
multiple items of protected information may be obtained
at block 602, and blocks 604 and 606 may be carried out
iteratively to determine and apply a number of transfor-
mation functions.
[0051] At block 608, the item or items of minimized
information may be output. In some embodiments, the
transformation function or an identifier corresponding to
the function may be output to enable subsequent reverse
transformations, or the applied transformation function
may be logged to a data store.
[0052] With reference now to FIG. 7, an example of a
routine 700 for accessing an item of protected information
that corresponds to an item of minimized information will
be described. The routine 700 may be carried out, for
example, by the presentation server 104 of FIG. 1. In
some embodiments, blocks of the routine 700 may in-
stead be carried out by the dynamic data minimization
server 102.
[0053] At block 702, a request to access an item of
protected information may be obtained. The request may
provide an item of minimized information or an identifier
corresponding to an item of minimized information, and
may further provide an access level, password, or other
identifier used to validate the request.
[0054] At block 704, an access level associated with
the request may be determined. In embodiments where
the request provides an access level, the access level in
the request may be validated. In other embodiments, the
access level may be determined based on, for example,
the source of the request, the content of the request, a
history of previous requests, the item of protected data
being requested, or other factors or combinations of fac-
tors.
[0055] At decision block 706, a determination is made
as to whether the access level associated with the re-
quest permits access to the item of protected information.
As described above, the determination may be made
based on various rules or preferences specified by the
provider of the item of protected information or by an
administrator of the requesting entity, for example. The
rules may further be customized based on criteria such
as role or job title, security clearance level, connection
type (e.g., a request to access protected information may
be denied if it originates from a mobile device or an in-
secure network), physical location (e.g., a request to de-
minimize health records may only be granted within the
hospital), or other factors. If the determination is made
that the request should not be granted, the routine 700
branches to block 708, where output may be provided
indicating that request has been denied, and thereafter
the routine ends. In some embodiments, block 708 may
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be omitted and the routine 700 may silently end without
providing output. If the determination is that the request
should be granted, then at block 710 the corresponding
item of protected information may be obtained. Illustra-
tively, the item of protected information may be retrieved
from a protected data store 106, or from a previous re-
trieval of data from the protected data store 106. At block
712, the item of protected information may be output in
response to the request, and thereafter the routine ends.
[0056] FIG. 7 is provided as an example, and that the
present disclosure includes various combinations or var-
iations in addition to the non-limiting example of routine
700. For example, in some embodiments, a determina-
tion may be made that the access level does not permit
access to the item of protected information, but does per-
mit access to an item of minimized information that was
minimized by a different transformation function. The
item of less minimized information may thus be retrieved
or generated and provided in response to the request. In
further embodiments, a user interface may be generated
for display that includes the item of protected information
as well as other open or minimized data.
[0057] With reference now to FIG. 8, an example of a
routine 800 for de-minimizing an item of minimized infor-
mation will be described. The de-minimizing routine 800
may be carried out, for example, by the dynamic data
minimization server 102 of FIG. 1.
[0058] At block 802, a request for an item of protected
information may be obtained. The request may provide
an item of minimized data to be de-minimized, or may
request an item of protected information without speci-
fying how it is produced. In some embodiments, the re-
quest may provide a transformation function or an iden-
tifier that identifies the function used to produce the item
of minimized data. The request may further provide an
access level or other information used to determine
whether the request should be granted.
[0059] At block 804, an access level associated with
the request may be determined. In embodiments where
the request provides an access level, the access level in
the request may be validated. In other embodiments, the
access level may be determined based on, for example,
the source of the request, the content of the request, a
history of previous requests, the item of protected data
being requested, or other factors or combinations of fac-
tors.
[0060] At decision block 806, a determination is made
as to whether the access level associated with the re-
quest permits access to the item of protected information.
If not, the routine 800 branches to block 808, where out-
put may be provided indicating that request has been
denied, and thereafter the routine ends. In some embod-
iments, block 808 may be omitted and the routine 800
may silently end without providing output.
[0061] If the determination at decision block 806 is that
the request should be granted, then at block 810 a re-
verse transformation function may be identified. Illustra-
tively, the reverse transformation function may be iden-

tified based on a transformation function used to produce
an item of minimized information associated with the re-
quest. The transformation function may be obtained, for
example, from the request, from a log of minimization
requests, or by analyzing the item of minimized informa-
tion.
[0062] At block 812, the reverse transformation func-
tion may be applied to produce an item of de-minimized
information, which corresponds to the item of protected
information originally used to produce the item of mini-
mized information. At block 814, the item of protected
information may be output in response to the request,
and thereafter the routine ends.

Example System Components

[0063] FIG. 9 is a block diagram of an example elec-
tronic device 900 in communication with various devices.
Components of the network topology 100, such as the
dynamic data minimization server 102, presentation
server 104, and/or client computing device 150, typically
include some or all of the components of electronic device
900, as discussed in further detail below.
[0064] As illustrated in FIG. 9, electronic device 900
can include a bus 902 or other communication mecha-
nism for communicating information, and one or more
hardware processors 904 (denoted as processor 904 for
purposes of simplicity) coupled with bus 902 for process-
ing information. Hardware processor 904 can be, for ex-
ample, one or more general-purpose microprocessors or
it can be a reduced instruction set of one or more micro-
processors.
[0065] Electronic device 900 also includes a main
memory 906, such as a random access memory (RAM)
or other dynamic storage device, coupled to bus 902 for
storing information and instructions to be executed by
processor 904. Main memory 906 also can be used for
storing temporary variables or other intermediate infor-
mation during execution of instructions to be executed
by processor 904. Such instructions, after being stored
in non-transitory storage media accessible to processor
904, render electronic device 900 into a special-purpose
machine that is customized to perform the operations
specified in the instructions.
[0066] Electronic device 900 further includes a read
only memory (ROM) 408 or other static storage device
coupled to bus 902 for storing static information and in-
structions for processor 904. A storage device 910, such
as a magnetic disk, optical disk, or USB thumb drive
(Flash drive), etc. is provided and coupled to bus 902 for
storing information and instructions.
[0067] Electronic device 900 can be coupled via bus
902 to an output device 912, such as a cathode ray tube
(CRT), liquid crystal display, or touch screen, for display-
ing information to a computer user. In some embodi-
ments, an input device 914, including alphanumeric and
other keys, is coupled to bus 902 for communicating in-
formation and command selections to processor 904. An-
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other type of user input device is cursor control 916, such
as a mouse, a trackball, or cursor direction keys for com-
municating direction information and command selec-
tions to processor 904 and for controlling cursor move-
ment on output device 912. The input device typically
has two degrees of freedom in two axes, a first axis (for
example, x) and a second axis (for example, y), that al-
lows the device to specify positions in a plane. In some
embodiments, the same direction information and com-
mand selections as cursor control can be implemented
via receiving touches on a touch screen without a cursor.
[0068] Electronic device 900 can include a user inter-
face module to implement a graphical user interface that
can be stored in a mass storage device as executable
software codes that are executed by the one or more
computing devices. This and other modules can include,
by way of example, components, such as software com-
ponents, object-oriented software components, class
components and task components, processes, func-
tions, fields, procedures, subroutines, segments of pro-
gram code, drivers, firmware, microcode, circuitry, data,
databases, data structures, tables, arrays, and variables.
[0069] In general, the word "module," as used herein,
refers to logic embodied in hardware or firmware, or to a
collection of software instructions, possibly having entry
and exit points, written in a programming language, such
as, for example, Java, Lua, C or C++. A software module
can be compiled and linked into an executable program,
installed in a dynamic link library, or written in an inter-
preted programming language such as, for example, BA-
SIC, Perl, or Python. It will be appreciated that software
modules can be callable from other modules or from
themselves, and/or can be invoked in response to de-
tected events or interrupts. Software modules configured
for execution on computing devices can be provided on
a computer readable medium, such as a compact disc,
digital video disc, flash drive, magnetic disc, or any other
tangible medium, or as a digital download (and can be
originally stored in a compressed or installable format
that requires installation, decompression, or decryption
prior to execution). Such software code can be stored,
partially or fully, on a memory device of the executing
computing device, for execution by the computing device.
Software instructions can be embedded in firmware, such
as an EPROM. It will be further appreciated that hardware
modules can be comprised of connected logic units, such
as gates and flip-flops, and/or can be comprised of pro-
grammable units, such as programmable gate arrays or
processors. The modules or computing device function-
ality described herein are preferably implemented as
software modules, but can be represented in hardware
or firmware. Generally, the modules described herein re-
fer to logical modules that can be combined with other
modules or divided into sub- modules despite their phys-
ical organization or storage.
[0070] Electronic device 900 can implement the tech-
niques described herein using customized hard-wired
logic, one or more ASICs or FPGAs, firmware and/or pro-

gram logic which in combination with the computer sys-
tem causes or programs electronic device 900 to be a
special-purpose machine. According to some embodi-
ments, the operations, functionalities, and techniques
and other features described herein are performed by
electronic device 900 in response to processor 904 ex-
ecuting one or more sequences of one or more instruc-
tions contained in main memory 906. Such instructions
can be read into main memory 906 from another storage
medium, such as storage device 910. Execution of the
sequences of instructions contained in main memory 906
causes processor 904 to perform the process steps de-
scribed herein. In alternative embodiments, hard-wired
circuitry can be used in place of or in combination with
software instructions.
[0071] The term "non-transitory media" as used herein
refers to any non-transitory media storing data and/or
instructions that cause a machine to operate in a specific
fashion. Such non-transitory media can comprise non-
volatile media and/or volatile media. Non-volatile media
can include, for example, optical or magnetic disks, such
as storage device 910. Volatile media can include dy-
namic memory, such as main memory 906. Common
forms of non-transitory media can include, for example,
a floppy disk, a flexible disk, hard disk, solid state drive,
magnetic tape, or any other magnetic data storage me-
dium, a CD-ROM, any other optical data storage medium,
any physical medium with patterns of holes, a RAM, a
PROM, and EPROM, a FLASH EPROM, NVRAM, any
other memory chip or cartridge, and networked versions
of the same.
[0072] Non-transitory media is distinct from, but can
be used in conjunction with, transmission media. Trans-
mission media can participate in transferring information
between storage media. For example, transmission me-
dia can include coaxial cables, copper wire and fiber op-
tics, including the wires that comprise bus 902. Trans-
mission media can also take the form of acoustic or light
waves, such as those generated during radio-wave and
infra-red data communications.
[0073] Various forms of media can be involved in car-
rying one or more sequences of one or more instructions
to processor 904 for execution. For example, the instruc-
tions can initially be carried on a magnetic disk or solid
state drive of a remote computer. The remote computer
can load the instructions into its dynamic memory and
send the instructions over a telephone line using a mo-
dem. A modem local to electronic device 900 can receive
the data on the telephone line and use an infra-red trans-
mitter to convert the data to an infra-red signal. An infra-
red detector can receive the data carried in the infra-red
signal and appropriate circuitry can place the data on bus
902. Bus 902 carries the data to main memory 906, from
which processor 904 retrieves and executes the instruc-
tions. The instructions received by main memory 906 can
optionally be stored on storage device 910 either before
or after execution by processor 904.
[0074] Electronic device 900 can also include a net-
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work interface 918 coupled to bus 902. Network interface
918 can provide a two-way data communication coupling
to a network link 920 that can be connected to a local
network 922. For example, network interface 918 can be
an integrated services digital network (ISDN) card, cable
modem, satellite modem, or a modem to provide a data
communication connection to a corresponding type of
telephone line. As another example, network interface
918 can be a local area network (LAN) card to provide a
data communication connection to a compatible LAN.
Wireless links can also be implemented. In any such im-
plementation, network interface 918 can send and re-
ceives electrical, electromagnetic or optical signals that
carry digital data streams representing various types of
information.
[0075] Network link 920 can typically provide data com-
munication through one or more networks to other data
devices. For example, network link 920 can provide a
connection through local network 922 to a host computer
924 or to data equipment operated by an Internet Service
Provider (ISP) 926. ISP 926 in turn can provide data com-
munication services through the world wide packet data
communication network now commonly referred to as
the "Internet" 928. Local network 922 and Internet 928
can both use electrical, electromagnetic or optical signals
that carry digital data streams. The signals through the
various networks and the signals on network link 920 and
through network interface 918, which carry the digital da-
ta to and from electronic device 900, can be example
forms of transmission media.
[0076] Electronic device 900 can send messages and
receive data, including program code, through the net-
work(s), network link 920 and network interface 918. In
the Internet example, a server 930 can transmit a re-
quested code for an application program through Internet
928, ISP 926, local network 922 and network interface
918. The received code can be executed by processor
904 as it is received, and/or stored in storage device 910,
or other non-volatile storage for later execution. In some
embodiments, server 930 can provide information for be-
ing displayed on a display.
[0077] Embodiments of the present disclosure have
been described herein with reference to numerous spe-
cific details that can vary from implementation to imple-
mentation. Certain adaptations and modifications of the
described embodiments can be made. Other embodi-
ments can be apparent to those skilled in the art from
consideration of the specification and practice of the em-
bodiments disclosed herein. It is intended that the spec-
ification and examples be considered as example only,
with a true scope and spirit of the present disclosure being
indicated by the following claims. It is also intended that
the sequence of steps shown in figures are only for illus-
trative purposes and are not intended to be limited to any
particular sequence of steps. As such, it is appreciated
that these steps can be performed in a different order
while implementing the example methods or processes
disclosed herein. Further, the inventions illustratively dis-

closed herein suitably may be practiced in the absence
of any element or aspect which is not specifically dis-
closed herein, such as without.
[0078] Depending on the embodiment, certain acts,
events, or functions of any of the methods described
herein can be performed in a different sequence, can be
added, merged, or left out altogether (e.g., not all de-
scribed acts or events are necessary for the practice of
the algorithm). Moreover, in certain embodiments, acts
or events can be performed concurrently, e.g., through
multi-threaded processing, interrupt processing, or mul-
tiple processors or processor cores or on other parallel
architectures, rather than sequentially.
[0079] The various illustrative logical blocks, modules
and method elements described in connection with the
embodiments disclosed herein can be implemented as
electronic hardware, computer software or combinations
of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components,
blocks, modules and steps have been described above
generally in terms of their functionality. Whether such
functionality is implemented as hardware or software de-
pends upon the particular application and design con-
straints imposed on the overall system. The described
functionality can be implemented in varying ways for
each particular application, but such implementation de-
cisions should not be interpreted as causing a departure
from the scope of the disclosure.
[0080] The various illustrative logical blocks and mod-
ules described in connection with the embodiments dis-
closed herein can be implemented or performed by a
machine, such as a general purpose processor, a digital
signal processor (DSP), an application specific integrat-
ed circuit (ASIC), a field programmable gate array (FP-
GA) or other programmable logic device, discrete gate
or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general purpose processor can be
a microprocessor, but in the alternative, the processor
can be a controller, microcontroller, or state machine,
combinations of the same, or the like. A processor can
also be implemented as a combination of computing de-
vices, e.g., a combination of a DSP and a microproces-
sor, a plurality of microprocessors, one or more micro-
processors in conjunction with a DSP core, or any other
such configuration.
[0081] The elements of a method, process, or algo-
rithm described in connection with the embodiments dis-
closed herein can be embodied directly in hardware, in
a software module executed by a processor, or in a com-
bination of the two. A software module can reside in RAM
memory, flash memory, ROM memory, EPROM memo-
ry, EEPROM memory, registers, hard disk, a removable
disk, a CD-ROM or any other form of computer-readable
storage medium known in the art. A storage medium can
be coupled to the processor such that the processor can
read information from, and write information to, the stor-
age medium. In the alternative, the storage medium can
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be integral to the processor. The processor and the stor-
age medium can reside in an ASIC. The ASIC can reside
in a user terminal. In the alternative, the processor and
the storage medium can reside as discrete components
in a user terminal.
[0082] Conditional language used herein, such as,
among others, "can," "might," "may," "e.g." and the like,
unless specifically stated otherwise, or otherwise under-
stood within the context as used, is generally intended
to convey that certain embodiments include, while other
embodiments do not include, certain features, elements
and/or states. Thus, such conditional language is not
generally intended to imply that features, elements
and/or states are in any way required for one or more
embodiments or that one or more embodiments neces-
sarily include logic for deciding, with or without author
input or prompting, whether these features, elements
and/or states are included or are to be performed in any
particular embodiment. The terms "comprising," "includ-
ing," "having," "involving" and the like are synonymous
and are used inclusively, in an open-ended fashion, and
do not exclude additional elements, features, acts, oper-
ations and so forth. For example, a general purpose com-
puter comprising one or more processors should not be
interpreted as excluding other computer components,
and may possibly include such components as memory,
input/output devices, and/or network interfaces, among
others. Also, the term "or" is used in its inclusive sense
(and not in its exclusive sense) so that when used, for
example, to connect a list of elements, the term "or"
means one, some or all of the elements in the list.
[0083] Disjunctive language such as the phrase "at
least one of X, Y or Z," unless specifically stated other-
wise, is otherwise understood with the context as used
in general to present that an item, term, etc., may be
either X, Y or Z, or any combination thereof (e.g., X, Y
and/or Z). Thus, such disjunctive language is not gener-
ally intended to, and should not, imply that certain em-
bodiments require at least one of X, at least one of Y or
at least one of Z to each be present.
[0084] Unless otherwise explicitly stated, articles such
as "a" or "an" should generally be interpreted to include
one or more described items. Accordingly, phrases such
as "a device configured to" are intended to include one
or more recited devices. Such one or more recited de-
vices can also be collectively configured to carry out the
stated recitations. For example, "a processor configured
to carry out recitations A, B and C" can include a first
processor configured to carry out recitation A working in
conjunction with a second processor configured to carry
out recitations B and C.
[0085] While the above detailed description has
shown, described, and pointed out novel features as ap-
plied to various embodiments, it will be understood that
various omissions, substitutions, and changes in the form
and details of the devices or algorithms illustrated can
be made without departing from the spirit of the disclo-
sure. As will be recognized, certain embodiments de-

scribed herein can be embodied within a form that does
not provide all of the features and benefits set forth here-
in, as some features can be used or practiced separately
from others. All changes which come within the meaning
and range of equivalency of the claims are to be em-
braced within their scope.

Claims

1. A computer-implemented method comprising:

receiving, by a computing device, a request to
access entity data, the entity data including at
least an item of protected information;
determining, by the computing device, an ac-
cess level corresponding to the request, wherein
the access level specifies a transformation func-
tion;
obtaining, by the computing device, a set of data
from a data store, the set of data corresponding
to the request;
applying, by the computing device, the transfor-
mation function to the item of protected informa-
tion to produce an item of minimized information;
generating, by the computing device, user inter-
face data renderable to depict a user interface
including at least the item of minimized informa-
tion; and
rendering the user interface data to depict the
user interface.

2. The computer-implemented method of Claim 1,
wherein the item of protected information comprises
a name, government-issued identification number,
address, location, telephone number, salary, in-
come, password, biometric identifier, or personal
health record; and/or
wherein the transformation function specifies at least
one of a character masking function, an encryption
function, a hashing function, a bucketing function, a
randomizing function, and a precision decreasing
function.

3. The computer-implemented method of Claim 1 or
Claim 2, further comprising:

receiving, by the computing device, selection of
the item of minimized information in the user in-
terface;
determining, based at least in part on the access
level, that the item of protected information
should be provided in response to the selection;
updating, by the computing device, the user in-
terface data to include the item of protected in-
formation.

4. A system comprising:
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a data store configured to store data and com-
puter-executable instructions;
a processor, wherein the computer-executable
instructions, when executed, configure the proc-
essor to:

obtain data from the data store, the data in-
cluding at least an item of protected infor-
mation;
determine, based at least in part on the item
of protected information, a transformation
function;
apply the transformation function to the item
of protected information to produce an item
of minimized information;
receive a request to access the data;
generate a user interface, the user interface
including at least the item of minimized in-
formation; and
display the user interface.

5. The system of Claim 4, wherein the computer-exe-
cutable instructions further configure the processor
to:

store the item of minimized information in the
data store; and
remove the item of protected information from
the data store.

6. The system of Claim 4 or Claim 5, wherein the trans-
formation function is reversible.

7. The system of Claim 6, wherein the computer-exe-
cutable instructions further configure the processor
to:

obtain a second request to access the item of
protected information;
determine, based at least in part on an access
level associated with the second request, that
the second request should be granted;
determine a reverse transformation function
based at least in part on the transformation func-
tion;
apply the reverse transformation function to the
item of minimized information to produce the
item of protected information;
generate a second user interface, the second
user interface including at least the item of pro-
tected information; and
display the second user interface.

8. The system of any of Claims 4-7,
wherein the item of protected information is associ-
ated with an item of open information in the data
store, and wherein the transformation function spec-
ifies dissociating the item of protected information

from the item of open information in the data store;
and
wherein, in some embodiments, the transformation
function further specifies associating the item of pro-
tected information with a different item of open infor-
mation in the data store.

9. The system of Claim 7,
wherein the computer-executable instructions fur-
ther configure the processor to determine the access
level associated with the second request; and
wherein, in some embodiments, the access level is
determined based at least in part on a previous re-
quest to access the item of protected information.

10. A computer-readable storage medium including
computer-executable instructions that, when exe-
cuted by a processor, configure the processor to:

access data from a data store, the data including
at least an item of protected information;
access a transformation function corresponding
to the item of protected information;
apply the transformation function to the item of
protected information to produce an item of min-
imized information;
receive a request to access at least a portion of
the data, the portion including the item of pro-
tected information;
generate a user interface, the user interface in-
cluding at least the item of minimized informa-
tion; and
display the user interface.

11. The computer-readable storage medium of Claim
10, wherein the processor is further configured to:

obtain a second request to access the item of
protected information;
determine, based at least in part on an access
level associated with the second request, that
the second request should be granted;
generate a second user interface, the second
user interface including at least the item of pro-
tected information; and
display the second user interface.

12. The computer-readable storage medium of Claim
11, wherein the processor is further configured to
store the second request in the data store.

13. The computer-readable storage medium of Claim
12,
wherein the processor is further configured to store
the access level associated with the second request
in the data store; and/or
wherein the processor configured to obtain the trans-
formation function is configured to determine the
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transformation function based at least in part on pre-
viously stored requests for items of protected infor-
mation.

14. The computer-readable storage medium of any of
Claims 10-13, wherein the data includes a plurality
of items of protected information, and wherein the
processor is further configured to apply the transfor-
mation function to the plurality of items of protected
information to produce a plurality of items of mini-
mized information.

15. The computer-readable storage medium of Claim
14,
wherein the user interface includes the plurality of
items of minimized information; and
wherein, in some embodiments, the processor is fur-
ther configured to:

obtain a second request to access the plurality
of items of protected information;
determine, based at least in part on an access
level associated with the second request, that
access should be granted to at least a portion
of the plurality of items of protected information;
generate a second user interface, the second
user interface including the at least a portion of
the plurality of items of protected information;
and
display the second user interface.
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