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------_ ... -_ .. _-

AJlSTI'ACT ------
Virtual hllflhinr il' ;> l'l'''' nddrl'SRinr tcchniqul' fir!'t rropoRl'd il' /l.IT77f. The 

idC'a in tlds tl'd'niquC' i5 to rcsolv(' collisionR not onJy ilS thC' wC'll ~not<n 

h"shinr doC's ~y ov('rfJaw rf'cords crC'llt1on. 'but illso by ch .. mres ta th(' hllsldnr 
fllnction. Typiclll1y !'lIrh rlllmrcs split -n s('t of Y('ys r,!ppC'(l on on(' ndc1rf'ss lnto 
t'-n Sl'ts. onC' of thC'r' hC'inr hencC'fnn.'nrd r.npppcl on n npw adclr('!;s. Th l' 
rcorrllni:r.1nf's avn1d thcn l''ost of 0verflow rN:orns ~!Idch wouJd f'xist if thC' 
clnSl'1c<1J hllshlnr ,.':11' lIsC'd. It folloWl' th:1t 1nl'crtlons J('ncl to l'rnll{'r 
d('tC'r1or<ltion of l'C'arr" perforrr.:1nce, C'spC'claJJy ",hen rrore in!,:prtionl' occur thl1t 
ft "'DS C'xpC'ctC'd. \'C' propol'C' <li' alrorithrn whlch for f11C's "volds sC'lIrch 
p('rforl":1ncc dPtC'riorntjon nlrro!':t at Ill] 1.C' flnds :11rost "l'V rrcnrn ln 01'1' disy: 
<lcrC's!', no l"'llttrr ho,,' fpw rrcordl' "'{'rI" exp('ctNI <lnd ho\~ 1""1'\' inl'('rtjom; the fj]{' 

h"è finnllv to support. Th{' nlroritlm al1'o <lpplies to t"nlps. provicHnr ln the 
smre condition!': ]('S5 t~nn 1.7 probes pf'r .1vprDrC' sp"rch. llo I!lrorithrr5 for fi]es 
and tables lr-plc!rC'ntl1ti('II' offC'rinr BU ch p('!rforlT'anCPl' werC' ~nown Ilnti 1 now. 

The t'lIforj thl" WilS ('11] l,d Lincl.lr Vi rtu!'] lIilshinr_, LVII 'ln short ~'e prC'sC'nt 
its pr1nciples, "nI11:7C' Hl' l'C'rfOrl'1l1nCf'l' <lnd cOlT'p<,rf' t!'f'rr to pr'lndplf's <Incl 
p{'rforrrilncC's of aJrorlthr's fC'r vi rtual hash'lnr alrf'lIdy l·nown. \,If' l'h0W t!>llt U'l' 
n('Nls very ff'w corC' Ilnd 50 rr<ly ~C' 'll"plC'(;'C'ntC'n C'n <'l'y 1!1jcrocorpllter. Ic(' <I.1so show 
that LVll is vC'ry sirpl{' ;>nè 50 f'<ly prorrl1lrC'd ~y c:1sllal usC'r. AlI rhC'sC' 
propC'rtiC's re"dC'r LVII a nf'W and il"porlant tonl for Il datl1!>,,!':e rhy",ic;!] 
st ruct\!rC's des1,n. 
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Virt!!ôl hô",hinp shortJy callcd VI' j", a nrw Ràdrf>sinp tpchni"ul:' firl't prof'osed 
in ILIT77/. The :lrlea in VI' :ls to resolve colJ:ls:lone: not only hy oVf'rflow rrcorns 
crr<1tion, as the c]ass:!cal :I.e. the weIl kno\.'n hash:lnr does (/A l!(i 75 1 , IBL/'. 77 1 , 
Irp075/, IrVI73/, !tTU74/, ILtW73/, ItlAynl, ISPR771 ), 11l1t <11so by chanres ta 
the hashinr .. fuoction. Typ:lcally such chanres spl:! t a set of keys rapped on one 
address :Into two sets, one of them beior hrnceforth mapped on a orw adèrrSS 
(th.~t :ls ""hy W(,' enlJrr! ,,"ch n chllT1rr !r.!jJ:). Thr correl'ponrlinr reorrnnizirrs 
nvo:ld to create wost of overfJo\.l records necessary :1 f thr hash:lnr funetion was 
static. As ILIT7fcl shows, the file wh:lch \.Iith thl:' class:lcal hash:lnp wouJd 
oVrrflo,,' w:lth very Cew inst'rtionl<, l''ay with Vil support ",il 11 ons of :Insertions 
and still allow to finà almost any record in one disk acccss. On the othpr hand, 
even .ftrr ~any deletions thp load factor stays hi,h. Thpse propertics render 
virtual hashinp a new and very i~portant tool for databases iffiple~entat1on. 

tlp to day four major VH alporithl!\S wpre defined: VIlO I1.IT77 ,a, 7P.b,c/, 
flCtendible Hashinp (fil) IFAG7rt, Dynamic \lash:ln, (DI') ILAR7f'1 and \'1'1 
ILIT7P.,a,b,c/. Hashinp functions dynamically creatpd with VIIl are reprcsented 
",:1 th heJ p of a bi t table. ,,'e need less than 1 bit per address prov:lded by the 
('reated function. The tahle l''ay then stay in core even after r.>illions of 
insertions and that is why, up to such nUl"ber of insertions, 1/1'1 f:lnds alrost 
any record in one disk access. Durinr insertions' the load factor typicslJy 
osc1llates bet"'een so~e p and r/2 ",here p is close to 1, the averart' load beeinp 
3/4 of ,. The oscillation is duE' to the fact that t'ach tit!'e the addrE'ss space 
extends. it doubles. 

VllO, rJl. and Dl! l'!'ake the addrE'ss spa ce rrow:lpp l:IneRrly :I.e. any split 
extends the upper bOl'nd hy one. It rray he shown that the 10arl factor ",ay then be 
equal to 70 j'; approximatively IUT77h/./Ff.G7f'/,/J.AR7f'/./I'AY7PI. Thf>re still :ls 
an oscillation around this value but ne,lipeahle for bucket capacity less than 
10 records and reachinp. 13 :r for 50 records per bucket, ILIT77b/. 1!0wE'ver this 
nice behaviour of Joad factor ls obtainE'd at the pr:lce of an :Index ",hich must be 
larre after few insertions. Thus it ~ust he part:lally or totally storE'd on the 
disk and in practice we nE'ed at least two.disk accesses per record. The three 
alforithms differ by index structure. 

AlI the abovE' Vl!'s shlOre the sare assumpt:l.on : the address of a collision and 
the address of the correspondinp split are the satre. Thp basic :lrlea in the VU 
introduced below, ,,'hich wc calI Linear Virtuel Hashinp (LVIl) , :ls that :lt way be 
worthwhile to l''ske these addresses dlfferent. ~!e sho", that Il few bytes of core 
are then sufficient after rnilliards of insertions, i.e. ",hen VIlI "'ould need 
hundredth of kbytes and the others Vll's many mbytes. This pr0l'erty allows LVI' 
sesrch perforl"ance to be constantly very close to one disk access per record, 
even if wc have a very small core (wicrocomputers) and a very larre file. On the 
other hand, despite the absence of the indelC, the address spa ce of LV}' prows 
linearly. That 15 \lhy the load factor practically does not oscillate, stayinp 
close to this of VHO. 

Below, Section 2 defines the princlples of LVH. Section 
pcrfo~ance analys:ls. St'ct:lon 4 reca]ls principJes of 
comparE's performances of thpse alporitms with perforMances of 
with conclusions. 
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