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(57) ABSTRACT 

Embodiments relate to database technology, and more spe­
cifically, to extending database tables in a multi-tenant envi­
ronment. A method for extending a database table, includes 
receiving a request of a tenant for extending a database table; 
and generating a description file corresponding to the tenant 
according to the received request, the description file describ­
ing an extended field defined for the database table as at least 
one extended column. 

17 Claims, 10 Drawing Sheets 
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1 
EXTENDING DATABASE TABLES IN A 

MULTI-TENANT ENVIRONMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

2 
On the other hand, if system developers provide a large num­
ber of extensible blank table colunms, the database table will 
occupy and waste a large space, because many extensible 

table colunms might be required by only several tenants. 
What is worse, both these two disadvantages may be present 
in some cases, i.e., some tenants' demand cannot be satisfied 
and the low efficiency of many extensible table colunms 
wastes too much space. Another disadvantage of this solution 
lies in that the data may be correctly explained merely by use 

This application claims foreign priority benefits under 35 
U.S.C. §119 to co-pending Chinese patent application num­
ber CN 201010132487.0 filed Mar. 23, 2010. This related 
patent application is herein incorporated by reference in its 
entirety. 

BACKGROUND 

10 of joint operation, since the predefined extensible blank table 
colunm does not contain data type and other relevant infor­
mation ( e.g., numeric type, date type, string type), and the 
information must be defined by tenants themselves. This will 
consume a mass of computational resources and further 

The software industry is now undergoing a profound trans­
formation due to the appearance of SaaS (Software as a Ser­
vice). In many countries, SaaS is already popular and widely 
used. With rapidly changing security techniques of SaaS, 
more and more enterprises come to accept the security and 
reliability ofSaaS. Based on the Internet characteristics, SaaS 20 
software has many unique features over previous-generation 
software, and many new techniques have emerged among 
server software, databases, data transmission, and client 
browsers. 

15 affects the system performance and user experience. In addi­
tion, such a solution requires developers of a multi-tenant 
application system to have a sufficient understanding often­
ant demands, which increases the burden on the system devel-

Development of each SaaS software system is based on 25 
multi-tenancy. That is, a set of software and database plat­
forms is simultaneously used by multiple enterprises ( or mul­
tiple tenants in an enterprise) through techniques such as 
software and database isolation and confidentiality. Although 
non-multi-tenant SaaS products are not necessarily "fake 30 
SaaS" products, multi-tenancy greatly increases the opera­
tion efficiency and stability, reduces the maintenance and 
upgrading cost for operators and finally gives implicit price 
benefits to customers. 

opers. 
According to another known solution, private data ( data 

table colunms to be extended) is stored for each tenant by 
creating a private table. This solution has several obvious 
disadvantages. Firstly, many private tables would need to be 
created in a multi-tenant system in order to satisfy the demand 
of unknown tenants, and the number of private tables that can 
be created is limited by a database management system 
DBMS. Moreover, the operation of a tenant on created private 
data ( data in an extensible table column) is entirely dependent 
on the joint operation between a private table and a public 
table. This will consume a large amount of computational 
resource and further affect the system performance and user 
experience. 

SUMMARY 

Embodiments of the invention provide a computer-imple­
mented method, computer program product and system for 
performing an operation for extending a database table. The 
operation includes receiving a request of a tenant for extend-

In a SaaS system, how to handle access of multiple tenants 35 
to a database is a tougher challenge compared with applica­
tion computational logic/level, and how to meet different 
demands of tenants on database table extension is a funda­
mental one among problems concerning "access of multiple 
tenants to a database." For example, assume there is a basic 
information statistical Table I in a certain SaaS employee 
information system. In Table I, Tenant A needs to record an 
employee code of each employee for identifying employees, 
while Tenant B does not need to record an employee code of 
each employee but identifies its employees by home 
addresses. A problem occurs when designing data tables for 
this employee information system, because it is hard to pre­
dict which demands will be imposed by future tenants on this 
database table. 

40 ing the database table in a multi-tenant database system, 
where the tenant issuing the request is one of a plurality of 
tenants. The operation also includes generating a description 
file corresponding to the tenant and to the database table 
according to the received request, the description file describ-

45 ing an extended field defined for the database table as at least 
one extended colunm. 

There are some known techniques for extending database 50 
tables in a multi-tenant environment. According to one solu­
tion, in designing a multi-tenant SaaS application system, 
database table columns which allow extension by tenants 
according to their different demands may be defined for each 
database table. In the above described example, it is possible 55 
to define an extensible blank table colunm in Table I when 
designing the employee information system. Hence, Tenant A 
may select this blank table colunm as the "employee code" 
colunm, while Tenant B may select this blank table colunm as 
the "employee home address" colunm. In this manner, tenants 60 
may define the predefined extensible blank table colunm as a 
desired table colunm according to their own demands, and 
further complete database operations such as data input and 
query. However, this solution has a distinct disadvantage in 
that if developers provide only a few extensible blank table 65 
colunms during system design, it might be impossible to 
satisfy demands of all tenants for database table extension. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features of the embodiments of the 
present invention will become more apparent from the 
detailed description of the embodiments, when taken in con­
junction with the figures wherein like numerals denote the 
same or like components. In the figures, 

FIG. 1 illustrates a flowchart of a method for extending a 
database table according to an embodiment of the present 
invention; 

FIG. 2 illustrates a flowchart of a method for extending a 
database table according to another embodiment of the 
present invention; 

FIG. 3 illustrates a flowchart of a method for extending a 
database table according to an embodiment of the present 
invention based on FIG. 1 or FIG. 2; 

FIGS. 4A-4D illustrate views of table structural changes of 
an instance for extending the table according to a further 
embodiment of the present invention, among which FIG. 4A 

illustrates an unextended table "employee" in a multi-tenant 
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3 
system (platform), FIG. 4B illustrates the table "employee" 
for which an extended field is defined, i.e., an actual table 

structure in a backend database of the multi-tenant system 
after the extended field is defined, FIG. 4C illustrates a fron­
tend (tenant end) data structure presentation after tenant 1 
adds the desired column "ID," and FIG. 4D illustrates a fron­
tend (tenant end) data structure presentation after tenant 2 
adds the desired colunm "Home Address"; 

FIG. 5 illustrates a structural diagram of a system for 
extending a database table according to an embodiment of the 
present invention; 

FIG. 6 illustrates a structural diagram of a system for 
extending a database table according to another embodiment 
of the present invention respectively; 

FIG. 7 depicts a cloud computing node according to an 
embodiment of the present invention; 

FIG. 8 depicts a cloud computing environment according 
to an embodiment of the present invention; and 

FIG. 9 depicts abstraction model layers according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION 

Embodiments of the present invention make the process of 
extending a database table transparent to either developers of 
the multi-tenant system or tenants themselves, to provide a 
uniform data model to tenants for database tables extension 
( customization), and to achieve the technical effect of extend-
ing a database table without occupying or wasting a large 
amount of database space. 

FIG. 1 illustrates a flowchart of a method for extending a 
database table according to an embodiment of the present 
invention. It should be noted that throughout the specifica­
tion, claims, and figures, "extending a database table" does 

4 
table that may include some basic table colunms (i.e., table 
columns that will be needed by whatever tenants). For 
example, in such a multi-tenant system as the employee infor­
mation management system, the system's developers might 

5 have defined a table called "employee" including colunms 
which will be used by all tenants, such as "employee name" 
and "employee gender." According to one embodiment, there 
is one more extended field that may be used by respective 
tenants for extension according to their own demands besides 

10 these table colunms that are already defined by developers of 
the multi-tenant system. At this point, this extended field is 
not limited with respect to the heading or information type of 
the table colunm to be extended, because developers of the 
multi-tenant system may not precisely predict what table 

15 columns will be needed by tenants. In addition, this extended 
field is not a blank column in a common sense, because a 
blank colunm actually corresponds to a data storage space 
reserved for an original database table and the number of 
blank colunms must be determined in advance. According to 

20 an embodiment of the present invention, however, it is pos­
sible to define only one extended field and to extend any 
number of table colunms from this extended field. According 
to an embodiment of the present invention, the extended field 
defined for the database table is a field of an extensible 

25 markup language (XML) type, and for this field of an XML 
type, a variety of description files may be used to verify the 
validity of XML data. According to another embodiment of 
the present invention, the extended field defined for the data­
base table is a field of a Javascript object notation (hereinafter 

30 referred to as Json for short) type. Those skilled in the art 
should understand that besides XML and Json, other types of 
extended fields may be defined according to different types of 
databases, and they also fall within the scope of the present 
invention. 

not necessarily mean physically or practically extending a 35 
database table but might mean producing the effect or user 
experience that a database table for tenants in a multi-tenant 
system is extended, although the database table is not physi­
cally or practically extended. 

When the extended field defined for the database table is of 
an XML type, according to an embodiment of the present 
invention, an extended field of an XML type is defined in 
database tables of a multi-tenant system or platform before 
this multi-tenant system or platform is launched. According 
to another embodiment of the present invention, extended 
field of an XML type is not defined in database tables before 

In step 101, a request for extending a database table is 40 
received from a tenant. According to an embodiment of the 
present invention, the tenant's request for extending a data­
base table may be an SQL statement like "ALTER TABLE 
employee ADD COLUMN homeaddress varchar(l00)." In a 
multi-tenant system, it is possible that some tenants need to 45 
extend an original database table while others not, and tenants 
requesting extension may have varying requirements as to 
how many and which colunms are extended. Requests for 
extending a database table may be expressed in various forms. 
In the above example, the tenant may express his request for 50 
extending a database table by inputting "ALTER TABLE . . .
ADD COLUMN" in the SQL statement or in other any pos­
sible statement and mode. As long as the tenant's request 
contains a purpose ( although it might not be the only purpose) 
for extending a database table, it is deemed that the tenant 55 
makes a request for extending a database table. Of course, the 
multi-tenant system (platform) may set some restrictions on 
types or formats of request for extending a database table. 

a multi-tenant system or platform is launched, but defined in 
database table when a request for extending a database table 
is received from a tenant. These two embodiments are also 
applicable for defining an extended field of a Json type. That 
is, there is no absolute, temporal sequence between step 101 
ofFIG. 1 and "defining an extended field for a database table." 
In the first embodiment (first defining an extended field is 
defined for a database table and then performing step 101), 
before the multi-tenant system or platform is launched, an 
XML extended field is added for the table in the database by 
means of the following statement: ALTER TABLE employee 
ADD COLUMN X_COL XML, where "employee" is the 
table's name, and "X_COL XML" refers to an extended field 
of an XML type. In the second embodiment (first performing 
step 101 and then defining an extended field for a database 
table), the tenant's request for extending a database table may 
be, for example, ALTER TABLE employee ADD COLUMN 
homeaddress varchar(l 00). Here, "homeaddress" indicates 
that the tenant wants to add a colunm named "homeaddress" 
to the table "employee," and "varchar(l 00)" indicates that the 
column has a variable-length character type with no more 
than 100 characters. When a request for extending a database 
table as described above is received from a tenant in step 101, 

The flow then proceeds to step 102 where a description file 
corresponding to the tenant and the database table is gener- 60 
ated according to the received request. The description file 
describes an extended field defined for the database table as at 
least one extended column. Hereinafter, the meaning of the 
extended field and the process of defining the same will be 
described in detail. 65 an extended field of an XML type is defined in the 

"employee" table, and then a description file describing the 
defined extended field as at least one extended column is 

In a multi-tenant application system or platform, develop­
ers of the system or platform have defined some database 
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various description files and thus achieve the effect of extend­
ing a database table. According to an embodiment of the 
present invention, the description file is an XML schemas 

definition (hereinafter referred to as "xsd" for short) file. 

generated according to the content of the request received 
from the tenant for extending a database table. The manner for 
generating the description file will be described below. Those 
skilled in the art should understand that other embodiments 
may be adopted. For example, for a part of tables, an extended 
field may be defined before the multi-tenant system or plat­
form is launched, while for another part of tables, an extended 
field is defined when a request for extending a database table 

5 According to another embodiment of the present invention, 
the description file is a document type definition (hereinafter 
referred to as "dtd" for short) file. 

is received from a tenant during real-time operation. How­
ever, once an extended field is already defined in a table, when 
either tenant makes a request for extending a database table, 

Continuing the foregoing example, when a request for 
extending a database table, ALTER TABLE employee ADD 

1
° COLUMN homeaddress varchar(l00), is received from a 

tenant, an xsd description file being generated is as below: 
the extended field does not need to be redefined but only a new 
description file is generated. That is, for a specific table, an 
extended field is suitable for multiple or even all tenants (i.e., 
shared by multiple tenants). Those skilled in the art should 15 

further understand that the above-described extended field 
defining and statement of a request from a tenant are merely 
exemplary and not limiting the protection scope of the present 
invention. According to different types of databases, those 
skilled in the art may adopt other statements that still fall 20 

within the protection scope of the present invention. 
According to an embodiment of the present invention, only 

one extended field is defined for one database table regardless 
of whether the extended field is defined before the multi­
tenant system or platform is launched or when a request for 25 

extending a database table is received from a tenant, regard­
less of the number of tenants, and regardless of the number of 
database table columns to be extended by each tenant. This is 
because both XML and J son are descriptive languages which 
may be used to describe one field extended in various man- 30 

ners by means of description files, such that a variety of 
description files may be generated according to different ten­
ants' demands for extending the database table. 

Further, it should be noted specially that it is not necessary 
to know concrete content (including data format information, 35 

heading of column and so on) of database table columns to be 
extended by a tenant, regardless of whether the extended field 
is defined before the multi-tenant system or platform is 
launched or when a request for extending a database table is 
received from this tenant. That is, the operation of extending 40 

a database table is transparent to either tenants or developers 
of the multi-tenant system. This is because developers of the 
multi-tenant system do not need to know what kind of table 
columns are to be extended by tenants when defining the 
extended field, and a tenant using the multi-tenant system 45 

may initiate an extension of table columns by simply submit­
ting an SQL statement for extending a database table in a 
traditional way without the knowledge that an extended field 
is already defined in the original database table. In the 
embodiment where an extended field is defined when a 50 

<?xml version-"1.0" encoding-"UTF-8"?> 
<xs:schema xmlns:xs-"http://www.aa.org/2001/XMLSchema" 
targetNamespace-"http:/ /www.bb.com/database/ tenant!" 
xmlns-"http://www.bb.com/database/ tenant!"> 

<xs:element name="X_COL" type="xs:string" maxOccurs="l" 
minOccurs="l "> 

<xs:attribute name=''homeaddress'' type="xs:string" 
use="optional"> 

</xs :attribute> 
</xs:element> 

</xs:schema> 

Optionally, if a dtd file is used as a description file, a 
description file being generated is as below: 

<!DOCTYPE X__COL [ 
<!ELEMENT X_COL (homeaddress)> 
<!ELEMENT homeaddress (#PCDATA)> 

]> 

It should be noted that regardless of the manner in which 
the description file is generated, the description file being 
generated corresponds to the tenant submitting a request for 
extending a database table and to the database table. Only in 
this way, can each tenant extend a specific database table 
according to his own demand while extension made by one 
tenant will not affect another tenant, such that the database 
table is extended in a customized fashion. If the above 
description file is generated in response to the request of 
tenant 1 for extending a database table, then the description 
file may be named "tenant l .xsd" or "tenant l .dtd". The 
description file may also be named as "employee-tenant 
l .xsd" to reflect that it not only corresponds to this tenant but
also to the database table to be extended by the tenant. How­
ever, those skilled in the art may understand that naming and
saving the generated description file is not an essential feature
or step for implementing the technical solution of extending a
database table. That is, even if the description file is not
named or saved, the database table may be extended so long
as the descriptiun ltle is generated. 1n the example as given

request for extending a database table is received from a 
tenant, this extended field is not defined based on the content 
of the request. but it is automatically defined so long as a 
request for extending a specifa: table is received from any 
tenant, regardless of the specific content or table columns 
being requested to be extended. ln addition, once an extended 
field is defined, it will not be refined hereafter when a request 
for extending a database table is recei\ ed from a tenant 
(whether the same lem1nt or other tenant); instead. the now 
directly proceeds to step I 02 to genernte a description tile. 

" above, the description IIle describes the defined extended 
filed X_CUL of the database table as the extended column 
"homcaddrcss." Of course. one description file mav further 
describe the extended field X_COL as a plurality of extended 
columns. ln \ ie,v ufthe abuve example, thuse skilled in the art 

The process of generating a description file in step 102 will 
be described in detail below. Although tlu:rc mig.hl be only 
une dellned extended field for one table. this extended field 
can be extended by e8ch ternnt to any numberofm1d m1y type 
oftablc columns. This is achieved due to the fact that for one 
extended field (for example. an extended field of an XML 
type is a descripti,e extended field). ii is pussible to generate 

Gr, would readily understand how to genernte a description file 
which describes the extended field X_CUL as a plurality of 
exkndcd cohunns according to a tenant· s specific demand. In 
other words, a descriptiun file describes a dellned extended 
field ofa dam base rnble as at least one extended column. Also, 

65 the description file may be considered as functioning to •'fill" 
or "populate" information of table columns to be extended by 
a tenant intu a "skelelun"' dellned by the extended iield. ln 
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7 
other words, the description file generated according to a 
tenant's request for extending a database table is an instan­
tiation of the defined extended field. Of course, such under­

standing simply helps those skilled in the art to better under­
stand the present invention but does not limit the scope 
thereof. 

Further, it should be noted that according to an embodi­
ment of the present invention, at least one extended column 
described by the description file has a tree structure. For 

example, if the home address column to be extended as 
requested by tenant 1 further contains home phone and living 
time, then the description file "tenant l.xsd" of tenant 1 will 
be modified as below: 

<?xml version-"1.0" encoding~"UTF-8''?> 

<xs:schema xmlns:xs-''http://www.aa.org/2001/XMLSchema" 
targetNamespace~"http:/ /www.bb.com/database/ tenant!" 
xmlns~"http://www.bb.com/database/ tenant!"> 
<xs:element name="X_COL" type='"xs:string" maxOccurs="l '' 

minOccurs="l ''> 
<xs:attribute name~"homeaddress" type~"xs:string" 
use='·optional"> 
<xs:attribute name="homephone" type="xs:string" 

use=''optional''> 
<xs:attribute narne="livingtime" type="xs:string" 
use='"optional"> 
</xs:attribute> 

</xs:element> 

</xs:schema> 

As can be seen, by adding an extended field ofXML or Json 
type, not only an ordinary field but also a tree structure or even 
other structure model may be extended. 

It should be noted still further that where the tenant has 
once submitted a request for extending a database table and a 
description file (now description file) corresponding to the 
tenant has been generated, if that tenant submits a new request 
for extending the database table, then a new description file 
corresponding to the tenant is generated in step 102 according 
to this new request for extending the database table; ifthere is 
an existing description file, a description file is created 
directly. The specific technical solution will be described in 
the following with reference to FIG. 2. 

It is clear from the foregoing description that by using the 
method as illustrated in FIG. 1, the process of extending a 
database table is made transparent to either developers of the 
multi-tenant system or tenants thereof. With the method as 
illustrated in FIG. 1, a uniform data model is provided to 
tenants for extending a database table (customization). This 
uniform data model is just the uniform extended field as 
reflected in a backend database of the multi-tenant. In the 
backend database. a uniform and single extended field is 
ddirn:d for a database table.while al the fronlend (tenant end) 

8 
FIG. 2 illustrates a flowchart of a method for extending a 

database table according to another embodiment of the 
present invention. Step 201 in FIG. 2 corresponds to step 101 

in FIG. 1, and the details thereof are thus omitted here. Unlike 
5 step 102 in FIG. 1, there is added a determining step in FIG. 

2. That is, upon receipt of the tenant's request for extending a
database table, it is determined in step 202 whether there is a
description file corresponding to the tenant and the database
table, according to identification information of the database

1 o table to be extended and the tenant's identity information as 
contained in the request. Ifthe result ofthe step 202 is positive 
("YES"), the existing description file is modified and covered 
by a new description file in step 203. That is, no matter how 
many times a tenant has made a request for extending a 

15 database table, there is always only one description file cor­
responding to this tenant. Of course, the new description file 
will contain contents of database table extension in the old 
description file, such that database table columns which the 
tenant previously requested to extend will not become 

20 invalid. Those skilled in the art should understand that the 
"modifying" in step 203 may be implemented in a plurality of 
embodiments. According to an embodiment of the present 
invention, "modifying" comprises reading an old description 
file and editing it to generate a new description file. According 

25 to another embodiment of the present invention, "modifying" 
is done by first generating a new description file according to 
a tenant's request for extending a database table, then incor­
porating content of the old description file into the new one, 
and finally deleting the old description file. If result of step 

30 202 is negative ("NO"), then a description file corresponding 
to the tenant is created in step 204 directly. 

FIG. 3 illustrates a method for extending a database table 
according to another embodiment of the present invention. 
Steps 301 and 302 in FIG. 3 may be considered to be respec-

35 tively corresponding to steps 101 and 102 in FIG. 1, and the 
descriptions thereof are omitted here. 

In step 303, a data processing request is received from the 
tenant, the data processing request being associated with an 
extended field of the database table. The reason why the data 

40 processing request is associated with an extended field of the 
database table is that if a data processing request relates to an 
original database table only ( e.g., querying values of table 
columns in an original database table), this data processing 
request may be directly parsed and executed by a database 

45 server without committing an error. It should be noted, how­
ever, that since a tenant must first log in to submit a data 
processing request, the data processing request received from 
the tenant contains the tenant's identity information or iden­
tification information. The data processing request submitted 

50 by the tenant might include, but not limited to, data insertion, 
data query, data update, data deletion, etc. In addition, the 
data processing request does not include a request for extend­
ing: a database. because if a request for extending: a database is 
received. a description file slrnuld be generated. 

In step 304, a description file corresponding 10 the tem1111 is 
located according to the tenant's identity infomrntion ( or 
called "identification infom1ation" contained in the tenant's 
data processing re4uest and the identilkation inCunuation of 
,, database table to be pmcessed by the data processing 

of the multi-tem1111 system, different description files are gen- " 
erated in response to different requests for extending the 
database table submitted by tenants .. \s such. frontend instan­
tiations for a uniform backend extended field may be 
achieved. \\-ith 1he method as illustrnted in FTG. I. the lech­
nical etfoct of extending a database table without occupying Gr, request. There might be a great amount of database tables in 

a multi-tenant system, and for a single tenant. if the tenant 
submils extension re4ucsts on a plurality of database tables. 
there 1m1y be a plurnlity uCdescriptiun mes that correspond to 

or wasting a large amount of database space can be achieved 
further. because it is nol necessary to predefine 4u,mtities of 
extended bh,nk columns for each database. 1\fnreo, er. lw use 
of the method as illustrated in Fl(+. I. it is not necessary to 
perform many joint operations between ditkrent tables dur- 65 
ing. implementing. database processing. to the extended data­
base table. because no additiunal table is added. 

this tenant but to difterent database tahles. For a single data­
base table. if several tenants have submitted a request for 
extending. this database table. there may be a plurality of 
descriptiun files that correspond tu this database table but lo 
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different tenants. Hence, a correct description file shall be 
located on the basis of a specific database table to be pro­

cessed by a data processing request and a specific tenant 

submitting the request. Those skilled in the art should under­
stand that a tenant's identity information or identification 

information is saved as the tenant's metadata information in 

order to facilitate the tenant to log in to the multi-tenant 
system and perform subsequent operations. This is well­

known in SaaS or multi-tenancy technology, and thus the 

details thereof are omitted here. Those skilled in the art should 
10 

ING X_COL AS i), and this new statement will be used for 
performing data processing (i.e., step 306). 

Similarly, upon reading the above description, when a data 
processing request is a data update request or a data deletion 
request, those skilled in the art would readily understand how 
to rewrite this request and perform data processing using the 
rewritten data processing request. 

It should be emphasized that the "performing data process­
ing" in step 306 may be interpreted in a broad sense. It might 
refer to sending the rewritten data processing request to a 
database server of the multi-tenant system such that the server 

further understand that after a description is generated in step 

302, the generated description file may be saved by certain 

means, or may be automatically saved by the multi-tenant 
system. The purpose of saving a description file is to locate 

the corresponding description file when a data processing 

request of a tenant is received. It should be noted that the 
location where the description file is saved is not subjected to 

any restriction. For example, the description file may be saved 

performs data processing (at this point, the "performing data 
processing" in step 306 is actually to send the rewritten data 
processing request). If the method or system of the present 

15 invention is directly implemented in a database server of the 
multi-tenant system, the "performing data processing" in step 
306 may refer to directly executing the rewritten data pro­
cessing request. 

in a backend database of the multi-tenant system, in the tenant 20 
locally, or in any remote storage means connected via a net­

work such as the Ethernet. 

By virtue of the above rewriting mechanism, although the 
frontend (tenant end) data structure differs from the actual 
database table structure at the backend of the multi-tenant 
system, and the tenant might be unaware of such difference, 
the tenant's data processing request may be mapped to the 
actual database table structure at the backend, such that it is 

In step 305, the data processing request is rewritten accord-
ing to content of the located description file. The reason for 
rewriting the tenant's data processing request lies in that the 
data processing request is submitted by a tenant according to 
his knowledge on the frontend ( client end) data structure, and 
the tenant may not know ( and in fact does not need to know) 
that there is actually only one extended field in the backend 
database tables (multi-tenant system database) without 
extended table columns presented at the frontend. In this 
event, if the tenant's data processing request is directly sent to 
the backend database server of the multi-tenant system, the 
database server cannot correctly execute this request and en 
error will be returned. Hence, this problem is solved by 
rewriting the tenant's data processing request. 

For example, if tenant 1 submits a data processing request 
for inserting a line of records after extending the "homead­
dress" column in the original "employee" table, this request's 
SQL statement may look like Insert into employee (PersonID, 
Employee Type, LastName, FirstName, homeaddress) values 
(1003, 'Regular', 'Yang', Matt', 'Streetl, NewYork'). In step 
304, a description file corresponding to this tenant is located 
according to the tenant's identity information, which is sup­
posed to be tenant 1.xsd. It can be learned from content of 
tenant 1.xsd that the "homeaddress" table column is an 
extended column which is described from the X_COL 
extended field by the tenant 1.xsd description file. Hence, the 
above SQ L statement of the tenant's request may be rewritten 
as Insert into employee (PersonID, EmployeeType, Last­
Name, FirstName, X_COL) values(1003, 'Regular', 'Yang', 
'Matt', XMLPARSE (document '<X_COL 
homeaddress="Street 1, New York"/>'), and it is this new 
statement that will be used for performing data processing 
(i.e., step 306). 

Considering another example concerning query request, if 
tenant 1 requests to query the name information of an 
employee whose home address is "Street 1, New York," then 
the standard SQL statement corresponding to this query 
request is select LastName, FirstName from employee where 
homeaddress='Street 1, New York'. Similarly, it can be 
learned that the "homeaddress" table column is an extended 
column which is described from the X_COL extended field 

25 ensured that not only the operation of extending a database 
table but also the data processing operation performed to the 
database after the extension is made transparent to both fron­
tend tenants and backend developers of the multi-tenant sys­
tem. Further, it is seen from the above example that no joint 

30 operation needs to be performed across multiple tables during 
performing data processing, thereby saving enormous com­
putation resources and enhancing the system performance 
and user experience. It should be noted that steps 303-306 in 
FIG. 3 are steps for executing the tenant's data processing 

35 request after the completion of the database table extension, 
and they are not essential steps of the technical solution of the 
present invention, because the extension of the database table 
is accomplished once step 302 is completed. Further, it should 
be noted that the method as illustrated in FIG. 2 may be 

40 incorporated into the method as illustrated in FIG. 3. 
FIGS. 4A-4D illustrate views of table structural changes of 

an instance for extending the table according to a further 
embodiment of the present invention. 

FIG. 4A illustrates an unextended "employee" table in the 
45 multi-tenant system (platform), wherein this original table 

comprises three columns, namely "Gender," "Last Name" 
and "First Name." Suppose two tenants, tenant 1 and tenant 2, 
are using this multi-tenant system. Tenant 1 wants to add the 
column "ID" to the original table "employee," while tenant 2 

50 wants to add the column "Home Address" to the original table 
"employee." 

FIG. 4B illustrates the table "employee" where an 
extended field has been defined, i.e., the actual table structure 
in the backend database of the multi-tenant system after 

55 defining the extended field. It should be noted that as 
described in FIG. 1 and the relevant description, an extended 
field may be defined before the multi-tenant system is 
launched or when a request for extending a database table is 
received from a tenant during the actual operation process of 

60 the multi-tenant system. As illustrated in FIG. 4B, a column 
"X_COL" is added into the original table "employee", which 
is an extended field of an XML type. Both tenants 1 and 2 may 
use this same extended field to add columns to the table 

by the tenant 1.xsd description file. Hence, the above SQL 
statement of the tenant's request may be rewritten as select 65 
LastName, FirstName from employee where XMLEXISTS 
("$i/X_COL[@homeaddress='Street 1, New York"' PASS-

"employee" according to their different demands. 
FIG. 4C illustrates a frontend (tenant end) data structure 

presentation after tenant 1 adds the desired column "ID." As 
illustrated in FIG. 4C, the table structure as presented to 
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tenant 1 has contained the column "ID," while this column 
"ID" does not exist in the actual backend database table. The 
structure of the actual backend table "employee" is still as 
illustrated in FIG. 4B. 

12 

trated in FIG. 6 to indicate that using system 600 as illustrated 
in FIG. 6, it is possible to ensure transparency to both frontend 
tenants and backend developers of the multi-tenant system 
not only during the operation of extending the database table 
but also during the operation of performing data processing to 
the database after completion of extension. 

FIG. 4D illustrates a frontend (tenant end) data structure 
presentation after tenant 2 adds the desired column "Home 
Address." As illustrated in FIG. 4D, the table structure as 
presented to tenant 2 has contained the column "Home 
Address" and does not contain the column "ID" which is 
presented to tenant 1. In fact, the column "Home Address" 
does not exist in the actual backend database table as well. 
The structure of the actual backend table "employee" is still 

It should be emphasized that each of description file gen­
erating means 502 in system 500 as illustrated in FIG. 5 and 
description file generating means 602 in system 600 as illus-

10 trated in FIG. 6 may be further configured to perform steps 
202-204 as illustrated in FIG. 2. 

as illustrated in FIG. 4B. 

Further, it should be emphasized that the methods or sys­
tems according to the embodiment of the present invention 
may be deployed or implemented at the tenant end, at the A detailed description has been provided in FIGS. 1-3 and 

relevant description regarding how tenant 1 and tenant 2 
extends the database table and how the system executes data 
processing requests which are submitted by the two tenants 
subsequently. 

15 server end of the multi-tenant system, or at any location or 
area so long as communication with the tenant end or server 
end of the multi-tenant system can be enabled at this location 
or area. 

FIG. 5 illustrates a structural diagram of a system for 
extending a database table according to an embodiment of the 20 
present invention. The system illustrated in FIG. 5 is denoted 
by 500 as a whole. System 500 comprises: extension request 
receiving means 501 for receiving a request of a tenant for 
extending a database table; and description file generating 
means 502 for generating a description file corresponding to 25 
the tenant according to the received request, the description 
file describing an extended field defined for the database table 
as at least one extended column. It is to be understood that 
means 501 and 502 in system 500 respectively correspond to 
steps 101 and 102 in the flowchart as illustrated in FIG. 1. 30 
With the system 500 as illustrated in FIG. 5, it is possible to 
make the process of extending a database table transparent to 
either developers of the multi-tenant system or tenants them­
selves, to provide a uniform data model to tenants for extend-
ing database tables (customization), and to achieve the tech- 35 
nical effect of extending a database table without occupying 

It is understood in advance that although this disclosure 
includes a detailed description on cloud computing, imple­
mentation of the teachings recited herein are not limited to a 
cloud computing environment. Rather, embodiments of the 
present invention are capable of being implemented in con­
junction with any other type of computing environment now 
known or later developed. 

For convenience, the Detailed Description includes the 
following definitions which have been derived from the 
"Draft NIST Working Definition of Cloud Computing" by 
Peter Mell and Tim Grance, dated Oct. 7, 2009, which is cited 
in an IDS filed herewith, and a copy of which is attached 
thereto. 

Cloud computing is a model of service delivery for 
enabling convenient, on-demand network access to a shared 
pool of configurable computing resources ( e.g. networks, 
network bandwidth, servers, processing, memory, storage, 
applications, virtual machines, and services) that can be rap-
idly provisioned and released with minimal management 
effort or interaction with a provider of the service. This cloud 
model may include at least five characteristics, at least three 

or wasting a large amount of database space, and it is not 
necessary to perform joint operations among different tables 
during performing database processing to the extended data­
base table, because no new table is added. 40 service models, and at least four deployment models. 

FIG. 6 illustrates a structural diagram of a system for 
extending a database table according to another embodiment 

Characteristics are as follows: 

of the present invention. The system illustrated in FIG. 6 is 
denoted by 600 as a whole. System 600 comprises: extension 
request receiving means 601 for receiving a request of a 45 
tenant for extending a database table; description file gener­
ating means 602 for generating a description file correspond-

On-demand self-service: a cloud consumer can unilaterally 
provision computing capabilities, such as server time and 
network storage, as needed automatically without requiring 
human interaction with the service's provider. 

Broad network access: capabilities are available over a 
network and accessed through standard mechanisms that pro­
mote use by heterogeneous thin or thick client platforms (e.g., 
mobile phones, laptops, and PDAs). 

ing to the tenant and the database table according to the 
received request, the description file describing an extended 
field defined for the database table as at least one extended 50 Resource pooling: the provider's computing resources are 
column; data processing request receiving means 603 for 
receiving a data processing request submitted by the tenant; 
description file locating means 604 for locating a correspond­
ing description file according to identity information of the 
tenant submitting the data processing request; data process­
ing request rewriting means 605 for rewriting the data pro­
cessing request submitted by the tenant according to content 
of the located description file; and data processing perform­
ing means 606 for performing data processing using the 
rewritten data processing request. It is to be understood that 
means 601-606 in system 600 respectively correspond to 
steps 301-306 in the flowchart as illustrated in FIG. 3. How­
ever, it should be noted that means 603-606 in system 600 are 
used for executing the data processing request submitted by 
the tenant after completion of extension of the database table, 
and they are not essential constituent parts of the technical 
solution of the present invention. Means 603-606 are illus-

pooled to serve multiple consumers using a multi-tenant 
model, with different physical and virtual resources dynami­
cally assigned and reassigned according to demand. There is 
a sense of location independence in that the consumer gener-

55 ally has no control or knowledge over the exact location of the 
provided resources but may be able to specify location at a 
higher level of abstraction ( e.g., country, state, or datacenter). 

Rapid elasticity: capabilities can be rapidly and elastically 
provisioned, in some cases automatically, to quickly scale out 

60 and rapidly released to quickly scale in. To the consumer, the 
capabilities available for provisioning often appear to be 
unlimited and can be purchased in any quantity at any time. 

Measured service: cloud systems automatically control 
and optimize resource use by leveraging a metering capability 

65 at some level of abstraction appropriate to the type of service 
( e.g., storage, processing, bandwidth, and active user 
accounts). Resource usage can be monitored, controlled, and 
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reported providing transparency for both the provider and 
consumer of the utilized service. 

Service Models are as follows: 
Software as a Service (SaaS): the capability provided to the 

consumer is to use the provider's applications running on a 
cloud infrastructure. The applications are accessible from 
various client devices through a thin client interface such as a 
web browser (e.g., web-based e-mail). The consumer does 
not manage or control the underlying cloud infrastructure 
including network, servers, operating systems, storage, or 
even individual application capabilities, with the possible 
exception of limited user-specific application configuration 
settings. 

Platform as a Service (PaaS): the capability provided to the 
consumer is to deploy onto the cloud infrastructure con­
sumer-created or acquired applications created using pro­
gramming languages and tools supported by the provider. The 
consumer does not manage or control the underlying cloud 
infrastructure including networks, servers, operating sys­
tems, or storage, but has control over the deployed applica­
tions and possibly application hosting environment configu­
rations. 

Infrastructure as a Service (IaaS): the capability provided 
to the consumer is to provision processing, storage, networks, 
and other fundamental computing resources where the con­
sumer is able to deploy and run arbitrary software, which can 
include operating systems and applications. The consumer 
does not manage or control the underlying cloud infrastruc­
ture but has control over operating systems, storage, deployed 
applications, and possibly limited control of select network­
ing components ( e.g., host firewalls). 

Deployment Models are as follows: 
Private cloud: the cloud infrastructure is operated solely for 

an organization. It may be managed by the organization or a 
third party and may exist on-premises or off-premises. 

Community cloud: the cloud infrastructure is shared by 
several organizations and supports a specific community that 
has shared concerns (e.g., mission, security requirements, 
policy, and compliance considerations). It may be managed 
by the organizations or a third party and may exist on-pre­
mises or off-premises. 

Public cloud: the cloud infrastructure is made available to 
the general public or a large industry group and is owned by 
an organization selling cloud services. 

Hybrid cloud: the cloud infrastructure is a composition of 
two or more clouds (private, community, or public) that 
remain unique entities but are bound together by standardized 
or proprietary technology that enables data and application 
portability (e.g., cloud bursting for load-balancing between 
clouds). 

A cloud computing environment is service oriented with a 
focus on statelessness, low coupling, modularity, and seman­
tic interoperability. At the heart of cloud computing is an 
infrastructure comprising a network of interconnected nodes. 

Referring now to FIG. 7, a schematic of an example of a 
cloud computing node is shown. Cloud computing node 10 is 
only one example of a suitable cloud computing node and is 
not intended to suggest any limitation as to the scope of use or 
functionality of embodiments of the invention described 
herein. Regardless, cloud computing node 10 is capable of 
being implemented and/or performing any of the functional­
ity set forth hereinabove. 

In cloud computing node 10 there is a computer system/ 
server 12, which is operational with numerous other general 
purpose or special purpose computing system environments 
or configurations. Examples of well-known computing sys­
tems, environments, and/or configurations that may be suit-

14 

able for use with computer system/server 12 include, but are 
not limited to, personal computer systems, server computer 
systems, thin clients, thick clients, hand-held or laptop 
devices, multiprocessor systems, microprocessor-based sys­
tems, set top boxes, programmable consumer electronics, 
network PCs, minicomputer systems, mainframe computer 
systems, and distributed cloud computing environments that 
include any of the above systems or devices, and the like. 

Computer system/server 12 may be described in the gen-
10 era! context of computer system-executable instructions, 

such as program modules, being executed by a computer 
system. Generally, program modules may include routines, 
programs, objects, components, logic, data structures, and so 
on that perform particular tasks or implement particular 

15 abstract data types. Computer system/server 12 may be prac­
ticed in distributed cloud computing environments where 
tasks are performed by remote processing devices that are 
linked through a communications network. In a distributed 
cloud computing environment, program modules may be 

20 located in both local and remote computer system storage 
media including memory storage devices. 

As shown in FIG. 7, computer system/server 12 in cloud 
computing node 10 is shown in the form of a general-purpose 
computing device. The components of computer system/ 

25 server 12 may include, but are not limited to, one or more 
processors or processing units 16, a system memory 28, and 
a bus 18 that couples various system components including 
system memory 28 to processor 16. 

Bus 18 represents one or more of any of several types ofbus 
30 structures, including a memory bus or memory controller, a 

peripheral bus, an accelerated graphics port, and a processor 
or local bus using any ofa variety ofbus architectures. By way 
of example, and not limitation, such architectures include 
Industry Standard Architecture (ISA) bus, Micro Channel 

35 Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video 
Electronics Standards Association (VESA) local bus, and 
Peripheral Component Interconnects (PCI) bus. 

Computer system/server 12 typically includes a variety of 
computer system readable media. Such media may be any 

40 available media that is accessible by computer system/server 
12, and it includes both volatile and non-volatile media, 
removable and non-removable media. 

System memory 28 can include computer system readable 
media in the form of volatile memory, such as random access 

45 memory (RAM) 30 and/or cache memory 32. Computer sys­
tem/server 12 may further include other removable/non-re­
movable, volatile/non-volatile computer system storage 
media. By way of example only, storage system 34 can be 
provided for reading from and writing to a non-removable, 

50 non-volatile magnetic media (not shown and typically called 
a "hard drive"). Although not shown, a magnetic disk drive for 
reading from and writing to a removable, non-volatile mag­
netic disk ( e.g., a "floppy disk"), and an optical disk drive for 
reading from or writing to a removable, non-volatile optical 

55 disk such as a CD-ROM, DVD-ROM or other optical media 
can be provided. In such instances, each can be connected to 
bus 18 by one or more data media interfaces. As will be 
further depicted and described below, memory 28 may 
include at least one program product having a set ( e.g., at least 

60 one) of program modules that are configured to carry out the 
functions of embodiments of the invention. 

Program/utility 40, having a set (at least one) of program 
modules 42, may be stored in memory 28 by way of example, 
and not limitation, as well as an operating system, one or more 

65 application programs, other program modules, and program 
data. Each of the operating system, one or more application 
programs, other program modules, and program data or some 

018



US 8,346,747 B2 

15 

combination thereof, may include an implementation of a 
networking environment. Program modules 42 generally 
carry out the functions and/or methodologies of embodiments 
of the invention as described herein. 

Computer system/server 12 may also communicate with 
one or more external devices 14 such as a keyboard, a pointing 
device, a display 24, etc.; one or more devices that enable a 
user to interact with computer system/server 12; and/or any 
devices (e.g., network card, modem, etc.) that enable com­
puter system/server 12 to communicate with one or more 
other computing devices. Such communication can occur via 
I/O interfaces 22. Still yet, computer system/server 12 can 
communicate with one or more networks such as a local area 
network (LAN), a general wide area network (WAN), and/or 
a public network (e.g., the Internet) via network adapter 20. 
As depicted, network adapter 20 communicates with the other 
components of computer system/server 12 via bus 18. It 
should be understood that although not shown, other hard­
ware and/or software components could be used in conjunc­
tion with computer system/server 12. Examples, include, but 
are not limited to: microcode, device drivers, redundant pro­
cessing units, external disk drive arrays, RAID systems, tape 
drives, and data archival storage systems, etc. 

Referring now to FIG. 8, illustrative cloud computing envi­
ronment 50 is depicted. As shown, cloud computing environ­
ment 50 comprises one or more cloud computing nodes 10 
with which local computing devices used by cloud consum-

16 

including virtual private networks; virtual applications and 
operating systems; and virtual clients. 

In one example, management layer 64 may provide the 
functions described below. Resource provisioning provides 
dynamic procurement of computing resources and other 
resources that are utilized to perform tasks within the cloud 
computing environment. Metering and Pricing provide cost 
tracking as resources are utilized within the cloud computing 
environment, and billing or invoicing for consumption of 

10 these resources. In one example, these resources may com­
prise application software licenses. Security provides identity 
verification for cloud consumers and tasks, as well as protec­
tion for data and other resources. User portal provides access 
to the cloud computing environment for consumers and sys-

15 tern administrators. Service level management provides 
cloud computing resource allocation and management such 
that required service levels are met. Service Level Agreement 
(SLA) plarming and fulfillment provide pre-arrangement for, 
and procurement of, cloud computing resources for which a 

20 future requirement is anticipated in accordance with an SLA. 
Workloads layer 66 provides examples of functionality for 

which the cloud computing environment may be utilized. 
Examples of workloads and functions which may be provided 
from this layer include: mapping and navigation; software 

25 development and lifecycle management; virtual classroom 
education delivery; data analytics processing; transaction 
processing; and database request processing (including pro­
cessing requests from tenants to extend the database table in ers, such as, for example, personal digital assistant (PDA) or 

cellular telephone 54A, desktop computer 54B, laptop com­
puter 54C, and/or automobile computer system 54N may 30 
communicate. Nodes 10 may communicate with one another. 
They may be grouped (not shown) physically or virtually, in 
one or more networks, such as Private, Community, Public, or 
Hybrid clouds as described hereinabove, or a combination 
thereof. This allows cloud computing environment 50 to offer 
infrastructure, platforms and/or software as services for 
which a cloud consumer does not need to maintain resources 

the manner described above). 
As will be appreciated by one skilled in the art, aspects of 

the present invention may be embodied as a system, method 
or computer program product. Accordingly, aspects of the 
present invention may take the form of an entirely hardware 
embodiment ( as a VLSI or gate array, semiconductor like a 

35 logic chip and a transistor, or a programmable hardware 
device like a field programmable gate array and a program­
mable logic device), an entirely software embodiment (in­
cluding firmware, resident software, micro-code, etc.) or an 
embodiment combining software and hardware aspects that 

on a local computing device. It is understood that the types of 
computing devices 54A-N shown in FIG. 8 are intended to be 
illustrative only and that computing nodes 10 and cloud com­
puting environment 50 can communicate with any type of 
computerized device over any type of network and/or net­
work addressable connection (e.g., using a web browser). 

40 may all generally be referred to herein as a "circuit," "mod­
ule" or "system." Furthermore, aspects of the present inven­
tion may take the form of a computer program product 
embodied in one or more computer readable medium(s) hav-
ing computer readable program code embodied thereon. 

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may 
be a computer readable signal medium or a computer read­
able storage medium. A computer readable storage medium 
may be, for example, but not limited to, an electronic, mag-

Referring now to FIG. 9, a set of functional abstraction 
layers provided by cloud computing environment 50 (FIG. 8) 45 
is shown. It should be understood in advance that the compo­
nents, layers, and functions shown in FIG. 9 are intended to be 
illustrative only and embodiments of the invention are not 
limited thereto. As depicted, the following layers and corre­
sponding functions are provided: 50 netic, optical, electromagnetic, infrared, or semiconductor 

system, apparatus, or device, or any suitable combination of 
the foregoing. More specific examples (a non-exhaustive list) 
of the computer readable storage medium would include the 
following: an electrical connection having one or more wires, 

Hardware and software layer 60 includes hardware and 
software components. Examples of hardware components 
include mainframes, in one example IBM® zSeries® sys­
tems; RISC (Reduced Instruction Set Computer) architecture 
based servers, in one example IBM pSeries® systems; IBM 
xSeries® systems; IBM BladeCenter® systems; storage 
devices; networks and networking components. Examples of 
software components include network application server 
software, in one example IBM WebSphere® application 
server software; and database software, in one example IBM 
DB2® database software. (IBM, zSeries, pSeries, xSeries, 
BladeCenter, WebSphere, and DB2 are trademarks of Inter­
national Business Machines Corporation registered in many 
jurisdictions worldwide) 

55 a portable computer diskette, a hard disk, a random access 
memory (RAM), a read-only memory (ROM), an erasable 
programmable read-only memory (EPROM or Flash 
memory), an optical fiber, a portable compact disc read-only 
memory (CD-ROM), an optical storage device, a magnetic 

60 storage device, or any suitable combination of the foregoing. 
In the context of this document, a computer readable storage 
medium may be any tangible medium that can contain, or 
store a program for use by or in connection with an instruction 
execution system, apparatus, or device. 

Virtualization layer 62 provides an abstraction layer from 65 
which the following examples of virtual entities may be pro­
vided: virtual servers; virtual storage; virtual networks, 

A computer readable signal medium may include a propa­
gated data signal with computer readable program code 
embodied therein, for example, in baseband or as part of a 
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carrier wave. Such a propagated signal may take any of a 
variety of forms, including, but not limited to, electro-mag­
netic, optical, or any suitable combination thereof. A com­
puter readable signal medium may be any computer readable 
medium that is not a computer readable storage medium and 
that can communicate, propagate, or transport a program for 
use by or in connection with an instruction execution system, 
apparatus, or device. 

Program code embodied on a computer readable medium 
may be transmitted using any appropriate medium, including 10 
but not limited to wireless, wireline, optical fiber cable, RF, 
etc., or any suitable combination of the foregoing. 

Computer program code for carrying out operations for 
aspects of the present invention may be written in any com­
bination of one or more programming languages, including 15 
an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural pro­
gramming languages, such as the "C" programming language 
or similar programming languages. The program code may 
execute entirely on the user's computer, partly on the user's 20 
computer, as a stand-alone software package, partly on the 
user's computer and partly on a remote computer or entirely 
on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user's computer 
through any type of network, including a local area network 25 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 

Aspects of the present invention are described below with 
reference to flowchart illustrations and/or block diagrams of 30 
methods, apparatus (systems) and computer program prod­
ucts according to embodiments of the invention. It will be 
understood that each block of the flowchart illustrations and/ 
or block diagrams, and combinations of blocks in the flow­
chart illustrations and/or block diagrams, can be imple- 35 
mented by computer program instructions. These computer 
program instructions may be provided to a processor of a 
general purpose computer, special purpose computer, or other 
programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 40 
processor of the computer or other programmable data pro­
cessing apparatus, create means for implementing the func­
tions/acts specified in the flowchart and/or block diagram 
block or blocks. 

These computer program instructions may also be stored in 45 
a computer readable medium that can direct a computer, other 
programmable data processing apparatus, or other devices to 
function in a particular manner, such that the instructions 
stored in the computer readable medium produce an article of 
manufacture including instructions which implement the 50 
function/act specified in the flowchart and/or block diagram 
block or blocks. 

The computer program instructions may also be loaded 
onto a computer, other progrannnable data processing appa­
ratus, or other devices to cause a series of operational steps to 55 
be performed on the computer, other programmable appara-
tus or other devices to produce a computer implemented 
process such that the instructions which execute on the com­
puter or other programmable apparatus provide processes for 
implementing the functions/acts specified in the flowcharts 60 
and/or block diagram block or blocks. 

The flowchart and block diagrams in the above-described 
Figures illustrate the architecture, functionality, and opera­
tion of possible implementations of systems, methods and 
computer program products according to various embodi- 65 
ments of the present invention. In this regard, each block in 
the flowchart or block diagrams may represent a module, 
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segment, or portion of code, which comprises one or more 
executable instructions for implementing the specified logi­
cal function(s). It should also be noted that, in some alterna­
tive implementations, the functions noted in the block may 
occur out of the order noted in the figures. For example, two 
blocks shown in succession may, in fact, be executed substan­
tially concurrently, or the blocks may sometimes be executed 
in the reverse order, depending upon the functionality 
involved. It will also be noted that each block of the block 
diagrams and/or flowchart illustration, and combinations of 
blocks in the block diagrams and/or flowchart illustration, can 
be implemented by special purpose hardware-based systems 
that perform the specified functions or acts, or combinations 
of special purpose hardware and computer instructions. 

Although specific systems, articles and methods have been 
described in detail with reference to the foregoing concrete 
embodiments, the present invention is not limited thereto. 
Under the teaching of this specification, those of ordinary 
skill in the art can make various alterations, replacements, and 
modifications to the present invention without departing from 
the spirit and scope thereof. It is to be understood that all these 
alterations, replacements, and modifications still fall within 
the scope of the present invention as defined by the appended 
claims. 

What is claimed is: 
1. A computer-implemented method to provide a database

table adaptable to include tenant-specific and tenant-neutral 
columns, the method comprising: 

receiving, from a first tenant of a plurality of tenants, a 
request to adapt a database table in a multi-tenant data­
base system to include a first tenant-specific colunm that 
is specific to the first tenant, wherein the database table 
has an associated schema specifying that the database 
table includes an extended field; 

adapting the database table to include the first tenant-spe­
cific colunm by generating a first description file corre­
sponding to the first tenant and to the database table 
according to the received request and by operation of 
one or more computer processors, the first description 
file associating the extended field with the first tenant­
specific colunm; and 

rewriting, based on the first description file, a data process­
ing request received from the first tenant and pertaining 
to the first tenant-specific column, wherein the first 
description file is located according to identification 
information contained in the data processing request, 
wherein data processing is performed using the rewrit­
ten data processing request. 

2. The method according to claim 1, wherein generating a 
first description file corresponding to the first tenant accord­
ing to the received request comprises: 

determining whether there is an existing description file 
corresponding to the first tenant and to the database table 
according to the received request; and 

upon determining that there is an existing description file 
corresponding to the first tenant and to the database table 
according to the received request, generating a first 
description file corresponding to the first tenant and to 
the database table by modifying the existing description 
file. 

3. The method according to claim 2, wherein generating a 
first description file corresponding to the first tenant accord­
ing to the received request further comprises: 

upon determining that there is no existing description file, 
creating a first description file corresponding to the first 
tenant and to the database table. 
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4. The method according to claim 1, wherein data for each 
tenant-neutral column is stored in a table data structure asso­

ciated with the database table, wherein data for each tenant­

specific column is stored in a predefined set of files selected 
from: (i) a set of description files associated with the database 

table and different from the table data structure and (ii) a set 

of data files associated with the set of description files and 
different from the table data structure; 

wherein the data for each tenant-neutral colunm is not 

stored in the predefined set of files, wherein the data for 
10 

each tenant-specific colurmi is not stored in any table 

data structure. 

5. The method according to claim 4, wherein each tenant­
neutral colurmi is added to the database table by modifying 15
the schema and without modifying any description file and 

without generating any description file; 
wherein each tenant-specific colurmi is added to the data­

base table by description file generation or modification 

to associate the extended field with the respective tenant- 20 
specific colunm, without modifying the schema to add 

any field selected from a standard field and an extended 
field; 

wherein each tenant-neutral colurmi corresponds to a stan­
dard field of the database table, that is generated for the 25 
respective tenant-neutral colunm, and wherein each ten­
ant-specific colunm is associated with the extended field 
of the database table via a respective description file. 

6. The method according to claim 5, wherein the database 
table is adapted to include the first tenant-specific column 30 
without modifying the schema to add any field selected from 
a standard field and an extended field, wherein data for the 
first tenant-specific column is stored in the predefined set of 
files and not in any table data structure, wherein the method 
further comprises: 35 

receiving, from a second tenant of a plurality of tenants, a 
request to adapt the database table to include a second 
tenant-specific colunm that is specific to the second ten­
ant; and 

adapting the database table to include the second tenant- 40 
specific colurmi by generating a second description file 
corresponding to the second tenant and to the database 
table according to the request received from the second 
tenant, without modifying the schema to add any field 
selected from a standard field and an extended field, 45 
wherein the second description file further associates the 
extended field with the second tenant-specific colunm, 
wherein data for the second tenant-specific column is 
stored in the predefined set of files and not in any table 
data structure. 50 

7. The method according to claim 6, wherein the method
further comprises: 

receiving, from the second tenant of a plurality of tenants, 
a request to adapt the database table to include a third 
tenant-specific colunm that is specific to the second ten- 55 
ant; and 

adapting the database table to include the third tenant­
specific colunm by updating the second description file 
corresponding to the second tenant and to the database 
table according to the request received from the second 60 
tenant, without modifying the schema to add any field 
selected from a standard field and an extended field, 
wherein the updated second description file further asso­
ciates the extended field with the third tenant-specific 
colurmi, wherein data for the third tenant-specific col- 65 
unm is stored in the predefined set of files and not in any 
table data structure. 
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8. The method according to claim 7, wherein the method 
further comprises: 

receiving a request to adapt the database table to include a 
first tenant-neutral colunm that is not specific to any 
tenant; and 

adapting the database table to include the first tenant-neu­
tral colunm by updating the schema to add a first stan­
dard field to the database table, without modifying any 
description file and without generating any description 
file, wherein the first standard field is configured to store, 
in the table data structure and not in the predefined set of 
files, data for the first tenant-neutral colunm. 

9. The method according to claim 8, wherein the method
further comprises: 

receiving a request to adapt the database table to include a 
second tenant-neutral colurmi that is not specific to any 
tenant; and 

adapting the database table to include the second tenant­
neutral colunm by updating the schema to add a second 
standard field to the database table, without modifying 
any description file and without generating any descrip­
tion file, wherein the second standard field is configured 
to store, in the table data structure and not in the pre­
defined set of files, data for the second tenant-neutral 
colurmi. 

10. The method according to claim 9, wherein the schema
is modified to reflect the extended field: (i) upon first receiv­
ing a tenant request to adapt the database table to include a 
tenant-specific colunm or (ii) prior to receiving any tenant 
request to adapt the database table to include a tenant-specific 
colurmi; 

wherein each tenant-specific colunm is added to the data­
base table without modifying the schema and without 
incurring a storage cost associated with reserving a pre­
defined count of extended fields in the database table, 
wherein the predefined count is greater than one; 

wherein each generated description file is tenant-specific 
and table-specific, wherein the first tenant-specific col­
umn is not specific to the second tenant, wherein the 
second tenant-specific colunm and the third tenant-spe­
cific colunm are not specific to the first tenant. 

11. The method according to claim 10, wherein the
extended field comprises an XML extended field, wherein at 
least one of the first tenant-specific colurmi, the second ten­
ant-specific colunm, and the third tenant-specific column is of 
a tree structure specified by the corresponding description 
file; 

wherein at most a single extended field is defined for each 
of a plurality of database tables including the database 
table, wherein each single extended field is configured to 
accommodate addition of tenant-specific colurmis from 
multiple tenants of the plurality of tenants; 

wherein generating a first description file corresponding to 
the first tenant according to the received request com­
prises: 

upon determining that there is an existing description file 
corresponding to the first tenant and to the database table 
according to the received request, modifying the exist­
ing description file; and 

upon determining that there is no existing description file 
corresponding to the first tenant and to the database 
table, generating the first description file corresponding 
to the first tenant and to the database table. 

12. The method according to claim 11, wherein the multi­
tenant database system is configured such that multiple ten­
ant-specific colunms are added to the database table via the 
extended field, while allowing data processing requests to be 

021



US 8,346,747 B2 

21 

composed in a manner that regards the tenant-specific col­
umns as standard fields of the database table, thereby 
abstracting the extended field and the description files, from 
the plurality of tenants, 

wherein the data processing request comprises at least one 

22 

according to the received request, generating a first 
description file corresponding to the first tenant and to 
the database table by modifying the existing description 

file; and 
upon determining that there is no existing description file, 

creating a description file corresponding to the first ten­
ant and to the database table. 

of a data insertion request, a data query request, a data 
update request, and a data deletion request, wherein the 
data processing request is expressed in a manner that 
regards the first tenant-specific column as corresponding 
to a standard field and not to any extended field, 

15. A computer program product to provide a database 
table adaptable to include tenant-specific and tenant-neutral 

10 columns, the computer program product comprising: 
wherein the identification information contained in the 

data processing request comprises identification infor­
mation of the first tenant and of the database table, 
respectively, 

wherein the data processing request is rewritten according 15 
to content of the located description file, such that the 
rewritten data processing request is expressed in a man-
ner that reflects the first tenant-specific column corre­
sponding to the extended field and not corresponding to 
any standard field. 

13. A system to provide a database table adaptable to 
include tenant-specific and tenant-neutral columns, the sys­
tem comprising: 

a hardware storage element containing a database table; 
and 

a processor which, when executing a program, is config­
ured to: 

20 
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receive, from a first tenant of a plurality of tenants, a 
request to adapt a database table in a multi-tenant data­
base system to include a first tenant-specific column that 30 
is specific to the first tenant, wherein the database table 
has an associated schema specifying that the database 
table includes an extended field; 

adapt the database table to include the first tenant-specific 
column by generating a first description file correspond- 35 
ing to the first tenant and to the database table according 

a computer-readable storage medium having computer­
readable program code embodied therewith, the com­
puter-readable program code comprising: 

first computer-readable program code configured to 
receive, from a first tenant of a plurality of tenants, a 
request to adapt a database table in a multi-tenant data­
base system to include a first tenant-specific column that 
is specific to the first tenant, wherein the database table 
has an associated schema specifying that the database 
table includes an extended field; 

second computer-readable program code configured to 
adapt the database table to include the first tenant-spe­
cific column by generating a first description file corre­
sponding to the first tenant and to the database table 
according to the received request and by operation of 
one or more computer processors when executing the 
computer-readable program code, the first description 
file associating the extended field with the first tenant­
specific column; and 

third computer-readable program code configured to 
rewrite, based on the first description file, a data process­
ing request received from the first tenant and pertaining 
to the first tenant-specific column, wherein the first 
description file is located according to identification 
information contained in the data processing request, 
wherein data processing is performed using the rewrit-
ten data processing request. to the received request, the first description file associ­

ating the extended field with the first tenant-specific 
column; and 

rewrite, based on the first description file, a data processing 
request received from the first tenant and pertaining to 

16. The computer program product according to claim 15,

wherein the second computer-readable program code is fur-
40 ther configured to generate the first description file by: 

determining whether there is an existing description file 
corresponding to the first tenant and to the database table 
according to the received request; and 

the first tenant-specific column, wherein the first 
description file is located according to identification 
information contained in the data processing request, 
wherein data processing is performed using the rewrit- 45 
ten data processing request. 

14. The system according to claim 13, wherein generating 
a first description file corresponding to the first tenant accord-
ing to the received request by the processor comprises: 

determining whether there is an existing description file 50 
corresponding to the first tenant and to the database table 
according to the received request; 

upon determining that there is an existing description file 
corresponding to the first tenant and to the database table 

upon determining that there is an existing description file, 
modify the existing description file to generate the first 
description file corresponding to the first tenant and to 
the database table. 

17. The computer program product according to claim 15,

wherein the second computer-readable program code, upon 
determining that there is no existing description file, is con­
figured to create the first description file corresponding to the 
first tenant and to the database table. 

* * * * *
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