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PERCENTILES Of LARGE DATA SETS

Jo Ann Howoll
Alamos National Laboratory

Los Alamos, N-w Ilaxico S7S45

Abstract.

U- dcscribo ●n ●lgorithm #or #tnding
porco,~tilas 04 Iargc data sots (thos~
having 100,000 or moro pointm). This
●lgorithm doom not involve sorting tho
●ntiro data sot. Instaad, w. sampla tho
data ●nd obtain ● gumms 40!’ tho
pcrcontilc. Than, using tha oUOSS W-
●lltract ● sub,ot 0# tha original data
throuah which W~ search Qor tha true
porcontilo.

A. Gampling ~nr ●n Estimato

A popular method #or computing
por~ontilas in larg~ data amtn is to
locatm parcantilos in ● random sampla
@rem tho data, ●lthough this mathod mau
not produce tho truo porcantilo. It is
morolv ●n ●stimato, whmroas the method
deacribmd h~ra locatos th~ Tth largest
number in ● ##t o~ N numbers, whoro N mag
bc vmrv large. Plora dmtail is given in
Rw#. 4.

U. do~ine ● Iargo data set ● s onc with
●nough points that ●nalqsis bti
conventional methods is ●ithar vorv
di?Picult or impossible. Tho numbar o#
points ma v rang. #rem thousands to
millions or mor*. Although the ●lgorithm
works #or ● smaller number 04 points,
when tho number is 1.ss than ●bout 5000,
it is mora Q??iciont to sort tha ●ntiro
●mt. Thi* cuto$Q depends on the m~morq
size involvmd.

Tho tirst stop in our ●l~orikhm is to
prod~ct tha Tth Iargost numbsr or tho Pth
portontilal whorg P=100*(N-T)/N. The
prediction im mad, bw taking ● random
●ample of sizo KSAMP #rem tho original N
data points. Tho Pth pmrcontilo in this
sampl@ is usad ● s ●n ●stimato to tind tho
Pth porc~nti,lo in tho original data.

Parameter

N

T

TABLE I
ALGORITHM PARAMETERS

KSAtlP

PCNTL

PCNTH

INDEX1

lNDEXH

CUTOFL

CUTOF}4

I

IC”iR

KBUF

Damcr~.ption

An integar; th~ number of

input data oints.

An intogor) w. compute tho
Tth Iargmat number Prom
tha largo data mot.

P-100+(N-T)/NJ P is a
psrcontilm.

An ●rrav OF lonqth KSAHP
OP data points that havo
bman sampled from the
largo data (~ot.

An intogmrj l~ngth of
tho ●rrav V.

A numb-r #rem 0.00 to i.00i
used to construct
window in the larg~ dat;
sot.

A number Prom 0.00 to 1. Ooi
used to construct ● window
In tha larg~ data set.

An intogl : inde~ into tho

●rrav V.

An integmr index into tha
●rrav V.

V(INDEXL)I do~inom the low~r
bound #or th~ data to ba
●mtractmd.

V(INDEXH)J dofinos tha upper
bound #or tho data to bc
●ntracted.

An intogorl ths number of
dat~ points largmr than
CUTOFH.

An intogorl tho number 04
data points ●utractmd.

An intcaor~ hhc si~~ 01 tho
buQfcr ●;ma US(
largo data sot
momorv (tup
to 10)000).

d to move the
in ●nd out of
calllJ 5000

In our program we call tho ●rraq
containing ths samplo V. Aasum~ng that V
is aortad 4rom smallest to largostl WC
computo th~ indicss INDEXL = max ((N -



T)/N + KSA~p - PCNTL ● KSAHP , 1) ●nd
INDEXH = min ((N - T)/N ● KSAMP+PCNTH ●

KSAHP , KWIP).
Th@so indices mark positions (1OO*PCNTL)%
below ●nd (IOMPCNTH)% ●bove the
cstimatod porcontilo.

For cxamplo, i+ Wo soloct ● samplo of
1000 points from ● large sot of 100I 000
data points, ●nd wa want to ?ind the
5Q,000th largest numbar (th! SOth
pcrcontilc), than

N D i~ooo ,
T w 50000 ,

KSAMP ■ 1000 , ●nd
pn~o.

If w- lat PCNTL = PCNTH = 0.03, than
INDEXL ●nd INDEXH ● ro rospoctivolq 450
●nd 550. The mai ●nd min ●rc included to
prevent the indices Prom pointing outwide
of the ●rrag V, that isl ta ●lcluda
nonpo~itivc indicom or indices larger
than KSAHP.

Namt, cutoPf’ values ● ro computod uming
the indicms

CUTOFL = V(INDEXL)
find

CUTOFH - V(INDEXH).

Th~se V*1U09 ●rm used &m cutoftg on tho
original large data set to ●~tract some
data thtit is then soarchod For tha true
percontilt.

In our ●:amplc, tho number Y(500) ie tho
●atimato #or 2he 50th porc~ntile For the
lafgo data set, Thw upper ●nd lfiwor
cutoff, ● rs Y(550) ●nd V(450) which we
uae to sgtract data 4rom ths largo data
set.

If we want to be ~sasonablv ●ur. that the
Pkh percentile #or tha Iaroo data got
lirm in the inter’al (CUTOFL,CUTOFH), we
m,.~t us. snmm cmra in tho soloction or
PCNTL snd PCNTH, Thoso values can bo
choson bq constructing
distribution-4roe ccntidence interval 40;
the Pth porcontil~ in tho -amp10 (Re4.
3). I@ PR is tiho probabilit~ that the
percentile P u~ ● set o? siIo N Iios ih
the interval (CUTOFL, CUTOFF), thgn

INDEXH

r

Ni N-i
PR m i P (1-P) .

Using the ●>prolimation,

b2

J

-t /2
PR _ i/5MT(2@1) ● dt

where

wc construct ● tablo
to usa for PCNTL ●nd
KSAMP=lO@O.

/SGRT(NaP*(i-F) )

/9QRT(N*P*il-P) ),

TABLE II
SWCESTED UINDOU VALUES

KSAHP P INDEXL INDEXH PR PCNTL PCNTH

1000 0.90 46S 532 0.93 0.032 0.032
1000 0.75 720 77s 0.95 0.030 0.025
1000 0.90 B131 919 0.9s 0.019 o.ol~
1000 O*93 936 9b4 0.95 0.014 0.014
1000 0.99 970 9W 0.9s 0.010 0.009
:000 0.99 994 999 0.96 0.006 0.009

b. Locating the True Percentile

From the original data, w. ●~tract ●ll
data pointm that ● rm grmatgr khan or
●qua] to C(JTOFL ●nd ●lso loss than or

●qual to CUTQFH. ~~ have considerable
#rower data points in this ●:tractod data
sot than in the original set. 14 the
samplo 04 sizo KSAMP C1OSO1V r~smmbles
the original largo data Sot i n

distribution, than tho ●wtracted data

will probablv contain tho true
percontil.. That is, tho interval
(CIITOFL,CUTOFH) containn the Ptll

parcontilo of tho Iargo data met. MC can

than US* this smaller sot to bmgin our
search #or tha trus parcontilo.

Th? number T im ●dJusted bu tho numb-r o~
points in tho original data sot that were
largar than CUTOFH. That is, i~ I is tho
number 04 points Iargor than CUTOfH, then
W9 lot t - T - I ●nd search #or tho t-th
largoot number in tha s:tractsd data set.
For this so~rch wc Uam th~ Blum
●lgorithm. (89- R94*. i, 2, ●nd 5.)

c* Error Cooditionm

Ocvcral ●rror condition ● rm si~naled in
tho program bw ●n ●rror mossago. One OF
thosa is ● mismod true porccntil~ in tho
•~tractod data. That is, I)Tor
I + ICTR ( T. At this point, thm user
call incroaso KlilAHP in tho hop. 04 getting
● moro roprosontativo samplo or incroaaa
PCNT1 or PCNTH. it is ●asv to datcrminc



bq how much wc miss-d tha porcontilo ●nd
in which direction uc missed it.
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