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™he levels of emergy consumption reveal the levels
of eultaral and egonomic development of different csuntries.
Zechno-oeononie And sceio-eecnomie parenstsrs of energy systen
are inmuhm[éh; Jnu-g system has distinet eybernetie
features. Venikov has pointed out that desp-lying feedbask
paths exist in energy system. Thus it is understandadle that
signifisant interaction sxists between energy eohowmp tien
and different techno-economic parameters.

™his paper presents a matiematieal deseription of
annual energy conswption vith population, gress natienal
produet; gross domestic saving and gross domestie espital
formation as emogencus vmnlq in the form of a pelymewmial
of optinun complexity with the help of s method of spplied
aybernetios eommonly known as multilayer grouwp methed of data
handling algerithe ( GMIEI ). The method has the petentiality
of identifying, implicitly in a learning identifisatien
environment, the interactions and feedbasks of interastions
of different imput parameters on the output of the proeess.



o give a mathemationl deseription of the ammal
ohergy eonsumption as a funstion of a set of exvgeneus
variables interrelated vith one ancther through desp-lying
foesdbask paths is a cosplex proeess. Nedern Contrel thesry
bated on differential or difference equations is met adequate
to deserible the process. In view of this diffienlly, the
method of modelling applied here uses a teshnigue of
self-organisation., This GMIN sl goritim of self-erganisation
involves generation and comparison of different yegressioen
polynomials by using all poseible eombinations of input
variables and nelection therefrom of the best possible enes
aeoording to the eriterion af minimum integrsl square ervey
defined in equation (4. 1.11). The GMDE technique is found %o
sistlete adequately the input-cutput relationship af the
complex progess of annual electrical enurgy consmption as @
function of & set of input variebles ( impus set is not
exhaustive ),

4 1.0 Brief Deseriptien of GNAH

e mul tilayer group method of data handling
Anvolves the use of regression polyncaials as the basiec nemns
of investigation af complex dynanical systems. The relevant
polynomial is a regression equation whieh eonnests a valwe of
an cutput variable wvith past or carrent values of ocufput and
input variables. The regression snalysis in this sase helps



in evaluating the eo-offigients of the polynoatal ly using
the eriterion of ainimun integral square erzor. e
polynonials are then treated in the same Ramner as that wsed
for selection of seeds in agriculture as per a unique
sathematica)l coneept propagated and established ty
Ivakxaneake’ 27 |

Me salimt features of QNN as applieadle in the
ease of mtltilayer selesticn process used in the present work
are noy briefly deseribed hede ¢

Zhe process ean be deseribded by

o = f(!‘n l':oto.!.) “&1)

and it inwlves the construgtion ef several layers of partial
deseriptions using two imput variables at a time, o. g,
the £irst layer can bde represented as

¥y » rixg,m ) (“2.2)

for J = 180y B
with k & 14800ey B ( J k)
and L & 1,800y =B where l-(:)
Likevise the sesond layer can be represented a8
8= ¢(7,: » Yy ) 4 21.3)
for ' 5 1)850eey &
vith X' s L,8eeey m (Jak)
amd L' ® 01,8400y P where p = (:)



and 80 ony it being Boted that m and p are the numbers of
pairvwise combinations of the first and segond layers
respestively. The first step eoncerns the selegtion of impat
variables on the basis of strong eorrelation ( defined in
equation (4 1.7).

e oo-efficients of the first layer of partial
deseription are caleulated by solving a system of nermal
Gaussian equations. The left hand side of the egations are
Set egual to the values of output at every point, After
finding the valuss of the eo-efficients, the values of the
intermediate varielties are adtained. Then using the odserved
data the integral square error is determined for each of the
variables. Only those veriables wvhich give lov error ( self
selestion threshold ) are eelested for subsequent use.

Tese variables are retained and ether variables are discarded.
In the sesond layer of selestion, the co-offieiemt of the
partial deseriptiocn of the layer are caleulated and the

assurasy is ohecked again % selest the agcurate intermediate
varialies of the layer ; 33, Sgies -3y The proeess of selestion
eontimes so leng as the integral sguare error on the wvhele data
St oomes % o minimum and then starts inereasing in the next
layer or, the integral sguare error approaches an asymw totia
mininum,.

e polyncmial deseription of the proeess is
obtained in the form of partial deseription of the intermediate
variables af different layers. Eliminating the interaediate
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variables, the somplete polynomial deseription of the
proeess 1s odtained in the form of Gabor-Kolmegrev Wpe
polynomial as
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Use of GMBH in formulating the electrical energy ecnsumptisn
rOoceRS ¢

4.1 Imput Data?

The input data from the Indian teshno-eecncuie
sesnario consisted of the anmual energy generated ( gress ) in
Mn.Ewh, population in million, gross national preduet at fastor
eoss ( Rs. Crores ) at 1970-71 prices, gross domestie saving
and gross domestic ocapital formaticn as peresnt of gross
demestie product at market prices from 1960-61 % 1M80-8)

The complete data are shown in Table 4.1.1 . All the Felevant
data X(k) for the k-th year vere rationalised as
Ik) - X4a

xlc) = :..:- -‘.“ - (G d.8)




TABLE 4.4.4 INPUT DATA

8087 26893

seen? 26834

NS 29210

33133 20399

38888 28791

40818 89081
: 4315 31590
4908-60 Bis4R 827,0 Mes0 bl 8. 4
490570 BS6844 S838.9 3818 8. 4 173
APP0.-71 €iRL1 S8LS 408 6.8 8
497078 C4B4 58AS 37000 17. 3 iS4
i9M.73 70818 678.9 20899 16.8 i 9
i973.7¢ 78798 588.9 3B410 9.3 80,0
AVN-70 76678 90G.8 087 is. 8 101
4978.76¢ 8888 6153 43871 20,0 A9 9
A9%e-77 956A5 688,08 43184 28,0 20,4
A07%-78 68988 O34 48884 2.8 197
A978.79 110130 68L,0 49343 4.4 4.8
4975-.80 118830 G636 44966 5.8 5%, 9
4080-81 119687 &8..8 80607 25,8 4.8
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4Li.8 omulation of the precess m

e annnal elestrical energy consumption ean be
represented ly a general form of proesss equation s

yk) at L‘-I (e-1), 'ﬁnﬂ)po-u!;&h!;ﬁ-«u'ang

ag(k)ymg Gtul)yeee .la&).laﬁ-l)”uj (@ 1e8)

where Kk, k.l, k2,...y refors respestively to the eurrent
day, one day preceding the current day, two days preceding the
ourrent day and sc on and y& )y x36)p %96 )y 2g6e) ant x,6)
are the rationalised data for anmal eleetrical energy

eonsusp tion, population, gress national produgt, gress
domestic saving and gross domestic espital fommation
Zespestively.

The argaments having eorrelations with y &) are
then selected for ineciusion in the progess eguation of the
basis of the correlation funetions for the time shifs ) ,
in years, defined as o

=2

N

/ ‘ 7

Z /Ayl d ) ya)@aaer) 2 }_ k) /

n =y ¥ <
v}n(a)‘ W 40N S o - 2 520 Pgs SR PO D IR S
&

7
/ z w).é zmn 2 (xa»-é Z xmb/ .

twl k=l (IS TS kel

ese (M la?)

vhere N 1is the mmber of data points,
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After such selection of argments as having correlation with
ammal energy schsumption the proeess equation bdeecmes
F(k) =2y (6 1) 25 (k) g2ty (0-1) o2 (I-2) g 2 (X) ymg (M2 ) g 29 (%) 7
oes (451.8)
or demoting these respestive arguments as y (k) ay,y(-1) »xj ,
ﬁl‘k} - !.'o l*('-l) L x,', 3“5'3) - u’, l'.&) = "3
2g(k-1) » xg' and x4(k) = my', the process equation bessmes,
Toe (x)'y mg's %5°0 Xg's %' Xg's x9' ) (0 2.9)
Table 4. 1.2 showe the eorrelation eo-efficients of different

ommgenons variables with the annual eleetrical energy senswption
for different lagged instanges in years. |

&i.d nrst &ﬂ" of selestion

There are (;) = 81 possidle ecmdinations of
selesting two arguments at a time out of eeven. For every sush
etmbination, the partial regression equation is witten as

' ' - 18 , o o8 |
Ta ® %o’ “1a" "2’ “2Br%e’ “W®p * 5o (e 2.20)
vhere a = 1;8500¢9 81) vhile b and ¢ are indices for all
81 ecabinations. And this lead % 21 systems of normal



TABLE 4.1.8
CORRRLATION CORFFICIENTS COF DIFFERINT EXOGENOUS VARLABLES
WITH THE ANNUAL BLECTRICAL ENERGI CONSUNPTION FOR
BIFFRRINT LAGGED INSTANCES 1N YRARS.

Tine [ Anmmal I Ananal I Annual f Amnual I Ammual
iastansl Mnergy { Inergy { hergy 1 herg I Inergy
(XYoar) [ Consumptiod Constmp- 1 Consump- I Constmp- ) Consuap
Je ltton- ] tion & tden i.m
I Mmergy  LPepulationl-Gross [~ Qress = Gress
X Consump- [ I National | Pomestis } Domes tie
[ tion X I Produst I Saving - Gapital
o 1 0.996851  0.998315  0.547489  0.880148
1l 0. 982801 0. 9798090 0. 973108 0. 06668 0. 848097
2 0. 938138 0, 986809 0. 985808 0. 376006 0.808719
3 G.M 0.883833 0.888008 0.801000 0.743843
4 0.899787 0.680488 0.604880 0.6880 88 0.84048
8 0.816081 O0.488483 0.848807 O0.587807 0.498883
¢ 0. 310304 0.37780% 0. 347884 0. 400281 0+41170
X 4 0.130834 0.088781 0. 1AL 0.288488 0:,411783
] «0. 080708 -0,108718 <0,04887¢ 0. 078007 0.800831
) «0.8440068 -0.8308348 -0.,837088 .0.174818 0, 08¢ 300
0 e0: 411811 «0.468869 -0.402088 <0.338790 .0.180841




Gamssian equaticns with matriees of the order 6 x 6
he so-efficionts . 's are then estimated My solving notmal
oquation eystens eonstrugted from the data set: Mor estimating
the ev-efficients it is assumed that the eguation errer is
very saall, being distriduted vith zero mean, eonstant
varianee and also unsorrelated vith the inpats, The seeond
assusption is that for the construetion of the medel the
inputs and cuputs are known exaetly vithout any measurement
wrer.
The sesuracy of every variatle y, 1is ealeulated

iy using the entire data set. From all variables seven mere
segurate ones are chosen vhieh give lov values of integral
square error eriterion as

S | 7"

z / ’m“) - Im“ﬂ) /

n “L v

' 4B 8 weccencccaccnnnacs cemannen (&l 1)
] 8

Z //; () /7
observed
. VA -

S lsd Seleetion of other lg_g

deven intermediate variadles of y, layer chosen
from the firss layer give 81 emmbinations of two argments of
7o layers Again in the seecnd layer these beoomes
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soe  (42.18)
vhere a = 1;80..9 21 while > and ¢ are indiem of all
2l embinations. Caleulation of the co-effisients of 48 and
estimation of the accuracy of s, are repoated a8 in the
sase of 7,

The seven s, variables are then ¢hosen for the mext
layer ug

ug =7 + 1% 9‘.:;4» 9‘.:‘.;0 9“3':0 ?a‘;:' . (d.19)

In this way each layer is tested for ascurasy lty using the
entire data set and oa the basis of niniaum integral sghave
error eriterion explained earlier. Por all layers, variadles
on the left hand side af the equations are kept equal to the
value of the cutput variable.

48.0 Iliustration

It vas observed that as the layer ingreases the
Antegral square errors eonverge asywptotieally %o a very ssall
value. To make the model suitable for prastical spplication the
integral equare error of 3, 4083465~ O4 at a; was ecnsidered
for the point of ternination of formagion of proeess egation,



98

The ohanges of integral square error for different layese
aFe shown in Fig. 4. 2. 1. The integral square erress for
different conbinations in different layers are shown in
Table 4:2.1 in aseending order,

The annual energy eonstmption in India has desn
fdentified dy the polynomial as

7 = 5
S5 = 74000888 0,3 + 1. 430800y] - 0,490069 yg
-3, 780734 7} 7} + 17306702 3"+ 18,5008 3!

71 = =0.031487 + L.470818 xg - 0.608808 x, + 6. 060670 n} x}
8 8
-3.820007 5" - 2.804044 x{

Yo = 0074198 + 0,934731 xg ~ 0131838 x,
+ 0063813 Xy =) + G.000608 x} + 0. 150088 u}®  (MB1)

Mg 22(a) and 4.2.2(b) shows the observed values and erress

betwesn the ohserved and the modelled values of amaual

electrical energy eonsmption in India in raticnglised uait,
Modelling errors are founi to have a varisnes

of 1.0000L4 nd mean of 8. 7ROIT4R-04, end are sleest found

to be udgorrelated for 1 v J, e software developed in

BABIC langnage is given in the Appendix as AR L.
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TABLE 4.8.1
TAB INTRGRAL 8yUARE BRRORS FCR DIFFERENT COMBINATIONS
IN DIFFERRET LAYERS.

xg'2g 5.600734R-04 7'y 3 408348 3-04¢
x3'zg’  5.7148833-04 'y 3. 437870 B-04
xg'zg'  5.7968%43-0¢ 7'y, % 488158 B- 04
'y’ 6.3308243-04  ¥p'y, 3 827988 3-04
T 7. 097180 2. 04 7s'7e’ 3. 898408 B~ 04
X' BI04 yg'y, 3. 903861 8- 04
xy'xg’ 7.4317708-04  7g'ys' 3. 918394 -04

TABLE 4.8.1 (Continued)

R f o)
A S S U Gy SN 5 W s 0 s R 0 TP O AP g TP S s i PR

2.800680 3-04 Ul 2. 438887 B-04

S48y

setg 2.996808 B-04 Uyl 2. 454077 B-04
sysg 3, 083008 R-04 Ul 2. 433861 B~ 04
sgtg 3.088660 £-04 Uplg 2. 430578 - 04
Sgtg 3. 076447 3-04 Ugls 2.530489 5. 04
S38g 3 088061 B-04 Ugty 2. 549498 5-04

g%y 31988182.04  Ugly 2. 738488 B-04




