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1 Introduction 3

Productivity growth in the industrial sector nas
come to be iéentified as a key factdr in the structural
transformaticn of LDCs', Several studies have bean carried
out on the scurces of growth of LDCs using the pgrowth
accourting framework'pionecred by Denison, Kendritit and
Solow. As pointed out by Pack, several importent issues
cannot be adcressed with the help of sggregate deta lor
broadly defired sectors. In recent yeai's several micro-
Studies on productivity using firm level data in narrowly
defined industries have been undertaken « Such studies cre
potentialiy useful in understanding the indusirial development

process in LLCs,

A very recent study for Bungladesh bosed on fira level

data “rom the Gensus of Menufacturing Industries (CiiI) uses

1. See H. Pack, "Industrialization and lrade",
Chapter 9 in H, Chenery end T.N. Srinivasan (£d3.),
Handbcok of Develowsent Economico, Vol, I, 19EC.

most Available Document



the growth accounting framework.z The present study
employs the pruduction framework to study productivity
growth and technical efficiency in thirty importunt four-
diglt industries in Bangladech usling the CHMI data for indi-
viduel firms for the years 1974-75, 1975-76, 1979-80 to
1985-8693 The analysis is conducted 1in ilie fruamework of &
three-factor production function with intermediate inputs,
labour input and capital input as arguments. The translog
(TL) specification is used for 17 industries, for cach of
which at least 100 observationa were avallable., IFor the
remaining 13 industrics with number of observationg, between
35 and 99 the Cobb-Douglas specification is used. It may be
cstated that although the flexible TL form should be used for
the investigation of the substitution possibilities between
poirs of factors, it seecms to offer no special advantopre in
regerd to the study of productivity and teclmlcol efficlcencye.
It has been found that the TL and CD forms yield similar
results, Our own preliminary exercises have contirmed
this, It is somewhat time~consuming to verify the "well-
behavedness", that is, the propertics of monotonicity and

quasi-concavity of the TL specification. e have been wblc

2 Productivity and Economic Developm.nit in Banleadesh,
Working Paper io. 15, HIID/ESECP Project, i.arch 199C,

3, This peper updaies Workine Vaper o, 19 of HIID/ZS5EYD
Project.



to do this to a very limited extent,

A somewhat novel feature of the study Lo that 1t
attempts to relax the ascumption of time-invariant technical
efficiency, following the approach recently suggested by
Cornwell, Schmidt and Sickles (19€8€).

The plan of the paper is as follows @ Section
2 outlined the methodology of the study. The thirce
production function models to be estimited are set out
in three sub-sections, 2.1 to 2.3 fie model of pro-
ductivity gfowth and time-inveriant fechnical efficiency
is presceuted in sub-section 2.7. i model intenled to
brin; out ycer-to-year moveucnts in productivity is
set out in sub=section 2.2, Thls model is useful in
" examining whether the New Industriél Policy (NIP) of
1982 has contributed to productivity improvements A
generalization of the model of sub-section 2.7,
allowing for time-varying technical efficlency, is
outlined in sub-section 2.3, £mpirlcal results

from the threc estimated models are diccussed in

Sections 3 tu 5. Summary and Conclusions ore presented

in Section 6.



2. Methodoloqgv

We shali estimate production functions utilizing

CMI panel data for important industries to study the

following aspects :

1.

2.

3e

4e

Trends in total factor productivity (TFP)

of incividual industries over the period
1974~75 to 1985-86.

Technical effictency (TE) of individual firms
(enterprises or establishments) in each of
the industrles, assuming that TE is time-
invariant.

Year-to-year varlations in TFP of individual
industries over the period 1974=75 to
1985~-86, and _

TE of firms, rclaxing the assumption of

time—-invariance.

2.1 Productivity Growth and Time=Invariant TE

The study of aspects (1) and (2) is based on the production

function of the form :

. 5 4 .
Yip = OtV o thy et B+ € o (1)
where i refers to firm i, i =1,2,0eep 0
t refers to year t=1,2,..., T,

Y = natural leogarithm of deflated value of output
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X = Vector of natural logarithms of input variables
in physical units or constant prices.

€ = Disturbance term

Depending on the size of the sample for a given
industry, we estimate efither the three-input translog (TL)
production function or the three-input Cobb-Douglas (CD)
Production function. The three inputs are (1) value of
intermediate inputs in constant prices (M), (i1) labour -
total number of employees (L) and (41i) capital stock in
constant prices (K)4L In the case of the CD function, the
vector X' = [In M, 1n L, ln K] and in the case of TL function

the vector'

X' = [lnM, InL, 1nX,(1nM)2, (1nL)2, (1nK)2, 1nM.1nL,
lnM.1nK,1nL,1nkK]

In our study of aspects (l).and (2), the parameters
of primary interest are a;{1 = 1,2,440,n) and Y, and Y,.
The productivity (TFP) measure for any firm in the given
industry in period t is given by the quadratic fur :tion
in t ¢

in TFP(t) = Ylot+'f2ot2

and the implied rate of growth in pProcductivity, TFPG is

'D.

TEPG (t) = [InTFP] = +27,t

|5}

o

1

ad the change in TFPG is

4 Ihe date base and data adjucstments are discussed in

b Productivity and Economic Development in Bangl adesh,
Working Paper No.15, March 1990, HIip EEEPF‘gEbject.
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d —
FELTFRG(E)] = 2v, o

Thus TFPG(t) is a linear function of time,
Y1+2Y2ots Yl can be interpreted as the initial TFPG
(L.e. when t = 0) and 72 can be interpreted as the measure
of acceleration (T2>O) or daceleration (12 < 0) of TFPG.
The special case Y, = O means that TFPG(t) is a constant equal
to Yy The speclal case Y, = Y2 = 0 means that there 1is

no productivity change.

The parameter ay is the intercept for the ith firm
i =1,2,e..n ¢« Differences in @y across firms in the given
industry reflect differences in time-inveriant technical
efficiency (TE). Let & oy = Max ( @)9Qypesea ) o Then

exp (ai—a ) measures the TE of the ith firm relative to

max
"the ‘'best-practice' firm in the industry. The 'best-
practice' firm has TE equal to 10O per cent, according to

this view.

We assume that the disturbance term eit fulfils the
clascsical ascumptions of zero expectation, constent variance
and zero serial correlation. We propose to estimate thé
production function (1) by ordinary least squares (OLS).
This is referred to as the 'within' estimator in the

literatured

Se See P. Schmidt and H.Ce. Sickles, 'Production
Frontiers and Panel Data', Journal of Business and
Economic Statistics vol. 2, No. 4, October 1984,
pPpe 307=374.




OLS estimation of the production function could
bec justiflied in terms of the Zeilner—Kmonta—Dreze propo-
sttion chat under the assumption of maximization of expected
profits, the explanatory variables and the disturbance tocrm
are uncorrelated. The 'within' estimator employed in this
study, compared to the generalized least sfuares (GLS)
astimator, has the desirable property that its consistency
does not require the assumption of uncorrelatedness of the
regressors (inputs) and the firm effects (ai). Consistency
of the estimated firm effects, however, requires that Ty
the number of observations for firm 1, tends to infinity.b
In view of the fact thet Ty £ 9, the limitation of our

estimates of technical efficlency should be borne in mind.

1t is important to draw attention to possible
pitfalls in the interpretation of the estimated measures of
TE. Since these are derived residually, these are likely
tc be contaminated by errors of measurement and omitted
variables. For thls reason. the estimates based on the
transleg (TL) specification chould be preferred to those
based on the Cobb=Douglas (CD} specification. Also the
TL function is a flexible forme The square and inter-—
action terms in the function provide information on whether
subsfitution possibilities between paires of inputs diverge
frem tne unitzry elesticities of substitution implied by the

ch functione

6. Sec Schmidt and Sickles, ibid.



Most of the carlier studies on TE have relied on
the CD ferm of tﬁa production function. HKopp and Smith
(1980) compare the CD, the Constant Elasticity of
Substitution (CCS) and the TL forms for electriclty
generation plents; they observe that the TL ylelds margi-

7 Our own exploratory

nally hlgher efficiency measures.
cxerclse for several industries has shown that the results
foom the CD and the TL specifications are in broad agreement
in respect of productivity growth,differences in TE as

measured by the F-statlstic, and the minimum level of TE.
2.2 Year-to-Year Variations in TFP

Inter-year differences in productivity in any
industry is analysed by estimating the following
.relationship :

g '
Yyg= Oy + Xyef + ¢ (2)

where all symbols ott.er than P have the same meaning ac

in (1). ‘H't 15 the intercept for year t, t = 1974~75,
197576, 1979=80,e¢es 1985-86, Differences in + reflect
year~to~-yeer differences in productivity (TFP).

Relationcship (2) has been estimated by OLS for 17 industrics.

Using the ectimates of ¢ for different years, an index

7. R.Je Kopp and VoK. Smith (1980) ‘Frontier Production
£stimates for Steam Electric Generation: A
Comparative Economic Analysis', Southern Lconomic
-J_()Urn i_l_, 47' 1049-59.




of yeer-wige productivity (TFP) performance has been

constructed with 1982=-83 = 100 3
3 A

=

TFP(t) = exp } * ¢t~ 1982-83 * 100.

23 Time~Varvinag Technical Efficiency

Here we relax the restrictive assumptions with
regard to productivity change and technlcal efficiency
implicit in (1).

We estimate & model of the form suggested recently

by Cornwell, Schmidt and Sickled

Lo
+ Xiib + V (3)

Yig = %44 it

where Tyy = eil + 912t+ ei3t2

and other symbols have the same meaning es in (1)

A : .
Let B be the ‘'within' estimator of B. The vector

?
6. = [Gi' & ot 6133 is ectimated by regressing the

v /- o
residuels <yit-xitp ) for firm 4 on t and t~ . The null
hypothesis of time-inveriant technlcal efficiency for
Py > : = b= . i\
firm 1 1is eguivalent te Ho P €y, 613 0 This
hypothesis is tecsted by tecting the significance of the

L. Ce Cornwell, F. Schmidt and R.C. Sickles,
'"Production Frontiers with Gross-Sectional and
Time Series Variation in Efficiency Levels?,
unpublished, Sept. 198&.
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' 'A
n2 for the regregsion of (Yit - Xitﬁ) on t and t2. This
test 1s possible only for firms with &t least 4 cheecr-

vations.

3. Productivity Growth and Time-Invariant Technical

Efficiency : Resultsg

We have first obtained the ['within') estimates of
the Model I' : the TL function for 17 industries for vhich
more than 100 observations are availablg, eand the CD function
model for 13 other industries for each of which the total
number of observations is less than l%?, but more than 35.

)

The results for these two categories/ industries are presented

in A pendix Tables A.l and A.2, respectively.

Rzther than comment on the details of the T,
ssions, we shall bring out the salient features by examining
the summary results bearing upon productivity growth and
inter-firm differences in technical efficiency. The cumnary

results are presented in Tables 1 and 2.

3.1 Productivity Growth ¢ The figures in columns (4)

and (5} of Tables 1 and 2 provide information azbout
productivity growth over the perigd 1974-=75 to 1985-86. The
coefficient of t (col.4) 1is an estimate of the rate of
pProductivity growth (TFPG) when t = 0, i.e. for the year
197374+ The coefficient of the t< variable 1s a measure

of the change (accelcration/deceleration) in TEFG over

time.
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In terms of TFPG, the 30 industries taken up for
study fall into five distinct categorles. The categories,
their defining characteristics, and the industries in e¢ -

category are shown below.

Categoyy Defining Chara- Number Industries
cteristics
I No. significant produ- 3119 3804
= 32006 2205
ctivity change (co= 15 3413 3809
ogficients of t and 3501 3819
3504 3824
it~ are both insigni- 3521
ficant) 3525
3569
11 Acceleration from an
initially negative TFEG 3 3llg
(coefficient t signifi- 314l
cantly negative and 3816
coefficient of t<
significantly
positive)
I11 Acceleration from the 3201
initial zero TFPG 2 3819
(coefficient of t in-
significant and co-
efficient t2 signi-
ficantly positive)
1lv Stagnation &t an 6 3112 3204
initially positive 3122 3231

TFPG 3126 3422
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Vv Deceleration from 4 3114
3203

an initially posi- 3713

tive TFPG 3713

Thus one-half of the 20 industries are characterized
by stagnation in the matter of productivity. Two major
induscries, namely, Rice Milling (3119), Handloom textiles
(3206) and several Chemicsl (two-digit code 35) as well as
metal based (two-digit code 38) are found in this categorye.

Cotton Textiles (3201), Grain Milling (3118),
Fabricated metal products, n.e.c. (3819), Bolts, nuts and
rivets (3816) and Cigarettes (3141) are characterized by

acceleration ir. TFPG from initially negative or zero TFF-.

_ Three industries in the food manufacturing group
namely, 3112, 3122 and 3126, Silk and synthetic textiles
(3204),; Tanning end Finishing (3231), and Printing and
Fublishing of books (3422) show no significant change in
TFFG over time.

Fish and sea feods (3114), jute textiles (3203)

Knitting mills (3213) end Iron and Stecl re-rolling (23712)

have shown significasnt Cececleration in TFPG over the semple
period.
Thus stagnation l¢ the predominant feature cf the

change over the twelve-year period 1974-75 to 1985-86.



3.2 Time=Invariant Technlcal Efficiency .

Results on the technical efficliency of individual
firms (or establishments) in the 30 industries are presented
in columns (6) to (8) of Tables 1l znd 2. The figures in
cole 6 show that inter-firm Jdifferences in technical
efficiency are statistically significant, at 5 per cent
level, in 24 industries. Jute Textiles (3203), \Wooden
Furniture (332i), Match manufacturing (3525), Furniture and
Fixtures—metal (3304) Bolts, MNuts and Rivets (38l16) Fabricated
metal products, neesce (3819) and Textile Machinery (3824)
are the only industries where all the firms in the given

industry are guite similar in respect of technical efficiency.

Minimum technical efficiency, that is, techni-al
'efficiency of the least efiicient firm In the industry is
shown in col. 7 of Tables 1 and 2. For ahcut one half of the
industries, the minimum technical efficiency does not exceed
35 per cente It is above 60 per cent in only 3 industries.
Technical efficiency differences in most industries are

guite lerge.

Average (median) technical efficiency of firms in
each industry is shown in col. 8 of Tables 1 and 2. In
14 of the industries, 1t does not exceed 50 per cente.
However in 13 it is¢ above 66 per cent. OCnly in two

industries (3321 and 38053) it is above 92 per cent.


http:techni.al
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The resulis on technical efficiency presented above
suggest that there 1s considerable scope for the improvement

of technical efficliency of firms in most of the industries.

We saw that five industries (3118, 3141, 3816 of
category II and 3201 end 3819 of category 1II) experienced
acceleration »n TFPG over the period 1974-75 to 1985-86.

The median technical efficiency for these industries are

26, 63, 79, 42 and 55 per cent respectively. Similarly,

the range of variation in median technical efficiency for

15 industries of Category I which experienced no productivity
change is very high, 32 per cent to 98 per cent. Thus, the
association betwoen productivity performance (at the

industry level) and average technical efficlency appears to

be weak.,

4, Yeer-to-Year Veoriations in Productivity

The productivity results presented in Tables 1 and 2
were intended to snalyse the medium-term trends in produ-
ctivity over the period 1974-5 to 1985-€6. In this sectiun
we present recults which fccus on the year-to-year variations
in productivity. We chall ccmpare the productivity ¢evel
in each year, except 1976-77, 78-79, and 79-80 for which
CMI data are not avallable, with that in 1982-83 in which
year the New Industriel Policy (NIP) was introduced. The
comparison of thc years 1953-84, 1984-85 and 1985-86 with

1982-83 will ensble us to assess the impact of NIP on



The

productivity. ‘ie-carry out the analysis with the help of
year dummies in the production function regression -
relationship (2). It must, however, be admitted that this
methndology is not satisfactory for policy evaluation for at

least two reascnse

(1) The policy instruments are not incorporated in
our analysis.

(2) The. coefficients of the year dummies will
reflect not only the effect of policy instruments

on productivity but also the effect of all veor-

epecific factorse.

) Tahle A.3,
The estimated regressions are to be found in Ap;ondix

indices of year=-wise productivity performance for seventeen
induntries based on production function regressions with
year dummies are presented in Table 3. The index hac the
value 100 for the year 1982-83. The F statistic for year
dumnit 5 s significant at 5 per cent level only fer 9 indus-
trien out of 17.°  In the pre-1982-83 period, no clear
upwavd trend in productivity is discernible for most of the

17 industriese In 1983~84, in only two industries

9. 1t may be notod ihot tiie Tesults of Table 3 are not
quite cempereiric with those in Tables 1 and 2,
because the reqressicns underlying the results of
Table 3 do not centoln i dummnicse. The available
gof tware does not permit the simultancous presence
of firm and ycar dumnmies.
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(3201, 3204, 3206, 3231 and 3501) experienced signifi-
cantly higher levels of Productivity, vhile none recorded
“ignificantly lower level compared to 1982-83. With the
exception of four industries (3119, 3213, 3525 and 3713)
all industries fared better in 1985-86 compared to 1782-83.
Similarly, in years 1933-84 gnd 1984-85 eleven industries
fared better than in 1982~83. Thus there is some evidence
to show that the Productivity performance of the industries
in the Post~1982-82 periopd inproved somewhat. But the

evidence is far from conclusive,

5. Time-Verving Technical Efficiency : Results

The summary results of estimating the time-varying
technical efficiency model (3) for 18‘1ndustries are presented
in Table 4 , It may be seen from the table that for a gcod
majority of firms in each industry there was no significant
change in Productivity or technical efficiency over time
(see cole 5 in relation to cele 2).  4As many as 2% firms
(70 per cent) out of 4 total of 361 sample firms in the
18 industrieg stagnated. For then technical efticiency is
time-invariant. For 74 fiims there was significant change
in technical efficiency over time: acceleration for 46 firmsg
(cole 3) and decelerstion for 28 (ccl. 4) Cotton Textiles
(3201), Tanning ard Finishing (2221) Printing end Fublishing
of Books (3422), Fabricated Metal Producis (3819),
Miscellaneous Plastic Products (3569) Handloom textileg
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(32¢¢) and Plumblng Equirment (3917) had amonqg their firms
several whilch experienced increase in technical efficiencys
On the other hand, several firms in Jute Texiuiles (.5203),
Tanning and Finigshing (3231) end Iron and Steel Re-rolling
(37123) suffored deceleration in productivitye

Average technical efficlency as estimated from Model I
and presented in columns (6) to (8) for different groups of
firms does not reveal any relationship between acceleration/
deceleration of productivity and the measure of time-

Jnvariant technicsl efficlency.

We present in columns 9 and 10 of Table 4, information
about the performance over time of the least efficient and
the most efficient firms. Cut of 18 cases, only in two
(3122 and 3201) the léast efficient firm improved its pro-
.ductivity performance, in 13 cases it stagnated and suffered
a setbach. in two (3114 and 3713) other cezses. The most
. efficient firm further accelerated in one case (3805),
decelerated ir 2 cases (3521 and 3525) and stagnated in the

other cascce.

Thus time~invariance or stagnation in productivity
pexrformance was the characteristic of over 70 per cent of the
vample firmse. Acceleration was more in evidence than
deceleration. Different industries had different numerical
sharee ir the zccelerating, decelerating end stagnant groups

-

of firuns.
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e Summary and Conclusions

In this peper we have presented recsults of on
exercise on miecro-productivity for 30 importunt four-
digit industries in Bangladesh covering the period
1974=75 to 1285-86. The study has utilized estubli-
shment data from the Census of Fanufacturing Industrices.

The papcer hios dealt with two aspects

(1) Growth in totcl factor productivity (Trk)

at the industry level and

(1) Technical cfficicency {or productivity) of
individugl ecstablishments in each

industry.

Pancl data have been usel $o estimnte thirree types of
production models, one of which cecits Lo relux the

assurmption of time-invariwunt technicel efficieacy.

The empirical results are guite strikin- @

(a) Fiftcen of the thirty industries experienced no

significant productivity change over the period. Very Lew (5)
industries showed significant acceleration in TFP changes

Several suffered from decelerction in productivity change,
The overall picture that emerges is one of stagnation in

productivity.
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(b) Differences in technical efficicency zeross firas
were found to be significant in a majority of industries.
The minimum level of technical efficiency and/or
median techniceal efficiency was rather low in many
industries. These results suggest that there is
considerable scope for improvement of the productivity

of individual firwms in iost industries.

(e) Year-to;year variations in productivity were Lfound to
be significant in several industries. The post NIP
years reristered marginally bettier performonce in o few
1nduétries. The year 1985-86 chowed sonewhiat better results

in several industries . However, ilie over-cll

impression the results produce is that there was no
pronocunced improvement in productivity over the yeors,
consistent with other evidence presented in this peoper

and elscvhierce.

(d) Ve examined the productivity growth experience of 361
sanple firms belonging to 18 irdnstrics. 70 per cent
of these firms experienced no signilficunt change in
productivity or technical efficiency over the period
1974=-1926, Culy 45 firme reglstercd improvenont in

technical efficiency, vhile 28 suffered a decline,

In brief, with a few cxecrtions, firms in Bangledesh

industries disployed nc signs of productivity growthe


http:ir.bAtr.iL
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We have carried out some limited exercises to explain
the inter-~firm differences and temporal veriations in
technical efficiency in terms of scale of the enterprise,
skill composition of the lebour force, capital intensity and
materizl intcnsity, The explonatory power of the regressions
ie very low, ond the vxplahilory varisbles have incipgnificant

coefficients for noet of the industries .

The Mimitotions of cur reszulic have been hiphlichied

ut the eppropricte places. These should be kept in mind.

Severol other aspects of the production function could
be analyzed from the avallable dota. Some work has already
beer completed, 1 will form the subjdecl of eauther

papers
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Code No. of firms Average Technical
1 . EfZicierzy (Fercent) Performance ¢f the
GA GD GS I GA GO Least efficient Most efficient
£irm. Flem e
1 2 3 4 5 6 7 8
2 10
3122 22 2 2 23 55 <] 53 Improved stagnated
3201 40 11 1 28 42 32 18 Improved tagnate
3203 44 1 8 i3 72 66 32 Rgrat
stagnated o
3206 » 3 1 13 27 15 24 stagnated - Stegnatad
3231 51 5 5 23 70 648 72 - -
3422 30 4 1 29 70 66 73 stagnated stagnated
3521 13 1 1 11 56 33 100 stagnated deceleratel
3525 12 1 1 1C 50 K] 53 stagnated f e 2rated
3713 2 2 3 15 67 64 .35 decelerated stagnatad
3819 25 4 1 21 55 57 75 stagnated stz nated
3114 5 0 2 3 68 - 57 decelerated stagnated
3503 2 0 c 8 49 - - stagnat stagnate
5569 11 2 2 6 69 83 65 stagnatgg stagnateg
2904 7 1 0 6 . 46 44 - stagnated stagnated
3335 5] 2 i 2 g8 Qg 77 stagnated accelerated
3216 o 2 0 7 79 79 - stagnated stagrated
3317 3 3 0 6 89 83 - stagnated stagnated
a4 7 1 0 5 74 72 - stagnated 3tagniated
group which experienced acceleratingrégﬁrzﬁich.exﬁarienced

I = Industry, GA = .
GD = arcup which ex<perienced dzceleration in TFD, GS =

stagnation in TFP, as revesled by the F test . -
r r several industries the number of (yearly)observations

For scme firms in
‘2 is less than 4. For such firms the null hypothesls of stagnaticn
~roductivity could not be tested, .
g H jercy figures given in columns (6)-(39) are based on

() Average Technical effic
rearessions with time invariant efficiency.
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