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(57) Abstract: Examples for mapping a relational database
to a graph database include a mapping engine to execute
an arbitrary query on a relational database, identify a result
column tag based on a tag of an underlying base table, pro-
cess the result column into a typed, directed property
graph based on the result column tag, and output the
typed, directed property graph to a graph database. Ex-
amples for mapping a graph database to a relational data-
base include processing a graph transaction by updating a
mapping layer with a surrogate describing a change to a
database object, determining, for an object in the mapping
layer, if a database constraint defined on the object is satis-
fied, collecting database changes defined by the surrogate
into a database change request, submitting the change re-
quest to a relational database as a transaction, and deleting
the surrogate for the object in the mapping layer.
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GRAPH DATABASE AND RELATIONAL DATABASE MAPPING

BACKGROUND
(0001 Computing systems, devices, and slectronic componenis may access, sfors,
procsss, of communicate with a database or databasses. A dalabase may stors data or
information in various formats, models, structurss, or systems, such as in a relational
database systern or a graph database structure. Users Or processes may access or qusty
the dalabases {o fetch or retrieve dala in a dalabase, or to transfer or otherwise share
information between varving database systems, such as betwesen relational databases and

graph database structures.

BrieF DESCRIPTION OF THE DRAWINGS
[6002] The following detailled description references the drawings, wherein:
[0003] FIG. 1is a block diagram of a system to map daia belween a relational database
and a graph database, according to an example;
[6G04] FiG. 2 Is a flowchart of mapping a relational database to a graph database,
according to an example;
[G005] FiG. 3 is a flowchart of processing columns from a relational dalabase for
mapping {o a graph database, according to an example,
[6006] FiG. 4 is a fliowchart of mapping a graph database {o a relational database; and
[00077  FiG. bis a block diagram of a sysiem o map dala between a relglional database

and a graph database, according o an example.

DETAILED DESCRIPTION
[6008] Various examplss describsd below provide for mapping a relational databass
to a graph database and/or mapping a graph database o a relational database. In an

example of mapping a relational database to a graph database, 8 mapping engine may
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execule an arbitrary query on a relational database, identify a result column tag based
on a tag of an underlying base table, process the result column inlo a typed, directed
property graph based on the resull column tag, and output the typed, directed property
graph {o a graph database.

[6008] In an exampie of mapping a graph database o a relational database, a graph
transaction may be pracessed by updaling a mapping layer with a surrogate describing
a change 1o a database object. For an object in the mapping layer, a determination may
be made i a database constraint defined on the object is satisfied. Dalabase changes
daefined by the surrogate may be collected info a database change requsst, the change
request may be submilted to a relational database as a transaction, and the surrogate
for the object in the mapping layer may be deleted.

{00107 As the amount of information stored on computing devices has continued to
expand, companies, organizations, and information technology depariments have adopted
new technologies fo accommodate the increased size and complexity of data sels, often
referred to as hig data. Traditional data processing or database storage systems and
tachniques such as rslational databases or relational databass managsment systams
("REBMSE™), which rely on a relational model andfor a rigid schema, may not be ideal for
scaling o big data sets. Similarly, such dalabases may nol be ideal or optimized for
handling certain data, such as associative data sels.

80111 Crganizations may employ a graph database o colled!, store, query, and/or
analyze all or a subset of the organization’s datfa, and in particular large data sels. A graph
database may be employed within an organization alone, in combination with other graph
databases, or inn combination with relational databases or other types of databases. Ihsome
axamples, a graph database may provide applications with a more natural view of object
classes and rslationships, and may allow for easier exprassion of computation.

[0012] However, as organizations may store much of thelr data in relational database
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or structured formats, organizations may be faced with the challenge of copying andfor
converting data from a relational dalabase o a graph database. In some examples,
organizations may also wish to copy or convest data from a graph database to a relational
database, or to propagate data back and forth such that data from a relationsl database can
be manipulated in a graph database and then propagated back to the relational database.
In either case, the complexity of copving or converting dala betwesn the two different
database systerns and/or structures may be heightened even further.

{0013] FiG. 1is a block diagram of 3 system o map data between a relational database
and a graph database, according to an exampls. FIG. 1 may be referred 1o as database
environment 100.

[0014] In the exampie of FIG. 1, a database environment 100 may comprise a relational
database management system or RDBMS 102 and a graph database 104, The relational
database 102 may be any database type that employs a relational model, £.q., a coflection
of tables with sach table comprising rows and columns, with a unique key for sach row.
The graph database 104 may be any database type that employs graph structures to slore
data using, for example, sdges, vertices, and/or properties to rapresent and/or store data.
i one example, a graph may be a typed, divected property graph, e.q., a graph comprising
vartices and directed adges whare properties {key-valus pairs) may be associated with a
vertex or an edge and where a vertex may be assigned one or mors labels or types. In other
examples, a graph may be, e.g., a bipartite graph, a simple undirected graph, or other graph.
[6015] In some exampies, both a graph database and a relational database may have
a common conceptual model. Gtherwise, there may be no correspondence between the
two databases and no reason o map between the two databases. I an example, a
concaptual modsl may comprise object classas and relationships among classes. An object
class may be typed {e.q., Person, Order) and a relationship may link classes {e.g., father(Cf,

ShipTo). Classes and relationships may have associaled properties {e.q., Age, shipDaie).

(o]
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Given this model, tables, rows, columns, vertices, edges and properties may model some
aspect of the underlying conceptual model.

[6016] REDBMS 102 and graph database 104 may be coupled o or communicate with a
mapping engine 106. Mapping engine 106 may allow for the copy or conversion of dala
between a RDEBMS and a graph database in either direction. For example, mapping engine
108 may allow data stored in a relational model, e.g., in tables, columns, andfor rows, 1o be
converted into a graph structure, 8.g., as edges, vertices, and/or properties.  Similarly,
mapping engine 106 may allow dala stored in a graph structure, e.q., as edges, vertices,
and/or properties o be converted into a relational model, e.g., in tables, columns, andfor
FOWS.,

[6017] During the conversion process, the methods described herein may export a
typed, directed property graph 108 when converting from a relational database to a graph
database, or may export a mapping layer describing surrogate objects for classes and
relationships when converting from a graph database 1o a relational database. Typed,
directed property graph 108 may support, for example, n-ary relationships and properties of
relationships that may not be expresssd in other models, such as the Resourcs Dascription
Framework ("RDF™).

[0018] RDBMS 102, graph database 104, and/or mapping engine 106 mav reside ina
data center, cloud service, or virtualized server infrastructure (hereinafter “data center”),
which may refer 1o a collection of servers and other computing devices that may be on-site,
off-site, private, public, co-located, or located across a geographic area or areas. A dala
center may comprise or communicate with computing devices such as servers, blade
enclosures, workstations, deskiop computers, laptops or notebook computers, point of sale
davices, tablet computers, mobile phones, smart devices, or any other processing device
or equipment including a procassing resourcs. In examples described hersin, a processing

rasource may include, for example, one processor or multiple procassors included in a
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single computing device or distributed across multiple computing devices.

[6019] in the example of FIG. 1, RDBMS 102, graph database 104, and/or mapping
engine 106 may reside on a computing device that includes a processing resource and a
machine-readabls storage madium comprising or encoded with instructions executable by
the procassing resource, as discussed below in more detall with respect to FIGS. 2-5. In
some examples, the instructions may be implemented as engines or circuitry comprising
any combination of hardware and programming fo implement the functionalities of the
engines or circuitry, as described below.

[0020] Database environment 100 may also comprise a synchronization engine {(not
shown} to extract updates from a graph database and aggregate the updates as relational
database transactions. Database environment 100 may also include extermnal connectors,
which may be conneclors to external systems, processes, or databases, such as a
connector {0 a relational database, legacy system, or other system for ingesting dala or
expaorting data.

{60211 It the example of FIG. 1, RDBMS 102, graph database 104, andfor mapping
engine 108 may be direclly coupled or communicate directly, or may communicate over a
network. A network may be a local network, virtual netwark, private network, public networl,
or other wired or wireless communications network accessible by a user or users, servers,
or other componeants. As used herein, a nstwork or computer network may include, for
example, a local area network (LAN), a wireless local area network (WLAN), a virtual private
network (VPN), the Internet, a cellular network, or a combination thereof.

[06022] FiG. 2 is a flowchart of mapping a relational database 1o a graph database,
according to an example.

[06023] In block 200, in an example, an arbitrary RDBMS query is executed. Ths query
may he received from, e.g., an application, process, tool, script, or other engine for purposes

of communicating with a relational database, such as RDBMS 102,

1
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{00247  The query may be execuied on a RDEBMS with an arbitrary database schema,
where each table comprises either descriptive data for one object type, e.g., a class table,
or refationship data that links two objects types, e.g., a relationship table. In such examples,
sach row in a class table may have data for one class object, and each row in a relationship
table may have data for one relationship instance.

[06025] in block 204, in an example, each column resulting from the guery is identified
based on the {ag of the underlying base table, e.g., the relational database. For example,
the column may be identified as containing or describing a primary key {e.g., a unique
identifier for a row), a foreign key {e.g., a column that references another table), class data,
relationship data, derived data, or other types of data. Identifying the provenance of a result
column may be accomplished by, for example, parsing an execution free of operalors and
working down the trae from the result, e.g., the tree raot, o find the source operand(s} that
correspond to each result column.

[0026] In some examples, block 204 may further comprise identifying whether a column
is derived class data or derived relationship data depending on whether the computation is
a function of a single class tabls. Derived data may bs, for example, a funclional exprassion
or computation over source dala, e.g., "price™1.5” or “avglprice)’. Some expressions may
have a unigue inverse, e.g., ‘price®1.5” while other expressions may not be invertible, e.g.,
“avgi{price). In some examples, block 204 may also comprise identifving a primary key
column corresponding to class data, identifving a corresponding primary key for a foreign
key, and/or identifying a primary key and forsign key for relationship data.

[6027] in block 206, each rasult column or each result row may be pracessed based on
atag. Insome examples, processing the result column comprises processing the data info
atyped, directed property graph as shown in FIG. 1. Processing each column of each result
row is described in more detall with respect to FIG. 3, described below.

{06028] in block 208, the typed, directed property graph with query results may be output,
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e.g., from mapping engine 106 to graph dalabase 104 or other cutput.

[6029] FiG. 3 is a flowchart of processing columns from a relational database for
mapping 1o a graph database, according to an exampie. In the flow of FIG. 3, each result
column or each resull row identified in FIG. 2 may be processed, e.g., into a typed, directed
properiy graph as shown in FiG. 1. The query resull may create a new graph, or may add
to an exdsting graph.

{06030] in block 302, in the svent that a column comprises or describes a primary key, a
vertex in a graph may be created using the primary key as the vertex identifisr with the type
associated with the class of the underlving table, e.q., 8 person, product, vendor, slc. in a
table of the relational database.

[6631] in block 304, in the event that a column comprises or describes class dala, a
property value may be added to the graph for the vertex associated with the class object.
In some examples, block 304 may be based on identification of the vertex for the dala, e.g.,
if the resull set includes a column containing the primary key for the table that is the source
of the class data.

[6032] frt block 306, in the event that a column comprises or describas a foraign key, a
vartex may be created in the graph using the foreign key as the vertex identifier and with
the type associated with a foreign key class. In some examples, a graph edge may be
created from the verlex with the edge associated with the primary key to the verlex
associated with the foreign key. In such examples, the edge may be labeled with the
relationship.

[6033] in block 308, in the event that a column comprises or describes relationship data,
a property value may be added to the edge associated with the relationship. In some
examples, block 308 may be based on identification of the objects linked by the relationship,
i.e., the result may includs columns containing the keys that identify the vertices in the

relationship.
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[6034] in block 310, in the event that a column comprises or describes derived data, the
value may be added as a property o either a verlex or an edge of the graph. In some
sxamples, block 310 may further comprise determining If there is a unique inverse
computation.

[6035] In some sxamples, a class associated with a key or a Iabel associated with an
adge may not be unique, 8.¢., a mapping may be ambiguous. in such examples, metadata
from other columns may be referenced for disambiguation.

{060386] FiG. 4 is a flowchart of mapping a graph database to a relational database. A
graph action o creale a vertex may generate a database action to create a new row in a
class table associated with a vertex type. A graph aclion to delele an edge may generale a
database action fo sither remove a row in the database table that corresponds fo the
relationship or to nullify & foreign key column in a class table.

[6037] Accordingly, in examples, it may not be possible to convert a graph transaction
immediately into a relational dalabase fransaclion, as the underlyving relational database
may have consistency constraints ralating to the transaction. For esample, an object
relating (o a person may have required columns in a relationsl databass, s¢ a new person
vartex in a graph database cannot be immediately created as a new row in a relational
database table. In such examplss, changes to a graph database may be cached until the
consistency constraints are satisfied by way of crealing surrogate objects for sach class
and refationship in a mapping layer, and deleting the surrogates only after the constraints
have been satisfied and the graph transaction committed to the relational dalabase.
[0038] Surrogates may be particularly useful in the case where there is a cycle inforeign
key references. For example, in the case of three tables, a second table may reference a
third table, which in turn may refersnce a first table. The combination of surrogate objects
and caching unil database consistency constrainis are satisfied through transaction

validation may aliow for mapping a graph database o a relational database, even in such

8
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examples,

[6039] in block 402, a graph transaction comprising a sequence of changes 1o a graph
may be processed. The changes may be, for example, adding a vertex, adding an edge,
adding a property value fo a verlex or an edgs, deleting a verlex, deleling an edge, delsting
a property value, or modifying a property valus. Each veriex, edgs, andior propsity value
may have associgted metadata describing its provenance in the underlying relational
database, e.g., an underlying table, column, type, derivation, etc.

[0040] Block 402 may comprise crealing, linking, or updating surrogates. The
surragates may be stored or collected in 8 mapping layer, e.g., mapping laver 110, which
may contain a set of surrogates describing changes 1o class and relationship objects to
apply to the relational database, e.q., RDMBS 102,

[6041] For example, if the database change is to add a verlex, if a property-create
surrogate exists for the vertex, it may be marked, e.q, as class-create. If no property-create
surrogate exists, & new class surrogate corresponding to the verlex type may be created.
If a delets surrogats exists, it may be linked to the class-creats.

[6042] It the database change is o add an adge, in an example, if a property-create
surrogate for the relationship exists, it may be marked as relationship-create. If a surrogate
does not exist, a new relationship surrogate may be creatad for the edge with the source
vertex identifier as the primary Key and the farget verlex as the foreign key, and the
refationship may be marked as relationship-create. If a delete surrogate exists, it may be
finked to the relationship-create sumogate.

[0043] I the detabase change is o add a properiy, & surrogate may be located for the
class or relationship using vertex identifiers, and the properly value may be added. i a
surrogate does not exist, a new surrogate may be created and marked as property-crate. i
a delete swrogate exists for a class or relationshin, it may be linked to the new praperty

surrogate.
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[0044] if the database change is to delete a vertex, if a property-delete surrogate exisis,
it may be marked as vertex-delete. If the surrogate does not exist, a new class surrogate
may be created and markad as, e.q., class-delete. ¥ a dlass-create or property-create
surragate exists for the veriex identifiar, it may be linked 0 the deleta surrogate.

[0045] i the dalabase change is to delete an edge, if a property-delete surrogate exists,
it may be marked as relationship-delete. If the surrogate does not exist, a new class
surrogate may be created and marked as, e.q., relationship-dselete. If a class-create or
relationship-creats surrogats exists for the relationship, it may be linked io the delets
surrogate.

[00486] If the database change is to delele a properly, the surrogate for the dlass or
relationship may be located using, e.g., verlex identifiers. If a surrogate for the property
does not exist, a new surrogate may be created and marked as, e.g., property-delete. Han
existing create surrogate exists for the class or relationship, # may be linked fo the new
surrogate.

{00477 If the database change is to modify a property, the surrogate for the class or
relationship may be located using, e.g., vertex identifiers. If a surrogate for the propetrty
does not exist, a new surrogate may be created and marked as, e.g., property-modify. If
an existing create surrogate axisis for the class or relationship, it may be linked {0 the new
surrogale.

[(6048] In examples where, for example, a vertex is created, deleted, and then created,
a plurality of surrogates for the object may exist. iIn some examples, the plurality of
surrogates may be linked in order of time.

[06049] in block 404, the transactions reflected in the mapping layer, &.g., a sel of
surrogates describing changes to class and relationship objects, may be validatad.
Transaction validation may comprise determining whether a change may violate a database

consistency constraint in the RDBEMS.  In examples, transaclion validalion may run

10
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independently from a mapping engine, and may be invoked periodically or after processing
a graph transaction in block 402.

{00507  In block 406, a validation engine may starl with the oldest surrogate i the
mapping laver and check if constraints defined on the object are satisfied. If the constrainis
are not satisfiad, the transactions should not be submitted o the RDBMS. Ifthe constraints
are satisfied, the changes defined by the surrogate may be collected into database change
requests in block 408 and submilted or commitied to the dalabase, e.g., o a RDBMS, in
block 410, In some examples, the surrogates may then be deleted or removed from the
mapping layer in block 412,

[6651] FiG. 5 is a block diagram of a system to map data between a relational database
and a graph database, according to an example.

[6052] The computing system 500 of FIG. 5 may comprise a processing resource of
processor 502, As used herein, a processing resource may be at least one of g central
processing unit {CPL), a semiconductor-based microprocessor, a graphics processing unit
{GPL), a field-programmable gale armay (FPGA} configured to relrieve and exscule
instructions, other electronic circuitry suitable for the relrisval and execution of instructions
stored on 8 machine-readable storage medium, or a combination thereof. Procassing
resource B02 may feich, decode, and exscute instructions, e.q., instructions or engine 510,
stored on memory or storage medium 504 to perform the funclionalities described herein.
In examples, the functionalities of any of the instructions of storage medium 504 may be
implemented in the form of electronic circuitry, in the form of execuiable instructions
sncoded on a machine-readable storage medium, or a combination thereof.

{00831  As uysed herein, a “machine-readable storage mediuny may be any electronic,
magnstic, optical, or other physical storage apparatus to contain or store information such
as sxecutable instruclions, data, and the like. For example, any machine-readable storage

medium describad herein may be any of Random Access Memory (RAM), volatile memory,

11
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non-volatile memory, flash memaory, a hard drive, a solid stale drive, any type of storage
disc or optical disg, and the like, or a combination thereof. Further, any machine-readable
storage medium described herein may be non-transitory.

{00541 System 500 may aiso include persisient storage andfor memory.  in some
axamples, persistent storage may be implemented by at least ane non-volatile machine-
readabls storags medium, as described herein, and may be memary utilized by system
SO0, In some examples, a memory may lemporarily store data portions while performing
processing operations on them, such as for managing a graph database or mapping
betwaen databases.

[0055] In examples described herein, a machine~-readable siorage medium or media
is part of an article or article of manufacture. An arlicle or article of manufacture may
refer to any manufactured single component or mulliple componenis. The storage
medivm may be located either in the computing device execuling the machine-readable
instructions, or remote from but accessible fo the computing devics (8.q., via a8 computer
network} for execution.

[6058] It some examples, instructions or engine 510 may be part of an installation
package that, when installed, may be executed by processing resource 502 to implement
the functionalities desoribed herein in relalion o instructions or engine 510, In such
examples, storage medium 504 may be a poriable medium or flash drive, or a memory
maintained by a server from which the installation package can be downloaded and
installed. In other examples, instructions or engine 510 may be par of an application,
applications, or component{s) already installed on a compuling device including a
processing resource, &.4., a computing device running any of the components of graph
database environment 100 of FIG. 1.

[6057]  System 500 may also include a power source B06 and a network interface device

508, as described above, which may receive dala such as data from engines 512 and 514,

12
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e.g., via direct connection or a network.

[G6058] As discussed above, the instructions 510 in or on the memory or machine-
readable storage of system 500 may comprise an enging. In the engine of block 510, the
instructions may map a relational database {o a graph database and map the graph
database to the relational database after a changs to the graph database. A
determination may be made, for an object changsd in the graph database, whether a
dalabase constraint defined on the object in the relational database is salisfied, and in
the event that the constraint defined on the object is not satisfied, the change may be
cached as a surrogats object in a mapping layer until the constraint is satisfied.

[6058]  Although the instructions of FIGS. 2-5 show a specific order of performance of
cerfain functionaliies, the instructions of FIGS. 2-5 are not limited o that order. For
exampie, the functionalities shown in succession may be performead in a different order,
may he executed concurrently or with partial concurrence, or a combination thereof.
{00687  All of the fealures disclosed in this specification, including any accompanying
claims, abstract and drawings, andfor all of the elements of any method or process so
disclosed, may be combined it any combination, except combinations whers at least

some of such features and/or elements are mutually exclusive.

13



WO 2017/044119 PCT/US2015/049668

CLAIMS

What is claimed is:

1. A database management system for mapping a relational database to a graph

database, comprising:

a relational database connection;

a graph database connection; and

a mapping engins to

exscute an arbitrary query on a relational database via the relational database
connection,

identify a tag of a result column based on a fag of an underlying base table,

process the result column into a typed, directed properly graph based on the
result column tag, and

output the typed, directed property graph o a graph database.

2. The system of claim 1, wherein when the result column tag is a primary key, the
mapping engine is to create a vertex in the graph using the primary key as an identifier

with a type associated with a class.

3. The system of claim 1, wherein when the resull column tag is class data, the
mapping engine is to add a property value into the graph for a vertex associated with the

class data.

4. The system of claim 1, wherein when the result column ag is a foraign key, ths
mapping sngine is o create a vertex in the graph using the foreion key as an identifier

with a type associated with a foreign key class.

14
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5. The system of claim 1, wherein when the result column tag is relationship data,
the mapping engine is to add a property value into the graph for an edge associated with

the relationship data.

6. The system of claim 1, whersin when the resull column fag is derived data, the

mapping engine is to add a property value into the graph for a vertex.

7. The system of claim 1, wherein when the result column {ag is derived data, the

mapping engine is to add a property value into the graph for an edge.

8. A method for mapping a graph database 1o a relational database, comprising:

processing a graph transaction by updating a mapping layer with a surrogate
describing a change 1o a database object;

detarmining, for an obiect in the mapping layer, if a database constraint defined
on the object is satisfied; and

when the consiraint defined on the object is satisfied, collecting daiabase
changes defined by the surrogate into a database change request, submitting the change
request to a relational database as a transaction, and deleling the surrogate for the object

in the mapping layer.

9. The method of cleim 8, further comprising caching graph transactions until the

database constraint defined on the object is satisfied.

10. The method of claim 8, wherein the surrogale further describes a change o a

class.

15
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11. The method of claim 8, wherein the surrogale further describes a change o a

relationship,

12. An article comprising at least one non-transitory machine-readable storage
medium comprising instructions exscutable by a procsssing resource of g graph
database system to:

map a relational database o a graph database;

map the graph database {0 the relational dalabase afler a change o the graph
database;

determing, for an ohject changed in the graph database, if a database constraint
defined on the object in the relational database is satisfied; and

in the event that the constraint defined on the object is not satisfied, cache the

change as surrogale object in a mapping layer until the constraint is satisfied.

13. The ariicle of claim 12, wherein the surrogate describes a change 1o a class.

14. The ariicle of claim 12, wherein the surrogate describes a change o a

relationship,

15, The article of claim 12, further comprising a plurality of surrogales for the object

linked in order of time.
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