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Research on Dependency of Flushing of Pending Commit Transaction Log in
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Abstract In a kernelized DBMS, transactions are processed by their corresponding DBMS in-
stances and those instances maintain log storage and log caches of their own. During the execu-
tion of transactions, a transaction having high security level may read data item which is genera-
ted by low security level transaction. Suppose when the commit log record of low level transac-
tion is still in cache and the high level transaction has committed and the commit log has been
flushed into durable storage, the system will reach an inconsistent state after restarting. In order
to solve the problem, a trusted log coordinator is introduced to maintain the global dependency of
pending commit transactions’ commit log record coordinate the log writing of different DBMS in-
stances to guarantee that the depended commit log records are written out before the depending
ones. Algorithms of the scheme are given and their correctness is proven. Finally, the effective of

the scheme is demonstrated via analysis.
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Cobegin
Thread CoordingnatedLogOp( )
Repeat
ReceiveDFlush(Coordinator, [sn)
/%
/ * T,
%/
Flush(lsn) / * T;
* /
Ack(Coordinator, OK) / *
* /
Forever
End thread

Thread LogOpReceiver( ) /
Repeat
ReceivelLogOp (DB_Instance, s op, para)
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Case op Do 2. LFlush(lsn).
CommitLog: / clsn :=lIsn
x/ found = false
Isn := NewLsn( ) / % */ / x x /
logRec 1= While c¢isn
Generatel.ogRecord (Isn, para.tid . commit, null) If clsn
If found := true
LFlush(lsn—1)/ % 2 */ break
AddLogBuf fer(logRec) / * %/ clsn :==clsn—1
/ * , para.rset End while
%/ If found=True
Send (Coordinator, NewPending Node, para.tid , / *
lsn, para.rset) ’ */
FlushBuffer: Send(Coordinator, FlushingCommitlLog ,
LFlush(para.lsn) | GetTid(clsn) , clsn, null)
%/ Flush(lsn)
Other. End LFlush
2 s
End Case (Isn )
Forever
End Thread
Isn
Coend
End LogManager, 1 s
1 1.2
ReceiveDFlush (FROM., lsn) FROM , Lsn
Flush(lsn) Lsn
Ack(FROM.STATUS) FROM STATUS
ReceiveLogOp(FROM., op, para) FROM Jop , para
NewlLsn()
GenerateLogRecord(lsn, tid, op, data) slsn stid sop sdata
AddLogBuf fer(logRec) logRec
Send(TO, op tid . Lsns para) 1O op rtid lon
s para
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3. Coordinator( ).
/* */
DepG
Spts
Cobegin
Thread DepGraph( )
Repeat

Receive (LogManager, , op, tid , Lsn, rset)

/ ¥ x /
Case op Do
NewPendingNode:
If tid not in DepG.V / * x/

DepG.V :=DepG.V U {tid}
For each dtid in rset / * tid
x/
/ * x/
If dtid in DepG.V /| %/
DepG. E i= DepG. EU { (iddtid) }
End For
/% x/
Spts, == Spts, U {(tid s Isn) }
FlushingCommitLog:
GFlush(tid) / *

End Case

Forever

Coend
End Coordinator
4. GFlush(tid).
ISpts / % ISpts SPTS,
*/
/%  Spts L (tid)
) ,

level [ n] * /
n :=TopoSort(Spts, L(tid) , level[ ], *>>")
/ ¥ x/
For each ltid in Spts; i)
If LSN(ltid) <<LSN(tid)
ISpts, iy = ISPts; gy U (Ltid , LSN(Utid))
End For
/ * x /
For ¢ :=1 ton Do
For each (ltid, Isn) in ISpts,.1
For each (ltid, dtid) in DepSet.E
IS pts; cuia, "= ISpts, cyuay U (dtid , LSN(dtid))

/% x/
For each (ktid, klsn) in ISpts, )
/x "/

If kisn<<LSN(dtid)
ISpLs, ey = ISPts ey U (ktid \LSN (ktid))
End For
End For

End For
End For
/% ISpts pts

(<D level [ n] % /

n = TopoSort(ISpts, MinLevel(ISpts) , level[ ], <)
Fori:=1 ton Do

/ * s Lsn */

Send DFlush(LogManager,,,..;t: »

MaxLSNUSptsiepuri))

For each tid in ISpts, iy / * */
RemoveNode(DepG, tid)
/ * x /
SPtSeouti) 7= SPtSsurn — { (tids LSN(zid)) }
/ %/
End For
End For

End GFlush
1, 2,

L.DUTUPTS—S N
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In kernelized DBMS, DBMS instances are relatively auto-
nomic, which made its transaction processing like that of dis-
tributed systems in a certain degree. Such field has been ex-
tensively studies and several schemes exist such as 2PC,
1PC, 1-2PC. However, such schemes all brought about a lot
of disk write which may lead to prohibitive performance pen-
alty to the system.

So. in this paper, the authors presents a trusted log co-
ordinator to maintain the global dependency of pending com-
mit transactions’ commit log record of which is still cache
and coordinate the log writing of different DBMS instances to
guarantee that the depended commit log records are written
out before the depending ones. In this way, the problem is
solved with acceptable covert channel. However, in order to
satisfy the requirements of higher security level, such covert

channel should be eliminated, which is also further work.



