4 +

How long to process a sequence of

searches?

If access frequencies are known in
advance and initial tree is arbitrary but
fixed, an optimum binary search tree
(Knuth-style) minimizes the total search

time.

What if access frequencies are not known

in advance?

What if tree is allowed to change

during the sequence?

+ 19




Total time for a sequence of accesses
= total search time
(sum of 14 depth of accessed

item, when accessed)

-+ total number of rotations
(between searches arbitrary

rotations can be done)
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Goal: Compare the minimum-cost
off-line strategy with (simple) on-line

strategies.

Can an on-line strategy

(no future knowledgé)

achieve a performance within a
constant factor of that of the
optimum off-line strategy

(access requests known in advance)?

+ 22




Polonced trees Nhove
OC\og n) worst-case
occess \insert , delete
time .

Optimum trees minimize
average occess time fon
fixed ~ known provodbil -
ties, independent accesses
Construction taokes oln?)
time, oln) time for o.p-
proximotely optimum tree.

Biased +rees are approx-
imorte\\ﬁ optimum, allow fast
nsertion, deletion require
known probaboilities Cbut
cold keep frequency covnts)
are somewnat Comp\\‘co:tfd.
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A Self-Adjusting Search Tree
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Splaying: Sleator and Tarjan (1985)

Rotate each edge along an access path.

Perform rotations in pairs, roughly

bottom-up.

Access path is (roughly) halved, other
nodes can move down, but only by a

few steps.




Cases of Splaying

zig
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What is Known

Let m be the number of accesses,
n the number of nodes.

Assume m > n.

Total time for m accesses = O(mlogn):

matches bound for balanced trees.

Total time for any access sequence is
within a constant factor of that for an

optimum static tree.

Total time for n accesses, one per item,

in symmetric order, is O(n).
+ 25




Fotential:  define the total weight - of a
" node €0 be the sum of the
mdividuwal we.ig\nts ot s

de scendants, includin q sl §

The potential of o tree isthe
suw of the (bO\Sé—‘t‘wo) \oaom't\'\MS

of the wa\‘g\nts of ks wodes.

?IE = Z \031 (‘th
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Amertized time of step
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Corollaries

Balonce Theorem
The total time for
M QCCESSEesS n anN N-
node. Tree is
o(tm+n) log (n+2)),

Static Optimality
Theorem
1If every item s
accessed ot least once,
the total access time is

ofm+ 31 qi 169 (m/q))
=1

where  q; isthe access
frequency ot ‘tem 1.
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Static Finger Theorem

The total access
t\me, \S

n\ogn +§ log d(\d,{f):fz))

where, ‘?' \S any *ixed
item, 1} is the \te_m
QCC essed durmq ?
= qccess, ond d(\ ')

1S the sgmme_ ric —
order) distance
be’cweefn \te_ms

i\ ond /.




“\A/ork'mg Set Theorem

The total access timme

\3‘ . .

o(n \ogn»«}i, log(t( l,p*Z}))
J:

where t (i,)) is the
nuMber of” different
items accessed
before access

swee the last access
of item 1.



Access lemmo
holds for varionts
of splaying,includ-
ing top-down and
maove \r\a\{‘—-wag to
coot methods . For
the latter the
constant Foctor 1S

Z.




Thm. Total time
toaccess all items
once,Insymmetric
order,using splaying

=QO(n).
(any initialtree)




Conjecture
Dtjhawﬁc. Optim a\\"\:\ﬁ

For ony access
Séquence, splayin
mnimizes thée tsta|
access time to
within a constant
factor amon C\LjV\OLW\-
\C Dnary sedavrcls tree
algorithms | assumin
vnit cost Per rctation
and occess cost

equal to depth.

(Twnitiol tree s aiven
or +0(n) term)




