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Abstract:

An algorithm .is given that determines wnether a word is

?. mcmbec of a lexicogL-ai-ih ica] ly ordared dictionary. Thij

algorithm/ an extension o f. both linear ana binary St-arch/

has worst case time bounds that/ depending upori the length

of the words involved/ may be less than half that of binary

search.
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W>- consider the yroble'.n of searching a aictionciry, each

wore conoistl.'ig of at most '< -lettfcrs. It .is assumed tnat

the alphabet is ordered u;-id that the dictionary is in

IcXicographic order.

TiAio letters can be conipared (to dbtc;i:!iii;~ie which has

lui.'Gf rank i;i the alijhabt-t) 11-1 unit tir,;t;. Our 303! is to

fcXhibit an algorithm for seai-ching tne ciictioiiary that has

rp.i.nlinaL yorot case time co,nplcxity.

We denotri the orderyd set of words (k-Vt;ctors) by L aiid

•L-efef to tne i-th word (vyctoi:) by 's . Let. |F| = ii-1. ;-:c
i.

wic.h to determine II the vector '; is in R.

Let E os a vector luxiccigraphi-cally lyso than ir. whose
0 - - - -- - - - -- . . . ^

firs i. x conii^oneittri wart; founa to e-iuol ti'ie corrrispon^-i.n1.;

com[onents of A and/ analugouolyy f n^s haa its first y
It

coiHi..;3nent5 round yqual to th^ cor r asponaing ^oiiiponento in A.

x arid y are 0 initially.

.\ote that for all lsi<n 'AS need not compare d ;b for
J ^J

j^aunCx/ ••/} sincti the result must be "dquai" fro.n ths rrisults

of prdV^ous comyariyor>.s and tha fcict: tn3t B is in

lcxlco^ra'L-'nic order.

Ldt T(x/y/n) be tbd mip.inium nuiiihri;.' of co.iipacison.s

re'-jL; ifdd/ .in the worst caau, to search the r—1 VriCtors .-jlth

x and y ds defined above/ using the foUowing "quickscciirch"

a 1 g o r i t h in»



function QUICKSEAKCH(loy,high,x/y)

n <-- high - low

if n^n (defined below) then use linear search L33:
0

j <- - low

i <-- x+1

while j<high AND l^k

do compare a :b
i . Jl

if = then i <:-- i + 1

else if > then j <:-- j + 1

else return 0

od

if j=high then return 0

if d =b for all i 5 {y+1/.../k-1)
-1- . Jl

then return j

else return 0

else evaluate p (as deycnbed below) and:

JL <-- mlntx/yJ + I

while i<k AND a =b . do i <"- i + 1
i pl

compare a ;r
1 fc-1

if = then return p

else if < then return i^UICKS^AKC.-iC lo^/p/.x/ i-l)

else return QUICKSZ.Uu-Kp+l/hiyh/ i-l/ y)

end.

If linedc search Is used/ T(x/y,n) = ?k + n-3 - x - y.

Otherwise, z = mln{x^y} and

if A=B then Kx^y.cn) = k-z
•J

if A<.& then T(x/y^n) = i-z + T(x,i-i,p)
^

if ;'>3 then T(x/y/n) •= i-z + T(i-1,y,n-p).
p

T(:</y^a) will be bound by the inaximuin ol; Lhc^e case.s.

Nota tha-": binary search iy qulcKsearch .Jith p=n/2 (and

n =1) and that modifidd binary search (dyscrlbed in L4J) is
0



quicksearch with LJ=:n/4.

Assume that T(x,y/n) = C(n) - x - y. Thus/

C(n) ^ maxCC(p)+l+y-z/ C(n-p)+l+x-z}

To miniinize the maxxnium (employing thd technique of

balancing Cl3)/ we should endeavor to cause both

^ossibllitieo to have equal complexj. ty. Assuming C(p.) =

(k/log k) log n* Lthj-s assumption will be borne outj/ if yix

(y-x)dog K)/,<.
u^ should choose p = ii/(l + 2 ' ~ ). t-ioyever/

since T(x/y,n) \-nth k iiUijlicit la the ^ame a.- T(0,y-K/n)

with ;<.-x implicit, we suggyst choosing p =

(y-x)log(k-x)/(k-x)
n/(l + 2 ' ~ ). A similai: result ylll hold if

y<>x- In particular, if y=x th^n p=ii/2/ i.e. binary searcn.

What is a yood cutoff value n ? when shoul'i .-je use
0

lii'it-ar search? The worst caje of quicksearch 13 better than

tnat of binary search. Using binary search and th^p. linear

search results in

C(n) 5. C(n/2) + 1 + y-x „ C(n/2) + k

<, 3k - 3 + n/2

whereas using linear search directly results in

C(n) $ 2k + n - 3.

THUS/ linear search should not be used if n>2k. A !uorti

dfctailed analysis would Indicate a tiyhter cutoff.

Empirical results indicate that n_=l-5k is a good cnoice.

*Unlesri specified otherwiue/ logarithms are base ^.



U^iiig values of k=6 aiid 20, We- have obtained results

inJicafcing odvings of ovei. 25 and 50 percent reop ec tlvel^.' on

Lhc number of comparisoiis raquired iii ti-it.; worst case as

compare d to binary search.

We also ran slnmlatlon expc-r imtinto to compare these

al-gonthins for "average caoc" behavioc. Assu'nlny ail

strings in the dictionary have e.,udi probdbility of bfciny

-lueried/ the following paic entaye saviiKjs were obsbrved for

average observed case and wor^t oboervc'j case numbs;:' of

co.npar^ons (obtained by using qulc^sfcarch as oypoded to

binary .search), for a (Jict lOiiary contaii'ij-ny tn^ syque-ice of

all binary a t r ings of Ie n y th 14, 53.1 and 25.5; for the

o^quency of ail -]uattiiary striii.js of length 7, 46.1 and

?7.4; for tha sequence of fcvery ''11^1 ^ti-ing i.i ttie oet of

quatrfnary strings of lengtn 10, 45.9 and 25. >.

In running tha^e e;<p eri^ent^/ rathfcr tl-i<3n compute

compile 3ted loganthin^ and c'x^one.itialri/ we used thri

ai-f'r^x.j.niation ^ = low + n/(l + D^LTA)/ wnecLi DELTA =

niax(l< 4, y-x} ;-;hyn y>,'< and DELT-t -• 1 wnyn y=x. r>hrin y<x/ p =

high - n/(l + DELTA) using an aitdlagous computation of

DLLTA.

The complexlfcy of thj.s algoritn.n jiS 0(k lo^ n), as can
k

b^ verified by .iiubstltution in the recur I'ence eyuations/ and

coi-iipart-s favorably to the k log n c^iTpariscns reiuired by



binary search C2J. Detailed analysis to obtain the exact

coel-ficirints is left as an open problem.
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