








Force vrs REDO Logging?� REDO logging nevertheless complicates recovery.To see why let us look at the system from theperspective of fault-tolerance.� system availability = MTTFMTTF+MTTR.{MTTF = mean time to failure.{MTTR = mean time to repair.� Not forcing objects onto the disk at transactioncommit time may result in the copy of thedatabase on the disk rapidly diverging from thecurrent state of the database (recall that TPsystems may be running at 1000 tps).� Thus, if we do not force objects onto the disk attransaction commit, as the state of the databaseon the disk diverges from the current databasestate, MTTR will keep increasing thereby reducingsystem availability in the case of faults.



Checkpointing� To reduce MTTR (thereby increasing systemavailability) we need to explicitly checkpoint thedatabase periodically. A checkpoint brings thedatabase on disk in sync with the current databasestate.� There are two strategies for checkpointing{{ synchronous: stop processing transactions.Make the state of the database on the diskcurrent. Restart transaction processing (simple).{ Asynchronous: the checkpointing goes onconcurrently with the transaction processing(complicated).� Since TP systems provide online transactions,asyncronous checkpointing is preferable tosynchronous checkpointing.



Write Ahead Logging� REDO log records are made stable before thetransaction commits. What about UNDO logrecords?� Note that UNDO log records are used to reinstallthe state before the modi�cation of an object incase of system failure before the transactionsuccessfully executes a COMMIT WORK.� )the UNDO log record for an object must bemade stable before the modi�ed object iswritten to the stable database.� The above rule is referred to as write aheadlogging (WAL).



Overview of Transaction Management� Assume the system contains only a single resourcemanager { say an SQL database called SQLDB.� The application programs send requests for service(possibly multiple times) to the SQLDB (using aTRPC).� Concurrent execution of the applications mayresult in loss of isolation.� To ensure isolation, transactions acquire locks.� Locks are held until the transaction commits oraborts.� Issues we will study in later classes:{ formal model of concurrency and isolation.{ lock implementation.{ granularity of lock{ tuple, page, relation,etc.



Overview of Transaction Management with aSingle Resource Manager� So far, we have studied basic transactionmanagement issues in case applications access asingle resource manager.{ Resource manager acquires (and release) locksfor transactions.{ Resource manager writes log records (possiblyboth UNDO and REDO logs) for transactions toensure atomicity and durability in the presenceof failures.{ If an application requests a transaction abort,then UNDO logs are used to reinstate the oldstate of the object before the execution of thetransaction.{ If a system failure occurs,� REDO logs used reinstall the e�ects of thecommitted transactions.� UNDO logs used to remove e�ects oftransactions that have not committed.
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� A transaction may access multiple resourcemanagers.� Resource managers may be located at the samenode or distributed over the network.� Each resource manager acquires locks and writeslog records for the transaction.� Resource managers can execute ABORT WORKasynchronously.� Can COMMIT WORK be executed asynchronouslyby the resource managers?



Executing the Commit Operation� Atomicity of the transaction dictates that either allthe resource managers commit the transaction orall abort the transaction.� Consider a transaction T that executes at tworesource managers R1 and R2.� Say the system sends COMMIT WORK to the R1and R2 asynchronously.� It is possible that R1 aborts T{ a failure occurs before the REDO logs of Twritten by R1 have been forced to stable storage.{ Committing T may violate the consistency ofR1.� Transaction T may abort at R1 and commit at R2.� Thus, if resource managers asynchronously executeCOMMIT WORK, loss of atomicity may result.



Two-Phase Commit Protocol� To process COMMIT WORK a two-phase commitprotocol (2PC) is used.� The transaction manager sends a PREPARErequest to each of the resource manager at whichthe transaction executes.� Each resource manager votes: YES (commit) orNO (abort), and responds to the transactionmanager with its vote.� A resource manager votes YES only if its REDOlogs have successfully been forced onto stablestorage and all the integrity checks have beensuccessful.� A vote YES is a guarantee by the resourcemanager that if asked to do so, it will surelycommit the transaction.� If each resource manager votes YES, the TMdecides to commit the transaction. Else, if someresource manager votes NO, then the TM decidesto abort the transaction.� The TM sends its vote to the resource managers.� Issues we will study later: failures during 2PC, 2PCoverhead, 2PC in distributed environment.



What have we learnt so far� Transactions may access data managed by multipleresource managers.� Resource managers acquire locks and write logrecords (possibly both UNDO and REDO)� To commit a transaction, a 2PC protocol is used.� Let us now return to our original goal ofunderstanding how a transaction 
ows in a TPsystem and how the components of the TP systeminteract to ensure ACID properties.



Flow of a Transaction Through the System
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� Recall that an application begins a transaction byexecuting a BEGIN WORK.� A BEGIN WORK is a TRPC to the transactionmanager (TM)� The TM responds to the BEGIN WORK request byassigning a transaction identi�er (TRID) whichuniquely identi�es the transaction.� All future TRPCs of the transaction carry withthem the transaction's TRID.
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� TM keeps trace of the resource manager thatexecute on behalf of a transaction.� To facilitate this, the TP monitor carrying theTRPC checks if the resource manager has alreadychecked in with the TM for the current transaction.If not an appropriate call is made to the TM.� A COMMIT WORK and ABORT WORK areTRPCs to the TM.� On the receipt of the ABORT WORK, the TMsends TRPC to resource manager's to executeABORT WORK for the transaction.� On the receipt of the COMMIT WORK, TMcoordinates the execution of the 2PC with theresource managers.



Resource ManagersResource Managers in a TP system can be classi�edinto two types:� Transactional Resource Managers: those that o�eran interface for the execution of transactions.� Simple Resource Managers: those that do not o�ersuch an interface.



Tranasctional Resource Manager Interface
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on application� A resource manager interface supports multipleentry points for the execution of the transactions.{ RM CALL(: : :): for the execution of regularservice requests.{ RM UNDO, RM REDO, RM ABORT,RM COMMIT, RM PREPARE,RM CHECKPOINT: to support transactions orimplementation of ACID properties.{ RM INSTALL, RM REMOVE, RM STARTUP,RM SHUTDOWN: for the TP monitor tomanage the resource manager.



Simple Resource Managers� Not every resource manager in the system istransactional{ that is support an interface toparticipate in a 2PC, abort, checkpoint, etc.� Simple resource manager's can participate in atransaction but should not modify any durabledata{ since they do not do any logging and do notparticipate in the 2PC.� Thus, the ACID properties of the computations inthese simple resource managers is controlled bythese resource manager's themselves.� Simple resource managers can still make calls(TRPC) to the other resource managers thatcontrol durable data.� The TP monitor carrying the TRPC ensures thatthe resource managers join the transaction (byregistering it to the TM) { notice the importanceof associating TRID's with the TRPCs.



So far We have Seen : : :� A TP system consists of:{ Resource managers.{ Application managers.{ Transaction manager, log manager, lockmanager.{ TP monitor.� TP monitor supports TRPCs that enables di�erentresource managers to request work from each otherand to utilize the services of the log, lock andtransaction managers for ensuring ACID propertiesof transactions.� Each resource manager (if it is to manage durable,shared data) must support an appropriate interface.



Other Responsibilities of the TP Monitor� Client authentication and authorization.�Managing server classes and load balancing.� Context Management.� Restart, Recovery, Resource manager installation,closeup.� Request and Response Queue management.



TP System Process Structure� One OS Process per terminal:too many processes (as high as 105), toomany �le control blocks, too many processswitches.� Only one OS process for all terminals: E.g., CICS,ComPlete.huge process, cannot exploit multiprocessorarchitecture, single process may become abottleneck, page fault will block entiresystem, no fault containment.�Many servers, one scheduler: E.g., IMS/DC.single monitor process may become abottleneck.�Many servers, many schedulers: E.g., DEC ACMS,Tandem Pathway.



Server Class Management
� The TP monitor routes a service request to theresource manager.� A resource manager is typically implemented as acollection of processes (possibly light-weightthreads that share most of their address space).� The TP monitor at the startup of the resourcemanager creates server processes | server class.� At run time, the TP monitor assigns a serverprocess to the service request.� It may assign an available process, dynamicallycreate a new process, or make the request wait in aserver queue.� The TP monitor is responsible for load balancingof the server class.



Context ManagementA resource manager maintains two types of context:� Session Context: the state of the resourcemanager within a session {e.g., autheticationinformation, SQL cursor, value of some localvariables.� Transaction Context: the state of the resourcemanager with respect to the transaction{ e.g., thelocks maintained for a transaction, log recordswritten for a transaction, value of some localvariables.



Sessions� A given client may make multiple calls to the sameresource manager{ either on behalf of the sametransaction, or on behalf of multiple di�erenttransactions.� Di�erent invocations of the resource manager by agiven client are independent of each other(context-free, stateless), or the work that resourcemanager performs depends upon the previousinvocations (context-sensitive,stateful).� If the invocations are stateful, the client and theserver are said to be in session.� Example of a session within a transaction: clientacting within a transaction repeatedly requests theSQL database for the next record. Context in thiscase is the cursor.� Example of a session that spans multipletransactions: Consider using a bank card on anATM machine. Entry of the password correspondsto starting a session with the account manager.Multiple independent transactions (e.g., withdraw,balance inquiry) may be executed within the



session. Removing the card from the ATMcorresponds to closing the session. The context insuch a session includes customer's password.



Transaction Context� A resource manager besides maintaining contextrelated to sessions it participates in, needs also tomaintain transaction context. Example oftransaction context is locks, logs, other programvariables.� Recall that a resource manager may be called onbehalf of the same transaction multiple times bydi�erent clients.� The resource manager can maintain thetransaction context since it can identify that thecalls from the di�erent clients are for the sametransaction using the TRID.� Note that session context and transaction contextare di�erent concepts.



Techniques for Context Maintainance� The TP monitor maps a session (transaction) to aunique process in the server class for the entireduration of the session (transaction). This processexecutes exclusively on behalf of the session(transaction).� The client and resource manager pass the relevantcontext back and forth explicitly with each requestand reply. This scheme is applicable for managingonly session context.� Server process writes the relevant context to acontext database. This database may be private tothe resource manager or provided by the TPmonitor. Before processing a request, serverprocess reads the relevant context from the contextdatabase.� All servers of the same server class (i.e., executingfor the same resource manager) share a segment ofread/write memory in which invocation context iskept. Synchronization of this shared memory isdone by the servers.



Durable Queues
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client� Direct Transactions: in which the user interactsdirectly with the server programs handling therequest (syncronous transaction processing).� Queued Transactions: a system provides requestand response queues. The requests are put in arequest queue, the system asyncronously processesthe requests and puts the answer in the answerqueue.� TP system implements durable queueing service forasyncronous transaction processing.



Durable Queueing Service� Request-Reply matching: system guarantees thatfor each request there is a reply.� Exactly once Request Handling: system executesrequest exactly once.� At least once Response Processing: the client isguaranteed to receive the reply at least once.



Client Model Supported by Durable Queues
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Summary of Transaction Processing Systems� Transaction: ACID computation units.� TP systems: large systems, 1000's of terminals,gigabytes of data, 100's of processors.� Performance requirements: 0 downtime and 1000'sof transactions per second.� TP system components: presentation and terminalservices, log and lock manager, transacitonmanager, TP monitor.� TP monitor is similar to an OS:{ monitoring and and maintainance of the TPsystem components.{ Providing an environment in which componentscan interact for implementing transactions.{ TRPC, context management and binding, serverclass management, startup and shutdown,queuing services.



TP Monitor Responsibilities� Supports TRPC for communication betweenresource managers.� Permits (possibly multivendor, heterogeneous)resource managers to participate in a transaction.� Context Management.� Client authentication and authorization.�Managing server classes and load balancing.� Restart, Recovery, Resource manager installation,closeup.� Request and Response Queue management.



Next Few Classes� Formal model of concurrency control in databasesystems.� Concurrency control algorithms.




