DataPlacemenBasedon the SeekTime Analysis
of aMEMS-basedstorageDevice

ZacharyN. J. Petersoh
zachary@cse.ucsc.edu

ScottA. Brandt
scott@cse.ucsc.edu

DarrellD. E. Long
darrell@cse.ucsc.edu

ComputerSystemd.aboratory
Universityof California, SantaCruz

Abstract

Reducingaccesdimesto secondary/O deviceshas
long beenthe focus of many systemgeseachers.
With traditional disk drives,accesgimeis the com-
positionof transfertime seekimeandrotationalla-
tency so manytedniguesas to minimizethesefac-
tors, sud as ordering I/O requestsor intelligently
placing data, have beendeveloped. MEMS-based
storage devicesare seenby manyas a replacement
or an augmentatiorfor moderndisk drives, but al-
gorithmsfor reducingaccesgime for MEMS-based
storage are still poorly undestood. Thesedevices,
basedon MicroElectoMedanical system¢MEMS),
usethousand®f activeread/writeheadsworkingin
parallel ona non-wotatingmagneticsubstate elimi-
natingrotationallatencyfromthe accesdime equa-
tion. This leavesseektime as the dominantvari-
able Theefore, new datalayout techniquesbased
on minimizingthe unique seektime characteristics
of a MEMS-basedtorage device can be developed.
This paperbayinsto examinethe accesgjualitiesof
a MEMS-basedtorage device andbasedon experi-
mentalsimulation,developsan undestandingof the
seektime characteristicsof sud a device These
characteristicsthen allow us to identify equivalent
regionsin which to placedatafor improvedaccess.

1 Intr oduction

Moderndisk drives canno longerkeepup with the
performancerendsof integratedcircuit (IC) technol-
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ogy. TheRAM-to-disk memoryhierarchygapis in-

creasingatarateof 50% peryear[4], creatinga per

formancebottleneckin computersystems.To com-
pensatdor this behaior, mary techniquedasedon

limiting theseekandrotationallateng of adiskdrive

have beendevelopedto improve disk, andtherefore,
systemperformanced6, 13]. Thesetechniquesn-

clude placing dataon disk, basedon workload, to

reducethetime to accesshatdata [8,9,11].

Traditionalrotatingdiskshave acylindracallayout
thathasjustonedegreeof freedommakingdatalay-
out a one-dimensiongbroblem. MEMS-basedstor
age,however, usesa two-dimensionahrray of read
andwrite headghatactin parallelon a non-rotating
mediasled. Applying analogoudayout techniques
to MEMS-basedstoragesuggestshat this approach
will nottake full advantageof the parallelismor ad-
ditional degreeof locality inherentin thedevice.

Grif n et al. have shavn that for a limited class
of MEMS devices, one-dimensionablacementand
schedulingcan be applied efciently [3]. In this
work, datais placedonthe MEMS-devicein longitu-
dinally sequentiatracks,similar to trackson a disk
drive. However, this methodis preferredonly if a
long longitudinalseektakeslesstime thana smaller
latitudinal seek.

To betterdevelop an understandingf the access
time characteristicef a MEMS-device we have cre-
ated a device simulator that generatesseektimes
from ary two pointson the device, implementinga
device motion model formulatedat the University
of California, SantaCruz (UCSC)[7]. In brief, we
modelthe physicalandmechanicaforcesthataffect



Area accessible to

Cylinder
one probe tip l l

Bits ssssl sssslE

S mmmmm| IIIII Tl
‘sssEl sEEEl EEEEl
l-l-llnll-lllll-!
SEEES seEslE snaeE

R

~—
Y 'l---l!lllll
IIII-iIIII-
EEEEN EEEEN
EEEEN EEEEm
L LE L AL L]

Semva
info

Tip

I
|
[
I
I
I
I
I
I
I
sector |
I
|
I
I
I
|

'\
f
i
L

I I‘I
|
| :
. i
I
. [
. |
|
|
|
L

ck

Tip trIa

Area accessible to
one probe tip (tip region)

Figurel: Thelow level datalayoutof a MEMS device.

the positioningtime of the sled using a differential
equation:

mx | x kx Kut

(1)

Equation1 allows us, in particular to model the
springlike behaior exhibited when positioningthe
media sled; forces such as non-constantccelera-
tion anddampingnot accountedor in relatedwork
[2, 3,10]. Data attainedfrom simulation has en-
abledusto obsere equivalenceregions, or areasof
mediathat sharethe sameseektimesfrom a x ed
point, wherelike datacan be storedto improve ac-
cesgimes. Thistechniqueof identifyingequialence
regionsfor improving systemperformancehrough
intelligentlayoutandschedulindhaspreviously been
appliedto disk drives[6]. We presentesultsthatare
contradictoryto thosepresentedh the MEMS litera-
ture,andproposeanenhancediatalayouttechnique
basedntheseseekcharacteristics.

2 MEMS Background

In this sectionwe provide a brief low-level descrip-
tion of a MEMS-basedstoragedevice. It is impor
tant to note that becausethis device is still in its
infang, mary of the detailsare still uncertain. Al-
thoughtherearemary potentialarchitecture$s,12],
we have basedthe physical parameterf our ex-
perimentaimodelonthespeci cationfrom Carngjie

Mellon University (CMU) [1,2].

A MEMS-basedstoragds comprisedf two main
componentsigroupsof probetips calledtip arrays
thatareusedto accesslataon a movablemediasled
that slidesin the x andy directions. Figure 1 illus-
tratesthelow level datalayoutof MEMS-basedstor
agedevice. The mediasledis logically brokeninto
tip regions de ned by the areathatis accessibldy
a single head,approximately2000 by 2000 bits in
size. Multiple probetips! reador write bits in par
allel to their respectie tip regionsusingorthogonal
magneticrecordingtechniques. Eachtip region is
then separatednto tip tradks or the full stride of
singletip. Thetip tracksarefurther separatednto
tip sectos, thesmallesiaccessiblenit, analogouso
disk drive sectors.Tip sectorsareindexed by thetu-
ple x y tip , wherex andy aresomedistancecoor
dinatesandtip is atip number Thereforewe de ne
atip trackasall tip sectorsvho sharehesamex and
tip, andacylinderasall tip trackswho sharghesame
X. To accesglata,the sledis positionedover the ap-
propriatesectorsandaccesse¢h parallelby moving
in they direction.

1Becausef pawer andheatconsiderationsnot all tips will
be ableto be active at the sametime. Instead,200to 2000si-
multaneoushactive tips areexpected.
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Figure2: Equivalenceregionsfor thetop-left sector

3 SeekTime Analysis

To develop an understandingf the seektime char
acteristicsof a MEMS-baseddevice, we conducted
experimentausingthe UCSCpositioningmodeland
thephysicalparametergrovidedby CMU. By xing
a startingsectoy we can then determinethe physi-
cal distanceandseektime to all othersectorsonthe
device. We choseto examinethreeregions of the
mediasledin particular:the top-left, the centerleft,
andnearcenter Becausdhe device is symmetrical
in nature thesepositionsmapto all othercornersof
thedevice.

Figure 2 illustratesthe seektime versesdistance
resultsgatheredy settingthe x edsectorto thetop-
left corner andthenseekingto all othersectorson
thedevice. Thevariousshadesnd,in thecaseof the
3D graph,levels, represenequvalentseektime re-
gionsbasedon a 0.1 msgranularity Thereis aclear
rectangulastrati cation, wherelayersof equvalent
seektimeregionsexist onthemediasled. Intuitively,
seektimesincreaseasthe destinationsectormoves
away from the startingsector It is interestingo note
thattheregionsgrow thicker proportionatto the dis-
tanceaway from the startingsector

Figure 3 shaws the surfaceand 3D seektimesto
all sectorsstartingfrom the centerleft sector This
datashavsthesamestrati cation asseenn Figure2.

Whatis moreapparenin thesurfacegraph however,
is the very rectangularelationshipthe equvalence
regionshave to the startingsector Saidanothemway,
thereexists a ratio of width and heightwheredata
bene ts from being placedwithin thatregion. Fig-
ured is anearcenterrepresentationf thesameseek
time analysis,andagainshaws the very rectangular
natureof the equivalenceregions.

Theseresultsare contradictoryto thosein the lit-
erature, as the device doesnot exhibit ary bene-
t from a “cylindrical” layout, comparedto mod-
erndisk drives. Placingdatain cylinderswill incur
greateraccesdateny contrastedo datathatuseda
rectangulaplacemenpolicy. For example,consider
datawritten to a MEMS-device that exceedsa sin-
gle cylinder in size. If we lay thesedataout within
a single equivalencezone, then during randomac-
cesstherewill be no seeksvorsethanthe costthat
boundsthatzone. Whereasa cylindrical layoutwill
incurthe seekthe costof crossingmary equialence
zonesjncreasingaccessateng.

4  FutureWork

Basedontheresultsfrom Section3, it is evidentthat
a direct applicationof currentdisk drive datalay-
outwill beinsufcient, andpossiblydetrimentalto
the performanceof a MEMS-basedstoragedevice.



Figure3: Equivalenceregionsfor thecenterleft sector

Figure4: Equivalenceregionsfor anearcentersector



It is our afnity to suggest datalayout policy that
prefersrectangulamplacemenbver track and cylin-

der placement. By developing a heuristic for the
costof placingdatain the x directionversusthey,

we believe we canachieve greateperformancdrom

this two dimensionaldevice. However, in orderto

further back our claim of rectangularstrati cation,

we will needto performsimilar seektime analysis
on future generationsof MEMS-device modelsas
moreinformationaboutthe actualdevice character
isticsarerevealed.Furthermoreresultscomparinga
ratio-baseglacementlgorithmto the standarday-

outtechniquewvill benecessaty
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