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ARSTRACT

dominant root of a typical (I-A)—-1 Leontief Inverse sguars
matrix. Descriotion and characteristics of such systemns are
summar ised and a brief algebrajic statement of the theoretical
model is given. |
’.But lack of "regularity"” in real-world data parmits only
approvimate numerical gulutionav to the algebraic "ideal®”.
After computing the roots, the dominant rom£ is used in an
iterative process to reach a stable eiQQvaactmr after 20 to
40 iterations. Separate vectors of Frimal and Dual ars
estimated in this way, by two gﬁch iterative processes.
Numerical illustration is given, in two experiments mﬁ
Irish 1982 14;aector transactions. An sconomic
Cinterpretation is made, for the Primal and Dual vectors, and

a few tentative conclusions are drawn.
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1. INTRGOUCTION

This paper provides a basic Eigen—-Vector analysis of the
typical (I-A)-—i Leontief Inverse, I bsing the unit matrix of
n rdw% and columns, and & the inter-—industry matrix of A rows
and columns comprising the dif@ct input coefficients derived
from domestic flows divided by total inputs. Such analysis
has not appeared in the main-stream literature of recent
vears, which implies that such analysis is nobt a popular
topic.

Howaver, esigen-roots and sigen-vectors are an integral
part of at least two branches of theoretical input-output
analyaiﬁ. In.relatimn to the Dynamic Model and the Turnpike
system, the paper by Fetri (41 Qiacuaaea eigen—-roots and
vectors of the dynamic system from the aﬁbect of stability
over successive time-periods.

As indicative of a separate branch of theoretical
application of eigen-analysis, one may consider the‘text‘of
Brody [131, which in Marxian terms provides a inaﬁhematical
statement of  the Labowr Theory of Value. Some three levels
of economic development are anélyaed: Simple Reproduction,
Extended Reproduction, and %womChannel Frices. In effect,
the eigen—analysis is performed on the complete transactions?®
matrix, not merely on the. inter-industry part. The Frimal
results provide balanced-growth measures in terms of total
outputz; final outputs, or investment for capacity expansion.
The corresponding Dual results provide price or value
information in terms of working-hours of input, or

working—time equivalent of profits on investment, which may

'



extend to costs of investment in human capital.

Section 2 of the present paper provides the ossential
algabraic ﬁtatﬁmént of the FPrimal and Dual equations for the
lLeontief Inverse system, with description and
characteristics. An  dterative method is ouwtlined, to find
the approximate eigen-vector matching the dominant
éig@mwrmwt.

Section % gives nuharical illustration of Frimal and
Dual estimation, by way of two experiments on Irish 1982 data

comprising a 17-sector Social Accounting Matrix. Section 4

Coffers some economic interpretation of the results, and draws

tentative conclusions asz to the usefulness of gigen—analysis
and the validity of the approximations obtained by the

iterative process. Appenah;x. 1, which 1¢ Self—fonliaénei,

descvibes 4 Supplementary eigendnilysis of the -sector
Leontcef Imverse : )9 \ N
HLET, AT K EAR ™, Jopsand colums U] bo o) of

Lo ALGEBRAIL MODEL AND METHOD OF SOLLITION

The treatment is brief and empirical, to avoid hedavy
involvement in theory. First, we consider the description
and charactéristice of a Square.matr'm Cy of N rows and
columns, ‘with its eigenrrootg.ri, i = 1, n, and Frimal

eigen-vector Vy,; corresponding to root rix by referring to

'Appendix'l of Brady £11. Each root r; has in fact two

eigen—vectors related to it: the Frimal vector v; and the
Dual vector n';. Secondly, we consider the particular form
of C tm.be investigated, namely the Leontief Inverse (I-A)—1,
and the guestion of exact or approximate root and vector
relationships for "real-world" matrices such as (I—-A) —1i.

Thirdly, - a methodology of estimating dominant (or largest)




Al

gigen-root r and related eigen-vectors y Frimal and w' Dual

is aummar ised,

Ligp

o

f

iption and Characteristics of the System, For Mabteis O

af FPosilive Elsments

1.

i

The following four points give the required coverages
We are interested in a sgquars non-symmetric matrix C of

n rows and columns, having all of its elements o

i
positive, The description "non-symmetric" means that
aff-diagonal element €, i not equal to slement Cj,ie

We form the Eigen~Equation of the Frimal Y

Cy = py ) V (1)

Aleading to the Determinant equation

] C-p1 ) =0 o : (=

Equation (2) yields a polynomial of degres n in p,
of which the eigen-roots vr,, i = I, n, emerge.
I is tﬁe unit matrix, of dimension (h,n) .
y is the FPrimal eigen-vector, a column vector of
dimension (n,1).
Jod is‘a scalar constant.

We find a vy, corraaponding{to each ;e
Our main interest is in the dominant (or largest) root
among  the i, to‘be denoted r, with its corresponding
Primal eigen-vector, denoted y.
The parallel Eigen—-Equation for Dual ﬁ' is

vlo = pw’ (Z.

leading to an identical set of r, results,

m! ‘being the Dual row vector of Dimension (1,n) . Here



again, owr main interest is the Dual eigen-vector
corresponding to dominant root r, and denoted n’.
4., Characteristics of nanwsymmétric O of dimsrsion (nan)

and of positive slements, with dominant oot  and

sigan-vectaor y and s

Drawing partly on Appendix 1 of Erody 011, the following

thres features of relevance apply:

(i) The dominant Fomt r is real and positive. Obther
eigen—roots may be positive or negative, or
comprise Eompl&mM;mnjugate pairs in complex
variable. |

(ii) The sigen-vectors y»and n’ related to dominant root

r have positive elements onlyj; there are no zero or
negative elements included. Eigen—-vectors derived
from other roots r,; may have'zerc; negative, or
cémpléxwvariable elements. But v and 7! derived
from r are the only eigen—-vectors tﬁ have iii
elements positive.

(iii)Thé intarnal proportions between the =lements of vy
'are uhiqua; this also holds for the elements of n'.
Any scalaf multiplication of vector y or vector w!

does not change the internal proportions between

the elements of each of y and w°.

The leontisf Inverse, and Approximatse Figen Solutions

As the particular form of C to be investigat@d; there
ococurs the (I-A)-1 Leontief Inverse, I being the wunit matrix
and A the intERminuEtry matrix of direct input coefficients

&;;2 Oof dimension ((n,n). This inverse typically has all




elemnents positive, some of whigh may be guite small or nearly
x@rﬁ.- Tte diagonél elements have typical values of between
1.0 and 1.5, although some values might be as small as O.9.
This matrix is non—-symmetric.

In the input-output (Iﬁ) context, Equations (1) and (3
nesd to be rea'atmﬁ; to give them an economic meaning. We
émnfimed this meaning to dominant root v, with r@lat@d Frimal

v oand Dual ni, having all'elmmentﬁ positive.

The Frimal becomes, from Eguation (1) above,

(I-A) ~1ly = rvy

(4)
Bﬁt, in an I0 setting
IR Ly = oy (5
gives. sector outputs x dar;veﬂ from final demands vy.
Thus combindmg (4) and (5 gives
®o= oy I (&)

meaning that there is (or might be) a vector of sector
outputs . in fixed proportion r to the elements of
Frimal vector vy, interpreted as a set of final demands.
This . occurs in the context of dominant root r and all
elements of % and vy positivé.

The Dual likewise, from Eguation (3) above, becomes
wh(r-m =1 = py) (7)
But, in an I0 setting
wl(1-m -1 = p! (8)
gi;as vector p' of sector output row price deflators,
derived from price deflator vector »t of total primary
input. Thué, combining (7Y and (8) gives

p' = r']‘y" . ’ (9)




meaning that thers is (or might be) a vector of row

price deflators p' in fided proportion r to the elements

of Dual wvector w'

v interpreted as a selt of price
deflators of total primary input. Here again, all
elements of ») and p' are positive, in the context of
dominant root e

%h@ treatment given above assumes that there exists an exact

fived proportion r betweén ¥oand v, and again between p' and

n', with all variables measurable by computation. FBut the

"real-world" situation of economic relationships of supply

- and demand, underlying the numaricél values of the elemsnts

of the Leontief Inverse, doaa'not parmit such precision. One

must therefore seek for appfumimate amlut}mns to Equations

(4) to (92, as now to be described.

Methadalogy of Estimating Pominant Root r and Eigen—Vectors v

and n'

The first part of the estimation process is to find the
eigen-roots .of the matrix (I-AY-—1i, The IBM Scientific
Subroutines HSEG and ATEIG are used, as described in [3, pp.
167-1701. Subroutine HBEG reﬂchs the non-symmetric Leontief
‘Inverse (an n by H real matrix) by a similarity
transformation to uppe% almost—-triangular (Hessenberg) form.
Thus the eigen-roots are preserved. Subroutine ATEIG
comnputes the vaiuea of ﬁhe eigen-roots of the latter upper
almost-triangular derivative, aé a vector of n alements
having the real parts of the roots, matched by a similar

vactor H@ving ﬁha-imaginary parts. Each real root has its




imaginary part zero (in the complek-variable contextd .

Th& mecond paft of the estimation process tékea dominant
root r and Leontief Inverse (I ~1 as given, and uses an
iterative process to eatimate each of vectors Yy and wl. A

starting-value of y is taken to be the vector (1.0 Ouy Oy

Va0 of n elenents, all zero except the first, taken to be

1.0 Tterative step bk uses estimate vy, to reach estimate

Vitrs as follows:

(I-AY =1 vy, = Flpgy (1)
Yi4d = (1/EJZh+1,J)Zk+1 (11

This says thabt elements of Z,44 are uniférmly scaled (ag part

of each iteration) so as to add to unit?, per Equation (11),

in Oéder to become Yiieis
After 50 to 40 iterations éhe Y valués becamsa fiwe& =l

stable. Two possible msanings attach to this outcome:

(&) ¥ (I-A)~1 were perfectly "ragular”, so that Eguation
(4) held exactly, then y, is the exact sigen—-vector
Frimal value related to r.

(b) The typical outcome, of (I-A)—1 not being pe}fectly
regular, oCocurs. Veotot Y is the nearest feasible

Cestimate of y that is aétainable with the given (I-A)-1

structure. Equations (4) and (6) do not hold exactly.

Far most elements of x and y, ¥ is a very close

approximaﬁion to ry;. Eut for a few elements, the
apﬁroximatién is not so close.

A similar and separate iterative process is

reguired to obtain Dual vector w', baed on Equations (72

to (D This iterative method of estimating the

e ey



Table 1: Part of Table 5. 6 of Henry [2],

. . i
i

Table 5.6: Jreland, 1982 13-sector transactions at 1982 hasic prices (£m)

firing Matrix of the Irish Economy for 1982

. Househo! Goot. .
Sectors Energy Agriculture  Food  Clathing Wood  Chemicals Clay Engineering Cc i Transport (' h}:‘/l: I:;:::, Artificial ;Z::::lj o:«‘(‘;’::;: /ocr:nl:n Exports ;:;: ¢ Sectors
() 2) ) 0 5. () ) (s ) (10) (12) (12) ) e T (1s) (17
{1) Energy 1555 46.0 39.0 e 130 260 $2.0 s1.0 100 110 423 847 630 .« 3610 43.0 o188 m
(2) Agriculture 24.0 1464.2 -2l Yo 11 [ X 3787 350 3010 22050 2
{3) Food 241.0 824.0 28.2 ' 9.8 8.2 ' 1091.8 19500  4139.0 )]
(4) Clothing 23.2 k] g : 109.1 4760 603.0  (4)
(3) Wood : 92.1 : 29.0 ’ 108 9.1 204.0 280.9 150 2460 287.0 (5)
(6) Chemicals 58.0 5.6 2.3 56.8 . 488 U 2.8 2.2 428 22.0 924.0  1158.0 (6)
(7) Clay 9.0 . 98.6 3329 1.1 0.9 © 183 49,0 117.0 682.0 (7)
(8) Engincering 2.0 51.0 57 28 9.2 53 1289 116.9 1 $0.0 126 10.4 41.0 1314 1970 19520 27210 (8)
{9) Construction - 10 17.0 40 1.t 17.0 109 9.1 489 1410 - 17920 2364.0 (9)
{10) Transport 44.0 _ 109.0 { 13.3 3.7 15,0 204.0 3 310 4120 2320 {10}
(11) Commerce ) 46 2923 88.0 9.4 215 476 611 1751 1858 {2 D254 9.7 7.0 21250 3810 " 940 257.0 38310  ({11)
(12) Public & Psofess. 0.4 33.7 10.0 4.6 28 5.4 63 199 154 X 2.1 .18 80 1240 21600 ° 23950 (12)
(13) Antificial 46.3 94.0 5455 68.8 634 2267 1425  204.8 89.4 ,’ 50,0 42.1 159 1.0 15949 (13}
(14) Houschold income 1717 8420 507.8 1324 %079 1974 1478 8001 3735 ! 2810 14170 1868.0 26420 . 9485 100372 (14}
(15) Government income  155.2 31.0 59.0 420 1021 65.0 610 2780 2620 | 162.0 1081.1 280.9 438.1 - 837.0 850 120 45224 (1%)
(16) Savings ’. 1087 2070 340 102 5.9 541 142 . 809 160 5 841 318.9 21.6 1977.5 =1146.6 14286 81710 (16)
(17) Iraports 2671  226.0 5469 2410 2683 4698 ° 1085 12645 . 3583 {2239 839.6 119 692.5 22959 3450 924.0 220 81101 (17)
» ks . .
Total input 9183 22050 41390  -609.0 887.0 11580 6820 27210 23640 | 8820 38310 2395.0 15949  10037.2 43224 31710 91101 Tota!

Origin: Table 5. 6 of [2] : Responstble Authority; E W. Henry (seef2]): |

Date: 1986

netm— g
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Table 2: The (I-A) Leontief Inverse derived from Table 1 Rows and Columns (1) to (14)

........................................................................................................................................................................................

Sectorse Energy Agriculture  Food  Clothing  Vood Chemicals Non-metallic Engineering Construction Tramsport Commerce Public Artificial Households
(1) (2) (3) 4) (8) (6) (N (8) (N (10} (11) (12) (13) (14

Energy (1) 1.203633  .072404  .068408 052552 .053167 055974 ;104865' .036651 .053118 046202 .040423  .058075  .061130 .067835

Agriculture (2) .027157  1.124141 517934 056532 .050105  .026041 ;- .039382 027242 .046369 042296 045062 .068512  .012064 .113827
Food (3)  .0442%4 .246722  1.392433  .118611 .077582 .042441% . 064260 .044488 076638 .068998  .074469 .113066  .019198 .185754
Clothing (4)  .003347 .007350 _ .005888 1.043772 .006737  .003211 - - 004843 .003345 .005773 J005211  .005364  .008191  .001549 .014018
Yood (5) .020388 036672 .049530  .033346 1.148272  .041396 .  .053327 023711 .043364 027691  .023131 .033081  .151395 .046788
Chemicals (6) .003865 .036862 023927  .011755 006200 1.059825 )  .010539 .022084 .007393 006172 004455 .006242  .030415 .008282
Non-metallic (7)  .004749 011476 .009663  .004553 .005078  .004430; 1.176508 .003314 .195706 .008298  .004848  .007086  .011343 .003680 °
Engineering (8) .011482 044214 .030343. 023144 016750  .021796 028100 1.053063 078700 .076181 014130 .020175  .036075 .025328
Construction (9) .013148 007554 011568  .003984  .004623  .002963 012716 .002928 1.162289 027706 .007473  .010629  .002031 010237
Transport (10)  .008130 .038056  .024337  .010761 .013227  .008927 .013378 .088097 .066730 1.012714  .015065 .019079  .012895 .  .029388
Commerce 11y .078773 .305978  .225976  .166627 .153480  .121806 .220792 142754 .213742 121048 1.119733 (175916 083995 291059
Public (12)  .005442 027369 .019680  .014828  .011484  .010513 .019982 012751 .018291 .008352  .007847 1.011802  .008014 .018560
Artificial (13) .075166 106863  .227076  .148934 110666 225220 .273977 .097894 117874 .087951 032701  .038714 1.030849 049131
Households (14)  .294598 647786 517477  .366406 .512802  .281118 424707 .294333 .507858 459151 473050 .722483  .126046 1.237100

........................................................................................................................................................................................

1l



Table 3: The (I-p)1 Leontief Inverse derived from Table 1, rows and columns (1) to'(I’

JURE

--------_--q--------------------------_--------------------------------_------------------.--_------------’----------_----_----_-------------_--_-------------_----_-------------------_

Sectors Energy Agriculture  Food  Clothing. Wood  Cheamicals 'Nonénetallic Engineering Construction Transport
(1) (2) (3) (4) (5) (6) % (7 (8) (9) (10)
.g |

Energy ' (1) 1.226035 077683 .072625 .055538  .057346 058265 7108326 .033050 .057257 049944
Agriculture (2) .028799  1.127750  .520817  .058573  .052962  .027607 041748 .028810 .049798 .044854
Food (3) .047068 .252821  1.397305  .122061 .082410  .045088 .068258 .047259 .081419 073321
Clothing (4)  .003530 007753 .006210  1.04400 .007056  .003386 .005107 .003529 .006096 .005497
Yood (5) .021577 .039287  .051618  .034825 1.150342 042531 055041 .024899 051414 .028544
Chemicals (6) .004100 .037378 .024338 012047  .006609 1.060049 .010877 .022329 .007797 .006537
Non-metallic (7) 005815 .013821 -011536 005879  .006934  .005508  1.178045 .004379 197544 .009959
Engineering (8) .012524 046504  .032172 .024440 .018562  .022789 .029602 .060109 .080495 077804
Construction (9)  .018692 019740 .021322  .010877  .014269  .008252 .020705 .008465 1.171842 .036344
Transport (10)  .008926 .039805  .025735  .011750  .014612  .009686 014525 .008892 .068102 1.013954
Comnmerce (11)  .096281 .342266  .254964  .187152  .182206  .137554 .244583 .159242 .242192 .146769
Public (12)  .072699 75210 (137761 .098451  .128519 074671 .116921 .079925 134197 113142
Artificial (13)  .077069 111046 .230418 (151300  .113978  .227036 .276720 .099795 121253 .030916
Households plus ,

Government (14) 450911 J991163 791781  .560630  .784628  .430132 .649835 .450353 777062 .792537

..................................................................................................................................................................

i ' _
’i-iif 2{4) and (15) combined

Commerce

(1

044279
.047697
.078923
.005658
.025040
.004832
.006560
015802
.016372
.016343
1.146233
.115809
.035756

Public

(12)

.063964
072536
.119868
.008641
.035998
006817
.009701
022729
.024220
.021030
.216388
1.176690
.043380

Artificial

.062158
012766
.020385
.001627
.151804
.030515
011788
.036521
.004402
.013236
.091055
.036781
1.031663

Households
plus
Government
(14)

077918
120719
.197401
.014788
.051782
.009268
.014358
.029700
.033508
.032729
.360359
.300879
.057120

1.892861

-k

N



Table 4: Eigen-roots Derived from Tables 2 and 3.

13

Main Diagonal

Table 2 Results

Table 3 Results

Location Real Imaginary Real Imaginary
Part Part Part Part
(1) (2> (3 (4)
(1, 1 2.218899 0.0 2.913179 0.0
(2, 20 1.159282 .082779 1.183794 0.0
(3, 3 1.159282 ~-.082779 1.223382 .081609
(4, 4> 1.038617 0.0 1.223382 .081609
(5, 6) 1.072926 0.0 1.1156509 0.0
(6, 6) 1.023951 0.0 1.080100 0.0
(7, 7) 1.006742 0.0 1.038877 0.0
(8, 8) 1.122092 0.0 1.036029 0.0
(9, 9 .994706 0.0 .897747 .009310
(10, 10> .919450 .023243 .997747 .009310
(11, 11O .919450 -.023243 .908810 .015389
(12, 129 .922568 0.0 .908810 .0156389
(13, 13) 1.270659 0.0 .9056556 0.0
(l4, 14 .748825 0:0 .763569 0.0




Table 5: Eigen Results for Table 2 14-sector Structure.

- Sectors

[P ISP IR SRPEPRSSIS EE PRRR R S SR L bttt tabebotdedndeiede kool ubeieiededededeteinidi e

(1) Energy
(2) Agriculture, forestry,
fishing
(3) Food, drink, tobacco
(4) Clothing, footwear,
textiles
(5) Yood, paper, mis-

cellaneous manufacturing

(6) Chemicals
(7) Non-metallic minerals and
mining (ex. peat and coal)
(8) Engineering
(9) Construction
(10) Transport
{11) Commerce
(12) Public + professional
services
(13) Artificiale
(14) Household Income

Total

Qutput
proportions
£ million

2.580
3.369

1.984
7.916
6.877
2.420
11.145

6.968
4.640

Total
Final
Demand
proportions
{except
households)
fa

2.204
12.737

3.141

1.722 -
6.098

1.168
14.182
12.787

2.924

4.831

14,255
0.0
23.697

PRINAL
Eigen-

vector y

Final
Demand

proportions

(31st

iteration)

fn

11.3565
13.8075

0.6860

4.2278
1.3592

0.9608
2.3121
0.8477
15039
17.3426

1.2874
7.2078
31.8943

Sector
outputs x
derived
froe (3)

by -
(I-4)

of Table 2
fm

11.6834

25.1425

30.5687

1.5188

8.3600
2.8902

2.1271

5.1189
1.8767
4.2150
38.3951

2.8502
15.8575
70.6120

Ratio

(4)/Q3),
Eigen-

root

approxima-

tion

Eigen-
vector
T of
direct
primary
input
coeffs.

(33rd iter.)

.035886

.112006
167290

.063323

.068923
.048738

.076653
.042366
.095064
.058502
.054472

.081890
.030843
.074045

——n-

Direct +

indirect
price Ratio
yvector {7)/(6),
p' derived Eigen-

froa (6) root

- by (I-4) approx-
of Table 2 imation

(N (8)

.087231 2.431
247972 2.214
.348228 2.214
140193 2.214

.152591 2.214
.103640 2.126

.169704 2.214

.093795 2.214
.210466 2.214
.129518 2.214
.120596 2.214

.181299 2.214
.068284 2.214
.163931 . 2.214

91




Table 6: Consistency Test of Transaction Structure Implied by the Eigen-Yector of 1982 Final Demand shown in Table 5 column (3)

70.612

£ sillion
Sector Energy  Agriculture Food Clothing. Yood Chemicals Non-  Engineering Construction Transport Commerce Public Artificial  Household  EIGEX- Rov T0TAL
retallic Spending and  VECTOR Sus  OUTPUT
’ Saving FINAL Control
DEXAND value
(§3) (2) (3) 4 (5) 6 n (8) (%) (10) (11 (12) (1) (14) (15)
Energy “ (1) . 1.978 .525 288 027 137 .065 .100 .058 008 .056 424 041 .630 2.540 4.806 11.683  11.683
Agriculture (2) 214 10.814 022 ’ .0 001 2.664 11.357  25.143  25.143
Food {3) 2.815 6.086  .070 .098 010 7.681 . 13.807  30.568  30.569
Clothing (4) .058 007 .768 0.686 1.518 1.518
Yood {5 972 .023 .108 .o 2.041 1.976 4.228 9.360 §.350
Chemicals (6) .661 J027 006 42 .08 028 003 .428 155 1.358 2.890 2.890
Non-metallie (7) .103 ’ .308 .264 011 001 135 345 .961 2.128 2.127
Engineering (8 025 .582 014 024 023 017 282 .092 .253 126 012 A7) 924 2.312 5.115 5.118
Construction (9) ..089 _ 126 ’ 012 .25 .. .086 109 011 344 .848 1.877 1.877
Transport (10) 502 . .087 133 004 .150 1.435 1.904 4.215 4.215
(onmerce (11)  -.059 3.333 650 098 | .2 119 181 328 .108 014 .28% 012 J10 14,948 17.343  38.397  38.395
Public 112) 005 .384 074011 .026 013 .022 037 .012 .002 021 .002 .080 872 1.287 2.848 2.850
Artifical (13) .589 1.072 4,029 .72 22 .566 444 .384 071 .253 422 .01¢ 007 7.208  15.958  15.967
Household Income  (14)  2.184 9.601 3.750  .330  3.249 .493 .481 941 .455 1.424 142010 1.628 -31.894  70.611  T70.812
- Govt. Income (15 1.974 .353 436 <105 - 1.077 .162 .190 514 .208 821 10.835  1.048 4,383 5.888 - 0.0 27.994
Savings (16) 1.383 2.360 .51 025 .062 135 044 .152 013 An 3.156 .033 13.912 0.0 21.738
lgports and (1 3.398 2.577 4,039 601 2.833 1un .338 2,378 .284 1.134 B.418 014 6.929 16.152 0.0 50.266
Qutflows i
Coluan Sux 11.684 25.143  30.570 1.517  9.358  2.891 2.127 5.117 1.877 4.216 38.334  2.850  15.956 70.612 100.000 222.316
TOTAL INPUT, ’
control value 11.683 25.143 30.569 1.519  9.360 2,890 2127 5.118 1.877 4,215 38.395  2.850  15.9%7

ol




Table 7: Eigen Results for Table 3 l4-sector Structure.

................................................................................................................................................

DUAL
PRINAL Eigen- Direct +
Total Eigen- Sector vector indirect )
Final vector y outputs x Ratio T' of price Ratio
Demand Final derived {4)/(3) direct vector (1/(8),
proportions Demand from (3) Eigen- primary p' derived Eigen-
Sectors Total {except proportions by < root input from (6) root
: Output households (31st (-0  approxima-  coeffs. by (I-AT{ approx-
proportions + Govt.) iteration)  of Table 3 tion (31st. iter.) of Table 8 imation
£ million fm fm fn
- (2) (3) (4) (8) (8) n (8)
{1) Energy 2.361 434 3.9047 11.3703 2.912 044338 28111 2.912
(2) Agriculture, forestry,
fishing 5.669 3.373 6.6285 19.3021 2.912 .105354 .306730 2.912
{3) Food, drink, tobacco 10.641 19.492 8.8923 25.8543 2,912 .121887 . 354934 2.912
(4) Clothing, footwear, .
textiles 1.566 4.807 0.5251 1.5291 2.912 .059824 174208 2.912
(5) ¥ood, paper, mis- ) : - ) '
cellaneous panufacturing 2.280 . 2.836 2.6277 7.6519 . 2.912 073086 -~ .212825 2.912
(8) Chemicals 2.977 9.332 0.6626 1.9296 2.912 044536 - .129690 2.912
(7) Non-netallic winerals eke, cpan
{ex. peat and coal) - 1783 1.788 0.8628 2.4195 - 2.804 077528 - L21739%6 2.804
(8) Engineering 6.996 21.704 1.3302 4.2680 . 3.209 ..037781 121221 3.208
{9) Construction ' 6.078 18.098 1.4185 4.1308 2.912 .088010 .259197 2.912
(10) Transport 2.138 4.474 1.3778 . 4.0120 2.912 .062817 .183213 2.912
(11) Copmerce : 9.849 3.545 14,0077 40.7904 2.912 .061339 . .178620 2.912
{12) Public + professional :
services 6.157 0.0 10.5997 30.8664 2.912 .092840 .270349 -2.912
(13) Artificial» 4.100 0.0 4,0975 11.9319 2.912 027325 078571 2.912
{14) Household plus Government
Income : 37.434 - 10.317 43.0639 125.4050 2,912 .102236 .297712 2.912

................................................................................................................................................

9l
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pigen—-vectors has been davelgpéd eméirically by the
author, who doss not claim originality in this tegard.
The approach works wall in practice, as demonstrated by
the numerical sxperiments of Section 2 following.

-

T MUMERICAL ILLUSTRATION BY IRIGH 1782 14-5ECTOR

TRAMEAL T ITOME

The Social Accounting Matrié (SAMY appearing as Table 1
has been used to test the theory and émlution methods
described in Section 2 above. This S8AM is part of Table 5.4
of Henry [21, aﬁd shows 17 rows of tran%actimn% matohed by 17
corresponding columns, for 1982 atA 1982 approximate basic
values. All imports and wutflmwglgre‘includéq in row‘(}7}.
The unit is IREL million, for all transactions.

The description "SAM" is approﬁriata, because National
Accounts’ items are an integral part of the Table. For
example, row totals or sub-totals show the sstimate of Gross

National Disposable Income (BNDI) as follows:

Household income total (row (14)) 10,037.2
less Government current transfers
(row (14} col. 45 ° ' —~2,642.0
plus Govt. income total (row (15)) +4,522.4
less Govi. current payments abroad . -~345.0
{row (17), colunn (13))
plus Savings nainly depreciation) +711.5
(row (1&) cols. (1) to (12))
GMDI = 12,484.1

To get BNF at Market Frices, one subtracts from GNDI the net
income transfers from abroad, 5@1.5, given by column 17D

entries 948.5, - 12.0, and reduced by the 345.0 of column

(153) . This gives a GNF estimate of £11,893.6ém.
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Household savings of 1,977.5 appear in column (14),

A5
Cpart of the disposal of hc;uﬁsaehc;)ld incomes. The Governmernt
deficit on current account appesars as ~1,1446.6 ih'aulumn
(195) , meaning that in 1982 Government incoms2 needed to be
supplemsnted by Bwrrmwing;_to cover current outgoings. The
Savings row (1&) entry of 1,428.4 in Export column (17) means
that this amouﬁt was the eatimat@d'défié;t on current account
for Balance of FPayments purposes.

Two Eigen—-Root experiments have besn ﬁ@rform&d with the
data of Table 1. The first experiment took as inter-—industry
matrix the aectimn'cmmpriﬁing rows and columns (1) to (14),
cand used total inputs to derive the §~matrix. The resuliing
(I-AY—1 i shown as Table 2. Sector (14), households, is
included, to generate Feynesian income ana expenditure
effects.

The second experiment used a new row (14) comprising row
(14) plus row (13 of Table 1, and a new column (15
comprising columns (14) plus (15), without further
adiustment . A ld4-sector structure again applied. This
suggests a "social" approach to combined resouwrces of

households and  Government, both for income and outgoings.

From this A-matrix, the resulting (I-A)~! is shown as Table

Thus in summary, the two l4-sector Leontief Inverse
matrices as described were the material for Eigen—-Root and
Eigen-Vector analysis. Economic interpretation of results

appears in Section 4 below. Here we are concerned with

numaric results as such.
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£ Fgerr-Root Resulbs

Table 4 ShéWB the eigen-root ouwbtcome for Tables 2 and 3.
Columns (1) and (2 of Table 4 show the roots derived from
Table 2, and associated with main-diagonal locations of that
table. Of the 14 roots, iO are confined to real variable,
and 4 comprise complex variables,»in théir expected groupings
of two complex-—conjugate pairs.

Of relevance to the problem in hand is the main or
dominant root, of value 2.218899. This is éaal antd ppﬁitive,
and shown in column (1) associated with main-diagonal
location (1,1). It implies an approximaﬁe éigehwvacﬁor Y
assoclated with Tables 2, suéh that pré—multiplicatimn of y by
the Table 2 Lewmt;af Inverse giveé an value.approximately
2.219 timgs Y .

The results derived froﬁ Table- 3 appear in columns&<33
and 4) of Table 4. We find € real roots, and 3 pairag of
complexd-conjugate roots. The dominant root is again real and
positive, and of value 2.913179. Tﬁus the implied
eigen-vector % of Table 3, when pre-maltiplied by that table,
vields an approximation of 2.913 times .

Eigen—Yector Resulés for Tabls 7 First Expescriment)

The outcome of eigen—vector esstimation failmwing Trom
dominant root 2.219 of Table 2 is set out in Table 5. Column
(3} of that table shows Frimal eiéen~vectnr proportions
adding to £100m., the stable outcome of iterations number
21) and later, of the iterative prﬁcess of estimation.

For purposes of comparison, matching proportions appear

for total output in column (1), and for total final demand
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Aencluding household expenditure) in ﬁmlumn (2. Comparison
of columns (1) and (2) shows mafmr.differenca% in
proportions, for sectors (1), (@), ), (&, B, 9, .(1“’
(12) , (13 and (14), which means 10 sectors of all 14. The
'given 1962 ﬁtructure of Table 1 therefore shows a very uneven
set of ratios relating total output ﬁm_tmtal final demand
(agygregatse of columns (15) to (17) of Téble 1) as defined for
thé present edperimnent.

The Frimal eigen-vector, of its nature} is final demand.
Comparison of th@'vmctpr proportions of column (&) with‘thmae
of colunn (2} total final demand shows major differshces in
-proportions in some 11 of the 14 éectors. It is oclear,
therefore, that such an eigen—-structure could not apply to
1982 normal or average economic c&nditimngz Oﬁly fof growth
purposes might it be feasible. Moré about its meaning will
appear in Section 4 below.

Fre—multiplication of the column (3) gigen-vector by the
Table 2 Leontief Inverse vields the sector output results of
column  (4) , aggregating to L£22R.3m. . Divimion of column {4
by column () gives the ratios appearing in column (5, which
are approximations to the dominant eigen—-root, of value.
2.219. The approximations are satisfactory. In aggregate
the ratio is 2.22%, while 12 of the 14 sectoral ratios have
the value 2.214. We see two noticeable deviations: (1)
energy shows a much larger ratio 2.431, while (&) chemicals
shows a somewhat smaller ratio of é.lEb;

This outcome of the iterative approach is the nearest

possible approximation to the ideal 2.219 for all secttors.

-
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The column R @igenwywctor has pickéd up all the regular
Cpart of Table 2. Table & verifiég that cml@mns 3 and (42
of Table S are tonsistent. Table & shows the detailed
structuwre derivable from the Eigen-Vector final demands by
means of the input structures of Table 1. All the Table &
details are produced by the compuiwr, chept the "cocolumn ﬁu&"

b

and "row sun" entries, compiled by‘tha“author. It is clear
that rounding errors alone cause the small deviations of the
row and column sums from control values m% Total Input and
Total Output. In other wmfda, Table % column (4) total
output is structurally consistent with the gigan—-vector
proportions of column (3. The aggrégaté 2.22% ratio is the
nearest feasible “"real-world" e%tiﬁgte of the "ideal'" 2.219;
12 of thg 14 sectors show the same approximate value of

2.214., The other two sectors show largsr deviations from

k)

219 and we cannot improve on this outcoms.

Columns (&) to (8 of Table 9 show the Dual esigen—-vector
estimates. Column (&) shows the stabiliged vector estimates,
from iteration number (33 onwards, sctaled so as to aggregate
to 1.0. Pogt"mu;tiplication‘by Table 2 matrix gives column
(7)) results, while column (8) shows the ratios given by
colunn (7)Y /column (&) . We see that the column (B) aggregate
ratio is 2.217, derived from the simple aggregates of vector
components of columns (&) and (7). ﬁmr individual sectors,
the ratios (to 3 decimal places) coincide with corresponding
Frimal ratios. Twealve taka the same value 2.214, while (1)
again shows 2.4%1 and (&) shows 2.124. The Dual vector is of

the nature of price-change or cost-change of primary iﬁputs,
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with its direct-plus-—indirect column (7)) derivative showing
-price inflators of Table 1 rows. More comment on its meaning

appears in SBection 4 below.

Eilgumn-Vactor Resulbs for Table I (Sscond Expwrinsat)

The results of eigen-vector esstimation based on domirnant

= wy

root Z.7913% of Table 3 are given in Taplé 7. Column (3 shows
Frrimal eigen-vector proportions adding im £100m., the stable
outcome of iterations (31) and later. Column (&) shows the
Dual price-vector esstimates, also stable aftar 31 dterations
of the process of estimation.
Haere again, total output proportions of Table 1 appear
“in Tabie 7 column (1) and final demahd proportions in column
(2. For this experiment, Table 1 final demand is confined
to the aggregate of column (14) capital fDrmat;Dn and column
(17} exports. Comparison of Table 7 columns (1) and () show
major differences in proportions for 12 sectors, tﬁe
eeptions being (59 and (7). There is no suggestion of any
fixed proportionality between final demand and total output
of Table 1, from this comparison of columns (1) and (Eﬁ.
Comparison of eigen-vector columa (5 proportions with
those of column (2) again shows general divergence. Only
sector (5 shows similar percentage shares, of about 2.6.
It is thus apparent that these eigen—vector proportions could
apply only for economic growth, and not for any genaral or
average 19852 Table 1-type strucpufa.
The sector outputs derived from column (3) Frimal

eigen—vector final demand appaar in Table 7 column (4). The

Leontief Inverse used with column (5

was of course Table .3.




cas approximations of the eigen-root value 2.9135 Wea

of 2.913.

A
et

The ratios of column (4) to column (3 appaar in column (35,

see thalb

in aggregate the ratio is 2.9215, a little larger than the

"ideal" value 2.913. We sese that, in column (5) , twelve

ratios take the value 2.91

R)

to 3 decimal places. The

remaining  two values deviate somewhat: sector (7} shows a
.

smaller value of 2.6804, while sesctor (8) shows a larger value

of X207,

O

The Dual sigen-vector price outcoms appears in columns

(&) to (8. The ratio between aggregates of columns (&) and

(7) is 2.91%, again a little larger than the eigen-root value

Other ratio values of column (8) duplicate

corresponding Frimal values of column (35

. There are 12
values of 2.912, with sector (7} again showing 2.804 and

saector (2) showing 3,209,

et Wl

These Frimal and Dual results of Table 7 show the

naarast attainable approach to the "ideal"” ouwtcome of a ratio

2.213 applying for all sectors. The inherent lack of

regularity (for eigen—-vector purposes) in Table 3 prevents

such an outcome, with sectors (7)) and (8 showing noticeable

deviations of ratio wvalues from the root valus 2.913.

Complete consistency of structure holds for columns (3 and

(4 , and again for columns (&) and (7). No @guivalent of

Table &, to verify this consistency, is deemed necezsary.

&,  ELONOMIL INTERPRETATION OF REGULTE, AND CONCLUSIONEG

This final section of the paper considers briefly how

one might interpret, in an economic context, the sigen-vector



results just described. A few tentative conclusions are then
coffered, on the whole sxercise.

Economic Intaroretation

The eigen—-vector Frimal y may be interpreted as a
"uniform growth" structure. This Frimal vector of final
demand implies or generates a stfuctgré_mf sector outputs o
having approximately the same valué pré&&rtions betwesn them
as the sector elements of the Frimal itself, subiect to how
closely the (I-A)-—i structure conforms ﬁm the regularity
condition of the eigen-vector "ideal" outcome.

The eigen-vector Dual w’ may be interpreted as a
Muniform cost™ or "uniform price” ﬁtfucture. The Dual vector
7t of primary direct input coefficients implies or generates
a structure of sector output row price deflaﬁora p"having
approximately the same value proportions between them as the
element of the Dual itself. Here also, the degree of
approximation depends on the degree of regularity of the
(Imﬁ)*i structure of rele?ance.

Table 3 results may be consulted, as to how realistic is
the Frimal eigen—vector final demand structure of column R
as a "real-world” growth structure? Final demand here
comprises Government spending, capital formation, and exports
of goods and services plus inflows of household income from
outside the State. Column (E}Oprovidéa the 198% average
actual structure, for comparisqp. The following aspects of
the eigen-vector cwlumnw =) ré%ulta suggest that they are

unrealistic, in an Irish context. Major increases in shares

of (1) energy., (11D commarce, and (173) artificial suggest




that these would have to be exported fto a larger esxtent than

E-a 2y
> =

Capplied in 198?, which does not make sense for these secltors.
The major increase in (2) agricultures, also means extra
euports, by contrast to the approved national policy of
routing it through (3) food etc. The major reductions in the
shares of (&) chemicals and (&) ehgin@@ﬁing wirtld necessarily
mean cubtting exports of these major émpg;tara, which doss not
make economic sense, in the Irish context. Major reductions
for () construction and (132 public and ﬁrmfeasimmél v ld
mean cutting the major capital formation sector, and the
public service, respectively.

In summary, as a vector of exﬁangion of fimnal demand,
the large entries of column (3 eigen-vector do not make good
sanse in an Irish context. Similar,oﬁjectioné apply to the
corresponding eigen-vector of Table 7 column (3. Discussion

of the latter would not offer any new insights in addition to

those already mentioned for the eigen-vector of Table 5

column (3 .

However , the Dual price vectors of both tables may be
acceptable. The main point they maka'is that price changes
of total primary inputs need to have the eigen-vechtor
proportions, as specified, to cause evenly-spread DF
approximately wniform relative deflation throughout the
economic system. The full deflatimn‘multiplier p; of row i
will be approximately r times Fhat of total direct primary
input eigen—vector coefficient w; of column d, for v being

the valus of the dominant eigen—root of the Leontief Inverse-'

of relevance.



Conc s ions . : -
Ry 3 e -
Three tentative conclusions are offered:
(1) The estimation process, as described and illustrated,

(2

)

seemns to work satizfactorily. The dominant root, as
found, is real and positive, for both numerical

examples. The iterative proceggi‘(with re-scaling +to
unity after division by dominént met raoon completion
of each iteration) does reach a stable structure of both
Frimal and Dual eigen-vectors after 20 or more

iteratiwné. These vectors comprise all positive
elemnsnts, as reguired. '

The two Leontief Inverses examined show considerable
regularity of structure, foé. purposes of eigenmvector
analysis. Twelve of the 14 sectors reveal a. ratio:
sector output/final demand very.cloge to the esigen-root
value. The average for all 14 sectors combined is also
very close to the eigen—-root. This degree of regularity
holds for both Frimal and Dual eigeﬁmvectmrs, in both
Inverses.

The Dual price-vector may have an indicative use, as
showing how proportions must hold between pricm'cﬁanges
of primary inputs, to obtain similar proportions between
price changes of sector outputs. chevar,.the economic
meaning of the Frimal, as a vector of final demand
growth, is less obvious. In Irish conditions, as
Mplained above, the Frimals obtained from both Inverses

do not make good economic sense. The wrong sectors are

enlargéd ar réduced, by comparison with the 1982 actual

.
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gstructure, as estimated by Table 1 transactions. For
larger and less open economies, however, the Frimal

astructure may be usaful as an indicator of balanced

growth.
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APPENDIX 1: Eigen Results of the Table i 13-sector Structure
: expressed in (I-A)-1 Format

- Eigen results appear in Tables A1.2 énd A1.3 for the
1882 13-sector stricture comprising rows and columns (1) to
(13) of Table 1, expressed in the usyal (I-A)-1 format, by
means of total inputs of sector; (1) to (13). These
Eigen-vector results relate to the dominant root, of value
1.487333, and real and positive, as should be. The (I-A)-1

Leontief Inverse is shown as Table Al.1.

Table A1.2 shows the cutcome qf 31 .iteration for bath
y and n‘. Iterative results, even after 40 iterations,
showed that stability was not ygtievident. However, reéults
of 31 iterations for Primal y and derived x appear in columns
(3) to (5) of Table A1.2. The avé¥age ratio across sectors
is 1.381, which is not close to the 1.487 eigen-root value.
The ratios of column (5) show a range of 1.346 to 1.498.
The Dual results for pl and nl of column; (6) ta (8) show a
more acceptable average ratio value of 1.478, but their range
is about the same, from >1.347 té 1.493, as shown in

column (8).

Results of some 8gd iterations appear in Table Al.3.
Stability was much improved, in the iteration process. A
good approxihation to the eigen-root value 1.487 is apparent
in the x/y ratios of colum;.(S), now within the range

1.485-1.48T7. The same small range applies to the pi/nif




Table Al.1: The (I-A)-]'Leontief Inverse derived from Table 1 rows and columns (1) to (13)

Public
(12)

.018459
.002035
.004583
.000005
.005757
.001405
001316
.005384
.004650
.001816
.005834

Artificial
(13)

.054219
.000466
.000272
.000120
.146628
.029571
.010337
033494
.000988
.005901
.054339

by

Sectors Energy Agriculture  Food  Clothing  Wood  Chemicals Non-metallic Engineering Construction Transport Commerce
: (1) (2) (3) (4) (5) (6) (N (8) {9 (1) (11)
Energy (1) 1.207473 .036883  .040032  .032460 .025048  .040559 .081576 .020512 [025270 021025  .014484
Agriculture (2) .000041 1.064537  .470320 022818  .002922  .000175 .000304 .000160 .000240  .000043 001536
Food (3)  .000044 149455 1.314732  .063534 000583  .000231 .000489 .000293 .000382  .000055 003439
Clothing (4) .000008 .000010  .000025 1.039620 .000926  .000025 .000031 .000010 .000025  .000008 .000004
Yood (6) .009242 .012173  .029958  ,019488 1.128878  .030764 .037264 012579 030157 .010325 005240
Chemicals (6) .001892 -032525  .020462  .009302  .002767 1.057943 .007695 020124 .003993  .003098 .001288
Non-metallic (7)  .002395 .006303  .005531 .001626 .000983  .002245 1.173116 .000963 191650 .004631  .001070
" Engineering (8)  .005449 .030952 +.019749  .015643  .006251  .016040 .019405 1.053043 068302 .066781  .004445
Construction (9) .010710 002193 .007305  .000952  .000373  .000637 .003201 000433 . 1.158086  .023907  .003558
Transport * (10)  .001129 .022667  .012045  .002057  .001045  .002249 .003289 .001105 .054666 . 1.001806 .003628
Comnerce (11}  .010438 153570 104226 080421  .032830  .055666 - .120869 073504 .094256 013022 1.008436
Public - (12) 001021 017650 .011916  .009330  .003791.  .006295 .013620 .008335 010672 .001464  .000750

Artificial (13)  .063462 081136 .206525 .134382  .090300 ~ .214056 .257110 .086205 .097804  .069716  .013914

..................................................................................................................................................................

1.000962"

.010021

.006123

1.025843 -
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Table A1.2: Eigen results for 13-sector (I-A)"! Leontief
Inverse Table Al.1, after 31 iterations

Total Total PRIMAL Sector Ratio DUAL Direct +  Ratio

Qutput Final Eigen- outputs x (4)(3), Eigen- indirect  (7)/(6)

proportions Demand Vector Y derived Eigen- Vector price Eigen-

proportions Final from (3) root of direct vector p° root
(including Demand by approx-  Primary  derived approx-
Sectors Households)  proportions 13-sector imation  Input from (6)  imation
(31st (I-0)-t Coeffs. by
iteration) Table Al.l ¢ (31st 13-sector
. . “iter.)  (I-A)?
o Table Al.1
fmillion fm fn fn

§9) (2) (3 (4) (8) (6) 7 (8)
(1) Energy 3.774 2,450 20.6662 27.8399 1.347 .0094761  .012765 1.347
(2) Agriculture  9.061 4,322 5.6386 8.4434 1.497 .2059138  .307121 1.492
(3) Food 17.007 18.327 5.0065 7.4991 1.498 5664194 845715 1.493
. (4) Clothing 2.502 3.548 0.0586 0.0798 1.362 .0968200  .143979 1.487
(5) Yood 3.645 3.286 16.8379 22.9767 1.365 0088133  .012405 1.408
(8) Chemicals 4.758 5.737 3.5293 4.8937 1.387 .0107573  .014807 1.376
(7) Non-metallic 2.802 1.371 4,6549 6.2831 1.350 .0264623 036338 1.373
(8) Engineering 11.181 13.830 5.1910 7.1328 1.374 .0062359  .008671 1.390
(9) Construction 9.714 12.020 2,3080 3.1074 1.346 0386993  .053098 1.372
(10) Transport 3.419 3.924 1.6571 2.3001 1.388 .0069690  .009557 1.371
(11) Commerce 15.742 17.327 12.2611 17.0444 1.390 .0062181  .009088 1.462
(12) Public 9.841 13.852 1.37177 1.9163 1.391 0078432 011499 1.466
(13) Artificial 6.554 0.006 20.8131- 28.6078 1.375 .0093723  .012976 1.385
TOTAL 100.000 100.000 100.0000 138.1245 1.381  1.0000000 1.478020 1.478
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Table A1.3: Further Eigeh results for 13-sector (I-A)"! Leontief
Inverse Table Al.1, after 80 iterations ’

Total Total PRIMAL Sector Ratio DUAL Direct +  Ratio

. Qutput Final Eigen- outputs x (4)(3), Eigen- indirect {(7)/(6)

proportions Demand Vector Y derived Eigen- Yector price Eigen-

proportions Final from (3) root of direct vector p°  root
: {including Demand by approx-  Primary  derived approx-
Sectors Households)  proportions 13-sector imation  Input from (6)  imation
(31st (I-A) 1 Coeffs. by
iteration) “Tatle (3st 13-§ector
Ared iter.)  (I-p)t
) ) ' : Table AlL.1
fmillion fn fn fn

83) (2) (3) __(4) (8) (6) (7) {8)
(1) Energy 3.774 2.450 11.3692 16.8929 1.486 .0019923  .002959 1.485
(@ Agriculture  9.061 4,322 16,6597 24.7788 1.487 .22398%4 333164 1.487
(3) Food 17.007 18.327 14,8350 22.0649 1.487 .6218298 924878 1.487
. (4) Clothing 2.502 3.548 0.0289" 0.0430° 1.485 .1026662  .152699 1.487
(5)~lood 3.645 . 3.286 10.5804 15.7218 1.486 .0048362  .007340 1.487
(6) Chemicals 4.758 5.737 3.6504 5.4269 1.487 0033292 005840 1.486
(7) Non-metallic  2.802 1.371 2.2086 3.2809 1.486 0085729 012741 1.486
(8) Engineering 11.181 13.830 4.4303 6.5854 1.486 0028198 004192 1.487
(9) Construction 9.714 12.020 1.2609 1.8736 1.486 0104952 015593 1.488
(10) Transport 3.419 3.924 1.8612 2.7672 1.487 .0020388  .003022 1.486
(11) Commerce 15.742 17.327 13.5864 20.1994 1.487 0055747 008291 1.487
(12) Public 9.84]1 13.852 1.5424 2.2932 1.487 0072552 .010794 1.468
(13) Artificial 6.554 0.008 17.9866 26.7365 1.486 .0038953  .005791 1.487
_ TOTAL 100.000 100.000 100.0000 148.6646 1.487 1.0000000 1.487300 1.487

*To 5 decimal places, these are .02893 and .04297, used for ratio of Column (5).
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ratios of column (8). It is clear that continuing iteration
has improved considerably the convergénce of sectoral ratios

to the eigen-root desired objective value of 1.487.

The Primal eigen-vector of Table Al.3 column (3) may be
compared with the Table 1 average final demand structure,
shown in percentage form (as usﬁal) inijable Al.3 column (2),
The Primal structure shows majér ﬁnrealistic features.
Energy has 11 per cent of the iotal, Agricplture 17 per cent,
and Artificial 18 per cent, most of which would have to be
exported. Engineering, Construction and Public all show
shares much smaller than thé 1982 avérage final demand
shares. The Primal also gives Wood some 11 per cent of the
total, as against 3 per cent of'l§82 final demand. Thus the

Primal would make this group have major exporting.

One may reasonably conclude that, here again, the
Eigen-Vector Primal is a mathematical curicsitly, rather ihan
a realistic framework of economic growth. Its structure
implies exporting of outputs of infeasible sectors, balanced
by cutting back on feasible outputs of construction and

public etc. services.




