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]'lte major SSC experimeuts are expected to produce up to 1 Petabyte ¢_fda,ta. per
year each. ()nee the prilllary reconstruct.ion is completed I_y fa.rnts of inexpetlsive
],rocessors. I/O becotnes a major fa.ctor in further analysis of the da.ta. We b_,lieve
that the applicalion of ria.ta.base techniqlles ca. significautly reduce the !/O per-
l'ot'med in these analyses. We present examples of such [/O reductious in prototypes
based on rela.tional and object-oriented databases of C,DF da.ta, samples.

Introduction

'rite SDC arid GEhI experimeuts at, SCCL a.re sized to i)ro,ltlce Ul) t.o I Petabyte (II}t'5

bytes) oi' data per year each. Tire domina.ut C I'U load of priina.ry recoustructiou is
expected to be hattdled by fa.rtns of inexpensive processors. However, subsequent a.ua.lysis
rol)reseul.s a,ti I/O loa._! aboul, four orders of lna.gl.iit.ude I)eyoud our current experiellce.
Sillce I/0 l_et'l'ortYta.ttcehisl.orically lla.s llOt kel)t, l.ll) with ('PU ])et'[orlliallCe gains, we iiave
prol)osed [1] nmvitlg from t.lte traditional, serial access, tape-based analysis systems ofthe
l_ast l.o lllot'¢ Sol)llislicat,ed da.lal)a._eal)l)l'oaches. '.['lie datal_ase orgattizalion will allow
a i_t'ogra,ul I.o read o111vIlle l)ort,iolls ol' ali eveld, ii acl,tally ueeds. I llerelu sigt_ilical_l,l.v
re, lucing the alnoull.t, of [/0 required.

"l'o lest. llmse ideas, we have I,,lilt. prot,olyl)e systems [2] based o. 100-200 I_legal).vl.es
o1"CDF clara. \\:e have ('ollst,ruct.ed sSstelns Itsillg a convelll.iollal relalioual database sys-

tori1, atl ol,jecl-orie'llle, I ,lal al)a.s¢, ,_3"_1¢'tt_ au,I 1)1o¢_i.a_ ltottw-I)rew oi,joel, sl orag¢' sysl.¢'t_t.

\\:e Vel_grt.o_t l lte perl'ortttattce o1'eat'lt I_rotolYl)¢-'. It_ addiliott, we ¢lesct'il_e,_,t_w o1'l,lte
,lala t_od_.'lit,gco_si_lerat io_s i.voiv_.'_l i. a_lal_li_g l,o I I_etwo I,yl)eSo1'svsl,¢.,_tt.Fittall.v. we
,liscuss so_.:: of t l_e_lesig,I co_tsi,l_-'ratiot_sraise,I by I Ire tl¢:'edI'or a Ile×il_le ¢l..ta st,rttcl,ure

iu a. I)h.vsics researclt e_virou_nettl, co,.tpl_..!with lhc enor_uous size o1'I,he dal,al.,ase all¢l
Ct_llSt,tltl_,lll OXl)_'ltSO of I'(',_l rttcl.ttring it.

,,,.,,,,.,_,.,,,,,,,_=,,,..,1,,,,,,,,,,.iw_l '_'_"_'_'_u_"_'È_m_z_''_r_"'_n_'_'_*_'_'_'_te_H_H_'_''_N_t_m_ MII_II'_IIIII_II"'_llllltl'r'lIIH'lllllllmltHtllllll_llH_II'I'I_HIIlI'I'I_I_



Databases

('oln)ller,'ial relatioilal da.tal_ase s,,'sl.ez_ls orgauize il)l'or)uatioll Jute tal,les',wil.h eacll row
irl rh(: table rr.'l)reseuting one datuzn and e:'h coluinn descril)ing a feature of that dal tllll.
[q)r exalnl)le, a tal.,le of Einph)vees migll( have colu)llas for Taxi)aver II)., Na nm .Job (. la.,s
ii), a.ud salary. A t,alde of Jobs z)iight have coluu_ns for .Job (_'lass lD, .Job Title alid sa.lary
ra llge. To filld tl)e .Job Title of t.lle Elnl)ioyee wil,h Taxpayer I]) 34:_-88-213.[, l lw ss's(.(..'lll
fiU(Is the row igt the Eml>loyee taL)le with lna(c])ing Taxpayer lD. picks out the ..],al,Cla.ss
ll.) l'rolu that. row. theu finds the row in tile .Jobs fable wil.h the ma tchiug .Job Class ID
allrl returns (,he .Job Title.

\'Ve have also worked with a comnlercial object-oriented rla.tal)ase systenl, it. I'unc-
tions I)y making otherwise ordinary (-'++ objects persist.cut. That is, (la la. place(I il) ,slscll
a.ll ol_.ject can I,e recovered !)5"auother program even after the cz'ea.t,or ]la.s exite(l. 2']lis
is tr'le even of links between structures. In the exa.niple above, the ,joilfing of the t.abh:'s
oil Job (!la.ss II) would be replaced by a silzll)le liuk ft'ore au Employee sl.ruct, ure to t.he
correspoudit_g .Job structure.

["Fool [3] is a persistent object storage sysl.em developed at t.lte University of llli)w)is
at ("l_icago. lt. l')rovides persistence 1)5"using the _uu_al)() functiou to map persiste)_t I_1s
to regions of virtual me_nory.

Data Modeling

\\'(."l_ax'e taken dala from ('DF's [!)88-89 run, a)_a]x'ze(] the event '_'l)os l)a)_k sl,r)l¢'l.).lres

a_! recast t.he)u into au Ent.itv-l_cla.tiot_sl)il> model st)i(able t'or I)otl_ I¢i)_d.,:of dal, a l,ases.
'l'l)e E-R lnoth.'l was theu cod(:'d by haud iu(o 5QL t.o create relational tables aud it_t.o
C++ to create persistent objects.

']'raditionally. ali tlm baaks )'el)res(.:))(i_g a)) e,_'¢'))(:are stored togetlwr. Progra)))s
analyze eveut.s !)3" readi_g in ali bauks, decidi_g ii' the eveut is of iut.erest a.n<l i)lotti_g
so_)temeaningful quantity. The filtering au(:[ l)lottiug calculations rarely re(ltlit'e ali of the
eve_t, banks, but they are rea([ a.uyv_'ay.Since ]na ny analyses re¢luire lin_ited calculation
once recoustructio_ is done, this produces a great, deal of tUlllecessa.ry I/O.

In coutrast, we have stored all o[ the eutit.ies of a given type for all events toget.her,
eiiher in oue table per eutit.y tyi)e iu a. re'lat.iotia.l syste_n or i_t o_e ol)ject ([a.tal>ase per
entity type in ata object-oriented oue. ,-ks nmclt or as lit.tie of any give)_ eve_(, a.s ne(..'_led
can be a)u_lyzed I>vdoi)_g (.al)h:joius ¢)_t(lie (-'v(')ll [D fi(:](i, oi' by ['ullowi))g li)_ks: ))('ii I),'r
s,vste_nI'et(']_esdala until it, is a('luallv lo)tcl_e([. "['l_isway. a)_a.l.vsisl)rogratus (.'a)_read i_
o_l.v (.l_oseportions of eve)_t.sthat t l_ey will actually use.

ila)_(I ('o)_version of the E-I'_ lllorle] (.o co<le was a lal)orous ])roc(:s8, largely (l)u" I_)
ll_e variable l_'_)gtl_suf the origi)_al '_'bos I)a))ks. N('ilher (.latal.)asel)an(lles r('l>eat.('ds_l,-
sl.r))ci)tre.,<will)i)) a Ial_le/ol>.iec( weil. so a¢l,li( io,_al ('))(it i(:s were cr(,aled. __L'(_at'e worl<i))g
wit.I) a.uto_)aI(,_I )ool._ lt)I)('ll) ,vii.h (l_is i)ro("es._, l"or tl_e r('latio))aI .'L','st.(')_.we l)a','e _tse(I
El¢IL)raw [4] to g(')_eraie SQL I'ro_) a gral)l_ical ','ersiu_ of t.lw E-II ,))od('I. 'l'l)is fuel sl)ows
('o_)si(h.'ral)le l)rO)))is(., a_d works witl) s(:v(,ral ('o_)))_ercial dalal)as(,s. Fur (fw c,)_))))_(')'('ial

()l,j('('I-<)ri(-,_)l(,(l.,<5"gl(,))).wt' are lo(,l<i))g at I.I_(,s('l_(")))aco))s(r))cti())) I.o_)I._)l)l)li('(l wt(1) i(.
(',))'r(,I)l Iv. II_is 1(,ol l)as rat l)_,r li)))it(,(I Cal,al,ilit it's.



- Datal_ase Object- Relat.ioual PT9ol Ybos uuits
oriented

Ybos Data Loaded 215 42 42 109 lklByt, es

Da.tabase Size 241 lt5 72 1(}9 l_lBytes

Time to Loa,l 3.75 2 '2 0 hours

l_la.ss Query 40 6.10 30 8,10 seconds

Table I: Protot, ype Database l'erformance Results

Performance

\'Ve have compared our prototyt)e dat, al)ases wil.l_ nal.ire Ybos operations I)y selecting

events with a (li-uluon mass in the ra,nge of the . Ali tests began with the sa.ule 215

hlBvt.e set of 'Ybos data which cout, ained 12 dilferent l_a.llk types. By historica.l a ccidetlt
and iinlil, s on resources, the tests did not ali iuclude the same Ybos baJlks into t,lmir

_la.l,al,ases. Tlm collllm'r('ial object-oriented test di_l include all t2 bauks. For tile otlJer

three tests, au iuh:rnmdiate Ybos tile was lua(h-." I)y dt'oplfiug tllree of the ballks not

izlx'olve¢l in the eve_lt selection. For the Ybos tesi., this file was read seq_wutially and

co,._pletvl.v. For the remaining tests, eight of the remailling uine bmlks were loaded ilfl.o
_la.tabases ['t'olll t,lJis lile: the query was l,llen full agaillst the reslllt, illg databases. We Ilave

nwasltred t.lle sizes of t.lle resulting da.tal)ases, the t.inle to fill t.lle da.labases a.lJ¢l tile Illite

t.o l_er['ort_ l l_e event selectiou. Ali tests were l)erformed on a. SPARCsta.tiot_ 1. ii'lte results

a l,lwar il_ 1"a.l_lr I.

For the 5"bos case. we consi,l_'r the inler_ediate flit, t.o be the "datal)ase". hence ii.

takes no a d,lili,_al t.i_e to till. The co¢le which Ioa,le,! the co_nercial ¢_l,ie,:l-ori_'_,'d

,lalal_ase also ha¢l to swal_ the ,lata fron_ \".-\X b.,,'te or,Jrr a_,,,I I'loat.itig poit_l, l'ortttai lo

t]_e SPARC eqttixalettt :t his task alone takes 1.7.5 hours. The other two ¢latabases loath.-'d
I't'on_ a hat'dware-neut, ral ASCII format file.

']'lie mass Cl_wrv benchmark in the Yl:,os case was a FORTRAN progratn wlticl_

used tlm sl.an_lard Ybos rotttines. Tlmse rottt,iues t,reat t,l_e file setlu,'tttially a,ud read itr

cot_tph:te evetll,s. AI)proxittiat.ely 2000 ew'tits satisfied the select,iou, lt_ l,he conitnercial

oi,jeer-orient, cd a_lcl P'l'ool cases, the tltt¢:ries were (.'++ l)rogra, t_s wl_i¢.'h o_tly rel'vreuced

t l_r,:'e I_a._ks _aki_g _p less l.l_au 3% oi' t.lw dat.al.,ase. "].'l_erelational query was writt.,'_, it_

SQL and si_ilarlv oulv touched tl_e releveut data.

B¢,tl_ ol)jecl -orienl etl databases show a _lt'a_natic i_l)rox'e_ne_t i_ a_a l.vsis ti_m.-'ov,_r

t l_e _at.ive '_'bos. ]'l_e ,:ommercial s:,'sl,en_ a,'hieves ll_is with ,at_l,v a s_nall sl,ace overhead

of 12'_,. abo_tt half ot' which al_l)ears sin_l_ly 1o be i_co,nl_lel.ely fille¢l dalabase seg_e_lts.

'l'lte tl_t,t'e I.l_at_ 71}'/_ space ow'rlwatl t,l' l"l'ool is llOI t'tll'l'ell[ IV _t_th'rslt,o,I.

'I'l_e rc,laliot_al i,eri'¢)r_ance is disappoit_lit_g. I.,_t we l_ave t_of exl_a_ste¢! ali aw'_t,'s

¢_l'Ol)li_ization. !_ i_arlic_tlar, tire very large space expa.nsion _ttst be t'o_lrolh:,l i['ll_is

¢lalal_ase ss'slem is to rt'_ait_ a.s a vial)le oi)fiord.
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Design Considerations

'I'lJe tr,'e sir,lclltve oi" bauks iii a.n event ca.11reacll d,-ptlls of lo,lr or umre. Iii siwlll_le

relal.iolla/ desigus, leaves of tile tree ueed ullitlue keys obta.iued by collcal.euatiug keys
l'rolll ali the la,ycrs a.l_ove them. This cau lead to considerable storage overhead in very

la.rge datal.,ases. Furthermore, pieciug together a.n eveut by doiug ,}uius a.t run l,iJue couhl
lead Io the time for a. sixlgle evcut growiltg witll tlm size of t.]le euth'e da.taba.se.

For object databases, keys are replaced by fixed size poiuters, regardless of depth
o1' the event structure. Furthermore. ruu time joius are not ueeded, so the overall sca.ling
I)¢,]lavior 1nay be better tlta.n rela.t.ional syst.enls. Ilowever. t.he scale u1) for SSC, is so
ellorlnous that more sl.tidy is needed for both systems.

As allal,vsis proceeds, events ofteu llave new ballks attached to t.llem. For rela.-
tional ss'sl_.'ll_s, olle just delitles a. uew table with the proper keys; ali the old data is
undisturbed. For object syst_'lns, however, if the event has a fixed set. of pointers to its
conll)Om'llt I)a.uks, adding a. bank could lead to a complete restructuring of the data/)ase,
a. prollilfitive[y expensive proposition. A Lisp-like list. structure may be more stable and
is uuder iuvestigation.
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