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Dre Nazih Deif of the Ministry of National Planning
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cooperated on an analysis of the investment regquirements that
are due to a given time shape of current final demand. Some
preliminary pilot computations in this sonnection have been
carried out on the IBM 1620 electronic computer which is now
availsble in the Operations Research Center of the Institute
of National Planning. The purpose of these computations was
o shed light on problems related o the five year plan whose
execution is to start on 1 July 1965. |
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At the request of Dr. Nazih and Dr. Salsh I have worked
out a systematic and formalized model which - on the bhasis of
the investment regquirements = can lead to a determination of
the time shape of the whole congtellation of the economy over
the planning years (to the degree of detail included in the
model).And this model has been applied to actual data available.

My work on this model - to be called Model 1 = could not
have been accomplished if I had not had at my disposal the re-
sulis of the theoretical, factual and computaticnal investiga-
tions underteken by Dr. Nazih and Dr. Salah. I must take this
opportunity of saying that it has been extremely gratifying to
see the great competence with which they have utilized the way
of thinking which I have tried to build up in the Cairo milieu
on my several previous visits.

Tn working out this memorandum I have also profited
by pertinent remarks made by Dr. Labib Shoker , Deputy
Minister of Planning, and by Dr. Mshmoud El Shafie, Undersecre-
tary of State for Planning.

My friend and colleague Assistant Professor Tore Johansen
of the Oslo University, at present with the Institute of Natio-
nal Planning, Cairo, has with his habitual carefulness gone
through my manuscript . He has also attended to the ﬁroofreading.

l, Introduction

— 1

Let Xﬁ be a measure of the total domestic production —i.e.
the domestic output- in sector No.h in the year t of the plane.
The origin of the time scale is chosen as the year ©=0 where
the plan is definitely decided upone Then, t=1 means the first
year of the execution of the plan, t=2 means the second year
of the execution of the plan, and so on., For brevity I will say
that t as thus defined indicates the calendar year.

Let T (say T=5) be the number of years considered in the
plan. And let n (say n=11) be the number of domestic production

sectors considered.
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We shall here assume fixed and scale 1ndependent input coef-
Picients in the current account operations. Let th be the
input coefficient from the delivering sector h to the receiving
sector k in the year t. Then the amount of input needed from h
to k in current account operations in year © will be equal to
(lel) Xﬁk = hﬁ XE (h=any delivering sector)

(k=any receiving sector)
The formula (l.l) with given Xﬁﬁ means that one assumes that
there is no substitution possibilities. among . input elements
from different sectors.

In my Oslo Institute memorandum of 13 May 1961 " A survey
of types of economic forecasting and programming and a brief
description of the Oslo Channel Model™, dedicated respectfully
o the Accademia Nazionale dei Lincel as a token of gratitude,
T discussed (in Secticn 3) the concept of ring structure,which
permits to take account of substitution possibilities. This
can be done without destroying the linearity of the model.

But this refinement is by (l.1) not considered in the present

memorandum.
In addition o the total domestic output Xy from sector h
we also consider
(1.2)  AL™+% - total imports of the kind of goods that are
or might conceivably be produced by the domes—
tic sector h
Further we consider the sunm
(i3 Xg + A;?P't = total availability of the kind of goods
that are or might conceivably be produced
by the domestic sector b
The use of the individual particles of this total avalla-
bility of the h-goods can be classified in the following six

categories

? I - Input into domestic preduction gectors (“cross delive=-
( ries", “lntermedlate demand® )y i.ee 3 th , ¢f. the defi-
¢ nition (l. l)

II - Private consumption

1) § indicates summation sign.
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Government use of goods and services in current
operations (not for investment purposes)

The accumulation (positive,negative or zero) of
stocks of goods (whether in the private or in
the public sector)

Gross exports, to be denoted AEXP‘t

—
<
i

(1e4)

The use of goods and services for the construce-
tion of fixed real capital (whether in the
private or in the public sector), to be denoted

<}
H
i

Mr\f"\r\r\r\r\mr‘\f\ﬁm
<
i
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The sum of the four categories IL,IIL,IV,V in (Lo&) we
denote
(2 5) FE = Final current demand = sum of the four cate-
gories II,IIT,IV,V in (Lo4)

(1.6) The difference Aﬁ‘t 2 A§3P°t 2 Aﬁ@@ot

is the net export of the kind of goods that are or
might conceivably be produced in the domestic sector he

_ Since any particle of total availability must belong to
one and only one of the eix categories (1.4) we have by
definition, in any year T
(1.7) XE + A%?P°t ==.§ Xikf Fg + JE (for any sector h
, = and any year t)
The left member in (l.7) is the availsbility side
and the right member the user side.

In the present model we do not consider ceomplementary

imports into the receiving sectark.Jn other memoranda

the complementary imports were denoted Bk o LIf At is not
wanted to discuss in particular the complementary aspect of

the problem, t is quite feasible and logical to assume

BY= 0. But then we must interpret Almp % s all imports,

both complementary and competltw.veo This is the viewpoint

adopted in the present msmorandumo_

T) And if we do notv aim atT a thorcughg01ng programing
analysis (which we don’® iu Llie presenty wemoIonlum,

2) The sum $hxh will then derote the touaol domestic
production minus all complementary imports.
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The ratio of imports to the total availability in
sector h is denoted qﬁ, le€o

(1.8) A;?P't = qﬁ (xﬁ + A;?P't) (for all h and t)
whicp also can be written
(1.9) TP Q2 o (for all h and t)
where
(1.10) g = asgt
h e
l—qh

Since by definition X, and alm2+%  are both non
negative (and not both equal To zero), the coefficient
qﬁ must bg a number between O and 1, limits included.
The case q = O means that there is no import of the
h—kind of good,i.e. AL"P*Y= 0 . The case gl = 1 meens
that all the h-kind of goods are imporvediise X = O,

Therefore, the difference

t
(1.11) l -9y - gelfsufficiency coefficient
indicates the degree to which the country is selfsuf-
ficient with regard to the h-kind of goods.

While the range of the coefficient qg is between
0 and 1, that of Qg is between O and + © . Since the
limiting case Qﬁ = + o is excluded in the Bgyptian
data pertaining to the present model, this limiting
case will not produce any computational difficultye

The selfsufficiency coefficient (1l.11) for the
h-kinds of goods—and the corresponding coefficients qﬁ
and QE that express the same idea~ should not be confused
with the coefficient that indicates the ratio of comp-
lementany iﬁports into the receiving sector ko As has
already been said the complementary import aspect is
not considered in the present model. If wanted, it may
be introduced after the model has been solved. One may
then simply ask how large a portion of Aﬁép°t (the
import of the h=kinds of goods) that corresponds to



complementary import inqus into any particular or into
all the receiving sectors k=l,2...ne.

The reason why so much interest has been focused
on the selfsufficiency coefficients is the concern
about the foreign exchange balance and a desire to
protect this balance. This concern can, I think, be
more effectively taken care of by introducing the fo-
reign exchange balance as a separabe variable in the
model (as was done in my several esrlier memoranda e
This procedure is more rational than to consider the
selsufficiency coefficients, because it takes account
of all the indirect effects in the economy. If all
indirect effects are taken account of, one may well
find that the foreign exchange balance can be better
protected by admitting less gelfsufficiency of some
particular kind of goods. Bven if we think of the
average selfsufficiency in lhe whole economy iU may
be true that selfsufficiency may not be the best way
to protect the foreign exchange belance, namely 1if
total exports may be increased more than total imports
by admitting a smaller degrse of selfsufficiency.

The consideration of selfsufficieny coeffi-
cients for individual kinds of goods may be justified
for other reasons,not connected with the concern
about the foreign exchange balance. For instance the
concern about the nation being able to assure a suf-
ficient supply of strategically vital goods even in
the case of a war or other crises.

Whatever the reason, the present model assumes
that the selfsufficiency coefficients for each kind
of goods are politically given. They will be descri-
bed in the form of the Q coefficients defined by
(1.10).

The time shape of final current demand,le.ee
the magnitudes Fﬁ as function of time will also be
assumed as given.

1) Any such amount - computed afterwards — would have to Dbe
added to % XE in order to give " the total domestic productvion®
as distinBt from tobal value added.



2. The investment requirements
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Investment requirements may be due either to a desire
to bring about advantages infraeffects, or they may be due
to the need for bringing about capacity effects.

The infraeffect is the effect which investments may
have in changing the input coefficients Xﬁﬁ or changing
other coefficients in the model. Such changes are important
because through them large savings of costs and of scarce
resources may be achieved. In a country where determinate
effort are being made towards rapid economic development
(say the doubling of national income in ten years) the infra
effect is of a paramount importence. An advantageous change
of the coefficients of the model may even be a conditic sine
qua non for obtaining the goal one is striving at. The intro-
duction of the infra effect will make the model non linear
and thus considerably increase the computational difficulties.
This complication is therefore not considered in the present
simple model. (The infra effect and the corresponding com-
putational problem is considered more explicitly .in several oI
my memoranda from the Oslo Institute of Economics).

The capacity effect is the effect which investments
may have on the capacity of production in the domestic deli-
vering sectors.This effect is considered in the present model.
It is not done in the more elaborate and satlsfactory way
that was followed in my previous work on the Cairo Channel
Model (described in my memoranda to the former National
Planning Committee),but in the Rorm that one tries. . ..o
40 determine in an approximate way the requirements for
investments that follow from a politically given time shape
of the final current demand FEG (Only one investment channel
for each sector will be considered.). Subsequently the analysis

AT

e . = R
ig made exact by showing that certaln suprlementary assumpvlons

must be added in order to make the solution dobterminate.




It takes time to complete the execution of an
investment project. It is therefore necessary to distin-
guish sharply between the starting of the execution of

a project, and the sinking of investment goods during -the
execution of this.project in.a ?e. yearsu%ﬁa% 9ollow aftex
the starting. This sinking will have to continue until
the project is completed.l A third concept is the capa-
city emerging. In the more elaborate Cairo Channel Model
which was developed previously, several capacity emerging
years were congldered because the capacity increase may
emerge little by little until the potal capacity increase
is reached. This complication is not considered in the
present mo% We simply assume that the total capacity
emerges/;n 036 year,namely.in the year immedietely followin
the. last sinking year,

To summarize: the starting year, the sinking years
and the capacity emerging year are three time concepts
that must be clearly distinguished. The difference between
a sinking year and the starting year of the project in
question will be called a sinking delaye.

In what follow only one capacity increasing channel,
ie.ee No.g’will be considered for each delivering sector.

Let Cg be the construction time,i.e. the number of
sinking years that have to be considered when an investment
is started  in the investment channel g, that is in
the channel through which the capacity in sector g is
increased., This means that for a starting which takes
place ‘in'the channel g in the year S of the plan we must
consider the sinkings which this starting entails in the
following yearse.




(2.1) S+ 0y S+ 1y 8+ 2 eeo B+ (cg-l)
of the plan. The number of years written in (2.1)
is equal to cg which corresponds to our definition
of cg as the number of sinking years we have to con-
sider in the channel g.
If we assume that the total capacity emerges
in the beginning of the year that follows immediately
after the last sinking year, we see that

(2.2) t =8+ cg is the capacity-emerging year

From this followsthat if we went the increase
in capacity to occur in the given calendar year Ty
the required starting year will be

(243) S=%¢ - Ce

Now consider the volume of startings and sin-
kings(measured for instance in money values under
a constant system of prices).

We define

SR o the volume of sinkings of h-goods into chan-

(2.4) i
nel g ..s .years after starting, when Starting takes .
place in .year S. :

(ozs <:Cg)
The total volume of sinkings which is necessi-
tated by the starting in channel g in. the year S is

c -1 ss
(2.5) HS = g Jhg

g .
= b
In (2.,5) h runs over all sectorse
The total volume (2.5) will be called the size
of the project, or the project " in its full dress",
or again the starting variables for the projecte i ig

there is no starting in the channel g.in the year S,

then Hz =0o If there is a startin@?%np%%%ng%a§ S,
then HgS is different from zero and the magnitude

1—12 #ill indicate how biz the startinglin. channsl’ g

‘isdAn this yeaxr.,



(2.6)

(2.7)

(2.8)

Iet us express the individual sinkings as

fractions of the total size of the projects. This
leads to considering the coefficients J'SS defined-

hg
by
Jig = ﬁgs Hg (For any h,g,s and S )
(s=sinking delay )
(S=starting year )

The coefficients Jﬁzs we may call the investment
input coefficients, or better the sinking coeffi-
cients, to indicate explicitly that it is a ques=
tion of coefficients that express how much goods
and services that need to be sunk in the year(S+s)
in order to execube the projecto.

An apostroph will be consisiently used to exX—
press a coefficient: and the affixes on this coef-
ficient will be the same as the affixes on tae
absolute volume figure whose size it is wanted o
express. Of. (LeX):and (266). .

If we insert (2.6) in the right member of
(2.5) we get

I ) § 185 S
HE SLiEE N ‘g g

s=0 h
If the project is to be undertaken we will have
Hz 1: 0. Therefore we may divide in (2.7) by HS

g
and thus get

o 8y Jﬁzs = 1 (for any g and

s
any S)
In (2.8) the summation oyer s runs over all the sink-

ing delays where Sinking due o the investment
starting considered (i.e. investment started in
the calendar year S in chemnel g) actually occurs.
We may if we like even let The summation over

s in (2.8) run from - &0 to + co and so %O speak

leave it to the coefficients Jﬁgs themselves




(2+9)

(2.10)

= T

to watch the values of s for which they are to be zero .
They are zero for any negative sinking delsy,and.for any
sinking de%&%hat occurs after the completion of the pro--
jeet (i.e. for any sinking de}&%hat is equal to or larger
than Cg)o

When using any set of numerical data one should
always apply (2.8) as a check formula to verify that the
numerical data are consistent. (2.8) is a necessary
(but not a sufficient) condition which the J' coefficients
must satisfy in order to be consistent.

As a special case the coefficient Jﬁ;s may not

depend on the starting year S but only on the sinking

delays,l.e. on the number of years thet have elapsed after

the starting. In this case the complex of two affixes so
is replaced by the single affix s. In This case we use

the notation Jﬁg (s=t=-S) .
In this cage (2.6) reduces to
JsS iTE HS
hg = “hg “g (s=t=S in the case (2.9) )

This expresses the sinking that takes place in the year
s+S due to a project that was started in channel g
s years earlier namely in the year S.

In the present model the assumption (2.9) is
made for all h and &il g, in the numerical work, but
this is only an incidental feature of the computations.
In principle it is no need to make this assumption.

In order to assure generality for other possible appli-
cation I shall,in the sequél,use the general formulatioa
(246)0

The total sinking of the h kinds of goods that

takes place in a given calendar year t — i.e. the term

JE in (1.7)- is due to a number of different startings
in the years prececeding t. We get

LI % & S,5=8

Do e 5 R

S,t"'

n
U
]
4
1
~
(38}
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We are now ready to study what is meant by
investment requirement., In a more thoroughgoing
analyg%s (as the one underlying the Cairo Channel
Model /the much more complete Oslo Channel Model) one
studies explicitly +the concept of production capacity
in each sector and ure imposes the condition that the
total production in any delivering sector, h in a given
year t must never go beyond the capacity that exists
in this seéctor in the year t. Only through the time
consuming investment process Whiqy\we have Jjust dis-—
cussed can capaclity be increasedJ”in the present memo--
randum " this is baken cars of in a special way whigh
Ieads up.to a deterhination of the way in which The .
production in each domestic sector depends on all the
time chapes of £imal current’demand /- the h-kind.of
gaodsgai,eagon.Bﬁahcff_also\the remarks. in the begin-
ningof this sectlon. - - ) #

This politically given FE = it will in practice
mean an increasing Fﬁ _'wi}%ecessitate an increasing
total availsbility ( Xy + A™P*%). And since by (1.9)
- with polifically given QU - the import will follow
the domestic productlon,the final result® will be that
the increasing FE must lead to increasing domestic
production XE in the sector h. And this in turn will
necessitate investment to hwing the capacity of produc-
tion in secto;?ﬁt-the level needed . v

From the year (t=1) to the year t the total
domestic production Wi}%ncrease by an amount (XE— ;‘l).
If the capacity for producing Xg'l has previously beeL
provided for, we are now facing the necsssity of pro-—
viding for an addition tc capacify which will emerge
in the calendar year t and which is of such a size
that we will in year t have sufficient capacity to be

mamale o e ol o T gaanmed odTran

2N\ P
L) LOE DULLST Cuw Sl givan,.



(2.11)

(2.12)

able to produce domestically ti

Let g be the investment channel through which
the capacity in sector h is increased. Since we assume
that there is only one channel for each sector we could
have used the same numbering, i.e. we could have spoken
of the investment channel No.h.oZ the sector No.g. Fox-
the subsequent handling of . the formulae it is econvenient
to.have_both;letters,”h and.g, available: .

If the capacity due to an investment in the
channel g is to emerge in the year t, the starting mus<s
be made in the yeax (t-cg)g How large should this star-
ting at (t—c ) be ? The tctal capital which will fine-
1ly be 1nvested when all the ensulng sinkings are com-
pleted, is Hg. e In some sectors =ie.e. in some channels—
there is more capital invested per unit of output than
in others. Let CS be the capital to output ratio in
channel (sector) g . in the year S. . This means that
if we are going to make an investment large enough to
be able to satisfy an increase in output equal 1O

(Xg - Xg_l) we must insert a capital equal o

t-c (X ;_ } » This therefore must be the size of the

8
snartlng we are now considering. In other words,we must
have
t=C t=C G He=l -
H = C g (s TR ) (fo t
g g g o ( g g / \f r any )

Writing as before 8 for the starting year, i.e. putting
in (2 1) S:t-cg, and hence t=S + c_s (2.11) takes the
form

=
Hg = GZ (X§+Cg e 02 HeT) (for any S)

This is the investment starting which it is required
that we make in channel g in the calendar yeaT S.

g

In the numerical work in connection with the pre—

sent model it was assumed tha® 02 was independent of

S, but this is onlv an inecidental feature of the

v o -— T



(2.13)

~14—

numerical work and has no relevance from the point of
view of principles. '

How much investment sinking will the starting (2.12)
necessitate in the calendar year t ? This follows from
(2.6) by inserting for HZ its value as determined by
(2.12),

This gives that part of the required sinking of the
h=kinds, of goods in the year t which is due to the invesy-
ment starting in g in the year S. To find the total
sinking of the h-kinds of goods that are required in the
calendar year t we must sum (2.6) over g and S. Cf (2.10).
In other words,the last term in the right member of (1.7)
is equal to £

e $ S t=S,8 (vS+C_, _ wS+c_~1
Ip = $g S=t-c+1 Cg Iheg (Xg_.g“ X 8 )

. msfor any h~kind of goods and)
any year t of the plan.

In (2.13) g runs over all investment channels, and
for each such channel the starting year S runs over all
startings in the chennel g which are such that they will
cause a sinking in the year t. These startings are those
that take place in the years $s6=l,t-2 oee (t—cg+1).

In the actual numérical computations we have assumed
the following special case, which we may Term the even
input case. This is the case where the investment inputs
which are neeiegn order to complete a given project, are
distributed evenly over all the yeargof the construction
period, i.e. the same size of input in each of these years,
except possibly the starting year itself where the input
may be different from (usually smaller than) those in the
other construction yearg,This even input assumption is
made for anj channel g and for any h kind of goods that
need to be sunk in order to éomplete the project under-
taken in channel g but,of course, the size of these evenly
distributed inputs may be different for different g and



for different h. We assume that these evenly distribu-
ted inputs are independent of the starting year S

The even input assumption is only an incidental
aspect of the work, not connected with questions of
principles.

The behaviour of the sinking coefficients invol=-
ved in the summation (2.13) in the even inpul case is
illustrated in fig.(2.14). Here Jﬁg is the coefficient
that expresses the inputs to be made in the same year
as the starting takes place, and Jﬁé is the coeffi-
cient that expresses the inputs to be made in each of

the subsequent years after starting.
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Fig. (2.14)

Behaviour of the sinking coefficients involved in (2.13) in the

even input case.
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Writing out the individual terms of the summation
over S in the even 1nput case, we get, if C is independent

of 8
(2.15) It (x“l x”") + T xg t‘“l Dt e
+ J1E Xt+c ST X1t+c -2 J,o X:c+c 5 p+c -1
he X gg)+hg(gtsx&.re:)

All the intermediate terms in (2.15) cancel with the
possible exception of; the. term. containing,xg _l -
Hence, (2.13) reduges, 5o the followmnaJnazyLanmplahgkpr&r

ssion
¥ = ¢ 30 G+e P 3 40 t+c —l ' E b
(2.16) Jy = & Cg [Jhg Xg g +(J J ) X , J he Xg
If we have the stlll more special case where
o] =
(2f17) Jﬂg = Jﬁg '
the formula is further simplified to
(2.18) J¢ =8 (3 ¢ )6 Xt+°g - x" ) ( In the case(2.17) )
hg “g

The general tase. (2 ,13). may: be. written
U4°s p,tR 4 B

(2.19) ;=% hE i e
where
'H -1,R-c_+1.R 10
(2.20) PﬂgR J,; B+cg ’ R-cg Cg"cg 5 Jhg R+cg syR—Cgt Gs--cg+

The second term in (2.20) represents the effect of a
sinking delay one year shorter and an investment star-—
ting one year later,thanﬁthatiwhidhiﬁ represented in
the first term of (2.20).
_ The completely general case (2.19)-(2.20) is con-
sidered in the sequel.

In (2.,19) the second summation runs over all R
for which the coeff1c1entjP£§B does not vanish. These




(2.21)

(3.1)

(3.2)

(3.3)

(3.4)

values of R are

R= G, +#1 ase & + cg

The latest starting which influences the coeffi-
cient (2.20) is a starting in the year T. Indeed, the
highest value which R can assume under a given t is
Ri=" b+ cg . For this value of R the starting that
will influence the first term in (2.20) is that at

Boy = (trog) = og = & which gives the value Jﬁgt c;
of the first terme. For R =t + ¢ the second term

- : g
becomes Jﬁgl’t+l Cg+1. This is zero since a sinking

coefficient with a negative sinking delay is zero.

3 - A canonical form of the equatilons

In (2.19) we will separabe the term for R=%. This

gives
f5 th_ & =G +1+ 1, Combyt=C +l1 t
Jy =9 g Cg g Jhgg g . Xg
where
#=G_ t+e tR R
die=i st 8 Pﬁg Xg
g R=t+1

Inserting these expressions into (1.7) and using (1sd)
and (1.9) with QU politically givem,we geb

q‘ -
g Mgk XE = FE ® Jit (h = any deliverillg
' sector)
where

A - ot 5
th = [eh.k (l-{-QlE)_XllﬂE_’, Jlillc(k l,t—ck-i-lcl‘tc ck+g

(h=any delivering sector)

(k=any receiving sector )

(t=any year in the plan )
and ey is the unit matrix

a.

-nk

T 1=l
0 otherwise



(3.5)

™

In (3.3) FE is given in all the planning years and
7% gepends only on xg*l, x;*ao.. G+Co  with coefficients
that — a8 we have seen in connection with (2.20) = only
depend on the sinking coefficients and the capital-to—output .
coefficients for the startings that take place up to and
including t. In other words, if the highest value of t for
which we need to use (3.3) is the concluding year of the
plan, namely t=T, we see that for this year the sector
products involved in Jﬁt will be Xg+l, XT+2..°XT+°g, and
ro coefficients connected with startings beyond the plannirg

period will be involved in the coefficients of X@*l,

T+2 Tec
Xg g o

s 0

if

t ﬁ: M@x ¢
the matrix (3.4) will depend on coefficients connected with
startings that take place before the planning period.
Indeed;in (3.4) coefficients related to st rbings at te=cytl
are involved. If this year t-c¢ +l is less than 1, coeffi-
cients related to startings before the planning periocd will
be involved. This gives (3¢5).

This conclusion can easily be checked intuitivelys
The carry-on activity, that is to say the sinking activity,
that is due to startings in the period immediately before
the plan must obviously have some influence on the total
sinking that takes place in the first years of the plan,
(But they are not the only happenings outside of the plan-—
ning period that influence the course of the economy in
the plenning years.Cf. section 4s)

If (3.3) is to be used for t=l,but not for earlier
years, startings that teke place ab l—M@x;cg+l = 24M§x cg
will be involved. In other words, if (3.3) is to be used
for all years in the plan but not for any earlier year,
we need o know the sinking coefficients and the capital-—tu-
output¥coefficients for the startings that occur in the
following years t befoxre the plane

&~

(3.6) 5=2-Mgx 3—M§x Gy 000 O

Using (5?3) for all the starting years we get
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(3.7) ‘XE =8 (M l)kh (Fh+J§¢) (k=any sector).j
b (t=any year in the plan)
where ML is the inverse of the matrik M,

4= The dynamic solution

v — s v —— v ——

From the analysis in the previous sections =— as sum--
marized in (3.2), (3.3) and (3.4) = it will be seen that -
the solution is given by a system of dlfference equations

in the n time functions Xk (k=1, 2...n). '

There are n equations between the n time functions.
This is seen for instance by inserting (3.2) into (363)s
Hence the system is determinate in the functlonal Sense.
But so far we have not defined any initial congltlons >
which the solution ought to satisfy. Therefore we do not
yet have a solution that will give us the evolution of:
the constellation of the economy over the planning yeais.-
How should the initial conditions be chosen ?° _

The structure of the preceding formula indlcates a:
set of initial conditions outside the planning perlod e
that it ig plausible to introduce. They are of two sorts:
First, that the startings Hs are known for the years S-=
2—cg, 2-cg+l see O before the plan l). And seeond, that
the sector products Kg are known for the years t = T+l,
T+2 oo T+cg after the plan. '

The way in which the former set of initial conditions
enter into the picture are given by the previously dis-—
cussed manner in which the mabrixz (3.4) depend’on the coe—
fficients Felated to lstartings that took place before the
Plaf.  conomically reasonable way of fixing the latter
set of initial conditions would seem to be to reason in
the following way, which is patterned after a‘@ay of
thinking that was much used in the former National Plan-

ning Committeec.
1) One cannot assume that the sterting formula (2.12) has held gocd

for these years S before the plan.Indeed, HD for thesp values of

S are historically given when the executlon of the plan starts,

while g,Xg ess XT depend on decisionally determined varlables




Consider the period t=T+l,T+2... T+M§x cg beyond
the plan, For the years in this period we assume a rea=
sonable ratio rﬁ wpich the investment sinkings delivered
from sector hy l.e. Jﬁ, is going to bear to the total
product in the sector. I.e. we put

(4o1) g =zl ¥ (for 0 &t S 4 Mgx oy )

with ry given,

The value added in sector k is for any year
~ defined as
.2) To=x-¢ = @-4x8%)x’ (for eny k)
‘ i T e e y
(add any %)
Since the input coefficients are assumed given (possibly
as functions of t);the value added in a sector bears a
given ratio to the total product in the sector. Hence it
does not matter whether we introduce our assumption in

the form of a rabio of JE to Xg or in the form of a ratio

of JE to Vﬁ. .

If (4.1), (1e1) and (1.9) are introduced into

(1.7) we get 3
(4o 3) NG [ehk (1+@l-r2)-x1T | 2f=F} (for any h )
i : (and Tt =.TTM@X cg)

If Eh is assumed given also for a sufficient numter
of years beyond the plan, and similarly for the elements
in the matrix defined by the brackets in (4.3), an inversion
of this matrix will give the XE for the necessary number

of years beyond the plan,

This is a good example of a procedure for solving
the general truncation problem that arises in any plan
that pertains to a definite and fixed planning period.

We can now by (3.2) determine the value of Jo ,T
being the last year of the plan, Hence by (3.7) we can

compute the Xg for all sectgrs k:
Continued footnote of pel9

pertaining to the plan.lf (2.L2) gid hold g0od, also for these years £
before the plan, it would suffice to assume .X, for U=T+l,

D42, .T4C_ &8 ElFens In’any Gasé the sinking: cBefficients: relabing
to theiségrtingéibefbre the plan is assumed to be known.




(4.4)
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This being done, we can determine iiﬁ* %y (3.2)
ond hence the Xo © by (3.7). And so on.

When the Xg are computed for all the years of the
plan, the whole constellation of the economy (to the degree
of detail that is in the model) is easily derived. For
instance all #he XEK can be derived and the value added
(4.2) can be derived. We can also determine the increase

(positive,negative or zero) in the country's net foreign
creditor position, which ( .apart from purely financial
gains or losses from transaction with the rest of the world)
is equal %o '

S i i pnetet
h P
where Aﬁet't is given by (1.6), AgxP‘t_is xnown a8 /com-
ponent in the given FE = of C1%4)% V and (1.5) - and

Aim9°t is given by (1.9).

If wanted, we may through the application of labour
requirement coefficients for the Xg also’ compute total

employment.
‘ And so on.
It is important to be aware of the fact that since

we have assumed that the imports are given functions of

the sector production, we have not opened_up.the possibility
of assuring feasibility by manjpulating imports. Therefore
in order to be able to start the execution of the plan in
conformity with the present model, we must assume that in
the first year of the plan, i.eo for t=l, sufficient unused
domestic capacities of production are available. Such

an assumption is not needed in the Cairo Chennel Model.

Nor is it needed in the Oslo Channel Modele.
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5 = Concluding remarks on Model 1,

== —— — e
—— —_——

Bven if the present model is not based on optimality
considerations and even if it only tekes account of the capa=
city investment needs in the various sectors in a special
wWay, still it is of some interest, because it attempts to
lay bare the way in which a given time shape of current final
demand will affect the whole constellation of the economy
in the planning years,

The work of the Operations Research Center, under the
direction of Dr, Salah Hamid, is at present concentrated on
‘an-attempt to carry out, in cooperation with Dre Nazih Deif
of the Ministry of Plannlng,ycompu%a¥ions whlch will = it is
hoped = shed more light on the problems of the new five year
plan and without making the simplifying assumptions that
underlie the present model:

This new work would have been impossible if the IBM
1620 computer had not been available in the Operations Research
Center.



