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Why Batches ?

A batch typically is a program designed to applgragions to a multitude of objects. This might be t
implement a part of the business logic of a systeto do technical mass operations like import exylort of
data, cleaning up, or checking data for errorss Plaiper focuses on batches running on a database se
implementing technical necessary operations asagdusiness logic.

An important use of database batches is to talddffahe primary transaction in business systeyns b
processing data during times of low server loadbthar important reason for implementing functiotyadis a
batch is to connect to neighbor systems to redangtexity in the overall system.

Some periodical tasks are of batch nature themsedvel are ideally implemented as a batch. For pbeam
payments due to the end of a month have to belatdclto a given date.

This paper discusses several ways to implement deagrocessing using a relational database system

As running example | will use a large software sgstmanaging (among other things) social securitgildefor
millions of people using a relational database.sBhdetails are altered during the day by the wsfdie system.
Nightly batch runs extract data and send the diffees to various institutions, e.g. health insuranéll data
sent has to be stored in the database so thearseable to review what data has been sent.

While speed is essential to process the load igitren time frame, there are several other forodset
considered.

A batch has to provide a means to stop and rgetacessing at any point. This is necessary to esuathnical
problem like unavailable neighboring systems oyway server loads. In times of lower loads morechas can
be started to use idle resources, while in timdaakasing server load batches have to be stojopenksure low
latency time for online users.

Batches have to be robust in dealing with unavkelabincomplete data. They should be able to mrstghe
processing of certain entries instead of exitinthwin error message. This is useful in case dagariporarily
locked by another process or is yet missing corapletf there is the possibility to successfullyppess the data
at a later time, it should be skipped for now. Batusually run without any user interaction duthngrun.

A batch using a database should always make falbfishe database’s transaction logic to prevest &f data
or inconsistent states in case of error. The bssitagic implemented by a batch may not prevenkingrin
“batches” of entries.

About this paper

This paper contains a first pattern out of a patteanguage for batch processing. It is based upttenms which
are only briefly described as pattlets at the drtti@paper. The following figure describes thetgrat discussed
in this paper and some patterns connected to it.
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Figure 1. Data selection pattern overview

A Day’'s Work

Context

You're usingNightly batches'. The input data for a batch is stored in tablésdfiby the online system. Newer
data may invalidate older data. The input dataaiostdata in various stages, new data as welhadidiated
data mixed with already processed data. The dailg thput is very high. For example the batch bas t
determine the differences between the newest odhitee and the already sent data to send the diffeseto
neighboring systems.

Problem
How do you select only the newest entries in realentime?

Forces

Online systemload: It is necessary to minimize the load of the ongstem. The load increases if the
application has to find and mark or delete evedyasitry when inserting new data.

Batch manageability: It should be possible to interrupt the batch awdanrt it at a later time to react to high
server loads.

Batch processing time window: Sometimes batches have to process data befemaéncdeadline. This means
they must be completed inside a predefined timalaun It should be possible to calculate an apprakémun
time.

Batch performance: Processing of the data should be as fast as p@s§his may be to minimize server costs or
to generally make the system easier to use byasagrg the free time for other tasks and reduciegigk of
being interrupted by events outside the scopeesttitware system.

Batch resource usage: There has to be a predictable upper bound of datbase locks, threads and memory.

! Patterns andPattlets will be typed in italic and are explained at tmel f the paper.
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Batch stability: The batch should be able to recover quickly fratalferrors. Fatal errors may be caused by
unavailability of neighbouring systems or technieabrs like no free file handles or not enougte freemory
and may occur any time.

It might be necessary to postpone the processismgfe rows of data if they are erroneous or ddjmgnon
external data not available at all times.

Batch maintainability: It should be easy to understand the program cbttedatch program. This also means
the data selection method should be easy to impleme

Solution

Select the data by the timestamp of their creatidlast update. This is easy to implement since déien has a
timestamp. It is easy to add a timestamp fielceéaed.
All data with a timestamp newer than the last batchis selected.
The most simple way to implement a transactiomuatienvould then be (in pseudo SQL):
sel ect <dat a>
from <t abl es>
where tinestanp >= <date of real |ast conpleted run>

ID Data ... Timestamp

47110815 2006-04-04 10:57:22
32420816 2006-04-04 09:44:30
10070800 2006-04-04 08:32:01
47110802 2006-04-03 23:13:49
10120808 2006-04-03 22:45:40
47110803 2006-04-03 20:02:16

Table 1: Relational data ordered by their timestamp

If the last batch run ended 2006-04-04 at 06:32ti8{irst three rows of Table 1: Relational datdeved by
their timestamp would be selected.

The date and time of the last batch run must basiete the transaction implementing the batchdagiensure
a consistent state in case of a fatal error. Ay &gy to implement this is to store this data ia $ame database
as the input data. This means the processing Haes ¢completed within a single transaction.

Consequences

Online system load: Since a batch may consume a lot of database keEgur may slow down the application
servers too much. This means the batches can enlgiuring times of low online system load.

Batch manageability: It is not advisable to stop the processing inaleein and restart later from the same point.
If stopped, everything has to be rolled back andame, losing all processing already done and edeling
additional effort to restore a consistent state.

This also means it is not possible to fine-gram phocessing interval. This also decreases thalthagistem
stability, since it cannot react properly incregsamd decreasing server loads.

Batch processing time window: If batches have to be finished at certain times, lyave to create a batch
schedule to ensure the timely completion of critiaaks. You might usHightly Batches whenever possible
make better use of limited time windows. It is imapible to create a useful schedule if the batctime cant be
predicted. If it is critical to stop the processaiga certain time this pattern is not applicalila.batch has to be
stopped after exceeding its time window, everythinglled back and may lead to the same probletimeahext

try.

Batch performance: All data is automatically marked as old by thesiag of time, no entry needs to be marked.
This reduces the processing overhead used to mémageata.

Invalidated entries are simply ignored by not régay them for processing. This means all data baetread
sorted by timestamp (among other criteria). Datalireg is fast because there is virtually no praogss
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overhead. If data is sorted by criteria other ttientimestamp, additional indexes on these ate&ibhave to be
created to ensure efficient reading from the iripbtes.

Batch resource usage: This technique is only useful if the size of tleadwhich has to be processed in one batch
run is small enough to be processed in a singktbdat transaction interval. If the needed procgssiter of

the data is not the timestamp, interconnected miataotherwise end up in different technical tratisas.

This solution creates an upper bound for the datatbe batch is able to handle. If the size islénge, the batch
cannot guarantee limits for used database resoukagay around this is to implement a custom ratlba
mechanism which works with several technical tratieas. But this means a lot of extra developirfgréfand
ignores one of the main advantages of using a dsgafystem.

Batch stability: It is not possible to partition the input datal @ta of the selected time interval has to be
processed in one technical transaction.

Different rows may contain data of the same objegt, a row of data containing base data of ancolbjed
several additional rows containing additional imfiation. If the business logic requires this datadgrocessed
together it has to be done in the same technigatéiction or else the database rollback mechanamt w
guarantee a consistent state of all data.

While it is possible to postpone processing of emus entries, a fast recovery from a fatal es oot possible.
All data manipulated since the date of the lastmleted run has to be rolled back to its state leefloe batch
run. This is very costly.

If the time window for batch execution is very shaaid the batch cannot be started for some tinreré@msons
the batch cannot control), data piles up in theiingble, increasing the time needed to procesnélies. The
resolution of the timestamp determines the mininpamition size. E.qg. if the timestamp consists wfly date
without time information, it is not possible to paon the input data on a smaller scale than a tfale time
window for running the batch becomes too smathight even become unusable at all. So this seleatiethod
is only useful if there is a low risk of fatal ersaduring the daily run.

The database locking level on the used tablesdanfias processing strongly. If page locking modeisising
more than one thread, the batch may run into aldeladn page locking mode, only memory pages ef th
database system are locked, not single rows. $hufien done to reduce the number of used locksuse lock
management causes additional overhead. If threla@isAocked page number 100 and is waiting to lagep
number 101, while thread B has locked page numbgras is now waiting for page number 100, theybata
deadlocked. This may happen since data is disetbaver memory pages in any order. The only waystothis
pattern with multi-threaded batches is with rowkiog on all tables that are both read from andtamito.

If row locking is used, the usage of database lonkeases. Consider that there is not only orle p&ec row,
but also one extra lock per index on that tablas @lecreases the stability of the batch since #tabdise might
run out of locks, terminating the batch when retjngdocks over the limit.

Batch maintainability: This solution for selecting the data is relativeimple to implement, therefore the source
code can be made easier maintainable.

Resulting Context

To limit the database resources used concurregttiid batch, it is possible to introduc@ransaction Interval
into the batch by committing the processed datx aftonfigured number of records. But this ontyits the
resource usage. If one commit fails, all othersehavbe rolled back by the batch. It is therefareadvisable to
have the logical transaction size different from thchnical transaction size.

A simple solution for decoupling the online systend the batch processing is usingransfer Table. The
online system only writes into that table while trech reads from it. The batch may delete entrgam the
transfer table to keep it small without botherihg tnline system with comparing data.

You might want to use @lean-Up Batch to delete the processed entries from the tramsifide to decouple
processing and deleting of the transfer data.

Postponing processing of certain entries can be dsimg arkrror Table. But you have to make sure the data
doesn'’t get deleted before it is re-processed. VWWaking with aclean-up batch, this batch also has to care for
that.
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Pattlets

“Nightly Batches”

How do you organize batches when the online pesfggbur system is restricted to the working hours ifew
adjacent time zones? Use the night time to rumétehes according to a fixed batch schedule.

“Transfer Table”

How do you decouple producers and consumers wisieltata stored in the same tables ? Copy the alatiaef
consumer into a specially designated transfer taidedelete it when processed. This may be uskeep the
primary transaction smaller by moving work to acsetary transaction,

“Database Transaction Interval”

How do you ensure consistent data in case of ema@adatch run? Always use the transaction logihe
database by sending begin/commit pairs at the begjrand end of the program. Try not to split upehnical
transaction into smaller transactions, because¢hiders the rollback mechanism of the databadeassde
careful to have a consistent state at each commibwwill be forced to implement your own rollbacgeration
manually. To limit the use of database resources dommit and new begin after a block of dataleen
processed. Be extremely careful when working with {or more) databases.

“Error Table”

How do you postpone processing of certain entrisglé alransfer Table ? Use a second table to store the
identifiers of the erroneous entries. Process thefare the next batch run. Make sure the entriesiat deleted
before re-processing or invalidation.

“Sequence Number”

How do you ensure unique identifiers for datababées? Use the built-in mechanism of database &haigbles
(often called “sequences”). These are state vasatbntaining a number which is increased every itns
read.

“Configurable Transaction Interval”

How do you optimize the usage of database resowitksut knowledge of the productive load charastes?
Make the size of the transaction interval confitheaThis is easily achieved by adding a varialoletaining the
maximum transaction interval size allowed. An ewgore flexible solution would be to store the coofigtion
variable in a file or the database itself and p#dally read it. This allows adjusting the trangaetsize during
run time,

The pattern adds to safety, robustness and rdsitayteand greatly supports running a batch wicibsting only
little effort.

“Clean-Up Batch”

How do you split processing of data and deletingrafsed input data in batches? Create a seconid batc
concerned only with cleaning up outdated data. $hjports batch stability and multi-threading siteses locks
are used during the normal batch run.
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