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1 Administrivia

You shouldwork in groupsof threefor this assignment.It is very importantthateachgroupmembergrasp
the conceptscoveredin this handout,so pleasesit down togetherandgo throughthings.This assignment
shouldnot take up your life for the next two weeks,but you will needto spenda fair amountof time
readingthrougheverythingbeforeyoubegin to hack.Youarenotallowedto discusstheassignmentor your
implementationwith othergroups,but youareallowedto sharetestcases.Pleasepostany andall questions
to thebboardaswell, andwe will try to provide responsesasquickly aswecan.

2 Overview of Project 1 - Buffer Manager

This projectwill addfunctionality to therealcodeof PostgreSQL.You needto delve into theactualcode.
Dueto timeconstraints,welimit ourinvestigationto onecoremodule,thebuffer manager. Theactualcoding
for thisprojectis minimal.Themajorpartsof thisprojectare:
� Understandingdifferentmemorymanagementstrategies
� Examiningandunderstandingexistingcode
� Modifying theexistingcodeto changereplacementpolicy

Dueto disk spaceconstraints,we areproviding a leanerPostgreSQLsourcetree.If you wish to down-
load the additionalfeaturesthat you won’t needfor this project (suchascontributed utilities, regression
tests,manuals,tutorials,andother languagesupport),feel free.Be awarethat spaceis limited, so do not
storefiles unrelatedto theprojectin youraccount.

3 Tasks and Steps

1. LearnDifferentStrategies. (20%)
2. CompileandTestPostgreSQL.
3. ExamineCodeandImplementMRU. (40%)
4. ImplementCLOCK. (40%)
5. Test.
6. Submit.

Youshouldreadthisassignmentcompletely beforebeginningto work.
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4 Learn Different Strategies (20%)

ThetextbookdescribesLRU, MRU andCLOCK strategiesin section9.4.1.However, youmayneedto read
thewholesectionof 9.4 to geta full imageof buffer managerin DBMS.

Now wewill doasmallexerciseto testyourknowledgeof thealgorithms.For LRU, MRU, andCLOCK
tracethe buffer contentsfor the workload listed below. For your solutions,list eachtime that a memory
accesscauseda pagefault, andwhich (if any) pageis thrown out of memoryto make room.Recordyour
answersin a file called”strategies”. Startwith LRU andlist the time, a tab,andthepage(if any) removed
from memory. Thendo MRU andCLOCK leaving a blankline in between.For example(just anexample,
no relationto theactualanswer):

Time PageRemoved
T1 � LRU
T2 W
T5 Z

(ablankline here)
T2 � MRU
T5 Z

(ablankline here)
T4 � CLOCK
T5 W

Noticethefirst pagefaultsdid not remove apage,sothatcolumnis blank.

Assumethereare4 pagesyourbuffer managermustmanage.All four pagesareemptyto start.For each
accessthepageis pinned,andthenimmediatelyunpinned1.

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 Compile and Test PostgreSQL

First,youneedto make sureyourprofilefile (.bash profile) includesfollowing lines(Weaddedthem
for you,but if thereis amistake,pleasego in andcorrectit):

export PGDATA=$HOME/pgdata #Postgres data directory
export PGPORT=(port number) #Postgres server port assigned to you
export PG BIN=$HOME/bin/pgsql #Postgres install directory
export PG SRC=$HOME/src/postgresql-7.2.2 #Postgres source directory
We have provideda script thatwill seteverythingneededfor this assignmentup for you.To run it, first

copy it over to yourhomedirectorywith thecommand:
cp /usr0/dbclass/hw1.sh $HOME

And thenrun thescriptby typing:
./hw1.sh

1You cannotmake this sameassumptionwhenwriting theactualcode.A pagemaybepinnedfor any lengthof time

2



This should take betweenfive and ten minutesto run. Don’t panic.The script will first createtwo
directoriesoff of your homedirectory:src/ andbin/. Do not deletethese.It will alsounpacka Postgres
version7.2.2 base,as you will needthat versionto completethe assignment.The baseversionrequires
about32MB to unpackandcompile.Thefull versionrequiresabout50MB. No codewaschangedbetween
theseversionsandtheactualversion.Thebaseversionjusthassomedirectories(features)removedandthe
Makefileshave beenadjustedproperly.

Next, copy over the”hw1 directoryinto your ”src” directorylike so:
cp -r /usr0/dbclass/hw1 src/

Thecontentsof thiswill beexplainedin the”Testing”sectionof thishandout.
More informationonusingthepg ctl/postmaster/postgres areavailableat:

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

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

6 Examine Code and Implement MRU (40%)

The actualimplementationof MRU is ratherstraightforward onceyou understandthe existing code.The
existing codeis not extremely clear, but it is not unreadable.It may take you a few hours(or more) to
understandit. Sinceunderstandingthe existing codeis a significantpart of the assignment,the TAs and
Professorwill notassistyou in understandingtheexistingcode(beyondwhatwe discusshere).

The actual buffer managercode is neatly separatedfrom the rest of the codebase.Located in
src/backend/storage/buffer andsrc/include/storage. For MRU, we are interestedin
modifying only two files.

freelist.c which manageswhich pagesarenotpinnedin memory, andwhich pagesareeligible for replace-
ment.

buf internals.h which containsthedefinitionfor eachbuffer description(calledBufferDesc).Most of the
fieldsin BufferDescaremanagedby otherpartsof thecode,but for efficiency somefieldsareusedto
managethebuffer spacethatis eligible for replacement(whenit’s on theexistingLRU freelist).

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

Youmaymodify thesetwo files to changetheimplementationfrom theexistingLRU queueto theMRU
discipline.Youmayfind thatyoudo notneedto edit bothfilesor changemany of thefunctions.

Unfortunatelythereis nopartialcreditfor thissection.Besureit is correct.A badbuffer managermakes
therestof thesystemuseless!

7 Implement CLOCK (40%)

LRU (LeastRecentlyUsed)is the mostcommonpolicy usedby operatingsystemanddatabasesystems.
However, direct implementationof LRU is pretty expensive. So somesystemsusean algorithm called
“CLOCK” instead.While “CLOCK” approximatesthebehavior of theLRU algorithm,it is muchfaster.
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The descriptionof “CLOCK” algorithm is available in Section 9.4.1 of the textbook. We give a
descriptionhereto assistyour implementation.

To implementthe“CLOCK” replacementpolicy, you needto maintainthefollowing information.You
are free to maintainadditionalinformation if you want. But the following two piecesof informationare
necessary.

1. A referenced bit associatedwith eachpage. Eachtime a pagein the buffer pool is accessed,the
referenced bit associatedwith the correspondingpageis set to 1. In your implementation,you can
simply turn it on if pin count goes0 whenyouunpinapage.

2. The“clock hand”(current in thetextbook):between0 andDEF NBuffers-1.Eachtime apageneeds
to befoundfor replacement,thesearchbeginsfrom from thecurrent pageandadvancesto ’current =
(current + 1) % DEF NBuffers’ if not found(i.e. in aclockwisefashion).

Eachpagein thebuffer pool is in oneof threestates:
� pinned:pin count � 0
� referenced:pin count=0 but referenced=1
� available:pin count=0 andreferenced=0

To find apagefor replacement,youstartfrom thecurrent page,repeatthefollowing stepsuntil youfind
apageor all pagesarepinned.If:
� page[current] is pinned:advancecurrent andtry again.
� page[current] is referenced:setstatusto ’available’,advancecurrent andtry again.
� page[current] is available:usethispageandadvacecurrent.

As in MRU, we areonly interestedin modifying freelist.c andbuf internals.h. Although
someinitialization codemaybebetterput in otherfiles likebuf init.c, you mustdo all your initializa-
tion in freelist.c.

Again,youshouldfigureoutwhereandhow to modify thefiles yourself.Wewill notassistyoubeyond
whatwe discusshere.

8 Testing

Therearemany waysto testyour implementations.Onegoodway thatwe have provided you with lies in
our testingscriptsin hw1/testandhw1/QueryTest.

Weprovide somefiles in src/hw1/QueryTest, which include:
� compile.sh
� prepare.sql andquery.sql
� R andS
� readme

Beforeyouwork with thesefiles,youneedto dois gointoprepare.sql andputyourhomedirectory
informationin placeof thequestionmarks.

After modifying thecodein partssix andseven,usecompile.sh to re-compileandre-installPost-
greSQL.You just type:

./compile.sh � your freelist.c ��� your buf internals.h �
To run a queryon your newly compiledversionof PostgreSQL,consultthe readme.You canchange

’-B � nbuffers � ’ in line ’$PG BIN/bin/pg ctl start -l $1 -o "-o ’-B 16 -te -fm
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-fh’"’ of readme if you want to changenumberof buffers. The statisticsare saved in ”logfile” you
assigned.Youcanchangethesequeriesor commandsasyouwish to testmorethoroughly.

Anothergoodway to testlies in src/hw1/test. Thefiles include:
� Makefile
� fullbuftest.c
� fullstubs.c
� readme
� test-clock
� test-mru

View the readmefile to get more information abouthow the testerswork. We have provided a few
sampletestcasesto getyou going.Feelfreeto comeup with your own, andsharethemon thebboardwith
theclass.Pleaselimit thenewsgroupdiscussionto testcasesONLY. Therewill benodiscussionof any code
or implementationdetails.Testcases,answers,andverificationsarewelcome,however.

Sincea largeportionof this assignmentis looking over codeandfiguring out what it is doing,we will
notassistyou in working thetestscript.We feel thatlooking throughtheprovidedfiles will really helpyou
to understandthebuffer replacementschemebetter, aswell asto giveyouagoodchanceof learninghow to
debugandtestyourown systemscode.Sincethesescriptswill notbesubmitted,youcanedit themandplay
with themasyouseefit.

9 Submit

Youmustsubmitexactly8 files (evenif they areincompleteor unchanged).They are

1. README - whatworks,whatdoesn’t, how many slip days,etc.
2. strategies- answersto thefirst part,in thecorrectformat!
3. freelist.c.mru- MRU implementation
4. buf internals.h.mru- MRU implementation
5. freelist.c.clock- CLOCK implementation
6. buf internals.h.clock- CLOCK implementation
7. PERFORMANCE- explainedbelow
8. GROUP- explainedbelow

Your PERFORMANCEfile shouldtalk a bit aboutperformanceanalysisof the3 differentreplacement
policies.Theitemsin QueryTestshouldhelpyou throughthis part.You canusethatquery, or your own to
measurespeeddifferencesamongthepolicies.Talk a little bit aboutwhy differentpolicieswould produce
different(or thesame)results.Lastly, pleaseprovide thequeryexecutiontimesandbuffer hit ratesthatyou
achievedfor theprovidedqueryin ”QueryTest”.Thesecanbefoundin thelogfile afterexecution.

Gatherall of thesefiles into a directory called hw1 submit off of one of the group membershome
directoriesontheitaniums.Then,emailJoe(josepht@andrew.cmu.edu)with all groupmembersnamesand
andrew ids, aswell aswhich groupmemberthesubmissionwill beunder. He will sendyou a submission
confirmationuponretrieving your files, so until you receive that,do not assumehe hasgottenit. If a day
elapseswithout a response,sendhim anothermail andCC theotherTAs to make surewe getit.

Whenyousubmit,besurenot to mix thefilesup.Additionalfileswill notbeaccepted.Eachgrouponly
needsto submitonce.If therearemultiple submissions,the latesttimestampedsubmissionby any group
memberwill beusedfor gradingandthecalculationof slip days.Rememberthatslip dayswill bededucted
from all groupmembers.
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10 The GROUP File

For this assignmentandnext, you arerequiredto submita file with your homework that lists all 3 group
membersnamesandid’s, aswell asanhonestpercentageof work that thatparticularpersoncompletedof
theassignment.Thesenumbersmusttotal100.Thefile shouldbeformattedlike so:

Member1 Name Member1 ID %

Member2 Name Member2 ID %

Member3 Name Member3 ID %
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