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Abstract  

We present an execution model for distributed transactions that can be em- 
ployed for multidatabase systems. We use the Flex Transaction model that has 
been proposed as a highly general and flexible tool for the specification of distri- 
buted transactions and extend it by allowing nested and possibly recnrsive transac- 
tion specifications. We show how a given transaction specification and its execution 
model can be mapped into a representation in a new concurrent Prolog language, 
the VPL (Vienna Parallel Logic) language. The representation in VPL can be con- 
sidered as an executable specification. We show some optimizations concerning this 
mapping and define a significant subclass of Flex Transactions with a declarative 
representation in VPL that can be modeled by AND/OK structures. We argue that 
it is more advantageous to use VPL directly for the transaction specification bec- 
ause it provides more flexibility and more control aspects than the Flex Transaction 
model. 

1 I n t r o d u c t i o n  

A transaction model, called Flex Transactions [2, 8], has been proposed for the speci- 
fication of the control of multidatabase transactions. In particular, this model extends 
commonly used transaction models by allowing the transaction programmer to release 
the atomicity and isolation requirements [1]. Function replication is provided in that the 
goal of a local subtransaction can also be achieved by other subtransactions. This mo- 
del distinguishes between subtransactions that can be compensated and subtransactions 
that cannot be compensated after they have committed. Compensatable transactions, 
also called sagas [3], may commit before the global transaction completes and may the- 
refore reduce the lock time in local databases. As compensatable and non-compensatable 
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transactions are supported by the Flex Transaction model, we speak of mixed transac- 
tions. Flex Transactions specify the control plan, i.e., parallel or sequential execution 
of transactions due to given dependencies. However, Flex Transactions are not runnable 
transactions. For the transaction processing in a heterogeneous environment, we need 
(a) a specification model for the transaction control (we use Flex Transactions), and 
(b) an execution model for transactions. 

In Section 2, we extend the Flex Transaction model by allowing nested and recursi- 
vely defined Flex Transactions. A subtransaction may either be a transaction on a local 
database or again a Flex Transaction. We present an execution model for this extended 
definition and prove its correctness in Section 3. This model allows a maximum of paral- 
lelism: as soon as all pre-conditions for a subtransaction are fulfilled, this subtransaction 
may be scheduled for execution. The locking time in local databases is kept as short as 
possible by immediately committing compensatable transactions after they have succee- 
ded. This feature contributes to the autonomy of local database systems [7]. We assume 
that the corresponding local database systems provide the two phase commit protocol for 
non-compensatable transactions. 

In [5, 6] we have proposed a new concurrent logic programming language, the VPL 
(Vienna Parallel Logic) language. This language has been influenced by the family of 
concurrent Prolog languages [9] and provides explicit language constructs to control the 
parallelism. VPL differs from existing concurrent Prolog languages in many aspects: 
VPL is transaction oriented, supports the compensation of committed code, and allows 
full backtracking. Synchronization and communication in VPL is done by communication 
variables. Section 4 gives a brief survey of VPL. 

In Section 5 we show how a Flex Transaction specification can be mapped into a VPL 
program. This program can be considered as a runnable specification. We prove that 
the execution of this program is equivalent to the previously defined execution model 
concerning the produced output and the execution time. Next we prove that VPL's 
control mechanisms are at least as powerful as the Flex Transaction model. In particular, 
VPL provides even more mechanisms for the control of distributed transactions. We 
argue to use VPL directly as the specification language because there exists a significant 
subclass of Flex Transactions with a highly declarative representation in VPL: they can 
be modeled by AND/OR structures (Section 6). Thus, VPL can serve for the specification 
and execution of flexible multidatabase transactions. 

2 F lex  Transact ions  and Def in i t ions  

We give a definition of nested Flex Transactions and some definitions that we use to prove 
the correctness of the execution model in Section 3. Our definition of Flex Transactions 
differs from that in [2] and [8] in that also nested Flex Transactions are considered and 
only relevant internal dependencies are tested. 

Defini t ion 2.1 (Flex Transaction). A Flex Transaction T is a 5-tuple (D, -~s, -~F, H, C) 
where 
(a) D = {tx,. . . , tn} is a finite set of typed subtransactions called the domain of 2"; 
(b) the ordering relation ~s  specifies the success order of T (a partial order on D); 


