_____________________________________________________________

IC52C1 1 Tra nsaction

Transaction

A transaction is a collection of actions that make consistent transformations of system states while preserving systemconsistency.

¾ Concurrencytransparency

¾ Failure transparency

Database maybe

Database in a temporar ilyin an Database in a

consistent state inconsistent state consistent

during execution state

· ·

è ø

Begin Execution of End

Transaction Transaction Transaction

_____________________________________________________________

IC52C1 2 Tra nsaction

Transaction Example ˘

A Simple SQL Query

Transaction BUDGET_UPDATE

begin

EXEC SQL UPDATE J

SET BUDGET = BUDGET*1.1

WHERE JNAME = ^CAD/CAM~

end.

_____________________________________________________________

IC52C1 3 Tra nsaction

Example Database

Consider an airline reservation example with the relations:

FLIGHT( FNO, DATE , SRC, DEST, STSOLD, CAP)

CUST( CNAME , ADDR, BAL)

FC( FNO, DATE, CNAME, SPECIAL)

STSOLD = no of tickets sold

CAP = capacity

_____________________________________________________________

IC52C1 4 Tra nsaction

Example Transaction ˘

SQL Version

Begin_transaction Reservation

Begin

i nput ( flight_no, date, customer_name);

EXEC SQL

UPDATE FLIGHT

SET STSOLD = STSOLD + 1

WHERE FNO = flight_no AND Date = date;

EXEC SQL

INSERT

INTO FC(FNO, DATE, CNAME, SPECIAL)

VALUES ( flight_no, date, customer_name, null );

output (^reservation completed~)

end . {Reservation}

_____________________________________________________________

IC52C1 5 Tra nsaction

Termination of Transactions

Begin_ transaction Reservation

begin

input ( flight_no, date, customer_name);

EXEC SQL

SELECT STSOLD, CAP

INTO temp1, temp2

FROM FLIGHT

WHERE FNO = flight_no AND DATE = date;

if temp1 = temp2 then

output (^no free seats~);

Abort

else

EXEC SQL

UPDATE FLIGHT

SET STSOLD = STSOLD + 1

WHERE FNO = flight_no AND DATE = date;

EXEC SQL

INSERT

INTO FC(FNO, DATE, CNAME, SPECIAL)

VALUES ( flight_no, date, customer_name, null );

Commit

output (^reservation completed~)

endif

end . {Reservation}

_____________________________________________________________

IC52C1 6 Tra nsaction

Example Transaction ˘

Reads & Writes

Begin_transaction Reservation

b egin

input ( flight_no, date, customer_name);

temp ¬ Read(flight( flight_no, date). stsold);

if temp = flight( flight_no, date).cap then

begin

output (^no free seats~);

Abort

end

else begin

Write(flight( flight_no,date). stsold, temp + 1);

Write(flight( flight_no,date). cname,

customer _name);

Write(flight( flight_no,date).special, null );

Commit ;

output (^reservation completed~)

endif

end . {Reservation}

_____________________________________________________________

IC52C1 7 Tra nsaction

Characterization

¨ Read set (RS)

¾ The set ofdata items that are read bya transaction

¨ Write set (WS)

¾ The set of data items whose values are changed by this transaction

¨ Base set (BS)

¾ RS È WS

_____________________________________________________________

IC52C1 8 Tra nsaction

Formalization

Let

¾ O ij

(x) be some operation O j

of transaction T i operating on entity x , where O j

Î {read, write} and

O j

is atomic

¾ OS i

=

È

j

O

ij

¾ N

i

Î {abort, commit}

Transaction T

i is a partial order T

i

= { S

i

, <

i

} where

� S i

= OS i

È { N i

}

� For anytwo operations O ij

, O ik

Î OS i

, if O ij

= R(x) and O ik

= W(x) for anydate item x , then either

O ij

< i

O ik

or O ik

< i

O ij

� " O ij

Î OS i

, O ij

< i

N i

_____________________________________________________________

IC52C1 9 Tra nsaction

Example

Consider a transaction T :

Read (x)

Read (y) x ¬ x + y

Write (x)

Commit

Then

S = { R(x), R(y), W(x), C}

< = { ( R(x), W(x)), (R(y), W(x)), (W(x), C),(R(x), C),

(R(y), C)}

_____________________________________________________________

IC52C1 10 Tra nsaction

DAG Representation

Assume

< = { ( R(x), W(x)), (R(y), W(x)), (R(x), C),(R(y), C),

(W(x), C)}

R(x)

W(x) C

R(y)

Directed Acyclic graph (DAG)

_____________________________________________________________

IC52C1 11 Tra nsaction

Properties of Transactions

A

TOMICITY

¾ all or nothing

C

ONSISTENCY

¾ no violation of integrity constraints

I

SOLATION

¾ concurrent changes invisible i.e. serializable

D

URABILITY

¾ committed updates persist

_____________________________________________________________

IC52C1 12 Tra nsaction

Atomicity

� Either all or none of the transaction´s

operations are performed.

� Atomicit yrequires that if a transaction is

interrupted b ya failure, its partial results

must be undone.

� The activit yof preserving the transaction´s

atomicit yin presence of transaction aborts

due to input errors, s ystem overloads, or

deadlocks is called transaction recovery .

� The activit yof ensuring atomicit yin the

presence of s ystem crashes is called crash

recovery .

_____________________________________________________________

IC52C1 13 Tra nsaction

Consistency

___________________________

� Internal consistency

¾ A transaction which executes alone

against a consistent database leaves

it in a consistent state.

¾ Transactions do not violate database

integrity constraints.

� Transactions are correct programs

_____________________________________________________________

IC52C1 14 Tra nsaction

Isolation

� Serializability

¾ If several transactions are executed

concurrently, the results must be the

same as if they were executed

serially in some order.

� Incomplete results

¾ An incomplete transaction cannot

reveal its results to other

transactions before its commitment.

¾ Necessary to avoid cascading

aborts.

_____________________________________________________________

IC52C1 15 Tra nsaction

Durability

� Once a transaction commits, the system

must guarantee that the results of its

operations will never be lost, in spite of

subsequent failures.

� Database recovery

_____________________________________________________________

IC52C1 16 Tra nsaction

Characterization of

Transactions

Based on

¾ Application areas

¨ non-distributed vs. distributed

¨ compensating transactions

¨ heterogeneous transactions

¾ Timing

¨ on-line(short-life) vs

batch (long-life)

¾ Structure

¨ flat (or simple) transactions

¨ nested transactions

¾ Organization of read and write

actions

¨ two-step

¨ restricted

¨ action model

_____________________________________________________________

IC52C1 17 Tra nsaction

Transaction Structure

� Flat transaction

¾ Consists of a sequenceof primitive

operations embraced between a

begin and end markers.

Begin_transaction Reservation

�

end.

� Nested transaction

¾ Theoperations of a transaction may

themselves be transactions.

Begin_transaction Reservation

�

Begin_transaction Airline

_ �

end. {Airline}

Begin_transaction Hotel

�

end. {Hotel}

end. {Reservation}

_____________________________________________________________

IC52C1 18 Tra nsaction

Nested Transactions

� Have the same properties as their parents

Þ may themselves have other nested

transactions .

� Introduces concurrency control and

recovery concepts to within the

transaction.

� Types

            ¾ rts(x)   = largest timestamp of any read on x

            ¾ wts(x) = largest timestamp of any write on x

·
       Conflcting operations are resolved b y timestamp order.

Basic T /O:

for R

                             i

                                ( x ) for W

i

 ( x)

if ts ( T

                                  i

                                    ) < wts ( x ) if  ts ( T

i

) < rts ( x )  or  ts( T

i

)  < wts ( x )

then  reject R

                                                                         i

                                                                            ( x ) then  reject W

i

( x )

else  accept R

                                                                         i

                                                                            ( x ) else  accept W

i

( x )

rts(x)

                                  ¬
                                                ts( T

                                                                        i

                                                                           ) wts (x)

¬
 ts( T

i

)

rts(x)         ts( T

i

)

         _____________________________________________________________

         IC52C1 43 Tra nsaction

Conservative Timestamp Ordering

         � Basic timestamp ordering tries to execute an

                      operation as soon as it receives it

                      ¾  progressive

                      ¾  too many restarts since there is no

                                                           delaying

         � Conservative timestamping delays each

                      operation until there is an assurance that it

                      will not be restarted

         � Assurance?

                      ¾  No other operation with a smaller

                                                           timestamp can arrive at the scheduler

                      ¾  Note that the delay may result in the

                                                           formation of deadlocks

_____________________________________________________________

IC52C1 44 Tra nsaction

Multiversion Timestamp Ordering

� Do not modify the values in the database,

            create new values.

� A R

                                           i

                                               ( x ) is translated into a read on one version

            of x .

            ¾  Find a version of x  (say x

v

) such that

                                                  ts ( x

                                                                              v

                                                                                    ) is the largest timestamp less than

                                                  ts ( T

                                                                                i

                                                                                    ).

� A W

                                                  i

                                                      ( x ) is translated into W

i

( x

w

) and accepted

            if the scheduler has not yet processed any

            R

                         j

                             ( x

                                            r

                                                 ) such that

                                                  ts ( T

                                                                                i

                                                                                    ) < ts ( x

r

) < ts ( T

j

)

_____________________________________________________________

IC52C1 45 Tra nsaction

Optimistic Concurency Control

Algorithms

Pessimistic execution

                         Validate Read Compute Write

Optimistic execution

                         Read    Compute Validate Write

_____________________________________________________________

IC52C1 46 Tra nsaction

Optimistic Concurrency Control

Algorithms

� Transaction execution model: divide into

            subtransactions each of which execute at a site

            ¾  T

                                                           ij

                                                                 : transaction T

i

 that executes at site j

�

            Transactions run independently at each site

            until they reach the end of their read phases

�

            All subtransactions are assigned a timestamp

            at the end of their read phase

�

            Validation test performed during validation

            phase.  If one fails, all rejected.

_____________________________________________________________

IC52C1 47 Tra nsaction

Optimistic CC Validation Test

·
         If all transaction T

k

 where ts ( T

k

) < ts ( T

ij

) have

            completed their write phase before T

ij

 has

            started its read phase, then validation succeeds

            ¾  Transaction executions in serial order

T

          k

                                                  R V W

T

ij

   R    V  W

       _____________________________________________________________

       IC52C1 48 Tra nsaction

       Optimistic CC Validation Test

       ·

                   If there is any transaction T

k

 such that

                   ts ( T

                                                  k

                                                       ) <ts ( T

                                                                                                         ij

                                                                                                                ) and which completes its write

                   phase while T

ij
is in its read phase, then

                   validation succeeds if WS( T

k

)

Ç
 RS( T

ij

) =

Æ

¾

            Read and write phases overlap, but T

ij

 does

            not read data items written by T

k

                       T

                                 k

                                                                        R V W

T

ij

   R    V  W

_____________________________________________________________

IC52C1 49 Tra nsaction

Optimistic CC Validation Test

·
             If there is any transaction T
k

such that ts ( T
k

) <

             ts ( T

                                           ij

                                                  ) and which completes its read phase

             before T

                                                                                       ij

                                                                                               completes its read phase, then

             validation succeeds if WS( T
k

)
Ç

 RS( T
ij

) =
Æ

             and WS( T

                                                                                            k

                                                                                                 )
                                                                                                             Ç

 WS( T
ij

) =
Æ

             ¾

                         They overlap, but dont́ access any common

                         data items.

                                   T

                                             k

                                                                                     R V W

                                                                                     T

                                                                                               ij

                                                                                                                 R    V  W

                                           _____________________________________________________________

                                           IC52C1 50 Tra nsaction

        Deadlock

   �
               A transaction is deadlocked if it is blocked

               and will remain blocked until there is

               intervention.

   �
               Locking-based CC algorithms may cause

               deadlocks.

   �
               TO-based algorithms that involve waiting

               may cause deadlocks.

   �
               Wait-for graph

¾

                                     If transaction T
i

 waits for another transaction

                                     T

                                               j

                                                       to release a lock on an entit y, then T
i
®
T
j

                                     in WFG.

                                                              T

                                                                          i

T

j

_____________________________________________________________

IC52C1 51 Tra nsaction

Local versus Global WFG

Assume T

                                                                               1

                                                                                      and T

2

 run at site 1, T

3

 and T

4

 run at

site 2.  Also assume T

3

 waits for a lock held by

T

           4

                  which waits for a lock held by T

1
which

waits for a lock held by T

2

 which, in turn, waits

for a lock held by T

3

.

Local WFG

                                                                                                    Site

1 Site 2

                                                                           T

                                                                                    1

T

4

                                                                           T

                                                                                    2

T

3

Global WFG

                                                                           T

                                                                                    1

T

4

                                                                           T

                                                                                    2

T

3

_____________________________________________________________

IC52C1 52 Tra nsaction

Deadlock Management

�  Ignore

            ¾  Let the application programmer deal with it,

                                                  or restart the s ystem

�  Prevention

            ¾  Guaranteeing that deadlocks can never occur

                                                  in the first place.  Check transaction when it

                                                  is initiated.  Requires no run time support.

�  Avoidance

            ¾  Detecting potential deadlocks in advance

                                                  and taking action to insure that deadlock

                                                  will not occur.  Requires run time support.

�  Detection and Recovery

            ¾  Allowing deadlocks to form and then

                                                  finding and breaking them.  As in the

                                                  avoidance scheme, this requires run time

                                                  support.

_____________________________________________________________

IC52C1 53 Tra nsaction

Deadlock Prevention

�  All resources which ma y be needed b y a

            transaction must be predeclared.

                         ¾  The s ystem must guarantee that none of

                                                              the resources will be needed b y an ongoing

                                                              transaction.

                         ¾  Resources must onl y be reserved, but

                                                              necessaril y allocated a priori

                         ¾  Unsuitabilit y of the scheme in database

                                                              environment

                         ¾  Suitable for s ystems that have no

                                                              provisions for undoing processes.

�  Evaluation

                                                  -  Reduced concurrenc y due to preallocation

                                                  -  Evaluating whether an allocation is safe

                                                                 leads to added overhead

                                                  -  Difficult to determine (partial order)

                                                  + No transaction rollback or restart is

                                                                  involved

_____________________________________________________________

IC52C1 54 Tra nsaction

Deadlock Avoidance

� Transactions are not required to request

            resources a priori.

� Transactions are allowed to proceed unless a

            requested resource is unavailable.

� In case of conflict, transactions may be

            allowed to wait for a fixed time interval.

� Order either the data items or the sites and

            always request locks in that order.

� More attractive than prevention in a database

            environment.

_____________________________________________________________

IC52C1 55 Tra nsaction

Deadlock Avoidance ˘ Wait-Die &

Wound-Wait Algorithms

WAIT-DIE Rule :  If T

i

 requests a lock on a data item

which is alread y locked by T

j ,
then T

i
is permitted to

wait iff ts( T

                                                                                  i

                                                                                     )< ts( T

j

).   If ts ( T

i

)> ts( T

j

), then T

j
is abort ed

and restart ed with the same timestamp.

                         ¾  if ts( T

                                                                                          i

                                                                                             )< ts( T

j

) then T

i

 waits else T

i
dies

                         ¾  non-preemptive: T

i
never preempts T

j

                         ¾  prefers younger transactions

WOUND-WAIT Rule: If T

i

 requests
a lock on a data

item which is alread y locked b y T

j

, then T

i

 is permitted

to wait iff ts( T

                                                                                                               i

                                                                                                                  )> ts( T

j

) .  If ts ( T

i

)< ts( T

j

), then T

j

 is

aborted and the lock is granted to T

i

.

                         ¾  if ts( T

                                                                                          i

                                                                                             )< ts( T

j

) then T

j

 is wounded else T

i
waits

                         ¾  preemptive: T

i

 preempts T

j

 if it is younger

                         ¾  prefers older transactions

_____________________________________________________________

IC52C1 56 Tra nsaction

Deadlock Detection

� Transactions are allowed to wait freely.

� Wait-for graphs and cycles.

� Topologies for deadlock detection algorithms

                                                  ¾  Centralized

                                                  ¾  Distributed

                                                  ¾  Hierarchical

_____________________________________________________________

IC52C1 57 Tra nsaction

Centralized Deadlock Detection

� One site is designated as the deadlock detector

            for the system.  Each scheduler periodically

            sends its local WFG to the central site which

            merges them to a global WFG to determine

            cycles.

� How often to transmit?

            ¾  Too often

Þ
 higher communication cost

                                                  but lower delays due to undetected

                                                  deadlocks

            ¾  Too late

Þ
 higher delays due to

                                                  deadlocks, but lower communication cost

� Would be a reasonable choice if the

            concurrency control algorithm is also

            centralized.

� Proposed for Distributed INGRES

_____________________________________________________________

IC52C1 58 Tra nsaction

Hierarchical Deadlock Detection

Build a hierarchy of detectors

DD

ox

                                                  DD

                                                                          11

DD

14

Site 1 Site 2 Site 3 Site 4

                         DD

                                                 21

                                                                                                    DD

22

DD

23

DD

24

A deadlock at site 1 wo uld be detected by the local deadlock

detector DD

                                                                    21

                                                                                at site 1.

If the deadlock involves sites 1 and 2, then DD

11

 detects it.

_____________________________________________________________

IC52C1 59 Tra nsaction

Distributed Deadlock Detection

                    ¾  The local WFGs are formed at each site and passed

                                                          on to other sites.  Each local WFG is modified as

                                                          follows:

                                                          ·

                                                                  Since each site receives the potential deadlock

                                                                      cycles from other sites, these edges are added to

                                                                      the local WFGs

                                                          ·

                                                                  The edges in the local WFG which show that local

                                                                      transactions are waiting for transactions at other

                                                                      sites are joined with edges in the local WFGs

                                                                      which show that remote transactions are waiting

                                                                      for local ones.

                    ¾  Each local deadlock detector:

                                                          ¨

                                                                      looks for a cycle that does not involve the

                                                                               edge.  If it exists, there is a local deadlock which

                                                                               can be handled locally.

                                                          ¨

                                                                      Looks for a cycle involving the external edge.  If

                                                                                   it exists, it indicates a potential global deadlock.

                                                                                   Pass on the information to the next site.