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METHODS AND SYSTEMS FOR
SYNCHRONIZING DATA IN A
MULTI-TENANT DATABASE ENVIRONMENT

CLAIM OF PRIORITY

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/629,466, filed Feb. 23, 2015, which is
acontinuation of U.S. patent application Ser. No. 14/034,796,
filed Sep. 24, 2013, now U.S. Pat. No. 8,965,846 issued Feb.
24,2015, which is a continuation of U.S. patent application
Ser. No. 13/118,539, filed May 30, 2011, now U.S. Pat. No.
8,572,029, issued Oct. 29, 2013, which claims the benefit of
U.S. Provisional Patent Application No. 61/349,991, filed
May 31, 2010. The contents of all applications listed above
are incorporated herein, by reference, in their entirety.

COPYRIGHT NOTICE

[0002] A portion of the disclosure of this patent document
contains material which is subject to copyright protection.
The copyright owner has no objection to the facsimile repro-
duction by anyone of the patent document or the patent dis-
closure, as it appears in the Patent and Trademark Office
patent file or records, but otherwise reserves all copyright
rights whatsoever.

FIELD OF THE INVENTION

[0003] One or more implementations relate generally to
synchronizing data in a database network system.

BACKGROUND

[0004] The subject matter discussed in the background sec-
tion should not be assumed to be prior art merely as a result of
its mention in the background section. Similarly, a problem
mentioned in the background section or associated with the
subject matter of the background section should not be
assumed to have been previously recognized in the prior art.
The subject matter in the background section merely repre-
sents different approaches, which in and of themselves may
also be inventions.

[0005] Inconventional sales environments, sales personnel
use a variety of techniques to keep track of customer and/or
business information. One way sales personnel organize and
keep track of customer and/or business information is to store
the information on an electronic database. The stored cus-
tomer and/or business information may include, for example,
general customer and/or company information, customer
contact information, potential business opportunity informa-
tion, information regarding quoted product pricing, a list of
pricing of various products offered to the customer, etc. Some
of the stored customer and/or business information may be
duplicated in different portions of an electronic database.

[0006] Unfortunately, synchronizing specific portions of
business information associated with a customer and/or busi-
ness may conflict with existing database logic. Triggers and
other database logic may result in infinite loop issues when
synchronizing portions of business information on a data-
base.

[0007] Accordingly, it may be desirable to provide tech-
niques enabling data synchronization in the database system
to improve user efficiency of the database system.

Dec. 31, 2015

BRIEF SUMMARY

[0008] In accordance with embodiments, there are pro-
vided mechanisms and methods for synchronizing data in a
database network system. These mechanisms and methods
for synchronizing data in database network system can enable
embodiments to provide users a synchronization function,
such as by providing a button on a User Interface (UI) or may
provide a synchronization field through an Application Pro-
gram Interface (API) for specifying data for synchronization.
The ability of embodiments to provide users a synchroniza-
tion function can enable users to easily and efficiently change
and update data in a database system.

[0009] In an embodiment, users may synchronize quote
information with parent opportunity information by selecting
a start synchronization button through a user interface (UI) or
by setting a SyncedQuote field on the parent opportunity
through an application programming interface (API). In an
embodiment, during the synchronization of a quote with its
parent opportunity, quote line items may be copied to the
parent opportunity as opportunity line items. In an embodi-
ment, the synchronization may be accomplished by running a
series of operations to delete, update, and insert opportunity
line items to match the line items of the quote.

[0010] Inanembodiment, the price book ofthe opportunity
may also be synchronized with the price book of the quote. In
an embodiment, detection and prevention of infinite loops as
a result of synchronizing quote information with parent
opportunity information may be performed by employing a
Boolean roll-backable variable. The Boolean roll-backable
variable indicates when an object is currently being synced.
In an embodiment, if the Boolean roll-backable variable is
set, a synced object cannot be synced again in the same
transaction, resulting in throwing an exception to avoid infi-
nite loops, and doing an attempted synchronization.

[0011] While one or more implementations and techniques
are described with reference to an embodiment in which
techniques for synchronizing data in a database network sys-
tem are implemented in a system having an application server
providing a front end for an on-demand database service
capable of supporting multiple tenants, the present invention
is not limited to multi-tenant databases nor deployment on
application servers. Embodiments may be practiced using
other database architectures, i.e., ORACLE®, DB2® by
IBM® and the like without departing from the scope of the
embodiments claimed.

[0012] Any of the above embodiments may be used alone
or together with one another in any combination. Inventions
encompassed within this specification may also include
embodiments that are only partially mentioned or alluded to
or are not mentioned or alluded to at all in this brief summary
or in the abstract. Although various embodiments of the
invention may have been motivated by various deficiencies
with the prior art, which may be discussed or alluded to in one
or more places in the specification, the embodiments of the
invention do not necessarily address any of these deficiencies.
In other words, different embodiments of the invention may
address different deficiencies that may be discussed in the
specification. Some embodiments may only partially address
some deficiencies or just one deficiency that may be discussed
in the specification, and some embodiments may not address
any of these deficiencies.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In the following drawings like reference numbers
are used to refer to like elements. Although the following
figures depict various examples of the invention, the inven-
tion is not limited to the examples depicted in the figures.
[0014] FIG.1illustrates a block diagram of an embodiment
of'an application platform for providing data synchronization
in a multi-tenant database environment;

[0015] FIG. 2 illustrates a flowchart of an embodiment of a
system-side method for synchronizing data in a database
network system;

[0016] FIG. 3 illustrates a flowchart of an embodiment of a
method for synchronizing related opportunity and quote data
in a database network system;

[0017] FIG. 4illustrates a flowchart of an embodiment of a
method for performing ongoing opportunity and quote data
synchronization;

[0018] FIG. 5illustrates a flowchart of an embodiment of a
method for performing initial opportunity and quote data
synchronization;

[0019] FIG. 6 illustrates a flowchart of an embodiment of a
method for detecting infinite loop occurrences when synchro-
nizing opportunity and quote data;

[0020] FIG. 7 illustrates a block diagram of an example of
an environment wherein an on-demand database service
might be used;

[0021] FIG. 8 illustrates a block diagram of an embodiment
of elements of FIG. 7 and various possible interconnections
between these elements;

[0022] FIG. 9 is a flowchart of an example of a method of
using the environment of FIGS. 7 and 8; and

[0023] FIG. 10 is a flowchart of an example of a method of
making the environment of FIGS. 7 and 8.

DETAILED DESCRIPTION

[0024] Systems and methods are provided for synchroniz-
ing data in a database network system. As used herein, the
term multi-tenant database system refers to those systems in
which various elements of hardware and software of the data-
base system may be shared by one or more customers. For
example, a given application server may simultaneously pro-
cess requests for a great number of customers, and a given
database table may store rows for a potentially much greater
number of customers. As used herein, the term query plan
refers to a set of steps used to access information in a database
system.

[0025] Next, mechanisms and methods for providing data
synchronization in a database network system will be
described with reference to example embodiments.

Data Synchronization

[0026] Sales personnel need the ability to efficiently orga-
nize and track customer and sales data. One method of orga-
nizing and tracking customer and sales data is entering and
storing the data in an electronic database. Sales personnel
may enter and store a variety of customer data such as com-
pany name, contact numbers, prior sales history, etc. Sales
personnel may also need the ability to enter and store data
related to potential customers and potential sales.

[0027] In this application, an opportunity refers to stored
information, stored in a machine readable medium (e.g., a
computer readable medium), about a potential customer,
potential sale, or other potential business arrangement that a
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company may store. For example, personnel, such as sales
personnel may be aware of opportunity information, which
may be entered into the portion of a database that is reserved
for the company as a result of being a tenant in a multitenant
database. An opportunity may have many types of data asso-
ciated with it. For example, an opportunity may have associ-
ated data representing a date of first contact by sales personnel
or date that sales personnel first became aware of the oppor-
tunity. An opportunity may also have associated data about
what products and quantities of products might be sold and at
what price. An opportunity may include a price book. A price
book may be a list of all or some of the products offered by
sales personnel to a potential customer and prices for the
offered products. Different potential customers may be
offered different price books. For example, a large corpora-
tion may be offered a price book reflecting discounted pricing
due to the potential for large orders requiring a greater quan-
tity of products. Alternatively, a small company may be
offered a price book reflecting higher pricing due to the
smaller quantities of product required. Even if all customers
are offered the same prices, the prices may change with time,
and as a consequence different quotes may be associated with
different price books, depending on when the quote was
offered.

[0028] A quote may be associated with an opportunity. A
quote may include a price and/or quantity stated to a potential
customer that a salesperson may reference at a later date. For
example, from a given opportunity, sales personnel may con-
tact a potential customer associated with the opportunity. The
potential customer may request a quote for pricing informa-
tion based on various desired quantities of a product. Ata later
date, the potential customer may contact sales personnel ref-
erencing the previously supplied pricing information to close
adeal. The opportunity from which the quote originated from
may be referred to as a parent opportunity of the quote. In an
embodiment the opportunity is associated with a price book,
and the quote is only associated with a price book as a result
of the opportunity being associated with the price book.
Optionally, a quote may also be associated with a price book,
which may be stored in association with the quote. For
example, a webpage having fields that display and/or for
entering information about the opportunity and/or quote may
have a link, which when activated causes the price book to be
displayed. The ability to rely on previously quoted informa-
tion may facilitate the customer in making business decisions,
and may save the sales person from embarrassing moments in
which the sales person inadvertently quotes a different price
than quoted in a previous encounter.

[0029] With a large number of opportunities, quotes, and
related data stored on an electronic database, keeping all the
data organized and consistent can become a challenge when
changes are made to portions of data aftecting other associ-
ated and/or related data. For example, sales personnel may
need to provide a revised quote to a potential customer or the
sales representative may give several different quotes to the
same customer, which depend on which features the user
desires. Once the customer selects an option and a final quote
is accepted the opportunity may need to be synchronized with
the final quote. A revised quote may necessitate editing the
quote data and in an embodiment may in some cases also
necessitate editing the price book data (e.g., by changing the
pricebook) and opportunity data associated with the quote.
Keeping quote data and opportunity data in synchronization
may be necessary in order to provide consistent information.
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By providing a method for initially synchronizing data as well
as ongoing data synchronization in the electronic database,
editing and/or revising associated information and/or data is
simplified and kept accurate in an efficient manner.

[0030] FIG.1illustrates a block diagram of an embodiment
of an application platform 18 for providing data synchroni-
zation in a multi-tenant database environment. Application
platform 18 may include PL/SOQL 34, application setup
mechanism 38, save routines 36, synchronization algorithm
100, QuoteSynchronizer 102, QuoteSynchronizerImpl 104,
Synchronization Validator 106, LineltemSyncHelper 108,
LineltemSyncHelperImpl 110, syncUtil 112, infinite loop
detector 114, RollupSummary 116, Quote 118, IsSyncing
120, Quote Line Items 122, Quantity 124, Unit Price 126,
Discount 128, Service Date 130, HasRevSchedule 132,
HasQtySchedule 134, Other line items 136, and Total Quote
Price 138, and price book (of Quote) 140. Application plat-
form 18 may further include Opportunity 142, SyncedQuote
144, OppLineltems 146, Quantity 148, Unit Price 150, Dis-
count 152, Service Date 154, HasRevSchedule 156, HasQty-
Schedule 158, Other line items 160, Total Opportunity Price
162, and price book (of Opportunity) 164. In other embodi-
ments, application platform 18 may not have all of the ele-
ments listed and/or may have other elements instead of, or in
addition to, those listed.

[0031] Application platform 18 may be a framework that
allows the execution of applications on a system, e.g., an
operating system. PL/SOQL 34 may provide a programming
language style interface extension for invocations to devel-
oper applications. Application setup mechanism 38 may be
used to setup and support the creation and management of
developer applications. Save routines 36 may be used to save
developer applications created for application platform 18.
Save routines 36 may include hooks that are activated by a call
to a save routine, where the hooks are for synchronizing
opportunities with quotes and/or for checking that the oppor-
tunities and quotes have been properly synchronized with one
another. Application platform 18, PL/SOQL 34, save routines
36, and application setup mechanism 38 will be further
described below in conjunction with a description of the
environment where they may be used.

[0032] Synchronization algorithm 100 may be instructions
for the synchronization of data. It should be understood the
word “instruction” may be used interchangeably herein with
the words “code” and “function.” In an embodiment, synchro-
nization algorithm 100 may be composed and organized into
subsets or classes of instructions for handling data synchro-
nization tasks. For example, synchronization algorithm 100
may be organized into subsets of instructions, each subset of
instructions intended to perform specified tasks such as syn-
chronizing data, validating synchronized data, detecting infi-
nite loops, specifying data sets for synchronization, etc.
QuoteSynchronizer 102 may be one or more functions used
for synchronizing opportunity and quote data. In an embodi-
ment, QuoteSynchronizer 102 may be used as part of an API
or other interface for defining the methods used for perform-
ing synchronization of quote and opportunity data. In an
embodiment, QuoteSynchronizer 102 may be used for per-
forming both the initial synchronization of a quote and oppor-
tunity data, as well as the ongoing synchronization of the
quote and opportunity data.

[0033] QuoteSynchronizerImpl 104 may be the implemen-
tation of the quote synchronization functions of QuoteSyn-
chronizer 102 used for performing synchronization of quote
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and opportunity data. In an embodiment, the QuoteSynchro-
nizerImpl 104 class cannot be instantiated directly by the
user. In an embodiment, a public static get ( ) method may be
called by QuoteSynchronizer 102, which returns a main
implementation class of'the quote or a disabled version of the
main implementation class of the quote for the returned
quotes that are disabled. In an embodiment, a main imple-
mentation class may be structured data associated with the
quote. During a synchronization of an opportunity in
response to recent changes in a quote, line items in the oppor-
tunity are found that correspond to line items in the quote that
were changed, and each line item is updated. The updating
may occur by creating a line item for the opportunity with the
new information, deleting the original line item, and replac-
ing the original line item with the newly created line item.
Alternatively, the values in individual fields in the line item
may be deleted and replaced with the new values of the quote.
Synchronization Validator 106 may be one or more functions
used to verify whether data synchronization was executed
properly. For example, in an embodiment, Synchronization
Validator 106 may execute at the end of a transaction to
validate whether synchronized opportunity data properly cor-
responds to related quote data before allowing a commit to
execute. [f not all line items have been synchronized, the line
items not yet synchronized, may then be synchronized, prior
to committing a change to the quote.

[0034] LineltemSyncHelper 108 may be one or more func-
tions for synchronizing line items. In an embodiment, a line
item may be data associated with a quote or opportunity.
More specifically, a line item may be data representing a
product or service offered to a customer, stored as a record in
a database. In an embodiment, a line item may belong to an
opportunity or a quote. A line item may have additional asso-
ciated data such as the unit price of each product or service,
quantity of each product or service, the discount given, etc.
LineltemSyncHelper 108 may be used for ongoing synchro-
nization of the individual line items of a quote with its parent
opportunity. For example, if the unit price line item of a quote
has a value of five dollars and is synchronized with its parent
opportunity unit price line item, if the quote unit price line
item is revised to six dollars, the value of the opportunity unit
price line item is also revised to six dollars. LineltemSyncH-
elper 108 functions for ongoing synchronization may also be
used for synchronizing line items during initial synchroniza-
tion. In an embodiment, to ensure that every line item is
synchronized, there may be a function (which may have a
name such as LineltemSyncHelper.checklineltemsAr-
eSyncing) that checks that all of the line items (e.g., line item
by line item) have been synchronized when a quote 118 and
an opportunity 142 have been designated as requiring syn-
chronization with one another. In an embodiment, the func-
tion that checks that each line item is synchronized performs
a check that each line item is synchronized that is separate
from the check that each line item is synchronized that is
performed by synchronization validator 106.

[0035] LineltemSyncHelperImpl 110 may be the imple-
mentation of the line item synchronization functions used for
performing synchronization of quote line item and opportu-
nity line item data. In an embodiment, the LineltemSyncH-
elperlmpl 110 class cannot be instantiated directly by the
user. In an embodiment, a public static get ( ) method may be
called by LineltemSyncHelper 108 which returns a main
implementation class or a disabled version if returned quotes
are disabled.
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[0036] SyncUtil 112 may include methods, functions, and
logic being performed in different places consolidated into
one convenient location. For example, SyncUtil 112 may
contain static methods for common functions and logic used
for data synchronization. Infinite loop detector 114 may be
one or more functions for verifying triggers for performing
data synchronization do not point to each other resulting in
repeating synchronization cycles. RollupSummary 116 may
be one or more functions used for calculating values from a
set of related records summarizing the content of those
records (e.g., as a minimum value, maximum value, total,
and/or average). For example, RollupSummary 116 may be
used to calculate the total sum pricing of all products that a
customer may be potentially interested in purchasing given as
part of a quote. RollupSummary 116 may also be used to
determine the highest and lowest value from a set of related
records and/or count the number of records.

[0037] Quote 118 may be a database table that represents
reference pricing and quantity information given by sales
personnel to a customer. A “table” is one representation of a
data object, and may be used herein to simplify the conceptual
description of objects and custom objects. It should be under-
stood that “table” and “object” may be used interchangeably
herein. Each table generally contains one or more data cat-
egories logically arranged as columns or fields in a viewable
schema. Each row or record of a table contains an instance of
data for each category defined by the fields. In an embodi-
ment, quote 118 may be representative of a database table, the
database table having multiple records, the fields of each
record may be line items representing and/or associated with
various types of information given by sales personnel to
potential customers. For example, each record may contain
multiple columns of the database table and each column may
represent different types of quote data such as product types,
product quantity, unit price, customer contact date, etc.

[0038] IsSyncing 120 may be a Boolean field of Quote 118.
In an embodiment, IsSyncing 120 may be a flag indicating
whether data is currently being synchronized or has been
synchronized. In an embodiment, IsSyncing 120 may contain
a Boolean value of TRUE or FALSE. In order to “mark” a
quote as currently being synchronized, the IsSyncing Bool-
ean field or flag may be added to the quote object. In an
embodiment, the IsSyncing 120 Boolean field may be set to
TRUE when a quote is initially synchronized with an oppor-
tunity. I[fthe data is not currently being synchronized, then the
IsSyncing 120 flag may be set to FALSE. In an embodiment,
if it is desirable to synchronize a particular quote with an
object (which may have the name Opportunity.SyncedQuote)
a pointer pointing to the Quote may be added. In an embodi-
ment, when IsSyncing 120 is set to true (so that
IsSyncing=TRUE), a pointer is added to Opportunity.Syn-
cedQuote pointing to the quote to indicate to synchronize the
quote.

[0039] Optionally, IsSyncing 120 may be used to prevent
infinite loops, by checking whether IsSyncing 120 is set to
TRUE priorto performing synchronization. If upon checking,
prior to performing a synchronization, it is determined that
IsSyncing 120 is set to TRUE, then the synchronization is not
performed, because a synchronization is already in progress
and allowing the synchronization to be performed may lead to
an infinite loop. If upon checking, prior to performing syn-
chronization, that IsSyncing 120 is FALSE, then the synchro-
nization is performed, because no other synchronization is
being performed and consequently there is little danger of
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causing an infinite loop. Additionally, after determining that
IsSyncing 120 is FALSE (as a result of checking the value of
IsSyncing 120 just prior to performing synchronization),
IsSyncing 120 is set to TRUE while the synchronization is
being performed.

[0040] Quote Line Items 122 may be objects representative
of certain information given to a potential customer when
providing a quote. Quote Line Items 122 may represent prod-
ucts and/or services a customer is interested in purchasing. In
an embodiment, a Quote 118 may have multiple Quote Line
Items 122. In an embodiment Quote Line Items 122 may
contain data about products and/or services including quan-
tity 124, unit price 126, discount 128, and service date 130,
and Quote Line Items 122 may be associated with Has-
RevSchedule 132, and HasQtySchedule 134. It should be
understood the use of the term “quote line item” may refer to
Quote Line Items 122 and/or to the data contained in Quote
Line Items 122, such as Quantity 124, unit price 126, discount
128, and service date 130.

[0041] Quantity 124 may represent the number of units of a
product or length of services that a customer is interested in
purchasing. Unit price 126 may represent the cost for a unit of
aproduct, such as the cost of a piece of a product or an hourly
cost of a service that a customer is interested in purchasing.
Discount 128 may represent the markdown that a customer
can expect to receive from the list price for a product or
service. For example, a customer may receive a greater dis-
count for ordering a product in large quantities and/or at
regular intervals. Service date 130 may represent the date a
quote was provided to a customer. HasRevSchedule 132 may
be a variable that indicates whether the opportunity for the
quote has a revenue schedule. The revenue represents the
expected revenue from the sale of a product based on a pre-
determined delivery schedule. For example, the revenue
schedule may include the dollar amount expected from the
monthly delivery of a particular subscription service. In an
embodiment, if the quote or opportunity has a revenue sched-
ule, the system may prevent the updating of the total price and
quantity of the quote. HasQtySchedule 134 may be a variable
that indicates whether a quantity schedule was created for the
quote. The quantity schedule represents the quantity of one or
more products a customer is scheduled to receive at regular
intervals. For example, an individual may have a subscription
service for monthly wine deliveries. The quantity schedule
may represent the number of bottles a customer would receive
the first of each month. In an embodiment, the user has the
option of changing the quantity, and updating the unit price to
keep the total price the same or of keeping the unit price the
same and updating the total price to reflect the change in
quantity. Other line items 136 may represent other data asso-
ciated with quote line items 122 but which are not kept in
synchronization with related parent opportunity line items.

[0042] Total price 138 may represent the sum of the cost of
all products and/or services related to the quote provided to a
customer. Total price 138 may be calculated using Rollup-
Summary 116 to sum the cost of all products and/or services
that are part of the quote. Price book 140 contains the list of
products and/or services and fees for a variety of products
and/or services offered by the tenant. A company may choose
to keep multiple price books to better organize their products
and services. Different divisions of a company may have price
books containing the same products and/or services but at
different prices. In an embodiment, a quote 118 can have a
given quote line item 122 only if the quote 118 has a price
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book. In an embodiment, a given quote line item 122 must
correspond to a product (or service) that is listed in price book
140.

[0043] Opportunity 142 may be a database object that rep-
resents information related to potential deals. Opportunity
142 may include potential deal information, such as total deal
value, other competing suppliers, what stage the deal is in,
etc. Opportunity 142 may also include similar and/or related
data as quote 118. For example, Opportunity 142 may contain
line items that represent data that is similar to the opportunity
data, such as product and service types, product and service
quantity, discount, unit price, etc.

[0044] SyncedQuote 144 indicates which particular quote
118 an opportunity 142 is being synchronized with. To allow
performing initial synchronization through an API, a lookup
field called “SyncedQuote” may be added to Opportunity
142. In an embodiment, setting SyncedQuote 144 field to a
different quote would synchronize an opportunity 142 with
the quote 118 indicated in the SyncedQuote 144 field. If the
opportunity 142 was already synchronizing with another
quote 118, the opportunity 142 would unsynchronize with the
quote 118 first.

[0045] An opportunity 142 may have multiple quotes 118
associated with the opportunity 142. For example, from a
given opportunity 142, multiple packages may have been
offered to a potential client, so that the client may assess,
which package best suits their needs. A given item may be
priced differently in different packages/quotes. For example,
in one quote the potential customer may be offered a volume
discount for the item that is not available in another quote
based on purchasing a larger number of that item than would
be purchased in the other quote. In an embodiment, a particu-
lar organization may require opportunity 142 to reach a par-
ticular stage prior to sending a quote 118 to a customer. In an
embodiment, SyncedQuote 144 may allow a user to deter-
mine which quote 118 an opportunity 142 is synchronized
with.

[0046] Opportunity Line Items 146, which may also be
referred to as opportunity line items, may be objects repre-
sentative of certain data relating to an opportunity 142. Simi-
lar to Quote Line Items 122, Opportunity Line Items 146 may
represent products and/or services a customer is interested in.
In an embodiment, an opportunity 142 may have multiple
Opportunity Line Items 146. Opportunity Line Items 146
may be associated and/or related to data about products or
services including quantity 148, unit price 150, discount 152,
and service date 154, which have similar descriptions as
quantity 124, unit price 126, discount 128, and service date
130, respectively, except that quantity 148, unit price 150,
discount 152, and service date 154, relate to a opportunity line
item and quantity 124, unit price 126, discount 128, and
service date 130 relate to a quote line item, which were
described previously in conjunction with Quote Line Items
122, and therefore the description of quantity 148, unit price
150, discount 152, and service date 154 will not be repeated
here. Similarly, HasRevSchedule 156, HasQtySchedule 158,
total price 162 and price book 164 have similar descriptions
as HasRevSchedule 132, HasQtySchedule 134, total price
138 and price book 140, respectively, except that Has-
RevSchedule 156, HasQtySchedule 158, total price 162 and
price book 164 apply of a quote and HasRevSchedule 132,
HasQtySchedule 134, total price 138 and price book 140
apply to an opportunity, which were also previously
described in conjunction with Quote 118, and therefore the
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description of HasRevSchedule 156, HasQtySchedule 158,
total price 162 and price book 164 will not be repeated here.

[0047] Sales personnel and/or users of the database system
may initially synchronize a quote 118 with the quote’s parent
opportunity 142 either through the user interface (UI) by
clicking a “Start Sync” button or through the application
programming interface (API) by setting the SyncedQuote
144 field on the parent opportunity 142. During the initial
synchronization of a quote 118, quote line items 122 may be
copied to an opportunity 142 as opportunity line items 146.
The copying of the line items may be accomplished by run-
ning a series of operations to delete, update and insert oppor-
tunity line items 146 to match the line items on the quote 118.
In addition, optionally the price book 164 of the opportunity
142 may be changed to match the price book 140 of the quote
118. For example, a given company may have a standard price
book and another price book with high volume discounts
built-in. At the time the opportunity was created, the oppor-
tunity may have designated the standard price book as price
book 164. Then when a quote is offered, the high volume
discount price book may have been designated as price book
140. In an embodiment, if the synchronizing is activated, in
response to price book 164 being set to the high volume
discount price book, price book 140 may be updated by
changing price book 140 from the standard price book to the
high volume discount price book.

[0048] Inanembodiment, Opportunity Line Items 146 and
associated data may be synchronized with Quote Line items
122 and respective associated data. In an embodiment,
changes made to Quote Line items 122 may result in changes
to Opportunity Line Items 146 by way of LineltemSyncH-
elper 108, which may be used for ongoing synchronization of
the individual line items of a quote 118 with its parent oppor-
tunity 142.

[0049] Inan embodiment, QuoteSynchronizer 102, Quote-
SynchronizerImpl 104, LineltemSyncHelper 108, Lineltem-
SyncHelperImpl 110, and SyncUtil 112 may be the main
synchronization classes. The main synchronization classes
may contain most of the logic for performing opportunity and
quote data synchronization. The code may be structured such
that most synchronization logic is in a central place. The
interfaces may also be created such that the interfaces are easy
to understand and easy to determine what the interfaces
accomplish.

[0050] Synchronization logic may also be placed in various
save/delete/undelete hooks for Opportunity 142, Opportunity
Line Items 146, Quote 118, Quote Line Items 122 objects.
The hooks may intercept or otherwise detect functions calls to
save/delete/undelete functions associated with Opportunity
142, Opportunity Line Items 146, Quote 118, Quote Line
Items 122 objects and in response, activate synchronization
logic prior to, in association with, and/or just after imple-
menting a save/delete/undelete associated with associated
Opportunity 142, Opportunity Line Items 146, Quote 118,
and Quote Line Items 122 objects. The custom component
allows developers to quickly reuse commonly used functions.
For example, a save hook may be an often used function for
saving data. In these locations, the synchronization logic may
be mainly directed to calling the methods implemented in one
or more of the main synchronization classes for performing
ongoing synchronization. The initial synchronization may be
more segmented as there are more steps and therefore more
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logic in the Opportunity save hook as well as in QuoteSyn-
chronizer 102 (the initial synchronization is discussed below
in conjunction with FIG. 4).

[0051] Once a quote 118 is synchronized with the parent
opportunity 142, in an embodiment, the system may keep the
quote 118 and opportunity 142 synchronized with each other,
such that quote 118 is synchronized to opportunity 142 when
opportunity 142 is altered and opportunity 142 is synchro-
nized to quote 118 when quote 118 is altered. In an embodi-
ment, when quote line items 122 or opportunity line items 146
are updated, fields on the corresponding opportunity or quote
line items are kept in synchronization. In other embodiments,
other items may also be synchronized. In an embodiment,
when quote line items 122 or opportunity line items 146 are
deleted, the corresponding opportunity or quote line items,
respectively, may be automatically deleted. When quote or
opportunity line items are inserted, equivalent line items may
be inserted on the opportunity or quote, respectively.

[0052] The price book 140 of the quote and price book 164
of'the opportunity may also be kept in synchronization. In an
embodiment, if the opportunity has line items, the price book
is not synchronized, and consequently in a further embodi-
ment, the only time the price book is synchronized during
ongoing synchronization is when neither the opportunity 142
nor the quote 118 has any line items. In an embodiment, after
synchronization, prior to committing the resulting change, a
synchronization validation is performed.

[0053] Inanembodiment, ensuring all line items of a quote
and opportunity pair that are marked as requiring synchroni-
zation, SyncValidator 106 may further ensure that each of
quote line items 122 and the opportunity line items are syn-
chronized.

[0054] Once a quote 118 is synchronized with an opportu-
nity 142, synchronized quote lines may be linked with the
corresponding opportunity lines the quote lines are synchro-
nizing with. Opportunity line item 146 may be associated
with a foreign key that may be included in quote line item 122
that may point the quote line item to the corresponding oppor-
tunity line item that needs to be synchronized. Similarly, a
foreign key field “QuoteLineltem” may be included in an
opportunity line item 146 that points the opportunity line item
146 to a corresponding quote line item 122 to which the
opportunity line 146 item is being synchronized. The foreign
keys in quote line item 122 and opportunity line item 146 may
be set during the initial synchronization with the opportunity.
In addition, the foreign key in quote line item 122 associated
with an opportunity line item may be set when quote 118 is
created based on opportunity 146. In an embodiment, linking
the quote line items 122 to corresponding opportunity line
items 146 when creating quote 118 enables synchronization
of'the quote 118 without having to recreate all the opportunity
line items.

[0055] FIG. 2 shows an embodiment of a system-side
method 200 for synchronizing data in a database network
system. The system-side method 200 may include insert row
202, delete row 204, update row 206, insert row 208, copy
update 210, delete row 212, validate 214, and commit 216. In
other embodiments, system-side method 200 may not have all
the steps listed and/or may have other steps instead of or in
addition to those listed.

[0056] A system-side method 200 for synchronizing data in
a database network system may begin with insert row 202. In
step 202, in an embodiment, a row may be inserted into a first
table for storing data if the data to be stored or updated
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requires a new record because a record did not already exist
previously. In step 204, a row may be deleted from the first
table if the data update deletes data and results in an extra
record in the first table containing no data and/or if the update
is an express deletion of a particular row that is no longer
necessary or applicable. In step 206, if data in a row needs to
be changed, the row is updated by changing, adding, and/or
filling the row with data representing the update. The update
may be a change to default data in a newly created row to more
useful data or may be a change in data in a previously existing
row. In step 208, a row may be inserted into a second table
(which is being synchronized to reflect the changes in the first
table) that corresponds to a newly inserted row in the first
table. Alternatively, if a record does not exist in the second
table that corresponds to a record in the first table, the previ-
ously corresponding record may be added to the second table
whether or not the corresponding record of the first table was
updated.

[0057] Instep 210, updates to any rows of the first table are
copied to the corresponding rows of the second table. In step
212, if an extra row is present in the second table that does not
exist in the first table (e.g., because that row was deleted from
the first table), the extra row is deleted from the second table
to agree with the first table. In step 214, the synchronization of
the two tables may be validated. For example, validation may
be performed by performing a comparison to verify the two
tables contain the same number of rows and/or the rows
contain the same field values. Step 214 may be performed in
response to activating a save command, which in turn as a
result of a hook activates the validation of the synchronization
of step 214. If in step 214 it is determined that the two tables
have not been properly synchronized, in an embodiment, the
transaction is aborted. In an embodiment, the changes to the
original record are stored and if the transaction does not
commit, the changes are undone and the records are restored
to their original state. In an alternative embodiment, the origi-
nal records are not actually changed unless the transactions
commits. Upon verification, in step 216, the tables are syn-
chronized and a commit of the transaction in which the syn-
chronization occurred is performed to apply the changes to
the database.

[0058] FIG. 3 illustrates a flowchart of an embodiment of a
method 300 for synchronizing related opportunity and quote
data in a database network system. The method 300 may
include receive change 302, synchronized parents 304, cur-
rent synchronization 306, price book changed 308, quote line
items 310, synchronization price book 312, line items
changed 314, and synchronization 316. In other embodi-
ments, method 300 may not have all of the elements listed
and/or may have other elements instead of; or in addition to,
those listed.

[0059] A method 300 for synchronizing related opportu-
nity and quote data in a database network system may begin
with receive change 302. In receive change 302, a database
network system may receive a request to make a change to
opportunity or quote data from a user. In step 304, a determi-
nation is made whether a parent opportunity and a related
quote (to which the requested change is to be applied) are
currently being synchronized. In an embodiment, the deter-
mination may be made by examining whether a logical vari-
able (which may be referred to as the SyncedQuote field) of
the parent opportunity indicates that the parent opportunity is
being synchronized. For example, if the SyncedQuote field
does not indicate that the parent items are to be synchronized,
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then there is no data to synchronize and the synchronization
process terminates. [fthe SyncedQuote field indicates that the
parent opportunity is being synchronized, then in step 306, a
determination is made whether a synchronization was per-
formed in the present transaction. The determination may be
made by checking whether the IsSynching flag has been set.
If the IsSynching flag has been set to TRUE, then a synchro-
nization has already been performed during the present trans-
action, and therefore the synchronization process terminates
to avoid an infinite loop. If the IsSynching flag has been set to
FALSE, then in step 308 a determination is made whether the
price book of the parent opportunity has changed. The deter-
mination may be made while determining if there are other
differences between the quote and opportunity by calling a
method (which may be referred to SQuote.syncDiff PL/SQL)
that returns the difference between quotes and opportunities.
In an embodiment the method that checks for differences
between quotes and opportunities returns a list of quotes
where the price book is different from their opportunity par-
ents, a list of opportunity lines that point to existing quote
lines, a list of quote lines that point to existing opportunity
lines, a list of opportunity lines that do not point to existing
quote lines, and a list of quote lines that do not point to
existing opportunity lines. In an embodiment, opportunity
line items that do not point to existing quote line items are
deleted, which in some cases may remove all of the opportu-
nity line items for the opportunity allowing the price book of
the opportunity to be changed. If the price book of the parent
opportunity and the related quote has been changed, in step
310, a determination is made whether the related quote has
line items. If the quote has no line items, in step 312, the quote
price book is synchronized with the changed price book of the
parent opportunity. Specifically, the price book of the quote is
changed to the price book of the parent opportunity. If the
opportunity already has line items, then the method moves
from step 310 to step 314, and skips the synchronization of
the price book. In step 314, the line items of the related quote
are checked for differences with the parent opportunity line
items. For example, in an embodiment, quantity, unit price,
discount, service date, HasQtySchedule, and/or Has-
RevSchedule line items of the quote are synchronized with
their respective opportunity line item counterparts. Once the
quote line items and opportunity line items are synchronized,
the synchronization process terminates.

[0060] FIG. 4 illustrates a flowchart of an embodiment of a
method 400 for performing initial opportunity and quote data
synchronization. The method 400 may include SyncedQuote
changes 402, opportunity unsynchronization settings 404,
which opps 406, set false IsSyncing 408, unset foreign keys
410, unset schedule flags 412, opportunity synchronization
settings 414, get quote 416, set true IsSyncing 418, call
QuoteSynchronizer 420, call QuoteSyncDiff 422, synchro-
nize quote opportunity lines 424, delete opportunity lines
426, synchronize price books 428, insert opportunity lines
430. In other embodiments, method 400 may not have all of
the steps listed and/or may have other elements instead of, or
in addition to, those listed.

Initial Synchronization

[0061] Method 400 for initial synchronization of opportu-
nity and quote data may begin with SyncedQuote changes
402. In step 402, initial synchronization may be initiated by a
function that is activated by a save hook that is associated with
an opportunity that is performed once before the rest of the
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workflow (which may be referred to as OpportunityFunction-
s.saveHook_BeforeWorkflowOnce), which may identify
opportunities by checking changed SyncedQuote fields and
determining where the SyncedQuote fields point. In step 404,
settings of opportunities that are not being synchronized
according to steps 406-412 that follow are performed. In step
406, a determination may be made to determine which oppor-
tunities should be unsynchronized. In step 408, for those
opportunities that need to be unsynchronized, the logical
variable (e.g, IsSyncing) that indicates whether the opportu-
nity is being synced is set to false (the IsSyncing field to
FALSE) for quotes that are to be unsynchronized. In step 410,
the foreign keys of quote line items that point to the opportu-
nity line items are unset. In step 412, the function triggered by
a save hook (e.g. OpportunityFunctions.saveHook_Befor-
eWorkflowOnce) may unset schedule flags on the quote lines.
[0062] In step 414, the settings of the opportunities deter-
mined to need synchronization are set. In step 416, for the
opportunities to be synchronized by a function triggered by a
save hook (e.g., OpportunityFunctions.saveHook_Befor-
eWorkflowOnce) may retrieve the quotes set by SyncedQuote
field. In step 418, the IsSyncing field may be set to TRUE by
a function triggered by a save hook (e.g., OpportunityFunc-
tions.saveHook_Before WorkflowOnce) for quotes that need
to be synchronized.

[0063] In step 420, the function triggered by the save hook
(e.g., OpportunityFunctions.saveHook_BeforeWork-
flowOnce) may then call a function that synchronizes a quote
(e.g., QuoteSynchronizer.sync( )) to the corresponding
opportunities. In step 422, the function that synchronizes the
quote (e.g., QuoteSynchronizer.sync( )) may call the method
that returns the difference between the quote and the oppor-
tunity (SQuote.syncDiff pl/sql). The method that returns the
difference between the quote and the opportunity may return
five lists. The lists may include (1) quotes where the price
book is different from the quote’s opportunity parents (2)
opportunity lines that point to existing quote lines (3) quote
lines that point to existing opportunity lines (4) opportunity
lines that do not point to existing quote lines and (5) quote
lines that do not point to existing opportunity lines. In step
424, if there are quote lines that point to existing opportunity
lines, the function that was triggered by the save hook (e.g.,
OpportunityFunctions.saveHook_BeforeWorkflowOnce)
may synchronize the quote lines that point to existing oppor-
tunity lines by calling another function that synchronizes
individual lines of the quote (e.g., LineltemHelper.syncEx-
istinglineltemsInternal). In an embodiment, the function that
synchronizes individual lines of the quote (e.g., Lineltem-
Helper.syncExistinglineltemsInternal) may get the corre-
sponding opportunity lines and update them to match the
quote lines.

[0064] In step 426, a function that synchronizes individual
lines of the quote (e.g., OpportunityFunctions.saveHook_Be-
foreWorkflowOnce) may check if there are any opportunity
lines to delete by determining if there are any opportunity
lines that do not point to existing quote lines. In an embodi-
ment, the function triggered by the save hook (e.g., Opportu-
nityFunctions.saveHook_Before WorkflowOnce) loads these
opportunity lines and deletes them.

[0065] In step 428, in an embodiment, after synchronizing
quote lines that point to existing opportunity lines and check-
ing if there are any opportunity lines to delete, the function
triggered by the save hook (e.g., OpportunityFunctions.save-
Hook_BeforeWorkflowOnce) synchronizes pricebooks if
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needed. The function triggered by the save hook (e.g., Oppor-
tunityFunctions.saveHook_BeforeWorkflowOnce)  deter-
mines if there are any quotes where the price book is different
from their opportunity parents and synchronizes the price
books of the quotes and opportunities by calling a function for
synchronizing the price book (e.g., syncPricebookInternal).
In an embodiment, calling the function for synchronizing the
price book (e.g., syncPricebookInternal) will get the corre-
sponding opportunities and update their price books to match
the quote price books. In an embodiment, price books may not
be changed until line items are deleted, because changing
price books on synchronized opportunities if there are line
items is prohibited. In an alternative embodiment, changing
price books without changing line items is permitted and/or
changing the price book on synchronized opportunities when
there are line items is permitted.

[0066] In step 430, in an embodiment, the function trig-
gered by the save hook (e.g., OpportunityFunctions.save-
Hook_BeforeWorkflowOnce) checks if there are any oppor-
tunity lines to insert by determining if there are any quote
lines that do not point to existing opportunity lines. In an
embodiment, the function triggered by the save hook (e.g.,
OpportunityFunctions.saveHook_BeforeWorkflowOnce)
may load the quote lines that need to be inserted into the
opportunity and may insert the corresponding opportunity
lines to match the quote lines that were loaded.

[0067] In an embodiment, the logic supports bidirectional
synchronization, from quote to opportunity or opportunity to
quote, and a function is included for specifying the direction
of sysnchronization (e.g., SyncDirection enum).

[0068] For the initial synchronization, the logic may be
implemented in the Opportunity entity save lifecycle,
because the synchronization is implemented using the syn-
chronization quote (e.g., SyncedQuote) lookup field to syn-
chronize the Opportunity, as described previously. In one
embodiment, the initial synchronization logic is located in the
same place as ongoing synchronization for the Opportunity
(e.g., in OpportunityFunctions.saveHook PostSumma-
riesOnce). In an embodiment, to avoid strange behavior such
as items not rolling back properly (e.g., an error may be
thrown, even though not everything in the transaction has
beenrolled back), the synchronization logic may be located in
a location that is associated with the hook that triggers the
synchronization before the work flow begins (e.g., Opportu-
nityFunctions.saveHook_BeforeWorkflowOnce). Executing
a hook before the workflow begins may allow the initial
synchronization logic to be executed in basically the same
place that post triggers are executed. Executing the initial
synchronization logic and post triggers in basically the same
place may provide uniformity with the rest of entity save
logic, e.g. if the initial synchronization was implemented as a
post trigger it should work the same way as when the initial
synchronization is not a post trigger. Executing a hook before
the workflow begins may also be consistent with keeping the
initial synchronization within the recursive save detection
boundaries, which means the workflow will execute once on
the Opportunity and the rollups from the Opportunity will
also execute once. In an embodiment, an opportunity or quote
can only be synchronized once during the save process.
Attempts to cause an additional synchronization to the same
object (opportunity or quote) may result in the synchroniza-
tion process failing. Executing a hook before workflow
begins works similarly to implementing the initial synchro-
nization as a post trigger and may be more intuitive to a user.
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Ongoing Synchronization

[0069] FIG. 5 illustrates a flowchart of an embodiment of a
method 500 for performing ongoing opportunity and quote
data synchronization. The method 500 may include rollup
502, workflow 504, ongoing synchronization 506, synchro-
nization opportunity 508, synchronization quote 510, syn-
chronization opportunity line items 512, synchronization
delete quote line items 514, synchronization quote line items
516, synchronization delete opportunity line items 518, and
insert opportunity line items 520. In other embodiments,
method 500 may not have all of the steps listed and/or may
have other elements instead of, or in addition to, those listed.
[0070] A method 500 may begin with rollup 502. Rollup
502 may include executing functions and instructions neces-
sary to perform calculations for rollup summary fields. As
explained previously, a rollup summary field (rsf) may con-
tain the total sum pricing of all products that a customer may
be potentially interested in purchasing, given as part of quote.
Alternatively, a rsf may contain the highest value from a set of
related records, the lowest value from a set of related records,
or a total count of the number of records.

[0071] In step 504, scheduled workflow tasks may be
handled. For example, user specified processes such as updat-
ing data fields, sending email notifications, or any workflow
actions that are to be completed when certain user specified
conditions are met, may be handled in workflow 504.

[0072] In an embodiment, it may be desirable for imple-
mentation of the synchronization of opportunity and quote
data produce a synchronization algorithm that performs well,
is easy to understand and debug, handles errors properly,
maintains data integrity, and integrates well with the existing
entity save logic. A potential difficulty in synchronizing
opportunity and quote data may be the initial synchronization
and ongoing synchronization can both trigger additional logic
(through triggers, workflow, etc.) that could cause recursion,
infinite looping, and unexpected behavior. In an embodiment,
to avoid synchronization difficulties, the ongoing synchroni-
zation logic may be positioned as late in the entity save
lifecycle as possible, preferably after rollup 502 and work-
flow 504. For example, if updating an opportunity line item,
the triggers and rollup to opportunity may occur before syn-
chronizing changes to the quote line item. In an embodiment,
the method 500 waits for quote line item saves to complete,
which includes waiting for rollup 502 to complete, before
synchronizing the opportunity line item. Since the synchro-
nization waits for the quote line items save to complete and
for rollup 502 to complete before synchronizing the opportu-
nity line item, all of the ongoing synchronization logic and
save hooks occur after rollup 502 and workflow 504 have
been completed.

[0073] In step 506, the logic for ongoing synchronization
may be implemented. In an embodiment, the logic for ongo-
ing synchronization may be located in routines that are trig-
gered as a result of various save hooks in the objects that
support synchronization, which may be Opportunity, OppLi-
neltem, Quote, and QuoteLineltem. Having the logic for
ongoing synchronization located in various save hooks in the
objects that support synchronization may enable a determi-
nation of when these objects are updated, inserted, deleted (in
an embodiment only line items are deleted) and undeleted (in
an embodiment only quote lines are undeleted). In an embodi-
ment, each of the save hooks (or each of the save hooks that
trigger the synchronization) may occur after workflow 504
and rollup 502 have been completed for the object.
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[0074] Instep 508, if the opportunity price book is different
than the quote and there are no line items in the opportunity,
the save hook that occurs after rollup (e.g, OpportunityFunc-
tions.saveHook_PostSummariesOnce) calls a function that
synchronizes the quote during an update (e.g., QuoteSyn-
chronizer.syncOnUpdate( )) to synchronize the opportunity
price book with the quote. The save hook that occurs after
rollup (e.g., OpportunityFunctions.saveHook_PostSumma-
riesOnce) may be part of an entity save framework and allow
object specific customizations to the save flow. In step 510, if
the quote price book is different than the opportunity and
there are no line items in the opportunity, the save hook that
occurs after rollup (e.g., QuoteFunctions.saveHook_Post-
SummariesOnce) calls a function that synchronizes the
opportunity during an update (e.g., QuoteSynchronizer.syn-
cOnUpdate( )) to synchronize the quote price book with the
opportunity.

[0075] In step 512, if opportunity line items were inserted
or updated and have fields differing from the synchronizing
quote line item, the save hook that occurs after rollup (e.g.
OpportunityLineltemFunctions.saveHook_PostSumma-
riesOnce) calls a function that synchronizes the quote line
items during an update (e.g., LineltemSyncHelper.syncLi-
neltemsOnUpdatelnsert) to synchronize the opportunity line
items with the quote line items.

[0076] In step 514, if opportunity line items were deleted,
the delete hook that occurs after rollup (e.g., OpportunityLi-
neltemFunctions.deleteHook_BeforeDeleteOnce) calls a
function that synchronizes quote line items (e.g. Lineltem-
SyncHelper.syncLineltemsOnDelete) to delete the quote line
items that correspond to the opportunity line items that got
deleted.

[0077] In step 516, if quote line items were inserted or if
quote line items were updated resulting in one or more fields
differing from the synchronizing opportunity line items, the
save hook that occurs after rollup (e.g., QuoteLineltemFunc-
tions.saveHook_PostSummariesOncerice) calls a function
that synchronizes quote line items (e.g., LineltemSyncHelp-
ersyncLineltemsOnUpdatelnsert) to synchronize the
inserted or updated quote line items.

[0078] In step 518, if quote line items were deleted, the
delete hook that occurs after rollup (e.g., QuoteLineltem-
Functions.deleteHook_BeforeDeleteOnce) calls a function
that synchronizes opportunity line items (e.g., LineltemSyn-
cHelper.syncLineltemsOnDelete) to delete the opportunity
line items that correspond to the quote line items that got
deleted.

[0079] In step 520, if quote line items were undeleted, the
undelete hook that occurs after rollup (e.g. QuoteLineltem-
Functions.undeleteHook_AfterUndeleteOnce) calls a func-
tion that synchronizes opportunity line items (e.g., Lineltem-
SyncHelper.syncQuoteLineltemsOnUndelete) to  insert
opportunity line items to match the quote line items that were
undeleted.

[0080] In an embodiment, all of the methods may work in
batch and expect to receive a collection of objects from the
current dmlOperationState. Any errors caught during a save
operation may be mapped back to the original source object.
In an embodiment, having access to the current dmlOpera-
tionState may allow calling setThrowable on the object
desired to be “error” out. In an embodiment, it may be desir-
able to ensure that the object that was the source of the
synchronization errored out, not the target of the synchroni-
zation. For example, if an opportunity line item was updated
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(it is the source), an attempt is made to synchronize the
opportunity line item’s corresponding quote line item (the
target). If the attempt to synchronize the opportunity line
item’s corresponding quote line item fails, it may be desirable
to call setThrowable on the opportunity line item. (See
LineltemSyncHelper.handleSaveErrors). LineltemSyncH-
elperhandleSaveErrors may handle errors that occur during
the synchronization process. In an embodiment, Lineltem-
SyncHelper.handleSaveErrors maps errors to the correct
objects. For example, if both quote 1 and quote 2 are being
synchronized and quote 2 causes an error, the error would
only be mapped to quote 2.

[0081] Synchronization performance is another consider-
ation in the synchronization process. In an embodiment, all
synchronization operations (both for initial synchronization
and ongoing synchronization) may be compatible in batch so
that API batch operations may perform and scale properly. In
an embodiment, in order for API batch operation to perform
and scale properly, all places executing synchronization logic
may expect to receive a collection of objects from the current
dml batch operation (usually from the dmlOperationState).
When loading objects from the dml batch operation, assump-
tions may be made about when objects may already be in the
current transaction map cache and use UddDb.getEntityOb-
ject() to retrieve objects. In an embodiment, if it is uncertain
if an entity has already been loaded in the current transaction,
objects that are needed are bulk loaded upfront, then UddDb.
getEntityObject( ) may be used to retrieve the objects once it
is determined the objects are in the transaction map. For
example, when line items are updated, it may be necessary to
verify if the line items and the line item parents are synchro-
nizing with each other. The parent ids are needed and there-
fore may be bulk loaded upfront, then UddDb.getEntityOb-
ject( ) may be used to retrieve the parent ids at a later time
when necessary to check their synchronization state.

[0082] Another synchronization consideration is error han-
dling. Because all operations may need to be compatible with
batch, the operations may also map errors back to the right
objects so that the entity save framework can properly handle
errors in the batch, including handling partial failures.

Infinite Loop Detection

[0083] FIG. 6 illustrates a flowchart of an embodiment of a
method 600 for detecting infinite loop occurrences when
synchronizing opportunity and quote data. A method 600 may
include Opportunity Line parent update 602, Quote Line 1
True 604, Opportunity Line updating 606, Quote Line updat-
ing 608, Opportunity Linel True 610, Quote Linel Synchro-
nization In Progress 612, RecursiveSynchronization Excep-
tion 614, and no error 616. In other embodiments, method 600
may not have all of the steps listed and/or may have other
elements instead of, or in addition to, those listed.

[0084] Triggers and other working logic can cause infinite
loops when synchronized quotes or opportunities are
involved. For example, triggers on both the quote and oppor-
tunity can cause the synchronization logic to continually syn-
chronize back and forth. In an embodiment, to prevent infinite
loops due to continual back and forth synchronization, when
objects that support synchronization have already begun the
synchronization process, the object cannot be synchronized
again during the same transaction.

[0085] In an embodiment, four objects that support syn-
chronization, Opportunity, OppLineltem, Quote, and Quote-
Lineltem, may implement a Syncable interface. The Syn-
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cable interface may define the set/getlsSynclnProgress
methods. These methods set and get a boolean rollbackable
variable (e.g., isSyncInProgess) on the objects supporting
synchronization, indicating when an object is currently being
synchronized. In an embodiment, a function may be called on
an object that supports synchronization for indicating a syn-
chronization is in progress, (e.g., syncSyncUTtil.setSyncState-
TolnProgress( ) method). In an embodiment, if the object is
already in the process of synchronizing, calling the function
for indicating a synchronization is in progress (e.g., SyncUtil.
setSyncStateTolnProgress( )) may result in a RecursiveSyn-
cException being thrown. A RecursiveSyncException indi-
cates an error which may result in infinite loops if
synchronization is allowed to execute.

[0086] A method 600 illustrates when an infinite loop may
occur and a RecursiveSyncException 614 thrown. In step
602, if the parent of an OppLineltem is being updated, a
Recursive SyncException 614 may be thrown. Step 602 illus-
trates the case of an object already in synchronization
progress where the function for indicating a synchronization
is in progress (e.g., SyncUti.setSyncStateTolnProgress( ))
may be attempted to be called, resulting in a RecursiveSyn-
cException 614 being thrown. If the parent of an OppLi-
neltem is not being updated, then no error 616 occurs.
[0087] In step QuoteLinel True 604, if Boolean rollback-
able variable (e.g., QuoteLinel.isSyncInProgress) is set to
TRUE and the quote line item is being updated with data from
the parent opportunity line item, then a RecursiveSyncExcep-
tion 614 may be thrown. If the Boolean rollbackable variable
is FALSE, then no error 616 occurs.

[0088] In step 606, if an opportunity line item is updating
itself due to a post trigger, a RecursiveSyncException 614
may be thrown. If an opportunity line item is not updating
itself due to a post trigger, then no error 616 occurs.

[0089] Instep 608, if a quote line item is updating itself due
to a post trigger, a RecursiveSyncException 614 may be
thrown. If a quote line item is not updating itself due to a post
trigger, then no error 616 occurs.

[0090] Instep 610, if a Boolean rollbackable variable (e.g.
OppLinel.isSyncInProgress) is set to TRUE and the Oppor-
tunity line item is being updated with updated data from a
quote line, then a RecursiveSyncException 616 may be
thrown. If the Boolean rollbackable variable (e.g., Opplinel.
isSyncInProgress) is set to FALSE or if Opportunity line item
is not being updated with updated data from a quote line, then
no error 616 occurs.

[0091] In step 612, if the Boolean rollbackable variable
(e.g., QuoteLinel .isSyncInProgress) is set to TRUE, a Recur-
siveSyncException 614 may be thrown. If the Boolean roll-
backable variables are set to FALSE, thenno error 616 occurs.

System Overview

[0092] FIG.7illustrates a block diagram of an environment
710 wherein an on-demand database service might be used.
Environment 710 may include user systems 712, network
714, system 716, processor system 717, application platform
718, network interface 720, tenant data storage 722, system
data storage 724, program code 726, and process space 728.
In other embodiments, environment 710 may not have all of
the components listed and/or may have other elements instead
of, or in addition to, those listed above.

[0093] Environment 710 is an environment in which an
on-demand database service exists. User system 712 may be
any machine or system that is used by a user to access a
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database user system. For example, any of user systems 712
can be a handheld computing device, a mobile phone, a laptop
computer, a work station, and/or a network of computing
devices. As illustrated in FIG. 7 (and in more detail in FIG. 8)
user systems 712 might interact via a network 714 with an
on-demand database service, which is system 716.

[0094] An on-demand database service, such as system
716, is a database system that is made available to outside
users that do not need to necessarily be concerned with build-
ing and/or maintaining the database system, but instead may
be available for their use when the users need the database
system (e.g., on the demand of the users). Some on-demand
database services may store information from one or more
tenants stored into tables of a common database image to
form a multi-tenant database system (MTS). Accordingly,
“on-demand database service 716" and “system 716 will be
used interchangeably herein. A database image may include
one or more database objects. A relational database manage-
ment system (RDMS) or the equivalent may execute storage
and retrieval of information against the database object(s).
Application platform 718 may be a framework that allows the
applications of system 716 to run, such as the hardware and/or
software, e.g., the operating system. In an embodiment, on-
demand database service 716 may include an application
platform 718 that enables creation, managing and executing
one or more applications developed by the provider of the
on-demand database service, users accessing the on-demand
database service via user systems 712, or third party applica-
tion developers accessing the on-demand database service via
user systems 712.

[0095] The users of user systems 712 may differ in their
respective capacities, and the capacity of a particular user
system 712 might be entirely determined by permissions
(permission levels) for the current user. For example, where a
salesperson is using a particular user system 712 to interact
with system 716, that user system has the capacities allotted
to that salesperson. However, while an administrator is using
that user system to interact with system 716, that user system
has the capacities allotted to that administrator. In systems
with a hierarchical role model, users at one permission level
may have access to applications, data, and database informa-
tion accessible by a lower permission level user, but may not
have access to certain applications, database information, and
data accessible by a user at a higher permission level. Thus,
different users will have different capabilities with regard to
accessing and modifying application and database informa-
tion, depending on a user’s security or permission level.
[0096] Network 714 is any network or combination of net-
works of devices that communicate with one another. For
example, network 714 can be any one or any combination of
a L AN (local area network), WAN (wide area network), tele-
phone network, wireless network, point-to-point network,
star network, token ring network, hub network, or other
appropriate configuration. As the most common type of com-
puter network in current use is a TCP/IP (Transfer Control
Protocol and Internet Protocol) network, such as the global
internetwork of networks often referred to as the “Internet”
with a capital “1,” that network will be used in many of the
examples herein. However, it should be understood that the
networks that the one or more implementations might use are
not so limited, although TCP/IP is a frequently implemented
protocol.

[0097] User systems 712 might communicate with system
716 using TCP/IP and, at a higher network level, use other
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common Internet protocols to communicate, such as HTTP,
FTP, AFS, WAP, etc. In an example where HTTP is used, user
system 712 might include an HTTP client commonly referred
to as a “browser” for sending and receiving HTTP messages
to and from an HTTP server at system 716. Such an HTTP
server might be implemented as the sole network interface
between system 716 and network 714, but other techniques
might be used as well or instead. In some implementations,
the interface between system 716 and network 714 includes
load sharing functionality, such as round-robin HTTP request
distributors to balance loads and distribute incoming HTTP
requests evenly over a plurality of servers. At least as for the
users that are accessing that server, each of the plurality of
servers has access to the MTS’ data; however, other alterna-
tive configurations may be used instead.

[0098] In one embodiment, system 716, shown in FIG. 7,
implements a web-based customer relationship management
(CRM) system. For example, in one embodiment, system 716
includes application servers configured to implement and
execute CRM software applications as well as provide related
data, code, forms, webpages and other information to and
from user systems 712 and to store to, and retrieve from, a
database system related data, objects, and Webpage content.
With a multi-tenant system, data for multiple tenants may be
stored in the same physical database object, however, tenant
data typically is arranged so that data of one tenant is kept
logically separate from that of other tenants so that one tenant
does not have access to another tenant’s data, unless such data
is expressly shared. In certain embodiments, system 716
implements applications other than, or in addition to, a CRM
application. For example, system 716 may provide tenant
access to multiple hosted (standard and custom) applications,
including a CRM application. User (or third party developer)
applications, which may or may not include CRM, may be
supported by the application platform 718, which manages
creation, storage of the applications into one or more database
objects and executing of the applications in a virtual machine
in the process space of the system 716.

[0099] One arrangement for elements of system 716 is
shown in FIG. 7, including a network interface 720, applica-
tion platform 718, tenant data storage 722 for tenant data 723,
system data storage 724 for system data 725 accessible to
system 716 and possibly multiple tenants, program code 726
for implementing various functions of system 716, and a
process space 728 for executing MTS system processes and
tenant-specific processes, such as running applications as part
of an application hosting service. Additional processes that
may execute on system 716 include database indexing pro-
cesses.

[0100] Several elements in the system shown in FIG. 7
include conventional, well-known elements that are
explained only briefly here. For example, each user system
712 could include a desktop personal computer, workstation,
laptop, PDA, cell phone, or any wireless access protocol
(WAP) enabled device or any other computing device capable
of interfacing directly or indirectly to the Internet or other
network connection. User system 712 typically runs an HT'TP
client, e.g., a browsing program, such as Microsoft’s Internet
Explorer browser, Netscape’s Navigator browser, Opera’s
browser, or a WAP-enabled browser in the case of a cell
phone, PDA or other wireless device, or the like, allowing a
user (e.g., subscriber of the multi-tenant database system) of
user system 712 to access, process and view information,
pages and applications available to it from system 716 over
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network 714. Each user system 712 also typically includes
one or more user interface devices, such as a keyboard, a
mouse, trackball, touch pad, touch screen, pen or the like, for
interacting with a graphical user interface (GUI) provided by
the browser on a display (e.g., a monitor screen, LCD display,
etc.) in conjunction with pages, forms, applications and other
information provided by system 716 or other systems or
servers. For example, the user interface device can be used to
access data and applications hosted by system 716, and to
perform searches on stored data, and otherwise allow a user to
interact with various GUI pages that may be presented to a
user. As discussed above, embodiments are suitable for use
with the Internet, which refers to a specific global internet-
work of networks. However, it should be understood that
other networks can be used instead of the Internet, such as an
intranet, an extranet, a virtual private network (VPN), a non-
TCP/IP based network, any LAN or WAN or the like.

[0101] According to one embodiment, each user system
712 and all of its components are operator configurable using
applications, such as a browser, including computer code run
using a central processing unit such as an Intel Pentium®
processor or the like. Similarly, system 716 (and additional
instances of an MTS, where more than one is present) and all
of their components might be operator configurable using
application(s) including computer code to run using a central
processing unit such as processor system 717, which may
include an Intel Pentium® processor or the like, and/or mul-
tiple processor units. A computer program product embodi-
ment includes a machine-readable storage medium (media)
having instructions stored thereon/in which can be used to
program a computer to perform any of the processes of the
embodiments described herein. Computer code for operating
and configuring system 716 to intercommunicate and to pro-
cess webpages, applications and other data and media content
as described herein are preferably downloaded and stored on
a hard disk, but the entire program code, or portions thereof,
may also be stored in any other volatile or non-volatile
memory medium or device as is well known, such as a ROM
or RAM, or provided on any media capable of storing pro-
gram code, such as any type of rotating media including
floppy disks, optical discs, digital versatile disk (DVD), com-
pact disk (CD), microdrive, and magneto-optical disks, and
magnetic or optical cards, nanosystems (including molecular
memory ICs), or any type of media or device suitable for
storing instructions and/or data. Additionally, the entire pro-
gram code, or portions thereof, may be transmitted and down-
loaded from a software source over a transmission medium,
e.g., over the Internet, or from another server, as is well
known, or transmitted over any other conventional network
connection as is well known (e.g., extranet, VPN, LAN; etc.)
using any communication medium and protocols (e.g., TCP/
1P, HTTP, HTTPS, Ethernet, etc.) as are well known. It will
also be appreciated that computer code for implementing
embodiments can be implemented in any programming lan-
guage that can be executed on a client system and/or server or
server system such as, forexample, C, C++, HTML, any other
markup language, Java™, JavaScript, ActiveX, any other
scripting language, such as VBScript, and many other pro-
gramming languages as are well known may be used. (Java™
is a trademark of Sun Microsystems, Inc.).

[0102] According to one embodiment, each system 716 is
configured to provide webpages, forms, applications, data
and media content to user (client) systems 712 to support the
access by user systems 712 as tenants of system 716. As such,
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system 716 provides security mechanisms to keep each ten-
ant’s data separate unless the data is shared. If more than one
MTS is used, they may be located in close proximity to one
another (e.g., in a server farm located in a single building or
campus), or they may be distributed at locations remote from
one another (e.g., one or more servers located in city A and
one or more servers located in city B). As used herein, each
MTS could include one or more logically and/or physically
connected servers distributed locally or across one or more
geographic locations. Additionally, the term “server” is
meant to include a computer system, including processing
hardware and process space(s), and an associated storage
system and database application (e.g., OODBMS or
RDBMS) as is well known in the art. It should also be under-
stood that “server system” and “server” are often used inter-
changeably herein. Similarly, the database object described
herein can be implemented as single databases, a distributed
database, a collection of distributed databases, a database
with redundant online or offline backups or other redundan-
cies, etc., and might include a distributed database or storage
network and associated processing intelligence.

[0103] FIG. 8 also illustrates environment 710. However, in
FIG. 8 elements of system 716 and various interconnections
in an embodiment are further illustrated. FIG. 8 shows that
user system 712 may include processor system 712A,
memory system 712B, input system 712C, and output system
712D. FIG. 8 shows network 714 and system 716. FIG. 8 also
shows that system 716 may include tenant data storage 722,
tenant data 723, system data storage 724, system data 725,
User Interface (UI) 830, Application Program Interface (API)
832, PL/SOQL 834, save routines 836, application setup
mechanism 838, applications servers 800,-800,,, system pro-
cess space 802, tenant process spaces 804, tenant manage-
ment process space 810, tenant storage space 812, tenant data
814, and application metadata 816. In other embodiments,
environment 710 may not have the same elements as those
listed above and/or may have other elements instead of, or in
addition to, those listed above.

[0104] User system 712, network 714, system 716, tenant
data storage 722, and system data storage 724 were discussed
above in FIG. 7. Regarding user system 712, processor sys-
tem 712 A may be any combination of one or more processors.
Memory system 712B may be any combination of one or
more memory devices, short term, and/or long term memory.
Input system 712C may be any combination of input devices,
such as one or more keyboards, mice, trackballs, scanners,
cameras, and/or interfaces to networks. Output system 712D
may be any combination of output devices, such as one or
more monitors, printers, and/or interfaces to networks. As
shown by FIG. 8, system 716 may include a network interface
720 (of FIG. 7) implemented as a set of HITP application
servers 800, an application platform 718, tenant data storage
722, and system data storage 724. Also shown is system
process space 802, including individual tenant process spaces
804 and a tenant management process space 810. Each appli-
cation server 800 may be configured to tenant data storage
722 and the tenant data 723 therein, and system data storage
724 and the system data 725 therein to serve requests of user
systems 712. The tenant data 723 might be divided into indi-
vidual tenant storage spaces 812, which can be either a physi-
cal arrangement and/or a logical arrangement of data. Within
each tenant storage space 812, tenant data 814 and application
metadata 816 might be similarly allocated for each user. For
example, a copy of a user’s most recently used (MRU) items
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might be stored to tenant data 814. Similarly, a copy of MRU
items for an entire organization that is a tenant might be stored
to tenant storage space 812. A UI 830 provides a user interface
and an API 832 provides an application programmer interface
to system 716 resident processes to users and/or developers at
user systems 712. The tenant data and the system data may be
stored in various databases, such as one or more Oracle’
databases.

[0105] Application platform 718 includes an application
setup mechanism 838 that supports application developers’
creation and management of applications, which may be
saved as metadata into tenant data storage 722 by save rou-
tines 836 for execution by subscribers as one or more tenant
process spaces 804 managed by tenant management process
810 for example. Invocations to such applications may be
coded using PL/SOQL 834 that provides a programming
language style interface extension to API 832. A detailed
description of some PL/SOQL language embodiments is dis-
cussed in commonly owned co-pending U.S. Provisional
Patent Application 60/828,192 entitled, PROGRAMMING
LANGUAGE METHOD AND SYSTEM FOR EXTEND-
ING APIS TO EXECUTE IN CONJUNCTION WITH
DATABASE APIS, by Craig Weissman, filed Oct. 4, 2006,
which is incorporated in its entirety herein for all purposes.
Invocations to applications may be detected by one or more
system processes, which manage retrieving application meta-
data 816 for the subscriber making the invocation and execut-
ing the metadata as an application in a virtual machine.

[0106] Each application server 800 may be communicably
coupled to database systems, e.g., having access to system
data 725 and tenant data 723, via a different network connec-
tion. For example, one application server 800i might be
coupled via the network 714 (e.g., the Internet), another appli-
cation server 800, , might be coupled via a direct network
link, and another application server 800, might be coupled by
yet a different network connection. Transfer Control Protocol
and Internet Protocol (TCP/IP) are typical protocols for com-
municating between application servers 800 and the database
system. However, it will be apparent to one skilled in the art
that other transport protocols may be used to optimize the
system depending on the network interconnect used.

[0107] Incertain embodiments, each application server 800
is configured to handle requests for any user associated with
any organization that is a tenant. Because it is desirable to be
able to add and remove application servers from the server
pool at any time for any reason, there is preferably no server
affinity for a user and/or organization to a specific application
server 800. In one embodiment, therefore, an interface system
implementing a load balancing function (e.g., an F5 Big-IP
load balancer) is communicably coupled between the appli-
cation servers 800 and the user systems 712 to distribute
requests to the application servers 800. In one embodiment,
the load balancer uses a least connections algorithm to route
user requests to the application servers 800. Other examples
of load balancing algorithms, such as round robin and
observed response time, also can be used. For example, in
certain embodiments, three consecutive requests from the
same user could hit three different application servers 800,
and three requests from different users could hit the same
application server 800. In this manner, system 716 is multi-
tenant, wherein system 716 handles storage of, and access to,
different objects, data and applications across disparate users
and organizations.
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[0108] As an example of storage, one tenant might be a
company that employs a sales force where each salesperson
uses system 716 to manage their sales process. Thus, a user
might maintain contact data, leads data, customer follow-up
data, performance data, goals and progress data, etc., all
applicable to that user’s personal sales process (e.g., in tenant
data storage 722). Inan example of a MTS arrangement, since
all of the data and the applications to access, view, modify,
report, transmit, calculate, etc., can be maintained and
accessed by a user system having nothing more than network
access, the user can manage his or her sales efforts and cycles
from any of many different user systems. For example, if a
salesperson is visiting a customer and the customer has Inter-
net access in their lobby, the salesperson can obtain critical
updates as to that customer while waiting for the customer to
arrive in the lobby.

[0109] While each user’s data might be separate from other
users’ data regardless of the employers of each user, some
data might be organization-wide data shared or accessible by
a plurality of users or all of the users for a given organization
that is a tenant. Thus, there might be some data structures
managed by system 716 that are allocated at the tenant level
while other data structures might be managed at the user level.
Because an MTS might support multiple tenants including
possible competitors, the MTS should have security protocols
that keep data, applications, and application use separate.
Also, because many tenants may opt for access to an MTS
rather than maintain their own system, redundancy, up-time,
and backup are additional functions that may be implemented
in the MTS. In addition to user-specific data and tenant spe-
cific data, system 716 might also maintain system level data
usable by multiple tenants or other data. Such system level
data might include industry reports, news, postings, and the
like that are sharable among tenants.

[0110] In certain embodiments, user systems 712 (which
may be client systems) communicate with application servers
800 to request and update system-level and tenant-level data
from system 716 that may require sending one or more que-
ries to tenant data storage 722 and/or system data storage 724.
System 716 (e.g., an application server 800 in system 716)
automatically generates one or more SQL statements (e.g.,
one or more SQL queries) that are designed to access the
desired information. System data storage 724 may generate
query plans to access the requested data from the database.

[0111] Each database can generally be viewed as a collec-
tion of objects, such as a set of logical tables, containing data
fitted into predefined categories. A “table” is one representa-
tion of a data object, and may be used herein to simplify the
conceptual description of objects and custom objects. It
should be understood that “table” and “object” may be used
interchangeably herein. Each table generally contains one or
more data categories logically arranged as columns or fields
in a viewable schema. Each row or record of a table contains
an instance of data for each category defined by the fields. For
example, a CRM database may include a table that describes
a customer with fields for basic contact information such as
name, address, phone number, fax number, etc. Another table
might describe a purchase order, including fields for informa-
tion such as customer, product, sale price, date, etc. In some
multi-tenant database systems, standard entity tables might
be provided for use by all tenants. For CRM database appli-
cations, such standard entities might include tables for
Account, Contact, Lead, and Opportunity data, each contain-
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ing pre-defined fields. It should be understood that the word
“entity” may also be used interchangeably herein with
“object” and “table”.

[0112] Insome multi-tenant database systems, tenants may
be allowed to create and store custom objects, or they may be
allowed to customize standard entities or objects, for example
by creating custom fields for standard objects, including cus-
tom index fields. U.S. patent application Ser. No. 10/817,161,
filed Apr. 2, 2004, entitled “Custom Entities and Fields in a
Multi-Tenant Database System”, and which is hereby incor-
porated herein by reference, teaches systems and methods for
creating custom objects as well as customizing standard
objects in a multi-tenant database system. In certain embodi-
ments, for example, all custom entity data rows are stored in
a single multi-tenant physical table, which may contain mul-
tiple logical tables per organization. It is transparent to cus-
tomers that their multiple “tables” are in fact stored in one
large table or that their data may be stored in the same table as
the data of other customers.

Method for Using the Environment (FIGS. 7 and 8)

[0113] FIG. 9 shows a flowchart of an example of a method
900 of using environment 710. In step 910, user system 712
(FIGS. 7 and 8) establishes an account. In step 912, one more
tenant process space 804 (FIG. 8) are initiated on behalf of
user system 712, which may also involve setting aside space
in tenant space 812 (FIG. 8) and tenant data 814 (FIG. 8) for
user system 712. Step 912 may also involve modifying appli-
cation metadata to accommodate user system 712. In step
914, user system 712 uploads data. In step 916, one or more
data objects are added to tenant data 814 where the data
uploaded is stored. In step 918, methods for synchronizing
data in a multi-tenant database environment may be imple-
mented. In another embodiment, although depicted as distinct
steps in FIG. 9, steps 902-918 may not be distinct steps. In
other embodiments, method 900 may not have all of the above
steps and/or may have other steps in addition to, or instead of,
those listed above. The steps of method 900 may be per-
formed in another order. Subsets of the steps listed above as
part of method 900 may be used to form their own method.

Method for Creating the Environment (FIGS. 7 and 8)

[0114] FIG. 10 is a method of making environment 710, in
step 1002, user system 712 (FIGS. 7 and 8) is assembled,
which may include communicatively coupling one or more
processors, one or more memory devices, one or more input
devices (e.g., one or more mice, keyboards, and/or scanners),
one or more output devices (e.g., one more printers, one or
more interfaces to networks, and/or one or more monitors) to
one another.

[0115] In step 1004, system 716 (FIGS. 7 and 8) is
assembled, which may include communicatively coupling
one or more processors, one or more memory devices, one or
more input devices (e.g., one or more mice, keyboards, and/or
scanners), one or more output devices (e.g., one more print-
ers, one or more interfaces to networks, and/or one or more
monitors) to one another. Additionally assembling system
716 may include installing application platform 718, network
interface 720, tenant data storage 722, system data storage
724, system data 725, program code 726, process space 728,
UT 830, API 832, PL/SOQL 834, save routine 836, applica-
tion setup mechanism 838, applications servers 800,-800,,
system process space 802, tenant process spaces 804, tenant
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management process space 810, tenant space 812, tenant data
814, and application metadata 816 (FIG. 8).

[0116] In step 1006, user system 712 is communicatively
coupled to network 714. In step 1008, system 716 is commu-
nicatively coupled to network 714 allowing user system 712
and system 716 to communicate with one another (FIG. 8). In
step 1010, one or more instructions may be installed in system
716 (e.g., the instructions may be installed on one or more
machine readable media, such as computer readable media,
therein) and/or system 716 is otherwise configured for per-
forming the steps of methods for synchronizing data in a
multi-tenant database environment. For example, as part of
step 1010, one or more instructions may be entered into the
memory of system 716 for synchronizing data in a multi-
tenant database environment.

[0117] In another embodiment, although depicted as dis-
tinct steps in FIG. 10, steps 1002-1010 may not be distinct
steps. In other embodiments, method 1000 may not have all of
the above steps and/or may have other steps in addition to, or
instead of, those listed above. The steps of method 1000 may
be performed in another order. Subsets of the steps listed
above as part of method 1000 may be used to form their own
method.

Extensions and Alternatives

[0118] Each embodiment disclosed herein may be used or
otherwise combined with any of the other embodiments dis-
closed. Any element of any embodiment may be used in any
embodiment.

[0119] Inan embodiment, the initial synchronization logic
may be within the save lifecycle of Opportunity object (in
saveHook_BeforeWorkflowOnce). In another embodiment,
it may be beneficial to decouple the initial synchronization
logic from the save process and move the initial synchroni-
zation logic into its own function similar to an API Method.
Making the initial synchronization logic an API Method may
also simplify the API interface.

[0120] In an embodiment, QuoteSynchronizerlmpl and
LineltemHelperImpl may both be implemented as singletons
and therefore may be stateless, e.g. none of the methods rely
on the state of class variables. There may be instances where
making QuoteSynchronizerlmpl and LineltemHelperImpl
stateful would allow for better caching of objects that have
been bulk loaded and when the objects are known to have not
been changed. Inan embodiment, the caching of objects in the
transaction object map may be tasked to the UddDb and thus
call UddDb.getEntityObject directly with the assumption that
the object may already be in the transaction object map and
therefore would not cause an additional database query, i.e.
see LineltemHelperlmpl.checklineltemsAreSyncing. In an
embodiment, it may be more efficient to implement caching
without the use of the UddDb implementation.

[0121] While the invention has been described by way of
example and in terms of the specific embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments. To the contrary, it is intended to cover various
modifications and similar arrangements as would be apparent
to those skilled in the art. Therefore, the scope of the
appended claims should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements.

1. A method for synchronizing data in an on-demand ser-
vices environment, the method comprising:
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receiving at a host system, a request from a user system to
initiate a workflow that accesses at least one of a first
object and a second object, the host system having a
processor system including at least one processor and a
memory system,

initiating the workflow with the host system to synchronize

the first object with the second object by at least

determining, by the processor system, if either the first
object and the second object includes line items to be
synchronized,

if the first object and the second object have line items to
be synchronized, performing a rollup for one or more
line items,

if the first object and the second object do not have line
items to be synchronized, if a value stored in a first
element of the first object changed,

determining, by the processor system, whether a second
object is being synchronized to the first object, and if
the second object is being synchronized to the first
object, updating, by the host system, the second
object, such that a second element that corresponds to
the first element, but is in the second object, has a
value that agrees with the value stored in the first
element;

determining, by the host system, whether an error con-
dition occurs; and

if the error condition is not detected, saving the updating
in the memory system of the host system.

2. The method of claim 1 wherein the synchronizing of the
first object and second object includes at least deleting, updat-
ing, and inserting elements of the first object to agree with the
second object, the deleting of elements includes at least
removing data from fields from the first object to match a
corresponding empty field from the second object, the insert-
ing of elements includes at least adding data to fields of the
first object to match a corresponding field containing data
from the second object.

3. The method of claim 1 wherein the first object is an
opportunity, the opportunity including at least data associated
with selling products to a customer, the opportunity being
stored, in a portion of the database dedicated to the tenant.

4. The method of claim 1 wherein the second object is a
quote, the quote including at least sales information given to
a customer, the quote being stored in a portion of the database
dedicated to the tenant.

5. The method of claim 1 wherein the first object is an
opportunity and the second object is a quote, each having at
least six elements, the elements including at least a quantity,
a price, a discount, a service date, a revenue schedule, and a
quantity schedule.

6. The method of claim 1 further comprising sending a user
interface having a synchronization button to the user system,
wherein receiving the request includes at least receiving an
indication that the user selected the synchronize button.

7. The method of claim 1, wherein the request is made by
designating, via an application programming interface, the
first object and second object for synchronization.

8. The method of claim 1 wherein the error condition is an
attempt to perform a second synchronization within a single
transaction.

9. A non-transitory computer-readable medium having
stored thereon instructions for synchronizing data in a multi-
tenant database environment that, when executed, cause one
Or more processors to:
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receive at a host system, a request from a user system to
initiate a workflow that accesses at least one of a first
object and a second object, the host system having a
processor system including at least one processor and a
memory system,

initiate the workflow with the host system to synchronize

the first object with the second object by at least

determining, by the processor system, if either the first
object and the second object includes line items to be
synchronized,

if the first object and the second object have line items to
be synchronized, performing a rollup for one or more
line items,

if the first object and the second object do not have line
items to be synchronized, if a value stored in a first
element of the first object changed, determining, by
the processor system, whether a second object is
being synchronized to the first object, and if the sec-
ond object is being synchronized to the first object,
updating, by the host system, the second object, such
that a second element that corresponds to the first
element, but is in the second object, has a value that
agrees with the value stored in the first element;

determining, by the host system, whether an error con-
dition occurs; and

if the error condition is not detected, saving the updating
in the memory system of the host system.

10. The non-transitory computer-readable medium of
claim 9 wherein the synchronizing of the first object and
second object includes at least deleting, updating, and insert-
ing elements of the first object to agree with the second object,
the deleting of elements includes at least removing data from
fields from the first object to match a corresponding empty
field from the second object, the inserting of elements
includes at least adding data to fields of the first object to
match a corresponding field containing data from the second
object.

11. The non-transitory computer-readable medium of
claim 9 wherein the first object is an opportunity, the oppor-
tunity including at least data associated with selling products
to a customer, the opportunity being stored, in a portion of the
database dedicated to the tenant.

12. The non-transitory computer-readable medium of
claim 9 wherein the second object is a quote, the quote includ-
ing at least sales information given to a customer, the quote
being stored in a portion of the database dedicated to the
tenant.

13. The non-transitory computer-readable medium of
claim 9 wherein the first object is an opportunity and the
second object is a quote, each having at least six elements, the
elements including at least a quantity, a price, a discount, a
service date, a revenue schedule, and a quantity schedule.

14. The non-transitory computer-readable medium of
claim 9 further comprising sending a user interface having a
synchronization button to the user system, wherein receiving
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the request includes at least receiving an indication that the
user selected the synchronize button.

15. The non-transitory computer-readable medium of
claim 9, wherein the request is made by designating, via an
application programming interface, the first object and sec-
ond object for synchronization.

16. The non-transitory computer-readable medium of
claim 9 wherein the error condition is an attempt to perform a
second synchronization within a single transaction.

17. A system comprising:

one or more computing systems, each having at least one

processor coupled with memory, the one or more com-
puting systems to receive a request from a user comput-
ing system to initiate a workflow that accesses at least
one of a first object and a second object, to initiate the
workflow to synchronize the first object with the second
object by at least

determining, by the processor system, if either the first

object and the second object includes line items to be
synchronized,

if the first object and the second object have line items to be

synchronized, performing a rollup for one or more line
items,

if the first object and the second object do not have line

items to be synchronized, if a value stored in a first
element of the first object changed,
determining, by the processor system, whether a second
object is being synchronized to the first object, and if the
second object is being synchronized to the first object, updat-
ing, by the host system, the second object, such that a second
element that corresponds to the first element, but is in the
second object, has a value that agrees with the value stored in
the first element;
the one or more computing systems further to determine
whether an error condition occurs, and if the error condition is
not detected, save the updating in the memory.

18. The system of claim 17 wherein the synchronizing of
the first object and second object includes at least deleting,
updating, and inserting elements of the first object to agree
with the second object, the deleting of elements includes at
least removing data from fields from the first object to match
a corresponding empty field from the second object, the
inserting of elements includes at least adding data to fields of
the first object to match a corresponding field containing data
from the second object.

19. The system of claim 17 wherein the first object is an
opportunity, the opportunity including at least data associated
with selling products to a customer, the opportunity being
stored, in a portion of the database dedicated to the tenant.

20. The system of claim 17 wherein the second object is a
quote, the quote including at least sales information given to
a customer, the quote being stored in a portion of the database
dedicated to the tenant.
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