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Abstract

In this paper we describea graphic editing tool called
QUILT (Quick Utility for Integrated circuit Layout and
Tempeature modeling). QUILT permitsusess to rapidly
build floorplansof integratedcircuits, providing both a vi-
sualaid aswell asan input to the HotSpotsimulator The
tool providesnumepusfeatuesfor estimatingcircuit per-
formance sud as interconnectdelay and for geneating
graphicalimagesfor publications.Asa graphicalandeasy
to usetool, QUILT is well suitedfor both reseach and
coursavork purposes.

1. Introduction

An essentiaklemenbf computemrchitectureeducation,
whetheratthelevel of anundegraduatdhomevork assign-
mentor doctoral-lerel researchjs investigatingthe trade-
offs amongmultiple designcriteria, suchas performance,
cost,andpower dissipation.Themosthands-ontealworld,
avenuefor exploring computerengineeringradeofs is de-
signing, testing, and fabricating different integrated cir-
cuits and comparingtheir characteristics. However, the
prohibitively high time and monetarycostsof theseactiv-
ities make themusefulonly for small circuitsor long term
projects. Hardware emulationvia FPGAsprovides more
rapid turnaroundtime yet suffers from two major limita-
tions. First, the density of FPGAssignificantly lags that
of full-customCMOSdesignsmakingit necessaryo span
several FPGAsfor large, microprocessetevel emulations.
Second,the internal hardware structureof FPGAsdiffers
considerablyffrom a full-customdesignmakingit difficult
to correlateperformancendpower measuremenfsom the
FPGAto thatof thefull-customdesign.

For thesereasonsthe useof softwaresimulationfor ex-
ploring designtradeofs is very popularin computerarchi-
tectureresearclandeducation permittinglarge systemin-
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vestigationsto be performedvery rapidly. Although not

asaccurateasrealhardware,simulatorsproduceresultsfor

large scalesystemsn a matterof minutesor hours. Thus,

mary tools, both proprietaryandpublic-domainhave been
developedto studythe performancepower, andtempera-
tureaspect®f differentarchitecturesThereasonablaccu-
ragy andrapidturnaroundimesof thesetools makesthem
highly appealing.

However, most popular simulation toolsets are text-
basedandcommand-linedriven. Whenusedfor taskssuch
asfloorplanning suchinterfacesaretediousandleadto fre-
guentand hard-to-detecerrors. For instance the input to
the HotSpottemperaturenodelingtool [7, 12] is atext file
containingalisting of x,y coordinatesindsizesof thefunc-
tional units. In the past,researchersnodifiedthis file us-
ing text editorsandmanuallycomputedeachcoordinatea
tediousanderrorproneapproach.Thus,the prime motiva-
tion for designingthe QUILT tool describedn this paper
wasto provide amoreproductve meando utilize HotSpot.
However, in the courseof developmentjt becameapparent
thatQUILT would alsobeusefulin estimatindC transistor
counts roughfloorplanningfor very large scaleintegration
(VLSI) layout,producinggraphicswhich canbeusedin re-
portsand presentationsand asa generaleducationatool.
Researclmasshavn thattheuseof graphicaluserinterfaces
(GUIs) canincreaseproductvity andalsohelpto reinforce
conceptdearnedn theclassroonil, 9.

The restof this paperdiscusseshe QUILT tool andis
organizedasfollows. Section2 describegshe operationof
QUILT in detail. Section3 givesa brief overview of the
technicalaspect®f the software. Exampleof how QUILT
canbe usedin anacademiervironmentaregivenin Sec-
tion 4. New featureghatcanbeaddedontothe currentver-
sionof thetool arediscussedn Section5, andconclusions
areprovidedin Section6.



2. Detailed Description of the QUILT Tool

QUILT allows oneto easily build a floorplanasan in-
putfor varioussimulationtools. The currentversionis op-
timized for use with HotSpot. Userscan quickly adjust
their designsby simply “pushing polygons”, and running
the HotSpotsimulationagain. This removesthe tediumof
manuallycomputingfunctionalunit coordinatesandallows
usersto focuson exploring designissues.Functionalunits
canbeeasilymovedandresized.On-chipinterconnectsre
alsosimulatedn detail.

2.1. General Structure

QUILT is astandalondava application.The mainfunc-
tion of thetool is to generatean input text file for a simu-
lator while viewing or editinga graphicalrepresentationf
theIC floorplanin a GUI. Thetool wastestedwith a sim-
ulatorbasedon SimpleScalaB.0b[3] with Wattch[2] and
HotSpot[7, 12] extensions.

QUILT readsand writes HotSpotfloorplan coordinate
text files, andalso colorizesthe floorplanbasedon power
or temperaturdracefiles. Thetool canbe startedfrom the
commandine and an existing floorplanfile canbe speci-
fiedasa commandine option,or it canbegivena shortcut
icon and associatedvith . f | p files similar to most GUI
programs.

In additionto a text-basedcoordinatefile, QUILT lever-
ageslava’s capabilityto generatd PECfiles to producday-
outimageghatcanbeusedin documents.

QUILT requiresvariousparameterdor the technology
nodeof interest.For our researchwvith QUILT, we obtained
thesdromthe2003ITRSRoadmapl10]. Changingo adif-
ferentnodeis a simple matterof replacingsomeconstants
with thedesirednodes “Roadmap™values.

2.2. User Interface

When the tool is started,a GUI window is displayed
whichhasthelook andfeel of atypical drawving editor. The
drop-davn menusarelocatedon thetop of the window. If
aninputfile wasspecifiedat startup, the editing areawill
display a floorplan of the circuit layout. Figure 1 shavs
QUILT displayinga sampleprocessarin this casea modi-
fied versionof the Alpha 21264floorplan.

2.3. Floorplan Generation

A floorplancanbe createdrom scratchif desired.The
drop-dovn menusEdit, Mode, Zoom, Select andGener-
ate areusedto draw andedit a basicfloorplan.

New units canbe createdby specifyingtheir nameand
dimensionsSRAMscanbe createdby choosinga memory
size.Level 2 cachecanautomaticallybelaid outto surround
thecore.The Generate menuis shovn in Figure?2.
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Figure 1. QUILT displaying a sample processor
(modified Alpha 21264) floorplan
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Figure 2. QUILT's Generate drop-do wn menu

Onceunits have beencreatedthey canbe resizedand
moved usingthreepossibleeditingmodes.Thefirst mode,
Move, simply allows a unit to be translatedo new coordi-
nates.The secondnode,Resize (constant area), is use-
ful in that one can adjustthe dimensionsof a unit, while
still retainingthe original areaandthusthe samefunctional
capability (for example,to keepthe numberof bytesof an
SRAM constant) Finally, thethird modeallows thedimen-
sionsto be changeadvithout constraint.

QUILT cancomputethe transistorcountfor a particular
functionalunit andtechnologynodeprojectedby the ITRS
Roadmap. Figure 3 shavs the pop-upwindow, obtained
by selectingthe functionin the File menu,displayingthis
information. This operations usefulin estimatinghetotal
numberof transistoraisedin adesign.

The Zoom and Select menusmalke it easyto zoomin
to, or selecta certainpartof, a unit, respectiely.

Lastly, the Edit menu(Figure4) coverstypical edit op-
erationsaswell asa few extra operationghathave proven
useful. The Join very close edges operationis especially
useful when importing HotSpot floorplansthat had been
madeby hand. Thesefloorplansoften containsmall calcu-
lation errors. Anotherfunctionis Show overlapping and
underlapping points whichis usefulin verifying thatthere



Q/) Unit L2_Cache_Elock_1 contains EITHER:
8840k logic transistors
49152k SRAM transistors (1024 kBytes SRAM at 6T)
148486k DRAM cells (18560 kBytes DRAM)

Based on 2010 technology node (TRS)

Figure 3. Windo w displa ying functional unit tran-
sistor count

areno spacesn thefloorplan.A commoncauseof HotSpot
floorplanerrorsare gapsbetweenunit edgeswhich actas
insulatorsduringtemperatursimulation.
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Figure 4. QUILT's Edit drop-down menu

To recapitulateinformation regardinga particularunit,
anoptioncalledShow Unit Info in the File menudisplays
awindow listing the unit’'swidth, height,areaandx,y coor
dinates.

__Unit'cl_ChkptBuf Info.

I(D Wil-:llh:.346.5l]l]0l] um
Height 50.00000 um
Arex 0.01732500 mm*
Leftmost (ninimum) x 778.75000 um
Eottommost (minimum) y: -2618.97752 um
Rightmost (maximumy x 1125.25000 um
Topmost (maximumy y: -2568.97752 um

Figure 5. Details of a functional
windo w

unit in a pop-up

2.4. Interconnect

Interconnectdelay is of growing importancefor com-
puterarchitects QUILT modelsmultiple typesof intercon-
nects,andcanbeeasilyextendedo otherapproaches.

Corventional metal interconnectsas well as optical
interconnectsare currently modeled, basedon estimates
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Figure 6. QUILT inter connect delay estimator

from [4]. After two endpointshave beenselectedor com-
munication the programpresentslist of the estimatedie-
lays using eachtype of interconnect. The usercanselect
the desiredtype. Electrical connectionsare automatically
routedin a simple Manhattanstyle. Optical interconnects
aremodeledaspoint-to-pointlinks. Theareaconsumedy
the interconnecis alsodepicted(visible for interconnects
thatare mary bits wide). Finally, the connectiondelayis
expressedn termsof clock cycles,for easeof comparison.
Thisis shovnin Figure6.

2.5. HotSpot Usage

The primary file format of QUILT is the. f| p (floor-
plan) file usedwith HotSpot. However, onecando much
morewith QUILT thanjust save files for usewith HotSpot.

A single menufunction takes careof saving the floor-
planfile, runningHotSpot,anddepictingthe resultswithin
theeditor Thefloorplanis automaticallycoloredto indicate
cool (blue)andhot (red)functionalunits. HotSpotsupports
runningfrom apower tracefile, which meanghatonedoes
not have to wait for a SimpleScalarsimulationto finish.
Rather the power tracefile lists the power dissipationin
eachunit andHotSpotjust needso recomputehe thermal
interactions.

Oncea userhascompiledHotSpot,QUILT canquickly
run a HotSpotsimulationandimmediatelycolor the floor-
planaccordingo temperatureTheusercanrearrangéunc-
tionalunitsaccordingo thermalconstraintandre-simulate
instantly This canbe very usefulfor designspaceexplo-
ration.

To use QUILT in this way, one must first producea
power trace file which is a listing of power consumed
by the processomwnits. The simulatorin HotSpotcalled
si mt enpl at e generatethis tracefile aspartof its out-
put. The time it takes for resultsto be producedis on
the orderof seconds An exampleusingthe demonstration
files includedwith HotSpotis shavn in Figure7. Thecool
cachesarecoloredwith blue huesandthe hotinteger units
areindicatedwith redhues.
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Figure 7. QUILT displa ying a temperature-colored
floorplan

2.6. Graphiclmage Generation

Graphicsarefrequentlyneededo clarify ideasandde-
pict resultsfor reportingpurposes.In the past, producing
theseggraphicanvolvedmanuallyadjustingresizingandre-
coloringalarge numberof functionalunits. QUILT largely
automateghesetasks. Singlemenucommandsshavn in
Figure8, permitthefloorplanto berecoloredfontsresized,
andlabelschanged.

onnect HotSpot Graphi[s| Help

Color L2 caches

Only label L2 caches

Only label one L2 cache

Toggle showing labels that do not fit
Change font size...

Open for zoom effect.
lise selection as the zoom-from area

EXpOrt to PG...

Figure 8. QUILT’s Graphics drop-down menu

Thecoloringmayreflecteithertemperaturgradientsor
IC functionalitysuchascachesAdditionally, for multi-core
processorghereis a“zoom effect” generatarThis creates
a graphiccontaininga picture of the entire processomwith
“zoom” linesleadingto animageof asinglecore,asshavn
in Figure 9.

3. Implementation

QUILT was developedusing the Java Virtual Machine
ervironment which makes the software portable across
mary computingplatforms,a commonneedin academic

2 cach 2 cach
PostComBuf
KhKptBUr
ntRen | engu
s e :
2 cach 2 gne IntRea IntRe:
PReq
ROB |
2 cachd2 cach 2 cachd.2 cache e | |ntAl ntAlul
L
781 T80
cach 2cach pred Fetch |LdstQ
2 cach &*H\
cache cache
2 cachd 2 cach 2 cachd2 cache
(a) (b)

Figure 9. The “zoom effect” for a chip multipr o-
cessor image: (a) floorplan for a proposed 4-core
multipr ocessing fault-tolerant processor, and (b)
closeup of one core [11]

settings.In its currentimplementationthe tool comesasa
single 70kB file which is easily distributableand doesnot
requiretremendousomputingresourceso run.

This singlefile is aJava Archive (JAR) file, andin mary
operatingsystemscanbe executedsimply by doubleclick-
ing on it. Sincethe JAR file is actually a compressed
archie, a userwho wishesto modify QUILT canuncom-
presst to obtainthe completesourcecode.

QUILT takesfull adwantageof the Java object model.
Eachfunctional unit displayedis actually an instanceof
the Uni t class, and interconnectsare membersof the
I nt er connect Li ne class.Thetechnologynodeis also
encapsulateth a separatelass,asaremary othercompo-
nentsof the software.

Sunsj avax. sw ng packagewasusedto renderthe
graphicalinterface. The actualfloorplan editing areawas
madeby extendingthe JConponent class. By selecting
Suns standardyraphicalinterfacelibrary, QUILT's source
codeshouldbeeasietto understandndextend.

4. Teaching and Research using QUILT

Simulatorsarewidely usedin computerarchitecturesd-
ucation, asthey permit designsto be analyzedrelatively
quickly and cheaply However, text-basedsimulatorsare
not intuitive andthey are proneto errorsthat canbe cor-
rectedonly with carefulscrutiny. Although QUILT itself
is not a full simulatorin the strictestsensg(its main task
is to provide a front-endfor, anda graphicalrepresentation
of, thedatageneratedor or usedby text-basedsimulators),
it enablesstudentdo comprehendesultsmore effectively.
Studiesconductedy FelderandBrent[5] usingaquestion-
naire developedby Felderand Soloman[6] indicatedthat



82% and63% of engineeringstudentsarevisual andsens-
ing learnersrespectiely. Theresearcherdefinedsensing
asorientedtowardsfactsandhands-ormethodsandvisual
learningpertainsto information presentedn picturesand
diagrams.

A simpleexerciseusingQUILT canbeorganizedn three
steps:configurationsimulation,andanalysis.Thefirst step
requiresthe studentto modify anexisting floorplanof aIC
chip by usingthe drawing tools as seenin Figures2 and
4. An exampleis shavn in Figurel. If thermalsimulation
is to be done,the functionalunit namesshouldcorrespond
to the power outputslisted by Wattch. The simulationstep
is actually not performedin QUILT but throughHotSpot
and/orSimpleScalarThe studentcanmonitorandanalyze
datavisually (Figure7) while the SimpleScalasimulation
isin progressor whenit is completed.

Therearemary otherexerciseghatarepossible. For in-
stancestudentsancompardayoutsfor temperatureersus
interconnectlelay or examinethethermalimpactof adding
newly proposedinits, splitting units, etc.

In most computerengineeringcurricula, computerar
chitectureis taughtat two levels: an introductory level
coursetargetedtowards undegraduatesand a more ad-
vancedcoursedesignedfor upperclassand graduatestu-
dents. Due to the compleity of simulatorssuchas Sim-
pleScalarWattchandHotSpotexercisesnvolving theiruse
and modificationare usually carriedout only in advanced
coursesgventhoughthey are excellentteachingtools. A
graphicabasedool suchasQUILT permitstheinstructorto
introducearchitecturaconceptsaandsimulationskills early
in astudents education.

Using QUILT asa researchtool is not much different
from a classroonexercise. A further stepwould probably
involve producinggraphicssuchasthetemperature-colored
(Figure7) or multicorefloorplan(Figure9) requiredaspart
of the documentatioriollowing the research.The authors
have usedQUILT to generateesultsfor two paperg8, 11].

5. FutureWork

Although the authorshave usedQUILT for their own
work, thetool still hasroomfor improvement.For example,
when making presentatiorgraphics,XFig and PostScript
outputswould beuseful. Otherareaf improvementarein
easeof use,modeling,andnew functionalunit generation.

Fromaneducationastandpointeaseof useis important.
An on-line help systemcould be added. Additionally, the
editor should support“drag-and-drop”of unit placement,
similarto othervectorgraphicseditors.

Thesupportednodelscouldalsobeimproved. Intercon-
nectmodelscouldbemoredetailedandmoretypesof inter-
connectould be added.Delay uncertaintybasedon tem-
peraturecould be calculated.Also, moretechnologynode
specificationsould be addedto the system;an easyway

to scalea floorplanto a differentfeaturesizewould alsobe

useful. Thetransistorcountwindow currentlyshows three
differentnumbersand a correctinterpretatiorrequiresthe

userto decideif thefunctionalunit is of alogic, SRAM or

DRAM type. QUILT could be improvedto automatically
determingheunit’s functiontype anddisplaythe appropri-
atetransistorcount.

Whengeneratinghew units, it would be usefulto beable
to createitemslike queuesandregisterfiles basedon pa-
rametersuchasnumberof portsandbytesize.An example
wouldbefor QUILT to readSimpleScalar cf g configura-
tion files to automaticallygeneratdunctionalunits. ALUs
couldbepre-definedjivenanintegerwidth. Suchitemsare
impossibleto produceexactly, but canbe estimatechased
on currentprocessodesigns.

Finally, the programhasbeendesignedvith modularity
andeaseof extensionin mind. Thecommunityis invited to
implementary new featureshey desireandto sharethem
sothatall maybenefit.

6. Conclusion

In the past,computerarchitecturesimulatorstendto be
text-basedwhich makesdehuggingandanalysisanincon-
venientprocessThis distractscomputerarchitectsrom fo-
cusingonthe maintaskof designingandverifying new de-
signs. Previous researcton humanlearningand cognition
hasshawn thatvisualactvity enhancethe pedagogicaéx-
perience.

QUILT actsasaninterfacebetweerraw text dataandthe
user It canrun on avariety of computingplatformswhich
malkesit accessibléo mary users. Using QUILT enables
usersto make changedo IC layout quickly andto evalu-
ate and analyzethe resultsof their modifications. One of
the featuresnot seenin othertoolsis the ability to gener
ategraphicsfor hardcopiesor for usein presentationand
documentation.

Finally, QUILT addressethe issuesof temperaturend
interconnect. Theseare two areasof growing importance
for futuremicroprocessorgndneedincreasecgmphasisn
the classroomThis tool providesinteractie visualizations
which areeffective in helpingto meetthatneed.
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