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1) MOTIVATION |

| ‘Many enterprising modelers have developed precise mafheméﬁicalvmbdels:(
':of sociél systems expecfing equally péécise input data from the economic cen-
_'sus; They.sooh aiscover thaf, unfbrtunately, as the pfecision of the data.
. increases sb does the amount of missing data; First, and most commonly;'
‘knowh‘data is'"withheid'tofavoid’discldsing‘figures for indiviual companies'._"6
The number of withheld items.becémes significant when the économyvis.divided
into about three hundred of mbre industry groups for régions the.size of
'_statéé or sﬁéllef.‘ This degree of disaggregation is_often necessary to cap-
ture important interactions. Secondiy, a méjor reasoﬁ for missing data ié
’that_the same size for some categories is insufficient fpf reasonable confi-
dence in the data. This occurs frequentiy in the Census of Transportation.

However, there is usually enough other:iﬁformatipn’éﬁoutvfhe missing

7.déta-to_constrain it_and to estimate a probability:diétribution for it within

. the constraints. For example, the two data items showing the total value of

shipments for thé flat glass industry (SIC 321) and the pottery and related



products industry (SIC 326) are missing for California in the 1967 Census
of Dhnufactures‘(see”Tablé}I). The former employs between 1,000 and 2,499
employees_in 10 establishments and the lattér émploys mbre than 2,500 em-
ployees in 158 éstablishments. National tables (see Table II) provide data
on the average’éharacter of each industry such as tatal establishments,
value of shipments, and.employees for the’entire»natian. From this informa-
tion, a'probability distribution of the missing data can be estimated. The
sun of the two data items, SIC 321 and SIC 326, is found by subtracting the
value of shipments for  SIC numbers 322, 323, 324, 325, 327, 328 and 329 from
the value of_shipments for SIC 32. Although the value of shipments for all
other states for SIC numbers 321 and 326 is now knowhf the sum of the Calif-
ornia value and the other states'.value for each is supplied in the national

table. These two sums constrain the missing data items.

1.1)' Problem Statement

| It is proposed to find a maximum likelihood estimator of the missing
data items. Assuming statistical independence of the data items, the'prob—
ability of any particular set of estimates of missingvitems‘such as mentioned
above becomes the product of the individﬁal'pfobabilities and taking logar-
ithems yields a sum of functions. It is desired to maximize this sun of
functions with the reported»sumvover all industries at the next aggregated
SIC level in each region, and the reported.national'sum over regions for

each industry‘being the constraints. Mathematically, the pfoblem becomes,

_ _ | _
Although the value for all other states could hypothetically be found by
adding values from other states, many will be missing. Thus, only a lower
bound would be found. ' It is ignored herein for simplicity.



max I rorgs(xgs) o 1)
ij -
s.t. L i = a1
j
et e &
where'v' i- = Index of industry (SIC)
j = Index of region
Xj5 * ‘Missing value of the data item in region j, SIC i,
rij(xij) = The logarithm of the probability density in region j,
- SIC i, when the missing value is xij': This will be
called the reward function.
ay = The reported national total for industry i‘(row total) - :
bi = 'The reported regional total for the next éggregated SIC

level (colum total).b
The prdblem is more readily.viSualized as one of finding maximal allo-
cations to the elements of a matfix subject td.specifiedtrow and célumn sums.
With this visﬁalization, thé problem,can be recognized as the cléssical trans-

. 2. . c s
portation problem” with a nonlinear objective.

V/ZvyZ2opeyr0otopn



2) GENERAL DESCRIPTION OF THE ALGORITHM S

To solve'thevproblem stated, ‘a suboptimal dynamic programming algorithm
which is an’exieﬁSion.of che classical ''allocation pfoblem”lvis‘presented;
The terminology of Bellman and Dreyful1 will be used where applicable. The

th

stages of the problém are "L's" of the matrix where the i~ 'L'" = Li =

{xli’XZi"' ©3Xy g 1(1 1),}(1(1 22y ’Xil} (see Flgurcll). Assuming the matrix
is m X n then the number of stages is k1'= min(m,n). A state of L. is cata-
loged as the value of x., with all other X535 in Li'takingroh optimum values.
Finding the optimum for each state becomes a subprbblem which will be seen

to be two classical allocation problems with bounds, one allocation problem

for each arm‘of the L.

2.1) Mathematlcal Descrlptlon of the Algorlthm

A forward dynamlc programmlng algorithm is deflned That is, the algo%-
ithm starts at stage'l and works forward to stage kl' N |
From the general'description_of the algorithm, it can be seen that the
state 1is defiﬁed.by the inde*, i; of Li The state varlable whlch is also
the decision variable is the'vector, Ls and will be uniquely defined for each
value of X5 To complete the description of the algorlthm, the following
must be defined: o |
‘1) An optimal value function which defines the maximum objective
with stage i in state x.with stages i-1 to 1 taking on values |
which attain a maximum objective given that stage i is in state x.
2) A recurrence relation which relates the optimal value function at

stage i to the optimal value function at stage i-1.



3) A State. equation which relates the state at stage i tb the state
at stage i-1.
4) A set of boundary conditions which specify the optimél valee
functienvat stage>1.
The algorithm is presented for a square matrix. It is equally appli-
cable to any m X n matrix but the necessary notation would obscure the pre-
- sentation. That is, letm =n

The optimal value function is defined as

fi(X) = the optimal value with Ly in state x
(xii = x and the rest of L; 'is optimal).

The recurrence relation is

£.(x) = m;X_{fi_l(y) te ot (2
where g;(x,y) = the value of optimal allocation of7Li with
Xig =% X5 59 Ty ad Ly gLy oeeedy

* taking on their respective optimal allocations.
Finding gi(x,y) is the subproblem mentioned in
~the general description of the.algorithm..
The state eqUatiens provide bounds oﬁ the value of the state vector,
Li; At stage 1;‘it is clear the xije L1 must: be less:than‘or equal fo TOW
sun a, if x__ is in the colum am of L, or colum sum'pj if x;; is in the

ij oo o _ 1

row arm of L1 (see Figure 1 for clarification). Any Xij € Li’ 1 > 1 must be

less'than or equal to the appropriate row or column sum minus all

e{L L } alfeady allocated'to that row or colum. These bounds

i-1°°
w111 be called reduced row and colum sums and will be deflned 1terat1ve1y

Flrst, some - addltlonal notatlonfls?requ1r6d &? g}-j§} 0 gj



All quantities with a bar (7) on top are vectors.

Let
y(x) = that value of x which maximizes fi (x)
— . . L LN ey o o
ui(x) = .opt_lmal xij’ j= 1,....,1 1 with xi—l,i-l- y'i(?() ’Xii X
- - - 3 = I - s = Y ' = -
Vi(x) = _optlmal in,;] 1,...,i-1 _wlth xi-l,i—l_. yi(x) »Xs 4 x..

Now, the reduced row and column sums, or state equations, may be defined

3,0 = (3;_4 ¥;(0) - 50 S ®
B0 = b, ; ¥;00} - ;) OF
50(0) = (apsags.-.»a) '_ (5
bO(O) = (bl’bz"'.’bh) | (6)

Boundary conditions, or the value of fl (xj are now easily defined.

£00 = g 0,0,

The subproblem of finding gi(x,y) is yet to be solved. The problem

is stated mathenlatibally as follows:

i-1
g:(x,y) =max I r..(x:.) . (7
1 . J=1 J

, i-1
max I r.i(x
j=1 7

+

jit

+

r;5(X)



o iAl : S - - .
- s.t. E Xij = ai_l,i(y) - X o . - (8)
j=1 . . . .
i V1,00 ¥ (9 -
i-1 SR
T oX;s =big () -x . (10) -
j=1 Jl i-1,i - v
X34 22351 J(y) ¥ an

It is ea511y seen that g (x,y) can be found by separat:mg thlS problem into

two problems of the form

max izlvri(zi) | o -(12)

s.t. Lz; = z - a - (13)

2Z; £95- ' _ » B | (18

By redefining . (z;) = - =, z; > q;, and eliminating Eq. (14), the

-prdblem becomes the classical allocation problem. A batkwards dynamic pro-
gramming algorithm for solving the allocation problern1 begins by letting the
index 1i, “of z1 be the stage variable and defining a stat_e w; to be the
' amoLmt '1ef.t to stéges' i+.1,.. .»m, The decision variable is the amount, z.,

: allo’cated_‘to'. ,Stage i. The optimal value fmctidri is s 3 (wj) = the optimal

vélue o.f' an aliocation for stages j+l,... ,M with wj left before allocation

of 23 . The recurrence relation is



Sj(Wj) = a {sj+1(w5+1) + vj(zj)}f‘ (15)
J .
The state equation is
wj‘+1 = wj - ZJ’ - (16)
 and the boundary conditions are -
' .Sn(wh) = “n(wh)‘ ' | a7n

The solution is the policy associated with sj(z).

i

~3) BOUNDS

For example, if Xy

It is often deéirable to bound each value of X5 3

, i _
-represents employees, note that in Table I missing values of employees are
often listed as BB. This implies that the missing value is bounded between

250 and 499. = If the lower bound is Qij and the upper bound is hij’ then
2.. <X.. < h...
ij = 7ij — 7ij
Bounds raise a problem since it is no longer necessary that a feasible
solution exists. However, the problem of testing feasibility‘is readily solved
using a max flow élgorithm on a network.4fFirst, note that the added'constraint

can, without loss of generality, be changed to



02 x5 <di5

j'= hijﬁ‘fzij and a; and bj are reduced by.gij. A1l of the con-

straints will still hold. Now define a network as shown in Figure 2 where

where di

the numbers on the arcs are upper bounds. Solve for the max flow and if
a. = 'g bj then a feasible solution exists. One feasible

-
. _ i j _ . _
solution is xij =-fij where fij is the flow from node ‘i to node j.

* Bounds are easi1y incofporated into the dynamic pfogramming algorithm.

the total flow =

Equations (9) and (11) are changed to the following:

xjj min (by, 500,450 ¥ - as)

xjilg_min {ai+1,j(y)’dji} Y. | o (19)
Unfortunately, Egs, (18) and (19) sometimes causé the algorithm to
,,"get‘stuék." This 6c¢uis when, for example, for every state of stage k, too
little has been allocated to the relative optimum solufion for stages

{i; i z;k} and no feasible sblution exists for stage k. - One can.ovércome
.this difficulty‘by‘solving the feasibility max flow problem wiﬁh reduced rbw
and colum sums at each stage of the subproblem of finding g (x,y). Little
additional‘gomputation_time is necessary due to the éxtreme efficiencybof

max flow algofithms,
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4) AN EXAMPLE | | o

The algorithm was used to fill in missing data in the value of ship-
ments and value added colums of the Census of Manuﬁactures for the state
of California. For this maiden voyage, some simplifying assumptions were

made. First,idefine the following notation:

ECV = -nﬁmber'of emﬁloyees in California in a certain industry
E, = number of employees in the nation in that industry -
SC = number of establishments engaged in'that industry
S = number of estabiishmentS’engagéd in that indusfry in
" the nation
Vé ‘= value added for that industry in California
Vb = value added for that industry in the nation

It is assumed that V is normally distributed w1th mean = E \' /E and
variance = (ECVO/EO)2 When E. is missing, it is estunated by EOSC/So | (
Each separate maximization was disaggregated 1nto thlrtv to fifty states
per stage depending on the spread of maximum and m1n1mum ‘non-zero limits on . |
the varlables
‘Table III shows a portion of the resultant estlmates The raw data
is in Table I. Results seem very good. Only in a few cases were missing

values replaced by zero which is a questionable value since the appearance

of an industry implies that its production is non-zero.
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'5) CONCLUSI(NS o . : | (

An evaluation of the suboptlmallty of the algorlthm would be useful.
In the example prov1ded a quadratic programming solutron could be used to
f1nd the true optlmal solution and values could be compared

One strength of the DP approach is that the reward function can be
changed to any desirable shape without increasing the length of time re-
quired for solutlon Experlments with more accurate and better based reward'
functlons would be 1nterestxng | | |

The reduced gradlent algorlthm ‘has a special appeal for this problem
and deserves some,lnvestlgatlon. As shown in Fig. 2, the problem can be con-
structed as a network problem; Since a basic solution.fbrns a 'cr'ee,'3 each
hohbasic arc is the;sum of the individual gradients around the cycle. Anvf
algorithm couid be derived which selectively changes»the fiow aroohd these
.cYcles'and the idehtity of the basic variables until all cycles are either
'bouhded above and.haVe e'negative reduced gredient, bounded below and have

a positive reduced gradient or have a zero reduced grandient.
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a positive reduced gradient or have a zero reduced grandient.
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Fig. 1. '"Ls" of a 4 x 3 Matrix
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Fig. 2 Network Associated with a 4 x 3 Matrix

S
T = 8ink
Labels on arcs are upper bounds on flow.

Source
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TABLE I

General Statistics by Industry Group and Industry: 1967 and 1953-Contin11ed

1967 1962
Establishments All empioyees Production werkers Value Capitat Value
Ind, i - adcedby | Costof Vitueof | expendy- Al added by
code Industry with & mangtac. | matenals | oshepments tutes, employees | Manutac.
Tolal | employees| pymper | FIOH Number | Manhours | ¥O8ES tuie 2w il ture
of more {mHion (mithon | (mulon | rmillion {mii:an {miltion {m(lion
(rumder) | (numpery | (1000} | doilars) | (1.000) | (miliions) | agilarsy | daltarsy | coltars) dottarsy | doltars) 1 (109 | grjare
n LEATHER AND LEATHER PRODUCTS o 197 (1] Fe (o} 0 10} (1-2) (12} [{:}} o} 1-2) 5.1 © 39,4
3111[LEATHER TANNING AND v/misuxm. e 19 e o7 4.7 +6 1.2 3.7 8.4 1.3 19.5 0 ot L
3121) INDUSTRIAL LEATHER BELTING o 4 o o o ¢ 2 ] (o) ©) ) 0 [{J] 10y [{-}] 0y (o1 to)
3131 FOOTWEAR CUT STOCK o ¢ ¢ o ¢ o ¢ o o 7 3 AA 1.1} 1] o 1oy 10) 01 ) (1-}] .1 .9
3. FOOTWEAN: EXCEPT RUBBER: o 4 o ¢ [ 10 2.4 1.2 2.t 3.9 6.1 18,1 15.0 32.9 o2 2.8 15.8
3181 SHOESs EXCEPT MUBBER « ¢ o ¢ o+ s o « §2 19 43 I} 0] 1o} K12 (04 o) 01 10} 01 01
151{LEATHER GLOVES AND MITTENS « o o o o 9 4 .2 .8 N .2 .3 1.0 .9 1.9 (2) .2 .9
3165{LUBGAGES « 4 ¢ s b oo o s v e ae ° 44 o) (1.1} w (0 [1-2] to) [{-}] wr{ [L.]]
317 MANDBAGS+ PERSONAL LEATHMER GOODS ue 1a 1.2 6.0 1.0 1.9 8.3 9.8 8.4 16-1 (0) 1.0 6.1
3171 WOMENT.S HANDBAGS AND PURSESe + o o o 22 1 (44 ) -1 1.1) (-3} o) (1-1) 3] -3 {1} [{.7)
3172{ PEASONAL LEATHER GOODS « o « o o o o 2u 3 B8 01 01 (01 o) (01 101 0 100 10y o)
3199[ LEATHER GOODS» NEC + « o o o o o o » [+ 6 o 1.9 - o7 13 3.2 3.0 6.6 (01 S 2.0
32 STONE+ CLAY+ AND GLASS PRODUCTS.} 1 435 409 a3.4 306,9 3.0 8.1 218.1 | " 862.6 519.0 |1 19049 63.0 as.6 654,0
S21L[FLAT GLASS & o s o o ¢ s ¢ 5 o 0 o 0 10 3 €€ (1.3] ({2} o) (1-2] (-] {-1] o {0} ) 0
322 GLASSs GLASSWARE: I’RESSED OR BLOWN 26 19 8.2 87,3 1.2 18,3 us.7 110,2 62.6 178.3 13} 10 o)
3221|GLASS CONTAINERS o “en e 16 16 FF m 10} [1.3] (o) 0 [} D) (01 (o) (0}
3220| PRESSED ANO BLOWN GLASS NEC v o o o] 10 3 -] 13} (01 0} 03 (o) I:}] t1 ) .8 4.8
3231/ PRODUCTS OF PURCHASED GLASS® o o o & 119 27 1.0 9.7 13 2.5 [ 23] 19 1648 35.7 1-1) 1e6 20.8
3261 CEMENT MYDRAULICe o ¢ o o o o o o » 18 13 3.6 0.1 2.8 8.7 214 95,4 LYY 1ul.9 7.9 4.3 93,1
328 STRUCTURAL CLAY PRODLCTS v s o o o 70 pL.) a1 26.2 3e2 6.3 18.5 u6.9 22,8 7043 2.8 Se2 59,7
3251[BRICK AND STRUCTURAL CLAY TILE , o « 27 13 .7 [ o 1.2 3.6 6ol 3.0 9.8 ] 1.0 8.4
3253] cEmaNIC WALL AND FLOOR vn_z. e e e 19 12 2.0 13,9 1.3 Sz 8,5 20.6 9.2 29.6 (0) 2.4 23,8
3255/ CLAY REFRACTORIES: o « « & . . 10 S &g 01 © 10) (01 (D} [1-3) (01 13 (D) 0)
3259 STRUCTURAL CLAY PRODUCTS. el L u s I 8 £E (o} | ) (01 o) o [} 1] 0} 1.7 23.9
326 POTTERY AND RELATED PRCOUCTS 4 o o 188 42 FE (D1 {2} ) [1-3] 1] (D) (0) ) 4.0 32,1
3261[VITREOUS PLUMBING FIXTURZS ¢ o o o 10 7 1ol 7.9 B 1.7 8.2 1606 9.0 25.6 10) 1el 14,8
3262|VITREOUS CHINA FOOD UTENSILS & o o o 8 6 o3 1.3 .3 o 122 1.9 o8 2.2 @ O (0) (o)
3263 |FINE EARTHENWARE £OOD UTENSILS o « o 7 s cc 0} {0y [N (01 10} D) 01 [{:3] (0 <01
3264/ PORCELAIN ELECTRICAL SUPPLIES, & o o 11 2 an [} 0) 10} 03 (0) [C]] 0} 1] (0} )
3269/ POTTERY PRODUCTS: NECe o o o s s o o 122 22 1.8 7.3 1.8 3.0 6.1 13.3 4e3 17.5 .. 1.9 11.2
327.] CONCRETE. GYPSUMy PLASTER PROJUCTS 757 198 13.2 101.7 8.7 16.9 6240 218.6 248, 46046 18,7 15.5 232.8
3271 CONCRETE BLOCK AND BRICK o # o o « ¢ 8y 19 tel 7.7 .7 1.6 4.5 1846 1241 26.8 102 1a2 16,6
J272| CONCRETE PRODUCTSt AEC o oo o o o & 237 %0 a9 37,0 3.7 7e3 25.6 7640 48,9 125.5 5.8 3.9 57,6
9273 READY=MIXED CONCRETE ¢ o o o o ¢ # ¢ qu2 108 6.2 49,1 34 6.4 26.0 10647 165.3 2717 9.9 7.8 124,43
J274/LINE & o v o o . . . 6 [ 88 (0} 10} [1-1] o) W 11 [1:3] [1:3] 10y [§:3)
327S|GYPSUM PRODUCTS: o o o o s « o ¢ & o 21 9 cc o (3 ) 10} o) (0) ) 0 10y (-]
3281jCUT STONE AND STONE PRODUCTS®s o o o 51 7 S 34 o .8 2.4 $e3 3.1 8.5 .2 *6 o5
329 MISC. NONMETALLIC MINERAL PRODUCTS 200 60 6.9 49,3 $¢3 10.7 33.9 11043 Yo 206.1 13.3 6.9 119,0
3291 ABRASIVE PRODUSTSs o » o « ¢ 4 o o o 26 6 .S 3.8 3 o7 2.0 847 S.4 13.9 o3 10} [
3202] ASBESTOS PRODUCTS: o s o o s ¢ 4 o o i8 16 13 () [t (0} ) b 101 & (52} 1.9 LIS |
3293/ GASKETS AND INSULATIONS: o ¢ o o o ¢ 30 13 1.5 10.5 1l 2.3 6.2 18,2 10.6 26.7 (D} 1.1 11.3
3295 HINERALS® GROUND OR TREATEDe » o ¢ = 53 i - 6.2 .7 143 4e4 18.2 11.9 27.0 5.8 9 1.9
3296| MINCRAL ROOL o o P ) 12 s 33 (o) (0 01 [1:3] [1:2] 13} o) 13} 0} 1]
3297 NONCLAY REFRACTORIES o v v « v o o 6 2 88 10! -3 0y 101 [} 1) (01 () (o) 10)
3299 NONMETALLIC MINERAL PRODUCTS! NECs o S5 3 o 2.8 .3 8 15 3.7 47 8.4 10} o 5.5
3 PRIMARY METAL INDUSTRIES ¢ o o ¢ 742 377 38.8 4862 a7.3 9.1 3.9 9333 |1 201.7 [2 103.0 92.4 ue.s 603.9
35t BLASY FURNACEY SASIC STEEL PRODe o 8u |- 7 22.4 191.3 17.7 35,0 140.7 378.8 %62.0 907.6 32.% 19.5 287.4
3312{SLAST FURNAZES AND STEEL MILLS , o o 30 18 FF (0) (0) (01 [1J] (D) G (1)) 0) 16.2 23t.7
3315 STEEL WIRE aND RELATED PROCUCTS, o o 23 12 1.4 1.0 1.1 2.2 1.7 23,2 29.3 31.9 (0} 0y o1
33151 COLD FINISMING OF STEEL SHAPES , o o 7 3 A (o o) 0! ({3 104 10} D) 101 t0) (L]
3317| STEEL PIPE AND TUBES » » « ¢ o0 o & 22 13 FF o) (1] D} o) (0} to) (o) ) 1.8 19.3
332 | .IRON AND STEEL FOUNORIES s o o o o 101 76 8.0 83.3 7.0 13,3 418 94,3 3%.2 150.2 6.7 7.4 3.9
3321[ GRAY IRON FOUNDRIES: o o « s s o o o 63 ug 6,2 27,0 3.8 1.0 21.4 4g.0 32.8 78.% 2.4 6.3 us.u
3323{ STEEL FOUNDRIESs o « o » o v s & & v 35 29 £F ) 01 1) (o) 0] 1Y} [{- D) -2} (o)
33 PRIMARY NONFERROUS METALSs o o 's » 7 3 a8 (1.3} .1} (01 0} (0) (01 11} [{:3} (0) (0}
3332/ PRIMARY LEAD 4 ¢ o o o o o ¢ o s o o 3 3 88 ) [ o) o) .1 0} (0 <0} (D) {7}
334 1| SECONDARY NONFERROUS METALS« s « o o us 21 1.6 11.8 1e1 2.2 6.9 27.8 82.8 112.3 247 1.8 20.0
335 NONFERROUS ROLLING AND ORAWING » o 83 su rr 0} ) ) {9} to) 91 w1 ) (1) 10)
3351] COPPER ROLLING AND DFAXING o 4 -4 » o 6 s EE o} [} (D} -3} (8) () 10} (01 1.3 16,0
3352{ ALUMINUM ROLLING AND ORAWING o o e o 29 17 7.6 61,2 8.0 13.6 460 132.2 161,9 29646 170 L3 70.9
3356{ NONFERROUS ROLLING AND DRAWING: NECS 13 “ .8 3.1 o .7 243 93 15,3 23.8 9 [i:}} (0)
3387; NONFERROUS wIREDRAWINGs INSULATING o 35 28 3.3 24,0 2.9 3.3 13,9 69,0 102.7 168.7 o) {0y to)
336 NONFERROUS : FQUNDRIES o o ¢ o o o « 203 100 7.6 50,2 [} 13.0 38.3 9.3 45,2 133.8 8.3 847 67.3
3361[ ALUMINUM CASTINGS. o o o o . 139 0l - w.2 27.9 3.8 Te2 213 49.2 30.6 79+2 o} 3.8 32.9
3362| BRASSy BRUNZEY AND COYPER cAsnuss . 57 19 1.1 7.4 1.0 1.9 s, 14,0 15,9 29.7 (01 1.0 9.7
3369 NONFERROUS CASTINGS| NEC o+ ¢ o o o o 47 21 2.4 14,8 2.1 a0 1.3 26,1 18.7 4.8 [1.1] 2.2 24,6
339 MI1SCo PRIMARY METAL PRODUCTS . 179 76 6.3 49,7 Ge9 10.8 344 106.2 735.2 1817 151 3.6 48,0
33911 IRON AND STEEL FORGINGS: o+ « o . 26 12 1. 12,4 1.1 2.2 8.6 25.0 3.2 87,4 (0) 1.1 17.0
3392[ NONFERROUS FORGINGS: « o o o o . 11 10 1.9 12,7 1.1 2.4 a.7 23,9 26,0 s1.9 8.9 .8 9.7
© 3399] PRIMARY METAL PRODUCTSt NECe o . 142 sS4 3. 2u,8 2.7 - 8.7 17.0 24,7 10,1 72,3 ) 1.7 21.3
. See footmotes st end of tedle.
@
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TABLE IT

36 GENERAL SUMMARY
-General Statlstlcs for Establishments by Industry Groups and Industries:
: 1967 and 1963 —Continued
1367
Estabiishmeats All employees Production wotkess
- Value
Value of
. " added
Code Industry group and indusiry Companies ¥ith 20 . mmumzc shigments
Totat employees Number Payroll Numbes Man-hours Wages
. ol zmore ’
R {miltion . {miltion " (miltion {millien
(number) (number) (rumbes) 11,000) dollars) (1,000} {millions) dolars) dollacs) dottars)
32 STONE, CLAY, AND GLASS
PROOUCT §=<CON .

326 POTTERY AND RELATED PROCUCTS o o+ o 374 619 231 42,7 246.9 36,0 70.1 190.0 418.7 0609.4
3261 IVITREOUS PLUMBING FIXTURES o o ¢ o o 4 31 40- 8.4 9.5 7.0 13.8 43,7 1114 i70.0
3262 [VITREOUS CHINA FOOD UTENSILS o + o o 33 39 28 1.0 36,1 6.0 1.2 27.3 55.8 67,2
3263 [FINE EARTHENNARE FOOD UTENSILS o o o 20 21 17 3.9 21,3 3.3 9.8 22.6 34,6 47,1
3264 [PORCELAIN ELECTRICAL SUPRLIES. » 4 o 69 7 50 13.8 89.9 11.0 22,2 67.% 183.5° 225.0
3269 |POTTERY. PRODUCTSs NECo o ¢ + » o o o 424 438 96 7.9 37,0 6.7 13.1 27.0 63.4 96.1
327 CONCRETEs GYPSUM+ PLASTER PRODUCTS 8 638 10 004 2 450 169.1 11033 122.7 293.0 719.0 2 478,0 3 999.6
3271 JCONCRETE BLOCK. AND BRICK o v o o o o 1538 1 %99 349 2141 130,1 1.6 30,6 77.0 274.2 550,14
3272 CONCRETE PRODUCTSt NEC o s » o o o o 3 055 3 ui2 802 56.8 351.1 43,8 94,2 2u7.9 122.6 1201 1
3273 |READY=MIXED CONCRETE ¢ o « s o » o o 4 032 4 760 1150 14,9 %08.8 49,2 100,7 308.6 1 15%.% 2 684.2
3274 (LIME o o 6 o s s 0 s s o s s 0w b e 78 116 71 6.8 82,6 5.7 12.0 33.4 100.1 176,%
3278 |GYPSUM PRODUCTSe & o » o « s « o o+ o 55 147 78 10.0 9.7 7.8 17.% 52.2 225.6 387.7
3281 [CUT STONE AND STONE PRODUCTS o &+ o o 776 81l 196 16.6 90.8 18,1 28.3 70.9 148.2 1236.4
329 MISC. NONMETALLIC MINERAL PRODUCTS 1 485 1 8a2 708 106,1 72%.8 80,7 - 162, 499,7 1 586,53 2 79%.3
3291 [ABRASIVE PRODUCTSe « o %+ » o o s s o 320 361 165 27,2 197.% 18.9 36.3 119.2 820,7 725.3
3292 [ASBESTOS PRODUCTS: o o s o o o o o a1 138 99 1.3 14a,0 16.8 35.0 107.% 308.1 373.0
3293 |GASKETS AND INSULATIONS. o o o o o o 288 301 123 18.5 113.3 4.1 27.8 76.8 29%.% 352.8
3295 |MINERALSs GAOUND OR TREZATEOs & o o o 382 504 130 8.9 50.3 7.0 14,4 ar.7 149.4a 280.9
3296 MINERAL WOOL o 5 v o o s:» o v o » & 77 116 i 13%.1 106.9 12.2 25.5 83.9 247.3 a%4.9
3297 [NONCLAY REFRACTORIES o o + s s o o o 39 92 64 9.9 72,1 1.4 14.8 89,3 1%8.7 307.1
3299 [NONMETALLIC MINERAL PRODUCTS® NEC, o 328 330 33 3.3 30.6 a3 8.3 | o Z1.1 %6.8 99.9
33 PRIMARY METAL INOUSTRIES o » + o s 338 6 837 4 082 1 281.0 9 83%0.9 1 041.3 2 088.7 7 457.3 19 978.2 246 730.9
»1 BLAST FURNACE: BASIC STEEL PROD. o 563 861 673 617.3 9 021.9 $00,8 981.6 3 82942 10 170.1 23 121.0
3312 1BLAST FURNACES AND STEEL MILLS o 4 o 260 329 259 333.1 G 385.3 4340 8454 3 363, 8 910.1 19 620.6
3313 {ELECTRCMETALLLRGICAL PRODUCTS: o o » 2i 34 31 10,4 79.0 8.4 17.2 38.6 193.2 67,9
331SiSTEEL WIRE AND RELATED PMODUCTS. o o 200 240 iTs 19.5 194 .8 21.7 [Ti981 138.0 269.1 84%,2
3316 1COLD FINISHING OF STEEL SHAPES 4 o » 17 107 86 19,8 154,9 14,9 29.8 108.8 269,1 1 038.7
3317 (STEEL PIPE AND TUDES o o o o o v o o 123 181 126 27,0 207.9 21.8 d4%.1 15%. ui2.t 1 148.6
332 1RON AND STEEL FOUNDRIES « + o 1 265 1 438 1.097 232.6 1 640.% 198.3 402.1 1 306.7 é 631,0 ' z(ao.)
3321 |GRAY IRON FOUNORIESe « & + o & » 969 1 061 774 133.0 965.3 119.3 242.3 780.2 1 543,41 2 637.8
3322 iMaLLEABLE [RON FOUNORIES . v 72 81 75 25.4 187,0 1.4 43,0 147,3 256.5 838.3
3323 |STEEL FOUNCRIESe o + o ¢ + « 4 o 2%6 296 248 69.2 438,2 37.6 116.8 379.2 79:.4 1 213.2
333 PRIMARY NONFERROUS METALSs o v » o 77 188 121 53.4 Q0%.1 42.2 8s.4 300.5 1 331.5 13 714.0
3331 (PRIMARY COPPER o 4 o v « v o 4 s o s 11 32 32 11.6 80.6 9,2 18,1 61.0 262.6 1 188,31
3332PRIMARY LEAD & o « o o o v ¢ s v o0 10 19 18 2.7 18.9 2.1 4,3 13.3 48,3 04,0
IIISIPRIMARY ZINC o ¢ o ¢ v o v o s o o o 11 18 18 8.1 s7.8 6.4 13.% 42,9 119.5 332.8
3334 [PRIMARY ALUMINUM o ¢ ¢ o e 6 25 24 23,8 190.9 17.2 3a.4 14%.2 811.8 1 608,7
3336 |[PRIKARY NONFERROUS WETALS: NEC 4 s ai 50 29 7.2 %6.9 8.2 11.2 38.1 139.3 284.4
3341 [SECONDARY NONFERROUS METALSe « « o o 381 403 182 17.2 122.8 12.8 26.6 78.4 271.2 1 386.0
338 NONFERROUS ROLLING AND URAWING o o 827 833 620 194.9 1 83a8.4 191.1 313.8 1 027.0 3 324.9 19 925.4
3351 |COPPER ROLLING AND ODRAWING ¢ o o o o 86 12 108 49,3 T 293.9 32,2 68,5 219.0 704,48 2 391.1
3352 [ALUMINUM ROLLING &ND DRAWING % o o o 1%5 218 163 81.9 479,4 48,7 . 101.0 354.9 $38.7 2 998.9
3356 |NONFERROUS ROLLING AND ORAWINGe NEC. 115 142 74 21.3 163,95 14,8 30,9 100.8 351.7 984,.0
3357 [NONFERROUS WIREDRAWING: INSULATING o 206 348 275 1.7 501.6 33.3 147.0 382.7 133041 3 %91.4
336 NONFERROUS FOUNCRIES 4 + » o o o o 1 827 1 886 198 89.6 609.3 76.0 194,59 46u.0 1 067.% 11 922.0
3361 [ALUMINUM CASTINGS. o+ o . 970 992 C4g 45,2 312.9 38.8 18,8 2u3.6 $16.6 ° 920.%
3362 [8RASS+ BRONZE« AND coPP;R CASTXNGS . 516 534 207 i17.9 119.8 15.1 30,6 89.2 226.8 ags,2
3369 |NGNFERROUS CASTINGSI NEC » o o v o s 382 360 180 26.6 1767 22.1 43,0 131. 324.2 356.3
339 KISCs PRIMARY METAL PRODUCTS o o o 1 140 1272 591 76.0 612.9 60,5 12%.0 451.5% 1 131.9 22 173.2
3391 [IRON AND STEEL FORGINGSs « « o o s » 218 272 189 q1.2 35,9 33.8 67,2 265.6 T 607.4 ‘1 261.6
3392 |NONFERROUS FORGINGSs v v s o o o o o 37 a1 31 10,1 87.% 7.4 16.5 61.4 1544 3331
3399 IPRIMARY METAL PRODUCTSt NECo & o & o 868 959 371 4.7 1794 19.7 a1.4 124,% 370.2 578.%
3% |/ FABRICATED METAL PRODUCTS. ¢ o o | 25 262 | 27 418 | 10 742 | "1 3a1.8 9 319.% 1 656.9 2 160,9 6 sa1.6 | 18 042.6 "36 877.8
333LIMETAL CANS v e'e s ¢ ¢ s v ¢ 0 oo o 96 299 241 60,3 474.4 sy 112.7 393.3 1.141.% 2 890.6
342 CUTLERY v umDTooLs' AND HARDWARE 1 810 193 854 1%5.9 1 043,¢ 1239 259.9 142,2 2 318.3 '3 714.6
3421 [CUTLERY. » & o e e e 138 146 69 13.0 80,2 10.4 20,9 54,93 276.3 378.%
3423 [MaNG_an0 EOGE TooLs, NEC L . [ 630 667 252 35,9 232.9 28.7 57.9 165.8 509 .4 813.%
3425 [HANDSANS AND SAW BLADES. « o o o o o 74, 85 49 6.3 43,4 4.8 10,1 29.9 97,4 156.3
3429 (HAROWARE » NEC, P I 979 © L o4l 484 'mo 8 686,7 80,0 171.4 492, 4 1 435,95 2 368,
343 PLUMBING AND MEATING EXCe ELECTR!C 781 838 389 65.2 4271,9 48.5 \ 96.8 278.4 871.9 ' r24.%
3431 [METAL SANITARY WARE« o ¢ ¢ o 83 91 81 10.1 71.3 8.1 16.4 3.5 140.6 251.2
3432 [PLUMBING FITTINGS AND BRASS GOOOS. o 210 214 20 1a.8 92.6 1.4 22.8 64,2 183.3 q04,7
3433 |[HEATING EQUIPMENT) EXCEPT SLECTRIC o 496 533 248 40,6 260 ,0 29.0 37.% 160.7 S47.9 11 069,0
344 |- FABRICATED STRUCTURAL METAL PRODee 9 %38 | 10 131 3 705 387.9 2 685.8 292.5 591.5 1 777.9 4 934.3 110 44,2
3641 [FABRICATED STRUCTURAL STEEL." -< . 1 86% 1 960 1 035 107.% 773.6 80.1 163.6 30%.9 1 51903 2 967.8
3442 METAL DOORSs SASHe AND TRIM. .. 1S40 -1 646 897 63.9 378.5 47,9 94.8 235.7 651.1 1 413.6
3443 |FABRICATED PLATEWQRK (BOILER SHOPS 14 1 306 i 468 788 96.4 7004 7541 «150,8 477.5 1 393.4 2 688.3
3444 (SHEET METALWORKs ¢ o o o o ¢ o' 2 s @ 2 942 .3 0%y a1l 68.1 490,7 4.0 105,8 336.0 889.3 1 81,4
S3ud6 [ARCHITECTURAL METALWORK, o . 1 360 1317 198 19.3 123.0 15.4 29.5 B1.5 e32.6 4349
3449 MISCELLANEOUS METALWORK: o . 59y 6n9 280 32.7 220,7 23,2 47,4 137.4 448.6 1 082.0
345 |  SCREW MACHINE PRODUCTS: BOLTS: EYC 2 415 2 836 1073 16,1 8u7,; 93.7 196.7 605.7 1 620.9 12 66%,4
J451[SCREW. MACHINE PRODUCTS » o v e 1 au7 1 874 . 681 49,0 49,1 41.9 88,2 258.% 621.9 1 021.5
3452 {BOLTSs NUTS: RIVETS: AND usnsns . 877 662 292 67,2 49y, 32,2 108,95 347.2 979.4 1 6a3.9
3461 [METAL STAMPINGS: o o ¢ s o o o . 2 964 2 710 1 381 228.9 16853 187,0 379.8 12724 3 030.8 s 893.7
. . - . s 1 on asy amya 69.0 137.4 3%6.1 864.3 11-262.4

79,1
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TABLE 111
{
7"”tffTFCRNTI_UTTT—?‘IENSUS_UFfﬁINU?ICTUFPVST_UTSCEUYUWYS'FSTTNITFU“UYTWU—U?;KTCT?T7H
NUMRE R NUMBER ] '
I OF 0¥ VALCE — VATUE OF
SIC CODE ESTABS EMPLOYS ADDEL SHIPMENTS
205G LA A 39.0 127150 T83I750
: 2850 235 72.0 1499, 0 3498, 0
waiD! 235 72.0 I%99.0 3398.0
2870 92 28.0 469, 0 1590.0
28711 5 5.0 1I27.0 287.0
2872 40 - T4 127.0 375.0
7879 —&T 16.0 VA I TR 927120
2890 243 44.0 856.0 1670.0
2891 33 I« U 13,0 308.0
2992 10 5.0 55. 0 114.0
2893 56 12.0 I145.0 426.C
2899 151 21.0 512.0 822.0
2S00 PAVE | T64.0 55420 23555, T
2910 S0 139.0 4966,C  22127.0
2911 50 I39.0 3966. G 22127.0
2950 111 18.0 368. 0 969, 0
2951 90 8.0 221.0 532.0
2952 21 10.0 147.0 437.0 -
2990 L3y 530 208.T 550° 0
2992 37 9.1 207.0 450.0
3000 aryg 512U 723U, 0 924,70
3010 28 142.6 1404.C 2981.0
30T1 28 | CYAYS) 120%.0 298 T.0
3020 2 9.0 48. 0 0.0
I0VZT 7 920 5830 sPRY;
3060 146 75.0 993.0 1744.0
3069 6 750 993, C T744.0C
3070 691 218.0 2784.0 4998.0
3079 —691 21850 21840499850
3100 197 175.7 1226. 0 3272.0
5TT0 % 70 840 19550
At 15 7.0 84.0 195.0
31720 [) Ze D | ROAP V) ZoOU. U
3121 6 245 109.0 250.0
3150 [4 de D VALER 166.U
3131 7 2.5 27. 0 166.C
3140 L3 PATYY 13150 32950
3141 42 25.0 181. 0 329.0
II50 9 2.0 —10.0 19.0
3151 9 2.0 10.0 19.0
3160 23 1070 683:.C 2084, 0
3161 28 10.0 €83.0 2084.0
3170 56 20— 80 15150
3171 22 10.0 62. 0 101.0
3172 24 530 3570 5930
3190 42 4.0 32.0 66.0
3179 — %2 TR 32 ¢ KoL v
3200 1435 434,0 6626.,0 - 11909.0
3210 1O 2530 i TRY] 390
2211 10 25.0 244.C 399,0
3220 26 8270 110250 178550
3221 16 88.9 1064.0 ©1725.0
3229 10 530 36.C 590
i Ll B T L] 123 ¥e k H {j {}
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TABLE III (Continued)

—CECTFORRETA DATA = CENSUS UF ®ANUFACTURERS . DISCLUSURES ESTIMATED GSING P AUHORTTH
U NUMBER '

TF VALUE ~VALUE UF
SI1C CCDE EMDLOYS ADDEC SHIPMENTS
3730 15.0 I93.0 3570
3231 16.0 193, 0 357. 0
32%0 36,0 954.0 I419.T
3241 36.0 G54.0 - 1419.0
3250 LD PR 469:0 703.¢C
32¢1 ‘ 7.0 ~ 61.C 98.0
3253 T Z0. 0 2UE:T 295350
3255 10 5.0 67.0 113..0
—3759 % T0.0 13%.0 195.07
3260 158 10S.0 318.0 - 453.0
3261 1Y) 1T.0 1€§6.0 256,10
3262 8 3.0 19.0 22.0
3263 4 TU. O 0.0 0.0
3264 11 25 0.0 0.0
3269 122 I8.0 133.0 I7T5.0
3270 787 132.0 2186, 0 464640
3271 S 10 1 T1.0 146.0 268.0
3272 237 - 49,0 760.0 1255.0
3273 552 62.0 T067.0 21T 0
3274 6 3.5 49. 0 94.0
32715 : 2T I0.0 163.0 3TT.0
3280 - 51 5.0 53.0 85.0
37281 51 5.0 53. C 85.0
3290 200 69.0 1105.0 2061.0
3291 256 5% 0 8 PR VA I35.0
3292 18 25.0 355.0 137.0
3293 30 15.0° 162.0 Z267.0
3295 53 9.0 152.C 270.0
3296 | W4 I5.6 254, 0 533,00
3297 6 5.0 66.0 130.0
299 5% .0 370 B4.0
2300 - 142 588.0 9333,.0 21C30.0
3310 8% Z22%.0 37880 90 76.0
3312 30 486.1 3081. 0 7129.0
3315 23 12.0 2372.0 —  519.0
3316 7 25 0.0 0.0
3317 22 39,3 574. 0 . [425.C
3320 101 80.0 943,0 1502.0
33721 3 572.0 %%0.0 795.T
3323 : 35 81.8 503.0 T16.0
3330 T 5.0 I31.0 324.0
3332 3 4.3 121.0 324.0

3350 55 15.0. 2780 I123. 0
3341 - 45 16.0 278.0 1123.0
3350 — 83 19%: 2 2236.0 5649, 0
3351 ) 6 19.3 - 130.0 1517. C
33057 P4s 10U R - Y441’ ) 2900 .U
3356 13 4.0 93,0 - 238,0
XA0T 3D EETYY 07U« U l.D_GI.U
3360 243 76.0 893.0 1538.0
3361 —139 52,0 TRYZ. O 1920
3362 57 11.0° 140.0 297.0

3369 LT 240 261.0 54830




LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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