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Techniques to store graph information in a database are
disclosed. In various embodiments, each node in a graph
may be modeled as a micro b-tree. Node identity, attribute,
edge, and edge attribute data may be stored in one or more
pages modeled on page formats typically used to store index
data for a relational database index. Data associated with a
plurality of nodes and edges, each of said edges representing
a relationship between two or more of said nodes, may be
received. For each node, one or more pages of data may be
created, each corresponding to a prescribed page size asso-
ciated with a storage device in which said one or more pages
are to be stored, and each page having a data structure that
includes a variable-sized set of fixed length data slots and a
variable-sized variable length data region
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USING A B-TREE TO STORE GRAPH
INFORMATION IN A DATABASE

CROSS REFERENCE TO OTHER
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/336,473 entitled USING A
B-TREE TO STORE GRAPH INFORMATION IN A
DATABASE filed May 13, 2016 which is incorporated
herein by reference for all purposes.

BACKGROUND OF THE INVENTION

[0002] A graph is collection of vertices (sometimes
referred to as “nodes”) and edges. The nodes of a graph may
represent any entity, and an edge may represent a relation-
ship between the nodes connected by the edge. A graph
database may be used to store a graph persistently, e.g., on
a block storage medium (magnetic or solid state) that has
random access capabilities. Each node may have many
edges associated therewith. Fach edge may have one or
more attributes. Edges may be added, deleted, or changed
(e.g., new or updated edge attributes), e.g., as relationships
between entities represented by nodes of a graph change.
Edges may be unidirectional (running from one node to
another) or bidirectional (running from each node to the
other).

[0003] Typically, graph databases have been represented
in the form of one or more adjacency matrices. An adjacency
matrix may be a square matrix used to represent a finite
graph. The elements of the matrix indicate whether pairs of
vertices are adjacent or not in the graph, i.e., whether there
is an edge or other relationship between them.

[0004] A relational database stores data as one or more
tables, each comprising rows and columns of data. Each row
may be associated with an entity and the columns of that row
may store data values for attributes of that entity. Rows are
sometimes called “records” or “tuples”. Generally, each
table/relation represents one “entity type” (such as customer
or product). The rows represent instances of that type of
entity (such as “Lee” or “iPhone 6”) and the columns
representing values attributed to that instance (such as
address or price).

[0005] A relational database and uses data set Join (Inter-
section and Union) theories to infer the relations between
entities. Relationships are a logical connection between
different tables. A relationship is established on the basis of
interaction among these tables. Relationships of arbitrary
complexity can be “inferred” using simple Set principles and
retrieved using standard Query Language.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Various embodiments of the invention are dis-
closed in the following detailed description and the accom-
panying drawings.

[0007] FIG. 1 is a block diagram illustrating an embodi-
ment of a system and environment to store and access a
graph database.

[0008] FIG. 2 is a block diagram illustrating an embodi-
ment of a graph database system.

[0009] FIG. 3 is a diagram illustrating an example of a
graph representation of a simplified set of data such as may
be stored in an embodiment of a graph database system.
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[0010] FIG. 4 is a flow chart illustrating an embodiment of
a process to represent and store data in a graph database.
[0011] FIG. 5 is a diagram illustrating an example of a
node data page structure used in an embodiment of a graph
database system.

[0012] FIG. 6 is a diagram illustrating an example of'a slot
data structure used in an embodiment of a graph database
system.

[0013] FIG. 7A is a diagram illustrating an example of a
format and structure of a non-header portion of a slot data
structure used to store node or edge attribute data in an
embodiment of a graph database system.

[0014] FIG. 7B is a diagram illustrating an example of a
format and structure of a non-header portion of a slot data
structure edge data in an embodiment of a graph database
system.

[0015] FIG. 8 is a flow chart illustrating an embodiment of
a process to store data in a graph database.

[0016] FIG. 9 is a flow chart illustrating an embodiment of
a process to store data in a graph database.

[0017] FIG. 10 is a flow chart illustrating an embodiment
of a process to sort data stored in a graph database.

DETAILED DESCRIPTION

[0018] The invention can be implemented in numerous
ways, including as a process; an apparatus; a system; a
composition of matter; a computer program product embod-
ied on a computer readable storage medium; and/or a
processor, such as a processor configured to execute instruc-
tions stored on and/or provided by a memory coupled to the
processor. In this specification, these implementations, or
any other form that the invention may take, may be referred
to as techniques. In general, the order of the steps of
disclosed processes may be altered within the scope of the
invention. Unless stated otherwise, a component such as a
processor or a memory described as being configured to
perform a task may be implemented as a general component
that is temporarily configured to perform the task at a given
time or a specific component that is manufactured to per-
form the task. As used herein, the term ‘processor’ refers to
one or more devices, circuits, and/or processing cores con-
figured to process data, such as computer program instruc-
tions.

[0019] A detailed description of one or more embodiments
of'the invention is provided below along with accompanying
figures that illustrate the principles of the invention. The
invention is described in connection with such embodi-
ments, but the invention is not limited to any embodiment.
The scope of the invention is limited only by the claims and
the invention encompasses numerous alternatives, modifi-
cations and equivalents. Numerous specific details are set
forth in the following description in order to provide a
thorough understanding of the invention. These details are
provided for the purpose of example and the invention may
be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical
material that is known in the technical fields related to the
invention has not been described in detail so that the
invention is not unnecessarily obscured.

[0020] Techniques to store a graph database efficiently are
disclosed. In various embodiments, each node of a graph is
modeled as a micro B-tree. Node data is stored in one or
more pages modeled on a page format used to store index
data for a relational database, which typically is organized as
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a B-tree. Data associated with each node, including its node
identifier and other node attributes, edges “owned” by that
node, and associated edge attributes, is/are stored in an
associated page.

[0021] Insome embodiments, each node data page may be
structured similarly to an “index page” of an index of a
relational database. In various embodiments, in a node or
root page as disclosed herein fixed length data values not
exceeding a prescribed may be stored in “slots” of the
associated page, while variable length values and/or variable
length values greater than a prescribed size may be stored in
a data value region of the page.

[0022] FIG. 1 is a block diagram illustrating an embodi-
ment of a system and environment to store and access a
graph database. In the example shown, computing environ-
ment 100 include a plurality of data sources 1 to n, repre-
sented in FIG. 1 by data sources 102 and 104, and a plurality
of data users (consumers) 1 to m, represented in FIG. 1 by
data users 106 and 108. Examples of data sources and data
users include, without limitation, client computer systems,
such as desktop, laptop, and other mobile computers; mobile
devices, such as mobile phones, tablets, smart watches,
Internet of Things devices, and other devices that generate or
consume data; servers and cloud-based services, such as
mobile apps and associated services, online shopping ser-
vices, companies, banks, schools, and other enterprises
and/or online services; etc. While separate data sources
(102, 104) and data users (106, 108) are shown in FIG. 1, in
various embodiments a single node/device may be both a
data source and a data user.

[0023] Inthe example shown, data from data sources (102,
104) is communicated via the Internet 110 to a graph
database system 112. Data entities (nodes), associated attri-
butes, and relationships (edges) are captured and represented
in data stored in a graph database 114. In FIG. 1, graph
database 114 is shown to be external to graph database
system 112, but in various embodiments graph database
system 112 may include graph database 114. In various
embodiments, graph database system 112 and graph data-
base 114 may reside on a same physical and/or logical
computer system, such as a same server or other computer.

[0024] In various embodiments, data generated by data
sources (102, 104) may be aggregated and processed by
graph database system 112. For example, users associated
with data sources (102, 104) may engage in transactions,
social network interactions, browsing, searches, web page
downloads, sending and receiving of email and other mes-
sages, etc., using data sources (102, 104). At graph database
system 112, data reflecting such uses may be received,
collated, and stored in graph database 114. For example,
users and other entities (e.g., transactions, events, compa-
nies, membership-based groups, products, topics, email
messages, social network posts, etc.) may be represented as
“nodes” in graph database 114, and relationships between
such nodes may be determined at represented as “edges”
between associated “nodes”.

[0025] In various embodiments, techniques disclosed
herein may be used to represent such node and edge data,
and/or attributes of each, in an efficient manner. In particular,
in various embodiments graph database 114 may be stored
using a page format and content as disclosed herein, to
enable pages of data to be read from and written to storage
media efficiently.
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[0026] In various embodiments, data users (106, 108) may
access graph database 114, e.g., via requests sent to database
system 112 via the Internet 110. Such requests may be
serviced at least in part by reading one or more pages of data
from a storage media (e.g., flash storage, hard disk drive,
and/or other media) to locate and retrieve data responsive to
the request. For example, a request to retrieve data concern-
ing users who have “liked” or otherwise indicated an affinity
to a page or other entity on social media may be services by
accessing a stored page (i.e., a “page” in the sense of a
page-based organization of underlying physical storage
media, as opposed to a web page or social network page)
associated with a graph database node corresponding to the
aforementioned social media page, and edge (relationship)
data comprising and/or linked to that page may be used to
identify and retrieve records associated with users (nodes)
who have a “liked by” relationship (edge) to the social media
page. For example, attributes of such users may be aggre-
gated and/or otherwise processed to respond to the request.

[0027] FIG. 2 is a block diagram illustrating an embodi-
ment of a graph database system. In the example shown,
graph database system 112 of FIG. 1 includes a communi-
cation interface 202 (e.g., a network interface card or other
network communication interface) coupled to a processor
204. Processor 204 is coupled to a memory 206 in which
computer instructions to be executed by processor 204 may
be stored, along with data values on which processes run-
ning on processor 204 may operate. Processor 204 is
coupled to a database storage system interface 208, which in
various embodiments may be configured to access a local or
external physical storage media (e.g., disk drive, flash drive,
etc.) on which a graph database, such as graph database 114,
may be stored. Data may be read from such media one or
more data storage pages at a time. A physical or logical data
storage device may be organized to be read from and written
to in units corresponding to a “page”, typically on the order
of 512 bytes or 4 kilobytes in size, depending on the storage
device and/or how the device is configured. Pages may be
read by processor 204, using database storage system inter-
face 208, and stored in memory 206 to be operated on. In
some embodiments, an index (not shown) may be used to
determine initially which data to retrieve, and data read from
the graph database (e.g., relationships stored as edge data)
may be used to identify further graph database records (e.g.,
stored pages associated with corresponding nodes of the
graph represented by the graph database) to be retrieved.

[0028] FIG. 3 is a diagram illustrating an example of a
graph representation of a simplified set of data such as may
be stored in an embodiment of a graph database system. In
various embodiments, a graph such as the graph 300 shown
in FIG. 3 may be represented and stored as disclosed herein,
e.g., a graph database such as graph database 114 of FIG. 1.
In the example shown, graph 300 includes three nodes (302,
304, 306), the first two nodes (302, 304) each representing
an associated person and the third (306) representing a
company. Edge 308 represents a relationship by which the
person represented by node 304 manages the person repre-
sented by node 302, and edge 310 represented a correspond-
ing relationship by which the person represented by node
302 is managed by the person represented by node 304.
Edge 312 represents a relationship by which the person
represented by node 302 is employed by the company
represented by node 306, and edge 314 represented a cor-
responding relationship by which node 306 is identified as
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the employer of the person represented by node 302. Like-
wise, edge 316 represents a relationship by which the person
represented by node 304 is employed by the company
represented by node 306, and edge 318 represented a cor-
responding relationship by which node 306 is identified as
the employer of the person represented by node 304.

[0029] The example shown in FIG. 3 is a highly simplified
example, involving only two employees of a single company
and a single relationship between them. In a typical use case,
such as a social network graph or even a single enterprise
and its employees, a graph may include many thousands of
nodes and many thousands of relationships between them.

[0030] While in the example shown in FIG. 3 each rela-
tionship/edge has a corresponding relationship flowing back
the other way, in some graphs an edge may be unidirectional,
i.e., it may flow from one node to another but not back.

[0031] The potential power of a graph representation of a
complex data set is evident from the highly simplified
example shown in FIG. 3. For example, a query to determine
the median age of employees of “Acme” Company, in the
example shown, would be processed relatively very quickly
by finding the node corresponding to that Company, using
the “Employee” relationship (edge) data to quickly find all
employees, retrieving the employees’ respective age attri-
butes from each employee’s node in the graph, and using the
retrieved age data to compute the median. By contrast, to
respond to the same query using a relational database, the
employer-employee relationship would need to be deter-
mined at runtime, using one or more “join” operations, just
to find records that would have to be read to retrieve a
complete set of age data to compute the median.

[0032] In wvarious embodiments, techniques disclosed
herein are used to represent and store on physical storage
media data comprising a graph, such as graph 300 of FIG.
3, in a manner that enables edges and associated attributes
and destination nodes of such edges to be determined and
associated data to be accessed (e.g., created, read, updated,
and/or deleted) efficiently.

[0033] FIG. 4 is a flow chart illustrating an embodiment of
a process to represent and store data in a graph database. In
various embodiments, the process of FIG. 4 may be per-
formed by a graph database system, such as graph database
system 112 of FIG. 1, to provide a graph database, such as
graph database 114 of FIG. 1. In the example shown, node,
edge, and/or associated attribute data (i.e., node attributes
and/or edge attributes) are received (402). For example, data
associated with newly-created nodes and/or edges, and/or
updates to attributes of such nodes and/or edges, may be
received. Each node is modeled as a micro B-tree (404).

[0034] In various embodiments, modeling each node as a
micro B-tree includes representing and storing node data
(e.g., one or more of node identifier, node attributes, edges
owned by the node, and attributes of such edges) in a page
formatted and/or modeled in a same manner as index pages
typically used to store index data for a relational database
index. An example of such a page used in some embodi-
ments is shown in FIG. 5, described below.

[0035] Referring further to FIG. 4, the received node data
(e.g., one or more of node identifier, node attributes, edges
owned by the node, and attributes of such edges) is stored
using a B-tree index type page (406). For example, a page
constructed in memory may be written to physical and/or
logical storage in a single page write operation.
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[0036] FIG. 5 is a diagram illustrating an example of a
node data page structure used in an embodiment of a graph
database system. In various embodiments, the page 500
shown in FIG. 5 may be used to represent and store node
data, e.g., as in step 406 of FIG. 4. In the example shown,
the page 500 includes a node identifier region 502 in which
a node identifier that uniquely identifies a node with which
the page is associated is stored. In the example shown, the
node identifier is the same as an 8 byte (or other) page
identifier of the page 500. The page 500 further includes a
variable number of fixed width “slots” 504. Slots may be
formatted as shown in FIGS. 6, 7A, and 7B, and may be used
to store node data, edge data, and/or associated attributes.
For example, values of a size that fits in a single slot may be
stored in slots 504. In various embodiments, data structures
as shown in FIGS. 6, 7A, and 7B may be stored in slots 504.
Page 500 also includes a variable length data region 506 in
which data that does not fit in a single one of slots 504 may
be stored. For example, arbitrarily long attribute data may be
stored in variable length data region 506. An identification
of and/or pointer to such data (e.g., an offset within variable
length data region 506) may be written into a corresponding
one of slots 504. In various embodiments, formatted and/or
fixed (or relatively shorter) length data may be written to
slots 504, adding slots as necessary, and variable length data
may be added to variable length data region 506, so long as
unused space 508 remains available in the page 500. Once/if
the page 500 becomes (or approaches within a prescribed
threshold of becoming) full, the page 500 may be split, as
described more fully below.

[0037] FIG. 6 is a diagram illustrating an example of a slot
data structure used in an embodiment of a graph database
system. In various embodiments, the data structure 600 of
FIG. 6 may be used to store graph data (nodes, edges,
attributes) in fixed width slots, such as slots 504 of FIG. 5.
In the example shown, slot data structure 600 includes for
each 16 byte wide slot a 1 byte wide slot header 602 and a
15 byte wide slot data value section 604. In the example
shown, the slot header store data as indicated by key 606. In
other embodiments, the specific format and content of data
in the slot header 602 may be different in its particulars than
as shown in FIG. 6. In the example shown, each slot header
602 includes a 2-bit value to indicate a slot type, i.e., 00 to
indicate that a node attribute is stored in/by the slot, 01 to
indicate an edge is stored in/by the slot, and 02 to indicate
that an edge attribute is stored. The next 2 bits in this
example indicate a slot status (00—is Active; 01—is
Deleted; 02—Fence, to indicate a slot is the last slot value
on that page), followed by 2 bits to indicate edge direction
(if the slot store an edge; 00—outbound, 01—inbound),
followed by 1 bit to indicate whether the edge (if an edge
slot) has attributes, and a final bit to indicate that the edge
is one the node owns. The 15 byte wide slot data value
section 604 stores either edge slot data values or (edge/node)
attribute slot data values, formatted in some embodiments as
indicated in FIGS. 7A (attribute) and 7B (edge), depending
on the slot type indicated in the first two bits of the slot
header 602.

[0038] FIG. 7A is a diagram illustrating an example of a
format and structure of a non-header portion of a slot data
structure used to store node or edge attribute data in an
embodiment of a graph database system. In some embodi-
ments, the data structure 700 of FIG. 7A is used to populate
the non-header (i.e., slot data value) section 604 of a slot as
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indicated in FIG. 6, in the case of a node attribute or edge
attribute type slot (i.e., slot type 00 or 02 in the example
shown in FIG. 6). In the example shown in FIG. 7A, the data
structure 700 includes a 1 byte wide attribute header section
702 configured to store data according to the scheme shown
in FIG. 7A. For example, the first bit may be used to indicate
a null value for the attribute; the second bit may be used to
indicate the attribute is an array value; the next two bits may
be used to indicate where the attribute value is stored
(00—in the slot itself, e.g., as a primitive value; 01—in the
variable length region of the page, in which case an offset is
stored in the slot; or 02—indicating an extent page, in which
case a corresponding page identifier of a page in which the
corresponding data resides is stored in the slot as a primitive
value). The next two bytes of the slot data value section data
structure 700 are designated to be used to store an offset
within the page of a corresponding attribute value, as
applicable (e.g., in the case the value is not stored in the slot
itself). A 4 byte wide attribute identifier section 706 stores a
32 bit attribute id. Finally, an 8 byte wide payload section
708 stores either an edge id, to indicate the edge with which
the attribute is associated in the case of an edge (as opposed
to a node) attribute or a primitive value in the case of a node
attribute the value of which fits in the 8 byte wide payload
section 708.

[0039] While a particular data structure, scheme, and key
are shown in FIG. 7A, in other embodiments other formats
may be used to represent attribute data in a node attribute
and/or edge attribute type slot.

[0040] FIG. 7B is a diagram illustrating an example of a
format and structure of a non-header portion of a slot data
structure edge data in an embodiment of a graph database
system. In some embodiments, the data structure 720 of FIG.
7B is used to populate the non-header (i.e., slot data value)
section 604 of a slot as indicated in FIG. 6, in the case of an
edge type slot (i.e., slot type 01 in the example shown in
FIG. 6). In the example shown in FIG. 7B, the data structure
720 includes a 7 byte wide edge identifier section 722 in
which an edge identifier value is stored; and an 8 byte wide
destination node identifier section 724 in which a node
identifier of a destination node associated with the edge is
stored. In various embodiments, it is not necessary to store
the edge origin/owner, since that relationship is implied by
the fact that the edge slot is included in a page associated
with the node that is the origin of and therefore (in various
embodiments) is considered to own the edge.

[0041] FIG. 8 is a flow chart illustrating an embodiment of
a process to store data in a graph database. In various
embodiments, the process of FIG. 8 may be performed by a
graph database system, such as graph database system 112
of FIG. 1. In the example shown, an indication is received
to store data (802). If the data is associated with a new node
in an associated graph (804), e.g., an entity that has not be
seen or represented previously in an associated graph data-
base, then the new node is modeled as a micro B-tree as
disclosed herein and a root page to represent the node in the
graph database is initialized (806) and used to store the
received data. If the received data is associated with an
existing node (804) and is associated with an edge owned by
the existing node (e.g., adds, modifies, or deletes an edge),
then corresponding edge slot data is added or modified in a
page associated with the existing node that owns the edge
(810). If the data is not related to a new node (804) and is
not a new or modified edge (808), then the new data is
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processed as an update to either node or edge attribute data
(812) of the existing node, either by adding or modifying
node attribute data in a node attribute slot and/or in data
regions and/or pages indicated by such a slot (814) or by
adding or modifying edge attribute data in an edge attribute
slot and/or in data regions and/or pages indicated by such a
slot (816), as applicable.

[0042] FIG. 9 is a flow chart illustrating an embodiment of
a process to store data in a graph database. In various
embodiments, the process of FIG. 9 may be performed by a
graph database system, such as graph database system 112
of FIG. 1. In the example shown, an indication is received
to store additional data associated with a node (902). For
example, an additional attribute, an additional or different
value of an attribute, additional edges and/or edge attributes,
etc. may be received. If there is room in any existing page
associated with the node (904), the data is written to the
existing page (906). For example, a determination may be
made as to whether an available portion of a page associated
with the node, such as its root page or an additional page
associated with the node, corresponding for example to the
available space 508 of FIG. 5, is of sufficient size to store the
new data. If the space available on the existing page(s)
associated with the node is not sufficient (904), a page split
operation is performed to split the data associated with the
node over two (or more) pages (908), and the new data is
written to available space in one of the resulting pages.

[0043] In various embodiments, b-tree and/or related tech-
niques may be used to split pages in a manner that maintains
balance within a micro b-tree model of a given node. For
example, pages may be split in a manner that balances an
amount of data stored in the respective pages into which a
page is being split.

[0044] FIG. 10 is a flow chart illustrating an embodiment
of a process to sort data stored in a graph database. In
various embodiments, the process of FIG. 10 may be per-
formed by a graph database system, such as graph database
system 112 of FIG. 1. In various embodiments, the process
of FIG. 10 may be implemented to store graph data in a
sorted order that facilitates retrieval of data, such as by
quickly traversing a graph to find data of interest. In the
example shown, when node (page) slot data is updated
(1002), the prior to writing the page to storage the slots are
sorted by slot type (e.g., node attribute slots first, then edge
slots, followed last by edge attribute slots) (1004). Within
the node attribute slots, the slots are sorted by attribute
descriptor identifier (1006). Edges are sorted by edge id
(1008) and edge attributes are sorted by edge id, then
attribute descriptor id (1010).

[0045] Techniques disclosed herein to represent and store
graph data in various embodiments may enable the advan-
tages of representing a at least certain sets of data as a graph
and storing associated data in a graph database to be realized
within minimal input/output operations and other efficien-
cies. In various embodiments, graph databases comprising a
large number of edges (e.g., relationships), such as may be
characteristic of social network and similar data sets, may be
stored and accessed efficiently using techniques disclosed
herein.

[0046] Although the foregoing embodiments have been
described in some detail for purposes of clarity of under-
standing, the invention is not limited to the details provided.
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There are many alternative ways of implementing the inven-
tion. The disclosed embodiments are illustrative and not
restrictive.

What is claimed is:

1. A system, comprising:

a storage device organized as a plurality of pages of a

prescribed page size; and

a processor coupled to the storage device and configured

to:

receive data associated with a plurality of nodes and
edges, each of said edges representing a relationship
between two or more of said nodes;

create for each node one or more pages of data, each
corresponding to said prescribed page size, and each
page having a data structure that includes a variable-
sized set of fixed length data slots and a variable-
sized variable length data region.

2. The system of claim 1, wherein said fixed length data
slots are configured to be used to store one or more of node
attribute data, edge data, and edge attribute data associated
with the node.

3. The system of claim 1, wherein data values too large to
be stored in said fixed length data slots is stored.

4. The system of claim 1, wherein each of said fixed
length data slots includes a slot header and a slot data value
section.

5. The system of claim 4, wherein the slot header includes
one or more fields to store data a slot type.

6. The system of claim 5, wherein the slot type indicates
a type of data stored in or stored in a location identified by
data stored in a corresponding slot data value section of that
slot.

7. The system of claim 6, wherein the slot data value
section is configured to store a primitive value of a size equal
to or smaller than a fixed width of said slot data value
section.

8. The system of claim 4, wherein the slot header includes
a field to store an offset indicating a location in which a
corresponding value is located within said variable length
data region.

9. The system of claim 1, wherein said processor is
configured to add slots to said page and increase a size of
said variable length data region as needed to store additional
data associated with a given node until there is no further
available space in said page of said prescribed page size.

10. The system of claim 9, wherein the processor is
configured to split the page if additional data is to be stored
for a node and would result in a page that exceeds said
prescribed page size.
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11. The system of claim 1, wherein the processor is further
configured to sort said data slots prior to writing said page
to the storage device.

12. The system of claim 11, wherein the processor is
configured to sort the slots based at least in part on a
respective slot type of each slot.

13. The system of claim 11, wherein the processor is
configured to sort the slots in a manner that results in node
attributes being included first in sorted order, followed by
edges owned by the node, followed by edge attributes.

14. A method, comprising:

receiving data associated with a plurality of nodes and

edges, each of said edges representing a relationship
between two or more of said nodes;

creating for each node one or more pages of data, each

corresponding to a prescribed page size associated with
a storage device in which said one or more pages are to
be stored, and each page having a data structure that
includes a variable-sized set of fixed length data slots
and a variable-sized variable length data region.

15. The method of claim 14, wherein said fixed length
data slots are configured to be used to store one or more of
node attribute data, edge data, and edge attribute data
associated with the node.

16. The method of claim 14, wherein data values too large
to be stored in said fixed length data slots is stored.

17. The method of claim 14, wherein each of said fixed
length data slots includes a slot header and a slot data value
section.

18. The method of claim 17, wherein the slot header
includes one or more fields to store data a slot type.

19. The method of claim 18, wherein the slot type
indicates a type of data stored in or stored in a location
identified by data stored in a corresponding slot data value
section of that slot.

20. A computer program product embodied in a non-
transitory computer readable medium and comprising com-
puter instructions for:

receiving data associated with a plurality of nodes and

edges, each of said edges representing a relationship
between two or more of said nodes;

creating for each node one or more pages of data, each

corresponding to a prescribed page size associated with
a storage device in which said one or more pages are to
be stored, and each page having a data structure that
includes a variable-sized set of fixed length data slots
and a variable-sized variable length data region.
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