ENTERPRISE MIGRATION PLANNING INFORMATION REPOSITORY

BACKGROUND OF THE INVENTION

[60G1] It is often desirable, or even necessary, to migrate data from one
data storage system fo another. For instance, a company may need to
migrate their data from an older, out of date, storage system to a newer, more
modern and secure, data system. In another scenario, a parent company
may acquire another company, in which case the data that is stored on the
storage servers of the company that has been bought out need to be migrated
{o the parent company's data storage system. And in another scenario,
patient data may be migrated from the data storage systems from many
different hospitals to a central data storage system for consolidating the
patient data.
[6002] [n any scenario, data migration can be a major project as it may
require the transfer of large amounts of data from one data storage system to
another data storage system. Migrating large amounts of dafa may also
require a significant investment of human resource talent to plan and oversee
the data migraticn project. However, investing a significant portion of a
company’s human resource {alent info 2 large data migration project has
many pitfalls.
[0003] For one, the significant drain of human resource talent may be

overly expensive for the company to absorb. In addition, exposing the data



migration project to so many human workers leaves the data migration project
vulnerable to human etrors.

[0004] Therefore, there is a need 1o infroduce a more efficient data
migration process that is able to utilize computing resources to take on a

greater role in planning, validating and executing a data migration project.

SUMMARY OF THE INVENTION

[0005] According to an aspect of the present invention, a method of
implementing a data migration project for migrating a set of application data
from a source data storage system to a destination data storage system is
disclosed, the method comprising: receiving, at a controlier, a set of data
migration rules; receiving, at the controller, a set of scheduling consideration;
comparing the set of data migration rules against the set of scheduling
considerations; determining whether confiicts arise between the set of
migration rules and the set of scheduling considerations based on the
comparison, and generating a migration schedule for migrating the set of
application data based on the determination.

[0008] According to another aspect of the present invention, a workstation
for implementing a data migration project for migrating a set of application
data from a source data storage system to a destination data storage system
is disclosed, the workstation comprising: a memory configured fo store a set
of data migration rules and a set of scheduling considerations; and a
controlier configured fo: compare the set of data migration rules against the

set of scheduling considerations; determine whether conflicts arise between



the set of migration rules and the set of scheduling considerations based on
the comparison, and generate a migration schedule for migrating the set of
application data based on the determination.

[0007] According to another aspect of the present invention, a computer
readable memory storing a set of instructions for implementing a data
migration project for migrating a set of application data from a source data
storage system to a destination data storage system is disclosed, the set of
instructions being executed by a processor to; store a set of data migration
rules and a set of scheduling considerations; compare the set of daia
migration rules against the set of scheduling considerations; determine
whether conflicts arise between the set of migration ruies and the set of
scheduling considerations based on the comparison, and generate a
migration schedule for migrating the set of application data based on the

determination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention may be betier understood with reference to
the following drawings and description. Non-imiting and non-exhaustive
descriptions are described with reference to the following drawings. The
components in the figures are not necessarily 1o scale, emphasis instead
being placed upon illustrating principles. In the figures, like referenced
numerals may refer to like parts throughout the different figures unless

otherwise specified.



[0009] Figure 1 illustrates an exemplary system including the various
components for achieving the processes according to the present invention;
[6010] Figure 2 illustrates a block diagram of a communication device,
according 1o the present invention;

[0011] Figure 3 iliustrates an exemplary time line for executing the various
processes and features according to the present invention;

[0012] Figure 4 illustrates the composition of an exemplary data migration
wave;

[0043] Figure 5 illustrates a relationship tree for grouping entities into
bundle units, according to the present invention;

[0014] Figure 6A illustrates an exemplary bundle unit including
corresponding migration activity scripts, according to the present invention;
[C015] Figure 6B illustrates exemplary dependency refationships between
migration activities of a migration acfivity script for a common entity, according
1o the present invention;

[0016] Figure 6C illustrates exemplary dependency relafionships between
migration activities across a piurality of migration activity scripts for entities
within a cormon bundie unit, according to the present invention;

[0017] Figure 7 illustrates a graphical representation of a migration
schedule, according to the present invention;

[0018] Figure 8 illustrates an exemplary entity graph describing a
relationship between bundle units being migrated in a data migration project,

according 1o the present invention



[CO19]  Figure QA illustrates a flow chart describing a process for executing
a data migration project according to the present invention:

[0020] Figure 9B illustrates a more detailed view of a process included in
the flow chart illustrated in Figure 9A;

[0021] Figure 9C illustrates a more detailed view of a process included in
the flow chart illustrated in Figure 9A;

[0022] Figure 9D illustrates a more detailed view of a process included in
the flow chart ilustrated in Figure 9A,

[0023] Figure 10 illustrates an exemplary data tree loop portion according

to the present invention,

DETAILED DESCRIPTION

[0024] The present invention as described herein may be embodied in a
number of different forms. Not all of the depicted components may be
required, however, and some implementations may include additional,
different, or fewer components from those expressly described in this
disclosure. Variations in the arrangement and type of the components may
be made without departing from the spirit or scope of the claims as set forth
herein.

[0025] The illustrations described herein are intended to provide a general
understanding of the structure of various embodiments. The illustrations are
not intended to serve as a complete description of all of the elements and
features of apparatuses, processors, and systems that utilize the structures or

methods described herein. Other embodiments may be apparent to those of



skill in the art upon reviewing the disclosure. Other embodiments can be
ulilized and derived from the disclosure, such that structural and logical
substitutions and changes can be made without departing from the scope of
the disclosure. Additionally, the illustrations are merely representational and
cannot be drawn to scale. Certain proportions within the illustrations may be
exaggerated, while other proportions may be minimized. Accordingly, the
disclosure and the figures are to be regarded as iliustrative rather than
resfrictive.

[0028] Large scale data migration projects may pose a number of
difficulties. Some examples of difficulties that may arise during the pianning
and execution of a large scale data migration project includes, but is not
limited to, planning large scale and complex data migration across numerous
data sources and data destinations, complex multi-data source application
and infrastructure dependencies and relationships, dynamic data migration
configuration and inventory control, multi-department and multi-skilled
resource management within a client (e.g., human resource talent within a
company), complex and fluid migration script tracking and management,
difficult and loose migration wave execution command and control, lack of
real-time reporting and data migration visibility, and lack of sole source master
data management. The present disclosure seeks to provide a system,
apparatus and/or method for addressing such difficulties that may arise during
a data migration project.

J0027] Some of the benefits provided by the aufomated processes and

fools described in this disclosure include, but are not limited to, providing a



centralized management point from which to plan and manage a data
migration inventory, relational and single source data migration inventory,
documentation of mapping migrating applications to their comresponding
infrastructure components, integrated migration activity tracking and resource
management, extensive comfnand and control of the data migration process,
auditing capabilities of each wave of data during the data migration, improved
speed {o market and reduced data migration execution costs, and off premise,
web accessible security controlled access.

[0028] Figure 1 illustrates an exemplary data migration system 1 for
executing a data migration project according to the tools and methods
described herein. The data migration system 1 is comprised of a workstation
100, source data storage system 110, a network 130, and destination data
storage system 120. The data migration project generally looks to migrate
data that is stored on a client's source data storage system 110, to the
destination data storage system 120.

[0028] The source data storage system 110 may be comprised of one or
more source data servers 110-1 to 110-n. Each source data server 110-1 to
110-n that comprises the source data storage system 110 inciudes at least a
controller and memory unit for storing one or more applications and other data
that will be the subject of the data migration project. The memory unit may bé
a random-access memory, read-only memory, programmable memory, hard
disk drive or any other type of volatile or non-volatile memory or storage

device.



[0030] Coupled to the source data storage system 110 is a workstation
100. The workstation 100 may be a computer workstation, smartphone,
server, [aptop, tablet, personal computer or any other like computing device,
Figure 2 iliustrates a block diagram for an exemplary workstation 100 included
in the data migration system 1.

[0031] The workstation 100 is illustrated in Figure 2 as being comprised of
a controller 101, storage unit 102, communications interface 103 and a data
input unit 104. Although the workstation 100 is illustrated in Figure 2 as being
comprised of the above described components, the workstation 100 is not
imited fo such configuration, and may be comprised of fewer or more
components in other embodiments. For example, the workstation 100 may
also include a display unit.

[0032] [t is noted that although Figure 1 illustrates a single workstation 100
being coupled to the source data storage system 110, it is contemplated that
one or more workstations 100 may be coupied to the source data storage
system 110 for running a data migration tool that will be managing the data
migration project disclosed herein.

[0033] The storage unit 102 may, for example, be a random-access
memory, read-only memory, programmabie memofy, hard disk drive or any
other type of volatile or non-volatile memory or storage device or computer
readable memory. The storage unit 102 may store a listing of a set of
instructions that may be executed by the controller 101 to cause the
workstation 100 to perform any one or more of the processes and methods

disciosed herein. For example, the set of instructions stored in the storage



unit 102 may correspond to program instructions for executing the data
migration tool that will be described throughout this disclosure as performing
any one or more of the processes and methods disclosed herein.

[0034] The workstation 100 may be coupled to the source data storage
system 110 vie a wired or wireieés connection provided by the
communications interface 103. in this way, the communications interface 103
provides the workstation 100 the capability to communicate with the source
data storage system 110 either direclly (in either a wired or wirsless
connection) or via the network 130,

[0035] In the embodiments where the workstation 100 is coupled to the
source data storage system 110 in a wired connection, the communications
interface 103 may enable communication via any number of communication
standards such, but not iimited to, IEEE 1394, USB, USB 2.0, USB 3.0,
Ethernet, and/or other like wired connection standards.

[0036] In the embodiments where the workstation 100 is a mobile device,
the communications interface 103 may enable communication via any number
of wireless communication standards, such as, but not limited to WiFi, 802.11,
802.17, B02.20, WiMax, 802.15.4, celiular telephone standards, data network
standards and/or other communication standards for interfacing via the
network 130. The communications interface 103 on the workstation 100 may
also enable wireless communication directly with the source data storage
system 110 according to the Bluetooth, near field communication (NFC), radio

frequency (RF) and/or other similar wireless data communication standards.
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[0037] The data input unit 105 of the workstation 100 may, for example,
be a touchscreen, keyboard, touch pad, mouse, voice input unit, visual
recognition unit or other like device for receiving a user's input into the
workstation 100.

[0038] The controller 101 may, for example, be a computing processor for
controlling the various components that comprise the workstation 100. The
controller 101 may also execute the executable instructions that comprise the
data migration tool stored on the storage unit 103 for implementing the
methods and processes disclosed herein.

[0038] The network 130 iliustrated in Figure 1 may be a cellular network,
including standards-based networks (e.g., 2G, 3G, Universal Mobile
Telecommunications System (UMTS), GSM (R) Assocciation, Long Term
Evolution (LTE) (TM), or more), WiMAX, Bluetooth, WiFi (including 802.11
afb/g/n/ac or others), WiGig, Global Positioning System (GPS) networks, and
others available at the time of the filing of this application or that may be
deveioped in the future. Further, the network may be a public network, such
as the Internet, a private network, such as an infranet, or combinations
thereof, and may utilize a variety of networking protocols now available or
later developed including, but not limifled to TCP/IP based networking
profocols.

[0040] Figure 1 also illustrates the destination data storage system 120.
The destination storage system 120 is comprised of one or more destination
data servers 120-1 to 120-n. Each destination data server 120-1 to 120-n that

comprises the destination data storage system 120 includes a memory unit for
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storing the one or more applications and other data that are received from the
source data storage system 110 according to the data migration project. The
memory unit may be a random-access memory, read-only memory,
programmable memory, hard disk drive or any other type of volatile or non-
volatile memory or storage device. |

[0041] Figure 3 illustrates an exemplary timeline of events that may occur.
during the implementation of a data migration project for migrating a client's
data from the source data storage system 110 to the destination data storage
system 120. In general, the data migration project will migrate the client's
data in a series of one or more data migration waves. Figure 4 illustrates the
compeosition of an exemplary data migration wave 400. As illustrated in
Figure 4, a data migration wave 400 may be comprised of M bundle units, and
a bundie unit may be comprised of N instances and/or other application data.
An instance may describe application data and/or cother data that is stored on
a specific cilent server.

[0042] The data migration project is illustrated in Figure 3 as being
partitioned into three exemplary time periods: T.,, T.q, and Ty. The three time
periods have been labeled as such to identify Ty as the time period during
which the data migration is being executed, while T., and T.; are two earfier
time periods during which various preparatory measures are executed.
Further detail on the individual fimes T.;, 7.4, and T; are provided below.
[0043] The time period labeled as Tz may be considered to be a planning
and data bundiing period. During the T time period, an inventory of the

client's data to be migrated may be faken. The client's data may be
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comprised of applications, application data and other daia for supporting the
applications. The client's data inventory may be taken in order to identify
shared infrastructure relationships between the client's application data. For
example, the inventory process may identify that a number of applicafions
share a common active directory infrastructure. The inventory process may
also identify that a number of applications share a common firewall
infrastructure, Such applications that share a common infrastructure may be
bundied together and/or scheduled to be migrated within a same dafa
migration wave. Identifying applications that share a common infrastructure
as needing fo be bundled together and/or scheduled to be migrated within a
same data migration wave are examples of a bundling rule and move together
rule, respectively.

f0D44] During the inventory process, the applications may also be
subjected to an initial classification structure. For example, applications may
be classified as having a high complexity, medium complexity, or low
complexity. The level of complexity may be referenced later during a bundling
process, where applications sharing a same level of complexity may be
bundled together and/or scheduled to be migrated within a same data
migration wave. ldentifying a class of applications as needing {o be bundied
together and/or scheduled to be migrated within a same data migration wave
are examples of a bundling rule and move together rule, respectively.

{0045] The results from the inventory procesé may then be input into the
data migration tool according to the present invention. By providing the

client's inventory information into the data migration tool, the data migration
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tool may obtain a better understanding of the scope and complexity of the
client's desired data migration project.

[0046] Also during the T.; time period, the client may be given a migration
questionnaire to fill out. As part of the migration questionnaire, the client may
be asked to define application to instance relationships. For example, an
instance may represent a physical server such that an application to
instance relationship identifies which applications are stored on a common
server (e.g., instance). Based on the application to instance relationship,
applications that are stored on a common instance may be grouped into a
common bundle unit as a bundling rule. In addition or alternatively, iater
during the scheduling process, groupings may be specified to indicate
which instances need to move at the same fime from the perspective of the
current application. This is another example of a move together rule.
[0047] The migration questionnaire may also ask the client to define
applications that are known to share services, such as software services. For
example, applications that are running on a common shared database server
may be known to share resources. In such cases, the client may identify
whether the applications that are known {o share services should be bundled
fogether andf/or migrated together within a common data migration wave.
These are more examples of a bundling rule and a move together rule,
respectively.

[0048] The migration questionnaire may also ask the client to define
applications that interface, interact, or rely on each other, In such cases, the

client may identify whether the applications that are known fo interface,
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interact, or rely on each other should be bundled together and/or migrated
together within a common da_ta migration wave. These are more examples of
a bundling rule and a move together rule, respectively,

[0049] A portion of the migration questionnaire may additionally ask the
client to input one or more bundling rules for grouping applications and other
data stored on the client’s data servers into individual bundie units. A bundie
unit is considered to be the minimum set of data configured to move together
during a data migration wave. One example of a bundle rule that may be
input by the client is to have all applications and/or other data that are stored
on a common data server (e.g., same instance) to be bundled into a common
bundle unit. Another example of a bundle rule may focus on common shared
services, such that cne or more applications and/or other related data that are
related to a common shared service may be bundied into a common bundie
unit. Another example of a bundle ruie may focus on related applications,
such that one or more applications andfor other related data that interface,
interact, or rely on each other may be bundled into a common bundie unit.
The one or more applications and/or other related data may be stored on a
common data server, or may be stored across multiple data servers.

[0050] Additionally, the client may identify certain instances, applications,
bundle units, or other data units as needing to be migrated together within a
common data migration wave as another example of a8 move together rule.
For example, under the rules provided above, an application may be identified

as belonging to more than one bundle unit. In such a case, all of the bundle
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units that are identified as related to the specific application may be grouped
into a common data migration wave.

[0051} In addition to the bundling rules that are input by the client into the
migration questionnaire, previous bundling rules that were implemented
during a previous data migration project may be re-implemented for the
current data migration project. A previous bundling rule that is highlighted for
re-implementation may have been recognized as providing an efficient
method for bundling data during the previous data migration project. The
previous bundling rule may have been recognized from a previous data
migration project executed by the current client. In addition or alternatively,
the previous bundling rule may have been recognized from another data
migration project executed by the same, or different, client but one that still
utilized the same data migration tool. In this case, the data migration tool may
have access to a database of previous bundling rules that have been
implemented across one or more different clients that are highlighted for
various reasons of offering a beneficial result during a previous data migration
project. The database of previous bundling rules that is accessible by the
data migration tool may be part of a larger “best practices” database that
includes highlighted information from previous data migration projects
executed by the current client and/or other clients that have utilized the data
rmigration tool. Details on cother information that may be included in such a
best practices database are provided herein.

[0052] After inputting the bundiing rules, the client may optionally organize

the client's inventory of data into the bundie units defined by the bundling and
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move together rules. Alternatively, the client may operate the data migration
tool {o assign the applications and data stored in each source data server info
their appropriate bundle units according to the bundiing rules and move
together rules described above. In this way, the data migration tool may
parse the applications and other data stored on the client's source data
servers and organize the applications and other data into their respective
bundle units according to the bundling rules. In some embodiments, the
bundling units may be assigned according to a mix of manual input by the
client, and automated assignment by the data migration tool referencing the
bundling rutes.

[0053] In addition to the bundling and move together ruies, the client may
identify one or more sequencing rules for input into the data migration tool. A
sequencing rule may identify predecessor and successor rules for migrating
applications, application dafa, instances, bundle units and/or other units of
data for the data migration project. For exemplary purposes only, an
application, application data, instance, bundle unit and/or other units of data
for the data migration project may be referred to as an entity throughout this
disclosure. A predecessocr rule may identify one or more entities that must be
migrated before one or more other entities. A successor rule may identify one
or more entities that must be migrated after one or more other entities.
Simitarly, the client may input sequencing rules with regards to data migration
waves. S50 a predecessor rule may identify one or more data migration waves

that must be migrated before one or more other identified data migration
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waves. And a successor rule may identify one or more data migration waves
that must be migrated after one or more other identified data migration waves,
[6084] In addition fo the rules described above, the client may also input
scheduling considerations that identify the client's preferred start and/or end
fimes for one or more migration event info the data migration tool. For
example, the client may input a preferred start and end time for the overall
data migration project. The client may aiso input a preferred start and/or end
fime for one or more activities that are required o migrate a specific entity.
Further description of the activities required {0 migrate a specific entity will be
provided below, In addiiion, the scheduling considerations may include the
client's scheduling information and conflicts that identify times during which
the client is avallable, and unavailable, fo accomplish the activities required o
migrate entities and to generally monitor the data migration.

[0055] Now with all of the rules, preferred start time information and/or the
client’s scheduling considerations input into the data migration tool, the client
may inifiate the data migration ool {o generaie a migration scheduie, The
data migration tool may then reference one or more of the rules and/or client
scheduling considerations to generate the migration schedule of the data
migration project.

(00561 The data migration tool may compare cne or more of the rules input
by the client against the client’'s scheduling considerations and identify any
conflicis that may arise. If all of the rules input by the client can be satisfied
without interfering with the client's scheduling considerations, then the data

migration ool may generate the migration schedule to implement the client
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inputted rules and the client’s scheduling considerations. However, if conflicts
are detected between the inputted rules and the client's scheduling
considerations, then the data migration schedule may be generated to
implement as many of the rules as possible while maintaining the client's
scheduling considerations.  Alternatively, the data migration tool may
generate the migration schedule to implement the inputted rules while
impiementing as many of the client's scheduling considerations as possible.
Alternatively, the data migration tool may generate the migration schedule to
implement one or more, but not ali, of the rules while also implementing one
or more, but not all, of the client’s scheduling considerations. For example,
the client may flag a specific rule or scheduling consideration to have
precedence, in which case the specific rule or scheduling consideration will
have to be implemented in the generated migration schedule over the
implementation of other rules or scheduling considerations.

[0057] The migration schedule generated by the data migration tool may
ideniify a start and finish time for the data migration portion of the data
migration project. For instance, the start time for the data migration portion
may coincide with the start time for the T, time period, and the finish time for
the data migration poriion may coincide with the finish time for the Ty time
period. Conseguently, the duration of the data migration may also be
calculated from the difference of the start and finish times.

[0058] in generating the migration schedule, the data migration tool will
look to uphoid the move together, bundiing, and sequencing rules against the

client's scheduling information. In some embodiments all of the client's rules
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may be upheld to fit within the client's scheduling information. in other
embodiments, one or more, but not ali, of the rules may be upheld.

[0068] For example, Figure 5 illustrates a relationship tree 500-A that
maps a move together rule for bundiing entities. Specifically, the move
together rule being implemented in the relationship tree 500-A jooks fo bundie
Instance 2, Instance 3 and Instance 4 together, as well as the applications
running on each of the aforementioned instances. The move together ruie
also looks to bundle instance 5 and Instance 6 together, as well as the
applications running on each of the aforementioned instances. Figure 5
ilustrates that Application 1 is running on Instance 1, Instance 2 and Instance
3. Application 2 is illustrated as running on Instance 3, Instance 4 and
Instance 5. Application 3 is illustrated as running on Instance 6 and Instance
7. By implementing the move fogether rule, the resulting bundling map 500-8
iiustrates that Bundle 1 is comprised of Instance 1 as well as Application 1,
Bundle 2 is comprised of Instances 2, 3, 4 as well as Applications 1 and 2,
Bundle 3 is comprised of Instances 5, 6 as Welt as Appilications 2 and 3, and
Bundle 4 is comprised of Instance 7 as well as Application 3.

[0060] As another example, the data migration tool may have generated
the migration schedule to have impiemented one or more of the received rules
to bundle one or more entities sharing a common infrastructure into a
common bundle unit, as identified by the client input.

[0061] The data migration tool may also generate the migration schedule

to have implemented one or more of the received rules to bundle one or more
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entities that belong to a same classification into a common bundle unit, as
identified by the client input.

[0062] The data migration tool may aiso generate the migration schedule
fo have implemented one or more of the received rules to bundle one or more
entities that are related to a common instance into a common bundle unit. For
example, entities that are stored on a common instance server may be
grouped into a common bundie unit, as identified by the client input.

[0063] The data migration tool may also generate the migration schedule
to have implemented one or more of the received rules to bundle one or more
entities that share a common service into a common bundle unit. For
example, entities that are identified as sharing a same software service, such
as from being executed for storage on a shared database server, may be
grouped into a common bundle unit, as identified by the client input.

[0064] The data migration tool may also generate the migration schedule
to have implemented one or more of the received rules to bundle one or more
entities that are identified as being known to interface, interact, or rely on each
other into a common bundie unit, as identified by the client input.

[0065] The data migration tool may aiso generate the migration schedule
to have implemented one or more of the received rules to organize the bundle
units into one or more data migration waves., Each data migration wave in the
migration schedule may include one or more bundle units, The data migration
fool may further sequence each data migration wave to impiement one or

more of the received sequencing rules, as identified by the client input.



21

[0066] For example, the data migration tool may generate the migration
schedule to assign bundle units BU1, BU2 and BU3 to a first data migration
wave W1. Similarly, bundle units BU4 and BUS may be assigned to a second
data migration wave W2. And a single bundle unit B6 may be assigned to a
third data migration wave W3. Given this scenario, the migration schedule
may implement one or more seguencing rules that outline specific
predecessor and successor relationships between individual data migration
waves. For example, the sequencing rules may state W1 is to be migrated
before W2, and W2 is fo be migrated before W3. In other words, the
sequencing rules may state that certain data migration waves are to precede
or follow certain other data migration waves. Given these sequencing rules,
the migration schedule may identify that the data migration project is to
migrate the three data migration waves in the following sequence: W1, then
W2, and finally W3. In this way, the sequencing rules may be implemented as
being dependent on a sequential migration relationship between data
migration waves. The sequencing rules, for example, may be inputted by the
client or be part of a database (e.g., best practices database).

[0067] In addition or alternatively, the migration schedule may implement
one or more sequencing rules that outline specific predecessor and successor
refationships between individual bundie units. For example, the implemented
sequencing rules may state BU1 is to be migrated before BU2, and BU2 is to
be migrated before BU3. In other words, the sequencing rules may state that
certain bundle units are to precede or follow certain other bundle units. Given

these exemplary sequencing ruies, the migration schedule may identify that
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the data migration is to migrate the bundle units in the following sequence:
migrate the data migration wave including BU1, then the data migration wave
including BUZ2, and finally the data migration unit that includes BU3. In this
way, the sequencing rules may be implemented as being dependent on a
seguential migration relationship between bundie units. The seguencing
rules, for example, may be inputted by the ciient or be part of a database
(e.g., best practices database).

[0068] In addition or alternatively, the migration schedule may implement
one or more sequencing rules that outline spécific predecessor and sUCCessor
relationships between individual entities within a common bundle unit. For
exampie, the implemented sequencing rules may state that Application 1 is to
be migrated before Application 2, and Application 2 is to be migrated before
Application 3. In other words, the sequencing rules may state that certain
applications within a bundle unit are to precede or follow certain other
applications within the same common bundle unit. Given these exemplary
seguencing rules, the migration schedule may identify that the data migration
is to migrate the applications in the following sequence: migrate Application 1
first, migrate Application 2 after Application 1, and migrate Application 3 after
Application 2. In this way, the sequencing rules may be implemented as
being dependent on a sequential migration relationship between applications
(or other types of entities) within a common bundle unit. The seguencing
rules, for exampie, may be inputted by the client or be part of a database

(e.g., best practices database).
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[0069] In addition to generating the migration schedule to implement one
or more of the rules described above, the data migration tool may identify
stray entities and other data during the generation of the migration schedule.
Stray entities are those entities that may not have been accounted for in the
client's migration questionnaire. For example, stray entities may not belong fo
any particular bundle unit due to being unaccounted for or due to being added
to the data migration project after the rules and relationships were initially
implemenied in the migration schedule. In such cases where stray entities
may be found, the data migration tool will allocate the identified stray entities
into bundie units. If the data migration tool can identify characteristics of the
stray entities that relates it to any one or more of the bundle units, the dafa
migration too! may allocate the stray entities to those related bundle units.
For example, if a stray entity is identified by the data migration tooi as having
characteristics that apply it under one of the rules or relationships described
above, the stray entity may be included with the corresponding bundie unit.
Otherwise, the data migration tool may allocate stray entities to bundie units in
the order of bundle units containing the least amount of data according to
memory size.

[0070] According to some embodiments, the migration scheduie may
optionally be generated to identify the destination data storage system for
migrating one or more of the bundie units of application data in the data
migration project. In some embodiments, the destination data storage system
may be input by the client. In other embodiments, the data migration tool may

reference a set of destination rules for determining a data migration
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destination for a particular bundie unit (e.g., the destination rules may be
included in the best practices database). The destinations rules may identify
a destination data storage system, and in some cases more specifically a
destination data server, based on characteristics of the bundle unit and/or the
destination data storage system and desiination data server. For example,
the destination rules may indicate that bundle units that include application
data related to highly sensitive information are to be migrated fo destination
data servers that can offer secure siorage of the application data (e.g.,
application data may be encrypted upon storage on the secure data server).
in this way, the data migration fool may reference the destination rule(s),
defermine characteristics of the bundle units, and locate one or more
destination data sforage systems (or more specifically destination data
servers) for migrating the bundle units that satisfy the destination rule(s).

[0071] The migration schedule may also be generated to define one or
maore specific activifies required to migrate an entity, and then assign the one
or more specific activities for migrating the entity to an operator. For example,
the migration schedule may assign each of the defined migration activities to
a client side migration coordinator. The migration coordinator may be an
employee of the client, a program being executed on the workstation 100 that
is dedicated to accomplishing the assigned migration activities, or a
combination of the two. The migration coordinator will be responsible for
managing the migration activiies that are assigned to the migration

coordinator.
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[0072] In order to assist the migration coordinator to successfully
accompiish their migration activity task, the migration schedule may aiso
include one or more migration scripts for each entity within a generated
bundle unit. Each script may describe a migration activity for migrating a
corresponding entity, and further provide specific instructions for
accomplishing the migration activity and how each migration activity is to be
managed and completed. These migration scripts may be inputied o the data
migration tool by the client, and later made available to migration coordinators
as a set of instructions detailing the migration coordinators role in managing
migration activities in the data migration project.

[0073] For example, Figure BA illustrates Bundle Unit 61 including the
following entities: Instance A, Application A, and Application B. Each entity is
shown to have its own set of migration activities for migrating the entity,
provided in their respective migration activity scripts. Instance A is illustrated
as having a migration activity script comprised of ten (11) migration activities.
Application A is illustrated as having a migration activity script comprised of
five (5) migration activities. And Application B is illustrated as having a
migration activity script comprised of five (5) migration activities. The specific
migration actlivities are not provided in detail as Figure 6A is provided for
exemplary purposes only. The actual migration of Instance A may require a
fewer, or greater, number of migration activities than illustrated in Figure 6A.
The actual migration of Application A may require a fewer, or greater, number

of migration activities than illustrated in Figure 6A. The actual migration of
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Application B may require a fewer, or greater, number of migration activities
than Hlustrated in Figure BA,

[0074] For each entity, the migration schedule may further be generated fo
sequence each migration aclivity included in the migration activity script for
the respective entity. The sequencing of the migration activilies within the
migration activity script may be determined according to one or more of the
sequencing rules described above. For example, one or more migration
activities may be grouped together to be accomplished together in parallel, or
sequentially according to their numbered order. Figure 6B illustrates a
sequencing of the migration activities that comprise the migration activity
script for Instance A. Specifically, Figure 6B illustrates that migration activfties
1-2 are grouped together, migration activities 4-5 are grouped together,
migration activities 3, 7, 8 are grouped together, migration activities 6, 9 are
grouped tégether, and migration activities 10-11 are grouped togsther. Within
a specific group, the migration activities may be considered {o be dependent
on each other as each migration activity within the group must be
accomplished before the migration schedule moves on to a next group, or
migration activity. Further, Figure 6 illustrates the sequential dependency
amongst the groups in the following way: the group including migration
aclivifies 1-2 will be accompiished first, then the group including migration
activities 4-5, the group including migration activities 3, 7, 8 and the group
including migration activities 6, 9 will be accomplished in paraliel, and finally

the group including migration activities 10-11 will be accomplished last in the
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exemplary instance A migration activity script.  Within each group, the
migration activities may be accomplished according to their numbered order.
{0075] On a higher level, the migraiion schedule may implement
sequencing dependencies (i.e., predecessor and successor sequencing rules)
across the various migration activities of the different entities within a bundle
unit. For example, Figure 6C illustrates Bundle Unit 61 including the following
eniities: Instance A, Application A, and Application B. Each entily is shown fo
have its own set of migration activities for migrating the entity, provided in
their respective migration activity scripts. Further, the migration activities
across the plurality of enfity migration activities scripts are shown to be
sequentially dependent. For instance, after migration activity 3 is
accomplished in the Instance A migration activity script, migration activity 2 in
the Application A migration aclivity script and migrafion activity 2 in the
-Application B migration activity script may be accomplished next. In this case,
migration activity 3 in the instance A migration activity script is the
predecessor to migration activity 2 in the Application A migration activity script
and migratio:;r activity 2 in the Application B migration activity script. Figure
6C illustrates additional exemplary predecessor and successor seguential
relationships amongst the migration activities across the different entity
migration activity scripts {i.e., across the different entities) within common
bundie unit 81.

[0076] In addition or aliernatively, one or more of the migration scripis
providing instruction sets for managing one or more of the migration activities

may be pre-stored in a database. In such cases, the data migration tool may
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access the database in order to retrievg the pre-stored migration scripts. In
any case, the data migration tool may later retrieve the appropriate migration
script and present the retrieved migration scripts to the appropriate migration
coordinator during the appropriate time. In the case where the migration
coordinator is an employee of the client, a migration template may be
displayed to the migration coordinator on the display screen of the workstation
100.

[0077] The migration schedule generated by the data migration tool and
the data migration activity scripts that are generated as part of the migration
schedule may be presented fo the client in the form of an hour-by-hour
migration schedule that is generated by the data migration tool for each
bundle unit. The hour-by-hour migration schedule provides a sequence of
migration activities that will need {o be accomplished in order to migrate the
entities within a particular bundie unit in the sequence determined during the
generation of the migration schedule. For example, the hour-by-hour
migration scheduie may be presented to the client via a graphical interface as
illustrated in Figure 7. The hour-by-hour migration schedule 700 illustrated in
Figure 7 may include a starting date and time for one or more migration
activities. The hour-by-hour migration schedule 700 may also include an end
time for the one or more migration activities, as wall as an estimated duration
time for the one or more migration activities.

[0078] The hour-by-hour migration schedule 700 may also identify a client
side coordinator {e.g., team name, and more specifically the assigned user)

that is responsible for completing specific tasks in the data migration project.
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The hour-by-hour migration schedule 700 may also identify the specific
bundle unit (e.g., bundle unit 61) that corresponds fo the migration activities.
The hour-by-hour migration schedule 700 may also identify an entity type
(e.g., Instance or Application) and entity name (e.g., Instance A, Application
A, Application B) corresponding to each migration activity. The hour-by-hour
migration schedule 700 may also include the sequence number for a
cofresponding migration activity, where the sequence number identifies an
order number of the migration activity amongst a number of migration
aciivities within a respective entity migration activity script.

[6079] The hour-by-hour migration schedule 700 may also include
information identifying a data migration activity and instructions for detailing
how the data migration activity is to be accomplished. The hour-by-hour
migration schedule 700 may also include the sequencing rules (e.g.,
Dependencies) identifying surrounding migration activities that precede and
follow the current migration activity, as described above. Although the hour-
by-hour migration schedule 700 is described in the form of an hour-by-hour
graphical interface illustrated in Figure 7, it is contemplated that the migration
schedule 700 may be generated on any other unit of time basis (e.g., minute-
by-minute basis, day-by-day basis, etc). Also, the information described in
the hour-by-hour migration schedule 700 is provided for illustrative purposes
only, as the migration schedule may include more, or less, information as
illustrated in Figure 7.

[0080] Based on at least the information gathered from the migration

questionnaire and the migration schedule, an entity graph may be generated
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for sequencing a migration of entities within a bundle unit. The entity graph
may further be generated 1o describe a sequencing of bundle units that will be
migrated throughout the data migration project. An exemplary graphical
representation of an entity graph 800 is illustrated in Figure 8. The entity
graph 800 provides the relationship of bundie units that will be migrated for
the data migration project. Although entity graph 800 is Hlustrated in terms of
bundle units only as nodes, it is contemplated that other types of entities such
as applications be placed as nodes within the entity graph 800 (e.g., the entity
graph 800 may be generated to map the sequéncing of applications within a
bundie unit, or to map the sequencing of migration activities across the
migration activity scripts for entities within a bundle unit). The entity graph
800 may be input by the client manually, generated by the data migration tool
based on data received from the migration guestionnaire and/or migration
schedule, or the entity graph 800 may be generated based on a combination
of the fwo. The entity graph 800 is iliustrated o have implemented move
together ndes such that Bundle Units 1-3 are moved together within the
common data migration wave 1, Bundle Units 4-5 are moved together within
the common data migration wave 2, and Bundle Unit 6 is moved alone in data
migration wave 3. The entity graph 800 is also Hlustrated fc have
implemented sequencing rules such that data migration wave 1 is migrated
before data migration waves 2 and 3, and data migration wave 2 is migrated
hefore data migration wave 3. Data migration wave 3 may be seen to be the
implementation of a sequencing rule for migrating data migration wave 3 after

data migration waves 1 and 2.
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[0081] Further description for entity graph 800 is provided with reference to
the flowcharts itustrated in Figs. 9A-8D.

j0082] Following the time period 7., the data migration project enters the
validation period T.;. During the validation period T.q, the data migration tool
will parse through the entity graph in order fo ensure that the entities and data
migration waves are structured in accordance to the implemented
relationships and various rules described above with regards to the generated
migration scheduled and migration schedule. For instance, if at any point the
client had manually input the information for generating the entity graph, there .
is the likelihood that human error may have caused the enfity graph to be
generated with relationships that are not in accordance fo the migration
guestionnaire and/or migration schedule. In addition or aliernatively,
additional entities may have been added to the client's data migration project
subsequent to the generation of the migration schedule. In such cases, the
new entities may need fo be incorporated into one or more bundie units in the
migration schedule, and subsequently the entity graph, for the data migration.
[0083] During the validation period T.,, the data migration tool may also
parse through each bundle unit as outlined in the entity graph fo validate that
each bundle unit includes the requisite data in accordance to the rules and
relationships implemented by the generated migration schedule and/or
migration schedule. For instance, the implemented bundling rules in the
generated migration schedule may define bundle unit BU1 as including all
application data from a first data server beionging to the client. In this case,

the data migration tool may identify this bundling rule indicating that bundie
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BU1 should include all application data from the first data server and parse
bundle unit BU1 to ensure that all of the application data from the first data
server is indeed included in bundle unit BU1. [f the data migration tool
determines that not all of the application data from the first data server is
inciuded in the bundle unit BU1, the data migration tool may parse the other
bundle units in search of the missing application data. Upon locating
application data from the first data server located in another bundle unit, the
data migration tool may transfer such application data to the correct bundie
unit BU1. In some instances the missing application data may not be found in
another bundie unii, but rather may have been simply unaccounted for {(e.g.,
failed to be included in any bundie unit, or newly introduced into the data
server). Therefore, the data migration fool may also parse siray application
data in a search for the application data from the first data server that shouid
be inciuded as part of bundle unit BU1 as implemented in the generated
migration schedule. In some embodiments, the data migration ool may
automatically revise the entity graph by updating the bundle units to include
their proper applications and/or application data according to bundling rules,
move {ogether rules or other refationships between applications implemented
by the generated migration schedule,

[0084] Alternatively, if the data migration tool identifies a bundiing rule,
move together rule or other relationship between entities that are not being
correctly implemented in the entity graph, the data migration tool may present
a fiag for the client to recognize. For example, the flag may be a visual

indication displayed on a display unit of the workstation 100 that identifies fo
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the client bundie units that are found to violate one or more a rules and/or
relationships implemented by the generated migration schedule. In this way,
the client may remedy these issues.

[0085] During the validation period T., the data migration tool may also
parse through each of the data migration waves outlined in the entity graph in
order to validate one or more sequencing ruies that have been implemented
in the migration schedule. For instance, the entity graph may be parsed in
order to validate that data migration waves are scheduled to be migrated in a
sequence that abides by wave-based sequencing rules implemented in the
migration schedule as described above. Similarly, the data migration tool may
parse the entity graph in order to validate that bundie units are scheduled to
be migrated in a sequence that abides by bundle unit-based sequencing rules
that have been implemented in the migration schedule as described above.
In addition, the data migration toot may also parse through the entity graph to
validate that bundle units that are scheduled to be migrated together (e.g.,
move together rules) are included into a common data migration wave, or at
least included in data migration waves that are scheduled to be migrated at a
same time as required under the implemented sequencing rules of the
generated migration schedule.

{0086] If the data migration tool identifies bundle units and/or data
migration waves that violate any one or more of the sequencing rules
implemented in the generated migration schedule, the data migration tool may

automatically revise the entity graph by rearranging the bundie units or
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migration waves fo abide by the implemented sequencing rules of the
generated migration schedule.

[0087] Alternatively, if the data migration tool identifies a sequencing rule
that is hot being correctly impiemented in the entity graph, the data migration
tool may present a flag for the client to recognize. For example, the flag may
be a visual indication displayed on a display unit of the workstation 100 that
identifies to the client that one or more bundle units and/or data migration
waves are found to violate one or more sequencing rules implemented by the
generated migration schedule. In this way, the client may remedy these
issues.

[0088] During the validation period T.4, the data migration tool may also
uncover loops in the entity graph that may resuli in the disruptive situation
where the data migration becomes stuck in an infinite loop that will not allow
the data migraﬁon to proceed to a next entity or data migration wave from
heing migrated. An unwanted foop may occur in the entity graph due to
improper sequencing rules that force the data migration to abide by the
sequencing rules during the data migration process. For example, the
sequencing rules may be generated such that the sequence of bundle units to
be migrated gets stuck in a loop that cannot progress o a next bundie unit.
Therefore, the data migration tool may parse the entity graph during the
validation period T4 in order io uncover these unwanied loops and fix them to
allow the migration process to progress through all of the entifies of the data

migration project.
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[0089] Alternatively, the data migration tool may identify any discovered
loops and present a flag for the client to recognize. For example, the data
migration tool may display a visual flag on a display unit of the workstation
100 in order for the client fo recognize the loop and take measures to fix the
Vloop before cbmmencing the data migration. In this way, the client may
remedy these issues.

[0080] Foliowing the planning and bundling period T.; and validation period
T.1, the data migration project will be ready to start the data migration portion
af the data migration period Ty, The data migration portion of the data
migration project will be implemented by migrating the entities in their
corresponding data migration waves according to the migration schedule that
is generated earlier. For example, the data migration may be implemented by
following the migration activities as described, and in the order, provided in
the migrafion schedule (e.g., as illustrated by the hour-by-hour schedule in
Figure 7).

[0091] During the data migration period T,, the data migration tool may
monitor the data migration to ensure that the data migration is proceeding
according to the migration schedule.

[0092] For instance, the data migration tool may be monitoring the data
migration to ensure that predecessor-successor relationships (e.g.,
sequencing rules) between data migration waves, bundle units and/or entities
within a bundle unit are being maintained as implemented in the generated
migration schedule. If during the data migration period T, the data migration

tool detects that data migration waves, bundle units and/or entities within a
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bundle unit are being migrated in a sequence that violates any one or more of
the predecessor-successor relationships, the data migration tool may provide
a flag for the client that identifies the one or more sequencing rules being
violated. For example, the data migration tool may provide a visual flag
displayed on a display unit of the workstation 100 that identifies the specific
sequencing rule being violated, as well as the data migration wave and/or
bundle units that are violating the sequencing rule.

[0093] Alternatively, the data migration tool may halt the data migration.
During the time that the data migration is halted, the data migration tool may
reorganize the sequence of data migration waves, bundle unifs and/or entities
within a bundle unit in accordance to the entity graph, and then resume the
data migration process.

[0094] The data migration fool may also be monitoring the data migration
in order to ensure that bundiling rules and/or move together rules implemented
in' the migration schedule are being followed. If during the data migration
period Ty the data migration tool detects that one or more bundiing rules
and/or move together rules are not being followed, the data migration tool
may provide a flag for the client that identifies the one or mare bundling rules
and/or move fogether rules not being followed. For example, the data
migration tool may provide a visual flag displayed on a display unit of the
workstation 100 that identifies the specific bundling rules and/or move
together rules not being followed, as well as the specific data migration
waves, bundle units and/or entities within a bundle unit that are violating the

specific bundling rules and/or move together rules,



37

[0095] Alternatively, if during the data migration period T, the data
migration tool detects that one or more bundiing rules, andfor move together
rules are not being followed, the data migration tool may halt the data
migration. During the time that the data migration is haited, the data migration
tool may reorganize the sequence of data migration waves, bundle units
and/or entities within a bundie unit in accordance to the bundling rules andfor
move together rules that were implemented in the generated migration
schedule, and then resume the data migration process.

[0096] The data migration tool may also be monitoring the data migration
in order to ensure that each bundle unit contains the correct entities as
identified in the relationships between entities implemented in the migration
schedule. If during the data migration period T, the data migration tool
detects that a bundle unit does not include all of the entities it should include
according to the migration schedule, the data migration tool may provide a
flag for the ciient that identifies the one or more entities that are not following
the relationship rules implemented in the migration schedule. For example,
the data migration tool may provide a visual flag displayed on a display unit of
the workstation 100 that identifies the specific entities that are not foliowing
the relationship rules implemented in the migration schedule.

[0097] Aliernatively, if during the data migration period T, the data
migration tool detects that a bundie unit does not include all of the entities it
should include according to the migration schedule, the data migration tool
may hait the data migration. During the time that the data migration is halted,

the data migration tool may parse through other bundle uniis in search of the
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entities that should have been included in the bundle unit. Upon locating such
entities, the data migration tool may reorganize the bundle units by including
the entities into its appropriate bundie unit as ouilined in the migration
schedule. After reorganizing the entities, the data migration tool may then
resume the data migration process.

[0088] Simiiarly, in the case where the data migration tool detects that a
bundle unit includes entities that dees not belong within the bundle unit
according to the migration schedule, the data migration fool may provide a
flag for the client that identifies the one or more entities that are incorrectly
inctuded in a bundle unit in view of the relationship rules implemented in the
migration schedule. For example, the data migration fool may provide a
visual flag displayed on a display unit of the workstation 100 that identifies the
specific entities that are incorrectly included in a bundle unit in view of the
refationship rules implemented in the migration schedule.

[0G99] Alternatively, if during the data migration period T, the dafa
migration tool detects that a bundle unit includes one or more entities it should
not include according to the migration schedule, the data migration tool may
halt the data migration. During the time that the data migration is halted, the
data migration fool may reference the migration schedule in order to obtain
information on which bundle unit the mistaken entities belongs to, and then
locate the appropriate bundle unit within the data migration project. The data
migration tool may then reorganize the entities such that the mistaken entities
is included as part of the appropriate bundie data. After reorganizing the

entities, the data migration tool may then resume the data migration process.
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in case the appropriate bundle unit has already been migrated, the data
migration tool may determine the destination location of the appropriate
bundle unit, and migrate {(e.g., fransmif) the mistaken entities io the
destination location of the appropriate bundle unit. The destination location
may generally be a destination data storage system, or more specifically the
destination data server within the destination data storage system.

[00100] In addition to the features of the data migration tool that are
available during the data migration period Ty as described above, the data
migration tool may also provide the client with estimates for when each
migration activity during the data migration portion will be finished. The data
migration tool may aiso provide the client with a time at which future data
migration activities will commence. The fiming information may be presented
to the client via a message that is displayed on a display unit of the
workstation 100.

[00101] if any issues occur during the data migration period Ty, the dafa
migration tool may detect such issues occurring, or at least be nofified of such
issues occurring, and recalculate anticipated migration activity start and finish
times accordingly. The recalculated migration activity start and finish times
rﬁay then be presented to the client (e.g., displayed on the workstation 100).
For example, if migration activity 1 is originally scheduled to start at 10:00
a.m. and an unexpected issue occurs prior to migration activity 1 that lasts for
one (1) hour, the data rnigration tool may detect such issue occurring, and/for
the data migration tool may be notified of such issue, and the data migration

tool may recaicuiate the anticipated start time for migration activity 1 to be
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11:00 a.m. The data migration tool may further provide a message to the
client via the workstation 100 of this new start time for migration activity 1 to
indicate it has been pushed hack one (1) hour due to the unexpected issue. It
foliows that the data migration tool may also provide a similar message to the
client informing the client that the anticipated end time for migration activity 1
is pushed back one (1) hour due fo the same issue.

[00102] Figure 9A illustrates an exemplary flow chart 900 describing a
process for implementing a data migration project according to the features
described above.

[00103] At 901, inventory of a client’s data to be migrated according io the
data migration project may be taken. The inventory will take into account the
client's applications and other data to be migrated, the client's servers that
currently store the applications and other data to be migrated. The inventory
may also identify certain relationships shared between applications that will be
migrated, as well as provided initial classifications for applications that will be
migrated. The inventory may also identify a number of client servers storing
applications to be migrated that will need to be considered for the data
migration project. The description of the inventory process may be further
supplemented by the description provided above.

{00104] At 902, a migration questionnaire is presented io the client for the
client to fill out. The migration questionnaire may ask the client to provide any
of the information as described above with reference to the processes
implemented during the planning and bundling period T.; illustrated in Figure

3 From the information provided by the client into the migration
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questionnaire, a set of one or more bundling, move together, and sequencing
rules may be obtained at 802.

[00105] At 903, a migration schedule may be generated by the data
migration fo¢l being executed on, for example, the workstation 100 described
above. The migration schedule may be generated according to any one or
more of the features and rules described above with referénce to the
processes implemented during the planning and bundling period T.; illustrated
in Figure 3. The data migration ool may additionally take into consideration
the chent's scheduling information when generating the migration schedule.
The client's scheduling information may identify the client's preferred start
and/or end times for one or more specific migration tasks, as well as identify
times when the client wilt be available to monitor specific migration tasks. So
the migration schedule that is generated by the data migration tool may satisfy
cne or more, and up to all, of the rules and relationships input by the client
during the inventory and migration questionnaire processes at 901 and 902,
respectively. In addition to the rules and relationships identified in 901 and
8902, the data migration tool may additionally take into consideration the
client’s scheduling information against the identified rules and relationships.
[00106] In this way, the migration schedule may be generated to include a
start and end time for one or more data migration waves of data that will
comprise the data migration portion of the data migration project. The
migration schedule may aiso be generated to identify a destination data
storage system for migrating one or more of the bundle units of application

data in the dafa migration project. The migration schedule may also be
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generated to include a list of migration activities that comprises the data
migration project, as well as providing a sequencing of the migration activities.
The migration schedule may also include one or more migration activity
scripts for providing instructions describing how each migration activity is to
be managed and completed. The description of the generated migration
schedule may be further supplemented by the description provided above.
[00107] At 904, one or more entity graphs may be generated according to
any one or moare of the features described above with reference to the
processes implemented during the planning and bundli_ng period Tz illustrated
in Figure 3. Figure 9B provides a more detailed view of the processes'
involved for generating one or more entity graphs at 904. Figure 9B will be
described in more detaii later in this disclosure.

[00108] At 905, a validation process may be implemented according to any
one or more of the features described above with reference to the processes
implemented during the validation period T.; described above. Figure 9C
provides a more detailed view of the processes involved during the validation
period at 905 that are implemented prior {o the start of the data migration.
Figure 9C will be described in more detall later in this diséiosure.

[00109] At 9086, the data migration process begins. The data migration may
be implemented according to the migration schedule generated at 903.
[00110] At 907, concurrent with the start of the data migration process, or
shortly thereafter, the data migration tool will begin to monitor the data
migration process. The monitoring processes at 907 may be implemented

according to any one or more of the features described above with reference
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fo the processes implemented during the data migration period Ty described
above. Figure 2D provides a more detailed view of the processes involved
during the data migration period at 807. Figure 8D will be described in more
detail later in this disclosure.

[00111] Figure 9B illustrates a flow chart 804A that describes a process for
generating an entity graph based on move together rules implemented in the
generated migration schedule. The move together rules are described in
detail above. Although flow chart 904A is described in terms of organizing
bundle units into the entity graph, the nodes of the entity graph may be
applications, or other entities, within a common bundie unit. The nodes may
also be individual migration activities that comprise the migration activity
scripts for the entities within a common bundle unit.

[00112] At 904-1, the move together rules that are implemented in the
generated migration schedule may be obtained. At 804-2, the move together
rules may be referenced by the data migration tool in order to bundle the
application data into bundle units according to the move together rules. Each
bundle unit will be comprised of application data that are identified as being
migrated fogether in the migration schedule. For example, a move together
rule may identify application data stored on a common source data server as
being organized into a common bundle unit to be migrated together. A move
together rule may also identify that application data related to a common
shared service will be organized inic a common bundle unit to be migrated
together. The application data related to the common shared service may be

siore on one source data server, or across more than one source data server,
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A move together rule may also identify that application data stored on one or
more specified source data server will be organized info a common bundie
unit to be migrated together. Application data and/or source data servers that
are identified by move together ruies as migrating within a common bundle
uhit may be identified with a move together flag.

[00113] By bundling the application data into bundle units according to the
move together rules, a move together rules (MTR) based entity graph may
also be generated af 904-2. Each bundle unit that is mapped into the MTR
based entity graph will identify the application data and/or source data server
that comprise it. Each bundle unit that is mapped into the MTR based entity
graph may also identify a corresponding move {ogether flag.

[00114] At 904-3, edge separation markers may be placed in between
bundie units fo further distinguish each bundle unif. This feature may be
optionally applied.

[00115] Figure 9B illustrates a flow chart 7048 that describes a process for
generating an entity graph based on sequencing rules implemented in the
generated migration schedule. The seqguencing rules are described in detail
above. Aithough flow chart 804A is described in ferms of organizing bundie
units into the entity graph, the nodes of the entity graph may be applications,
or other entities, within 2 common bundle unit. The nodes may also be
individual migration activities that comprise the migration activity scripts for
the entities within a common bundle unit.

{00116] At 904-4, the sequencing rules that are implemented in the

generated migration schedule may be obtained. At 904-5, the sequencing
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rutes may be referenced by the data migration too! in order to bundle the
application data into bundle units according to the sequencing rules. The
sequencing rules may identify one or more specific predecessor and
successor relationships between application data, bundle units, andfor data
migration waves. For example, a sequencing rule may identify a sequence in
which specified application data is to be migrated with relation to other
specified application data. A sequencing rule may also identify a sequence in
which specified bundle units are to be migration with relation to other specified
bundle units. A sequencing rule may also identify a sequence in which
specified data migration waves may be migrated with relation fo other
specified data migration waves.

[00117] By organizing the application data according to the sequencing
rules, a sequencing rules based entity graph may also be generated at 904-5.
The sequencing rules based entity graph may be organized into a data tree
structure where each application data, bundle unit, source data server and/or
data migration wave that is identified by a sequencing rule is a node in the
data tres. For example, Figure 8 illustrates a data tree 800 that describes
exemplary sequential relationships that may be identified by sequencing rules.
Each bundle unit ii!ustrated in the data tree 800 may he considered a node in
the data tree 800.

[00118] Bundie units 1, 2 and 3 are described as being migrated at a same
time, in parallel. | These sequencing rules are illustrated by the arrows

between bundle units 1, 2, and 3. Further, bundle units 1, 2 and 3 are
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Hiustrated in the data tree 800 as being part of the same data migration wave
1.

{00119] The sequencing rules may also identify that bundle units 1, 2 and 3
are to be migrated before bundle units 4 and 5. fhe sequencing rules may
even identify that bundle units 1, 2 and 3 are to be migrated before bundie
unit 6 (although this is not specifically illustrated in the data tree 800).
Conversely, the sequencing rules may identify that bundle units 4 and 5 are to
be migrated after bundle units 1, 2 and 3. !n either case, these sequencing
rules are llustrated by the arrows extending from bundle units 1, 2 and 3 to
bundie units 4 and 5.

[00120] The sequencing rules may also identify that bundie units 4 and 5
are to be migrated at a same time, in parallel. These sequencing rules are
illustrated by the arrows between bundle units 4 and 5. Further, bundle units
4 and 5 are illustrated in the data tree 800 as being part of the same data
migration wave 2.

[00121] The sequencing rules may also ideniify that bundle units 4 and 5
are to be migrated before bundle unit 8. Conversely, the sequencing rules
may identify that bundie unit 6 is to be migrated after bundle units 4 and &. In
either case, these sequencing rules are Hlustrated by the arrows extending
from bundle units 4 and 5 to bundle unit 6.

[00122] Bundie unit 6 may be identified in the sequencing rules as migrating
alone as part of data migration wave 3.

[00123] Although the data tree 800 is illustrated as having each node

represented by a bundle unit, this representation is provided for illustrative
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purposes only. [t is contemplated that the nodes of a data tree be comprised
of any combination of application data, bundle units, data servers, data
migration waves andfor other type of entily contemplated throughout this
disclosure.

[00124] At 904-6, edge separation markers may be placed in between
nodes in the data tree to further distinguish each node from another node.
This feature may be optionally applied.

[00125] 1n some embodiments, the move together rules based entity graph
may be generated before the sequencing rules based entity graph. In some
embodiments, the move together rules based entity graph and the sequencing
rules based entity graph may be combined. For example, the bundle units
that may comprise a node in the sequencing rules based entity graph may be
obtained from a bundle unit generated as part of a move fogether rules entity
graph.

[00126] Alternatively, the move together rules based entity graph may be
generated in paralle! to the sequencing rules based entity graph.

[00127] [Figure 9C illustrates a more detailed view for the processes tﬁat
may be implemented during the validation process at 905 in flow chart 900.
During the validation process at 905, the data migration tool may implement
one or more of the features described above with reference to the validation
period T_4 described above,

[00128] For example, at 905-1 the data migration tool may parse the
previously generated entity graphs(s) in order to validate that the bundling

rules are being properly applied. So if the bundiing rules included a move
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tegether rule, the data migration tool may parse the entity graph{s) to ensure
that the application data, bundle units, and/or data migration waves that
comprise the entity graph(s) are organized according to the move together
rule. This validation may be needed fo check for new or unaccounted for
application data that may have entered the data migration project since the
generation of the entity graph(s), or to account for human errors that may
have oceurred during the generation of the entity graph(s).

[00128] At 905-2, the data migration tool may parse the entity graph(s) in
order to validate that the sequencing rules are being properly applied. For
example, if the sequencing rules called for the application data, bundle units
and/or data migration waves to have predecessor and successor relationships
as illustrated in the data tree 800 of Figure 8, the data migration fool may
parse through the entity graph(s) fo ensure the entity graph(s) do indeed
abide by the sequencing rules. This validation may be needed to check for
new or unaccounted for application data that may have entered the data
migration project since the generation of the entity graph(s), or to account for
human errors that may have occurred during the generation of the entity
graph(s).

[00130] At 905-3, the data migration tool may parse the entity graph(s) in
order to identify and fix any loops that may exist in the entity graph(s). For
example, Figure 10 illustrates at least a portion of a data tree 1000 that
includes an unwanted loop. The loop may be the result of sequencing rules
being applied to new or unaccounted for application data. Or the loop may be

the result of faulty sequencing rules being input by the client. In either case,
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the loop is undesirable because the data migration will be halted at this loop
portion as the data migration will not be able to exit the toop and proceed to a
next application data, bundle unit and/or data migration wave to migrate. The
data tree 1000 is organized such that a bundle unit 1 is migrated, and then a
seqguencing rule calls for bundle unit 2 to be migrated after bundle unit 1.
Then a sequencing rule calls for bundle unit 3 to be migrated after bundie unit
2. Then a sequencing rule calls for bundle unit 4 t¢ be migrated after bundle
unit 3. And then a sequencing rule calls for bundie unit 2 to be migrated after
bundie unit 4 (e.g., this sequencing rule is the cause of the undesirable loop).
in this case, the data migration fool may identify the undesirable loop that
involves bundle units 2-4 and fix it. The data migration tool may be able to fix
the loop by amending the sequencing rule that states bundle unit 2 is to be
migrated after bundle unit 4, to now state that bundle unit 5 (not illustrated) is
to be migrated after bundle unit 4. By amending this sequencing rule
responsible for the undesirable loop, the data migration tooi is able to re-start
the data migration to get out from the loop.

[00131] AHernatively, the data migration tool may identify any discovered
foops and present a flag for the client to recognize. As an option, the data
migration tool may also concurrently halt the data migration project until the
client addresses this issue. For example, the data migration tool may display
a visual flag on a display unit of the workstation 100 in order for the client to
recognize the loop and take measures to fix the loop before commencing the
data migration. In this way, the client may remedy these issues. Although

each node in the data tree 1000 was described as being a bundle unit, it is
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contempiated that the nodes may be comprised of any one or more of the
entities described throughout this disclosure.

[00132] Although not specifically illustrated, following 805-3, the data
migration tool may parse the entity graph(s) to ensure that all of the
application data, bundle units and/or data migration waves that are intended
to be part of the data migration project are included in the entity graph{s). If
the data migration tool detects a discrepancy between the application data,
bundle units and/or data migration waves that are intended to be part of the
data migration project and what is included in the entity graph(s), the data
migration tool may modify the entity graph to fix the discrepancies. The data
migration tool may modify the entity graph by modifying the application data
included in the bundle units and/or data migration waves to follow the various
rules as described above. The data migration tool may also modify the entity
graph by modifying the bundle units included in the data migration waves tfo
follow the various rules as described above. This process may be optionally
included to provide an added level of security.

[00133] Although not specifically illustrated, following 905-3, the data
migration tool may parse the entity graph(s) in order to monitor the
destinations that are set for each application data, bundle unit and/or data
migration wave in the entity graph(s). If the data migration tool detects any of
the application data, bundie units and/or data migration waves are identified in
the entity graph(s) as being migrated to a destinafion location that does not
correlate to a proper destination location identified from the migration

questionnaire and/or migration schedule, the data migration schedule may
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revise the entity graph{s) to identify the proper destination locations. This
process may be optionally included to provide an added level of security.
{00134] In some émbodiments, the destination location for the application
data, bundle unit and/or data migration wave may not be included in the entity
graph(s), but rather may remain as part of the migration schedule. In such
embodiments, the data migration tool may parse the migration schedule to
detect any appfication data, bundle units and/or data migration waves that are
destined to be migrated to a wrong destination location. The data migration
tool may then revise the migration schedule to identify the proper destination
focation.

[00135] Figure 9D illustrates a more detailed view for the processes that
may be implemented during the monitoring process at 8907 in flow chart 800,
During the monitoring process at 907, one or more of the features described
above with reference to the monitoring executed by the data migration tool
during the data migration period T, described above may be implemented.
[00136] At 807-1, the data migration tool may monitor the data migration in
order to validate that the bundling rules are being properly applied. So if the
bundling rules included a move together rule, the data migration tool may
monitor the data migration to ensure that the application data, bundle units,
and/or data migration waves that comprise the entity graph(s) are being
migrated according to the move together rule.  This monitoring may be
needed to check for new or unaccounted for application data that may have
entered the data migration project éince the generation of the entity graph(s),

or to account for human errors that may have occurred during the generation
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of the entity graph(s). Iif a bundiing rule is found to be viclated, the data
migration tool may provide a message fo the client that identifies the bundling
rule being viclated and/or the specific bundle unils that are violating the
identified bundling rute. For example, the message may be provided to the
client by displaying the message on a display unit of the workstation 100.
[00137] At 907-2, the data migration tool may monitor the data migration in
order to validate that the sequencing rules are being properly applied. For
example, if the sequencing rules called for the application data, bundle units
and/or data migration waves fo have predecessor and successor relationships
as illustrated in the data tree 800 of Figure 8, the data migration tool may
monitor the data migration to ensure the entity graph(s) are indeed being
migrated according to the sequencing rules. This monitoring may be needed
to check for new or unaccounted for application data that may have entered
the data migration project since the generation of the enfity graph(s), or to
account for human errors that may have occurred during the generation of the
entity graph(s). If a sequencing rule is found to be violated, the data migration
tool may provide a message to the client that identifies the seqguencing rule
being violated and/or the specific bundle units andfor data migration waves
that are violating the identified sequencing rule. For example, the message
may be provided to the client by displaying the message on a display unit of
the workstation 100.

[00138] At 907-3, the data migration tool may monitor the data migration to
ensure that ali of the application data, bundle units and/or data migration

waves that are intended to be part of the data migration project are migrated
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during the data migration. If the data migration tool defecis a discrepancy
between the application data, bundle units andfor data migration waves that
are intended fo be part of the data migration project and what is actually
migrated, the data migration tool may provide a message to the client that
identifies this issue. For example, the message may be provided to the client
by displaying the message on a display unit of the workstation 100.

[00139] At 907-4, the data migration tool may provide an anticipated start
and finish time for one or more data migration activities, as well as an
estimate on an overall time to complete the data migration. The data
migration tool is able o provide these estimates based on estimated
calculations for the time it will take to accomplish one or more of the data
migration activities/tasks that are identified in the migration schedule. In
addition, if the client has previously indicated, for example in the migration
questionnaire, that the data migration project is needed {o be completed by a
certain date or within a certain amount of time, the data migration tool may be
able to modify the entity graph (e.g., data graph) to better accomplish these
time goals input by the client. If the current time esfimate for completing the
data migration project is calculated fo be greater than an amount of time
desired by the client, the data migration tool may modify the entity graph by
modifying sequencing rules, bundling rules, bundie units and/or migration
waves in order to achieve the data migration project within the time
constraints identified by the client. For example, the data migration tool n{ay
modify the sequencing rules such that additional bundle units are added to a

given migration wave. By adding additional bundle units to a given migration
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wave, the total number of migration waves may be decreased by having more
bundle units migrated in parallel as opposed to in series, which in turn may
result in the decrease in the overall data migration process.

1001407 in addition, the data migration tool may detect issues that may
occur during the data migration project and recalculate anticipated start and
finish times for specific data migration activities based on the detection of
these issues. The data migration tool may then present these recalculated
anticipated start and finish times for specific data migration activities to the
client {(e.g., display the new start and finish times on the workstation 100).
[00141] Although the features of 807-4 have been illustrated as taking place
during the monitoring of the data migration process, it is contemplated that the
features of 907-4 are also made available as part of the processes described
as comprising the validation processes at 905 in flowchart 900.

[00142] Also, the sequencing order of processes that are illustrated in Figs.
9B-9D are provided for exemplary purposes only, and other sequence orders
are contemplated.

[00143] The illustrations described herein are intended to provide a general
understanding of the structure of various embodiments. The illustrations are
not intended to serve as a complete description of all of the elements and
features of apparatus, processors, and systems that utilize the structures or
methods described herein. Many other embodiments can he apparent to
those of skill in the art upon reviewing the disclosure. Other embodiments
can be utilized and derived from the disclosure, such that structural and

fogical substitutions and changes can be made without departing from the
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scope of the disclosure. Additionally, the illustrations are merely
representational and cannot be drawn to scale. Certain proportions within the
illustrations may be exaggerated, while other proportions may be minimized.
Accordingly, the disclosure and the figures are to be regarded as illustrative
rather than restrictive.

[00144] The above disclosed subject matter is to be considered illustrative,
and not restrictive, and the appended claims are intended to cover all such
modifications, enhancements, and other embodiments, which fall within the
true spirit and scope of the description. Thus, io the maximum extent allowed
by law, the scope is to be deftermined by the broadest permissible
interpretation of the following claims and their equivalents, and shall not be

restricted or limited by the foregoing detailed description.
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What is claimed is;

1. A method of implementing a data migration project for migrating a
set of application data from a source data storage system to a destination
data storage system, the method comprising:

receiving, at a controller, a set of data migration rules;

receiving, at the controller, a set of scheduling consideration;

comparing the set of data migration rules against the set of scheduiing
considerations;

determining whether conflicts arise between the set of migration rules
and the set of scheduling considerations based on the comparison, and

generating a migration schedule for migrating the set of application

data based on the determination.

2. The method of claim 1, wherein generating the migration schedule
comprises implementing sequential relationships between entities within the
set of application data, and the method further comprises:

determining one or more data migration activities that correspond 1o an
entity such that the entity is migrated according o the one or more data

migration activities.

3. The methed of claim 2, wherein the one or more data migration

activities identify a set of instructions for migrating the corresponding entity.
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4. The method of claim 2, wherein generating the migration schedule
comprises identifying at least a start time and end time for a corresponding

data migration activity.

5. The method of claim 1, wherein generating the migration schedule
comprises grouping one or more entities from the set of application datainto a
bundle unit, and

wherein a migration activity script is generated for one or more of the
entities within the bundle unit such that each migration activity script is
comprised of one or more migration activities that identify a set of instructions

for migrating the corresponding entity.

6. The method of claim 5, wherein generating the migration schedule
further comprises implementing a sequence in which the migration activities

within a migration activity script are to be accomplished.

7. The method of claim &, wherein generating the migration schedule
further comprises implementing a sequence in which the migration activities

are to be accomplished for each migration activity script.

8. The method of claim 7, wherein the sequence identifies dependency
relationships between migration activity scripts such that a next migration
activity in a second migration activity script cannot be commenced until a

previous migration activity in a first migration activity script is accomplished.
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9. The method of claim 1, further comprising:

detecting whether a data migration ride or scheduling consideration is
tagged with a precedence tag, and

wherein the migration schedula is generated to implement data
migration rules and scheduling considerations that have been detected fo be

tagged with the precedence tag.

10. The method of claim 1, further comprising:

organizing the set of application data into one or more bundie units
based on the set of data migration rules;

identifying one or more stray application data not associated with any
bundie units, and

associating the one or more stray application data to one or more
bundie units according to data migration rules implemented in the migration

schedule.

11. The method of claim 1, further comprising:

organiz.ing the set of application data into one or more bundle units
based on the set of data migration rules;

migrating the set of application data according to the migration
schedule;

comparing the one or more bundie units against the set of data

migration rules implemented in the migration schedule;
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determining whether any of the one or more bundle units violate data
migration rules implemented in the migration schedule based on the

comparison.

12. The method of claim 11, further comprising:

providing an indication that identifies at least one of the one or more
bundle units that violate data migration rules implemented in the migration
schedule or the violated data migration rules implemented in the migration

schedule.

13. The method of claim 1, wherein a data migration rule requires
application data stored on a common data storage server to be included in a

common bundle unit.

14. The method of claim 1, wherein a data migration rule requires
application data related to a common shared service to be included in a

common bundie unit.

15. The method of claim 1, wherein the data migration rules
implemented in the migration schedule includes a move together rule
identifying application data to be migrated together in a common data

rigration wave.
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18. The method of claim 1, wherein the data migration rules
implemented in the migration schedule includes a sequencing rule identifying
an order in which application data, bundie units or data migration wavas are to

be migrated from a source data server to a destination data server.

17. A workstation for implementing a data migration project for
migrating a set of application data from a source data storage system to a
destination data storage system, the workstation comprising:

a memory configured to store a set of data migration rules and a set of
scheduling considerations; and

a controller configured to:

compare the set of data migration rules against the set of
scheduling considerations;

determine whether conflicts arise between the set of migration
rules and the set of scheduling considerations based on the
comparison, and

generate a migration schedule for migrating the set of

application data based on the determination.

18. The workstation of claim 17, wherein the migration schedule
identifies one or more migration activities and corresponding scheduling

information for the one or more migration activities.
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19. A computer readable memory storing a set of instructions for
implementing a data migration project for migrating a set of application data
from a source data storage system to a destination data storage system, the
set of instructions being executed by a processor to:

store a set of data migration rules and a set of scheduling
considerations;

compare the set of data migration rules against the set of scheduling
considerations;

determine whether conflicts arise between the set of migration rules
and the set of scheduling considerations based on the comparison, and

generate a migration schedule for migrating the set of application data

based on the determination.

20. The computer readable memory of claim 19, further including
instructions executed by the processor to: generate the migration schedule to
identify one or more migration activities and cotresponding scheduling

information for the one or more migration activities.



