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"}Abstrect.~ The 1nterpolatlon sequentlal search algorlthm is an algorlthm to

r%earch ordered tables uslng implicit 1nformat10n about the dlstrlbutlon of
ihe keys.. It performs one. probe based onzullnterpolatlon formula and them
'searches sequentlally ‘towards the approprlate end of the table. It 1s sbown

; at under a model of random keys, the average number of. accesses needed for:

he successful search dis “1 o+ (nn/32) b + o(l) The analys1s 1s extended“ ey

0. the same search applled to blocked external f11es. f‘l_»"

fSearchlng, Interpolatlon search Sequent1a1 search Blnary'search,;

ﬂAnaly31s of Algorlthms, Asymptotlc ana1y31s.~-

Efetua um teste baseado em uma formula de 1nterpola§ao

: as chaves.
qulsa sequenc1almente ate o correspondente flm. Demonstramos que

comlum modelo de chaves aleatorlas o numero medio de acessos e 1~h(nﬂ/32) é+o(l)

Extendemos a anallse para 0. caso de arqulvos externos bloqueados.:'

*ﬁPalavras chave. Pesqulsa, Pesqulsa por 1nterpolagao Pesqulsa sequenc1al

Pesqulsa sequencxal Pesqulsa blnarla, Anallse de algorltmos,«

Anal1se ass1ntot1ca.”‘“




, The 1nterpolatxon sequent1a1 search algorlthm is. an algorlthm
o.search ordered tables. It was flrst descrlbed by Price (1971) The tf;

algquthm performs an initial probe 1n the table by 1nterpolat1ng the v_hi-
earched‘key value w1th the 11m1t1ng values of the table. In case the
n 1s not 1n the posxtlon searched,_searches sequentlally towards

roprlate end of the table.’ Thls algorlthm is a varlatlon frcm

’polatlon search [Gonnet 77 and Yao & Yao, 76] and does not follow the
‘Zogz(n)) asymptotlc behav1or. ‘ ' : e '

: We w111 assume that we search a f11e of n, 1.e., Xl,Xz,...,X%,‘

andom. 1ndependent varlables dlstrlbuted U(O 1,) Note that Whenever we

he cumulatlve densrty functlon of the keys, e.g.
- F(a) =PrlY.gal
t is continuous, the transformation

‘x‘ = F(D)

us,to Work w1th U(O l) keys.

:{The 1nterp01atlon sequential: algorlthm to search for @ »infthe

’(1,,..., X(n) can be coded in'a pseudo language as& _>."

"“édse o return(j);

case < for'j‘ = ja#l to n whlle X(J) ,vu_ do od-‘;ff-#ﬁjf L
'kease >a. for a = j-l step ~1 to 1 wh11e X(J) s o do od;;“
end seleet, ' : e

= then return (j) else return (FAILj;_i:Y."

¥ In the analysxs of thls algorlthm we W111 flrst con31der the
successful search. We w1;1 consider the number of elements from X that are
referenced our measure of ccmplex1ty, whlch W111 be called the number of

1taccesses.



i‘c‘l If we consxder the search of the j n‘key;‘X3d=;“’ ﬁﬁé;egpégfedf;
“number of accesses needed to locate 1t is glven by ' : '
Blascsssss to find ;] = J (e (] -GG - g+ 1A
Gl [ APl = 1237 = d+1)de s

w"w.(J,‘ J'*l) is an lncomplete Beta functlon [Abramow1tz and Stegun,g‘
th

19641‘wh1ch is the dlstrlbutlon of - the J ordered U(O 1) random varlablel;:

ng 7 and I'u(g,n g A+ 1) denotes lts derlvatlve w1th respect to O fgf‘fid

iiThe average number of accesses to flnd any Xﬁ;bassumlng that 5jd
~each key 1s equally 11ke1y to be accessed, 80" B A A R b

, oo e A g
1+ 1m ) | |Rel - GG d e de

AT 0

:f;;EE¢a¢¢3¢¢sJ-

1+1/n Z [Il/ (J,n g +1) +12/ (Jm i +1) i

[acoesses] =

1 - I (b;d)’sﬁeftrensfqrm’



ve derive
¥ E[aceesses] 1 + 2/ Yy Lka/ (k n= k) - kI, k/n (k-+1,n k)]
P k=1 4 : |

nd finally using [Abramdvitz and Stegun, 1964, e.q. 26.5.16]

[‘amss%] - 1+2/n 1 F(n)/[I‘(k)I‘(n k)][k/n] [(n k)/n]
=S

o far the result is exact but not very useful, so we w111 look for an

t1c expan31on 1n terms of n : :
U81ng Stlrllng 5 approx1mat10n of the Gamma functlon we ;7;

each summand 1nto

n*ml /2 %L1+ 1,/1?-"‘ + ,1. /(2881%) +0(n™3) 1 x [1 =n/T12k (n—k) I+ IxCk (k) ] k.

A herc”tﬁerigp‘étand for a sum of-terms'efrthe”fdrm ’

sz s or 7’SZ :
'[k(_n-k).J] : ,_!;k(n-k'ﬂ_]

%J belng constants: 1ndependent of 7 or. k, J >3 and z <g

Thls transformatlon 1s stralght forward except that We must

ollect: he,terms and 51mp11fy 1n the product P(k)P(n - k)'_"-,?;. f”*

,The summatlon formula ,ft'

Z [k(n—k)] ‘(n/z),-l' .33 n'/zr (’x‘fs):.z-r_,(‘a./z,—s) v 2 %L (s) +et(e-Li/n +

e +s( ’“";if)ft‘:(vé-"Z“)/an‘fl'f‘..'_i" Ileti)elemt)/Te)iimt +1a] Ts £2,3, w]

'basrc to the follow1ng derlvatlon.

2 The f1rst two terms of each summand are constants and are

}ﬁaétored«out of the summat1on.~ The sum: of the terms denpted by .Q‘ls




‘~rkfﬁh"

'=Zi“'5" T S
k=1 Lk(n =)V h T

Hence, the sum of the last two terms, using the same summation formula, is

n-l o / X : n;'
Z {[k(n k)]

/ } + O(n/z)
lZ[k(n k)] .

g - j'. D e T R T
aonm oo IR | CARRTAN SUREARERI RS Vo
o 2n/2<z;;-(-'-‘1/2) F o [T ‘Z,ng/z_;‘(_l/z_)“ s ‘+_O(1rz_;./2

ltlplylng we flnally obtaln"
E[accesses] 1+ [mr/32] /2[1 - 7/12n] + O(n"l)

S l+[(n - 1yu/32) % + 0‘v(n_- ky .

we Wlll

If We are searchlng 1n dlrect access secondary storage,
terested 1n the number of accesses to blocks of records. Let us assume

the nvkeys are acce391b1e in blocks contalnlng b keys each Ignorlm

effects, if we need k sequent1a1 key accesses ln -any’ dlrectlon star; ng’

random 1ocatlon, the number of block accesses 1s
lELbZoCRS“accessed]'=~(kvffl)/b~+ l:f*‘

;The average number of block accesses for an 1nterpolat10n~ e

sequemti.al search rs

EEbZocks accessed] =1+ b"1[(n 1)n/32] /2 + O(n /2)

The folloW1ng table compares 1nterpolat10n—sequent1al search

1nary search for some selected f11e 51zes. These results are computed

wlt the above formulas and those in [Knuth 1973]



- +file  interpolation v.binarys' interéseq';jbinary_ .
osize - sequentlal search- - (b=10) .~ (b=10)

10 L2 T2 e e
s 486 1220 2.2
L1000 4a1 S8 1129
500 8,000 . 8.00 170 4.8
1000 10090 . 8.99 1.9 5.8
10000 32,33 123 423 899

The 1nterpolat10n sequentlal algorlthm 1s ‘a reasonable alternatrve

Sfor 1nterna1 searchlng 1n.tables up. to slze 500.\ For external searches, 1t

g'erforms better than blnary search over a w1de range of 31zes, w1thout Ty

ftaklng 1nto account the advantage of reduced seek t1me.v
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