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Virtual hashinp 18 » new addressinp technique {irst proposed in /LIT77/. The
idea in this techbnigque Is to vresolve collisions not only as the well known
hashiny docs by overflov records crvation,jbut also by chanpes to the: hashinp
function. Tvplcally such chanpes split a set of keys rapped on one address into
tvo scts, one of ther heinp hbenceforward eapped or a new address. The
recrpanizines  avold then rost of overflow records vhich would exist if the
classical hashinp was uscd.e It follows that insertions lead to srmaller
deterioration of scarch performance, cspecially when rore insertions occur that
it wvas cxpected. Ve propose an  alporithm which for files avoids secarch
perforrance deterioration almost at all l.e finds alrpst anv record in ore dish
acceess, no ratter how few records were expected and how ranv insertions the file
had finnlly to support. The alprorithe alsoe applies to tables, providing in the
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sare condltions less than 1.7 probes per averare search. llo alporithes for files
and tables irplementation off{erinp such performances werce Fnown until now.

The alrorithr was called Linear Virtuasl! Hashing, LVHl in short . Ve present
its principles, analvze 1ts performances and compare ther to principles and
perforrmances of alporithes for virtual hashing already Fpown. We sheow that 1AW
necds very few core and so ray bte implerented en any microcormputer. Ve also show
that LVI 4s very sirple »#nd 80 ray progrrared by casual user. All these
properties render LVH & new and dIrportant tool for & database physical
structures desipn.
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1. IKTLODUCTICON

Virtual hashing shortly called VI §s a new addresinp technicue first proposed
in /LIT77/. The idea in VI is to resclve collisione not only hy overflew records
creation, as the classical i.e. the well known hashinp does (/AV075/, /ELA77/,
JCEOTS/, JCUTT3/, [¥ru?4/, JLUMI3/, /MARIT/, /SPR77/ ), but also by chanpes to
the hashing furction. Typically such chanpes split a set of keys rapped on one
address into two sets, cone of them beirp henceforth mapped on a nrw  address
(thot 18 why we called suvch a chanre Efélﬁ)' The corresponding reorranizirses
avoid to create most of overflew records necessary if the hashing function was
static. As /LIT78c/ shows, the file which with the classical hashing would
overflow with very {few insertions, ray with VIl support mrillions of insertions
and still allow to fipd alrost any record in one disk access. On the other hand,
even after rmany deletions the load factor stays high. These properties render
virtual hashing & new and very irportant tool for databases implerentation.

Up to day four rmrajor VH =alporithms were defined ¢ VBO [LIT?7,2,78b,c/,
Fxtendible Hashinp (FR) [/[FACT2/, Dynaric Vashinp (DP) /JLAR7P/ and VPI
/LIT7R,a,b,c/« Hashinpg functions dynamically created with VH! are represented
with help of a bit table. We need less than 1 bit per address provided by the
created function. The tahle may then stay in core even after wnillions of
insertions and that i{s why, up to such number of insertions, VVl finds alrost
any record in one disk access. Durinp insertions ~the lead factor typically
oscillates between sore ¢ and ¢/2 where p is close to 1, the averape load beeinp
1/4 of ¢. The oscillation is due to the fact that each time the address space
extends, it doubles.

VHO, T, and DH rake the address space prowing linearly d.e. any split
extends the upper botnd by one. It ray be shown that the load factor may then be
equal to 70 X approximatively /LIT77b/,/FAC78/,/LARTE/, /VAF7R/. There still is
an oscillation around this value but neplipeable for bucket capacity less than
10 records and reaching 13 7 for 50 records per bucket, /LIT77h/. However this
nice behaviour of load factor is obtained at the price of an index which rust be
larpe after few insertions. Thus it pust be partially or totally stored on the
disk and in practice we need at least two.disk accesses per record. The three
alporithms differ by index structure.

All the above VH"s shsare the sare assumption : the address of & collision and
the address of the correspondinp split are the same. The basic idea in the VI
introduced below, which we call Linear Virtual Hashing (LVN), {is that it may be
worthwhile to make these addresses different. We show that a few bytes of core
are then sufficient after rilliards of insertions, i.e. when VIl would need
hundredth of kbytes and the ofhers VII’s many mbytes. This property allows LVH
search performance to be constantly very close to one disk access per record,
even 1if we have a very srall core (microcomputers) and a very larpe file. Cn the
other hand, despite the =sbsence of the index, the address space of LVV prows
linearly. That 1s wvhy the load factor practically does not oscillate, staying
close to this of VHO.

Below, Section 2 defines the principles of LV, Section 3 1is devoted to
perforrmance analysis. Section & recalls principles of VE] and of VHD and
compares performances of these alporitms with performances of LVH. VWe end up
with conclusions. ‘ C .






