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1 Administrivia

You shouldwork in groupsof threefor this assignmentit is very importantthateachgroupmembergrasp
the conceptsoveredin this handout,so pleasesit down togetherand go throughthings. This assignment
shouldnot take up your life for the next two weeks,but you will needto spenda fair amountof time
readingthrougheverythingbeforeyou begin to hack.You arenot allowedto discusghe assignmenbr your
implementatiorwith othergroups but you areallowedto sharetestcasesPleasegostary andall questions
to thebboardaswell, andwe will try to provide responseasquickly aswe can.

2 Overview of Project 1 - Buffer Manager

This projectwill addfunctionalityto the real codeof PostgreSQLYou needto delve into the actualcode.
Dueto time constraintsyve limit ourinvestigatiorto onecoremodule the buffer managerTheactualcoding
for this projectis minimal. The major partsof this projectare:

¢ Understandinglifferentmemorymanagemendtratgies
e Examiningandunderstandingxisting code
¢ Modifying the existing codeto changereplacemenpolicy

Dueto disk spaceconstraintswe areproviding aleanerPostgreSQlsourcetree. If you wish to down-
load the additionalfeaturesthat you won't needfor this project (suchas contrituted utilities, regression
tests,manualstutorials,and otherlanguagesupport),feel free. Be awarethat spaceis limited, so do not
storefiles unrelatedo the projectin youraccount.

3 Tasksand Steps

. LearnDifferentStratgies. (20%)

. CompileandTestPostgreSQL.

. ExamineCodeandimplementMRU.  (40%)
. ImplementCLOCK. (40%)

. Test.

. Submit.
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You shouldreadthis assignmentompletely beforebeginningto work.



4 Learn Different Strategies (20%)

Thetextbookdescribed RU, MRU andCLOCK stratgjiesin section9.4.1.However, you mayneedto read
thewhole sectionof 9.4to getafull imageof buffer managein DBMS.

Now wewill doasmallexerciseto testyourknowledgeof thealgorithms.For LRU, MRU, andCLOCK
tracethe buffer contentsfor the workload listed belov. For your solutions,list eachtime thata memory
accesgauseda pagefault, andwhich (if ary) pageis thrown out of memoryto make room. Recordyour
answersn afile called”stratagies”. Startwith LRU andlist thetime, atab,andthe page(if ary) removed
from memory Thendo MRU andCLOCK leaving a blankline in betweenFor example(just anexample,
no relationto theactualanswer):

Time PageRemaoed

T1 +LRU
T2 w
T5 z
(ablankline here)
T2 +—MRU
T5 z
(ablankline here)
T4 +CLOCK
T5 w

Noticethefirst pagefaultsdid notremove a page sothatcolumnis blank.

Assumethereare4 pagesyour buffer managemustmanageAll four pagesareemptyto start.For each
accesshe pageis pinned,andthenimmediatelyunpinned.

Time | PageRead Time | PageRead Time | PageRead Time | PageRead
T1 A T7 B T13 A T19 B
T2 B T8 E T14 B T20 E
T3 C T9 F T15 C T21 A
T4 D T10 A T16 G T22 C
T5 A T11 G T17 G T23 D
T6 A T12 B T18 F T24 A

5 Compileand Test PostgreSQL

First, you needto make sureyour profile file (. bash_pr of i | ) includesfollowing lines(We addedthem
for you, but if thereis a mistale, pleasegoin andcorrectit):

export PCDATA=$HOVE/ pgdat a #Postgres data directory
export PGPORT=(port number) #Postgres server port assigned to you
export PGBI N=$HOVE/ bi n/ pgsql #Postgres install directory
export PGSRC=$HOVWE/ src/ postgresql-7.2.2 #Postgres source directory

We have provided a scriptthatwill seteverythingneededor this assignmentip for you. To runit, first
copy it overto your homedirectorywith the command:
cp /usr0/dbcl ass/ hwl. sh $HOVE
And thenrunthescriptby typing:
./ hwl. sh

1You cannot male this sameassumptiorwhenwriting theactualcode.A pagemaybe pinnedfor ary lengthof time




This shouldtake betweenfive and ten minutesto run. Don’t panic. The script will first createtwo
directoriesoff of your homedirectory: src/ andbin/. Do not deletethese.lt will alsounpacka Postgres
version7.2.2 base,asyou will needthat versionto completethe assignmentThe baseversionrequires
about32MB to unpackandcompile.Thefull versionrequiresabout50MB. No codewaschangedetween
theseversionsandthe actualversion.The baseversionjust hassomedirectorieg(featuresyemoved andthe
Makefileshave beenadjustedoroperly

Next, copy overthe”hwl directoryinto your”src” directorylike so:

cp -r /usr0/dbcl ass/hwl src/

Thecontentof thiswill beexplainedin the"Testing”sectionof this handout.

More informationonusingthepg_ct | / post nast er / post gr es areavailableat:

http: /imww.postgresql.org/idocs/index.php?app-pg-ctl.html
http: //www.postgresgl.org/idocs/index. php?app-postmaster.html
http: //imww.postgresgl.org/idocs/index.php?app-postgres.html

An on-linebookaboutusingPostgress availableat:
http: //www.commandprompt.com/ppbook/

6 Examine Code and Implement MRU (40%)

The actualimplementatiorof MRU is ratherstraightforvard onceyou understandhe existing code.The
existing codeis not extremely clear but it is not unreadablelt may take you a few hours(or more)to
understandt. Sinceunderstandindhe existing codeis a significantpart of the assignmentthe TAs and
Professomwill notassistyouin understandinghe existing code(beyondwhatwe discusshere).

The actual buffer managercode is neatly separatedirom the rest of the codebaselLocated in
src/ backend/ st or age/ buf f er andsrc/i ncl ude/ st orage. For MRU, we are interestedin
modifying only two files.

freelist.c which managesvhich pagesarenot pinnedin memory andwhich pagesareeligible for replace-
ment.

buf_internals.h which containsthe definitionfor eachbuffer description(called BufferDesc).Most of the
fieldsin BufferDescaremanagedy otherpartsof thecode,but for efficiency somefieldsareusedto
managehe buffer spacehatis eligible for replacemenfwhenit’s on the existing LRU freelist).

Someinitialization of the queueoccursin buf_table.c.However, you mustdo all your initialization in
freelist.c.

You maymodify thesewo files to changeheimplementatiorfrom the existing LRU queueto the MRU
discipline.You mayfind thatyou do not needto editbothfiles or changemary of the functions.

Unfortunatelythereis no partialcreditfor this section Be sureit is correct.A badbuffer managemalkes
therestof the systemuseless!

7 Implement CLOCK (40%)

LRU (LeastRecentlyUsed)is the mostcommonpolicy usedby operatingsystemand databaseystems.
However, direct implementationof LRU is pretty expensve. So somesystemsuse an algorithm called
“CLOCK” insteadWhile “CLOCK” approximateshebehaior of the LRU algorithm,it is muchfaster



The descriptionof “CLOCK” algorithm is available in Section9.4.1 of the textbook. We give a
descriptionhereto assistyour implementation.

To implementthe “CLOCK” replacemenpolicy, you heedto maintainthe following information.You
arefree to maintainadditionalinformationif you want. But the following two piecesof informationare
necessary

1. A referenced bit associatedvith eachpage. Eachtime a pagein the buffer pool is accessedthe
referenced bit associatedvith the correspondingpageis setto 1. In your implementationyou can
simplyturnit onif pin_count goesO whenyou unpinapage.

2. The*“clock hand” (current in thetextbook): betweerD andDEF_NBuffers-1.Eachtime a pageneeds
to befoundfor replacementhesearcheginsfrom from the current pageandadwancedo ’current =
(current + 1) % DEF_NBuffers' if notfound(i.e. in aclockwisefashion).

Eachpagein the buffer poolis in oneof threestates:

e pinned:pin_count>0
¢ referencedpin_count=0 but referenced=1
¢ available:pin_count=0 andreferenced=0

To find a pagefor replacementyou startfrom the current page repeathefollowing stepsuntil you find
apageor all pagesarepinned.If:

e pageturrent] is pinned:advancecurrent andtry again.
e pageturrent] is referencedsetstatusto 'available’, advancecurrent andtry again.
e pagefurrent] is available:usethis pageandadwacecurrent.

As in MRU, we areonly interestedn modifyingf r eel i st. ¢ andbuf _i nt er nal s. h. Although
someinitialization codemay be betterputin otherfiles like buf _i ni t . ¢, you mustdo all your initializa-
tioninfreelist.c.

Again, you shouldfigure out whereandhow to modify thefiles yourself.We will notassistyou beyond
whatwe discusshere.

8 Testing

Therearemary waysto testyour implementationsOne goodway thatwe have provided you with liesin
ourtestingscriptsin hwl/testandhwl/QueryEst.
We provide somefilesin sr ¢/ hwl/ Quer yTest ,whichinclude:

e conpile.sh

pr epare. sql andquery. sql
e RandS

e readne

Beforeyouwork with thesefiles,youneedto dois gointo pr epar e. sql andputyourhomedirectory
informationin placeof the questiormarks.
After modifying the codein partssix andsersen,useconpi | e. sh to re-compileandre-install Post-
greSQL.Youjusttype:
./conmpile.sh <your freelist.c> <your buf_internals.h>
To run a queryon your nevly compiledversionof PostgreSQL¢consultthe readme.You canchange
'-B <nbuffers>'inline’$PGBI N bin/pgctl start -1 $1 -0 "-0 '-B 16 -te -fm

4



-fh' "’ of readne if you wantto changenumberof buffers. The statisticsare saved in "logfile” you
assignedYou canchangehesegueriesor commandssyou wish to testmorethoroughly
Anothergoodwayto testliesin sr ¢/ hwl/ t est . Thefilesinclude:

e Makefile

full buftest.c
full stubs.c
readnme
test-clock
test-mru

View the readmefile to get more information abouthow the testerswork. We have provided a few
sampletestcasedo getyou going. Feelfreeto comeup with your own, andsharethemon the bboardwith
theclass Pleasdimit thenewsgroupdiscussiono testcaseONLY. Therewill benodiscussiorof ary code
or implementatiordetails. Testcasesanswersandverificationsarewelcome however.

Sincea large portion of this assignmenis looking over codeandfiguring out whatit is doing, we will
notassistyou in working thetestscript. We feel thatlooking throughthe providedfiles will really helpyou
to understandhe buffer replacemenschemebetter aswell asto give you agoodchanceof learninghow to
delug andtestyour own systemsode.Sincethesescriptswill notbesubmittedyou caneditthemandplay
with themasyou seefit.

9 Submit

You mustsubmitexactly 8 files (evenif they areincompleteor unchanged)They are

1. README - whatworks,whatdoesnt, how mary slip days,etc.
. stratgies- answergo thefirst part,in the correctformat!

. freelist.c.mru- MRU implementation

. buf_internals.h.mru MRU implementation

. freelist.c.clock- CLOCK implementation

. buf_internals.h.clock CLOCK implementation

. PERFORMANCE- explainedbelow

. GROUP- explainedbelow

00 ~NO Ok WN

Your PERFORMANCEH/ile shouldtalk a bit aboutperformancenalysisof the 3 differentreplacement
policies.Theitemsin QueryTestshouldhelpyou throughthis part. You canusethatquery or your own to
measurespeeddifferencesamongthe policies. Talk a little bit aboutwhy differentpolicieswould produce
different(or the same)esults.Lastly, pleaseprovide the queryexecutiontimesandbuffer hit ratesthatyou
achiezedfor the providedqueryin "QueryTest”. Thesecanbefoundin thelogdfile afterexecution.

Gatherall of thesefiles into a directory called hwl submit off of one of the group membershome
directoriesontheitaniums.Then,email Joe(josepht@andme cmu.edu)with all groupmembersiamesand
andrav ids, aswell aswhich groupmemberthe submissiorwill be under He will sendyou a submission
confirmationuponretrieving your files, so until you receve that, do not assumehe hasgottenit. If a day
elapsewsvithout aresponsesendhim anothemail andCC the otherTAs to malke surewe getit.

Whenyou submit,be surenotto mix thefiles up. Additional files will notbeacceptedEachgrouponly
needsto submitonce.If thereare multiple submissionsthe latesttimestampedubmissiorby ary group
membewill beusedfor gradingandthe calculationof slip days.Remembethatslip dayswill bededucted
from all groupmembers.



10 The GROUP File

For this assignmenand next, you arerequiredto submita file with your homevork thatlists all 3 group
membergnamesandid’s, aswell asan honestpercentagef work thatthat particularpersoncompletedof
theassignmentThesenumberanusttotal 100. Thefile shouldbeformattedliik e so:

Memberl Name MemberlID %

Member2 Name Member2ID %

Member3 Name Member3ID %



