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SUMMARY. When a nun-sclfwoighting design is uscd ut the Acld atago in a largo seudo survey,
tho work at tho tabulntion stayo becomes tirny conxuming wid costly duv 10 the lurge number of multiplicrs
(inflation fuctars) involved in obtaining the cetimatcs. In this puper somo techniques of making the
dewign solf-weighting, at lenst partinlly, at tho tubulation stage have bLeon comsidered. Ono of tlioso
techniques, which is likely to bo tho most efficient in pl‘uthcv. is tho eclection of & sub-samplo of the
unitx in tho sarople with probabilil i to the i afler somo euitablo
arrangement of tho units such that -.lmo-t ull tho unite in tho sampla aro included in tho eub.samply
at leant onco.

1. IxTRODUCTION

One of the difficultics in making the samplo design sclf-weighting at the field
stago is that tho work-lond in the penultimate stage units may become unequal which
is not desirable from tho point of view of administrativo considerations in largo scalo
surveys. Tho methods which make the samplo design self-woighting at tho fiold stage

ensuring at tho samo time oqual work-load within pcnulhnm(o atago units impoxo
lection p B, of theso

rather severo restrictions on tho allocation and
considerations it may noithor bo desirable nor fonsible to ndopt a sclf-weighting design
atb tho fiold stago in certain situations.

Supposo n ultimato stago units aro selected from a population according to
somo specified non-weighting design. Let y; bo tho valuo of the charactoristic of tho
i-th solected sampling unit and let wy bo tho corresponding multiplier (inflation factor
or weight) to bo used in gitting an unbinsed estimate of tho population total. Then
tho catimato of the population total Y is given by

Y= f‘, w Y o (LD)
(=1

The problem ix to find o technique by which the sct of multipliors can bo replueed by
& smaller number of multipliors such that the cstimmto retains unbiuscd and the
increnso in varianco is the least or if the estimato becomes binsod Lhe bias is negligible,
‘This problem has been considerod by tho authors in an earlier paper (1961).

* Originully ssucd in 1930 s a mi phod publication by the Dep of Nutiond Swnplo
Burvoy, Inilinn Stotisticul Inatitute.
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2. ROUNDING-OFF TEOMNIQUES
The following five procedures of making tho design solf-weighting at tho tabu-
Iution stago uro cunsidered hero :

[1)] ling-off of the Itipli to tho nearest multiple of a convoniont
number such s hundred, th 1 or ton th 1

(#) substituting ench multiplicr by tho mean of the multipliors;

(iii) ling-off of multipliors to an i sot of dod-off multipli

(iv) sub-sampling with probability proportivnal tw tho multipliors with
replicomont; and

(v) sub-sampling with probability propurtional to the multipliors systomati-
eally.

Procodures (i) and (i) give binsed estimates with possible decroase in the varinnco
of the estimate under cortain ci whilo 1 (iii), (iv) and (v) givo
unbiased estimates with some increaso in the varianco. It may bo montioned that in
somo surveys procedures (i) and (v) are being adoptod to expedite tho tabulations.

Procedure (i). Suppuse wo have a series of four digit multiplicrs. The usual
proceduro of decrensing the number of multiplicrs is to round off tho multiplicrs to tho
nearest thousand. Thus tho n four digit multipliers are replaced by at most ten
rounded-off multipliers. The ¢stimato obtained by using this mothod will obviously
bo binsed. The magnitudoe of bias dopends on the multipliers ns well as on the values
of tho characteristics. In practico, it is difficult to got an iden of the sign and magni-
tudo of tho bins unless one works out the binsed estimate ax woll as the estimato
using tho actualm ultipliers for at least some selected characteristics,

Procedure (ji). If this mothod is adopted, the estimate is given by the product
of the mean of tho multipliors and tho sum of the values of tho charactoriatic. This
estimato is also biased, but tho bing will bo negligiblo If in the sumplo, the covarianco
between the multiplier and tho vnluo of the solcoted unit s very small.  For instance,
in a particular per capita oxpondituro class, it is felt, tho vxpondituro on cereals,
food and total expencituro of a houschold might not depend much on its multiplier.
In othor words, the expendituro on cerenls, food nnd total expenditure of & houschold,
bolonging to o particulnr per capita expendituro clans are expected to depend moro on
tho houschold size, the geographical, the climatio and the i litions of the
locality than on whother tho hausohold is in a large village or a small village. If only
tho estimates of tho expendituro on cercals and such items aro required, the proceduro
would bo to clussify the hosscholds according to thoe por capita expenditura class and
thon find the binsed oslimates separatoly for all elnases. The swm of theso binsed
cstimates will bo tho cstimato of the population total and the bias can bo xpeeoted to
be amall. Tt may bo noted that in this caso the numbor of multiplicrs will bo oqunl
to the number of per capita expendituro clnsses,
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In this connootion [t should also bo noted that this mothod i not to be used
indiscriminately as there may be characteristics which are relatod to the multipliers.
This method can bo used only if wo aro fairly cortain that tho value of the characteriatic
in which we are interested is uncorrelatod with the multiplier.

Procedure (iii). A gencral solution would be ta round of each of tho multi-
pliera to a certain number of weights, which may bo called rounded-o multipliers
with such probabilities that the oxpected valuo ia tho original multiplier. As these
weights are at our choice, we can chooso thom such that the increaso in variance i
minimized.  Further a prespocified lovel of increaso in the varianco at the tabulation
stago can Do achieved by taking a aufficient number of lod-oT multipliers in the
optimum fashion.

As the optimum solution for a specified number of rounded-of multipliers
deponds on the valuo of tho characteristics in queation, it is not feasiblo in practico to
get the optimum solution for each characteristio, though some method which would
givo us n solution near about the optimum can be devised. Another dinadvantage
is that oven the dotermination of tho approximate optimum rounded-off multipliors
bocomea increasingly difficult ns tho number of such multipliers is sought to be increased.
Thia proceduro is considered in dotail by tho authors in an enrlier paper (1061).

Procedure (iv). This method consists in taking a sub-sample of #’ units from
the ficld sample of sizo & with probability proportional to the multiplicrs with replace-
ment. The sum of tho values in the aub-samplo multiplied by a constant (the ratio of

the sum of s multipliers to n’) gives an unbiased estimate of‘E w; . Tho increase in
-1

variance at the tabulation stage ix given by

E”:" [(.E‘. w) ,g:,":v?)—(‘f-'l vr.y‘)'] o 20)

whero E, is tho expected value ovor the ficlkd sample. It can bo seen that this mothod
vexulls in rounding off ench of tho multiplicrs to one of the ot of multipliors

£ w
jlt_J,j=0n1,2
"

mains unbiased and that the sum of the T multipliors in the aul plo is
oqual to the sum of tho actual multipliers.

., ', with cortain probabilitica such that the cstimato ro-

I€inatoad of sub-sampling, wo round off each of the multiphiors to one of tha st

i 1wy
of multipliors (j «_--_') 2j = 0,1,2, ..., with probabilitics
n

V(=Y (-2 =
J PRTA X ey
-1 =t

203



SANKNYZ : THE INDIAN JOURNAL OF STATISTICS : Sexizs B
then the calimato is unbiased and the increaso in variance is given by

B (£ ) & o) =( £ )] - e
Comparing {2.1) and (2.2) we ace that the expression (2.2) is greater than (2.1) sinco
,y,'n are positive in genoral. Henco sub-zampling with probability proportional to
the multipliers with replacemont is more officient than the correaponding randomizing
method. The sub-samplo sizo n’ can bo 30 fixed as to almost completoly avoid rejec-
tions of tho samplo units provided auch a prooeduro doos not lead to conaidorable
repetitions of many of the units,

Procedure {v). In thisa method the units in the field sample are arranged in

somio suitnblo order, tho are d and & ic sample with pro-

P Y

bability proportional to multiplicrs is drawn with the interval gl‘..l wn’').  As in the
-l

caso of probability proportional to the multipliors with rept t, the cstimato is
given by the product of tho sum of the values in the sub-sample and a constant which
is the sampling interval. An expresaion for tho i in varianco is difficult to find
in this case. This method results in rounding off each of the multipliora (say, v to
a .
n'wy 421 v n'wy ,2| b
: =— or -— +1 -
PR A "

i=1 1=
with cortain probabilities such that the estimate remaina unbined and that tho aum
of the lodl-off multipliers in tho sub-sample is oqual to tho sum of multipliers in
tho ficld sample.

A sort of 'without replacement’ eloment is present in this systematic sclection
with probability propoitional to the multipliers. For, when tho units are arranged at
random and tho sizes aro oqual, (his proceduro amounts {o simplo random sampling
without replncement, while in the easo tho probnbility proportional to multipliers with
replacement procedure amounts to simple random sampling with roplacement. Further,
drawing of a aub-samplo systematically with probability proportional to tho multi-
plicra is likely to take less timo than in the correaponding with repl i
The estimate in case of ppa aystematic method ean bo improved upon by nn-nng[ng
the unita in sonic suitahle ordor and by devising appropriate balancing procedures.

The randomizing mothod corresponding to pps B noro
efficient than the correaponding randomizing method of pps with replacement selection.
For, in the former each multiplier ia rounded off to the nearest two rounded-off multi-
pliera on either side of it and it can bo easily shown that in such a easo tho varianco will
Do the lenst {cf. Appendix 1).  We have nlrvndy uhoun thal. Tps with replncenent sub-
sampling is moro efficient than the correap g P \ Thia is
probablydue to the fact that in the caso of pps mth roplncoment the sum of the round-
od-off multiplion in the sub-samplo is equal to the sum of l.ho multiptiers in l,h« fiekl
aamplo, whercas this i not achioved in the cor i izing 1
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In pps sy ic aub-sampling both the desirabl 1 ioned above,
namely, the sum of tho rounded-off multiplicrs in the sub-sample being equal to the
sum of the multipliers in tho field sample and ench multiplier being rounded off to ono
of tho two nearest rounded-off multipliers on cither sido of it such that the expooted
value is ir; are satisfied. Hence it can well be expected that the pps systomatic selee-
tion will bo more efficient than the pps with replncoment sclection. It may bo men-
tioned that in pps systematic sampling the expected number of repetitions of any unit
would bo proportional to ita size.

3. AN EMPIRICAL STUDY
As it in not possible, in general, to paro the efliciencics of the y |

suggested in Section 2 to reduce the cost at tho tabulation stago, an empirical atudy was
conductod to assess thoir merits and demerits.  For this purporo tho data on consumer
expendituro statistics collected in a large scale eamplo survey in Uttar Pradesh wore
used. Tho object of this atudy was to para the efficiencies of the proced {i)
(ii), (iv) and (v) as well s their practicability in Inrge acale operationa, in eztimating
(&) expendituro on cerenls, (b) expendituro on foxl and (o) total expenditure by por
enpita expenditure classes.

Tho design of tho survey was a stratificd threo stage onoe with tehsils na first
stage units, villages as sccond stage unita and houscholda as tho third stage units.
From each slratum two tehsils were solected with probability proportional to popu-
Intion with replacoment. From cach sclocted tohsil two villages were sclected with
probability proportional to population with replacement and from cach selected
villago fivo houscholds wero aclectod systomaticaily with a random start for the con-
sumer oxpenditure enquiry. It is to be noted that for each stratum total we get two
independent estimates, ono from each of tho two tehsila selected from that stratum.
The sample households belonging to the tehsils sclected first will bo considered an
belonging to the fickl eamplo 1 and tho other samplo houscholds will constitute the
field samplo 2.

The samplo houscholds belunging to each of the field samples wero grouped
into fourteen claases on the Lasis of their per capita total expenditure. In each por
eapita expendi class the houscholls were arranged according to the village, tehsil
and stratum to which they belonged.

For procedures (iv) and (v), (rom each per capita expenditure clnss a sample of
size equal to the number of sample houscholds in that clnss was sclected to estimato
the total expendituro on cereals, food and total expenditure. This sample sizo was
taken in each clasy, sinco in that caxo the cfficiencies of procedures (iv) and (v} becomo
comparable with those of procedures {i) and (ii). Tho variances of the estimates
obtained by uning procedurea (iv) and (v} were calculated assuming the fickl sample
to e the populati Theso vark can be idered ns tho catil of the
incroaso in the variances of tho eatimatea of the population totals due to aub-
sampling. Tho bias of tho estimates based on procedures (i) and (ii) were alo
caleulnted,
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Let 12 and yy bo the multiplier and the varinto valuo for the j-th sample
houschold of tho i-th per capita expenditure class. Tho object i to estimato
4
¥; = Z wyy,y where ug is tho number of houscholds in the i-th class. Tho varinnce of
1=t

tho estimate based on a semple taken with probability propertional to multipliors
with replacemont is given by

. . 1
Veedii) = nl, [ 1}1 m,,) (lé "'Wfl)_(l}{l |r,'yu) J . e (30)

Tlm varianco of the estimnte based on tho pps systematio (size being the multiplier)
pling | dure i oblained by using tho method illustrated in Appenlix 2. The

estimates in enso of procedures (i) ancl (i) aro respoctively

~
9‘=’:‘:I ryly . (32)
w
and = n; ( - “) ([2:1 y"’). - @9

whero 7, is the neareat multiple of 10000 of the iplier w;;.  This
over all the classea will give us an eatimate of the total for tho population as a wholo,
It is expectodt that for proceduro (i) the bins in the estimate of the population totals
concidered hero is likely to bo rmall if tho sample houscholds aro stratified according
to per capita oxpcmlil.nw olass at tho tabulation stage. Tho differences between

theso estimntes tmd uv,,t/,, (i=1.2, ..., 14) give tho biasas,

Tho results ol' the empirieal study are given in Table 1. From Columns (4)
and (5) of this tablo we find that tho pps systematic estimate is much better than the
pps with replacement cstimate in all tho cases. It is possiblo to improve upon tho pps
systematic estimalo by suitablo arrangement of the sample units before sub-sampling.
Of courne in the caxe of pps systematic sampling the variance of the estinnte cannot
be estimatodd unbinzaddly from one samplo. Howover this difficulty can be overcome
by taking two or more sub-snmples with independent random starta.

Thoe comparison of procedures (i) and (i) with procedure (iv) shows that the
binsed procedures may Lo preferred.  Procedures (i) and (if) should bo used with consi-
dernblo caution as they give rixe to binsed estimates and it is difficult to assess the

gnitudo of binx in y i Procedure (i) will be a good method, as has been
pointed out earlier, only if the corrolation coofficiont between the multipliers and the
varinto values is very noarly equal to zero. Tho pps ayatemntic cstimato compares
favourably with this biased estimato.  Sinco the ppa ryatematic method has the added
advantago of being unbinsed, it may be proferred.
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TABLE 1. COMPARISON OF 'ERCENTAGE BIASES OF U'ROCEDURES (i) AND (i) WITH
PERCENTAGE STANDARD ERROHS OF PROCEDURES (iv} AND ({v)

samplo 1 samplo 2
expen-
ditnro  sniuplo  perconingo binx porcentage me.  smoply  percontago bixs perechiago so.
cluag size iz
) Gi)  div) ) ] Gi) (iv) ()
(L] 12 (O] (3) (U] 12y 13) £} 5

chamcteriatic t  exponediture on corcals

1 4 - + 15,47 9 + 9.00 + 3. 7,82
2 18+ - 3.15 19 + 0.8 =1 4.70
a 55 4 - 0.8} 43 - 06.63 40 4.80
‘ - + 121 Al o+ 7.28 2, 5.02
& ¥ - - 1.00 B =01 =) 3.12
G 58 + - 111 62 4 2.72 — 4. 2,52
7 a3 - - 188 38— 3.55 — 6. 4.01
8 3 - - 1.63 2 4 3.00 — 6. 5.8
1] 3 - + 2.8 21 = 0.07 - 0.31 13.00
10 19 4+ - 2.52 22 4 5.5 —0.32 1648 1.2
n u o+ + 172 16 = 4.35 + 4.31
12 10 — - 3.17 5 417.55 — 4.39
13 8+ + 2.43 5 +)4.87 — 2,01
1 i+ - 2.53 2 —26.62 + 1.20
sl 358 4 147 =~ 1.0 34l 4 0.69 — 2.3¢
charactoristio 1 oxponditure on food
1 4 —0.68 +33.70 47.17 18,07 B 4 7.85 4 1.28 18.38 9,05
2 14— 5.23 12,87 L.0d 19 4 3.61 —0.38 10.88 2.04
3 55 + 2.49 — 0.4 576 0.92 43— 488 + 196 8.6l 3.8
4 3 — 1,32 4018 7.25 0.3 41 4+ 5.67 — 0.31 2440 452
5 B — 316 —0.05 6.25 0.91 45— 0.50 + 0.08 6.83 .54
a 54 4 547 + L7 638 0.03 52 4 344 — 225 O T4
7 3~ 000 - 306 7.52 1.6 3 — 0.3 —0.37 8.9 3.8
8 93 - 1.26 — 0.87 0.08 1.57 2 4 6.3 — 2.00 16.84 8.04
0 23 — 0.13 +11.80 10.95 3.63 21 — 7,72 4+ 3.88 1488 0.00
10 19 #1130 — 4.37 12.24 2.4l 22 4 7.87 4 2,10 11.93 .08
n 24 4+ 3.13 — 2.08 (0.7  2.51 15— 480 + 512 2207 16.04
12 10 - 2,65 —37.60 30.04  3.4% 6 413,58 — 3.44 21,92 6.08
13 8 —3.20 - &.61 10.09 .40 5 16.27 — 4.19 27.07 10.80
n 4 4 308 + 145 18.23 2,30 2 420,01 + 100 .45 8.
all 33+ 1.61 - 2.00 3.07 1.18 341 4+ 1.03 — 0.00 4.72 1.66
charncteristio:  totnl exponditure
1 4 — 0.04 +33.33 46.07 17.00 0 4+ 8.04
2 18 +11.22 — 8,04 12,31 185 10+ 3.60
3 55 4 200 — 0.20 540 0.8 43— 427
4 31— 1.20 4 042 .05 0.83 a4 522
& M — 3.4+ 2,38 688 0.07 5 = L2
[ 68 4 542 4 2,40 0.5 1.03 62 + 4.35
7 a3 — 0.08 — 3.61 7.60 1.7 B~ 0.82
8 33 — 119 — 8.72 D03 1.8 24 4 4.80
o 23— 0.67 + 3.30 1L.D1 244 21 — 8.08
10 10 411.88 — 2.52 1123 2.08 n 4 1.3
n 20 4+ 2,75 4 2.84 1120 3.18 1B — 443
12 10— 2,86 —30.33 25.4n 3.0 5 +18.78
] 8 — 1.65 — 1.3 2048 430 5 +21.08
I 4 = 3.37 41217 30.80 10, 2 426.68
358 41,00 — 1.63 3.00 162 841 4 2.3 + 0.13
Samplo sizu : numbor of houscholds in the samplo: s.e.: standnrd error;
) g off tho multipliors ta the nearost multiples of ten thonvamk  (iv) ppa with replacvinont
Bubstitution by munn of the multipliors ; (v) pps systematir,
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Appendix 1

Theunint Lot § ba @ st of rundom turiables cack tuking wilucs belonging fo u given st T and
hacing X s the expreted eulus. Then of all the membres of S, thal random vorinble & taking only ihe
fco culues of the st T which are on tither mide of X und are meareat fo it has the leasi variance.

Proof : Suppom £j and xj,, aro the nearcst two values belonging to 7 on vither sido of X.
Let £ tako valies z; and 1), with probabilitos p and (1-p) rexpoctively. Sinco x belongs to the
mt 8, El)=X and beneo p = (= X){ga—1p) Let gj1—xjm a and X = 546 Thea the
varisacs of x is
V() = (1)) = X)X =2)) = b(a—b)

Lot y denolo any member of & other than x and lot y take tho valucs (x;) with probubilitics {r)
(=1, 9, a) Tho varinnce of y in given by

¢ v yF
Vi) = 2 i =Xy p;
=1
- .
-»hm‘:l Pi=land X g prm X Bubstituting xj46 for X in the varianco of y wo got
* 1 i
Vi) = X (5~x)) -5
(5 ‘:l“ LN
Variance of x can bo wrillon us

~ L
Vi) ma & (=) py=b .
(51}

Mence wo find that Viy) > V(x),

=)' p>a §| tri=x) g A wufficient condition fue thia is
1 (=]

that =)' >a =z
that is, =2)) (5 =x5,) >0

which is true for thero is no x; lying between £ and 2j,y. lfenco Fiy) > Vi) As thin i trua for
all g, wo pco that x has tho least variance.

Appendix 2

A procedura ix given below for ealeulating the varianco of o cstimate bowd on & ppe systo-
matic sub-sample. This method s based on tho frct that the numbee of different ppe  systeroatio
samples will bo A of n+41, If », tho number of unita in the population, ia lows thun tho sampling
interval, Tho number of different samplos will bo lewr thun m, if the sampling interval is lems thag
 or if somo of the sizos 6re equal to or multiplos of tho sampling interval. In this mothad wo directly
got the difforont powsiblo ammples with their frequoncios snd making wsa of (heeo the varianco of the
estimale can ba found.

Let o (im1, 2, ..., n) bo the multiplicr for the i-th wnit in tho samplo. Tho sampling interval
for gotting a ppe systematic subsamplo of wixo n' s £ wy/n’ (=1, way) As han beon puinted out
=g

artior the i-th unit will bo repeated & {=[w;/2]) or kb1 times in thy aubsamplo (i=1, 2, ..0s W)-

Let 7 bo the romaindot oblained by dividing the cumulntod totul of the multipliors ngainst tho
by Jo 107> riey, the i-h unit will bo repoatixd £+ ) times provided the mndom sars R Jics in the
intorval (7141, #) and k; timce othorwiss. This situntion will bo denoted by {{r-1+1, 7) &+ ki)
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If g < pyop then wo gob (bl 7)) b k)] D0 7y, then (L 1) K)o In practivw tine
enleotntion of the r;'s will o faicly simple. First #, la obtainod by iliviling @y, by . To this r,, w,
in added arvl 7y is tho roinainuder obtained Ly diviling (i 4@,) by f nnd mon. An illustration of \ho
application uf thia methodd to sul-snimpling of howshulda from samplo b

diture clom with probahility proportional ta mul

holds in & por capita expon
i given in Trbla Al and A2,

TABLE Al MULTIPLIERS AND VALUES OF EXPENDITURE ON FOO FOR SAMPLE
ITOUSENOLDS WITH NUMDER OF REPETITIONS IN A PP¥ SYNTEMATIC
SUB-SAMPLE OF SIZE 0 FOR DIFFERENT POSS{ULE RANDOM STARTR

sl maultipliors rxpondituro numbor of repotitions mnul
no. on fc runge of inerval
(] n 2y (U]

1 45696 2. (L 83) 1

2 43608 19.62 (A1, 142) 2; 0

3 32500 16.62 {11201, 168204) O; |

4 32300 7.9 (0317, 11220) o; 1

5 LT 13.50 {6317, 38334) ;0

L 30008 30.73 (28889, J8384) 0; 1

? I3080 13.31 (23859, 20404) 1

B 43728 .70 (3003, 29404) 1; 2

» H380 13.6¢ 13003, 32502) L: 0

®

Hore the mib-sninpls iso la taken 1o be § md honco tha sampling interval s fm= % w9 = 37061
From Table Al it follows that if the nandom stnct liew b tho interval (1, 3002) wo got the mub-samplo
{90y wy wy 1y g g g 4y ) whora wy ba tho Gth samplo howshold. Hence this mample oceurs with =
Trequency of 3002, Similuly procealing wo got the differont pomible samplos (s) with their frequoncies
(/) shown in Tablo A.2. Tho samplo lnialx givon in Column (4) of Tablo A.2 multipliod by J will give

1y
us an unbinsed colinato ¥, of = 1y y,. Tiio mean of all the nib.samplo estimates is given by

=1

19

2 S
‘o = 618as100

which i equal Lo the woighicd eetimato varifying the fact that the estimate from ppe mystematic mb.
samplo is unbinsed. Tho vacianes of tho osimnle ia given by

—yl = HI20(l0p

N
x4
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TARLE A2, I'OSSIDLE S8UILSAMPLES AND TIIEIR FREQUENCIES WITH SUN.8AMPLE
TOTALS FOR E. ENDITURE OX FOOD

unita in sub-sample  expenditure

submanples  inturval frequoncy  with ropotitions, on food (subs
rango f if any cample total)
© (U] 2) Q) (3]
1 (1, 3002) 3002 112346733 1884t
? (002, 6316) kR T 112346789 183.30
1 (6173, 8112) 1818 1123587809 189.81
4 (8133, 11220y 3188 122338789 187.30
3 111201, 16264) 0N 122488789 177.87
L] (10205, 28888) 12624 123488789 174.87
1 128889, 20404) sle 123487789 137.94
8 (20408, 36384) $080 123487889 143.43
® 138385, 37582) " 12340678809 180.18
10 (37683, 37564) 1 123487858 166.48
Rerzaencs

Moxray, M. N. and Beruy, V. K. (1961): Randomized rounded-off multipliers in sampling theory.
J. Amer. Stal. Ase., 88, 328-30.
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