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Abstract In the environment that database management systems manage disk spaces for storing
databases directly, this paper proposes a correct and efficient scheme of performing pending actions
for the removal of database files. As for performing pending actions, upon performing recovery, the
recovery process must identify unperformed pending actions of not-yet-terminated transactions and
then perform those actions completely. Making the recovery process identify those actions through the
analysis of log records in the log file is the basic idea of this paper. This scheme, as an extension
of the execution of transactions, fuzzy checkpoint, and recovery of ARIES, uses the following methods:
First, to identify not-yet-terminated transactions during recovery, transactions perform pending
actions after writing ‘pa_start’ log records that signify both the commit of transactions and the start
of executing pending actions, and then write ‘'end’ log records. Second, to restore pending-actions-lists
of not-yet-terminated transactions during recovery, each transaction records its pending—actions-list
in ‘pa_start’ log record and the checkpoint process records pending-actions—lists of transactions that
are decided to be committed in ‘end_chkpt’ log record. Third, to identify the next pending action to
perform during recovery, whenever a page is updated during the execution of pending actions,
transactions record the information that identifies the next pending action to perform in the log record
that has the redo information against the page.
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| Clean_Scans( )

(a) The comnut of a transaction that has not generated any log record.

begin =~ 00T omm-----mo-o '

)
begin cotnmit | !
transaction  __________ , transaction 1 release all locks H
\l/ i no logging ! j/ | initialize transaction entry B

F—<H [ <Kt

log rccord no 'begin® no ‘end’

(force type)

{loggng data)

trans state @ Unprepared Terminated

| Clean_Scans( )

commit | release all locks
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\l, | no entries in PAL | j, | initialize transaction eniry H

e 1 1= 1

t t T u
log record : no “begn’ ‘end’
(force type) (delayed-force)
(logging data) {none)
trans state @ Unprepared Terminated

(b) The commit of a transaction that has generated some log records but does not have entries 1n PAL.
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Pending_Actions(TransID, Trans_Table,StartPALIndex)
{
for (PALIndex = StartPALIndex;
PALIndex<Trans_Table[ TransID] . FilePALSize;
PALIndex++) {
FileID=Trans_Table[ TransID] . FilePAL[PALIndex];
BUF_InvalidateFile(FileID); /% FRA3 */
Deallocate_Disk_Space(TransID,FileID,PALIndex,0);
/# FRA4 %/
Delete_FileID(TransID,FileID,PALIndex); /* FRA5S #/
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Deallocate_Disk_Space(TransID, FileID, PALIndex, StartSegment
Nurn)
{
get VolumeNum and FileNum from FilelD;
get NumSegs from Volume_Table[VolumeNum];
for(SegmentNum= StartSegmentNum; SegmentNum<Nurn
Segs; SegmentNum++) {
Get_FirstExtent{VolumeNum,SegmentNum,FileNum,
FirstExtent);
if (FirstExtent != NIL_EXT) {
Free_EM_Entries(TransID,FileID,SegmentNum,
FirstExtent,PALIndex);
Clear_FM_Entry(TransID,FilelD,SegmentNum,PAL
Index);
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Free EM_Entries(TransID, FilelD, SegmeniNum, StartExtent,
PALIndex)
{
get PagelD of the first extent map page, say FirstEMPagelD,
in the segment SegmentNumy
StartExtentOnThisPage=StartExtent;
while (StartExtentOnThisPage '=NIL_EXT) {
EMPagelD=FirstEMPagelD -+ (StartExtentOnThisPage/
EXTS_PER_PAGE);
Page=fix&latch(EMPagelD, "WRITE');
get StaszxtentOnNextPage while initializing EM
entries that exist in the page EMPagelD) and also
in the EM entry list that starts from StartExtent
OnThisPage;
Log_Write(TransID, pa_freeEME' EMPagelD, ...,
StartExtentOnThisPage,PALIndex,StartExtent
OnNextPage LgLSN);
Page Pagel. SN=LgLSN;
unfix&unlatch(Page);
StartExtentOnThisPage= StartExtentOnNextPage;
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Clear_FM_Entry(TransID, FileID, SegmentNum, PAL
Index)
{
get VolumeNum and FileNum from FilelD;
get PagelD of the first file map page, say First
FMPagelD, in the segment SegmentNum;
FMPagelD=FirstFMPagelD + (FileNum/FMENTS_
PER_PAGE);
FMEnterylndex =FileNum% FMENTS_PER_PAGE;
Page=fix&latch(FMPagelD, 'WRITE');
Page. FM[FMEnterylndex] =NIL_EXT;
Log_Write(TransID, 'pa_clearFME’ FMPagelD, ...,
FMEnteryIndex, PALIndex,LgL.SN);
PagePagelLSN = Lgl.SN;
unfix&unlatch(Page);
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Delete_FileID(TransID, FileID, PALIndex)
{
get VolumeNum and FileNum from FilelD;
get PagelD of the volume status page of the
volume VolumeNum;
Page = fix&latch(PagelD, "WRITE');
Page. FATable[FileNum] = 0;
Update other fields of the volume status page;
Log_Write(TransID, 'pa_deleteFID',PagelD, ...,
FileID,PALIndex,LgL.SN);
Page.Pagel.SN = LgLSN;
unfix&unlatch(Page);
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+ RESTART_REDO(RedoLSN, Trans_Table, Dirty_Pages)
{
Open_Log_Scan(RedoL.SN);
LogRec = Next_Log();
WHILE NOT(End of Log) {
IF (LogRec.Type == {'update’|’compensation’) &&
LogRec is redoable &&
LogRecPagelD IN Dirly_ Pages &&
LogRec.LSN >= Dirty_Pages[LogRec PageID] RecLSN) {
Page = fix&latch(LogRec.PagelD, 'X');
IF (Page.PagelL.SN < LogRec.LSN) {
Redo_Update(Page, LogRec);
PapePageLSN = LogRec.LSN;
} ELSE {
Dirty_Pages{LogRec PagelD] RecLSN=Page PageLSN+1;
}
unfix&uniatch(Page);
] IF (LogRec. TransID IS IN Trans_Table &&
* LogRecLSN == Trans_Table[LogRec. TransID].LastLSN
* && LogRec. Type is a pending action related type) {
L Trans_Table[LogRec. TransID] Pending_Info=new
s PENDINFO;
PAlnfo->PALIndex = LogRec.PALIndex;
% PAInfo->LogType = LogRec. Type;
® if (LogRec.Type == 'pa_freeEME') {
* PAInfo->SegmentNum=
: GetSegmentNum(LogRec PagelD);
PAInfo->StartExtOnNextPage = :
LogRec.StartExtOnNextPage;
} else if (LogRec, Type == 'pa_clearFME’) {
PAInfo->SegmentNum=
= GetSegmentNum({LogRec.PagelD);
B } else ; /* 'pa_deleteFID’ : do nothing #/
¥ }
}
LogRec = Next_Log();
} /+ WHILE #/
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RESTART_MEDIA_PENDING(Trans_Table)
{
for (each Trans_Table entry, TranslD, whose State is ‘PASiarted’) {
if (Trans_Tahle[ TransID] Pending_Info == NULL) {
Pending_Actions(TransID, Trans_Table,0);
} else {
PALIndex = SegmentNum = File[D = NIL;
PAInfo = Trans_Tahle[ TransID] Pending_Info;
switch (PAlnfo->LogType) {
case 'pa_freeEME'
PALIndex = PAInfo->PALIndex;
SegmentNum = PALInfo->SegmentNum;
FileID = Trans_Table[ TransID) FilePAL[PALIndex];
if (PAlnfo->StartExtOnNextPage != NIL_EXT) {
Free_EM_Entries(TransID,FilelD,SegmentNum,
PAInfo-> StartExtOnNextPage,PALIndex);
}
Clear_FM_Entry(TransID,FilelD,SegmentNum,PALIndex);
case 'pa_clearFME’
if (PALIndex != NIL) PALIndex = PAInfo->PALIndex;
if (SegmentNum 1= NIL)
SegmentNum = PAlnfo-> SegmentNum;
if (FileID!= NIL)
FileD=Trens Table{ TransID) FilePAL [PALIndex];
Deallocate_Disk_Space(TransID,FilelD,PALIndex,
SegmentNum+1);
Delete_FileID(TransID,FileID,PALindex);
case "pa_deleteFID' :
if (PALIndex != NIL) PALIndex = PAlnfo->PALIndex;
Pending_Actions(TransID, Trans_Table,PALIndex+1);
} /% end of switch +/
} /% end of else */
write ‘end’ log record and remove the entry from Trans_Table;
} /% end of for %/
}
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