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LOCALIZED DATA AFFINITY SYSTEM AND HYBRID METHOD

ABSTRACT
A method, system, and computer program for processing records is disclosed. The
records are associated with record sets. Record sets are associated with processor sets, which
include one or more processors. Records are routed to associated processor sets for
processing, based on the record set associated with the record. Records are processed on
processors in the processor sets. Furthermore, various localized affinities can be established.
Process affinity can link server processes with processor sets. Cache affinity can link

database caches with processor sets. Data affinity can link incoming data to processor sets.
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LOCALIZED DATA AFFINITY SYSTEM AND HYBRID METHOD

BACKGROUND
Field
[0001] The disclosure generally relates to multi-processor computer systems, and
more specifically, to methods and systems for routing and processing data in multi-processor

computer systems.

Description of the Related Art

[0002] Multi-processor computer systems allow concurrent processing of multiple
parallel processes. Some applications can be parallelized efficiently among the processors in
a multi-processor computer system. For ihstance, some applications can be parallelized by
dividing different tasks into sub-processes called threads. Threads may perform operations
on different data at the same time. However, one thread may sometimes need to operate on
an intermediary or final output of another thread. When two threads have to wait often for
the other to share information, they can be said to have high data dependency. Conversely,
when threads rarely need to wait for information from other threads, they can be said to have
low data dependency. Applications that have low data dependency between threads are often
desirable because they can process more data in parallel for longer periods of time.
Nevertheless, a great number of applications have high data dependency between threads.
This can occur, for example, when each piece of data must be compared to each other piece
of data in a dataset. Thus, when data dependency is high, a significant portion of the dataset
may need to be accessible in memory. Accordingly, for processing operations with high data
dependency, the process of transferring data between threads can significantly delay
computation. This delay is often exacerbated when each threads is running on physically
separated hardware nodes, as is common in multi-processor computer systems. In such
systems, inter-node input/output (IO) operations can often constitute a significant bottleneck
to the data processing rate of the system, also known as throughput. Memory hops can range
from as little as 1-2 nanosecond using non-uniform memory architecture (NUMA) in local

CPU/memory sets to multiple milliseconds when accessing a storage area network (SAN)
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over various network fabrics. Because processors are often idle while they wait for data to be
delivered, throughput bottlenecks can represent a significant waste of time, energy, and
money.

[0003] FIG. 1 shows a multi-processor system 110 including multiple nodes 120
connected by a network 130 to each other and to a shared memory 140. Nodes 120 can be
logically discrete processing components characterized by separated memory systems. In
some implementations, nodes 120 can be physically discrete systems, such as servers that
have local memory storage and processing capabilities. In the illustrated system 110, there
are N nodes 120. Although only three nodes are shown, there may be any number of nodes
120. Each node 120 includes at least one processor 150 and a cache 160. Although only one
processor 150 is shown, each node 120 can include any number of processors 150. Similarly,
the processor 150 can include any number of processor cores. Processor cores represent the
parts of the processor 150 that can independently read and execute instructions. Thus, in one
example, two processor cores can simultaneously run two processing threads. In some
implementations, node 120 can include a total of four processor cores. In some
implementations, node 120 can include a total of eight or more processor cores.

[0004] Multi-processor systems such as multi-processor system 110 are typically
used in operations that process vast amounts of data. For example, the US Postal Service,
with a peak physical mail volume approaching more than 212 billion pieces annually in 2007,
is one of the world’s largest users of high-volume data processing. Each physical mail piece
is handled multiple times on automated equipment, and each automated event produces data
scan records.  Even when physical mail volumes decrease, additional tracking and
performance metrics have increased the number of mail tracking scans, per physical mail
piece. Thus, daily mail piece scan volumes can top more than 4 billion records. Each of
these records is processed by a multi-processor system such as system 110. When mail
records are processed, the system detects duplicate records by comparison to billions of
previous records up to many months old. The system is also responsible for finding and
removing the oldest mail records when storage capacity is reached, querying mail records for

report generation, and other similar tasks. This example demonstrates the magnitude of the
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problem of efficiently processing data records in a system such as the multi-processor system
110.

[0005] Processing in a multi-processor system can include a row insertion
operation. Conventionally, the row insertion may have been performed as follows: Incoming
records would be routed in parallel to nodes 120 or specific processors 150 based on a
criterion such as, for example, load-balancing. For example, under one load-balancing
method, the incoming records would be routed to a processor 150 chosen from a set of
available processors on a round-robin basis, without considering such factors as the location
of related records. Additionally, database insertion processes would be scheduled on the
processors 150. Upon receiving an incoming record, a processor 150 would then search for
the record in the database. The search might require accessing data not stored in the local
cache 160. Such a search might include a storage area network (SAN). Accordingly, the
processor 150 might locate the requisite data on a remote node and transfer the data over the
network 130 to the local node for comparison. In some implementations, the processor 150
may compare the incoming record with every record in the database. Thus, the processor 150
would transfer a significant amount of data over the network 130 to the local node. If no
matches were found, the processor 150 would insert the record into the database.

[0006] At the same time, however, another processor 150 on another node 120
would be concurrently performing the same tasks on a different record. Thus, it is possible
that two processors 150, operating on two matching records, could simultaneously attempt
insertion into the same memory location. This can be referred to as a race condition, and can
occur as follows: First, a first processor would determine that a first record has no match.
Next, a second processor would determiﬁe that a second record has no match. Note that
although the first and second records may or may not match, neither has been successfully
inserted into the database yet. Subsequently, the first processor inserts the first record into
the database. Finally, the second processor, having already determined that there is no record
match, inserts the second record into the database. In order to ensure a race condition does
not cause identical records to be inserted into the database, each processor 150 can obtain
exclusive access to the insertion memory location, via a mechanism such as a lock. A

number of different locking mechanisms are known in the art. Establishing and relinquishing
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memory locks can themselves require data transfers over the network 130. Thus, as memory
blocks are locked, unlocked, and transferred back and forth over the relatively slow network
130, a significant amount of processing time can be wasted.

[0007] The multi-processor system 110 can incorporate a number of techniques to
improve efficiency and cost-effectiveness. For example, the shared memory 140 can be
organized hierarchically. Hierarchical memory organization can allow the system 110 to
utilize a mix of memory media with different performance and cost characteristics. Thus, the
system 110 can simultaneously exploit small amounts of faster, expensive memory for high-
priority tasks and large amounts of slower, cheaper memory for other tasks. Accordingly, the
shared memory 140 can be physically implemented with several different storage media,
which may be spread out in multiple locations. For example, the processors 150 might store
infrequently used data on a relatively cheap and slow disk drive in a storage area network
(SAN, not shown). At the same time, the shared memory 140 can also be partially distributed
amongst the nodes 120. The caches 160 can include local copies (caches) of data in the
shared memory 140. The processor 150 can locally cache the data in a relatively fast and
expensive dynamic random access memory (DRAM, not shown). The DRAM can be shared
with other processors on a processing module. Typically, when the processor 150 requires
more data, it will first look in the local cache 160, which usually has a relatively low latency.
For example DRAM latency is typically measured in nanoseconds. If the data sought is not
located in the local cache, a memory manager might have to retrieve the data from the SAN
over the network 130. Because the SAN might be located far away, the memory manager
might have to request the data over a relatively slow interconnect, such as Ethernet. SAN
requests have much higher latency, typically measure in milliseconds. The relative speed of
the interconnect, combined with additional latency of slower storage media, often results in
significant performance degradation when data is not found in the local cache (a “cache
miss”). Thus, most systems attempt to keep information that is accessed frequently in the
local cache.

[0008] When a process runs on a multi-processor computer system such as system
110, it is typically scheduled to run on the next available node 120. However, the next

available node 120 may not be the same node on which the process was last run. Under a
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hierarchical memory model as described above, the data the process has recently accessed
will likely reside in a cache on the node on which the process was last run. This tendency can
be called cache persistence. In order to take advantage of cache persistence in multi-
processor environments, processes can be assigned an affinity to one or more processors.
Processes given such affinity are preferentially scheduled to run on certain processors. Thus,
affinitized processes are more likely to run on a processor that already has important process
information in its local cache. However, affinity does not eliminate the problem of cache
misses, particularly when applications have high data dependency between threads. Cache
misses can persist in systems where the shared memory 140 is partially distributed amongst
the nodes 120. One example of such as system is called a cache coherent system, which
maintains consistency between the shared memory 140 that is distributed amongst the nodes
120. In a cache coherent system, for example, an affinitized process may be programmed to
compare incoming data to data previously processed on another node 120. The affinitized
process may also be programmed to modify that data. In order to maintain memory
consistency, the data is typically transferred between nodes 120. Thus, even though much of
the data to be processed may be contained in the local cache 160, the data transfer between
nodes 120 due to high data dependency can still represent a significant throughput bottleneck.

[0009] Typically, systems such as the USPS mail system described above are
already using the fastest hardware practicable. Thus, it is not feasible to clear the throughput
bottleneck with, for example, a faster network 130. Similarly, because the bottleneck occurs
between nodes 120, adding additional nodes will not provide the desired increase in
throughput. At the same time, it is not typically a viable option to decrease tﬁe rate of
incoming data. For example, it is probably not acceptable for the Post Office to delay the
mail, or associated reporting, to accommodate computer bottlenecks. Within such systems,
the locality of memory is dominated by its “electron distance,” or the distance an electron
would have to travel over an electrical path in order to reach the memory. For example, a
processor 150 accessing a local cache 160 could have an “electron distance” on the order of
millimeters. On the other hand, a processor 150 accessing memory located on another node
120 or over a SAN could have an “electron distance” on the order of meters. Accordingly, it

is desirable to resolve the bottleneck at a system-architecture level. In attempting to solve
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this problem, others have attributed a throughput limit to the need for remote data access.
However, systems and methods described herein are capable of addressing this remote data

access bottleneck in an unanticipated manner.

SUMMARY

[0010] The system, method, and devices of the development each have several
aspects, no single one of which is solely responsible for its desirable attributes. Without
limiting the scope of this disclosure, its more prominent features will now be discussed
briefly. After considering this discussion, and particularly after reading the section entitled
"Detailed Description" one will understand how the features of this disclosure provide
advantages over other methods and/or devices.

[0011] In accordance with one aspect, a method of processing records in a
database is provided. The records are processed on a plurality of processors, which are
grouped into a plurality of processor sets. The method comprises associating each record
with a record set of a plurality of record sets, associating each record set with a processor set,
routing the records to processor sets based on the associated record set, and processing the
records with the processor sets.

[0012] In accordance with another aspect, an apparatus is provided. The
apparatus comprises a plurality of processors, which are grouped into a plurality of processor
sets. The processor sets are configured to process records in a database. The apparatus is
configured to associate each record with a record set of a plurality of record sets, associate
each record set with a processor set, route the records to processor sets based on the
associated record set, and process the records.

[0013] In accordance with another aspect, a computer-readable non-transitory
storage medium is provided. The computer-readable non-transitory storage medium
comprises code capable of causing a computer to associate each record in a database with a
record set of a plurality of record sets, associate each record set with a processor set, route the
records to processor sets based on the associated record set, and process the records.

[0014] In accordance with another aspect, a method of inserting a record into a

database in a multiprocessor environment is provided. The method comprises receiving, at a
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routing node, a record. The method further comprises associating, at the routing node, the
record with a record set of a plurality of record sets. The method further comprises routing
the record to a processor set of a plurality 0f processor sets based on the associated record set.
The method further comprises searching, at the processor set, a part of the database for a
matching record. The part of the database is associated with the processor set. The method
further comprises inserting the record into the part of the database when the record is not
found in the part of the database.

[0015] In accordance with another aspect, an apparatus is provided. The
apparatus comprises a routing node and a plurality of processors grouped into a plurality of
processor sets. The processor sets are configured to process records in a database. The
apparatus is configured to receive, at a routing node, a record. The apparatus is further
configured to associate, at the routing node, the record with a record set of a plurality of
record sets. The apparatus is further configured to route the record to a processor set of the
plurality of processor sets based on the associated record set. The apparatus is further
configured to search, at the processor set, a part of the database for a matching record, the
part of the database being associated with the processor set. The apparatus is further
configured to insert, at the processor set, the record into the part of the database when the
record is not found in the part of the database.

[0016] In accordance with another aspect, a computer-readable non-transitory
storage medium is provided. The computer-readable non-transitory storage medium
comprises code capable of causing a computer to receive, at a routing node, a record. The
code is further capable of causing a computer to associate, at the routing node, the record
with a record set of a plurality of record sets. The code is further capable of causing a
computer to route the record to a processor set of a plurality of processor sets based on the
associated record set. The code is further capable of causing a computer to search, at the
processor set, a part of the database for a matching record, the part of the database being
associated with the processor set. The code is further capable of causing a computer to insert,
at the processor set, the record into the part of the database when the record is not found in

the part of the database.
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[0017] In accordance with one aspect, a system for processing records in a
database is provided. The records are processed on a plurality of processors, which are
grouped into a plurality of processor sets. The system comprises means for associating each
record with a record set of a plurality of record sets, means for associating each record set
with a processor set, means for routing the records to processor sets based on the associated

record set, and means for processing the records with the processor sets.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a block diagram of a multi-processor computer system;

[0019] FIG. 2 is a block diagram of a multi-processor computer system
configured to process data according to an embodiment;

[0020] FIG. 3 is a flow chart of a method for processing data according to another
embodiment;

[0021] FIG. 4 is a flow chart of a method for inserting records into a database
according to another embodiment; '

[0022] FIG. 5 is a graph showing data processing throughput according to another
embodiment.

DETAILED DESCRIPTION

[0023] Referring to FIG. 1, in one embodiment, the multi-processor computer
system 110, upon which features of the disclosure are implemented, includes a SGI® Altix®
4700 (Silicon Graphics, Inc., 46600 Landing Parkway, Fremont, CA 94538) modular blade
platform running an Oracle® TimesTen (500 Oracle Parkway, Redwood Shores, CA 94065)
in-memory database. In another embodiment, the multi-processor computer system 110,
upon which features of the disclosure are implemented, includes a SGI® Ultra Violet®
(Silicon Graphics, Inc., 46600 Landing Parkway, Fremont, CA 94538). The platform may
include any number of nodes 120. Each ‘node 120 may include any number of processors
150. In an embodiment, there are between about 1 and about 32 processors 150 per node
120. In another embodiment, there are between about 4 and about 8 processors 150 per node
120, and more particularly, about 4 processors 150 per node 120. Although various

embodiments are described herein with reference to particular datasets, applications, and
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hardware, one skilled in the art would realize that the present disclosure is applicable to
different configurations.

[0024] The multi-processor computer system 110 can be configured to read
records and insert those records into a database configured into tables having rows and
columns. In one embodiment, the multi-processor computer system 110 is configured to
perform a row insertion by reading an incoming record, searching for the record in the
database, and inserting the record into the database if the record is not found in the database.
In another embodiment, the multi-processor computer system 110 is further configured to
search the database for records older than an aging period, and to remove those records. In
various embodiments, the aging period is between about 5 days and about 14 days, more
particularly between about 5 days and 7 days, and even more particularly about 5 days. In an
alternative embodiment, the multi-processor computer system 110 is configured to remove
old records in order to maintain a limit on the number of records in the database. In yet
another embodiment, the multi-processor computer system 110 is configured to remove old
records in order to maintain a limit on the size of the database. For example, an in-memory
data base (IMDB) may include 7.5 TB of records, representing between 180 days and 6 years
worth of records.

[0025] Turning to FIG. 2, a record processing system 200 is shown. Record
processing system 200 can be configured to reduce the number of high-latency network
operations needed when executing a program such as, for example, the row insertion process
described above with respect to FIG. 1. Record processing system 200 may be implemented
with a multi-processor computing system such as, for example, the multi-processor
computing system 110 shown in FIG. 1.

[0026] In the record processing system 200, incoming data 210 is parsed by an
affinity process 220 in order to determine it’s processor affinity. The affinity process 220
serves to assign the incoming data 210 to a CPU affinity layer 230. The CPU affinity layers
230 may correspond to nodes 120 or processors 150, as described above with respect to FIG.
1. The affinity process 220 may assign the incoming data 210 to a CPU affinity layer 230
based on a property of the data such as, for example, a record number. In one embodiment,

incoming data 210 includes a record number and the affinity process 220 assigns the
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incoming data 210 to a CPU affinity layer 230 by taking the record number modulo N, the
number of CPU affinity layers 230 in the system. In another embodiment, the affinity
process 220 assigns the incoming data 210 based on a hash of the data by using, for example,
the secure hash algorithm (SHA). A database cache 240 is associated with each CPU affinity
layer 230. .

[0027] The criteria by which the affinity process 220 assigns incoming data 210 to
a CPU affinity layer 230 can be chosen such that the processing of incoming data 210
assigned to a CPU affinity layer 230 is only dependent on other data assigned to the same
CPU affinity layer 230. In other words, the incoming data 210 assigned to a given CPU
affinity layer 230 can be said to be locally dependent. Thus, a CPU affinity layer 230 that is
processing incoming data 210 is more likély to find other data needed in a local cache. For
example, in one embodiment, the application can be the row insertion process described
above. In that embodiment, the database can be divided into N parts, where N is the number
of CPU affinity layers 230. Each database part is associated with a CPU affinity layer 230.
Thus, the database cache 240 need only contain records from the database part associated
with the corresponding CPU affinity layer 230. In one embodiment, the database cache 240
is large enough to completely cache the associated database part. Thus, in embodiments
where the database cache 240 is at least as large as the associated database part, the CPU
affinity layer 230 can have relatively low-latency access to all the requisite data.

[0028] Furthermore, latency can be reduced by considering the “electron distance”
between the CPUs in the affinity layef 230 and the database cache 240 during the
affinitization process. For example, hops from CPU to “local” memory DIMMs (on the same
node), in an SGI Altix 4700 typically take 10ns. Hops between blades in the same rack unit
typically take 22ns, and hops between blades in different rack units typically take between
33ns and 256ns. Hops across NUMA to additional racks are typically over 256ns and can
increase exponentially as memory increases. The affinity process 220 can take this “electron
distance” into account to increase the likelihood that incoming data 210 is placed in a
memory location with a low “electron distance” to the CPU that will process it.

[0029] Incoming data 210 records can be assigned to a database in a deterministic

manner as described above. Because the CPU affinity layer 230 only needs to search the
-10-
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database part stored in the local database cache 240, there is no need to access remote
memory over the network. Therefore, in this example, incoming data 210 records are only
locally dependent, in that any two records that are accessed for a database search are assigned
to the same CPU affinity layer 230. Even though the CPU affinity layer 230 may still need to
perform memory locking, locking of local memory is likely to be much faster than the
locking remote memory because no network transfers are involved. The manner in which
record processing system 200 can be configured is shown in FIG. 3.

[0030] FIG. 3 illustrates a method 300, according to one embodiment, of
processing incoming data such as, for example incoming data 210 discussed above with
respect to FIG. 2. Method 300 can be implemented, for example, on the multi-processor
computer system 110, as discussed above with respect to FIG. 1. First, with respect to block
310, processors in the system are grouped into N processor sets. Thus, each processor set
includes one ore more processors. Each processor set can correspond to a node such as, for
example, the node 120 described above with respect to FIG. 1. In one embodiment, each
processor set corresponds to a CPU affinity layer 230 described above with respect to FIG. 2.

[0031] Continuing to block 320, the database is divided into N parts. Each part
can be a sub-database. According to one embodiment, each part is a table in a single
database. In another embodiment, each sub-database can be configured to hold data that is, at
most, locally dependent during processing. For example, in an embodiment where the
processing function is row insertion, all data with an even record number can be assigned to a
single database. In one embodiment, N is between about 2 and about 16. In another
embodiment, N is between about 4 and 8, and more particularly, about 6.

[0032] Moving to block 330, N database caches are created. Each database cache
is associated with a processor set. In one embodiment, the database caches correspond to
database caches 240 described above with respect to FIG. 2. Advantageously, in one
embodiment, the database cache is large enough to store an entire sub-database. Therefore,
the associated processor set would rarely, if ever, experience a cache miss. The database
caches can be configured such that they reside only in memory local to the processor set with
which they are associated. As described above, locality can be determined with respect to the

“electron distance” between a memory and a processor. Accordingly, the database caches can
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be assigned to physical memory locationé with short “electron distance” to an affinitized
processor.

[0033] Similarly, with respect to block 340, N logging caches are created. Like
the database caches described above, each logging cache is associated with a processor set.
In one embodiment, a single processor in the processor set can be assigned to perform
database logging to the logging cache. In that embodiment, because logging occurs locally,
there is less chance that a local process would stall while waiting for a logging cache miss.
The logging caches can be configured such that they reside only in memory local to the
processor set with which they are associated. As described above, locality can be determined
with respect to the “electron distance” between a memory and a processor. Accordingly, the
database caches can be assigned to physical memory locations with short “electron distance”
to an affinitized processor.

[0034] Subsequently, with respect to block 350, a processor affinity is created by
associating M server processes with the N processor sets. In various embodiments, M can be
equal to N, a multiple of N, or some other relationship. As described above, processes given
such affinity can be preferentially scheduled to run on certain processors. In one
embodiment, the server processes are configured to perform database row insertions with
incoming data. Because the server processes are preferentially scheduled to run on the
associated processor sets, there is a greater chance that data related to that process (such as
the process context) will be preserved between the times that the process runs. In one
embodiment, each server process always runs on the same processor set. Thus, because the
process always runs on the same processor set, it will always use the same database cache
and/or logging cache. This configuration can further reduce the likelihood of a cache miss.

[0035] Proceeding to block 360, data is divided into N data sets. In one
embodiment, data is incoming data 210, described above with respect to FIG. 2. Similarly, as
discussed above with respect to affinity process 220 in FIG. 2, data can be divided into sets
based on, for example, the modulo of a record number contained in the data. For example, in
a multi-processor computing system with two processor sets, data containing even record
numbers can be assigned to a first data set, and data containing odd record numbers can

assigned to a second data set. Each data set is associated with a processor set. As discussed,
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data can be divided into data sets such that there is little or no dependency between data sets
with respect to a target application.

[0036] Then, with respect to block 370, the data is routed to the associated
processor set. For example, in an embodiment including a multi-processor computing system
with two processor sets, data containing even record numbers can be routed to a first
processor set, and data containing odd record numbers can routed to a second processor set.
In this way, a data affinity is created. Furthermore, through the server process and cache
affinity described above, each processor set is also associated with at least one server process
and cache. Thus, in embodiments where server processes are configured to perform database
row insertions, server processes are likely to be able to restore context from a local cache and
perform a row insertion on the relevant sub-database using only the local database cache.
Accordingly, the likelihood of a cache miss is reduced, and data processing throughput is
increased. .

[0037] FIG. 4 is a flow chart of a method 400 for inserting records into a database
according to another embodiment. The illustrated flow chart assumes a processing
environment that has been established with N=2, as discussed above with respect to FIG. 3.
In other words, available processors have been divided into two processor sets: processor set
0, and processor set 1. Likewise, the record database has been divided into two parts:
database part 0, and database part 1. Furthermore, there are two database caches and two
logging caches. In other embodiments, N can be any number such as, for example, 3, 4, 6, 8,
16, etc.

[0038] Starting with block 410, a routing unit receives a record. In some
embodiments, the record can be a permit indicia or information based indicia (IBI) used for
authenticating postage. The routing unit caﬁ be a single processor assigned to handle routing,
a routing process that is scheduled to run on any available processor based upon demand, or
any other configuration. The record has a distinguishable feature that allows it to be
separated into two or more sets. In the illustrated embodiment, the record includes a number
that is either even or odd.

[0039] Continuing to block 420, the record is associated with one of two data

sets: even or odd. If the record number is even, it is assigned to the even data set, and if the
-13-
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record number is odd, it is assigned to the odd data set. As discussed above, a skilled artisan
will recognize that there are many ways to assign the record to a record set. The even and
odd data sets in described herein and illustrated in FIG. 3 are examples chosen for simplicity.
Each data set is associated with a processor set. Specifically, the even data set is associated
with processor set 0, and the odd data set is associated with processor set 1.

[0040] Moving to blocks 430 and 4335, the record is routed by the routing unit to
the processor set associated with its data set. Specifically, if the record is even, the record is
routed to processor set 0 at block 430. Alternatively, if the record is odd, the record is routed
to processor set 1 at block 435. The record may be routed to the processor set by sending the
record to a process thread that is affinitized to the one or more processors of that processor
set. Thus, while the process may be scheduled on any processor in the processor set, the
record can be guaranteed to be processed by a specific associated processor set.

[0041] Subsequently, at blocks 440 and 445, the associated processor set assigned
to process the record searches the associated database part for a matching record.
Specifically, if the record is even, a process running on processor set 0 searches database part
0 for a matching record at block 440. Alternatively, if the record is odd, a process running on
processor set 1 searches database part 1 for a matching record at block 445. In one
embodiment, searching the database part for a matching record can include reading each row
in the database part and comparing the record number in that row with the incoming record.
In other embodiments, searching the database part for a matching record can include another
known search technique such as, for example, a binary search. Because each record is
associated with a record set that is routed to an associated processor set for insertion into an
associated database part, the search algorithm can assume that only even records exist in
database part 0 and that only odd records exist in database part 1. Therefore, the search
algorithm running on processor set 0 need only search database part 0 and does not need to
access database part 1 (and vice versa). Accordingly, the methods described herein allow a
processor set to effectively search all database parts located across all processor sets by
accessing only local memory.

[0042] Next, at blocks 450 and 455, appropriate action is taken depending on

whether the record already exists in the associated database part. If it does, the record is
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discarded at block 460. In some embodiments, the record can be flagged for further review.
For instance, in embodiments where records represent postage authorization that is expected
to be unique, the process can send a network message to the originating computer indicating
unpaid postage. If, however, the record is not found in the associated database part, the
record is inserted into the associated database at blocks 470 and 475. Specifically, if the
record is even, it is inserted into database part O at block 470. Alternatively, if the record is
odd, it is inserted into database part 1 at block 475. Because many databases are organized
into rows and columns, the insertion of the record into the associated database part can be
called a row insertion. Row insertions can be performed relatively quickly according to the
methods described herein because they can all be performed on a local database cache. If the
local database cache is large enough to hold the entire database part associated with the
processor set, the row insertion can occur without the need for remote locking, network
traffic, etc.

[0043] FIG. 5 is a graph sﬁowing the database row insertion throughput
accomplished using an embodiment of the system and methods described above. Row
insertions were performed using six processor sets with six database caches. The processor
sets are labeled “TRP 1-6”. Each processor set included four processors. Each processor set
was also associated with three database insertion threads, each database insertion thread
executing a process similar to that described above with respect to FIG. 4. In other words,
three of the four processors in each processor set ran software performing an embodiment of
the row insertion method described herein. One processor in each processor set ran a
database logging thread.

[0044] As shown in FIG 5, six lines represent the number of row insertions
performed per second by each processor set TRP 1-6. An additional line labeled “total”
represents the cumulative row insertions per second across all six processor sets TRP 1-6. As
shown in the graph, the processor sets encountered a relatively small number of cache misses,
which caused declines in the number of row insertions per second. For example, there is a
dip in total row insertions per second around 15:02:27, 16:52:38, and 17:02:39. These dips
likely represent times when the processor sets had to wait for network traffic, or hops across

nodes causing multiples of local latency times, because required data was not present on the
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local node. For the most part however, the throughput of each processor set is smooth
because the methods described herein substantially obviated the need to access remote data
during a row insertion operation.

[0045] While the above processes and methods are described above as including
certain steps and are described in a particular order, it should be recognized that these
processes and methods may include additional steps or may omit some of the steps described.
Further, each of the steps of the processes does not necessarily need to be performed in the
order it is described.

[0046] While the above description has shown, described, and pointed out novel
features of the invention as applied to various embodiments, it will be understood that
various omissions, substitutions, and changes in the form and details of the system or process
illustrated may be made by those skilled in the art without departing from the spirit of the
invention. As will be recognized, the present invention may be embodied within a form that
does not provide all of the features and benefits set forth herein, as some features may be
used or practiced separately from others.

[0047] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A software module may reside in
RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to the processor such the
processor can read information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The processor and the
storage medium may reside in an ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may reside as discrete components in a

user terminal.
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WHAT IS CLAIMED IS:

1. A method of processing records in a database on a plurality of processors grouped
into a plurality of physically separate processor sets, the method comprising:

associating, on at least one of the plurality of processors, each record with a record set of a
plurality of record sets;

assigning each record set to a sub-database based on the record set;

associating a cache with each sub-database;

associating each sub-database and its associated cache with a processor set;

creating an affinity between each database cache and the associated processor set; and

processing the record sets with the processor sets according to the associations between the

record sets, sub-databases, and the processor sets.

2, The method of Claim 1, further comprising:

creating a logging cache for each processor set of the plurality of processor sets or a single
logging cache for the plurality of processors;

creating an affinity between each loggiﬁg cache and an associated processor set; and

assigning a single processor in each processor set to log database transactions,

wherein each processor set comprises a plurality of processors.

3. The method of Claim 1, further comprising:

creating a plurality of server processes, wherein each server process is associated with a
processor set of the plurality of processor sets;

creating an affinity between each server process and the associated processor set; and

associating each server process with a record set,

wherein each server process processes records in the associated record set.

4, The method of Claim 1, wherein routing records comprises routing records to

processing sets based on a static routing table.
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5. The method of Claim 1, wherein associating records comprises associating records

with record sets such that there is no data dependency between record sets when processing

records.

6. An apparatus comprising a plurality of processors grouped into a plurality of
physically separate processor sets configured to process records in a database, wherein at least one
of the physically separate processor sets is configured to:

associate each record with a record set of a plurality of record sets;

assign each record set to a sub-database based on the record set;

associate a cache with each sub-database;

associate each sub-database and its associated cache with a processor set;

create an affinity between each database cache and the associated processor set; and

process the records with the processor sets according to the associations between the record

sets, sub-databases, and the processor sets.

7. The apparatus of Claim 6, wherein the apparatus is further configured to:

create a logging cache for each processor set of the plurality of processor sets or a single

logging cache for the plurality of processors;
create an affinity between each logging cache and an associated processor set; and
assign a single processor in each processor set to log database transactions,

wherein each processor set comprises a plurality of processors.

8. The apparatus of Claim 6, wherein the apparatus is further configured to:

create a plurality of server processes, wherein each server process is associated with a

processor set of the plurality of processor sets;

create an affinity between each server process and the associated processor set; and

associate each server process with a record set,

wherein each server process processes records in the associated record set.

9. The apparatus of Claim 6, wherein the apparatus is further configured to route

records to processing sets based on a static routing table.
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10.  The apparatus of Claim 6, wherein the apparatus is further configured to associate

records with record sets such that there is no data dependency between record sets when processing

records.

11. A computer-readable non-transitory storage medium comprising code capable of

causing a computer to:

associating, on at least one of a plurality of processors, each record with a record set of a
plurality of record sets;

assigning each record set to a sub-database based on the record set;

associating a cache with each sub-database;

associating each sub-database and its aésociated cache with a processor set;

creating an affinity between each database cache and the associated processor set; and

processing the records with the processor sets according to the associations between the

record sets, sub-databases, and the processor sets.

12.  The computer-readable non-transitory storage medium of Claim 11, further

comprising code capable of causing a computer to:

create a logging cache for each processor set of the plurality of processor sets or a single

logging cache for the plurality of processors;
create an affinity between each logging cache and an associated processor set; and

assign a single processor in each processor set to log database transactions,

wherein each processor set comprises a plurality of processors.

13.  The computer-readable non-transitory storage medium of Claim 11, further

comprising code capable of causing a computer to:

create a plurality of server processes, wherein each server process is associated with a

processor set of the plurality of processor sets;

create an affinity between each server process and the associated processor set; and

associate each server process with a record set,

wherein each server process processes records in the associated record set.
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14.  The computer-readable non-transitory storage medium of Claim 11, further
comprising code capable of causing a computer to route records to processing sets based on a static

routing table.

15.  The computer-readable non-transitory storage medium of Claim 11, further
comprising code capable of causing a computer to associate records with record sets such that

there is no data dependency between record sets when processing records.
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