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This thesis is presented to the Faculty of Arts, Department
of Economics, i-n partial fulfillment for the Degree of Master of
Arts.

The theme is the development of a procedure wherel¡y a relatlvely
inexpensive, highty aggregated provincial input,/output table can be
formed. rt is di-rected toward the Economist, by rvhom it is
assumed, the table would be compiled. The conpiler 1s also assumed. to
have little or no knowledge of computer procedure, and. the method by
which the data is transformed to a tabl-e format by the computer is
given in step-by-step layman's terms.

chapter r gives an rntroduction to the study and. a rayman's
perspective of the input,/output model. The model actuarly used is
developed and rationallzed._in chapter rr. The sources and methods
of gathering the raw data for the table are consid.ered in Chapter IV
and is meant as essentiar reading for the execution of the step-by-
step procedure of Chapter IV. Chapter IV contains the detailed procedure
for registering the data and. arrangi-ng for and, executing the computer
program. Finally, Chapter V revlews the thesis and considers subsequent
procedures.

There are three appendices connected with the topic. The first
is a note on the historical evolution of the i.nput,/output discipline
up to and including the early works of Leontief. The second contains
the two basic programs referred to in Chapter IV and the last appendix
describes the procedure for converting the program from Fortran II to
Fortian IV - â ievision nec""sary for executing the program on the IBM
360 line of computers.

ABSTRACT



Understanding the theory of Input/Output Analysis is a

necessary but not sufficient condition of being abl-e to actually
compile such a table. Knorvledge must be had not only of d.ata

sources but also of the procedure and variations on the basic
model appropriate to the data avaiLabre. The purpose of this
paper is to outline an input/output model- approprlate to provincial
avai-lability of data and to present a computerized method of
compiling the required tables.

The author is indebted to the Manitoba Economic Consultative
Board for the opportunity oi working on such a project, and in
particuJ.ar for the guidance and dlrection of Dr. M" cormack, senior
Economist of the Board. The experimental method of oompi-ring

the interindustry section of the Manltoba input,/output table was

undoubtedly the least ex¡rensive approach in the light of the

circumstances although a guid.eline such as thls paper represents

wourd have made the task considerably easj-er" The emphasis in the
paper then is on procedure tempered by experience rather than by theory.

The author appreciates the guidance given to him in regard to
this paper by Dr. cormack, Dr. chen (Economics Dept. - unj-versity of
Manitoba) and, not the least, hi_s wife, whose sense of urgency

caused the thesis to be completed.

PREFACE
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riì¡ir!-l L/ our-l)ur alìalysis ls e means whereby the econorny can be

looiieo ar as an equilì-bri-uin of ¡nj-c::o-relaiionsÌr-ps. Tarçen pureiy as

an accounting f ramelork, it is a nethoci of cai.egor,z:,ng ancÌ delineat-
r-ng rhe cornponents of the econorny; tairen as an eco:ronic moc1el, it is
a means of traclng and quantifying totai effects from a given effec¡.
rn ;he f irs¡ sense, inpat/outpur analysis can be termed "ciescri-pti-ve";
in ¿ìre second, "predictive" and thís dlstinction rvrll be maintai_ned.

i;h:roughou-u this paper.

The input,/output accouniing f ramervork is based, on ttvo identities
nameiy ¡hat a sector oi the econoiny has irs outputs equal to i1;s j-nputs

(in vaÌue terms) , and, that its ouiput is ec;uar to the uses, both in-
ciustrial and f inal, to rvhich 1t is i:ur" The economy is tirus cìivi_d.ed

into sectors in such a way as to be convenieni for measurerilent ancì

subsequent use. The manuf acturing inclustry sec'f;ors normally form the
bulÌ< of an input/output tabre anci it is this aspect rviuh rvhich ¡hrs
il¿-'r-"-i is concertred. Other sectors such as f inai ceinancl caiegories,
p;:inary goods caiegories and non-manuf aciuring ;.ni*scries are treatecl
oniy in passing.

CII{PTER T

INTR,OÐUCTION

;in an economic sense,

cì;.c¡j-ons can be made, is tha¡
hol-o constan¡ tvhen consldereci

it is assu¡ned that "proc_lucecL"

iisi-ng sectors output. In ¡he

proilort j_ons, oz' coeff icients,

the substalitive assilii.pi;ion rvhereby pi,e-

t;ea uarr.r. quanriry (noi; vaìue) i,elatioüships
as a ilroportion of our-pu;. In particul_ar,

inputs are a cons'cant pjropo:.tj-on of the

base year calculations of these input
ii is assuned the val_ue reLaiionships
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refrect the quantity relationships. rn a strict sense, when a

"pred.iction" is made from these ialculations, the price effect
shourd be eliminated in order to maintain the "quantity" reration-

(1)
snr_ps

This paper is designed. as a "handbook" for eompiling a basic
input,/output table and in particular in corlecting d,ata and arrang-
ing it in the proper forms for the interindustry part of the table.
It is written not only for the compi-Ier but aÌso for anyone concerned
with such a projeet. To this end, the chapters can be rooked at as a

number of papers in themselves:

I - Introduction

The remainder of this chapter is d.irected toward the
layman and is concerned with basic concepts. The

compiler himself could begin at Chapter II with no

loss in continuity.

II - The Accounting Framework

The moder is developed in the li-ght of avairabre informa-
tion on a provinciar basis" Aggregation, transportation
and trade margins, and imports, are the main points of
consideration, and the model developed is reflected in
the computer program of chapter rv. The usefullness of
input,/output analysis is also consid,ered. The economist

, considering an input,/output project in the provinciat
context might read this to advantagej the compiler might

again omit this chapter atthough it wourd probabry be

(1) See page 16
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useful in putting "work-flow" of the project, in its
perspective.

III - The Data Sources

The suggested sources of data are considered in detail

and a method of recording data 1s outlined. This, to-
gether wlth the next chapter is the compilers "handbooktt.

IV - The Computer Program

In developing this chapter, the assumption was made

that the compiler is not, and need not be, a computer

progr.anmer. The procedure outlined in for the compiler

in order to set up the data, and the program in such a

way as to allow a computer operator to ttruntt the program

directly. Included are procedure instrr¡ctions for the

operator as well. Emphasis is on establishing a workÍng

relationship between the compiler and the computer

centre. Once the model and the data sources are accepted,

the need for developing a program itself is eliminated.

V - Conclusion

A procedure is outlined for developing the"inversett a.s

given both by direct i.nversion and by the power series

approximation. Methods for deriving the model of

Chapter II are considered and the procedure is gone over

once again. Usefu1 references are consj-dered briefly.
The thesis itself is based on the "hindsight" view the author

has had in working on such a project for M.E.C.B. The initial
data (DATA r of chapter rv) was entered on l0,0oo keynole cards

with certain information coded on holes on the perimeter of each card.

The rnethod of sorting and arranging the data - by hand - proved inefficient



in viel of the availal¡ility of computer pùocessing and the low cost
of rBtrf cards. Again, more than trventy conrputer programs were

developed, on an ad hoc basis, many of rvhich proved redundant and

inefficient. The program outlined in chapter rv and v are composi-te

programs designed for simplicity and compactness. Hopefully the

compiler need know nothing more than what is outl-ined in chapter rv
in order to arrange the procedures with the computer centre.
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. The much discussed problems of joint products and secondary

products have not been discussed in the paper because they have been

"assumed" away in the light of the high degree of aggregation of the

square (invertable) matriX. If greater detail is required or if the

above problem is bothersome, the alternate Industry by Industry table

(see Chapter III - section 3 ) may be desired. The cost of such a

table would probably be considerably higher.

The remainder of this Chapter is taken up with developing the

Model in basic, Iaymans terms.

Ti{E IAYMAN IS PERSPECTIVE

Interindustry analysis is a relatively new field of economics.

As the name would suggest, a study of this nature inquires into the

interrelationships among the various productive sectors of the economy.

Input,/output analysis is a somewhat broader term in that the relation-

ships of the productive with the non-productive sectors of the economy

may be considered. On the model or accounting system used to display

such informatj-on, the sectors (usual1y industry groupings) are delineated

according to ttlikenesstt of input structure

Two basic uses of this approach to economic accounting should be

made from the outset; input,/output analysis can be used for either

predictive or descriptive purposes, and only the former requires the

traditional homogeneity-substitution assumptions. In a descriptive

sense, an input/output table could be used for:

i) a rnethod of presenting detailed statistics;

ii) a means of checking other sources of statistics;

iii) a basis for international and interregional comparisons of

economic and technological structures;
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lv) a clata format useful for "Ilarlieting Analysis" inj-or-ntation.

"lvhat proclucts in rvhat proportion ivould be lequilccl to

produce a given product and where, if at all, would tilese

be available?"

In the traclitional, predictive usages, an inprtt,/output tal¡lc can bc

mathmatically manipulated so as to inclicate the clirect a¡tcl t'feeclbacl<"

effects of a given change in a parameter. More precisely, suclt

predictive uses might be:

i) tracing the total ef fect en resources, inclrding l-abour, ancl

on industry output, of a change in final demand (hereafter

referred to as final demand);

fi) tracing the effect of a change in a production coellicie¡rt

of a given industry resulting from a change iu technology,

a substitition for certain input(s) (say steeJ- replacing

wood) or a change in ihe labour-capital content of output;

iii) tracing the effects of taxing certarn commodities or resources

or determining change in tax revenues as a result in change

(projected) in final demand via population increase, taste

changes, etc. ;

iv) tracing the total effects

campaigns and of resource

v) analyzing prlce shifts as

items mentioned above.

Alt of the uses outlined above will be considered in detail in

chapter. The remainder of thls chapter rvill be talçen up with

of the accounting framework and with a brief consideration of

historicaÌ development of this type of aualysis.

of import reirlacement, of export

scarcity;

a result of changes in the various

the next

the make-up

the



The Accounting Framervork

The basic identity on rvhich the input/output accounting frame-
work is based j.s that the totaL production of a sector is distributed
to:'

i) other sectors rvhich "consume" thls output in making their
ori'n products; and

ii) final demand sectors rvhich include private consumption,

government consumption and exports, business investment.

Let

x. = Total dollar val_ue
r-J

used in productlon

y_ - FinaL (autonomous)
L,

sector "i.t' measured

x. - Tota1 dol_Lar amount
1

sector "i";
The identity, then, is:

X. = X._ + X1 rI iz
or

of product from sector "i"

by sector "¡";

demand for the production of

as a dollar amount;

of domestlc production of

Thus, if industry "i" were the steel rndustry, then the identity
states that the total production of steeL is exaqtly equal. to the sum

of its uses" Note that the variabl_e x.. (j=f) is inclucied, and represents
the amount of steel the Índustry uses to produce steel. This may or. may

not be a zero arnount. The users of steel for further production were
divided up into "n" sectors rvhere the magnitude of "n" may vary aceord-
ì.ng to convenience 

"

n

j=1
x. +y.1J1



A series of such equations can then be Laid, out:

"r. = "r-r. 
+ 

"rr " "' * 
"tj "rr, + 

",
X

X=Xmml

i1

Note that no requirement is made that the number of sectors
derineated in columns (the "j"s) need be equal to the number of
sectors delineated in rows (the "i"s). rf nlm then normally th" kth
row sector is not the same as the kth 

"ol.rrrl 
sector.

These equations can now be l-ooked at 1n a different way. rn the
t

above layout, they were regard,ed as a series of rorvs. They can now be

looked at as a series of corumns where, given a corumn, the "¡"th orre,

the vector of X values for that coLumn represents the dollar value of
inputs into that (jth) sector.

X
1.i

where

and

+Y

j=1

r-l

(r-2)
n as before

m

n m

X

.2j
Y

.ij

mJ

llrhere x represents the amount of input from row sector "i" used byij
column secter "¡". But these inputs are only the "prod,uced" inputs;
there are other inputs which go into the production process which are

not commonly thought of as being produced, Iabour being the most obvious

example. Let v. represent the dorlar total. amount of these prlmaryJ'th
(non-produced) inputs into the j --- sector. This leads to the second



identlty of an

equals the sum

Let

^

inputr/output table,

of the inputs, for

= total- production

Then

namely, that total production

each producing sector.

m

x=(-xj¿---ij
i=1

Making, now, the usual- assumption that the complete domestic

economy is represented, it follows that any productive entity will be

represented (in aggregated or disaggregated. form) by both a column

and a row. lVhereas the steel industry was previously classlfied as
ththe i rol sector, it would now al-so have to be represented either

in the same forrn (" 'th" column = the Steel Industry) or in aggregated
^ ,r,.th'form ( j colu¡nn = the Metal Industry) or in disaggregated form
,,, .th,, ,,- th,,("j " column. = cold rolling Steel MiLls and "k columlL = other Steel

Industries). As a matter of emperlcal convenience, most input/output
tabl-es begin as a rectangular table where the row sectors represent

commodity detail and the column sectors represent industry detaiL in
which case, i-n the above notations, m)n. A table in this form is
commonly used for the "descriptive" uses outli-ned above; for "pred,ictive"
purposes which require an" inverse" table, a square table must be

built. A square table coul-d be mad,e from a commodity by industry tables
(as outlined above) Oy:

j.) aggregating colnmodity, rorv sectors into lndustry, rorv sectors;

ii) making'the industry row sectors correspond to the industry

rJ

thof the j column sector.

x^... + x-.....".x2j ij nj

or

+V

+ v.
J



column sectors ( the kth row industry must correspond.

rvith the Lth colurn industry ).
This nol completes the discussion of the tabl-e as far as a

descriptive framework is required. Thus for descriptive purposes,

the accounting scheme is built on the following identities:
n

= E xij *yj
Àr i=r

J

m

L-r

n7* m

detail

tabular

The magnitude of n and

desired and the degree

format would be:

Industries

"1j *tj

10

m varies accordi-ng to the degree of
of detail available. A convenient

Total Output
/l1

Final "
Demand. (s)

YtI

total
Output

x1

ri

4;

Ym

xi

x*



Another

Ít convenient

now expressed

d ij

I

i.dentity is brought into thL
ifor pred.ictive purposes. Thþ
ias a proposition of the output

represent the technological coefficient; if they are measured in
dolLar arnounts, .rj represents the "producii-on" coefficient. The

stability or constancy of a. . over time is the crucial question 1n1J
inputr/output analysis: all the "questionabl-e" assumptions of homo-

geniety of inputs and outputs, and of non-substitutability, are made

for this purpose.

The identities r-1, r-2 and r-4 and the conditions of corres-
pondence of row and corumn sectors result in the basic input,/output
table as used for predictive purposes. Note that the original balance
identity I-1 can now be modifi.ed by Í-4 such that: '

ij
X.

J

If x- . and X lvere expressed in phyr-J 1

11
I

rnodel in order to make

individual i.nputs are

of the column sector.

... (r - 4)

Ëical units, a. would
l1J

and

n
/^/a'.-t i j

.l=L

where

n

i=1

1\1Ij

m

A

norv equals n and the former is dropped.

convenient tabuLar format would now be:

a. X. + y
lJ1



¡ir

VI
/

X
I

rvhere norv

t.,.,t 
l

x.
J

X'
n

nJ

V.
J

j

\/

,tl

X

The individual a. - embody the economic larv unique to input,/
r.J

output analysis. For predictive uses of input./ouiput, the basic

assumption made is ihat the a..'s are fixed over the time period
1J

considered. Any devlations from this assumption j-s regarded as a

deviatj-on from the norrn; these matters are treated in detail in the

next trvo chapters

X.

Y.
1

nn

and the prime is ciropped.

V

\ 1-.1 ,

X

n

t1

X

L2

TÌie basic prediciive ability can now be shorvn with the help

of rnatrix algebra and ihe use of superscripts - a "o" indi-catì-ng a

base year measurement and a "r " indicating preciictlon year measure-

f¡1ent .

n



Then let
oooa ..........4 .....a11 ]J In

oooa.-.. ,..4. .....a.Lr- rJ rrr

ooo
A -..........a .....iìnt nJ nn

ooo
YV=VJ lr

Oox. Y..i .i
::
.i-

OOXY-nn

A

X

13

By(I-5)
o

X

n rol#s and n columns

oooX-AX=
oo(r-A)x =

o o-1X = (I_A)

o
I

o
Y

o
Y



Now if o

X

A by def initi-on. Thus, given a cìerived A" matrix, based,

year data, an{i if Y' anci x' are definitionally equivalent
base year counterparts, then given y/ or X/, the other can

for by (r - s¡' . 
(2)

X,

Equation (i

]{

o
A Y,

then,

+Y

^ _1v!
{í 1 \
\4 - .-r ) ;

The usual soiution i-equíred is the pred.iction of rotal output
needed (x' ) to support a bi-ti of f ina I clemand y/ . By use of the
invei'se, not only are the direct requirements computed, but aiso the
i-ndii'ec¡ consumptions needecl for the direct requirements. This can

Ìre nicely illustrated by assuming a,final demand bill of unlty and
osoiving (; - A-)' by the Leontief-Cornfield. expansion.

- 8) is ito i-onger an identity; Ao

Us ing
-ojr = (1 _ A

o
- (1 - A

L4

-t ^^ -uucS

(i-8)

not equal

on base

to their

be solved

-l

-1) because Y'

Noiv

o(I-A)

rvìrere the

assumed,

(2) Partial- infornation
values to be solveci

(3) See Chapier V.

-1
-¡

ri-ght hand

then for a

assumed = (t)
(i)
()
(:)
(:)
(n)

,2
A+A+A

s;-de converges ;f

projecteci increase

on each of Y' and X'
for - See Chapier II,

(r-e)

¡

in

/1\\u./;Q Wn].ch 15 here

¡ ^-^ - i

wiLr aliow remaining
* 1Ã
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of 1 unit for tìre produci;ion of each secrol', ihe resultant
reciuireci increase in p::ocLuciion rvi-l_l_ be the sum of the

ñ1^.-^ airIu5, a

-co f inai

A

demand.

above teriìls ,

(i-denri-ty natrix), represen¡;s t.tie prod.uction suppiied directly
i^*^--ìu9¡¡t4I¡U o

represents the amounts suppiieci to the suppliers of final

I'
A represents the arnounts supplieci to the suppiiers of the

suppliers of finaL der¡and and so on.

A concrete exainpJ-e may make this cl-ear. Assunie a three sector
economy:

Food

Àfachlnes

Other

rvhere for exampLe for every dol-lar's worth of foocir 30 cents of
rood, 50 cents of ìrlachines anci 10 cenis of o'cher is required..

Postulating an increase j-n f inal cienand. of $t.oo f or Food, $l_.00

for }Íachines and $1.00 for- other, the net i'equirements rvould be
2i+-l-A-

i1

Fooci

2

2\

Q]

.5

0i0+

001

"1

0

triachines

âro - .O

0

o,

ao

-1

Other
1o73

Ã

.1

c

_f
- .a

¿ó

- ,6
J.1

c

.1

t

.1
'ì¿

.6

..) À ".>
TOU À OJ

1.1 :\ .f

x
X,

x

L9

+.6

.1

.i

.6



Although for expositary purposes, the povÍer series
(I + A + A + 4...) has been used here, a number of aciuaL

i.nversion techniques may be used. rn some cases, certain properties
of the A matrix may be used for computationar simpri-.ity. (4)

The constancy of Ao over other periods is usually assumed
^oif A- represents technorogical (physical) coefficients" since Ao

is norrnal-ly developed from vaLue figures, a deflation of Ao by a

prlce index (if available) would strengthein the constancy assumption.
I

rncleed, in reference ( rl ), the author stíorvs that a = f G Pi 
)

where

r-J

r-J

u/ould strengthqn the constancy assumption
a
ú D

, the author sdows that a.. = f {ã-., ti)

physical i-nput coeff icient

= value i_nput coefficient

= price of t" j-"

Japan has used this type

according to a price index and

stable than a
1J

L

16a

rn the next chapter, these accounting reLationships are gone

into in some detail and are looked at in view of data availability"
The historical development of input/output anarysis is traced in
Append.ix "4".

price of "j"

ii - '--ii' 
l;

J

(4)

(5)

of relationshÍp, welghting p./p 
.1J

has found that indeeO ã. is more
r-J

See Chapter V below.

See Reference ( 27 ).



This chapter is concerned with the type of model the data

gathered will alIotv. The possible methods of coeffj.cient determination
are first considered, then a number of common probrems are analyzed,

and certain models are developed in the light of available i-nformatÍon.

Finally, the typicar uses of input/output analysis are considered 1n

some detail.

Data Gathering Methods

CHAPTER II

TIIE BASIC XIODEL

The emperical" data used in estimating the production coefficients
can be compiled in a number of wayS:

1. The coefficients can be formed, from a sampie of value florvs

of i-nputs and outputs for each industry. To this end, rhe

Industrial Census Forms on file with the Provincial Government can

be used. Most of these forms will give a commodity break-

down of input and output flows over a given year for each
(1)

SIC - ' industry. An individual form corresponds with an

Establishr"nt(2) classified to an industry, and these

establishments can be aggregated (by commodity categories)

for an industry sampJ.e. The production coefficient can then

be formed for each industry by summíng up all outputs and,

(1) sIC stancls for "gtandarcl rndustriar classification" a D.B.s.
code for industri-es - the basic manual (+27

(2) Establ-ishment is defi.ned by D.B.s. although the meaning enjoys
international acceptance. An Establishment is the smallest section
of a firm rvhích keeps its own accounts.
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clivicling this Ínto the sun ôf input values of eaclr conrmod.ity.

Usually only a selection of establishments are ava1lable for

each industry and furthermore many entries on tlle avaiLable

forms may be inaccurate or not filled out at all. Irr. any

case, most tabl"es are compiled by this method..

t Datä on the distribution of the output of the various

commodities (or industries) can be used to f j_11 tire cells
of the value table. Here the row vectors are estimated, the

column vectors (cost structures) following as a matter of

definition. Due to lack of detail in regard to destination

of commodities (or inctustry outputs) this methocl is only

used as a checl< on method (1) above, if at aII. A case j-n

point j"s the use of such a procedure iry Irving stor,u 
(3) 

in

developing his Socia1 Accounting lv{atri-x (SAi!i). A matrix of

the distribution of outpu-U's is compi1ed as well as cost

structure matrix, and the tlo are mathematiially averagecl

out.

Industry experts can be used to estimate the Ínput coefficients

directly. This would be done on the basis of engineering and

technological studies and native experience. The feasibitity

of such an approach is normally not considered, although it

is used for checking the reasonableness of data as well as

for estimating certain non-manufacturing sectors -- e. g.

mining.

().

(sl See lrving Stone ( 39 ), Chapter II
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4. Dorfman, samuelson and soloru(4) present another method

rvhereby a correlation analysis is run on final demancl and

correspondi.ng output vectors from di-fferent time periods,
' and the inverse coefficients are dj-rectly estimated, The

row input coefficients are then estimated by:

A = r-(r-a-l)-r.
Unfortunately, the requi.rements that:

(a) the observed bill of final demands vary significantly
and independently; and

(b) that there are at least more observations than there
are divisions of final demand;

requj-re the almost impossible condition of fine commodity breakdown

and a large number of observations. In that output,/demand data sets are
at best avairable on a quarterly basis, the latter condition would

require a number of years of observations, yet this would cast doubt on

the constancy of the computed coefficient. The author iras been unable

to find reference to a practical use made of this approach.

The argument for using the first procedure as outlined above i-s

baseci on the easy availability of the required data although it has the
adcled advantage that the Hawkins-Simon(5) .onoitions for resolvability
are satisfied. These conditions requj-re that for any industry, a unit
of its output wiLl not require, as input, a unit of the same output or
more, either directly or indirectly. These cond.itions can safely be

assumed to hold given that lack of profit woutd eliminate such industries

G)

(5)

See

See

Dorfman, Samuel-son

Hawkins and Simon,

and SoLow, (6), Chapter

( Zø '¡ and Hawkins ( ZS

L2

)
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and that this would be reflected in the emperical sample. On a

provinciaL basis then, it tvould appear that tire best procedure rvoulcl

be to;

1. Aggregate input data (maintaining 3-digit SCC(6) cletail)
and output data (in total), into lndustry categories;.

2. Asshming that the resulting value f,igures rcpresent a true
picture of the proportio¡r¿iL Ì¡reakdown of inltuts, f orming

the coefficients iry iiiviciing each input value f igure by the

corresponding total output value fj.gure.

This procedure will be treated. in detair in chapter rrr, part r.

The Accounting Stn¡cture ancl Aggregati-on

Y = a column'vector of f inal (autonomous) d.emanO, with n

industry divisions. "

' 
.ì,.

X.. = the value of input from Índustry (com:nodity) i to1J

industry j, or in other terms, the value of output

from industry (commoclity) i used by industry j.

V- = value of labour used by industry j.
J-

W. = value of aII non-labour primary factors used by
J

industry j.

Let inputs into an j.nclustry be shown as a column vector and the

distribution of outputs of an industry as a row vector.

Let

(6) scc stands for standard commodity crassification - a D.B.s. code
for commodities - the basic manuaLs are (++, 45, 46)
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Then, the following ecluations hold:

X + X._ + ...,. + X. + ..... + X. + Y_ = [.11í2Íjinii
(rr - r)

and

X + X-. + ..... + X..'+ ..'... + X +,V. + lV. = X.t¿ 2j ij mj ' j j j
(rr - 2)

and

i = 1, n

j - 1, m

The above equations rvould allol the compilatlon of a commodity

by industry table from the Industrial..Census Forms. A preliminary step,

horvever, is required to aggregate the individual Establishment (one
' .:,.

per form) into the corresponding industry category. The basic assump-

tion made is that the cost s'Lructure of an industry is'a simple average

of the component Establishment cost structures

Thus

x x'-.+x2 + *x]t.lj li ]i lj
x2j

: t2kX.. = X'. +X. + +X.

l, 
ii ii ii

X
mJ

:

V.j
/2k'l{. = r,y. + l1/. + ..... + w.J 'j J J

v^ij ij
X

(rr - 3)
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lvhere the superscripts represent an individual establishment, there
being k of thern for this particula" jth industry. A given corumn of
the rlght hand side above, would represent value data from one form.

The output value figures frorn the k establishments would be summed and

dlvided into the composite value input figures in order to calculate
the "average" l-nput coefficlents for that industry.

The resultant commodity by industry table of coefficients (or
value) may be of particular interest to market anarysts in that it
gj.ves a commodity breakdown of inputs for each Índustry.

The commodities and industry can be convenientry aggregated

into Major Groups with the resurt that a number of tables can be

derived from the basic commodity by industry one. These are:

Ivlajor Group by Industry

Commodity by Major Group

Major Group by Major Group

The last table is perhaps the most important in that it fulfills
the requirement for i.nversior¡ of equal rows and corumns.

commodity to Major G"o.rp", 
(7) 

unlike the probrem of assigning
rndustries to Major Groups, commodities do not by def inition 'belong -co

particular Major Groups. It was found that less ambiguity arose if the
SCC commodities were assigned directly to Major Groups rather than being
first assigned to Industries and then to Major Groups. Co¡nmodity input
coefficients can be conveniently aggregated into'Major Group input
coefficients by simple summation. Thus, given a unique assignment of a

(7) Major Group
like outputs

is an SIC defined category by which,Industries with
are grouped



commodity to a Major Group, the following holds:

Let the following commodities be assigned to Major Group g:

CoÍunodity i.n row tO

Commodity in row 11

Cornrnodity in row 12

Then

where the coefficients on

subscripted to the ones on

expressed in value terms:

8ri I0, j

X8ri
x . 8..i

J

which shows that if the inputs were

composite X_ would still equal the8rj
X

12, i

a
11'j

j = r, n

the left hand side are not correspondingly

the right hand side. This formula can be

+a
L2, j

rndustry to Major Group: The aggregation of rndustry columns into
ilfajor Group columns is not as simple as the above. Arthough the

!
rnciustries by src definition belong uniqueiy to a Major Group, the

indj-viduar industries must be weighted in oroer of their importance.
r

Thus, if one used simple summation, as aboúe, then:

XXX
10, j 11, j L2, j

TTx. x- x.JJJ
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irg "i,ro + ui,11

but when put in value terms, the

j-ndividualX + X + Xi,10 i, rr

mea sured
,
i. -,sr-mpl9

i

::

:

:
.ì

in value terms, the

sumofX "X and
10, j' 11, j

+a i,I2

"rr, 
.o*Oosite would not equal the

i,L2'



Thus,

X i,8 
.=

X.
Ò

which expresses

a11ow

X ='Xi,g irl0

unlessX = { = X810

X i,l-0
+

X
10

the last

Before considering the theoretical aspects of aggregation, ret
it suffice here that it has been found convenient to weight the co-

effícients by the proportion of Major Group output that the individual
industryts output forms. Thus:

ÀÅÍ,11 i,Iz
TXXr1 L2

ecluation only in expanded

+ X +Xirll í,I2

= X . rvhich11 12"

If we make

a=ai,8 i,10

then

ternrs, rvould dis-

z,)

is normally not the case.

This shols that if the total output of the Major Group equals the sÍmple

sum of the total outputs of tlle industries, then the composite value of

inputs will equal the correspor'ì.dlng sum of the input values for each

industry when calculated front the coefficients.

The aggregation of these Industries into Major Groups has been

done on the assumption that either 1) their input structures are the

sane. (By definition their outputs are"sj-milar and, therefore, their
input structures are usually similar as rvell) , or 2) that any change i.n

output is distributed proportionately between the component industries

even though they may have dÍfferent input strr¡ctures.

{r

ir8

+X +X10 t1 .r2

i,12

X

10

(
t;

X +X +X10 11 t2

i,10

10

XI2

J 
n ur,r,.

11
+X

(

10

T2

x
11

X +X +XLo 11 L2

X i,11

+X +X11 L2

X +X +X10 11 12

L2
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Any practical input-output table will be expressed in terms of

rows and columns which represent aggregation of "idea1" divisions.

This "idea1" which is normally taken to represent unique commodity

divisions, cannot be attained in a practical sense because accounts of

business are not normally avaitâbte. In Canada, for instance, the

D.B.S. Census Form is used for registering industrial information, there

being one form per Establishment. An Establishment by definition is the

smailest aceounting sector of a 'firm, yet these Establishments

themselves produce more than one conrmodlty as a rure. As far as a

"predictive" input-output table based on such a fine commodity detail
is concerned, the assumption of no input substitution would certainly
not hord. Thus, the criterion on aggregation must be something other
than that it be a refrection of the "idear" dissaggregated moder. The

accepted criterion has become t'for aIl possible variations in final
demand, the total output, when aggregated from the origina.l sectors,
should be equal to the total output of the aggregated sectors". 

(8)

This "acceptable" requirement can be met if:
1. aggregation is made of sectors having equal input coefficients

the Chenery-CIarke(n) "u"" of horizontal integration; or

2, aggregation is made of sectors whose outputs change in
proportion -- the Chenery-clarke(to) .""" of verticaL

integrat 1on.

(8)

(e)

See Fei, J. ( 18 )

(10) op. cit.

See Chenery, H. 8., and Clarke, P. H" (S) , Ctrapter L2
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A number of articres have been written on the question of

aggregation, the more interesting of which are -- Ara, K. (13), Theil, H.

(40), and Fei, J. (18) gives a concise, precise account of the potential
error involved in aggregation ancl disaggregation in regard to the
inverse, and Fei ( fS¡ shows that the conditions of t'accept-

ability" can be met if the corumn sums of the component col-umn of an

aggregated sector are equal -- i.e. if the proportion that prlmary
(non-produced) commodities forrn of the totar output of each of the
originaJ- sectors are equal.

rn drawing up a provinciar table, it appears convenient to
aggregate both row and column sectors of the basic commodity by industry
table in SIC defined Major Groups because:

1. The grouping is standard and coincides crosely with the

u.N, rnternationar standard rndustriar classification
(r.s.r.c.);

t The grouping is defined by D.B,s. in regard to industries
on the basis of similarity of output and consequently

similarity of input structure;

o

4. The commodity detair formed on the census Forms can be

conveniently categorized in Major Groups.

certain of the Major Groups may be aggregated or-disaggregated,; this is
considered below in Chapter III.

The number of sectors involved is convenient, there being
2O manufacturing sectors + any changes;

In

a ggre gated

eff icients

output is

the moder developed in the next fection, the rndustries are
!into the corresponding Major Gréups by weighting the co-
iaccording to the proportion of êroup output each rndustry

comprised.
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The conditions of t'acceptability" are met by tire assumption tirat
the resultant output Ievels of a Majol Group, by compu.tatlon of 'Liie

"inverse" ancl a bill of finar demancl, equal the simple sums of tlle

rndustry output leve] that would result in i¡rverting an rndustry by

Industry tab1e. Granted that the above assumption is u¡r1ilie1y to hold

very strictly,, a consolation lies in the fact that by definition the

input structures are close to being tire sanre,

The following discussion o.f conmon problems of input-output
tables is cursory in that references 517r8r11r4l are to the point and

cover them thoroughly. The U,N. handboolç ( 41 ) is the most up-

to-date ancl gives a good account under all headings.

Producers vs. Purchase Prices

Computing input,/output coe{f icients on the n' asis of

requires a decision as to valuation oi inputs and outputs.

Census Forms stiputate to the reporting firms that inputs

registered in "purchasers" priees while outputs are. to be

in ttproducers" pri-ces.
t'Producers" price valuation corresponds with F.O.B, valuation:

the commodities are valued. at factory cost and do not include subsequent
t'margins" (transportation costs, wholesale and. retail tracie margins, and

net indirect taxes).

"Purchasers" price valuation 1s simply the

valuation with these margins added on.

An input,/output tabte measured in purchasers prices would

lnputs inclusive of margins and a row sector to indicate margins

on to a producers (column) output.

census data

The D. B. S.

are to be

re gistered

ttproducerstt price

show

added
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Thus, if:
--/ th thx.. = the input from the 1 sector to the j--- seetor valuedr.J

at what ttr. jth sector pays (= what the ith "u.tot
receives + margins;

/thM. = the rnargins added on to the j--- sectors output to show
J

it at purchasers prices;

then

x1 =
J

the output value of the jth 
"u.tor inclusive of margins;

n
\-./
j=1

x..
1J

n
\-
J=1

+ Y/ = x'ii

x/i.j +

xij
X.

J

x'+

a.
1J

M! +
J

A table measured in producers prices wourd show lnputs at F.o.B.
prices -- i.e. exclusive of margins and the margins input row measures

margins paid for each of the inputs by the purchasing industry.
T'irus, if :

\r'
j

A

X.
J

Y'=xl

(rr - 4)

X. . = the input from
1J

at what the ibh

M. = the margins paid by ttre ¡th sector to obtain the required
J

inputs;

'Ì

(rr - 5)

(rr - 6)

(rr - 7)

th ththe i sector to the j --- sector valued

sector receives.



t-t;.)t)

j

ri
: -'-
j=1

n'-

i=i

a.
1J

= output of the j

rJ
+Y

X

th

ij

sector valued at F, O. B.

x..
1J

= x.
J

AX+Y =

Note that in the above case (rr - 11), if a bill of final demand

is given (normally at purchasers price valuation), then the margins must

be subtracted before rmrltiplying by the inverse for the resultant output

Ievels. Given Yf one must estj"mate the margin M in order to use
v(rr - 11).

Thus,

Y = Y/ - M
v

and from (II - 1I)

x = (r- A)-1 (y' - M) (rr-12)
v

The differences between a purchasers as compared to a producers

valuation system can be illustrated by the following:

1. Purchasers Prices: Marketing costs are double counted,

first as inputs to a sector from the marketing cost sector

and second as part of the value of output of that producíng

sector;

prr-ces ;

28

(II -8)

. (rr-e)

(rr - 10)

(rr - 11)

Produeers Prices: Marketing costs are only singly counted --
as inputs to the purchasing industry,

!!
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Purchasers Prices: Ivlarketing costs are distributed along

each row such that if these sosts vary from ceII to cetl in

a given row, and if output distributi"on along â row changeà,

the value o{ productlon may cirange even though actual.

production does not;

Prodúcers Prices: The above effect wilt l¡e abseut because

no marketing costs are distributed along the rows

3, Purchasers Prices: Marketing costs are assunred to vary with

the output structure of a sector but output strueture, over

time, is regarded as relatively unstable;

Producers PrÍces: Marl<eting .costs are assumed to vary with

the input stnrcture of a sector, which is regarded as a more

stable relationshi¡r than the output strrrcture.

4, Purchasers pricå: A table compiled on this .basis of valuation

Ínvolves less additional wolk in that inputs are already

registered in purchasers prices (re D,B.S, Census Forms),

and ônly the margins i-n secfor aggregate neecl be computed

to being output valuation from producers prices (as regis-

tered on Forms) to purchasers, prices;

Producers Prices: Compiling a table under this system of

valuation would require an estimate on margins for each ce11

if (as 1n the case of Census Forms), the lnput value figures

are in purchasers prices.

It woutd appear then that items l, 2 and 3 above give the

advantage to producers priees to such a degree as to overbalance the

disadvantage as outlined ín 4. Indeecl, the United Nations has recom-
(1r)

mendedt--' standardizing all l¡asic input,/output tables in producers prices,

(11) See United Nations , (4L) , Chapter 2, Section V"
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A combination of producers and. purchasers prices can be used

which allows compllation direct from the Census Forms. As before, the
prime is used to denote valuation at purcharsers prices while unprimed

variables are valued at producers prices. Then:

n /.
) X.. + Y] - M = X:.----:- tJ i i.l=r

n
{--,'ì
i=1

X.. +
1J

-,/lt,ija=
X.

J

oo. A" x + yl - M =

x = (r_A,r).(yr_

V. = X.
JJ

where

A" is defined by (II - 15)
_- /Y = bill of final demand inclusive of margins

M = margins - by row

The drawback to using (rr - 16) is that margíns are assumed

autonomous yet at the same time are assumed proportionar to output
(through A" ). This last problem can be got around if M is measured,

and assumed, as a constant proportion of output. Thus:

(rr - Is)

X

M)

If

(rr - 14)

(rr - 15)

MMB. = i = i

and M

where

X.
I

B. X.
L1

BXM

(rr - 16)

B is a diagonal matrix of the form

1=J (rr - 17)
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o

o

o

oo
BO

2

o

then

o

B
.n

A" x + y'- BX = fi

A"x-BX-x=-y'
Y' = X + BX - A"'X
y/ = (I + B - A" )X

x = (r - Ary+ g)-1 y'

B
I.

Note that in the above model, aII the disadvantages (and

advantages) of the purchasers price system are present, with the

exception of the double counting of rna:rgins aspect. Also, the

resultant outputs are neasured in producers prlces not..,purchasers

prices,

Imports-Exports

In input,/output analysis, it is generally assumed that exports

are autonomously determined (by extra-national considerations) and at

Ieast are not a function of domestic output, Normatly then, exports.

are measured as part of final demand and do not enter in the cornpilation

of the basic table. Thus:

A = (a..) are formed from X and X.iji_jj

and

31,

(rr - 18)

X= is predicted in other than'base year computations from the

parameter A and the exogenous variable Y via
-'r(r-A)-YX=
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Expo rt s

EX.
1

Lmports, on the other hand, are nornally regarded as a fu¡rctÍon

of tlre output of tì1e corresponding sector aLthough a disti¡rctio¡r is

can now be considered

= exports of output

-1

made between competitive imports a¡rd non-conr¡retitive i.mports. Com¡rctitivc

imports are those conmodities lvhicir are also produced domestically rvhcrcas

rlon-competitive irnports are those com¡nodities rvhich oo not even have close

substitutes produced domesticalty -- e.g. mangoes.

X (I-A)

inclusive of imports and no ready ciistÍnction between domestic a¡rd iniportcci

inputs can be macle. Output items are, of course, produced domestically

on1y. An initial compilation then would be of the form

as an
-i-

ofi

As registered on the industrial Census Forms, input items are

qy + EX)

exogenous variable by
Ìr

se ct or

vx
"ll
:." 

/n

X
mt

v/

t
The row output totals X., i = 1 rì, represent total requÍre-

ments -- i.e. domestic production, pius input imports plus imports for

final demancl. In order to mal<e these compatible with the column totals

(ciomestic production), tlre total values of sector imports must either

I¡e subtracted from the rorv totals or added to the column totals.

Considering this in model form:

o
X,

Y/

:

:

Y
m

V

t

t.
X

m

o
X

n



Let
I

M.
L

MI
1

t
M.

].

t
Y i

o
lt
t

imports used for

imports used by

= total imports

= ,tota1 final demand (domestic and impòrts)

Now if

on the

= domestic production

= domestic production

inputs

final denland

toi.e. X = X +

the input coefficients are

Census Forms, then:
tx..

^!/ J-J
A

ox.
J

n

rx:'. -: IJ
.l=l

i = I¡ .., n

i = 1, ... n

plus all imports
IvM+M'

formed directly frorn

Taking (II - 20)

+Y +MI=
].

+ v.
J

LìX'. ij
J

L+ M.
J

t
X.

l_

and addine (-uTt
1

the data found

t
j

+Y

>X ij
J

vI+M--M=iii

(rr - 21)

to i:oth sides then

(rr - Ie)

+Y.
I

...'i. (rr

It
-^ii

- 20)

L
X.

l-

I
M.

1

d=i
I

Mi X
D



and combining

J

Assuming

Ã': .1J

(II - le) with (II - 20)

oIDX. + Y -M = Xiiii

But here, as in (II - 16), an item is included in both the autonomous

section as well as the endogenous section (A ) of the balance equations.

This can be got around by forming a coefficient C such that:

aggregation based on section I
,,.I I

= (r-A) (Y-M)D
x

_ (r3)
I

M.
1

D
X.
t

I
where M and X are column vectors and C is a diagonal matrix of co-

efficients, then

above, then

MI=cX

I
--i. e. M. is the input

1

thoutput of the i

34

t'DAX+
"D v

l\

orD
x = (r - A" + c)-1 (vD)

As for the question of non-competing imports, they are best

distributed along a separate row and are treated as primary commodities

(non-próduced). only if an interregional model was desired. (see (1) and

(5) ) wouLd the non-competing imports be possibly included in the
lt . rtinvertible" part of the table. Pitts and Sawyer consider the overall
question of irnports in some detail - see (gS).

(rr - 23)

t
Y

(r-
DDVCX=X+M"

A." + c)-1 (yt - mY)

import content of the

industry.

(13) This arrangement introduces the assumption that the input imports are a

constant proportion of output"

" (rr _ 25)

24)



Overall trfodel

on the basis of the above considerations then, the suggested
provi-nciaL model based on the D.B.s. census Forms, becomes:

rvhere

X

A = . ti 
"r, = input from i to j measured at

Xj purchasers prices and reflecting
the qimple sum of domestic production

and imports of i going to j"

X. = total domestic production of j,
J

at producers prJ.ces 
"

x = ( x. )
J

f = unit matrix - identi-ty matrix
B = a diagonar- matrix with the ith .r.rnent in the diagonal

,. th th(r row, i col_umn), showing the proportion margins are
of output valuation al0ng a row sector of the totar
output of that ith ,o*.

c - a diagonar matrix with ttie ith erement in the diagonal
,. th th(i row, i column), showÍng the proportion that the
input imports into the ith "o* are of the totar" output of
that row.

DY = final demand for domestic output.
--Dtvof course, Y is interchangeable with y- _ Mr"

X = (I - A + B + c)-t"o

OE.JJ



Survey of Possible Uses

The following is a brief

input,/output table can be pLlt.

1. Marketing Analysis

2. Resource Base Studies

3, St4tistical Checks

4. Import Replacement StudÍes

5. Taxation Studies

6. Price Relationships

7. Coefficient Tracing

"a"oun, 
of common uses to rvhich an

T'hese uses are under the headirrgs:

Reference is made to the information needed in the light of the

suggested model (II - 26) 
"

1. Marketing Analysis

considerabl-e use to market research people, both government and private.

Working directly from the Census Forms, the most detailed table would

be rectangular, listing commodities i.n three-digit detail (SCC classes)

down the columns, and. industries with four-diglt detail (SIC Industries)

along the rows. From such a table, an idea of the cost structure of a

given industry could be obtained, or, by the same token, the distribution

pattern of a given commodity class over the j.ndustries. Again, although

detail would be Lost in "squaring up" the table, the inverse would gÍve

an idea of what industries and resources would be "strained" given an

increase in the production of a given industry.

2. Resource Base Studies

The basic, most detailed, non;--inverted table could be of

36

The inverse can be used

from stipulated bills of finaL

* = (r-A)-1 (yk +

to obtain resultant production levels

demand by:
kEX) (T.f -27)



where k sígnifies

kY =.

kX=

The computed

placed on the

through:

a "set" of observations

thpredicted, k , set of final demands

eomputed production levels imBlicit in yl< via (I - A)-1
kX can then be used to find the different requirements

primary (non-prod.r..à o" base resource) commodities

where

-nks- \
i-') j=1

kAMT. = r€sr¡ltant amount of the
I

required to accommodate

f inal demand. 
,,.

A direct formuLation of (II - 28) would

AMrT= v(r-A)-1 (yk * r>ëltrt

lvhere V = the row vector ( V. _ )1J
j=1

V. . is the amount
1J

per dollar of

v..
r.J

k
Xj

(va1ue) of the i

output of sector

JI

3. Statistical" Checks

One of the more co¡nmon uses to which national inputr/output

tables may be put is in revealing "gaps and red.undancies" in national
accounts, foreign trade statistics and emplo5nnent and similar
compilations. The table may serve both as a quantitátive check and as

qualitative check on the suitabiLity of existing classificatory Àchemes.

In that a provincial table may be the only source for such statistics
on a regional basis, the checking function is lost.

primary commodity used

J.

th

..... (rr - 2g)

L

the

primary conrmodity
thk postulated bill



4, Import Replacement Studies

In predicting future output levels on the basis of postulated

future demands, a substantial amount of induced import requirements

may arlse. Suclr fnformatlon may be of vaLue to provlnclaL governments

in suggesting areas for encouragement of industrial devetopment. One

must temper any such results with the fact that import data on a

provincial basis is normally very sparse and often inaccurate due to

lack of proper data. In the relatively compact import model developed

above (see (II - 26) ) an additional problem arises in the fact that
the model by incorporating the "8" coe:hficients assumes that the row

clistribution of input imports is a fixed proportion of the output for

that sector" In any case the model can be used to determine input

import requirements (finat demand imports are assumed exogenous) by:
IM=BX

wheïe ,,t'

5.

Direct taxes imposed on factor services are not usually included

directly in an input/output table although they can be pred.icted. from

the modet by first determining the requisite amount (vaIue) of factor

services for a gi.ven bill of final demand. The incidence of a sales

tax could be usefully analyzed in this sense although if the table

were looked at in terms of prices (see next section), information

could be found in regard to resultant price changes, In tems of the

model, a Lotal tax bill could be determined by:

BILL = n, 
"

where

P- = rolv vector of taxes (as a percentage) impoded on each
1

of the sectors.

Taxation Studies
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and

X = the column vector of total outputs computed from

x = (r-a)-1 Y

BILL = a scalar, value quantity

Personal income taxes could be computed from BILL = p,.Ailm

where .
P^ = the incidence of personal inconie tax in terms of a

2

scalar percentage (average tax as a percent of income),

OR a diagonal matrix of taxes inposed -- as a percentage

of output differentiatbd by sectors.

AMT = the amount of labour computed via (II - 28) which woutd

be a scalar and would correspond with the scalar P, or

a vector of the labour requirements differentiated by

sectors t 
.,.

M. = V.. X_ " j=1¡.... nJIJJ
In either case, BILL is a scalar quantity. This particular use of an

input,/output table may be most useful in a provincial framervork where

the j.nterindustry schema represents the only approach for detennining

total (direct and indirect) effects"

6. Price Relationships
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If the cost structures of industries

of price'quantity relationships, one can set

relative prices from the input coefficients.
V.

.v JA=j x.
J

=P
n

-T a P Xi- ij i j
l-=l-

are looked at as a ,series

up a model to determlne

Thus, if:



dividing through by Xj

V. nJ = P - Vojj#
then

v
A

where

= p - ¿tp
. P '= (r - Rt)-1 Ru

tA = transpose of A

P = price vector related to sector outputs

aPiji

It can be seen frorn (If. - 29) that once the input coefficients
and the value added proportions of output are given, prices (rerative)

are fixed" If the Av (value added r" pJopo"tion of corresponding

outputs) can be assumed constant over different levels of output, then

prices can be determined independently':of output levels. If the Av can

not be assumed fixed over a range of output levels, thep the prlce

equation (rr - 29) must be "tied-in" with the quantity equation (Tf - 26).

two more sets of

equations, one showing the demand for ¿i sector's output as a sirnple

linear function of price and the other showing quantity produced as a

sinple linear function of price.

The crucial variabte in such price equations is the hidclen one

of profit levers, a problem assumed away heretofore. Equation (rr,- zg)

only holds if the sum of costs indicated exactly equals the revenue,

On the grounds that most prices are fixed by non-competitive factors
over a considerabre range, it would appear doubtful that attempting

price analysis through (II - 29) would be worthwhil_e" In any case, the

modeL developed above can be used for determining such price varíab1es,

the only additional data needed being the value-added-per-output co-

ef f i.cients.
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. o... (rr - 29)

(14) See Yamada, (ff¡, Chapter 1



7. Coefficient Trace

Having once compute<l the cel-1 nembers of the inverse (I - A)-1,

it nay be useful- to trace the effect of a change in one (or more) of

the original A coefficients on the inverse. There may be some d,oubt

as to a given coefficient -- say, technological studies suggest it is
too high -- it, which case it would be useful to know how significant
this margi.n of error might be. Again, the objèct might be given a

postulated change ln technique substitution, labour-capital switch, to
find what the net effect on the inverse, and hence on computed prod.uction

levels. Tracing the effects of strch ihanges requires a re-calcuLation
of the inverse although the author has outlined and programmed a method

in chapter rv which calculates ihe net change itsel-f, to any required

degree of accuracy via the Leontief-cornfi.ro(15) multiprier process.

Having once deterrnined the net effect on the inverse, the matrix of such

net changes may be used in equations.,(.rr - 26>, (rr - zg> and (ïr- - zg)

to show that net resultant effects on the output rever.q, resource

requirements and other computed. variables.
1

4L

(I5) Represented
2-1by I + A + A ..oôo., The approximation of (f-n¡
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rt ls helpful to have a good idea of the uses to which an input,/

output table can be put before compili.ng 1t although, for a provincial
model¡ one would be hard pressed to accommodate the United Nationsr

suggestion that "the partlcular applications of inputr/output analysis
govern the preparatÍon of the statisticar tabre of transactions". 

(16)

It has been argged here that the availability of datà severely restricts
the type of tabLe formed'and that the nore feadible provincial approach

is to build up the tabre -- rectangular -- to square -- to lncruding
non-manufacturing sectors -- keeping as much detail as convenient and

adjusting the b4sic table tater, to suit specific purposes.

In passing, it is useful to note that while an "open model"

(autonomous final demand from househords) has been assumed, a "closed

model" may be useful in determinlng employment changes" trf it is
postulated that certain seòtor(s) are stimulated, then the resultant
effects on employment (via (II - 28) cai¡, be thought of as putting a

further demand for consumption goods and, in turn, further stinulating
employment. ThÍs sensttivity of final demand to employment can be

introduced into the model by including the household sector in the

body Of the table where the output is labour (dlstributed along the

n + 1 row) and the inputs are final demand goods (down the n * tth

column). Inverting this augmented matrix -- assuming that the

proportional breakdown of consumption goods per unit of Lncome is

fixed -- allows the deterrnination of these consumption multiplier

effects. Given an increase in autonomous final demand -- now restrlcted

to non-household consumption -- one is abte to compute the augmented
(17\

effect on productj.on IeveIs.'

(16)
(17)

See United Nations ¡ (qZ>
See Dorfman, Samuelson and Solow (6)



In the next

compiling the basic

chapter, thè possible sources

table are considered.

43

inforrnation for



In any input,/output study but those of the most ambitfous scale,

lndustry and conrnodity classificatory schemas are s.et by the available

data format. In the case of a provincial tablb using the D.B.S. Census

Forms for base year data, the Standard Industrial Classiflcation (SIC)

Is used in the coding of Índustries. Commodity detail entered on

these forrns does not necessarily coiniide with any set classlfication

a1thoughthegu1de1fneforsett1nguptheform'sentrieswasthe

Stand.ard Commodity Classificatlolr (SCC). As a consequence, input (and

output) entries on these forms can be conveniently coded to an SCC

category. In this chapter, the emphasis w111 be on these sources of

data and how the proposed model is addpted to availabillty of such

' .:,.information.

Although it is possible to use the Census Forms -- or even

direct data gatherlng -- and reclassify the contents according to some

arbitrary scheme, tlne orlginal SIC frarnework in conJunction with SCC

coding of detail is recommended for the provincial model under consider-

ation because:

1. Substantial (read costly) effort would be required to keep

the number of divisions down and yet satisfy the homogeneity

constraints of the predictive input/output model

-, 2, The SIC and SCC is conrnon to other data gathering agencies

both of government and private industry. Thus, the

' presentation of lnput,/output lnformation ln these standardized

formats can more readily be lnterpreted by these agencles.

THE BASIC SOURCES OF DATA

CHAPTER III
a
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The SIC is a classíflcatory system whereby lndustries with

like outputs and hence like lnputs, are grouped together,

satísfying (at least ln degree) ttre honogeneity assumptfon

of .tnput,/output anatysLs.

4. A ready-made aggregation of industries into må¡or Groups

is'avallable, each Índustry,belng uniquely assigned to one

of these MaJor Groups by deflnition. The SCC cornmodlty

Groups (three-digit) can also be conveniently asslgned to

the SIC Major Group categories.

The formation of a basic conmodity by industry table within

the above framework, and using the D,B.S. Industrial Census Forms,

requires only two basLc judgements; the SCC commodity Groups must be

assigned to input detail on the basis of the glven description and these

commodity Groups must be assigned to the SIC Major Groups.

rn of" the table then. 1t is susEested

that the coLumnar divisions be based on the tour-digid SfC lndustrles

and that 1n the subsequentn more aggregated table, these industrles be

taken into the StrC Major Group'dlvisions. Again, lt Ls suggested that

the row divisions be made on the basis of SCC three-digit commodlty

Groups and this requires the compiler to assign each input entry to

one (in some cases, more) of these Groups. In the aggregation of these

commodity Groups, 1t 1s suggested that these be directly assigned to

SIC Major Groups rather than an attempt being made at assigning them

first to SIC l,ndustries and then Major Groups. It was found, in working

with the Manitoba compilation, that three-digit commodity detail could

not be unambiguously assigned to an industry. Indeed, some coflrmodities

could not even be unamblguously assigned to a MaJor Group -- €"gc

packaglng"



Census

If the above

Forms, four

1. ROWS =

COLS. =

classificatory scheme is used together wlth the

tables can be compiled, namely:

SCC CGMíODITY GROT'PS

SIC INDUSTT¿IES

2. ROWS

coÎ,s.

3. ROWS

COLS.

4. ROWS = SIC MAJOR GROUPS

COLS. = SIC MAJOR GROUPS

In that the columns must be compatible wlth the rows Ln order tinat a

table be inverted, the basic "predictive" input/output table is 4.

above. The lnittal tablà, and the one most useful ln the "descriptive"
sense is 1. above. A certain "ggr"gátion of the Census Form data is
required, holever, before Table 1 is obtalned, and 1s.;.described beIow.

Aggregation of Establishments:,

.The SIC manual(t) O""."ibesror rather defines, an Establishment

as the smallest business entity that maintalns a set of busLness

accounts (profit/loss, etc.). Each Establishment in the country is
unLquely categorized in an Industry, and as such, 1È sent a Census Torm

to be completed. After the lnltfal coding of the entri-es to SCC categories,

as descri.bed above, the data would take the forrn.

src

SIC

MAJOR GROUPS

INDUSTRIES

COMMODITY GROUPS

MAJOR GROUPS

scc

SIC
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(1) See D.B. Sn G7)



Industry

Establlshment 1

Commodity
o51 XÌLr

065.. .,,i...
1o1.....:..

r0I1

23

¿.)xtt xrt

The Establlshments have been dtstinguished by superscrlpts. By deftnltion
the Establlshnents under a glven Industry have sLmllar outputs and on

thls basls it is assumed that the lnput structures are similar. In order
to form Table I above, one could compute Establlshment coefficients and

then form an average of each for the rhdustry rnput coefflclent.

ix'.11

4v
'*l- 1

4
X

11

to13

L2

*íu *?,

Thus:
x

11.a=
11 t2x +xT2

The Industry coefflcients are comlruted ln a sltghtly different manner in
the computer program of Chapter IV.

k
Each X- is entered on the basic data cards but the Estabi.ishmentiJ

coefficients are by-passed. Each xf. f" summed over k as is the column
klJtotai.s X.. The Lndustry coefficient iç then computed by:J.- 1- t / r' rr- -,k /. <-- i

"rJ = 
4r-U 

*i¡ 'l 
"L, 

x; L = number or Establlshments
k=l - k=r 

under rndustry j.
l{orklng in thls manner, Establlshment ldentity 1s not requlred to

be maintained although the baslc deck (DATA I) does so, in order to allow
cheeking and removal of inaccurate or unreasonable data from selected
Establlshments. Actually, the computer program does compute Establish-
ment coefflcients but onry for checklng, and they are not used agaln in

1030

i

47
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I

the compì-latlon. The revised basic d.eck of cards (DATA II) which is
simply the original, rvj.th unrvanted Establishments "weeded out" is fed
j.nto another program and the basic commodity by industry table is
output in the following form:

Industry " "..
Commodity

where a. =1J

051

065

101

'1011

X.
1J

l\ j

a .. a
11 12

Tables 2, 3 and 4 are derived. from Tabre 1 above with the
additionaL of the folJ.owing information:

1" List of assignments of commodity Groups to Major Groups.

2" List of assignments of Industries to Major Groups.

3. List of weights to be given to indÍvidual rnd.ustries for
aggregation into Major Groups.

of the above, 1) must be formed by the compi.J-er, z) follows by src
definition, and 3) i-s computed in the program. The next chapter
considers the form ând procedure for obtaining this information in
detail.

O1oL. ø.

â

1013

23

1030

a
I()

j = l-, .oo n industries

i = l, ... m commodities

and
¡ ) n normally

22" ¿,)



The author would like to emphatlcariry 
"rgg"st irere ttrat

effort be talien to assign the census Form þntries to commodity
icarefully. Changing one of these classifibations afterr sây,
:

i\lajor Group by trfajor Group has been compiled is tantamount to
the whoLe compilatì-on"

Some Relevant Observations

Every Estairl-ishment is required, byi larv, to f irr out the census

Forms, for return to the Dominion Bureau o-f Statistics. These Establish-
:

ments are requested though not required. to send a form to the provincial
Government and the r-atter receives roughly a 60%.o,n""u.*"('). of these,
many will have to be eliminated due to obviously innaccurate content or
in some cases, J-ack of content. The Forms relating to some fndustries
eg. the clothing industry, do not require input detail and as a consequence

are useless for inputr/output work. rn general, of the three types of
Census Forms - Long, Medium and Short, only the latter Lacks input detail.

The aspect of "confidentiaLity" should. also be considered in
compilation. The l-alv requires that no statistics arising out of the
census Forms be publlshed if they are given on an rndustry where onry
three or fewer Establlshments are'defined, or again, if one Establishment
accounts for 60% or over of the value of that rndustries output. on a
provincial basis, this can create a problem although not in regard to the
"predictive", illajor Group by Major Group table" concerning any of the
"rndustry" tabr.es (Tables I and 2 above) d.istribution may have to be

lirnlted to government agencies or el-se the rel-event Industries must be

aggregated into other Industries.

49

great

Groups

the

redoing

It is hoped that in the future, the quality
Industrial information rvill be improved. fnd.eed, if
"compiler" \,/ere to have access to the DBS commodity

(2) That is, the provincial files have only a 60%
potential measured by the output totaLs of the
compared to the overall_ output totaL.

and quantity of such

the provincial

cards, which are

coverage of the
forms on hand as



distinguishable by province, not only rvoulc] the amount of data be improved,

bur the form entries rvould already be classj.fied to commodity Groups and

be compatibl-e rvith the national compilation at that. According to

Gì-ganres "nd Robb(3), ihe Bureau is consid.ering relabelling the entries

on the Census Forms to coincj-de'rvith the standard Commodity Classifica-

tion (SCC).
(4)

Gigantes and Pitts - have argued that the model should not be

d.ecided on until the basi-c data has been compiled. This allows flex-

ibility in accounting for joint products and secondary products. Their

model differs from the one outlined j-n the last chapter in that the

square table compiled (corresponding to À{ajor Group by Major Group) is

an Industry by Industry table. In deriving such a table the problem of

secondary and joint products must t¡e considered carefully because an

Industry in many cases produces products that are j.n the main, produced

by another Industry ( s ). Because the"predictive" table suggested in

the last chapter has a high level of aggregation - Major Group by Major

Group - this problem can be assumed away. The drawback is that the

assumption of constant cost structure fal"ls down because within a lv{ajor

Group, many products are produced and if a demand change in traced, by

rvay of the inverse (II - 26) it must be assumed that the component pro-

ducts are "demanded" in the same proportions as they were in the base

period, as expressed in the weighting system of sectj-on I, Chapter II.

50

(3)

(4)

See

See

Gigantes,

Glgantes, T.

and Robb, NI. ,

and Pitts, P. ,

(19), page 14

(20), Introduction
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The author feels justified in suggesting such an assumpti-on because:

l. The final demand vector used for preciiction will still be

in the aggregate form (Major Group) divisions such that

although Industry detail (changes in output) cannot be

obtaj-ned, the broad movement should be reflected.

2. The Crlterj-on for aggregating Industries into Major Groups,

according to the SIC, is similarity of products, and hence

similarity of cost structure of the component Industries of

a tr{ajor Group tends to offset the effects of differential

demand.

Actually, if one desires to pursue the Gj-gantes-Pitb method, the

data is available from the computer program with addition of the

procecìure outlined in Appendix "C" (the "ì{ake" matrix). Following this
procedure, the row commodity Groups need not be assigned to Major Groups;

they are assigned to Ind.ustries directly through the model using "trfake"
. lt-- ttand "Use" matrices. Irving Stone aLso uses this method - ref. ( 39 ).

lVhereas the basic data is available from the program of Chapter IV and

Appendix "C", it is left up to the compiler to combine the "I{aket' and

ll-- tt ,"Use" matrices to devel-op the Industry by Industry table - ref. ( 20).

Commodj-ty Classif ication

The Canadian "Standard Commodity Classificationt'

in three basic volumes published by the Dominj-on Bureau

Volume I ( 44 ) expresses the classification in ordered

comprehensive classification i-s made up of:

5 Sections

82 Divisions

498 Groups

5r634 Classes

is to be found

of Statistics.

code Ïorm. I'hls
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The basic data cards have each entry from the census Forms

coded to the Group level of detail; these Groups, in turn, belong

by definition to a Division and a section. volume rr (45) is a

classified index containing a list under each crass, of commodities

which typically belong to it. votume rrr (46), perhaps the most useful
in the original compilation, lists commodlties in aJ-phabetical order
with their assigned code following. This is the largest of the manuals

in that many conrmoditi.es are li.sted more than once -- e.g. "sugar,
mapler" and ttmaple sugartt

commodities are classified according to principat component

or, where convenlent, according to use. rn the rast case, such a

classiflcatj.on prevents large ,r.u.". (t) 
grouping but at the same

time is at odds with the "predictive" input,/output requirement of
input homogeneity.

The five basic Sections of the SCC are:

1. Live Animats

2. Food, Feed, Beverages and Tobacco

3. Crude Materj_a1s, Inedible

4. Fabricated Materials, Inedible

5. End Products, InedibLe

The distinction betrveen 3, 4 and 5 is not that of verticar
leveis of production, as the introduction to volume rrr (46) is at
palns to point out" A commodity is part of secti.on 3, if'the onry

operation done on it is cleaning and preparing for transit. The

distinction between sections 4 and 5 is not clear-cut although the
working principte is that if a commodity loses its identity in another
use, it is part of section 4, and 1f it retains its identity in use,
it is part of Section 5.

(5) N.E.S. - not elsewhere specified.
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In finer detail, these Sections are broken down lnto 82 conmodlty

Dlvislons, as Lndlcated by the first two digits of the code, and 498

commodity Groups, indicated by the first three dlgits of the code.

It 1s to thts tast leveL of detail that the Census Form entrles are

coded in order to be accepted by the. program of chapter rv". rn tlrat a

commodfty Group,tends to encompass those Classes to tryhich an entry
(from the Form) could as easily be categorized ås another, much ambiguity

of coding drops away lf the commodlties are only dlstlnguished at the

three-digit level

Certain entrj-es on the Census Fo'rms cannot be classifted by the

SCC, and in vlew of the fact that there is no "gg" Dlvislon, it ts

suggested that, at least ÍnitlaIIy, the following arbltrary classification

be followed:

, 99-1 Work done by others
99-2 Office supplies and expenses
99-3 Other servlces
99-4 Not elsewhere speclf ied (n" e. s . ) . 

.;.

99-5 Wages

99-6 Salaries

i
99-9 I'fust be kept a null "Group" l-n that the computer progråm

requires this code for termination.

In the next chapter, a suggested format and procedure is given

for registering such data.

Industrial Classif ication

The Canadian "Standard Industrial Classlflcation (SIC) is to be

found in the D.B.S. publication (47). In regard to the

Manufacturing Section only, the Levels of detall are: 20 Î:llajor Groups,

Industries glven by a four-dtgit code and a varylng number of

Establlshments(6 ) *ftnln each Industry i.s given. Each Industrial Census

(6) See page 31"
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Form represents an Establ-ish¡¡ent which often, but not necessar:iIy

represents a firm, and is asSigned to añ Industry by the D.B.S.

according to lts princtpal pr.oduet. An input,/output table codecl

oceorclltrg'bo the SIC can be. used for lnternatlonaL comparlsons f¡r tirab

the SIC was designed to aicommodate, the U.N. scheme, fsrCÍ7 ).

The hea{lng on the Census For¡ns have the Establishment ¡rame and

address (printed), the four-dlgit Industry codè to which it belongs, a

provinclat code, a ttwithin provlncett area code and an Establishment cocle

number. Unfortunately, the Establishment identification code may be

dupLicated with a province, for a giveh,Industry: the D.B.S. has sub-

divided the provinces into âreas within which, and only within which,

the assigned establishment number 1s unique. Thus, the Establlshment

ldenttty is best rnalntaÍned on the data deck by ustng the area cocle as

well as the Establishment number. Appendix "D" contains a sample Census

Form on which is indicated the locati.oir of the above information.

The Census Form ltse1f can be looked at as a number of basic

seetlons:

I. Inventories "Stock-on-hand" is listed for the beginning

and the end of the reporting year -- with varying degrees of

deta I 1.

2. fuel and ElectrÍcity - Again, with varying degrees of detail.

Inputs - Some forms -- e. g. the Chernlcal Industry -- are

very detalled (>200 entries) whereas others -- e.g. the

Clothing Industry -- show only the sum of the inputs, In

the latter case, recourse must be made to supplementary data

for determining the cost stmcture

3.

(7) See U. No ( +Z 7



L Outputs - Most

(> 100 entries)

is needed.

5. lVages and Salaries - Usually the two are distinguished on

the Formn anil the dâgrqq r,¡f clç;rtsiI is s'{:u¡rdarei.

6. Other Accounting Information - Taxes, office expellses,

capital expenditures, etc. foilol (on the Form) the input'

and output sums -- such information may be subsequeutly

E¡¿¿

f orms shotv considerable comrnodlty cleta i1

alihorlgh f orthe basic program only 'L,he sum

useful and it is suggested .that 1t be recorded on "supplenrentarytt

cards as per Chapter IV.

The Census Forms are also classified according to size. There

are three basic sizes knorvn as Long, I\,iedium and Short Forms, respectively,
although the degree of detalÌ in a given size may vary from Inclustry to

Industry. In general, the Short Form.data is not used in cornpiling the

tabl-e i¡ecause of lack of Ínput detail, although in the. initial" l¡asic

cÌata cards, alI Establishments (and hence, Forms) are registered.

The SïC was revised in 1960 although Census Forns are normally

available dating back to 1950. The In.dustrj-al Census Forms can be

found on file with a provincial government department; in Manitoba's

case, with the Department of Inclustry and Commerce. Descriptions of

revisions, including the 1960 revlsion, the code itself and Major

Group assignments can be found in the baslc manual. 
(8 )

The Major Groups, which form the basis of the suggested final

aggregation of the table, are groupings of Industries wÍth like products.

There are 20 i\[anufacturing Ìllajor Groups def ined in the SIC:

8. See References (45, (46) and (47)



1. Food and Beverage Industries
2. Tobacco Products Industries

3. Rubber Industries

4. Leather Industries

5. Textile Industries

6. Knitting MilIs

7. Clothing Industries

8. Wood Industries

9. Furniture and Fixtures Ind.

10. Paper and Al1ied Industries

rn the case of a given province, this particular division may

not be appropriate. rn Manitoba, for instance, the output value of
the rndustries included in Major Group 2, and agaln in Major Group B,

is less than $5 M" whereas that of Major Group 1 is $125 M. rn this
case, it is convenient to subdivid.e Major Group 1 i-nto, say, Meat

Products, Dairy Products, Grain Mi11 Products, and Other Food processors.

By the same token, Major Group 2 and Major Group 3 could be combined..

Thò src Major Groups can also be added to, to inctude other
convenient sectors of the economy such as

Petroleum Mining

Metal Mining

Non-Meta1 Mining

Crops

Livestock

The l{ajor Groups form that part of the table which is subjected to
"feedback" and., as such, is the part which is inverted. other sectors
can be added on as rows, to represent "non-produced" inputs such as

labour, profits, depreciation, 1and, taxes, non-competing imports.
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11. Printing, Publi_shing and AIlied
12. Primary Metal Industrie"Ind'

13. Metal Fabricating Industries

14. Machinery Industries

15. Transportation Equipment Industries

16. Electrical Products Industries

17. Non-Metallic Mineral Products Ind.

18. Petroleum and Coal Products Ind,

19. Chemical and Chemical Products Ind.,

!9. Miscellaneous Mfg. Industries



Import s

There are no readily available sources of data on imports on a

provinci-ar breal<doln. rn the case of the Manitoba study, the base

year coinclded with a study on rmport Repracement done tor co¡¡mp( 
9 )

from rvhich the c matrix of (rl - 25) rvas estimated. Lacking this,
access would have to be made to way-bilI documents of transportation
companies for data on commodity d.escription and destination; an

ambitious task. rt is Left to the user to d.etermine the method and

source for determining these rmports. rt is important to keep in mind
that distinctlon must be made betrveen input imports and final demand

imports, and again, betrveen competing and non-competing imports.

rn the next chapter, rhe computer program is described together
wíth a step-by-step procedure for incorporating the data considered above

into the model considered in Chapter II.
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o Committee on Manitobaes Economi_c tr\rture
l'finnipeg, 1963 .

, Government of Manitoba,



This chapter is concerned wi.th the actual procedure, step-by-step,

used 1n compilj,ng the basic tables. In the followÍng section, the

computer ancl how Ít is used is briefly discussed. The next secbion,

Iabelled Section I, gives the cletailed lnethod of putting the required
. ttdata in "computer acceptable" form. Section II describes the data and

programs required under the headings of the desired outputs. Operator

sheets under each object sectiotl are for the computer operator as a

guide for input card sequences and for any subsequent prograrn revisions.

Section III gives a concise description of the card declçs involved. The

d,Íagrams found at the end of the chapter are referred to in the text.

CTIAPTER IV

THI] COIPUTER PROGRAM

The Computer

A computer is a "sequence co¡rtroll-ed calculator"( 
1) 

whiclr,

the course of pursuing this function, serves as a temporarJ¿ storage

information, a selector of sequences to folLow, and a producer of

answers in various f orms. Instrrrctions are t'fed j.ntott the computer, then

data is "fecl in", and after the computer has exêcuted. the instrrrctions

on the data, the answers, or "conputed" data is t'fed outtt or Outputed.

This is diagrammatically represented on pageIO3¡ Diag. I. The computer
tl,. - rt"thinks" only j-n a discrete sense in that any decisions macle by it are

based on given information (quantifiecl) and,/or computed info¡mation.

The use to which the computer is put in the program outlined here

is a data processing function - a transformation of data with only slmple

calculations invoLved.

I. Berkêley, E. C.; Giant Brains, Science Editions Inc., New York, 1961.

l_n

of
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Certain carclinal rules in cornpnter input preparation should be

stressecl here. In consldering instn¡c tio¡rs a¡rd data, the machine talçes

things quite literally. If, sâV, a variable name is entered as P I M Ø,

and, if Later in the program, it is acciclentally replaced by P 1 M O, the

computer cannot take the comnlon sense view that tìre progrsmner rneant I
instead of onee and Ø insteacl of zero. Again, if the eomputer is

instructed to accept data on the firsb ten columns of a series of cards,

and if the data, in fact, is mispunched on the third card such that it

extends into the first eleven colunn-rs, only the first ten columns are

read, even though to the nalced eye this rvould appear absurd. In other

words, instructions and data must be erltered exactly as specified.

Geometric symbols are used to illustrate program procedures

without having to consider detail. The symbols are defined on page 
.10¿I

Diag. II, as based on the standard. I.B.M. template, with a few convenient

revisions

.,ì

Input/Output Media

Both instrr,rctions and input data are entered into the computer'

on I.B.M. 5081 cards. Output is either on the same type of carcl and,/or

on a printer (typewriter with continuous paper ftow). The 5081 cards

have 12 rows, 10 of which are numbered, and 8O colunrns - see Diag. 1II.

Each cotumn can register an al-phanrr*u"i.(') symbol; for instance, Bo

digits could be entered on the card. N"ormallyr what is entered in the

form of punched holes in body of the card, is aLso printed in a single

lj-ne along the top of the card. It 1s important to keep any series of

cards - called a "deck" in its proper - normally orlginal - order; this

is especially tme of any program deck where the computer considers the

sequence of instructions as indicated by the sequence of cards.

t Arabit numerals,e letters and special characters.



there are too many possible interpretations of meaning for many words,

which requi.re a human "intuiti-on" to cìi,stinguish. As a consequence,

the programs, at least those considerecl in this chapter, are written in
an English-like language c¿lLIed FORTRAN which the compr¡ter can be made

to understand., The question of the aclvantages and disadvantages of

other languages and of how the computer accepts FORTRAN need not be

gone into here. The input,/or-rtput p:rogranìs rvritten are, in the basic

FORTRAN II rvhich can normally be used on pre-1966 computers. The

I.B.À{. 360 line of computers required a slightly modified version, and these

changes are outlined in Appendix "c". rt is advisable that any adjust-
ments of this nature be left to a computer prograntmer.

Fortran instructions can i:e mastered fairly easi.Ly althotrgh it is
suggested that the Economist qua Economist need go no further than being

able to establish a professlonal rapport rvith the computer people. To

this end, one couLd consider the f ollorving aspects of .f,¡ortran.

l. Programs are writien on cocting sheets where,each line
' represents one carcl. The first six columns are used for

line (statement) reference.
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I¡ortran': The computer cannot bre made to undersl;and ilngLish;

t The computer is tol-d to accept data iry a READ statement

which stipulates the statement number which describes the

Iayout of the data (FøRMAT) and the list of variables to be

read -- e.g.

READ 10O, NUMBER

100 FøRMAT (layout)

The computer is told

PUNCH 100, (1ist

PRINT 100, (1ist

L(J

(-)I

UA

output data

va riables )

va riables )

by

for cards

for printer
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TLre sequence of statements follotved by the computer

corresponds to the sequence of lines on the coding sheet

r..åta"" the follovring "branc.h" statements are come across

Gø TØ (State¡nent number)

IF (Variable to be. test'ed) statement numbers branched

. to conditional on test.

5. $epetitive operations,

be repeated by using a

10 Dø 100

::

100 :

Here statements 10

(from 1 to J).

a series of lines or statemeuts can

D@ statement -- e.g.

= 1, J

6. Arithmetic

A-B
A+B
A*,8
A/B

A=A+B

symbols are:

minus, or subtract B f rom A 
':'

pIus, or add B to A

to 100 are done with I set consecutively

A simple program to read three data cards and output three cards

on which is the product of the two numbers on the input cards is given

in Diag. IV"

multiply B by A

divide A by B

what rvas in A is replaced

mean equal)

byA+B(doesnot



The Input/Output Program

Three basic program decks are used for conrputing the

tabLes. These are labelled as follorvs:

S ITT

TABL .\
INVBRT

In this chapter only SIFT and TABL are considered. SII¡T does a series

of operations on the basic rol data in preparation for input i¡rto TABL

which is a composite program ciesigned to output the various non-inverted

tables. IN\rERT is essentialty a progrianr for lnverting the Major Group

by Major Group Table and is considerecl i¡r the last chapter.

The procecÌure suggested is that the compiler oversees the coding

of the Census Forms and the transferrenee of this data to I.B.M. data

coding forms, accordj-ng to tire layout described in Section I of this

chapter. These forms are then given,to a card-puncher -- usually at

the computer centre -- rvho would malie up tire basic datq deck, labelled

DATA I. The compiler would then give the DATA I decl< or any computed

deck plus required control cards to 'bhe computer centre as per requie-

ment slreets of Section II. Section II is indexed by the Output required

and gives step-by-step instructions for worhing with the computer operator.

Secti.on III gives a complete clescription of all prograìn and input,/output

decks as well as control cards used. SIFT and TABL are listed in

Appendix "8".
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A, DATA I - This deck is Lhe one wìrich registers the entry infor-

mation from the Census Forms. Each card contains the fnciustry

code, the Establish¡nen'i; number and "code" number and f our

entries. The procedure to be fc¡llorved is:

1. Obtain the manufacturing Census Forms and pencil in
' the SCC assignment 'bo eaéh entry. AIso keep a list

of the 4-dlgit Industry cocle (see diagram VI) and

assign a unique Establishnent number to eacir form,

2. Transfer the information on the coded forms to the

IBM data coding form (ctiag"u* v) 
(1). 

Each line on

these sheets represent 4lcard and following layout

is convenient.

Columns

SECTION I

PREPAR]NG TIìE DATA
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L-4

5-7

8

9-11

12-20

2r-26
27-29
30-38
39-44

SIC

EST.

Code

SCC

Value

Quantity

SCC

Value

Quantity

(1) These forms are available at the computer centre.



45-47

48-56

57-62

oó-bb

66-74

75-80

scc

Va1ue

Quantity

SCC

Value

Quantlty

7 should beThe code for
following:

coo.(2) =

column

0 Input

ltt

2"
otl

À ll4

5 Output

^ 
llo

7"
gtt

gtl
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according to the

all fields filted

last field empty

card -
t?

D
J. Place the completed coding sheets

order for a card deck to be made

resultant deck with a marker pen,

together with an elastic band,

" - two last fields empty

" - three last flelds empty

" - no inputs

card- all fields f11Ied

" - last field empty

(2) The "fieIds"'referredto are
entry.

It - two last fields empty

- three last fields empty

- no output

with a card puncher in
up from them. Label the

as DATA I, and keep it

the sets of L7 columns used for each form



B.
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SELBCT: This cieck simply lists ihe Establj.shments onc wishes

to eliminate from the D¡\TA I cieck in order to rcmove unreasonable

or inaccurate data. Once the decision has been ntadc as to whicl't

ones shoulci be removecl , the SIC nuurber with correspotlciing Es-

tatrlistiment ¡lumber shon.l.c.l bc 1i.¡¡tecl on tha I. R. ì\f . clrrta cocl 1n¡¡

forms (Diag. V) ln the foltowing way - starting at Column 1,

write in the f our-cligit industry cocle, leave a blanl<, two-cligit

Establisìrment code, Ieave a bl-ank, next Industry code, c.Lc' Thc

procedure then is:

1. Run DATA I on SIIT to obtain COEF I (p. 69) a¡rd on the

basis of coEF I, select the Establishments to be removed.

2. List the SIC code ancl correspondj.ng Establishment code as

per above.

J.

4.

Have the cards punched.

Label SELECT and put a rubber band around the deck.
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c. scc - I{GRP ASS : This dech sÌrorvs the Major Group assign-
ments for each of the l1sted com¡nodities. The procedure is:

1. Using only those SCCts listed on the SCC - LIST decl<

(see p. Z S) assign each one to a À{ajor Group, on the

basis of the descriptio' :[or each SCC code, as fou'd
iñ the Manual (ref. (44> ).

2. Register these assignments on the coding forrns (niag, v),
starting at the first column of every card, as:

SCC code, three colunur.s

a blank coLunur

IVIa jor Group assignnrent, two columns

two blank coLumns

and repeat until the 80 colurrurs are f illed, for each

ca rcl.

3. Have the coding forms punchecì out into a.card deck,

and labe1 SCC - MGRP ASS anci put a rubber band around

the deck.



D. src - lvlGRP ASS : This decl< shorvs whicir l,fajor Group each

Industry belongs to. The assignri"rent is given in the SIC

Manua1 (47), if that cocle is follorvecl , although another

I{ajor Group code may br¡ cleviseci if desirecl. Tire procedure

here is:

I. U,sing the EST LIST clecl< (see p.Z3 ) assign each

SIC code to a À'lrrjor Group.

2. Enter each SIC rvith its corresponding nlajor Group

assignment onto the codi-ng forms (D+aS. V), starting
at Column 1, by

SIC, four columns

one blanl< column

Ma jor Groulr Assignment, trvo columns

one blank column

and repeat for all 80 columns, for each card,
' .:..

o/



The folloling sheets are categorizled by the computer output

desired. The descriptì.on of the decì<s referred is to ber found in
sectlon III (p. sz ). Under e:ich object heading there ar.e four

sheets:

l. The object declc and the corresponding required decl<s

and control card,s are listecl .

2. A s1mp1e flow diagram of the object-requirement as

described on the previous sheet.

3. An Ínstruction sheet for the computer operator.

4, A more detailed f low di-agr1,q of the actual program for

use by a progranmer for any subsequent revisions.

OBJECT - NNQUIRENENT S}LBETS

S]¡]CTIOI{ II

68



SI.TEET I

Object: COBF I

Requirements: DATA I

CO}{IROL I

Procedure: Give the computer operator Sheet 3 (page 71) ancl the

three requÍrement decks.

S IT¡T
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STMET 3

Prograrn is written in FORTMN II and j.s labelled SIFT

Progra:n, as it stands requir.es apþroxirnately 40rO0O bytes.

To run, the decks given to you shoutd be in the folloling order

SI1lT

COì'ITROL I

DATA I



trThe missing pages óoo 72, 76, g0, g\ gg, 90, g2, g6, LAz,
I4r LL5, Izh, r/.rere removed. from all copies of i;he thesis
as these were i¡l effect ¡nore i¡ the nature of work sheets
rather than part of the rhesis itselfrr, - llxii"act from a
l-etter dated January J, Lg67 fram the University of j,.fanitoba
Lo the il-abional iibrar¡'"



SITCINT 1

Object: COEF II and SCC LIST anci IiST LIST

Requirernents: SELECT S IFT

DATA I

CONIROL II

Procedure: Glve the computer operator srreet 3 (p.zs) alicr the four
requirement decks 

"
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SHEBT 3

Program is v¡ritten in FoRTRAN rr a¡rcl is laberLed srI¡T

Program requires approximately 40r0OO b5rf,.sg

To run, tne cle'cks given to you shour.d be in the for.ro'ing ord.er.

SIFT

CONTROL II

SELXCT

DATA I



lrThe missing pages ooè 72u 76e $Os 9t+s S8, 90¡ 920 96, IO2,

Il.{s ll5¡ L2la, were rernoved from all copj-es of lhe thesis
as l,hese were in effect more in the na.i;ure cf r.¿ork sheets

rather than part of the thesis itselfrr" - lxtract from a
letter dated january l, Lg67 from the University of i/íanitoba

to fhe National Library,
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SHNET 1

Object : .ÌIEIGHTS

Requirements: COEF II

,SIC 
MGRP ASS

SCC LIST

CONTROL V

TABL

Procedure: Give the computer operator sheet 3 (p. zg ) and the five
requirement decks.
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SI{EET 3

Prograrn is written in FORTRAN II and is Ìabelled TABL

Program requires approximateJ_y 80,0OO bytes.

To run, the decks given to you shou-[d. be in the folroling order,

TABL

CONTROL V

SCC LIST

SIC MGRP ASS

COEF II



tlThe ralssing pages .,. 72r 76s eO, gL.e g6, 9Oo g2s g6o lo2e
I!+e LL5e A2[u were removed from all copies of t,he thesis
as these were i-n effect ¡nore i¡r the nal,ure of work sheets
rather than part of the thesis itseLJt" - iùrtract from a

letter dated January J, 1967 fron the University of l,ianitoba
to the luaiional Library,
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SIIEET 1

Object: SCC x SIc TABLE

Requirements: SCC LIST TABL

SELECT

DATA I

CONTROL VI

Procedure: Give the computer operator sheet B (p.g3) and the four
requirement decks.
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STTEET 3

Program is rvritten in FORTRAN rr and is labelled rABL.

Program requires approximately gO,0OO bytes.
To run, the decks given to you shoutd be in the forrowing order:

TABL

CONTROL VII

SCC LIST

SELECT

DATA I



'rThe m:ssi-ng pages 72, 76u 80, 84¡ BB, 90, 92, 96, I02j
1l-4¡ Ii5¡ L2Lç, were removed from all copies of the thesis
as these were in effect more Ín the nature of vrork sheets

rather than part of the thesis itselfrr" - Hxtract from a

letter dated January 3, L967 from the UniversiLy of I'rianitoba

to the ltiationa.l Libra,ry"
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SFTEET 1

Object: MGTì.p x SIC TABLI

Requirements: SCC MGRP ASS

SCC x SIC TAi]LE

CONTROL VII

TABL

Procedure: Give the computer operator sheet 3 (p.gz) and the four
requirement decks.
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S}IBET 3

Program Ís written in FORTRT'\N II and is fabelled TABL.

Program requires approximately 80rO0O bytes.

To run, the decks gíven to you should l¡e in the followinþ ord,:r.

TABL

COI{IROL VII

SCC MGRP ASS

SCC x SIC TABLE



frThe nd.ssj.ng pages ,.. 72, 76u BO, BLça Bg, gO, g2, g6u IO2'
114., lI5¡ L2t¡, were removed from all copies of 1,he Lheses
as Lhese were in effect more in Lhe nature of r.¿ork sheets
rather than part of the thesis itserfr" - Extract from a
l-ett,er dated January l, Ig67 fron the University of l4anitoba
to the lrlat ional Libi"ary,
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SiüET ]._--.-_

Object: SCC x MGRP TAIILB

Requirements: WEIGIITS TABL

SIC MGRP ASS

SCC x SIC TABLE

CO}{TROL VIII

Procedure: Gi.ve the computer operator sheet 3 (p.gr) and the four
requirement decks.



"The rnissing pages 72, 76, 80, Bht BB, 90, g2u 96, LO23

L)l+, Il5¡ 121+u ,,,¡ere removed from all coÞies of the theses
as Lhese were in effect more i-n the nature of i,¡ork sheets
rather than part of the lhesis itselfrr. - Ex_lract from a

l-etter ciated January J, LJ6J frarn the university of iviani-toba

to the t\atíonal Library"



9t
S}IDET 3

Program is written in FoRTzu^N rr ancl is laberled TABL.

Program requires approximately gOoOOO bytes.
To rlrn, the decks given to you shourd be in the forr.orvÍuÉ¡ ord.cr.

TABL

CO¡ITROL VI I I
,\

SIC MGRP ASS

WEIGIITS

SCC x STC TABLE



frThe missi-ng pages 72, 76, 80, 8/+t 88, 90, 92, 96, LOzs

II{¡ LL5 t I2l¡, r,iere removed from all copies of the theses

as these were in effect more in Nhe nature of v¡ork sheets

ralher lhan part of the thesis itselfrr" - E:rLract from a

letter dated January l, L967 from the Unir¡ersity of lianitoba
to the iVational Library.
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SIEBT ]-

Olrject: I{GRP x MGìp TABLB

Requirements: SIC MGRP ASS TABL

,i[!IGHTS
MGRP x SIC TABI,E

CONTROL IX

Procedure: Give the computer operator sheet 3 (p.gs) and the five
' requirement decks"
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STIEET 3

Program is written in FORTIìA\ II ancl is labelled TABL.

Program requi.res approximately 80r000 byies

To ruÍr, the decks given to you shoulcl be in the following order.

TABL

CONTROL IX

SIC MGRP ASS

Y/EIGI{TS

95

MGRP x SIC TABI,E



IrThe missing pages 72, 76, 80, 84, 88j 90, 92, g6, LOz,

LLl,, LL5, L2[, were removed from all copies of the iheses
as these lvere in effect more i_n the nature of ivork sheets
rather than part of the thesis itselflr" - ilxtract from a

letter rìaled January l, l-9ó7 from the University of Manitoba
to ihe I'Jat,ional Libra,ry,



DATA T

Regist,er inputs and outputs fron the Census Fornrs. Each card

has the first eight columns reservecl for form' (estab]j.stuuent) identific-

ation. The Industry code is found in the first four columns, the

Establishment code in the next threer.aud the eighlircolurnn is reserved

for a cocie which indicates v¿hether the entries in the columns that

follol are inputs or outputs" The entries have three parts, the SCC

code, the value figure and the quantity figure" Each entry uses 18

columns ( 3 + 8 + 7, ) and aithough the card, may not be fiIled,

normally it has 4 entries registered on it ( ¿ x 18 = 72 + I (identi-

fication cds. );80 ). Thi"s deck ryill be the largest and wiLl
probably involve 2r000 to 4,0O0 cards

COEF I

SECTION III

DIìCK DESCRIPTION

õ,1

Is an output deck from the SIIT progran and lists for each

Establishment, the proportion that each input forms of output (value

terms) by undupl"icated SCC code" It also shows the output proportions

and the value of output" The deck is designed in a self-explanatory

rvay and the column by column content need not be considered"

SELECT

Is formed from on the basis of inspecting COEF I and choosing

EstabLishments which contain unreasonable or inaccurate data. Each

such Establishment is regis'cered in col-umn groups of eight, where



the firsr four columns contain the Industry code, the

the EstabLishment code, follorved by a brank. Thus there
such Establishments registered per card.

COEF T]

rs an output deck from srFT program and is deri-ved from coEF r
and SELECT. Thus, it corresponds exactly to coEF r except that the
undesired Establishments are not included.

SCC LIST

Again an output from SIFT,

;nduplj.cated SCC codes which have

three-dì.git codes are outputed in
of the 3 column code and a blank.

EST LIST

Li-sts are undupllcated src codes from DATA, in ascending order,
one per card, together with the number of Establishments assocj-ated
lvj'th j-t. on each card, the first four colum¡s are the SIC code, followed
by three blank col-umns and the three column number of Establishments.
This deck is outputed from SIFT uslng DATA I.

I'¿EIGIÌTS

98

next three,

can be 10

using DATA I and simply lists the

been entered on DATA I. These

ascending numerial" order as ZO groups

rs an output deck from the TABL program, using coEF rr (or r),
and the src lvlcRp Ass. These weights have.on it the wei-ghts to be
applied to the industry coefficlenis when aggregated into Major Groups. ïn
turn, it is used as input inio TABL in order to obtain the scc x MGRp

and the MGiìP x i\fGRp tabr"es. The info¡rnation i-s registered on each

card in eight groups of sixteen, where the first four coLum¡s indicate



the Industry, two blank colurins,

Major Group, two blank columns,

colum¡ for the decimal next four

blank coLumn"

SIC MGRP ASS

A s¡nalï deck indicating the lvlajor Group to which each Industry

is assigned. Each Industry is entered, rvith its Major Group assign-

ment in ten groups of eight colu¡rns, on each card. In each group,

the Industry is registered on the first four columns, a bLank coJ-umn,

the Major Group on the next two coltunns and fj-naIly another blanlç

column.

SCC MGRP ASS

99

trvo coLtrmns indicating the assigned

f ive columns for the rveights (:f irst

for the numbers) and finally a

As above except a list of the commodity codes and the côrrespond-

ing Major Group to which they have be'en assigned. Information j-s

entered onto each card in ten groups of eight columnsl where the first

three columns indicate the three-digit commodj-ty coder a blank colunn,

the corresponding Major Group assignment in two columns and final1y

two blank columns"

SCC x SIC TABLE

Is the commodity by Industry tables outputed by the TABL program

which aggregates the Estal¡lishment coefficients of COEF II (or I) 
"

There are nine Industry columns on each card such thal; the table is

outputed including all commodity rorvs (one row = one card) for each

group,of nine Industries" For each such group, there is an Industry

code title card folLowed by the SCC rows and the corresponcìing Industry

coefficients. If a printout is made from this.deck where blank cards



are added for spacing purpoÊies, care must be

cards and leave the deck in the condition it

order to use it as input to obtaln the other

MGRP X SIC TABLE

Is a d.eck identicaL to the above table except that the com-

modity rorys have been aggregated ini,o }Iajor Group Rows. It is outputed

from the TABL program using the SCC x SIC TABLE and the SCC MGRP ASS

deck.

SCC x MGRP TABLE

Another outputed table from the TABL program, this time using

the SCC x SIC TABLE and the IIEIGHTS decl<. It is identical to Lhe

SCC x SIC TABLE except that the groups of nine coLumns are now Major

Groups and the titte cards indicate the Major Groups rather than the

r00

taken to remove these

was outprrted in, in

tables.

Indus tries.

MGRP X MGRP TABLE

Is a deck outputed from the TAQL program using MGRP x SIC

TABLE and the WEIGHTS deck, 'This Ís the "final-" cleck which by having

corresponding rows and colurnns j.s suitabLe for inversion" Once the

deck is obtained it is suggested that it be printed-out and then

copied by pencil, onto coLumnar paper where non-manufacturing sectors

can be added at the compilers convenience. Rather than use the deck

as input into the INVERT prograrn of the next Chapter, it is suggested

that the table be repunched according to directions in the next Chapter,

from the coLumnar pads.

CONTROL CARDS

These cards are used simply to indicate to the computer what



i1; -; ¡;oi.:3 to -'cceivû -; it i.iil',',':-J/..,-. -L::l;.ll: il¿r:

ciesirecì as output" lhe func'cioil aira ^i-rl'or-lt on

bcl-ol'¡, Cnly ¿91'.intns 5 i;o l.t) t:ccc l;e rcs;e ::t'cd

tìrc co,iiuutc;.' i'cc;uires, -¿llc i;',hci' cc,r:;1,1.; i;i:-y

t.i,o;t i:lie,- compí ig¡il o"l Ì)rGü.l'i.rrrììrr(;a.r' iì; (.rr.r;..i ;. i- i t,<t

conpuì-er ignores these ot;1e,.- coir-ii.',.-,.;) . I¡o:'

5 1;o i0 ere ref errecl. to a:i ¿ile "eoalc zone",.

^^\rrraô^Y\. \r.i.\ 1 r-!\J.iJ r -

cc_tiTir,c]- I i

Puncir

LU^\ 1I:U.L \i

fol obt¿Lini-n3 COiil I - - ,r.l:rc.l:. I. in coc a zo\1c .

- for ob'ireinir',9, COIir j.-1 , SCC.LIST and ESjT LrST --

2. in cocìe zar\it) "

CCNîROL VI

CONTROL VÏi _

CCNTiì,OL VIII - foi'

for obtaii'Lrr:3; 1'r'.iìIGi-ì'I'S -- punch 5. in cocìe zale.

iû1

CONT]ìCL TX

r oï'

obtaini:Lg SCC x $IC ThtsLE

obtainr-rr.g triGRP r SIC TAIILE

obtaiuir-Lg SCC x ì\:(;RP TABLE

obtainilig IíGRP :: ,rlClrP T/IBLE

punch 6. in

-- punc;h 7. in

pun<:h f . in

-- puncil f . iù

coce zone.

code zone.

code zone.

coCe zone.



lrThe mj-ssíng pa.ges ,., 72r 761 80, 84, 88, 9or 92r 96e llaz,

IlL, tt5 , L2L¡., l^iere removed from aII copies of the theses

as these r¡Iere in effect more in the nature of work sheets

ra.ther than part of the thesis itself'r' - lÙr.tract from a

Ietter dated January l, 19ó7 from the University of i'llanitoba

to the lii¿rtiona.l Library,
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Rc vic tv

The argument of the tiresis has i¡eeir that au incxpcnsÍvc input,/

output i-ablc, compileci on a provinciEii basis, nìay collveniently be

built up from D.B.S. Census Forms anci SCC and SIC classificf,Úion

schemes. Frrther, it has been argued that many routing problens

(seconclary ancl joint products) can be ignored if the predictive,

invert¿rble table (MGRP x X{CrIfP) is of a higir level of aggregation. Tìrc

¡rorc cic'crrilccl Inciustry by fndustry squiìre tairle is possible from the

cìa Ln, btrt i¡rvolves tlte rout j-ng problems as well as the problem of

assiglilg colnntodities to Industries (ratÌrer than to tr'iajor Groups - a

less arnbiguous taslç).

Chapter I was an introctuction to the tiresis as well as

consiciering some }:asic economic concepis involved in input/output

anal,ysis, In particular, the co¡cept of "Sectorizing" the economy

ancì tracing "feeclbaclis" rvas ciiscussed.

In Chapter II, the basic suggesred model was considered and a

rationale given for its use in terms of data availability. The manner

of inclucling lmports anci iracie margins rvas considered and a composite

mociel tal<ing tirese f actors into account was developed. Fina11y, some

possible uses of such a model were discussed in a general sense.

chapter III assumed the use of the model developecl ín the

previous chapter and consiciered data sources, coding problems and

CiL,\PTIIì V

CONCLUSION
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trvo clifferent tables available from this clata. Emphasis was on

existlng classification schemes anci reaclily available sources of

data.

Chapter V outlined the step-iry-.s-bep procedures for gatlreriug

the data and using a computer to arran¡ìe tire tabular displays of the

desired layouts.of this data. I'b was ossumed that the coinpiler rvas

not f amiLiar with computer operations ¿rilcl computer programming.

Again, it was assumed that the computer operator, card punchers and

progranr.mers were not familiar either tvith the economics of input,/

output or even with the model used.

In this final chapter, a brief -survey has been taken of what

has been done after rvhich foL-Lols a discussion of preparaing the

MGRP x MGRP table for inversion and procedures for inversion itself.

Aclding Sectors onto MGRP x n'lGRP TABLB

Whereas as the colunn sectors only include the Manufactuling

Uajor Groups - by definition of Industry - the column sectors are in

terms of Major Group but maf include Non-Manufacturing iViajor Groups.

In Chapter IiI, it was suggested that "non-manufactured?' commodities

(rows) be classified to speeial Major Groups such as Crops, Livéstock,

Meta1 Mining, etc. ïf this format has been followed, and if, ", *u"'

suggested in Chapter IV, the MGRP x MGRP tabLe has been entered on

a colu¡nnar pad, then the task remains of t'squaring up" the sector

by determining the cost structures of these special Groups. In this

tabuLar for:n, the compiler can also enter any non-invertable sectors

such as final demand and primary factors (labour, etc,) in as fine
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degree of detail as desired. rn preparation for inversion, however,

these added sectors should be ornitted.

Subsequent Programming

The inversion programs are only outlined in this chapter in
the light of the fact that by this time, the compirer should be able

to program it himself or at least be able to explain the situation to
a professional programmer. Arso, the size and desired rayout of the

table can be specificarly stipulated and any desired adjustment can

be easiJ-y accommodated if the procedure is only "sketched".

Inversion

The inversion of a matrix is a common procedure in computer

work and the particurar computer centre may best advise on which

developed or "canned" program to use in the light of the requirements.

"Canned" prograr¡s are previously developed and tested pïograms which

only require instructions as to how to read in the d,ata. rf such a

program were t.o be used, the compller wourd discuss the arrangement

of the tabre on punched cards and have it subsequently put on these

punched cards. The computer eentre would then take over and suppì"y

the inversion in both printout and punched card forms.

Inversion in a direct sense, howeverr flaV lnvolve considerable
tl . ^ ^rrround-off errors. The reader is directed to reference (g) by Christ, C.

on this matter, and if he deems the lever of error to be significant,
he may prefer to use the power series approximation.

-'Ì- 2(r - A) ' = r + A + A- ,.. (v-r¡
A program for computing this is outlined on page 1I2, The series



may be taken out to as high a power as is desired. A simple test
on the accuracy is to multiply the approximate inverse by the

original (r - A) matrix, and the degree to which the product differs
from the identity matrix r is indicative of the error lnvolved,.

This follows from the mathematical relationship:
(r-A) (r-A) 1 = r

The author rvould also like to mention here a method of inverting
a matrix of any net changes in coefficients of A. rt is assumed that
the basic inversion (f - a)-1 has been computed. Al-though it is
valid, the usefulness of such a "short-cut" has not been satisfactorily
determined and it is reft io the compiler,/progranmer to make this
judgement. The procedure for developing such a program is outrined
on page IL3 and is based on the following formula.

Let A* = a matrÍx the dimensions of A, with ors in every

celL except the desired changes where the net

change is entered Ín the proper cell.
-lx((r - A) -) =

111

Then

((r -

the net effect of such changes on the inversion
-1(r-A)

-]'*A) -) **I+A+AA ,<
(AA )A

{<*t<+ (AAA)A

(v-z)



If it is desired to compute the inverse according to (V-t¡,

the following procedure can be used. Successive powers of ttAtt are

accumulated to any degree desired, and added to the Identity Matrix;
-1the result 1s an epproxlmation to (I-A) . The lnput requlred ls

the "4" matrix and some indlcation of how far (to what power) the

expansion should be carried. A basic flowchart for such a program

is:

INVERSION USING TIIE LEONTIEF-CORNFIELD EXPANSION

LL2

SUM=I+A
PROD = A

PROD =
PROD x A

SUM = SUM +



. The procedure here is similar to that on page 112 except that

a dunmy matrix is set up (call it "DUM") which has the dimension of

Matrix "A," with zeroes in all cells except for the pgustulated changes.

îhe suggested program ùe outl"ined in the following f,lswshart:

COMPUTING CHANGE ON INVERSE OF A CITANGE IN ''A''

START

READ
lrArr

\HL./

I13

\ READ

\ n"**n""
þtt*o7

SUM=I+A
PROD = A
DUM = CHANGE



'The missing pages ôoo 'l2r 76u 805 84, E8, 90, 92r 96u LO2,

1Ì4r LL5, L2L, were remorred from a.ll copies of the iheses

as Lhese hrere in effect more ín the naiure of work slieeLs

r"ather than part of the thesis itseffrr' - ,t¡<Nract from a

letter da.ted January 3, L967 from the University of l'rtanitoba

to the National Libra.ry,
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4. An identity equati-on expressing the equilibrium condition

the cost of a commodity unit is equal to its selling price.

Of the above equations , (4) correspond.s to (i - 2) and (1)

roughly corresponcis to (I - 1).

The tivo "extra" equations are necessary because the WaLrasian

purports to determine more variables under more rigid conclitions than

does the Leontief adapiation" A case in point i-s the fact that
Leontief , unlike \Talras , dld not require his model to rvork wj-thin a
fixed suppJ.y of primary factors. The exogenous variables in the

Walrasian system then tvere:

1" consumer tastes and preferences

2. available supplles of factor services

3" production techniques

rvhich, by rvay of the four sets of equations, determined the endogenous

variables:

L28

1. prices of finished goods

2. prices of production factors

In the Leontief system, the relativþ system of prices can be
)

derermj-ned given the quantities of output þs the quantiti-es of output
!,.

can be determined if relative prices are a.Fsumed fixed, whereas in the
í

lvalrasian model, both are simultaneously d.etermined by virtue of a

3. quantities of finished goods produced.

greater number of equations.

The prices and quan¡ities can be mufually determined if other
l¡ \ \

equations are added: Yamad"t' ' d.oes this:concisely by assuming demand.
:

as a simpl-e linear function of prices. :
:
:
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The programs "SIFT" and "TABL" are written in FORTRAN II, a

Ianguage which can be understood by most pre-1965 computers. If it

is required that these programs be run on the S/360 I. B. M. line of

computers, the language must be translated to FORTRAN IV. Care has

been taken in developlng ttSIFTtt and, "TABL'' to make most statements

compatible to both languages - such as spacing GØ Tø statements.

The input,/output statements, however, must be ehanged, along with a

qumber of corresponding FøRMAT statements. Thus:

. I. FøRTRAN II READ IOO, X, Y, Z

List of variables
Statement number of FøRMAT

. FøRTRAN IV READ (2, 1OO) X, Y,

Input Device reference number
statement number of FøRMAT

Note: No comma after bracket

2" FøRTRAN II WRITE l"OO, X, Y, Z

or PUNCH. 100, X, Y, z

or PRIM 100, X, Y, Z

FORTRAN IV - CONTERSION

FøRTRAN IV WRITE (3, IOO) X, Y, Z

Output Device reference number
statement number of FøRMAT

Note: No eomma after bracket

3. FøRTRAN II FøRMAT (7 H to SAMPLE)

Number of spaces for field of
literal constant

Hollerith field indicator
literal constant

FøRTRAN rv FøRùIAT ( t to sAMPr,E 
/)

literal constant
No need to count spaces - quote
rnarks def 1ne f ield.



SiFï PROGRAM FOR COEF Is COEF IIcSCC LISTg

DIMENSION ISCC (4) CVAL(4 ) EQUAN(4} C ITI(20O}'
10) c I T5(200 ) çT4(200 ) ,T5( Zû0)
M1=1
¡ti 2=1
M3=1
M4= I
M5=0
M6=1
M7=0
SUM=0 

" 
0

DO 1 I=1s200
T1( I ) =0
13 ( I ) =0
T4(I)=0

lT5(I)=0

SIC LIST

IT2(500)gIT3(200)r 114(20

SIF

SIF
SIF
SiF
SIF
SIF
SiF
SIF
SIF
SIF
SIF
SIF
SiF
SIF
SIF
SIF
SIF
SIF

SiF

SIF
SIF
SIF
SIF

STF

SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF.
SIF
SIF
SIF

SiF

SIF
SÏF
SIF
SIF
SIF
SIF
SIF
SiF

SIF

SIF
SIF

T4( I )=0"0
1ï5(I)=0"0

C READ CONTROL CARD

READ 1000qARK
1000 FoRMAT (F5"0)

l'44 RK =ARK
GO TO ( 100r800r100s100) sMARK

C READTNG BASIC DATA

100 READ l0orpISICgiESTpICoDEg ( ISCC(J)
1001 FORMAT ( I4gI3sIl g4ll3¡F9,ûpFóoO) )

IF ( ISIC-9999 ) 1 01 g500 ¡500
101 GO TO (301:IOZgZ01rl04)TMARK
102 ITTT= ( ISICaT1000 )+IEST

DO I03 I=lEMA
IF( IT2(Jl- ITTT ) 103s100çtO3
CONTINUE
DO 105 I=1pM1
IF ( ISIC-IT1 ( I ) ) 105E10ós 105
CONÏ I NUE

sVAL ( J) sQUAN( J) eJ=1 r4¡

OF COMMODITIES BELOVI/

103
104

105
IT1(Ml)=ISIC
GO TO 200

106 iT3(I)=IT3(J)+1

LISTING OF INDUSTRIES ABOVEs LISTING

2OO GO TO ( 301 c201 e 2OIs IO0 ) pMARK
207 0O 203 J=1 c4

DO 20? I =1 sM2
I F ( I SCC ( J )- f T2 ( I I t ZOZ cZOS c2OZ

202 CONT INUE
ITZIM2)=ISCC(J)
ivl2=MZ+1

203 CONT INUE

ACCUMULATION OF INPUTS AND OUTPUTS BY SCC

300 cO TO (301s301p100s100)pMARK
301 Y15=4-ICODE



IF(¡45l4O0g90Ig3OZ
3OZ IF ( M7 )303e303c50O
303 DO 306 J=1gM5

DO 3O5 I=1sM4
IF ( I T4( I ) -ISCC ( Jl l3u5 s3O4s3O5

7O4 T4( I )=T4( i )+VAL( J)
GO TO 306

305 CONT INUE
IT4(M4)=ISCC(J)
T4(M4)=VAL(J)
M4=M4+1

306 CONT INUE
GO TO 100

400 M5=M5+5
I F ( M5 \9O2 g9OZs 40I

401 DO 4O4 J=1gM5
DO 403 I=1gM6
IF ( I T5 ( I ) -ISCC ( J ) ) 4u3g4O2e4O3

402 T5 ( I )=T5( I )+VAL( J)
SUM=SUM+VAL ( J )

GO TO 404
403 CONT INUE

IT5(Mó)=ISCC(J)
T5(M6)=VAL(J)
M6=1.'1ó+1

404 CONT I NUE
M7= 1

GO TO 100

FORMING COEFS FROM VALUES

500 GO TO (513e60Or70Ogó00)gMARK
M6=Mó-1
M4=M4- 1

DO 501 I=1glt46
501 T5(I)=T5(I)/SUM

DO 5OZ I=1gM4
5O2 T4(I)=ï4(l)/SUM

SORTING AND PUNCH]NG INPUTS AND OUTPUTS
LX =0
MOM=M4- I

5O3 DO 505 I=1çMOM
IF ( I T4( I+1) -IT4( I ) ) 504g5o5g505

504 LXT=lT4(I)
CXT=T4 ( I )

I14(I)=IT4(i+1 )

T4(I)=T4(I+1)
ï T4 ( I+1 ) =LXï
T4(I+1)=CXT
LX=1

505 CONT INUE
IF ( LX l5O7 s5O7 g5O6

506 LX=0
GO TO 503

5O7 PUNCH 1002 g ISICp IESTcMTT ( i4( I ) gT4( I ) gI=
1002 FORMAT ( I4gI3g I1r6(1X gISgl-XrFT'5) )

M7=0
LX=0
l4OM=M6-1

5I2 DO 5O9 I=1¡MOM

SiF
STF
SIF
clÊ

SIF
SIF
SiF
SIF
SIF
SIF
SIF
S]F
SIF
SIF
SIF
SIF
SiF
SIF
SIF
SIF
SIF
SIF
SiF
SIF
SIF
SIF
SIF
SIF

SIF

SIF
SIF
SIF
SiF
SIF
SIF
SiF
SIF
SIF
SIF
SIF
SIF
5IF
SIF
SIF
SIF
5IF
SIF
SiF
SIF
SIF
SIF
SIF
SIF
SIF
SiF
SiF
SIF
SIF

lrM4)



ïF ( I T5 ( I+1)-IT5 ( i ) ) 508¡ 509e509
508 LXT=IT5(I)

CXï=T5(I)
Iï5(l)=IT5(+1)
IT5(i+1)=LXT
T5(l+1)=CXT
LX=1

509 CONT I NUE
I F ( LX ) 511 s 511 g 510

510 LX=0
GO TO 51?_

511 PUNCH 1002giSICcIESTgMTc( I15( I ) rT5(
147 =Z
PUNCH 1003p iSICc IESTsMTgSUM

1003 FORMAT ( I4sIOs I1gL0XgF10"I)
M7=0
M4=1
M6=1
I F ( I S f.C-9999 I ?O? cgOO g3O3

C SORTING AND PUNCHING iNDUSTRY LIST

ó00 M1=M1-1
MOM=M1-1
LX =0

ó01 DO 603 I=1cMOM
IF ( IT1 ( I+1 )-IT1 ( I ) ) 602s603E603

602 LXT=IT1(i)
IXT=IT3(I)
Iï1(I)=IT1(I+1 )

IT3(I )=IT3( I+I )

IT1(I+1)=LXT
IT3(I+1)=IXT
LX=1

603 CONT iNUE
i F ( LX l604 s 605 g 601

604 LX=0
GO ïO 601

ó05 PUNCH 1005 cMl
1OO5 FORMAT (2OH NOU OF INOUSTRIES I5)

PUNCH 1006s ( ITl(J) :IT3( J) çJ=tgMl )

1006 FORMAT (8(2I5) )

GO TO (700c900g900E700) sMARK
700 M2=M2-I

LX=0
MOM=M2 - 1

701 DO 703 I=lgMOM
iF ( IT2 ( I+1 ) -IT Z( I ) ) 7OZg7A3 c703

7OZ LXT=IT2( I )

TT2(I)=IT2(I+1)
TT2IT+1) =LXT
LX=1

103 CONT INUE
IF ( LX l705 g105 g7O4

?04 LX=0
GO TO 701

705 PUNCH IOOT st42
1OO7 FORMAT (21H NO" OF COMMOOITIES I5}

PUNCH 1008 eIITZ (J) sJ=Lgt42)
1 008 FORMAT ( 16 i 5 )

I)çI=1çM6)

SiF
SIF
SIF
SÏF
5IF
SIF
SIF
SiF
SIF
SlF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF

SIF

SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
STF
SIF
SIF
SIF
5IF
SIF
SIF,.
SIF
SIF'.
SIF,
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SiF
SIF,
SIF
SIF
SIF
SIF



GO rO 900
800 DO 801 l=1e500
801 IT2(I)=0

READ 1OO9 s A

1009 FORMAT (F5,0)
MA =A
DO 8O2 I=1cMA
READ I0l0sISIOEIESO

1010 FoRMAT (2r5t

802
900
901

1011

902

TOL2

iF ( ISIO-9999 ) 802 c 100s800
i T2 ( I ) = i SIO+É1000+I ESO
CALL EX I T
M7=0
PUNCH l0llrISIC
FORMAT (2OH NO iNPUT FOR IND.
GO TO 100
M7=0
PUNCH 1012 g ISIC
FORMAT (21H NO OUTPUT FOR IND"
GO TO 100
END

I5)

i5)

SIF
SIF
SIF
SIF
SIF
SiF
SiF
SIF
SIF
5IF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF
SIF



101

ra2
103
104

105

TABL PROGRAM FOR WE I GHT.S 9 SCC
AND MGRP X MGRP.

bIE T GHÏS

X SCCg SCC X MGRPc MGRP X SIC

DIMENSION ISIC ( 200 ) sSUM { 200 )MGRP ( Z0O ) spROp ( 2OOt s ISCC ( 500 ) p I SICT ( 9
L)rïABLE(500g9)
DO 100 I=1s200
SUM(I)=0,0

100 PROP(I)=0.0
READ 1000 cN1
ISIC(1)=Ni
K= 1

READ 1001 gNSIC sMTcTSUM
I F ( NS lC-99 99 ) 1 02 gl0ó s 10ó
IF(M7-Z)101s103e101
IF (MSIC-ISIC( K I ) 105 g LO4 gIO5
SUM(K)=SUM(K)+TSUM
GO TO 101
K=K+l
ISIC(K)=NSIC
SUM(K)=TSU14
GO rO t_ 01
READsI002sNOSIC
READ 1003 g (MGRP ( J) çJ=tcNOSIC)
I F ( NOS IC-K ) 900 c 1û7 ç 900

900 PUNCH 1050
1050 FORMAT (?4H No' oF s"I"c" IN DEcKs Nor EouAL)
901 CALL EXIT

1004 FORMAT (7H S'I"C. 14g7H M.GRP I2g7H PROP F6"4g5H SUM F9,0)
107 DO 110 I=LgK

PROP(i)=SUM(It
DO 110 J=1gK
IF(ï-J)108g110g108

108 IF(MGRP( I )-MGRP( J) ) 110ç109g110
109 PROP ( i ) =PROP( I l+sut"tt*l I

1 1O CONT TNUE
PUNCH I005 cNOS I C

1O05 FORMAT ( 19H NO " OF I NDUSTR I ES i ó )

DO 111 I=1gK
PROP ( I )=SUl.l (L /PROP( I )

Iï=ISIC(I)
SS=SUM( I )

it4M=MGRP ( I )

PP=PROP ( I )

111 PUNCH 1004sII gMMoPPe55

TABI
TABI
TABi
TAB]
TABi
TAB;
ïABr
TAB
TAB
TAB
TAB
TABÌ
T AB,
TABi
TABl
TAB
TABI
TABi
T AB,
TAB
TAB
TAB
T¡\B
T AB.
IAB
TABi
T ABI
ÏAB I

TABI
ÏAB
TAB
TAB,
TAB
TAB
ÏAB
T ABi
TAB
TAB.
ÏAB
TAB
TAB
TAB
TAB
TAB
ÏAB
ÏAB
TAB
TAB
ÏAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
T,A B

TAB

1010

101 1

SCC BY SiC TABLE

READ 101 0 TNOSCC
FORMAT (5XçI5)
READ L0L1 r ( ISCC( I ) gi=IpNOSCC)
FORMAT (16(i3s2Xtt
K=1
ISICï(1)=9999
DO 2001=1 gNOSCC
DO 20OJ=\ s9
TABLE(IqJ)=0u0?oo



2Ol READ 1012eNSICeM7g( ISCCT( I ) gPROPT(I ) cI=lvó)
IF ( NSI C-9999 I 202 g 2IO sZIO

2OZ IF ( ¡47-1 ) 20Ls203 E20L
203 IF (NSIC-ISICI( Kl l206g2O7 s204
204 K=K+1

I F ( K-9 I 205 s2L0 gZI0
2O5 ISiCï(K)=NSIC

GO TO 201
206 ISICT(K)=NSIC
207 DO 209 I=1s6

DO 20B J=IcNOSCC
IF ( ISCCT( I )-ISCC lJl l2OBg2O9g2OB

208 CONTINUE
209 TABLE( JoK) =PROPT( I )

GO TO 20r
2IO PUNCH 1013s( ISICT( I ) çI=1gK)

DO 7LI I=Isl\OSCC
N1=ISCC( I )

2I7 PUNCH 1014sN1s(IABLE( IgJ) gJ=1cK)
K=1
I F ( NS I C-9999 I 205 s901 s90 I

COEF TTI

READ 1010 cNOSCC
READ 1011s ( ISCC{ T ) g i=IgNOSCC

300 TABLE(Ig1)=0"0
N 1 =9999

301 READ l020gNSiCcM7o( ISCCT( I) sPROPT( I ) cI=1gó)
IF(NSÍC-99991

3OZ IF (M7-1 )301s303g309
3A3 I F ( NSIC-N Il304 s305g304
304 N1=ÀISIC
305 DO 308 I=1s6

DO 301 J=IgNOSCC
IF ( ISCC(J)-ISCCT( I ) )301 g306u3O1

?06 TABLE ( J g1 )=TABLE ( J g 1 )+pROPT ( I )

GO TO 3OB
301 CONTINUE
308 CONT T NUE

GO TO 301
309 I=1

DO 311 J=1 eNOSCC
IF ( TABLE ( JsI ) ) 311 c311 c310

310 SUM(I)=TABLE(Js1)
MGRP(ï)=ISCC(I)
ï=I+1

311 CONTiNUE
T SUM=
DO 312 J=l g I

312 SUM ( J ) =SUM ( J ) /TSUM
PUNCH 1021(N1E (MGRP(J) cSUM(J) gJ=1gI )

PUNCH IO22rNlgSUM
DO 3I3 J=IgNOSCC

3I3 TABLE(IsI)=0"0
co To 301

N4GRP BY SIC

READ 1030 gNOASS

TAB
TAB
ÏAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
IAB
TAts
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
ÏAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
ÏAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
TAB
T ABi
TAB
ÏAB
TAB



READ 1031 g (MGRP( I ) g I=IgNOASS)
DO 400 I=I g2

DO 400 J=lç9
400 TABLE(JaJ)=0,0
401 READ 1013 g ISICT

PUNCH 1013¡ISICI
I=l

402 READ 1014çN1g ( TABLE( 1sJ) sJ=1 g9)
IF(NI-99J4O3g410g410

403 IF ( I-NOASS )404 st+01 g407
404 IF (MGRP( I )-MGRP( I+1 I t4O1 g4O5g4O1
405 READ 1014gN1 g ( TABLE(2gJ ) sJ=1 p9 )

DO 406 J=1E9
446 TABLE ( 1 SJ ) =TABLE( 1 9J )+TABLE (2g JI

I= I+1
GO ïO 403

4O1 N1=MGRP( I )

PUNCH 1014gNle {TABLE( leJ ) sJ=1c9)
DO 408 J=1 r9
TABLE(1cJ)=0,0

408 TABLll2gJ ) =0"0
I=i+1
IF ( I-NOASS ) 402 c401 s90l

410 CALL EXTT

MGRP BY MGRP

READ 1005 eNOS I C

DO 500 J= 1 gNOS I C

READ l004siIcMMgPPsSS
ISIC(I)=II
lvlGRP(I)=MM

500 PROP(I)=PP
v -'lt\- I

TAB
TAB
TAB
IAB
TAB
TAB
TAB
TAB
TAB
TAB
rAB
TAB
TAB
TAB
TAB
TAB
TAB'
TAB
TAB
TAB
TAB
TAB
TAB
ÏAB
TAB
ÏAB
TAB
ÏAB
TAB
TAB
TAB
TAB

"ÏAB
TAB
TAB
TAB
TAB
TAB,,
TAB
TAB.;
TAB ,

TAB
TAB
TAB
TAB
TAB
TAB'
TAB
TAB
TAB
T,A8
TAB
TAB
TAB
ÏAB
TAB
TAB
TAB
TAB
TAB

501

5A2
503
504
505

506
507

508
509

DO 504 I =2 sNOS lC
IF ( MGRP ( I )-MGRP ( I-1 ) ) 502 c5O3 s50Z
K=K+1
MGRP(I)=K
COI\T i NUE
READ 1013 ç ISICT
DO 509 I =1 g9
DO 508 J=1 cNOS IC
IF ( ISIC(J)-ISICT( I ) )508g506c508
ISICT(I)=MGRP(Jl
IïEMP(I)=J
GO TO 509
CONT I NUE
COhIÏ I NUE
D0 510 I=1sK
READ 1014eN1c ( IEMP( J) cJ=1 s9)
D0 510 J=1g9
JL=ISICT(J)
JJL=ITEMP(J)

510 TABLE( I sJL )=TABLE( I çJL)+(TEMp ( J)+êpRop( JJL ) )
iF ( JJL-NOSIC I 505 g51 1 g 5I 1

511 LLL=1
KKK=9

5I2 DO 5I3 I=1 gK
513 PUNCH 1014s I g ( TABLE( I gJ ) eJ=LLL¡KKK )

IF(KKK-K l5I4s5L6g5I6



5I4 LLL=LLL+9
KKK =KKK+9
IF(KKK-Kl5L2s5I5s515

515 KKK=K.
GO TO 512

516 CALL EXÏT
END

TAB
TAB
TAB
TAB
T¡trI

TAB
TAB
TAB




