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(57) ABSTRACT 

A method, apparatus, and article of manufacture for per 
forming a two-phase commit protocol for a transaction in a 
System having a plurality of data Sources. An availability 
Status is verified for all of the data Sources, and the two 
phase commit protocol for the transaction is completed for 
those data Sources that are available, while the transaction is 
logged for data Sources that are unavailable. 
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ENHANCED TWO PHASE COMMIT PROTOCOL 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The invention relates in general to computer sys 
tems, and more particularly, to an enhanced two-phase 
commit protocol for distributed data processing environ 
mentS. 

0003 2. Description of Related Art 
0004. In distributed data processing environments, two 
phase commit protocols are used to coordinate transactions 
against one or more data Sources. Transactions must be 
coordinated with other data Sources in the network or System 
to ensure that the data Sources have current information. 

0005 These data sources may include multiple databases 
distributed at Several locations. In one embodiment of a 
two-phase commit protocol, the System first checks to see if 
all data Sources are available, and, if So, proceeds to com 
plete the transaction. However, if one or more of the data 
Sources are unavailable or unable to complete the transac 
tion, the transaction is canceled or “undone” until the data 
Source (also known as a participant) is able to complete the 
transaction, or is queued until all participants are available 
to complete the transaction. The two-phase commit protocol 
is necessary for data environments that require high degrees 
of accuracy acroSS large numbers of distributed computing 
Systems, e.g., banking Systems, credit card verification SyS 
tems, databases for Vital statistics, etc. 
0006 Although the two-phase commit protocol is useful 
to ensure data integrity, the limitation of requiring all 
participants to be able to process the transaction makes the 
two-phase commit protocols usefulneSS limited. Further, 
Since there are many times that a data Source or other 
participant may be unable to accept or process the transac 
tion due to hardware or Software malfunctions, preventative 
maintenance, System reconfigurations, etc., the two-phase 
commit protocol has even leSS usefulness. 
0007. It can be seen, then, that there is a need in the art 
for a two-phase commit protocol that can be used when one 
or more participants are unable to process the transaction. It 
can also be seen, then, that there is a need in the art for a 
two-phase commit protocol that will allow those participants 
unable to participate in the initial database update to be 
updated once the participant is again able to participate in 
the transaction process. 

SUMMARY OF THE INVENTION 

0008 To overcome the limitations in the prior art 
described above, and to overcome other limitations that will 
become apparent upon reading and understanding the 
present Specification, the present invention discloses a 
method, apparatus, and article of manufacture for perform 
ing a two-phase commit protocol for a transaction in a 
System having a plurality of data Sources. An availability 
Status is verified for all of the data Sources, and the two 
phase commit protocol for the transaction is completed 
(committed) for those data Sources that are available, while 
the transaction is logged for data Sources that are unavail 
able. The approach used in the present invention allows for 
a wider application of the two-phase commit protocol for 
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networks that require the accuracy and precision that the 
two-phase commit protocol delivers. 
0009. These and various other advantages and features of 
novelty which characterize the invention are pointed out 
with particularity in the claims annexed hereto and form a 
part hereof. However, for a better understanding of the 
invention, its advantages, and the objects obtained by its use, 
reference should be made to the drawings which form a 
further part hereof, and to the accompanying detailed 
description, in which there is illustrated and described 
Specific examples of a method, apparatus, and article of 
manufacture in accordance with the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 Referring now to the drawings in which like ref 
erence numbers represent corresponding parts throughout: 
0011 FIG. 1 is a block diagram that illustrates an exem 
plary hardware environment that could be used with the 
present invention; and 
0012 FIGS. 2A-2C are flowchart that illustrates exem 
plary logic performed by the controller according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0013 In the following description of the preferred 
embodiment, reference is made to the accompanying draw 
ings which form a part hereof, and in which is shown byway 
of illustration a specific embodiment in which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utilized and Structural changes may be made 
without departing from the Scope of the present invention. 
0014. Overview 
0015 The present invention discloses a method, appara 
tus, and article of manufacture for performing a two-phase 
commit protocol for a transaction in a System having a 
plurality of data Sources. An availability Status is verified for 
all of the data Sources, and the two-phase commit protocol 
for the transaction is completed for those data Sources that 
are available, while the transaction is logged for data Sources 
that are unavailable. 

0016. In a distributed data processing environment, a 
two-phase commit protocol is used to coordinate transac 
tions between many data Sources. Typically, the coordina 
tion is between databases, and the coordination is performed 
by a Transaction Manager. The two-phase commit protocol 
operates on an “all-or-nothing” approach; if one of the 
databases (data Sources) is unavailable to complete the 
transaction, the transaction is not performed or is Stored for 
completion at a later time. 
0017 For large systems that have many data sources, the 
two-phase commit protocols usefulneSS is limited because, 
typically, one or more of the data Sources is not available at 
any given time. Thus, any transaction that is Scheduled to 
take place at a time when one of the data Sources is 
unavailable cannot take place using a two-phase commit 
protocol until the unavailable data Source becomes avail 
able. 

0018. The present invention enhances the two-phase 
commit protocol approach by allowing those data Sources 



US 2001/0042072 A1 

(also known as participants) that are available to complete 
the transaction, and Storing the transaction for completion by 
the unavailable participants when they become available. 
The Transaction Manager uses the logical equivalent of a 
First-In-First-Out (FIFO) queue to ensure that all transac 
tions are performed in the same order on all data Sources 
within the computer System. The present invention allows 
the data Sources to be Synchronized in terms of transaction 
order by use of the logical FIFO construct. 

0019 Hardware Environment 
0020 FIG. 1 is an exemplary hardware environment 
used to implement the preferred embodiment of the inven 
tion. The present invention is typically implemented using a 
computer 100, which generally includes, inter alia, a pro 
cessor, random access memory (RAM), data storage devices 
102,104, and 106 (e.g., hard, floppy, and/or CD-ROM disk 
drives, etc.). Computer 100 is coupled to other computers 
and/or data Sources via network 108, using data communi 
cations devices (e.g., modems, network interfaces, etc.). 
0021. Through network 108, computer 100 is connected 
to and can communicate with computers 110, 112, 114, 116, 
and 118, and data sources 120, 122, 124, 126, and 128. The 
present invention is not limited to five data Sources; there 
may be a larger or Smaller number of data Sources within the 
System. 

0022 Computer 100 executes transaction coordinator 
130 and data manager 132. Transaction coordinator 130 and 
data manager 132 generally comprise data and/or instruc 
tions which, when read and executed by the computer 100, 
causes the computer 100 to perform the steps for performing 
and/or using the present invention. Generally, the data 
and/or instructions are embodied in and/or readable from a 
device, carrier, and/or media. For example, the data and/or 
instructions can be embodied in and/or readable from a 
memory, data Storage device, remote devices coupled to the 
computer via a data communications device for download 
ing a file from a network to the computer as is done in 
client-Server architectures and on the Internet, floppy dis 
kettes, CD-ROM disks, or other magnetic, optical, elec 
tronic, or other Storage media or devices that can be con 
nected to and interpreted by the computer. 

0023 Thus, the present invention may be implemented as 
a method, apparatus, or article of manufacture using Stan 
dard programming and/or engineering techniques to produce 
Software, firmware, hardware, or any combination thereof. 
The term “article of manufacture” (or alternatively, “com 
puter program product”) as used herein is intended to 
encompass a computer program accessible from any com 
puter-readable device, carrier, or media. Many modifications 
may be made to this configuration without departing from 
the Scope of the present invention. 

0024. The present invention also teaches that any com 
bination of the above components, or any number of differ 
ent components, including computer programs, peripherals, 
and other devices, may be used to implement the present 
invention, So long as Similar functions are performed 
thereby. The presentation of the computer System as 
described in FIG. 1 is not meant to limit the scope of the 
present invention, but to illustrate one possible embodiment 
of the present invention. 
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0025 Relationships and Operation 
0026. As shown in FIG. 1, data sources 120-128 are 
connected to network 108. In this configuration, data Sources 
120-128 can share data and can synchronize databases for 
uniformity. As an example, data sources 120-128 can be 
local databases for a banking System. A transaction in the 
banking System, e.g., a withdrawal of funds from an account, 
must be Stored not only on the database closest to the 
geographical point of withdrawal; it must be Stored on all 
databases within the banking System to ensure that the 
account is not overdrawn at Some other location. AS the 
withdrawal is taking place, the present invention allows for 
Some of the data Sources 120-128, whether it is the local data 
Source or not, to be unavailable for update. This situation can 
occur, for example, when there is a power failure in a certain 
geographical area, one of the data Sources 120-128 needs to 
be maintained, or for other reasons. The unavailability of 
one data Source, data Source 120, is shown as a dashed line 
in FIG. 1. For illustration purposes, the discussion herein 
refers to one data source 120 being unavailable; however, 
the present invention envisions one or more data Sources 
120-128 being unavailable for any given transaction. The 
discussion herein is extendable to encompass any number of 
data sources 120-128 being unavailable within the system. 
0027. When a transaction takes place, the two-phased 
commit protocol of the present invention is performed by the 
transaction coordinator 130 and the data manager 132. 
Transaction coordinator 130 checks to see the availability of 
data sources 120-128. In the example of FIG. 1, data source 
120 is unavailable. The transaction coordinator 130 allows 
the transaction to be performed on data Sources 122, 124, 
126, and 128, and the data manager 132 stores the transac 
tion on Storage device 102. The data manager 132, in 
conjunction with the transaction coordinator 130, also iden 
tifies which of the dataSources 120-128 were unavailable. In 
the example illustrated in FIG. 1, only data source 120 is 
unavailable, but data manager 132 can log any number of 
transactions and any number data Sources that are unavail 
able to data Storage device 102, which is called the data log. 
Storage device 102 then Stores the transaction in a manner 
consistent with a FIFO queue, to allow the transaction to be 
time-ordered properly. 
0028. Once data source 120 becomes available, transac 
tion coordinator 130 Sends a signal to data manager 132, 
which checkS data Storage device 102 to See if there are any 
transactions that need to be logged to data Source 120. If 
there are, data manager 132 routes those transactions Stored 
in data Storage device 102 in time-ordered fashion to data 
Source 120. This action of Sending the logged transactions 
synchronizes data source 120 with data sources 122-128. 
0029 Logic of the Database Replicator 
0030 FIGS. 2A-2C are flowcharts that illustrate exem 
plary logic performed by the transaction coordinator 130 and 
data manager 132 according to the present invention. 
0031) Block 200 represents the computer 100 waiting for 
an event. If the event is a transaction, computer 100 uses the 
exemplary logic of FIGS. 2A-2C; otherwise, other functions 
and/or logic is performed by the computer 100. 
0032 Block 202 represents the transaction coordinator 
130 receiving a “begin transaction” request from a data 
Source 120-128. Control then transfers to block 204, which 
represents the transaction coordinator 130 marking the trans 
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action as beginning. Control then transferS to block 206, 
which represents the transaction coordinator 130 verifying 
the Status of all participants in the System. The Status of all 
participants is noted and recorded by the transaction coor 
dinator. The remainder of the flowcharts of FIGS. 2A-2C are 
dependent on the Status recorded for each data Source 
120-128. The discussion relating to the remainder of FIGS. 
2A-2C is a tree Structure to enable transaction coordinator 
130 to mark all data Sources 120-128 and traverse the 
flowchart in a parallel and/or Serial fashion. 
0033) Once transaction coordinator 130 has recorded the 
status of all data sources 120-128, control passes to block 
208, which is a decision block representing the transaction 
coordinator 130 verifying the status of all data sources 
120-128. For those data Sources 120-128 that are in the 
“Active' state, control passes to block 210. For those data 
Sources 120-128 that are not active, control passes to block 
212. Block 210 represents the transaction coordinator 130 
Sending a “begin transaction' message to all active data 
Sources 120-128. Control then transfers to decision block 
214. 

0034 Block 212 represents the transaction coordinator 
130 marking the status of non-active data source 120-128 as 
“logged.” In the example of FIG. 1, data source 120 would 
be marked as having a logged Status. Control then passes to 
point A 216. 
0.035 Block 214 is a decision block representing trans 
action coordinator 130 determining whether data sources 
120-128 failed during the begin transaction Sequence initi 
ated in block 210. If the data sources 120-128 report to the 
transaction coordinator 130 that they have failed, then 
control transfers to block 218 for those dataSources 120-128 
that failed, and transaction coordinator 130 marks those data 
Sources 120-128 as having a “failed” status. Control then 
transfers to point A 216. 
0036). For those data sources 120-128 that do not fail 
during the begin transaction Sequence of block 210, control 
passes to block 220, which represents the data manager 132 
receiving transactional data. Control then transferS to block 
222, which represents the data manager 132 Sending the 
transactional data to the active data Sources 120-128. Con 
trol then transfers to block 224. 

0037 Block 224 is a decision block that represents the 
transaction coordinator 130 determining whether any of the 
data sources 120-128 failed during the data transmission 
sequence of blocks 220 and 222. If any of the data sources 
120-128 did fail, control transfers to block 218, where the 
failed data Sources 120-128 are marked as failed. If none of 
the data sources 120-128 failed, control transfers to point B 
226. 

0038) Referring now to FIG. 2B, from point B 226, 
control transfers to block 228, where the transaction coor 
dinator receives a commit transaction parcel command and 
Sends a prepare transaction parcel to the active participants 
in the network. Control then transfers to decision block 230. 

0.039 Decision block 230 is a decision block representing 
the computer determining whether any of the participants 
120-128 have become unavailable during the prepare parcel 
processing. If so, the participants 120-128 that have become 
unavailable are marked as failed in block 232, and control 
passes to point A 216. If not, the transaction coordinator 
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receives a prepare acknowledge parcels from the active 
participants. Control then transfers to decision block 236. 
0040 Decision block 236 is a decision block representing 
the transaction coordinator 130 determining whether any of 
the participants have Sent a fail Status during the prepare 
transaction parcel processing. If So, control transferS to 
block 238, where the transaction coordinator 130 aborts the 
transaction. Control then transfers to block 240, where the 
transaction coordinator 130 sends a failure status to the 
Source system 100. Control then transfers to block 242, 
where the transaction coordinator 130 waits for additional 
input. 

0041) If there is not a fail status detected in block 236, 
control transferS to block 244, where transaction coordinator 
130 marks the transaction as committed. Control then trans 
fers to block 246, where the transaction coordinator 130 
Sends the commit transaction parcel to the active participants 
120-128. Control then transfers to block 248, where the 
transaction coordinator 130 responds with a Successful Sta 
tus parcel to the source system 100, and then transfers 
control to block 242, where transaction coordinator 130 
waits for additional input. 
0042. Referring now to FIG. 2C, point A 216 transfers 
control to block 250, which represents the data manager 132 
logging transaction data for the participants 120-128 that are 
unavailable. Control then transfers to block 252, where data 
manager 132 Stores the transaction data in a data log for 
those participants 120-128 that are unavailable. Control then 
transfers to block 254, which represents data manager 132 
determining whether a participant 120-128 that was previ 
ously unavailable is now available to Send transaction data 
to. If there are no new participants 120-128, control loops 
around block 254. If there is a new participant 120-128, 
control transfers to block 256, where data manager 132 
determines if the state of the new participant 120-128 is 
marked as logged. If So, control passes to block 258, where 
the data manager 132 ships the data log to the participant 
120-128. Control then passes to block 242, where data 
manager 132 waits for additional input. 
0043. If the state of the new participant 120-128 was not 
logged, control passes to decision block 260, where data 
manager 132 determines if the transaction was marked as 
committed. If so, control transfers to block 262, where the 
data manager 132 sends the commit transaction parcel to the 
new participant 120-128. If not, control passes to block 264, 
where the data manager 132 sends the abort transaction 
parcel to the new participant 120-128. Control transfers 
from blocks 262 and 264 to block 242. 

0044) Conclusion 
004.5 This concludes the description of the preferred 
embodiment of the invention. The following describes some 
alternative embodiments for accomplishing the present 
invention. For example, any type of computer, Such as a 
mainframe, minicomputer, or personal computer, could be 
used with the present invention. In addition, any Software 
program utilizing (either partially or entirely) a database 
could benefit from the present invention. 
0046. In summary, the present invention discloses a 
method, apparatus, and article of manufacture, for perform 
ing a two-phase commit protocol for a transaction in a 
System having a plurality of data Sources. An availability 
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Status is verified for all of the data Sources, and the two 
phase commit protocol for the transaction is completed for 
those data Sources that are available, while the transaction is 
logged for data Sources that are unavailable. 
0047 The foregoing description of the preferred embodi 
ment of the invention has been presented for the purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed. 
Many modifications and variations are possible in light of 
the above teaching. It is intended that the Scope of the 
invention be limited not by this detailed description, but 
rather by the claims appended hereto. 
What is claimed is: 

1. A method of performing a two-phase commit protocol 
for a transaction in a System having a plurality of data 
Sources, comprising the Steps of: 

Verifying a status of the data Sources during at least one 
point in time during the transaction; 

continuing with the two-phase commit protocol for the 
transaction with a transaction controller for data 
Sources that respond with an available Status at the time 
of Verification; and 

logging the transaction for data Sources that respond with 
an unavailable Status at the time of Verification. 

2. The method of claim 1, wherein the data Source is a 
database. 

3. The method of claim 1, further comprising the step of 
completing the transaction for unavailable data Sources 
when the unavailable data Sources become available data 
SOUCCS. 

4. The method of claim 1, wherein the Step of completing 
further comprises Step of completing transaction in a time 
ordered Sequence. 

5. The method of claim 1, further comprising the steps of 
reverifying the Status of a data Source that previously 
responded as having the available Status but responds with 
an unavailable Status at the time of reverification; and 
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logging a remainder of the transaction for the data Source 
that responds with an unavailable Status at the time of 
reverification. 

6. The method of claim 1, wherein the Step of logging is 
performed by a data manager. 

7. The method of claim 1, wherein the Step of logging 
further comprises the Step of Storing the transaction in a data 
log. 

8. A computer controlled device for continuous access to 
a database coupled to a plurality of networked data Sources, 
comprising: 

(a) means, performed by the computer, for verifying a 
Status of the data Sources, 

(b) means, performed by the computer, for completing the 
two-phase commit protocol for the transaction with the 
data Sources having an available Status, and 

(c) means, performed by the computer, for logging the 
transaction for data Sources having an unavailable 
Status. 

9. A program Storage device, readable by a computer, 
tangibly embodying one or more programs of instructions 
executable by the computer to perform method steps of 
increasing access to a database coupled to a plurality of 
networked computers, comprising the Steps of: 

Verifying a status of the data Sources during at least one 
point in time during the transaction; 

continuing with the two-phase commit protocol for the 
transaction with a transaction controller for data 
Sources that respond with an available Status at the time 
of Verification; and 

logging the transaction for data Sources that respond with 
an unavailable Status at the time of Verification. 


