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Abstract

Long hved transactions (LLTs) hold on to
database resources for relatively long periods of
time, significantly delaying the termunation of
shorter and more common transactions To
alleviate these problems we propose the notion of
a saga A LLT 1s a sagaif 1t can be written as a
sequence of transactions that can be imterleaved
with other transactions The database manage-
ment system guarantees that either all the tran-
sactions 1 a saga are successfully completed or
compensating transactions are run to amend a
partial execution Both the concept of saga and
its implementation are relatively simple, but they
have the potential to improve performance
significantly We analyze the various implemen-
tation 1ssues related to sagas, including how they
can be run on an existing system that does not
directly support them We also discuss tech-
niques for database and LLT design that make 1t
feasible to break up LLTs into sagas

1. INTRODUCTION

As 1ts name ndicates, a long lted transac-
fion 15 a transaction whose execution, even
without interference from other transactions,
takes a substantial amount of time, possibly on
the order of hours or days A long lived transac-
tion, or LLT, has a long duration compared to
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the majority of other transactions either because
1t accesses many database objects, 1t has lengthy
computations, 1t pauses for inputs from the users,
or a combmation of these factors Examples of
LLTs are transactions to produce monthly
account statements at a bank, transactions to
process claims at an insurance company, and
transactions to collect statistics over an entire
database [Gray8la]

In most cases, LLTs present serious perfor-
mance problems Since they are transactions, the
system must execute them as atomic actions, thus
preserving the consistency of the
database [DateSla,Ullm82a] To make a tran-
saction atomic, the system usually locks the
objects accessed by the transaction until it com-
mits, and this typically occurs at the end of the
transaction As a consequence, other transac-
tions wishing to access the LLT’s objects suffer a
long locking delay If LLTs are long because they
access many database objects then other transac-
tions are likely to suffer from an increased block-
mg rate as well, 1e they are more hkely to
confhict with an LLT than with a shorter transac-
tion

Furthermore, the transaction abort rate can
also be increased by LLTs As discussed
in [Gray81b), the frequency of deadlock 15 very
sensitive to the “size” of transactions, that 1s, to
how many objects transactions access (In the
analysis of [Gray81lb] the deadlock frequency
grows with the fourth power of the transaction
size ) Hence, smce LLTs access many objects,
they may cause many deadlocks, and correspond-
mgly, many abortions From the pomt of view of
system crashes, LLTs have a higher probability of
encountering a failure (because of theiwr duration),
and are thus more hkely to encounter yet more
delays and more likely to be aborted themselves

the saga tables to discover the status of pending
sagas This scan would be performed by submt-
ting a database transaction The TEC will only
execute this transaction after transaction
recovery 1s complete, hence the SD will read con-
sistent data Once the SD knows the status of
the pending sagas, 1t 1ssues the necessary compen-
sating or normal transactions, just as the SEC
would have after recovery Care must be taken
not to interfere with sagas that started right
after the crash, but before the SD submutted 1ts
database query

After the TEC aborts a transaction (eg,
because of a deadlock or a user imtiated abort),
1t may sumply kill the process that imtiated the
transaction In a conventional system this may
be fine, but with sagas this leaves the saga
unfimshed If the TEC cannot signal the SD
when this occurs, then the SD will have to period-
1cally scan the saga table searching for such a
situation M found, the corrective action 1s
immediately taken

A running saga can also directly request
services from the SD For instance, to perform an
abort-saga, the abort-saga subroutine sends the
request to the SD and then (if necessary) executes
an abort-transaction

8. PARALLEL SAGAS

Qur model for sequential transaction execu-
tion within a saga can be extended to include
parallel transactions This could be useful in an
application where the transactions of a saga are
naturally executed concurrently For example,
when processing a purchase order, 1t may be best
to generate the shipping order and update
accounts receivable at the same time

We will assume that a saga process (the
parent) can create new processes (children) with
which 1t will run in parallel, with a request simi-
lar to a fork request in UNIX The system may
also provide a jomn capabiity to combine
processes within a saga

Backward crash recovery for parallel sagas
15 similar to that for sequential sagas Within
each process of the parallel saga, transactions are
compensated for (or undone) in reverse order just
as with sequential sagas In addition, all compen-
sations 1 a child process must occur before any
compensations for transactions mn the parent that
were executed before the child was created
(forked) (Note that only transaction execution
order within @ process and fork and join informa-

tion constramn the order of compensation If T
and T'; have executed m parallel processes and
T, has read data wntten by T, compensating
for T; does not force us to compensate for Ty
first )

Unlike backward crash recovery, backward
recovery from a saga failure 1s more complicated
with parallel sagas because the saga may consist
of several processes, all of which must be ter-
minated For this, 1t 15 convenient to route all
process fork and join operations through the SEC
so 1t can keep track of the process structure of
the saga When one of the saga processes
requests an abort-saga, the SEC kills all processes
nvolved in the saga It then aborts all pending
transactions and compensates all committed ones

Forward recovery 1s even more comphcated
due to the possibiity of “inconsistent” save-
pomnts To illustrate, consider the saga of Figure
81 Each box represents a process, within each
box 1s the sequence of transactions and save-
points (sp) executed by the process The lower
process was forked after T1 committed Suppose
that 78 and T'5 are the currently executing tran-
sactions and that save-pomnts were executed
before T and T'5

T0'l:l—>T2—>T8

= T4 —-.—i- TS

Figure 8 1 - Parallel Sage

At this pomnt the system fails The top pro-
cess will have to be restarted before TZ There-
fore, the save-point made by the second process 1s
not useful It depends on the execution of TI
which 1s being compensated for

This problem 15 known as cascading roll
backs It has been analyzed mn a scenarno where
processes communicate via messages or shared
data objects [Hadz82a,Rand78a] There 1t 1s
possible to analyze save-point dependencies to
arrve at a consistent set of save-pomnts (if 1t
exists) The consistent set can then be used to
restart the processes With parallel sagas, the
situation 15 even simpler since save-pomnt depen-
dencies arise only through forks and joins, and




(fork) of compensating actions in the event
that any of the steps in the workflow fails
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/**
* Event
* /
class OrderPlaced

{

private SorderId;
private SnumberOfSeats;

public function __ construct($SorderId, S$numberOfSeats)

{
Sthis->orderId = SorderId;
Sthis->numberOfSeats = SnumberOfSeats;
}
public function orderId()
{
return Sthis->orderId;
}
public function numberOfSeats|()
{
return Sthis->numberOfSeats;
}



/**
* Command
* /
class MakeSeatReservation

{

private SreservationId;
private SnumberOfSeats;

public function __ construct($SreservationId, S$numberOfSeats)

{
Sthis->reservationId = SreservationId;
Sthis->numberOfSeats = SnumberOfSeats;
}
public function reservationId()
{
return Sthis->reservationId;
}
public function numberOfSeats|()
{
return Sthis->numberOfSeats;
}



/ **
* Event
*/
class ReservationAccepted

{

private SreservationId;

public function __ construct($reservationId)

{
Sthis->reservationId = SreservationId;
}
public function reservationId()
{
return Sthis->reservationId;
}



/ **
* Event
*/
class ReservationRejected

{

private SreservationId;

public function __ construct($reservationId)

{
Sthis->reservationId = SreservationId;
}
public function reservationId()
{
return Sthis->reservationId;
}



/**
* Command
* /
class MarkOrderAsBooked

{

private SorderId;

public function __ construct($orderId)

{
Sthis->orderId = SorderId;

}



/**
* Command
* /
class RejectOrder

{

private SorderId;

public function __ construct($orderId)

{
Sthis->orderId = SorderId;

}



class ReservationSaga extends Saga
implements StaticallyConfiguredSagaInterface

private ScommandBus;
private SuuidGenerator;

public function __ construct
CommandBus ScommandBus,
UuidGeneratorInterface SuuidGenerator

) o

Sthis->commandBus = ScommandBus;
Sthis->uuidGenerator = SuuidGenerator;

// ..



class ReservationSaga extends Saga
implements StaticallyConfiguredSagaInterface

{
/] ..
public static function configuration()
{
return |
'OrderPlaced' => function (OrderPlaced Sevent) {
return null; // no criteria, start of a new saga
}o
'ReservationAccepted’ => function (ReservationAccepted Sevent) {
// return a Criteria object to fetch the State of this saga
return new Criteria(]
'reservationId' => Sevent->reservationId()
1)
}o
'ReservationRejected’ => function (ReservationRejected S$Sevent) {
// return a Criteria object to fetch the State of this saga
return new Criteria(]
'reservationId' => Sevent->reservationId()
1)
}
17
}



class ReservationSaga extends Saga
implements StaticallyConfiguredSagaInterface

// ..

public function handleOrderPlaced
OrderPlaced Sevent,
State Sstate

) {
// keep the order id,
// for reference in "handleReservationAccepted()"
// and “handleReservationRejected()"
Sstate->set('orderId', Sevent->orderId());

// generate an id for the reservation
SreservationId = Sthis->uuidGenerator->generate();
Sstate->set( 'reservationId', SreservationId);

// make the reservation
Sthis->commandBus->dispatch(
new MakeSeatReservation($reservationId, S$event->numberOfSeats())

) 7

return Sstate;



class ReservationSaga extends Saga
implements StaticallyConfiguredSagaInterface

{
/7 ..

public function handleReservationAccepted
ReservationAccepted Sevent,
State S$state
) |
// the seat reservation for the given order is has been accepted,
// mark the order as booked
Sthis->commandBus->dispatch(
new MarkOrderAsBooked(S$Sstate->get('orderId'))

) 7

// the saga ends here
$Sstate->setDone();

return Sstate;



class ReservationSaga extends Saga
implements StaticallyConfiguredSagaInterface

// ..

public function handleReservationRejected
ReservationRejected Sevent,
State S$state

) o
// the seat reservation for the given order is has been rejected,
// reject the order as well
Sthis->commandBus->dispatch(
new RejectOrder($Sstate->get('orderId'))
) i
// the saga ends here
Sstate->setDone();
return Sstate;
}



class ReservationSagaTest extends SagaScenarioTestCase

{
protected function createSaga(CommandBus ScommandBus)
{
return new ReservationSaga(
ScommandBus,
new MockUuidSequenceGenerator (
[
'bfld2eal0-29f7-11e5"
]
) )i
}
/ **
* @test
*/
public function it makes a seat reservation when an order was placed()
{
Sthis->scenario
->when (new OrderPlaced('9d66£760-29f7-11e5', 5))
->then(|
new MakeSeatReservation('bfl42eal0-29f7-11e5', 5)
1)7
}



class ReservationSagaTest extends SagaScenarioTestCase

{
/] ..
/ **
* @test
*/
public function it rejects order when seat reservation was rejected()
{
Sthis->scenario
->given( |
new OrderPlaced('9d66£760-29f7-11e5', 5)
1)
->when (new ReservationRejected('bfl42eal0-29f7-11e5"))
->then(|
new RejectOrder('9d66£760-29f7-11e5")
1)3;
}



PROCESS MANAGER

/ ROUTING SLIP /




ENTERPRISE  +, j&
[NTEGRATION &
PATTERNS

PDESIeNING. BUILDING. AND
PDEPLOYINGMESSAGING SOLUTIONS

GREGOR HOHPE
Bossy WOOLF

Wit CONTRIBUTIONS BY

KYLE BROWN
ConrAD E D'Cruz
MARTIN FOWLER
SEAN NEVILLE
MICHAEL J. RETTIG
JONATHAN SIMON

Forewords by John Crupi and Martin Fowler




at maintains the state of the sequence c
processing steps and determines the next
step based on intermediate results






CTOPUS PATTERN




[AKEAWAYS




THANKS!

ANY llllESTIIlNS"




