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OBJECTIVE OF THE STUDY & CONCLUSIONS

(A Brief Summary)

The purpose of this study has been. to identify indus~-
trial complexes from’the Input-Output Tables of Canada, 1961
and 1966 and the U.S.A. 1963. The main idea behind the rele-
vance of industrial complexes has been the notion that in
stimulating growth centres for regional development, certain
specific technical interdependencies among industries quali-
fying for a complex become a sine-qua-non. .The latter has
been captured by a criterion of maximal interdependence of
industries from the national inpuﬁ-output tables which for
Canada (1961 and 1966) were supplied by the Input-Output Divi-
sion, Statistics Canada and for the U.S.A. (1963) was obtained
from the Survey of Current Business, November, 1969. The
study highlights the following important features hitherto

unknown or loosely couched in general terms:

(1) As a methodological -device of iscolating industries having
maximal interdependence this stﬁdy has proposed a unique
appréach which is directly related to the problem and which
respects the original backward ahd forward linkages derived
from input-output tables. The factor analytic approaches

" available in the literature on the identification of com-~

plexes distort these linkages.

(2) 100 complexes for both Canada & the U.S.A. are reborted1

1. See Tables A, B, C, pp 23-25.




(3)

(4)

(5)

(6)

~our method helps to identify these industries both as sup-

here of which some twenty major complexes are further iden-

tified to be the dominant ones in both the economies. 1In
Canada the major complexes are found to be in the nature
of Steel Mills, Construction, Food and Beverage and Agri-
culture etc whereés in the U.S.A. the latter two types

are also dominant (but Steel Mills is not).

The structure of complexes in Canada has not significantly

changed between 1961 and 1966.

The study concentrates only on 165 goods producing industries

in Canada -and on 64 goods éroducing industries of the U.S.A.
to the exclusion of 45 service industries of Canada and 23
similar industries of the U.S.A. Various experiments in-
cluding service industries suggested only very round-about
complexes which often begged interpretations and are, there-~

fore, ignored.

Séecial industrial complexes starting with any given indus-
tries, christened as "Island Industry Complexes", are also
an additional attraction of the study. Very often when
questions like "what industries aie associated with, say,
breweries" are raised, for example in a feasibility study,

/

pliers and receivers.

Never before -the identification of industrial complexes
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has been so exhaustive both in search as well as in detail

for large'disaggregated input-output tables.

The policy implications of industrial complex analysis
in the context ofvregional development are significant. DREE's
policy formulatioh in terms of grants to specific firms or in-
dustries may also be considerably tempered by these considera-
tions. These are:

(i) If industry A (or firm A) is considered to be eligible
for grants by some criteria of financial and/o; commercial
viability of A,then A's viability cannot be presumed to be
judged by'ité own performance only but must share its perfor-
mance in some proportions to the linkages it maintains with
other industries (or firms therefrom). In other words the
whole industrial selection procedure and the explorétion of
econpmic opportunities should have to be cast in terms of dis-
covering a gfoup of industrieé rather than individual indus-~
tries at least insofaras they are technically related which

is what the industrial complexes reveal.

(ii) If a particular region has specific resources, say gypsum,
the industrial complex approach helps to render the best bilock
of industries, directly and indirectly iinked with it, that

is suited to its technical viability. This block of indﬁstries

can then be locked for in the region in terms of its domestic




production capabilities failing which the costs of imports
may be calculated to evaluate the commercial viability of

gypsum .production in :the region.

The above implications remain valid despite the fact
industriél complexes are identified only from the national input-
output. tables: since.. (a)hregional‘inpuf—output tables donot exist
in the.same detail one would like to have for meaningful re-
sults, and (b) regional input-output tables tell generally very"
little about technical linkages between industries which are

better revealed by the national input—~output tables.

The results of this study owe its origin and initial
development to the Input-Output Division of Statistics Canada
from whom subsequently the Economic Analysis Branch, Planning
Division, Departmernt of Regibnal Economic Expansion, took over
the task. In the present form of this study, the Branch is
grateful to the special services of Mr. J.S. Lewis of Regional
Statistics, Research and Integration Divisiqn of Statistics

Canada for providing various algorithms for testing complexes.
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IDENTIFICATION OF INDUSTRIAL COMPLEXES
FROM THE INPUT-OUTPUT TABLES

OF CANADA AND THE U.S.A.

Introduction

Studiés in the structure of production following the
input=-output methodology have been for a long time-related
primarily to the question of the inter-industrial dependence
or hierarchy of industries or sectors. The latter has evolved
into some approaches to 'triangulatioﬁ' following the attempts
by Leontief (1963), Chenexry and Watanabe (1958) and later
-those by Helmstader (1964), Lamel, Richter and Teufelsbauer

(1972) and Korte and Oberhoffer (1969, 1971). However, large

disaggregated input-output tables rarely conform to the idealism

of the triangularized hierarchy.. There are sets of industries
mutually related by backward and forward linkages to an extent
that they represent coherent groups such that they remain

relatively unrelated to the remaining industries in terms of



transactions taking plaée in the input-output (I-0) tables.
such a possibility was recognised implicitly by the 'balan-
ced growth' protagonists like Nurske (1953), Rosenstein -
Rodan (1943, 1957),:Scitovsky (1954) and Lewis (1956) for
industrial developmeritl at large and explicitly by Isard,
Schooler and Vieﬁorisz (1959) , Simpsoﬁ and Tsukui (1965),
Streit (1969) and Czamanski (1972). It has been suggested
that external economies exist and they arise out of tech-
nical interdependence of industries or sectors; this ‘idea

has also been used to explain,agglomeration economies (Hoover,
1948, Hirschman, 1964, Isard, 1956, Lgsch, 1952, Ullman, 1964,
Richter, 1969). However, this paper will be addresseéd parti-
cularly to the first question, namely, how to identify sets
or groups of industries from disaggregated I-0 tables that
have certain properties of maximal interdependence. In this
vein an industrial complex in this paper will be defined as

a group of iﬁdustries that maximises a total linkage critefion,
to be defined later, based on the backward and forward linka-
ges derived from-‘given I-0 tables. An outcome of this exer-

cise is to show the existence2 of different types of complexes

1. The first two authors stress balance in demand whereas the
latter two stress balance in supply. See Hirschman (1964,
. pp 50-51).

2. This has been also noted by Simpson and Tsukui (19) where de-
composability i.e. existence of separable submatrices (which
are almost akin to our definition of complexes) has been their
prime concern. However their procedure of decomposition does
not seem to follow any optimization criterion, howsoever pos-
tulated. Moreover their approach_ is based only on the technical
coefficients, aij's, and not on ailj's which we have encompassed
in our subsequent discussions.




. that are likely to arise in large I-0 tables which contrast
with the conventionél results of 'triangulation'. The basic
data ofoour study refer to the input-output (I-0) tables of
Canada, 1961 and 1966, and the I-0 table of the U.S.A; 1963.
Section 1 of this paper deals with a review of the existing
procedures together with a skeleton of the methodology used
in the study; Section 2 provides the data with their impli-
cations; Section 3 offers various interpretations of the

derived complexes.

1. Methods in Complex Analysis

Generally the procedures for deriving industrial
complexes from I-0 tables stem from the following four coeffi-~
cients as defined by (1) and (2) that pertain to any pair of

industries, i.and j.

ais = 043, s PP ¢ B
13 7 775 e LN 7}

* Ajij * Aji : )
aij = ——‘:}I’ aji = —-.\73- coe (2)

where Ajj dollar sales of industry i to

industry j,
i,j = 1,2'3'...N'-00P-

F; = final demand of industry i. /
Vi = gross dollar output of industry i.
P .
and Vi = £ Aij + Fj oo (3)
j=1 o
. Coefficients given by (1) are the usual Leontief backward lin-

kages and those by (2) are the forward linkages.




There are, however, other alternative ways of defi-
ning linkages. For examble, instead of having a denominator
* * *
of V. and V., in (1) and (2) one can use V. and V. where V., =
N i j* i J i
1é Aj4 and V.
j=1 +J ] _
different from those in (1) and (2) as final demands are left

= ?E Ajj. The coefficients then derived will be
i=1

out. If final demands are considered important as in LeontiefA

schemes.this-procedure- seems--somewhat inadequate to reflect

linkages in the whole economy. Finally, analysis may be con-

ducted with special reference to a subset of industries, say

N (N<P), instead of having the whole set of industries, P.

This depends on the assumptions one may hold with respect to

the importance of N industries vis-a-vis P-N industries which

are left out of accountl.

Against this background it may be useful to have a
short review of the existing procedures of identifying com-

plexes which fall primarily in three cétegories:

(a) a specified industrial complex obtained from enginee-
ring information as developed by Isard - Schooler -
Vietorisz in the case of petro-chemicals complex for

m—————.

ﬁﬁérto-Rico;

/

1. In the actual experiments with the I-0 tables, for example,
we have worked on the N material-goods industries and have
left out P-N service industries. A similar procedure is
followed by Streit (12).




(b) selection of combinations of .palrs of industries that
satisfy both the spatial and the economic linkages

between industries where the economic linkages are

derived from the national I-0 tables (Streit);

(c) the use of'multivariate analysis e.g. the method of
principal components, in thé identification of industrial ,
complexes from any given I-0 table (Czamanski) whether
the latter refers to any particular region or nation.

As for (a) the question posed is specific, namely,
what specific industrial products can be added or related to
petro-chemicals that can render Puerto-Rico a comparétive advan-
tage in costs and/or revenues vis-a-vis an identical set of pro-.
duct-producing agents in the mainland U.S.A.. This type of pro-
blem is initialized with é certain product or group of products
and then fﬁrther products are added or linked to form a complex.
In terms of detailed examination the Isard - Schooler - Vietorisz
study is a classic of its type, but it requires much more infor-
mation than can be derived from the I-0 tables at the national
or regional levels. Such a study can be viewed as a necessary
subsequent development and evaluation of complexes derived/from
more generalized infqrmation of I-0 tables. As an initial ap-.

proach we offer a procedure of isolating a complex starting with

any given industry (christened as an 'Island industry') in a
-\




given I-0 table. The details of the procedure will be pursued

subsequently.

‘In (b) the procedure is basically subjective insofar
as it is not clear ﬁhether the linkages, economic (technical)or
spatial, between anylpairs of industries can be additive and if
so whether there exists any maximum (even if local) for the to-
tal linkages forming a complex. Secondly, Streit's method of
averaging the four coefficients given by (1) and (2), i.e. sum-
ming the coefficients and dividing by four, makes the matrix
symmetric which loses the propriety of an essential dichotomy
between a supplying industry and a receiving industry. Also a
particﬁlaf weakness of Streit's procedure is that'it is depen-
dent on the small size1 of the matrix of linkages which perhaps
has facilitated his search for complexes. In a nutshell, nei-
ther the objective of maximization of total linkages nor the
search procedure are clearly delineated in Streit's work which

deprives it of any analytical rigour.

The factor analytic approaches are exemplified by (<),
Given a (N x N) I-0 data matrix of inter-industrial transactions
and a vector of N gross outputs, the adaptation of multivariate
analysis to the complex analysis requires to fulfill one m&jor

condition, namely, the conversion of I-0 table into a sort of

1. Streit's I-0 tables for West Germany and France refer only
to 26 X 26 matrices for production—-oriented goods. See
Streit (17). -




(N x N) correlation matrix. The latter may be'formed‘by (i)
constructing a spatial correlation1 between any pair of indus-
tries, (ii) postulating an average linkage2 between any pair
of industries from the four primary coefficients defined by

(1) and (2) and treating this linkage as e surrogate correla-
tion, and (iii) choosing the strongest correlation coefficient’

from among.the. four. correlation coefficients that can be ob-

tained from the four primary coefficients (Czamanski)3 with

respect to any pair of industries. The upshot of all these

1.

A spatial correlation between any two industries may be ob-
tained with respect to employment, value added or shipments
data for these two industries over some defined spatial units.
An approach of this sort has been made by Streit (12) who uses
employment data.

Streit's procedure of leldlng the sum of four coefficients,
defined by (1) and (2), by four illustrates such possibilities.

Czamanski's procedure may be stated in a nutshell here. Ta-
king any pair of industries, k and 1, pairwise sets of data
such as (1) ajk's and aji's, (2) akyj's and aij's, (3) ajy's
and all s and (4) afi's and ajji's can be arranged to renaer
the four correlation coefficients. Thus a high r(ajx, aji)
is supposed to show a strong relationship between k and 1

in sofaras it draws heavily upon supplies from the same in-
dustries, i ranging over all industries. Similarly a high
r(akyj, al4) means that industries k and 1 are supplying to

a 51mllar set of users, j ranging over all industries. Fur-
ther, a high r(ajx, all) implies that the supplies of k in-
dustry are users of the products of 1, and a high r(aﬁl, aji)
signifies a reverse relationship between k and 1, namely the
users of k are supplies of 1. Czamanski then picks up the
highest of all four correlation coefficients between k and 1
and similarly for all pairs of industries to obtain an inter-
correlation matrix (symmetric). The major defect of this
procedure, apart from the more damaging ones related to the
application of a correlation matrix (these are reported in
the text), is that in large disaggregated I-0 tables corre-
lation coefficient may be low anyway. Moreover, a low cor-
relation coefficient, say r(ajk, ail), should not necessarily
preclude considerations of a complex formation involving
high values of original coefficients, ajk's and ajl's, whe~
reby industries i, k and 1 can be considered to be members
of a complex.



devices or short-cuts is that one mostly énds ﬁp with some
biased linkages or associations standing for correlation coef-
ficients. Thus spatial correlations are usually subject to
thé arbitrary definition of spacte and théy may not at all re-
flect technical linkages that perhaps interest a researcher

of compléx analysis. Moreover data requirements over space
may be. difficult to. fulfill. The shortcomings of the 6ther
approaches have been already noted and these perhaps merit no
additional attention. However, in the application of correla-
tion matrix to multivariate analysis by means of any sort of
factor analytic devices for iﬁdustrial complex identification,

the following major deficiencies deserve particular attention:

A. An intercorrelation matrix (which is symmetric)
invariably loses the essential dichotomy between
a supplying industry and a receiving f{using) in-
dusﬁry which industrial complex analysis should
ultimately reveal. Any tinkering with the ori~
ginal four coefficients that distorts this asym-

metry or dichotomy should be usually suspect.

B. All factor analytic approaches involve a progres-
sive reduction of the matrix as the complex§f
(in the present context) are isolated and rémo—‘
ved from the system. ‘Thié‘is an undesirable fea-
tufe since each complex obtained subsequently is

determined by the context of those obtained and



removed earlier. Thus a linkage absorbed, at
least partially, in one complex assumes a reduced

stature relative to any other complex following

it. That is, a linkage cannot be properly reflec-
ted in more than one complex.

C. The condition of orthogonalization used in
factor analytic approaches seems irrelevant to
the complex analysis except in the trivial caee
where submatrices exist in a block-diagonal
sense which in reality is never so.

Before We proceed to the primary analytical thrust of
this paper a final comment seems in order. There exists some
other procedures of decomposability of any data matrix into sub-
matrices (conforming to our notion of complexes), namely the

method of singular decompositionl, which particularly can take

" 1. See Good (1969). The basic procedure here is to decompose a
given m X n matrix A as: .

A = elSlRi + ezszRémf chee (a)
where each term on the right is an m X n matrix of rank one, the
Si, Ri are normalized vectors of orders m, n and the ej's are
positive scalars, the singular values (if A is symmetric, they
are the eigen values). The vectors' are developed by direct
iteration based on the relations S”A = eR” and AR = eS. The
orthogonality occurs as Rle = Sij = Sis4 The matrix is reduced
by each decomposition before extractlng ghe next (in effect sub-
tracting terms of the right side successively from each side of (a)).

This procedure was applied to the 1963 U.S. I/0 matrix with
the follow1ng variation. The orthogonality was relinquished by
suppressing components below a specified threshold of the’ R and S -
vectors. This leads to vectors approximating dominant submatrices
of A, constituting "complexes" The matrix reduction was pre-

. vented from developing negative entries by arbitrarily replacing
then with zeros. The complexes obtained were satisfactory until
the submatrices involved began to overlap i.e. to incorporate
elements which had been included in a prior complex and hence |
subjected to reduction. Furthermore as a final objection, this
procedure and the other factor analytic approaches require prodi-
geous computation with large disaggregated I/0 matrices.
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‘care of 'asymmetry"noﬁed in (A) above. Unfortunately it does
not enable one to overcome the limitations of (B) and (C). 1In
some experiments worked out for large matrices of I-0 tables for
Canada and the U.S.A. the results often begged interpretations,

and we had no other alternative than to surrender it.



The Method

The method used to identify complexes in this study
primarily hinges on the construction of an objective function,

E, defined as follows: . .

=. = bs =

E: Teoleg Jer td ceo (4)
n $ k '
*
biy = a3yt 2y ee. (5)
2

n =~ total number of cells belonging to

the complex.
k = size control parameter, k > 1.
iES refer to industries i belonging to the

whole set of suppliers, S.

jeR refer to industries j belonging to the

whole set of receivers, R.

The procedure of identifying complexes can be described in a

nutshell as below:

(i) A matrix of N dimensions (N £ p) is constructed
with all bij's. )
(ii) Starting with a maximum of bijfs (call it gij),‘keep
adding and dropping bij's which are connected direc-
tly or indirectly with gij (without dropping gij) in

‘ ... ... . sofaras E can be maximisedl. Note that each time a

1. See the formal treatment in terms of an algorithm in Appendix 1.




supplier and/or a receiver industry is taken in (or

out), n keeps rising {or falling). To exemplify n,
three supplying industries and two receiving industries
will make n equal to six. k, the size control para-—-
meter, determines the size of the complex i.e. number
of suppliers and receivers. A higher k will increase
the size and lower k will diminish it. For practical
purposes k can be assumed to have positive integer
values only, and a.final selection of k requires dif-

ferent experiments with k for satisfactory results.

(iii)NOnce the first complex is derived by maximization of
E, the next highest bijis chosen as a starter while
keeping all bij's as they are and the procesg ig re-
-peated és per {(ii) to obtain the second complex, and
50 on. Note that as more and more comple%es are ex-
tracted only starting values 6f bij's change while
all bij's are kept in full play so that any linkage,
say bkl,r can be found in more than one complex. Ob~
viously one can come across in this scheme a repeti-
tion of the same complex with different startergﬁ bij's,_
which may reasonably justify the unigueness of that

complexl.

1. Apart from exact repetition of complexes, one can arrive at
'overlapping' and 'nested' types too, whereby in the first case
a subset of complex A is alsoc a subset of complex B, and in
the second, complex A is a complete subset of complex B.
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The above procedure can be christened as 'forward step search'
resulting in the formation of free complexes with Specific stat-
ters, and adding or dropping takes place only in one step i.e.
one row or column can be added or dropped. This scheme is fol-
lowed because muitistep additions or delections (many rows or,
columns) is computationally unmanageable when maximization of
the-.objective- function, E, is also a concurrent aim. It seems
also plausible to have a 'backward step' search starting with
the whole matrix of bij's and maximising E, subject to a given
k, to arrive at the first complex. But then the search for the
second and subsquent complexeé create additional difficulties
as to the choice of bij's that needs to be dropped to effect
such a program. This difficulty has partly prevented the au-
thors from following the 'backward step approach' despite the
general appeal of the backward search traditionally allowed in

any reductionist —procedure as in multivariate analyses.

The‘algorithm underlying the method suggested above
is outlined in Appendix 1 & 2 with a list of statistical indicators
that call for specific explanations of the findings of the
study;- Some final points seem in order. In deriving bi.'s,

J
where ith industry is taken to be identified as a supplier and
' /
jth industry as a receiver with bijkssignifying economic or tech-
nical linkages, we have followed a simpléiarithmetic mean (A.M)

as a criterion rather than any other criteria of averaging,
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namely for example; geometric mean (G.M.). The choice between
A.M or G.M would largely depend on the bratical assessment of
the data and on the considerations as to how stringentl one
would like to be with respect to the joint relationship between
a supplier and a receiver, given the fact that A.M.> G.M;and
the difference between the two increasing with increasing asym;
metry*between»aijand*a;j. Secondly, the' purpose of k, size con-
trol parameter, ' is directed towards obtaining a variety of com~
plexes of different sizes while maximising E. Obviously with

k = « one finds the whole matrix of bij's, that is to say the
whole transactions matrix under analysis, becoming the one and
only one compiex. Converseiy with k = zero-only the highest
bi' makes a éomplex of one supplier and one receiver. Both
cases are trivial. Generally an experiment with different va-
lues of k, say k = 2 and k = 5, will suggest that the dominant
linkages with the first complex under a lower value of k will
also.be contained in the fifst complex under a larger value of
k. In large matrices, however, subsequent complexes obtained
under different values of k appear to change the structure of
their membership. Finally, this study does not pretend to lay
any claim to a 'global maximum' for any choice of a complex

_ o . J
since this requires a multi-step additions or delections of rows

l.Pratical considerations may lead to the choice of A.M. since
I-0 data cannot be assumed to be perfect, nor nearly perfect.
A.M. may also avoid some uncertainty in the pair-wise relations
of the data much more effectively than G.M.




and columns which is not computationally feasible as the number
of permutations of rows and/or columns for such an objective
becomes astronomical with large matrices. Consequently our pro--

cedure is geared to discovering 'local Maxima' only.

- Island Industrial Complex

Very often questions relating to the development of
a particular industry plague researchers to look for a bunch
of other industries that are directly or indirectly related
(but closely) to the primary one. Unfortunately available
methods incorporating the I-0 tables cannot effectively ans-
wer such questions since there exists no workable criterion
to select such a bunch. Moreover for large I-0 tables eye-
ball search becomes inefficient and cumbersome. We have deve~

loped, therefore, the following method +o meet this objective:

(1) starting with any industry, sayam,'inflate
the bmj's and bim's by a weight factor, say
w = 5 or 10. Keep now all other bij's as
they were before. (The weight factor is ap~-
plied to give dominance to the direct relation-
ships of industry.m as a supplier as wel%ias

a recelver).

{2) Maximize E now subject to a given k undér the

new matrix of bij's including industry m.




- 16 =~
The complex that is now so obtained with reference to a spe-
cific industry, m, is called for our purposes an 'island in~-

- dustry complex'.

2. The Data

The data for the Canadian I-0 Tables are obtained
on tape from the Input-Output Division of the Statistics Ca-
nada. The tables have been made available to us for two se-
parate years, 1961 and 1966, and are both in producérs' prices
and are of 210 dimensions i.e. in squére matrix forms. Gross
outputs in current dollars for 210 industries are also ob-
tained from the séme source for the two years. Incidentally
the I-0 Table for 1961 which we have obtained from the Sta-
tistics Canéda is revised version of an earlier 1961 table
to accomodate changes in the industrial classification as well
as in the national accounts of 1961 (as well as earlier and
later years) that took place in the beginning of 1973. The
classification of the first production-oriented 165 indus?ries
(of the total of 210 industries) actually used in this stﬁdy :

is listed in Appendix 3. The remaining 45 service industries
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is excluded from our analysis for reasons that will be ex-

plained shortly.

The I-0 table (expressed in producers' prices) of
the U.S.A. refers to 1963 and is of 87 dimensions and is ta-
ken from the Survey of Current Business, November, 1969.

The classification of the first 64 production-oriented ?n—
dustries from-these is' also" listed in Appendix 3. The re-
maining 23 services industries are excluded for reasons that

will be explained shortly.

The Canadian and American classifications of in-
dustries donot agree with each other and no attempt has been
made to put them on a comparable basis since in most cases
(as in the past) comparisons remain odious despite the ap-
peal of comparability, unless considerable aggregation of
industries is deliberately chosen. ThHe latter alternative
is, of course, repugnant to the very objective of our search
for complexes in large disaggregated tables, and hence not

pﬁrsued.

The data of the I-0 tables actually used in this
study refer to the first 165 industries (of the total of 210
industries) of Canada and to the first 64 industries (of ghe
‘total 87 industries) of the U.S.A. .This‘has been necessitated

by considerations bearing on the interdependence of production-

oriented material goods only to the exclusion of goods of the
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service type. The rationale for this choice is, first,
based on the presumption that services are subordinatel to
the production relations and, second, that the inclusion of
service type of goods often brings in some indirect networks
or relationships of industries for whichAmeaningful intef-

pretations are difficult to offer.

Finally, a word needs to be said about the intra-
industrial transactions of the I-0 tables. For the purposes
of this study all intra-industrial transactions have been
set to zero2 even though for some few industries these tran-
sactions are considerable judging from their shares in gross
outputs either as suppliers or receivers. The major rea-
sons for following this step are: (1) we are interested in
inter-industrial relations rather than intra-industrial
relations, and (2) some attempts at capturing complexes
with intra-industrial transactions (foliowing our criterion
of maximizing E) occasionally have shown some complexes

which are much teo much indirectly linked. It is conceded

1. It is not intended to imply that the production of material
goods is always feasible without essential service inputs.
What is implied is that the service inputs by virtue of their
non-material nature require that their demands are conditional
upon the existence of demands for material goods. It is,
however, conceded that today much of this distinction between
the material and the non-material characterization of inputs
is open to gquestion and the matter is far from being unanimous
in terms of its propriety.

2. It is of some inportance to note here that while we zero the
intra~industrial transactions we use the intra-industrial cells
in the specification of n while maximizing E only if some
suppliers and receivers belong to the same industries. 'This
does not appear to be a major restriction since in actual cases
such events occur only rarely.
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that for small matrices i.e. where industrial classifications
are aggregated, the right procedure would be to include the

intra-industrial transactions.

3. The Empirical Results and Interpretations.

The results of the study with respect to the free
complexes are reported in Tables 1, 2 and 3 at the end of the
text where the first two tables refer to Canada, 1961 and 1966
and the last one to the U.S.A., 1963. The computer program
has been set to obtain the first 100 complexes for both Canada
and the U.S.A. as it is considered that further extractions
would make interpretations difficult for complexes so obtained
with gradually diminishing starting values of linkages since
according to our method of extraction starting values cannot
be dropped while search is being made for one-step makimization
of E. Moreover, 100 complexes exhaust about 60% of the total
dollar transaétions, and about 47% for the total linkage coeffi-
~cients (bij's) for Canada, 1961 and 1966. Similarly, for the
U.S.A., 100 complexes exhaust about 68% of the total dollar
transactions and about 59% of the total linkage coefficients.
These reduction (or exhaustion) estimates, however, refer t3
the inter-industrial transactions only of the industries we
have chosen (See Appendix 3). It is considered that the infor-

mation contained in these tables is sufficient to explore many
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interesting facets of inter-industrial relations hitherto un-
covered. To read any table some explanations appear to be

necessary to bring the picture in sharp relief.

Consider the complexes 2 and 4 in Table 1. The
initial starting elementsl (nuclei) of the two complexes are
<7990 (with industry 85 as a supplier and industry 86 as a
receiver) and .6582 (with industry 4 as a supplier and indus-
try 92 as a receiver) respectively. With the restriction that
initial starting elements cannot be dropped in our program of
optimization the composition of the two complexes has élightly
changed. Wbereas in complex 4 industry 4 has repléced industry
85 of complex 2 as a supplier and industry 92 (of complex 4)
has replaced industry 6 (of complex 2) as a receiver, the other
adjoining industries, namely 82, 84, 87 and 130, have remained
the same core of suppliers. The result is that complex 4 over-
laps complex 2 in four 'intersecting'élements which is also
shown in the table. The types of intersection have been clas~
-sified as 'independent', 'overlapping', 'nested' and 'repetitive'.
Between any two complexes A and B, the 'overlapping' case arises
when a subset of complex A is also subset of complex B, whereas
the 'nested' case arises when complex A is a complete subsef
of'complex B or vice-versa. The 'independent' and 'repetitive':

cases are the polar cases which merit no further explanatibn.

1. These are marked with an asterisk sign.
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Now in the above example how is it that complexes 2 and 4 with
all the common suppliers like 82, 84, 87 and 130 could not col-
lapse into one single complex? The explanation lies mainly

in the choice of k (in our example k=10). A higher k (say, k=15)
perhaps could have done the trick but it may also bring in ele-~ s
ments with lower values of linkages which may not be very wel-
come if compactness (as roughly measured by CV, coefficient of
variation) of a complex is also a desirable objective. In very
many experiments with varying k we have observed that k=10 does
appropriately méasure up to our requirements, namely medium
sized complexes, relatively low coefficient of variation énd
relatively_few linkages of lower values. Hénce for our purposes
it is réasonable to suppose that the existence of 'overlapping'
complexes should cause no concern. Finally for the tables the
last column demonstrates the one-step selection of industries

as they are added é—l) and dropped (1) éo maximize E and it
gives the sequential values of E in this process until it cannot

be increased anymore.

The results may now be summarized as follows:
(1) A large number of repetitive complexes appear in all three
v‘ﬁébles“which makes it easier to evaluate only the 'inde-
pendent', 'overlapping' and 'nested' types; The numbeé

of repetitions for Canada 1961 is 51, for Canada 1966 it

is 42 and for the U.S.A. it is 37. As noted before a
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complex which is repeated many times is supposed to gain

'in credence as it becomes a unique complex insofaras it can-

not be dismembered whatever may be the starting values.

Disregarding the 'repetitive' types, the remaining complexes

still remain quite large in number which may require indi-

vidual attention of interpretation or which can be collapsed
intosome~ranking*order such-that-the-problem-of search
with a view to comparing between any two or many complexes
can be minimized. The latter has been simplified by postu-
lating a numerical indicator with a multiplicative factorl
of E and g which is then organized in descending values

(in absolute values as well as in rankj. The first 20 com-
plexes are then chosen and showﬁ in Tables A, B and C.

These are also given some appropriate names particularly
from the point of view of receiving industries. Now in o
all these -tables one further notices that overlapping oc-
éurs as between complexes having similar titles. Thus in
Table A complexes'Z, 18, 924, 89, 4, 10 and 45 overlap in
varying degrees and similarly for others. Occasionally,

as. in Table B, one gets complexes having multiﬁle ties

over and above overlapping.

One can suggest also alternative formulations, namely E. mjp

instead of E.g. Since our objective is more directed toward
linkage coefficients (which are reflected in g) rather than
in total dollar transactions (embodied in mj) we have thought
that the inclusion of g is more appropriate.
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Table A

SELECTED INDUSTRIAL COMPLEXES BY RANK FROM THE
100 COMPLEXES EXTRACTED FROM THE INPUT-OUTPUT
TABLE, CANADA, 1961.

Rank Complex No. E.g Name of the Complex
1 2 ' .5501 Steel & Rolling Mills
2 31 .5405 Residential & Non-Residential Construction
3 18... .5136.] Sinter. Plant. & Blast Furnaces & Steel Mills
4 63 .4720 Residential, Non-Residential & other
Engineering Construction
5 94 ‘ .4559 Coke Oven, Steel Mills & other Steel
6 89 4539 Steel Mills & other Smelting & Refining
7 4 .4478 Steel Mills & other Smelting & Refining
8 77 .4118 Food & Beverage & Agriculture
9 99 .4008 Food & Beverage & Agriculture
10 51 .3951 Food & Beverage & Agriculture
11 10 .3922 | Steel Mills & Steel Pipe & Tube Mills
12 21 . 3789 Food & Beverage & Agriculture
13 7 .3788 Pulp and Paper
14 70 .3763 Sawmills, Veneer & Plywood & Pulp & Paper
15 67 .3662 Clothing & textiles
16 12 .3634 Clothing & textiles
17 45 .3590 Steel Mills, Ferro Alloy & Iron & Steel
18 37 . 3546 Sawmills, Wood Pulp, Pulp & Paper
19 76 .3502 Residential, Non-Residential Construction
& Sash and Door _
20 84 .3141 | Clothing & textiles and Fur Dressing
/
Sonirce: Table 1.
N.B.: Complexes are arranged here in a descending ranking order based

on the values of E.g and some abbreviated names have been given

to complexes for easy recognition.
For a complete description, see Table 1.

cluded.

Repetitive complexes are ex-
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Table B

SELECTED INDUSTRIAL COMPLEXES BY RANK FROM THE
100 COMPLEXES EXTRACTED FROM THE INPUT~-OUTPUT

TABLE, CANADA,

1966.

Rank Complex No. E.g Name of the Cémplex.
1 i .5961 Steel & Rolling Mills .
2 .88 .4941 Sinter Plant, Blast Furnaces & Steel Mills
-3 6 .4902 | Steel Mills & Other Smelting & Refining
3 28 .4902 Sinter Plant, Blast Furnaces & Steel Mills
4 41 .4654 Sinter Plant, Blast Furnaces, Ferro Alloy
& Iron & Steel
5 73 L4522 Steel Mills & Non-Residential Construction
5 74 .4522 Steel Mills & Non-Residential Construction
5 81 4522 Steel Mills & Non-Residential Construction
6 76 .4505 Steel Mills & Non-Residential Construction
7 83 .4498 Steel Mills & Non-Residential Construction
8 90 .4429 Steel Mills & Non-Residential Construction
9 94 .4425 Steel Mills & Non-Residential Construction
10 95 .4406 Steel Mills & Non=Residential Construction
11 33 .4397 | Steel Mills & Non-Residential Construction
12 20 .4376 | Sinter Plant & Blast Furnaces‘&ASteel Mills
& Iron & Steel
13 27 L4346 Steel Mills, Non-Residential Construction
& Gas & Oil Facility
14 14 .4338 | Steel Mills & Iron & Steel
15 38 ... .4326 Saw Mills, Wood Pulp, Pulp & Paper
16 42 .4264 | Construction, Residential & Non-Residential
17 35 .3909 | Wood Pulp and Pulp & Paper ;
18 67 .3894 Veneer & Plywood, Wood Pulp, Pulp & Paper
19 4 .3512 Steel Mills
19 11 .3512 Steel Mills
20 7 .3454 |} Wood Pulp, Pulp & Paper =~

N.B.

‘ Source: Table 2.

Complexes are arranged here in a descending ranking order ased
on the values of E.g and some abbreviated names have been given
Repetitive complexes are ex-

cluded, For a complete description, see Table 2.

to complexes for easy recognition.
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Table C

SELECTED INDUSTRIAL COMPLEXES BY RANK FROM THE
100 COMPLEXES EXTRACTED FROM THE INPUT-OUTPUT

TABLE, the U.S.A., 1963.
Rank W Complex No. E:g - Name of the Complex
1 40 .5765 Agriculture - Food - Containers :
2 21 .5260 | Construction 4
3 1 " .5138™} Agriculture -~ Food
4 12 .4469 Agriculture - Food - Wood Products
5 65 .4396 Agri products - Food
6 59 .4289 Construction - Motor Vehicles -~ Egquipments
7 17 .4246 Construction - Stone & Clay
8 56 .4203 Construction
9 31 .4178 Food
10 74 .4090 Construction
11 76 4077 Construction
12 14 L4067 Agriculture - Food
13 - 83 .4059 Construction
14 93 .4022 Construction
15 15 .4020 Agriculture - Food - Paper Containers
16 49 .4015 | Agriuclture - Forestry & Fishing
17 100 .3996 Construction
18 88 .3950 Agriculture - Forestry & Fishing - Paper
19 5 .3942 Construction
20 69 .3931 Agricultual Products - Food
/
Source: Table 3.
N.B.: Complexes are arranged here in a descending ranking order based

on the values of E.g and some abbreviated names have been given

to complexes for easy recognition.

cluded.

Repetitive complexes are ex-

For a complete description, see Table 3. ,
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(4)

Tables A, B and C speak unequivocally for some dominant
complexes existing in the Canadian and the United.States
economies. In both cases the common complexes are of the
nature of constfuction and food types despite the asymme-
try of classificétion of industries. The steel mills com-
plex which is dominant in Canada (both for 1961 and 1966)
is conspicuous by its absence in the U.S.A. One fﬁrther
notices from the detailed Tables 1 and 2 that the member-
ship structure of the selected complexes of Tables A and

B has not significantly changed in Canada between 1961 and

1966.

There are some complekes where a particular industry ap-
pears both as a supplier and as a receiver independent of
destination or origin. Examples iq Table 1 are complexes
2, 7, 18, 51, 56 and 84; in Table 2 these are complexes 1,
7, le, 20, 28, 38, 41, 47, 50 and 84; in Table 3 these

are complexes 3, 8, 10, 16, 20, 28, 65, 68, 73, 80, 87 and

96. But there is hardly any complex where one can find

that suppliers and receivers have interchanged their roles

‘i.e. an industry M supplying to industry K is reciprocated

by industry X supplying to industry M. This asymmetry/is
very well pervasive ahd casts doubts on the findings of

Simpson and Tsukui (1965) where exchanges within a biock
of industries are deemed to be in the nature of a two-way

traffic.
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Finally, 'island' industry complexes with given
initial industries are reported in Tables D and E for Canada
and the U.S.A. The weight factor chosen for these exercises
is taken to be equal to ten‘to render sufficient strength to
the initial industry both as a supplier and a receiver. The
full display of the ensuing values of different indicators

such as E,. g, my and the sequential maximization of E as they

are shown in Tables 1, 2 and 3 are not reported here to save
space. Tables D and E are only illustrations without posing
comparisons between complexes since the latter does not appear
to be strictly relevant. Further, it is interesting to note
that the stéucture of the island industry complexes has hardly
changed in Canada for the two time periods, 1961 and 1966,

except slightly for the initial industry 74. é



- 28 -

TABLE D

ISLAND INDUSTRY COMPLEXES ARISING OUT OF SELECTED INITIAL
INDUSTRIES, CANADA, 1961 AND 1966

‘8tructure of the

Struéture of the

' _ Complex Complex
Initial Industry No. 1961 1966
Stpplier | Receiver Supplier | Receiver
1 1 16 1 16
1 17 1 .17
1 18 1 18
1 22 1 23
1 23 1 29
1 29 1 35
1 35
le6 1 le 1 16
' 1 40 1 40
16 40 16 40
29 16 29 16
29 40 29 40
33 30 33 30 33
78 33 78 33
99 33 99 33
134 33 134 33
47 47 44 47 44
47 45 47 48
47 51 47 50
47 - 53 47 51
’ 47 59 47 53
47 60 47 58
47 61 47 59
47 60
47 61
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Structure of the

Structure of the

, Complex Complex
Initial Industry No. 1961 1966
Supplier | Receiver Supplier | Receiver
73 2 73 2 73

2 74 2 74
72 73 72 73
72 74 72 74
73 74 73 74
74 72 74 72 74
72 75 72 75
73 74 72 78
73 75 73 74
74 75 73 75
73 78
74 75
74 78
85 82 © 85 82 85
82 86 82 86
84 85 84 85
84 86 84 86
85 86 85 86
87 ~ 85 87 -85
87 86 87 86
130 85 130 85
130 86 130 86
110 38 110 38 110
- 48 110 58 110

112 110 112 110
134 110 134 110
137 9 137 9 137
146 146 38 146 1
146 39 146 38
146 47 146 39
146 55 146 47
i46 73 146 73
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Structure of the

- Complex
Initial Industry No. 1961

Supplier | Receiver

146 146 { 137

{(contd) 146 139

146 | 140

146 141

146 143

146 144

146 147

146 0

Structure of the

Complex
1961
Supplier | Receiver
146 137
146 139
146 140
146 141
146 143
146 144
146 147
146 0
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TABLE E

ISLAND INDUSTRY COMPLEXES ARISING OUT OF SELECTED INITIAL
INDUSTRIES, the USA, 1963

N Structure of the
Initial Industry No. : : Complex
Supplier | Receiver
1 1 14
2 14
4 1
4 2
21
21 2
21 14
35 1
35 14
39
39 2
39 14
14 1 4
1 14
2 4
e 2 14
24 14
39 14
27 1
2
21 1
21 2
21 27
27
27 : 2
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Structure of the .

Initial Industry No. Complex
Supplier | Receiver
37 5 27
5 37
10 27
10 37
31 27
31 37
37 27
59 9 11
9 59
20 11
20 59
- 36 11
36 59
40 11
40 59
55 11
55 59
59 | ... . N
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y - . . . . . !
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! . H - * 2 -
' 87 .4690% | complex 6 130 R
, 130 .3238 ) i ‘ ' ' ' .
; 1 - ' ' .
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4 B . .
16 89 [ -0884  .4563% 0793 | 2.24 {( 1.575:| .823 0 j Independent | 15 1 - . .0421 " -1 .
‘ 36 v .1757 L0187 {(.9709) (31.435) {12) ' p lo4 { - 4 L0525, -1 1
. 97 , -1621  .o062 K Po- -159 1 .0555' -1 ;
b 104 + .1161  .1054 ! i ; 133 - -069¢, -1 !
fo1o7 .2559 0001 ! i t 107 - 0752 § -1
b 133 3592 0004 { T - L0772, -1 !
' i P15 - 0788 ¢ 1 |
' ; [ 97 - 0793 -1 ¢
i | . !
75 78 79 80 . i ; | i :
: :
17 74 2945 7,2557 1562  .1580 .0756 1.75 i 2.460, 1.033 0 Independent l 7 - i esonl a1 !
81 - L0482 .0045  .4432% {.8546) 33.894)1 (8) o= T8 L0646 . -1 .
' i H :
| i o= 1 s L0750 ; -1
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Inter-industrial Linkages (bij's)
o B : y Intersecting Se . - P
: y quential -Entry (-1)
>mplex : ' Receivers, — B ™ ny Elements -Type of yand Exit (+1) of Industries !
Xo. , Suppliers [(ei'p gl my) H {Total elements) |.Intersection**, in the maximisation® of & :
T ’ i ) * !
17 : ! ; Sup . Rec E 1 !
contd), ! i -+ 79, .0756 i1
H T T T Y
' 84 85 : i ' 1 . !
. H 1 [ 4 s
18 ! 5 .3871  .0226 .1348 3.81 | "3.6287f 1.523 4 Overlapping on 6 ., - ¢ -0885,; -1 '
! 82 .2523 4166 {.8745) {35.083) _ (12) Complex 4 ! 82 ! - !o.0826 ! -1,
‘ . . H °
. 83 .4350*  .0089 . ) i ! P B8 L0sal, -1 ¢
' 84 - .6253 i . o= o8s 1070 a1
' 87 - 4690 ! fo 84 0 -, 1208, -1 !
; 130 *.0250  .3238 . . . i 87 RS 3 S
: | j ¢ - .88 . 1308, 1
! " ! !130 o+ - ' 1348 ¢ -1 |
L 1 . [ { H
: . 48 52 53 60 70 ' ! : : : .
13 ! 48 ! .3449  .4338% 0887 .0736  .0772 .0952 .0696 1.43 .140l} 059 L2 Overlapping on i - : 45 1 .0649 ¢ -1 .
: : . (.7896) (35.123 " (6) Complex 3 | - § 70 § .0672 -1 i
o~ : 52 .06e8 x -1
{ 