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TIERED DATABASE STORAGE AND
REPLICATION

if the neW characteristic satis?es either the ?rst constraint or

Production databases are oftentimes replicated to backup
databases to protect valuable data. FIGS. 1 and 2 illustrate

the second constraint, store the neW production data in the
?rst production section if the neW characteristic satis?es the
?rst constraint, and store the neW production data in the
second production section if the neW characteristic satis?es
the second constraint.
In an embodiment, the ?rst characteristic comprises a ?rst
date, the ?rst constraint comprises a ?rst time frame, the
second characteristic comprises a second date, and the second
constraint comprises a second time frame.
In an embodiment, the second tier production storage sys
tem has a loWer quality than the ?rst tier production storage

storage systems 100 and 200 in the prior art Whereby produc

system.

tion databases 110 and 210 interface With applications via

In an embodiment, the second tier backup storage system
has a loWer quality than the ?rst tier backup storage system.
In an embodiment, the production database comprises a
call record database.
In an embodiment, the ?rst frequency comprises once per
day and Wherein the second frequency comprises once per
month.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The ?eld of the invention relates to data storage systems,
and in particular, to storage control systems for tiered control

of database storage and replication.
2. Description of the Prior Art

application interfaces 105 and 205 respectively. Production
database 120 and 220 are replicated to backup databases 120

and 220 respectively.
As illustrated in FIG. 1, production database 110 and
backup database 120 are both stored on an enterprise class

storage system 130. Unfortunately, storing an entire backup

20

database on the same type of storage system as the production

database is very expensive and inef?cient. Furthermore, rep
licating the entirety of a production database is very expen
sive and inef?cient.
As illustrated in FIG. 2, production database 210 is stored
on an enterprise class storage system 230, While backup data
base 220 is stored on a secondary storage system 240 having
a loWer quality than enterprise class storage system 230.

Unfortunately, replicating entire production databases to
loWer quality storage systems detrimentally affects the ability

BRIEF DESCRIPTION OF THE DRAWINGS
The same reference number represents the same element
25

prior art.
FIG. 2 illustrates a storage netWork in an example of the

prior art.
30

FIG. 3 illustrates a storage netWork in an embodiment of

35

the invention.
FIG. 4 illustrates the operation of a storage netWork in an
embodiment of the invention.
FIG. 5 illustrates the operation of a storage netWork in an
embodiment of the invention.

to retrieve data from the backup databases When so desired.

Additionally, the problem of replicating the entirety of a
production database remains.
SUMMARY OF THE INVENTION

on all draWings.
FIG. 1 illustrates a storage netWork in an example of the

FIG. 6 illustrates a storage netWork in an embodiment of

the invention.
FIG. 7 illustrates a How diagram in an embodiment of the
invention.

An embodiment of the invention helps solve the above

problems and other problems by providing a storage control
system, method, and softWare that alloWs for e?icient data

base storage and replication capabilities. In particular, pro

40

FIG. 8 illustrates a storage netWork in an embodiment of

45

the invention.
FIG. 9 illustrates a How diagram in an embodiment of the
invention.
FIG. 10 illustrates a computer system in an embodiment of
the invention.

duction databases can be segregated betWeen sections that

should be replicated frequently, and other portions that do not
require frequent replication. In addition, an embodiment of
the invention provides for replicating different sections of
production databases to differently tiered storage systems,

thereby reducing storage costs and improving replication

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

capabilities.
In an embodiment, a storage netWork comprises a produc
tion database con?gured to store a ?rst production section on

a ?rst tier production storage system and a second production
section on a second tier production storage system, a backup

FIGS. 3-10 and the folloWing description depict speci?c
50

database con?gured to store a ?rst backup section on a ?rst

tier backup storage system and a second backup section on a

second tier production storage system, and a storage control
system con?gured to replicate the ?rst production section to
the ?rst backup session at a ?rst frequency and replicate the

55

purpose of teaching inventive principles, some conventional
aspects have been simpli?ed or omitted. Those skilled in the
art Will appreciate variations from these embodiments that
fall Within the scope of the invention. Those skilled in the art
Will appreciate that the features described beloW can be com
bined in various Ways to form multiple embodiments of the

second production section to the second backup section at a

second frequency that is less than the ?rst frequency.
In an embodiment, the ?rst production section comprises a
?rst collection of production data having a ?rst characteristic
that satis?es a ?rst constraint, and Wherein the second pro
duction section has a second collection of production data

embodiments of the invention to teach those skilled in the art
hoW to make and use the best mode of the invention. For the

invention. As a result, the invention is not limited to the
60

speci?c embodiments described beloW, but only by the claims
and their equivalents.
First Embodiment Con?guration and Operation

having a second characteristic that satis?es a second con

straint.
In an embodiment, the storage control system is further
con?gured to receive neW production data indicating a neW
characteristic, process the neW production data to determine

FIGS. 3 and 4
65

FIG. 3 illustrates storage netWork 300 in an embodiment of

the invention. Storage netWork 300 includes application inter

US 7,613,747 B1
3

4

face 301 in communication With production database 310.

advantage, storage netWork 300 provides for replicating dif

Storage control system 305 controls replication betWeen pro

ferent portions of a single database to different types of stor
age systems. In this manner, cost savings are realiZed by

duction database 310 and backup database 320. Production
database 310 comprises ?rst production section 312 and sec

storing distinctly separate portions of a single database in or
on less expensive production and backup storage systems,
While utiliZing high quality storage systems for other dis
tinctly separate portions of a single database.

ond production section 313. Backup database 320 comprises
?rst backup section 322 and second backup section 323. First
production section 312 is stored on ?rst tier storage system
311. Second production section 314 is stored on second tier
storage system 314. First backup section 322 is stored on ?rst
tier storage system 321. Second backup section 323 is stored
on second tier storage system 324.
It shouldbe understood that a ?rst tier storage system could

Telecommunications Example
FIGS. 6-9

be a storage system that provides greater storage capabilities

FIG. 6 illustrates storage netWork 600A in an embodiment

than a second tier storage system. For example, a ?rst storage
system could be more reliable than a second tier storage
system. In another example, a ?rst tier storage system could
provide faster input and output access than a second tier
storage system. For these and other reasons, databases requir
ing high levels of reliability and fast access rates are fre
quency stored on ?rst tier storage systems. The cost of ?rst
tier storage systems is a draWback relative to second tier

of the invention. In the telecommunications industry, it is Well
knoWn that customers frequency dispute recent billing activ

ity, Whereas older billing activity has either already been
resolved or Will most likely not be disputed. Thus, recent call
records are frequently changed, Whereas older call records are
20

storage systems.

frequently, if at all. In this manner, costs are reduced by

FIG. 4 illustrates a ?owchart for populating production

storing frequently updated data on ?rst tier storage systems,

database 310 With data in an embodiment of the invention.

During operation, data is generated and transferred to storage

and less frequently updated data on second tier storage sys
25

netWork 300 by applications interfacing With application
to determine Whether to store the neW data in ?rst production
30

(Step 430). Likewise, the data is stored in second production
section 313 if the data satis?es the constraints of second

production section 313 (Step 450). Depending upon the
operation of the applications interfacing With applications
interface 301, production database 310 can change. For
instance, data can be added, deleted, or altered.
FIG. 5 illustrates the operation of storage control system
305 in an embodiment of the invention Whereby production
database 310 is replicated to backup database 320. As dis
cussed above, production database 310 is separated into ?rst
and second production sections 312 and 313. The data is
apportioned to either production section 312 or 313 based
upon a constraint associated With each production section. In
this case, one set of data is stored in ?rst production section
3 12 based on Whether the characteristics of the data set satisfy

35

40

45

50

months is stored in three month production section 612 of
production database 610. Data for the next nine months is
stored in nine-month production section 613 of production

fore stored in three-month production section 612.
In this embodiment, storage netWork 600 enters a refresh

60

period. Production data stored in three-month production sec
tion 612 that no longer falls Within the prescribed three-month
WindoW is transferred to nine-month production section 613.
As part of the backup process, three-month production sec
tion 612 is replicated to three-month backup section 622 of
backup database 610. Lastly, backup data that no longer falls
Within the three-month WindoW of time is transferred to nine
month backup section 623. In this manner, a replication pro
cess is only required betWeen three-month production section

different portions of a single database on different types of

storage systems. Further advantageously, storage netWork

and the date and time of the call, among other information.
The call record is then transferred application interface 601
and stored in production database 610.
FIG. 7 illustrates a How of data during the backup process
for storage netWork 600 in an embodiment of the invention
Whereby the three-month and nine-month WindoWs are deter

55

replicated to second backup section 323 at a second frequency
(Step 540). It shouldbe understoodthat, to save resources and
create ef?ciencies, the second frequency is a loWer frequency

300 provides for replicating different portions or sections of a
single database at different rates or frequencies. In another

could make a call to a destination. In response to the call, a call

record is generated indicating the customer, the destination,

database 610. A neW call record Would presumably have a
date falling Within the mo st recent three months and is there

section 312 is replicated to ?rst backup section 322 at a ?rst

than the ?rst frequency. For example, ?rst production section
312 could be replicated to ?rst backup section 322 daily,
Whereas second production section 313 could be replicated to
second backup section 323 monthly.
Advantageously, storage netWork 300 provides for storing

base 610 to billing applications in telecommunications net
Work 602. Storage control system 605 is coupled to
production database 610 and backup database 620.
In response to netWork activity, the billing application of
telecommunications netWork 602 interfaces With production

mined on a moving basis. Data for the most recent three

tion section 313 (Step 520).
At certain times, it is desirable to backup production data
base 310. To backup production database, ?rst production

frequency (Step 530), While second production section 313 is

includes systems applications, such as billing system appli
cations. Application interface 601 interfaces production data

database 610 on a real-time basis via application interface 601
to record events for later billing. For example, a customer

the constraints of ?rst production section 312 (Step 510).
Similarly a second set of data is stored in second production
section 3 13 depending upon Whether the characteristics of the
data set satisfy the constraints associated With second produc

tems. It is also knoWn that very recent calls that have not yet

been presented to customers are very rarely disputed.
In this embodiment, storage netWork 600 includes tele
communications netWork 602 in communication With appli
cation interface 601. Telecommunications netWork 602

interface 301 (Step 410). The data is received and processed
section 312 or second production section 313 (Steps 420 and
440). The data is stored in ?rst production section 312 if the
data satis?es the constraints of ?rst production section 312

rarely changed. In this embodiment, storage netWork 600
provides for replicating relatively recent call records fre
quently, and replicating relatively less recent call records less

65

612 and three-month backup section 622, thereby saving
resources and reducing the amount of time required for data

base backup procedures.

US 7,613,747 B1
6
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FIG. 8 illustrates storage network 600B in an embodiment

prise a disk, tape, integrated circuit, server, or some other
memory device. Storage system 1040 may be distributed
among multiple memory devices.
Processing system 1030 retrieves and executes softWare
1050 from storage system 1040. SoftWare 1050 may com

of the invention. Storage netWork 600B contains all of the
same elements of storage netWork 600A, but With the addi
tional element in supplemental production database 603. FIG.
9 illustrates a How of data during the backup process for
storage netWork 600B in an embodiment of the invention
Whereby the three-month and nine-month WindoWs are deter

prise an operating system, utilities, drivers, netWorking soft
Ware, and other softWare typically loaded onto a general
purpose computer. SoftWare 1050 could also comprise an
application program, ?rmWare, or some other form of

mined based on a ?xed basis. This discussion assumes that

production database 610 has already been populated With
data stored accordingly in either three-month production sec
tion 612 or nine-month production section 613. A ?xed Win
doW requires that, even as netWork operations proceed on a

machine-readable processing instructions. When executed by
the processing system 1030, softWare 1050 directs processing

daily basis, the timeframe de?ning production sections 612

age netWorks 300, 600A, and 600B.

system 1030 to operate as described for the elements of stor

and 613 remain ?xed. Each day moving forWard increases the
difference betWeen the actual present date and the ?rst date of

What is claimed is:

the three-month WindoW.
To accommodate a ?xed WindoW timeframe, supplemental

a ?rst tier production storage system con?gured to store a

1. A storage netWork comprising:

database 603 could be utiliZed to store the most recent data on

a moving basis. Thus, past production data falling Within the
three-month or nine-month WindoW can be stored in produc
tion database 610. NeW production data that is more recent
than the earliest date of the three-month WindoW can be stored

20

backup section of a backup database;
a second tier backup storage system con?gured to store a

in supplemental production database 603.
Upon entering a refresh period, production data from three
month production section 612 is replicated to three-month

second backup section of the backup database; and
25

backup section 622 on a daily basis to account for frequent

changes to production data. Production data from nine-month
production section 613 is replicated to nine-month backup
section 623 on a less frequent basis, as nine-month data is

rarely changed. The latest data stored in supplemental pro

30

duction database 603 can be replicated to a supplemental

backup database.
In this manner, storage netWork 600 advantageously alloWs
for retaining very recent call records in supplemental produc
tion database 603 for later transfer to production database

35

610. Call records in supplemental production database 603
are very rarely disputed by customers. Relatively less recent
call records falling Within a ?xed three-month WindoW can be
stored advantageously on a ?rst-tier storage system for fre
quent access by customers or management When resolving

?rst production section of a production database;
a second tier production storage system con?gured to store
a second production section of the production database;
a ?rst tier backup storage system con?gured to store a ?rst

a storage control system con?gured to replicate the ?rst
production section on the ?rst tier production storage
system to the ?rst backup section on the ?rst tier backup
storage system at a ?rst frequency and replicate the
second production section on the second tier production
storage system to the second backup section on the sec

ond tier backup storage system at a second frequency
that is less than the ?rst frequency;
Wherein the ?rst production section comprises a ?rst col
lection of production data, Wherein each of the ?rst
collection of production data is associated With a ?rst
time frame, and Wherein the second production section
comprises a second collection of production data,
Wherein each of the second collection of production data
is associated With a second time frame older than the ?rst

month WindoW can be stored on a second tier storage system,

time frame;
Wherein the second time frame immediately precedes the
?rst time frame;

thereby reducing costs.

Wherein the ?rst time frame and the second time frame each

40

call record disputes. Call records falling Within a ?xed nine

comprises a movable time frame de?ned in relation to a

Computer System

45

current time;
Wherein the storage control system is con?gured to transfer
data Within the ?rst production section on the ?rst tier

FIG. 10

production storage system no longer associated With the
FIG. 10 illustrates computer system 1000 in an embodi
ment of the invention. Computer system 1000 includes inter

?rst time frame to the second production section on the
50

face 1020, processing system 1030, storage system 1040, and
softWare 1050. Storage system 1040 stores softWare 1050.
Processing system 1030 is linked to interface 1020. Computer
system 1000 could be comprised of a programmed general
purpose computer, although those skilled in the art Will appre
ciate that programmable or special purpose circuitry and

cate the second production section on the second tier

production storage system to the second backup section
on the second tier backup storage system by transferring
55

time frame to the second backup section on the second

tier backup storage system.
60

Interface 1020 could comprise a netWork interface card,
modem, port, or some other communication device. Signal
ing interface 1020 may be distributed among multiple com

2. The storage netWork of claim 1 Wherein the storage
control system is further con?gured to receive neW produc
tion data, process the neW production data to determine if the
neW production data is associated With the ?rst time frame or
the second time frame, store the neW production data in the

munication devices. Interface 1030 could comprise a com

puter microprocessor, logic circuit, or some other processing
device. Processing system 1030 may be distributed among
multiple processing devices. Storage system 1040 could com

data Within the ?rst backup section on the ?rst tier

backup storage system no longer associated With the ?rst

equipment may be used. Computer system 1000 may use a
client server architecture Where operations are distributed
among a server system and client devices that together com

prise elements 1020-1050.

second tier production storage system; and
Wherein the storage control system is con?gured to repli

65

?rst production section if the neW production data is associ
ated With the ?rst time frame, and store the neW production
data in the second production section if the neW production
data is associated With the second time frame.

US 7,613,747 B1
8

7

neW production data in the second production section if the
neW production data is associated With the second time frame.
9. The method of claim 7 Wherein the second tier produc
tion storage system has a loWer quality than the ?rst tier

3. The storage network of claim 1 Wherein the second tier

production storage system has a loWer quality than the ?rst

tier production storage system.
4. The storage netWork of claim 3 Wherein the second tier
backup storage system has a loWer quality than the ?rst tier

production storage system.

backup storage system.

10. The method of claim 7 Wherein the second tier backup
storage system has a loWer quality than the ?rst tier backup

5. The storage netWork of claim 1 Wherein the production
database comprises a call record database.
6. The storage netWork of claim 1 Wherein the ?rst fre
quency comprises once per day and Wherein the second fre

storage system.
1 1. The method of claim 7 Wherein the production database
comprises a call record database.
12. The method of claim 7 Wherein the ?rst frequency

quency comprises once per month.

comprises once per day and Wherein the second frequency

7. A computer-implemented method of operating a storage

comprises once per month.

netWork, the method comprising:

13. A computer-readable storage medium storing com
puter executable instructions for operating a storage control
system, the computer executable instructions, When executed
by a computer system, directing the computer system to:

storing a ?rst production section of a production database
on a ?rst tier production storage system;
storing a second production section of the production data
base on a second tier production storage system;
storing a ?rst backup section of a backup database on a ?rst

tier backup storage system;

20

storing a second backup section of the backup database a

ond tier production storage system, store a ?rst backup

second tier backup storage system;
replicating the ?rst production section on the ?rst tier pro
duction storage system to the ?rst backup section on the
?rst tier backup storage system at a ?rst frequency; and
replicating the second production section on the second tier

section of a backup database on a ?rst tier backup stor

25

production storage system to the second backup section
on the second tier backup storage system at a second

frequency that is less than the ?rst frequency;
Wherein the ?rst production section comprises a ?rst col
lection of production data, Wherein each of the ?rst
collection of production data is associated With a ?rst
time frame, and Wherein the second production section
comprises a second collection of production data,
Wherein each of the second collection of production data

30

35

is associated With a second time frame older than the ?rst

time frame;
Wherein the second time frame immediately precedes the
?rst time frame;
Wherein the ?rst time frame and the second time frame each

40

backup storage system at a ?rst frequency, and replicate
the second production section on the second tier produc
tion storage system to the second backup section on the
second tier backup storage system at a second frequency
that is less than the ?rst frequency;
Wherein the ?rst production section comprises a ?rst col
lection of production data, Wherein each of the ?rst
collection of production data is associated With a ?rst
time frame, and Wherein the second production section
comprises a second collection of production data,
Wherein each of the second collection of production data

time frame;
Wherein the second time frame immediately precedes the
?rst time frame;
Wherein the ?rst time frame and the second time frame each
comprises a movable time frame de?ned in relation to a

45

?rst time frame to the second production section on the

second tier production storage system; and
Wherein replicating the second production section on the
second tier production storage system to the second
backup section on the second tier backup storage system
comprises transferring data Within the ?rst backup sec
tion on the ?rst tier backup storage system no longer
associated With the ?rst time frame to the second backup
section on the second tier backup storage system.
8. The method of claim 7 further comprising receiving neW
production data, processing the neW production data to deter
mine if the neW production data is associated With the ?rst
time frame or the second time frame, storing the neW produc
tion data in the ?rst production section if the neW production
data is associated With the ?rst time frame, and storing the

age system, store a second backup section of the backup
database a second tier backup storage system, replicate
the ?rst production section on the ?rst tier production
storage system to the ?rst backup section on the ?rst tier

is associated With a second time frame older than the ?rst

comprises a movable time frame de?ned in relation to a

current time;
Wherein the method further comprises transferring data
Within the ?rst production section on the ?rst tier pro
duction storage system no longer associated With the

store a ?rst production section of a production database on
a ?rst tier production storage system, store a second
production section of the production database on a sec
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current time;
Wherein the computer executable instructions direct the
computer system to transfer data Within the ?rst produc
tion section on the ?rst tier production storage system no
longer associated With the ?rst time frame to the second
production section on the second tier production storage

system; and
Wherein the computer executable instructions direct the
computer system to replicate the second production sec
tion on the second tier production storage system to the
second backup section on the second tier backup storage
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system by directing the computer system to transfer data
Within the ?rst backup section on the ?rst tier backup
storage system no longer associated With the ?rst time
frame to the second backup section on the second tier

backup storage system.
*

*

*

*

*
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