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? |




TO

tal time for a sequence of accesses

= total search time
(sum of 1+ depth of accessed

item, when accessed)

+ total number of rotations
(between searches arbitrary

rotations can be done)




Goal: Compare the minimum-cost
off-line strategy with (simple) on-line

strategies.

Can an on-line strategy

(no future knowledge)

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

(access requests known in advance)?




sz}laying: Sleator and Tarjan (1985)

| Roiate each edge along an access path.

Perform rotations in pairs, rough‘ly

botitom-up.

P

Access path is (roughly) halved, other
nodes can move down, but only by a
few steps.
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A Self-Adjusting Search Tree
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Step by Step Examples |
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What is Known

Let ™ 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).
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Access lermnmao
holds for voriants
of splaying,includ-
nq top-douon and
move half-way to
oot methods . For
the latter the
constant “Ffactor S
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Corollaries

Balance Theorem
The total time ‘tor
M OQCCESSeS \wn G M-

node Tree \S
o((m+N) log (n+2))

Static Optimalit Y
Theorem
1f every item is
occessed at \least once,
the tota\ oceess Time u<

0(““*2 qi 169 (m/qi)) ,

snere q;‘ isthe access
frequency & e 1
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Static Finger Theorem

The total access
time \S

o(n\ogn 3‘21 log (d(ijﬁ)* 2)))

where ¥ 1S any fixed
item, 1) is the item
accessed during the
y& access, and d(,i")
is the (symmetric-
order) distance
betpween tems

i and ',




“Work‘mg Se,’c"’T‘neorem

The, total access timme

o(n \ogr\»«z log(t (¢, ) 2))

wheére ’a (\,3) is the
number of” different
itemns accessed
beﬂ”—ore occess |
swnee the last “access
ot kem 1.




Thm. Total time
to access all Ltem5
once,inSymmetric

order, using splaying
= Q(n).

(any initialtree)




Conjecture
Dgna.m%c_ Op‘t'\m o.\itxﬁ '

For any access
Seque.nc_e_ : 5‘)\0\\5'\\/\
mnimizes the total
access tiwme to
within a constant
factor o,\r\r\cv‘\al c\\ﬁwam-
\C Dnary searcls tree
algorithms | assuMmin
vnit cost Per rcotation
ond occess cost

equal to depth.

(Initiol tree s 3iven
or +0(n) term)




