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1) 2)

Introduction. This Note offers a few informal remarks on a

subject,which one feels, deserves a fuller, deeper and ri-
gourized investigation. It is concerned with the assimilation
by, the mathematically-oriented, economic planning of the
optimal-control-theoretic approaches and techniques - a pro-
cess which by now has one decade's history. By itself the
process can . be seen in the perspective to correspond to a
longer-run logic of advance in the conceptual and instrumen-

tal equipment of the planning thecory and in its apolication.

N This Note was produced when I was Visiting Professor at

the Institute of Mathematical Economics, University of
Bielefeld. I am grateful to the Director of the Institute
Professor Reinhard Selten,for the aid extended.
2) In reference in this Note the titles of my recently ap-
meared books are abbreviated as follows:
Aspects of Planometrics (London University Press 1967)-
TAspects”
Mathematical Theory in Soviet Planning (Oxford University
Press, 1976) - "Mathematical Theory"
Differential Games and other Game-theoretic Topics (New
York University Press, 1975) - "Differential Games"




For one may detect a logical progress in what was initiated
by the absorption of the Leontievian apparatus for securing
feasibility of the economy's activities - first static then
dynamic; next - of the apparatus for the selection of the
"best" plan-programming solution - again, first static
(Kantorovich, Dantzig), and then placed into the time dimen~
sion (with the extensions from the original linear to non-
linear situation and processes); more - this associated
with the expliciting of the system's guidance by one or
many controllers in the puréuance of his (or their) objec-
tives (Pontryagin and associates; Bellman). All this - parallel-
ed by a movement from a strict deterministic to a probabilistic
stand. It seems tenable that thus presented without gquali-
fications the process of assimilation we are talking about
must appear gradvally to improve the planner's potentialities
in performing his task.

Although our observations stop at the point marked by
the acceptance into the body of planning theory of the two
érincipal constructs of the nost-classical calculus of vari-
ations - the Pontryaginian and the Bellmanian - we shall
passim refer to some of their further elaborations of rele-
vance from our angle. Indeed in the present context of the
gradual progress towards better “capturability"of "real world"
and of the planner's task, we may exemplify this straight
away by pointing to one, verv important one, among reformu-
lations of the constructs: that By Gabasov and Xirillova 3.

0of the Maximum Principle in terms of variational derivatives

3) R. Gabasov, M.Kirillova, Printsip Maksimuma v Teorii Opti-

malnogo Upravlenva,1%974 ; see also by the same, Kachest-
vennayva Teoriya Optimalnyk Protsesov,1971
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and variations of the second order, patently something closer
to the "variational” handling by the planner of the plan-

alternatives confronted.

Having suggested in a general fashion that,and in what sense,
the assimilation discussed has enriched planning theory we
shall concentrate on some of the specific matters diminating

today the E;oblemétics of the planning theory. It seems that

they can be conveniently put under the following headings:

.(1) time horizon, (2) goals pursued, (3) parametric steering
of economy, (4) stability of, and stationarity in the system's
advance, (5) path of planned advance, (6) multicontrol,,

(7) scale and complexity, (8} indeterminacy, (9) simulative
methods, (10) advance in control theory, (11) systemic ex-

tension,

IT

(1) Time horizon. The dilemma of setting the horizon

has posed itself to planning theory from its very inception.

To put it loosely, it arises from a conflict between the na-
ture‘of planning as a free-end operation ("the end of the world"
not being assumed), and the familiar technical difficulties in

solving non-finite programmes.

The Maximum Principle has offered a heuristic relief

in the first place by permitting to build up a theory of a
4)

sliding horizon (continual revision). Goldman's models typi-

4) s.M. Goldman, Journal of Political Zconomy, 1969




3) Maximum-Prin-

fy it. (Atypical is the approach in Smirnov's
ciple-based design where the plan's time horizon is a function
of the discount factor; and in turn the latter - a function of

time).

Moreover, the Principle has given the framework for a
rigorous treatment of infinity. To recall, the solution offered
by Pontryagin and assoc. themselves holds essentially for auto-
nomous systems; but not otherwise, in particular it does do so

where a time discount is adopted - as shown by Shell é)

{(who ap-
plies the familiar method of "partitioning" the free-right-hand
time dimension and expanding the middle part): it breaks down

at the transversality condition.

However, as it would seem, the approximate plan-oriented
solution - such as offered by Moiseyev7) - based on the Huku-
hara (1934) theorem - may do the job for the purpose. The approach
rests on the idea of a preliminary "asymptotic processing" of
the initial state; then controls are probed where “the point
at infinity" becomes a "regqular point“. One of the advantages
is a possible avoidance of the tricky task of finding the auxiliary

problem for the necessary conditions of the Maximum-Principle kind.

The work of Moiseyev - control-theoretic-algorithmically
oriented - is likely to bring (at least as far as economic planning

is concerned) closer to a solution the search, which in fact was

5) A.D. Smirnov, Modelirovanye i Prognozirovanye Sotsvalistiches-
kogo Vosproivodstva, 1970

6) K.Shell, "Application of Pontryagin's Maximum Principle to Eco-

nomics" in H.W. Kuhn, G.P. Szegd, Eds., Mathematical Syvstem The-

ory and Economics, p.I, 1969

7 .
) $§§& Moiseyev, Zhurnal Vychislitelnoy Matematiki i Fiziki, no.4,




started in economic theory before the optimal-control phase

(with such fundamental contributions as those of von Weizsicker 3)

6)

and Koopmans .

(2) Goals pursued. The problem of the objective pursued -

s?ecifically its substance as distinct from its formalism -
can be considered as a datum for the planné:. Admittedly from
the plan-constructional angle he will not be indifferent to
this substance where it has an impact on the form of the plan
statement. This would be true, say, for the gquestion of tenabi-
ity or otherwise of Arrow's impossibility theorem 7); or the
measurability of the objective function: thus e.g. the formu-
lation of the utility objective as one of von-Neumann-Morgen-
stern type or the matter of interpersonal aggregation (és in

n 8)) or the issue of discounting the objective (c¢f (1) above)

are immediately pertinent to the plan's "architecture".

That allowed for, it is the technical possibilities
that optimal control offers in treating the objective function
that are of relevance here. In this context one would mention
the freedom of shiftine - under Maximum Principle - elements of
goal pursued as between the objective function and contraints

(and,parenthetically, also the possibilities in constraining

>} C.C. von Weizsicker, Review of Ecbnomic Studies, 1965

6) T.C. Koopmans, Econometrica 1967
7 K.J.Arrow, Social Choice and Individual Values, 2nd ed. 1963
8)

A.K.Sen, Collective Choi e and Social Welfare, 1970; the same
Econometrica, 1966 and 1970
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the state as well as control variables and handling constraints

as either equations or inequalities).

Also the question of multicriteriality belongs here.
In the literature of the subject I would draw attention in par-

9}

ticular to Salukvadze's qeneralizations in his study of op-
timization of control systems under vector-valued performance
¢riteria: technically of considerable interest is the ingenious
statement of the variational problem in terms of Mayer which in

turn is solved on the Maximum Principle.

(3) Parametric steering of economy. One of the crucial be-

nefits planning theory secured from optimal-control theory is

the clarification of the nature and of thé placing into time di-
mengion of the Lagrangean-type valuation of constraints. This

is the Hamiltonian multiplier in the Maximum Principle, the gra-
dient of the Bellman function in the Optimality Principle formu-
lation: a closed, dynamized analogue of the Lagrange coefficient
froﬁ dual of a mathematical programme; thus well interpretable
by the economic planner as the price in time of factors and of

commodities, including that of the "commodity" time itself.

For lack of better context we may note here that by the

latter —-1960s8/1970s various limitations of the Maximum Principle 10)
haﬁe reveiled themselves to the economist student some severely
inhibiting the use, others - depriving the results of economic

meaning. They are accountably for by either mathematical or/and.

"real" facts. On the mathematical side there is first of all

9 Salukvadze, Avtomatika i Telemekhanika, No.5, 1972

10)cf.Zaube::'m:;m,, “"A Choice of Control for a Turnpike" in J. Los and

M. Los, Eds., The Mathematical Models in Economy, Symposium of
the Mathematical Institute, Polish Academy of Sciences, 1974




"notorious" two-point boundary value problem. Among the facts on the
economic side there is the absence of admissible controls as a
function of phase coordinates in the neighbourhood of the opti-

mal trajectory, convexity of the control domain, concavity of

the subintegral, negativity of some variables.

The matter has been treated extensively by Arrow and

11)

Kurz {(cf also an interesting contribution by Schmidt treat-

ing the tricky matter of phase constraints in optimization
problems (see Zauberman %)),

Detecting limitations have induced a search for reme~-
dies from the angle of the planning theories' needs. Thus note
in the context inquiries such as that by Arkin and Levin 13)
into variational problem with integral-valued constraints
(integral inequalities) where controls are measurable n-vari-
able functions. Here a postulated continuum of participants
leads to abandoning the usual convexity assumptions (for the
purpose the familiar A. Lyapunov apparatus is generalized and
the Pontryagin principle suitably reformulated). The supposi-
tion arrived at is then that assuming a large number of sectors
and regions for a‘plan, the framework a price-instrumented de-

centralization could be effective no matter what is the formal

shape of components, specifically of the functions of utility,

M) K.J. Arrow, in Mathematics of the Decision Sciences, p.2,1968

K.J. Arrow, M.Kurz, Public Investment, the Rate of Return, and

Optimal Fiscal Policy, 1370; M.Kurz, Review of Economic Studies,
1968 :

12) Zauberman, Mathematical Theory

13) V.I.Arkin, V.Levin, "Varyatsyonnyie zadachi s funktsyami mnogikh

peremennykh i model raspredelenya resursov" in B.S.Mityagin, Ed.,
Matematicheskaya Ekonomika i Funktsyonalnyi Analiz, 1974




-8 -

local constraints and technologies ( the idea is closely re-

lated to the present-day theories of continua, core and equili-
brium in large-scale economy as represented by Hildenbrand 14) ).

(4) Stability of and statiocnarity in the system's advance.

The time-honoured policy-maker's concern about the stakbilitv of
the economv's hehavour was taken care of initiallv bv the theorv
of reaqulation. This was largelyv due to Phillinps. The work was
not focused however on the rualitv of the stabilitv until the
contributions bhv Jiolt (who adonted the cuadratic criterion

functional and a reogime of the Simeon-Theil tvpe).

It is onlv with the advent of ontimal-contrel theorw
that the issue has hecome one of the optimum, of crucial
imnortance was N.M. Xrasovskiv's discoverv - in his treatment of
the time-ontirmal control nrocess - of the direct nexus hetween
the functions of Bellman and of Lvaounov: a nexus whose sub-
stance is that for a numher of nroblems with certain sian-
determined criteria, the Mellman function in a familiar forr,
itself well-known to be of the Hamilton-Jacobi familv, reveals
itself as the Lvarunnv function. Thus the solution of the
ontimum control nroklem in such sitqations reduces to deriving
the "onptimal Lvanunov” functicn. (Parallel to Krasovskiv,

¥alman treated the prablem in ~rohabilistic terms).

Since then the nroblems of analvticallv constructinag an
ontimal - or subontimal - "reculator" Uy means of the Lyanunov
function (in both deterministic and stochastic versiona) has

obtained a larae literature. Mne would refer here inter alia
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14) 5) 16)

Lorenz), 17)

to Xosut, Satyanarayana/Srjnath} Topov,

! : = ion we have a
V.%.Kuntsevich/M.H.chhakla) (in the latter contribution we hav
desian for a svnthesis of ontiral and subontimal discrete svstems
of control, bv means of a Lvarmunov function, of a stochastic as

well as a deterministic obiect).

{5) Path of =wlanned advance. Simultanemusly the 196N's and

1370"s have witnessed the rroliferating 1literature devoted to
the tracina out with the heln of the Maximum Princivle of the
ontimum tradectorv for the econmr's stationarv advaner: +he
trajectorv which reveals itself to be the von Neumann nath - as

3]
conceived of in Dorfman/Samuelson/Snlowl')

desian of the "turnnike".
The encuirv has crvstallized in €hell’s studv of the »nroblem of
consumntion-optimal Arowth for an economv illustrated bv A one

and two sectors'models with a linear or nonvliﬁear ohjective-
functional. The bv now celebrated Shell's hasic theorem for the
nlannine problem to the effect that the "Pontrvaain nroqramme”
recruires the nlanner to adont the Golden Rule of Accurulation
("modified"™ - -llowance made for time discount) for all huit a

finite amount »n€ tire; moreover, that as the lenath nf the nlanninea
veriod increases the fractinn of time with a canital ratio differ-
ino from that of the Rule, annrmaches zero. For elaheoration of

this crucilal contribution of ontimal-rontrol theorv to that of the

nlanner's .stratenv one is advised to turn to Shell's own writinas

14) R.L.Kosut, in T.F.RB.E. Transactions, AC-13, no.5, 1970

15) N.Satvanaravana, *".Srinah, I.n.E."7.Transactions AC-1%, no.5, 1970
[

16) J.Lorenz, Archiwum Automatvki i Telemechaniki, no.2, 968

17) V.".Ponov, Ginerustoichivost Avtomaticheskikh Sistem.

18) v.M.Xuntsevich, .Lvchak, Avtomatika i Telemekhanika, notl, 1973.
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own writinas and to his refecrences to the familv of related
literature.zO)To he sure this familv does not nrovide the onlv
approach to desianina the ontimal stationarv nath to the ecomemv's

advance,

Thus, more immediatelv nlannina-oriented is the Dvukalov/
Ilvuatovich desidn?l) Theirs is a desian for a wrobrlem -rith continﬁous
time, belonaina to the linear dvnamic nroorammino or more strictlv
to Bellman's bottleneck nroblem. And for the orobinea into the
asvmntotic nronerties of the »ath it resorts to the method akin to
the famililar stabilitv nroof for the solution for differential

ecuations - bhv means of the Lvarunov function (see section 4).

19)'Dorfrn.':m, Samuelson, Solow, Linear Proaramming and Fxtension;

se2 also J.R.Hicks, M.Morishima, R.Radner, "The Turnnike Theorem"

Review of Fconomic Studies, 19€1,

2O)K.Shell "Anvlication of Pontrvaagin's “Maxirmum Princinle to Fcomomics"

E.™.Ruhn, G.?.Szend, Fds., Mathematical Svstems Thenr+v and Fconomics,

nart T, 1969, The plannina nrohlems in the naner are conceived as
a marticular case of those treated bhv Shell's essav {on ootimal
proaramme for canital accurulation) in his contribution to ¥.Shell,

Ed., Essavs on the Theorv of Ortimal Fcononmic Growth, 1967; the

latter collection containg contributieons hv several authors on
related matters.

LI)A.N.Dvukalov, A.T.Ilvutovich, Avtomatita i Tele,ekhanika, no.3, 1973.

22)L.V.¥antorovich, V.L.Makarov, "Arowth Models and Their Application to

Lona-term Planninag and Forecasting" in T.S.Khachaturov, nd.,
. Methods of Lona-term Planninc and Forecasting, 1976.
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Acain, the basic result is that the vector of phase coordinates on

the oontimal trajecterv spends most of the time close to the turnpike's

direction (the turnnike beinas defined as the trajectorv of "bhalanced"

growth - “ithout unemploved canecities) coincidina with the right-hand

eiganvector of the matrix of the full carital-intensitv of prod uction.
A still stroncer nlannina orientation is teo be found in the

22)’for a multi--ector

rnost recent Kantorovicﬁ~ﬂakarov (1976) éesinn
multi-commodities svstem (althouah formallv it works with a dvnamic
inmut-ocutrut aomaratus nlus convex nrooramming, it 3s in substance an
ortimal-control desian cléese to the dvnaric rrogramrina asrecies).
And, again, ‘t too leads to tracing a Meumannian kind of. a
"reasonable" turnnike determinable with ~iven growth rateg and time
discount (where the relationshin between the arowth rate, the output
and canitrl formaticn does not rr-ve effectivelv tractabhle, ar

nrocedure is indicated for the olanner to derive an armmroximation

from a seruence of jterations).

(6) Multi-control. o0ne of the asnects of "unitariness" of

control characterizine the oriairal mntiral-control Cﬁnstructs

which has inevitablv nroved to he unrealistic in »lannina annlica-
tion is that of a sinale controller. Fonce the motivation for
multi-contrel modelline, Tn reflect the realitv of non-rmandatorv
and mandatersy olannina econcnies that would be resrectivelv non-
hierarchic and hierarchic desiens (realitv would resuire a dearee

of this n»nronertv)., The substance of the rroblem is hare the
coordination of the nlans; “or the former - nreservineg the ermualitw
of the controllers' status, “or the latter - enforcinag a hierarchic

orderina of the »reference gcalec in the svetronm.

<2} See vrevious naage,.
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To be sure this is alsn an area where control-
theoreticallv oriented »lanning theorv has continue?d the work of
the earlier, call it the pronramming "era" (the massive outnut of
literature in this field is discussed in mv recent books referred
to on p. 1. ffere I will rather eclecticallv refer for exémnlifica—

23)

tion to the work of Malinvaud in the West, and that of Dudkin

St
and associates“4) and Pucachev and associatezs)in the Fast: and

shall focus rather on the generali inag hierarchic cames.

Such heina the focus T would single out the work of

26) te the extent that it is verw

Emelvancv/ Burkov/ Opoitsev
distinctlv »lannina oriented. That is a model for a svstem where
the onlv meta--laver defines :he rules of the aame which atherwise
reflects the nlaver': interaction. To he more svpecific, the idea
is that inasmuch as the games of the kind discussed are well-known
not to have a sinale solutional concent (Nash ecuilibrium, Pareto.
ortimum, maximum quaranteed result, are bhut a few frem the range),
it is reasonable to determine unicuelv the nlaver's behaviour; the

choice made is for the Mash »oint claimed to have secured exveri-

mental validation.

23 .

)Fee in marticular the r»lannins--riented contributions bv
E.Malinvaud, "Decentralized nroceduren for plannina™ in
B."Malinvaud/v.0.L.Rachrach, Eds., Activityv Analvsis in the Theorv
of Growth and Planning, 1967: and the same Canadian Journal of
Economics, Feb., 19672, '

o) .
“4)I.A.Vakhutinskiv, Fh.¥M.Dudkin, T.A.Shchennikov, Tzvestva Akademii
Fauk S8SR - economic series 5, 1973 and references therein.,

2 . . . - .

SQF.Uuaachev, PR, Mitelin, Tkonomila i “atematicheskie Metedwr,
0.6, 1274 and raferences therein,
26)

S V.Emelvanov, V.,M,Burkev, V.T "“mnitgavy in Avtomatika i
Telemekhaniza, no.l, 1974 arl reference to the Serminar on larae-

scale svstems, 1973,




To move one sten further on in »lan construction,
aeneralization of ontimal contreol has led the architects of plan-
modelling to n-persons differential aames. There are so far ~nlw
a few elaborations -7 ich should le indicate? here.

In the first nlace refarence must be made to the work of
mathematicians connecﬁed with the Comnutation Centre nf the USSR
Academv of Sciences. Central here ig the idea that in formalizinq the
waorkinag of a hierarchic oraanization (rmosina and =nlving the nrohlems
0f its manacement, that of aﬂwfecation amonds others) the "natural”
ammaratus is rrovided bv the non-antaconistic game; a construct
associated with the name of ﬂermever.27)

An imnortant contrihution in this field is owed to
Moiseyevzs)concerned with the balanced - "accentable" "dearee" of
decentralization. A strona emntasis is on the, inevitablv less
than necessarv amount of information, and the eruallv inevitable
dearee of behavoural indeterminancv as a characteristic of the
larageness of scale nlus comnlexitv, {The line of reasonino is
broadlv this: At some noint of largeness the collectina and
nrocessinag of informatinn hecomes unfeasihle, or the svsterm reaches
an intolerable dearee of indeterrinancv {see our section 8).

Where thus the centralist mechanism bhreaks down the alternative is
one in which the h~ndlina of informatior and the decision-making
is carried out in several narallelina nrocesses). The described

characteristics and in addition "informal factors”™ of the oraganization

2
7)Yu. R.Germever, Inrovvie Reshznva v Issledovanvi Sisten, 1974 (?)

za)I.Moisevev, Kibernetika, no.C, 1973.
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ara dealt with in Moisevev bv a whole ranae of "unconventional”
non-conflicting acame desiqgns: ur to, and including, a rmultiverson
differential mame leadinag te ontimal-control-theoretic solutions.
A facet of the Moisevev hierarchic game is the importance attached
to the seaquence of moves with nrecedence accorded to the higher-
level nlavers. Note that came-theoretic an»nroach as understood
here differs substantiallv from the "traditionalist” ne bhased on
the block~-programming methods.

We should noint out that "hierarchization" of a controlled
system creates some dilzmmas of its own. One concerns determinina
the nattern on which the hierarchic svstem should be ordered.
An interesting studv in this direction is that bv Pavlovskiv.ag)

His anproach is hased on the thecrv of ~rouns: aroun nronerties

of a controlled dynamic svstem and a nhase-organizational structure.
To this end grouns of transformations of such a svstem are considered,
and the aroups are emploved tc exrlore aqaregation - its"admiss-

ibilitv" and its modellina - and "natural” hierarchic ordering.

Further, in the class of differential game we draw

attention to the Starr/lio studv30)

" for the great impottance of
both its general analvsis and ite exnlicit economic exemnlification.
One of its outstanding merits is the riesorous analvsis of seolutional

notentialities, smecificallv thore based on Nash ermailibrium,

29
)Yu.N.Pavlovskiv, Zhurnal Vvchislitelnov Matematiki i Matematicheskov

Fizi%i, no.4, 1974: &lso, the same, ibidem, no.6, 1971-

30)

A.W,Starr, Y.C.Fo, Journal of Ontimization Theorv and Aonlications,
os,3 and 4, 1969, :



minimax and non-inferior set of stratecies. And from our angle

of considerable interest is the Ctarr/Ve demonatraticn of features
absent in the ontimal differentjal-qame theoretic anproaches,
snecificallv difficulties encountered in a transplant from control
theorv of what is nrevalentlv believed to he the obvious ideés
suitable for the nurpose: thnse of the mtimality Princinle and

on the relation between open-loor and closed controls deserve

narticular attention.

0Df the few alqorithmicallv oriented constructs so far
nroduced in this field T would mention the differential-agame-—

theoretic model for coordination of corflictinc controls by Gadzivev?l)
The model is formed bv interactinag sub--vstems: the controlled,

the controllina, and the observation suh--vstems, makine in substance
a two-level hierarchic nlanned mechanisn. The controlled sub-~
svstem is described bv the nrobatilitv distribution of the outnut
vector demendinag nartlv on contreclled and rartlv on uncontrolled
parameters; the values of the latter in general renresent realiza-
tion of comwonents of some stochastic vector. One of the
alternatives treated is that of a non-cooverative n-nerson games,
Nash ecuilibrium strateries are nursued hv the controlled units

and thev are next used bv the command in formulatino the axtremal
problem in the snace of a "correcting vector". Snecific cases
considered are those with remressive control for Gaussian pavof f

functions and with Gaussian ~romertv of the controlled svstem.

31)“.Vu. Gadzhivev, Avtomativra i Teleratbranilta, no.5, 1972.
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32)

We further draw attention to the Pau renort on the

anplication of two alaorithms for the numarical solution of dAiffer-
~ntial games used in the “~rmulation of a national economic plan;the
alaorithms are emnloved bv the author for the search of the optimal
Yash strategies in the treatment of a macro--lan for the Danish

economv,

(7 Scale-comnlexitv as related to "Decentralization”.

To sunmnlement what has bheen said hithertn on the scale~comnlexitwy
issue, here a few observaticons on "decentralization " - a headina
under which that issue is, as often as not, confusinalv discussed
in the context of economic nlanninea, Whatever the terms emnloyaed
thev are meant in this particular context to relate to the 'lardeness
of “"substantive" (i.e. other-than-time) dimensions; o-nd to the
intricacv nhenomena and situations (both intrinsicallv inter-
related, and, inceeasinglv so unider the ~Arowing oneraticnal and
technolnaical comnlexitv of esconomies controlled. If anvwhere,
here is a case where the tenet.nn rmuantity turnine into cualitv
holds. Mathematicallv the nrohlems of "decentralization" rest

to 2 considerable extent on the theorv nf decomnosition and its

3}

ramifications, (cf.Zauberman)?

-
“2)L.F.Pau, "Differential Games amongy Sectors in an Economv", in
IFAC/IFNORS, Tnternational Conference nn Dvnamic Modelling, 1973.

33)A.Zauberman, Asnects..., 1967; Mathematical Theorv...... , 1967

{chanter 2); Mathematical Decentralization, (forthcoming).
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Now the nhilosonhv of cntimal controel as oricinallv
designed nresunnnses a unitary explicited steering in pursuance
of a unitarv =svstem of nreferences (onlv in the latter but not in
the former nropertv is it akin to the wellknovn RadneréMarschak34)
concent of the "team” and this makes all the difference ).

Such being the motivation it could not nrevide a

decisive relief to the nlanner's notorious handicars under our

heading.

More somecificallv we mav refer ocurselves here to one of
the kev facets of the issue - that of angremation of the nlan
{aaqregation and disaqareaation) in Theil's sense?s) i.e., of
behavioural relations, f preferences and of volumes (rhvsical and
numeraire terms). There has been a massive and almost continuous
outvut of work - varticularly alaorithmic work - on the tonic;
onlv mart of this ie in debt to control theorv as such. Some
references have heen made in the closelv related context of multi-
control, others will be qiven in the seruel; from a broader large-
scale and control-theoretic anagle we mav noint to the earlwv

6) 37} (control

admirable studv bv T.Marschak? the writinags of Aokl

34)J.Marschak, R.Radner, Bconomic Theorv of Teams, 1972.

35)cf.'H.Theil "Alternative armmroaches to the angorecation nroblem”
in F.Nagel, D.Sunpes, A.Tarski, Fd,, Logic, “Methodolnnv and
Thilosonhv of Science, 1962.

36)TH. Marschav, TEconometrica, 1950,

37)“. noki, IDEE, Transactions or Rutematic Control, AC-13/3, 7968,

Nnearationeg Pesearch, 18/3, 197n: :nd the =ame, "Rlements of
Fhe larme-scala mathenatical »rocram~"no”, Management Science-
Institute, Universitv of California, T.05 Angeles, Dec. 1968.
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{control of larqge-scale dvnamic svstems hv agqareaqation) and of
Geonffrion (in a aeneralization of elements of the larae-scale
nroqramminn)?g) Severe handicans in "exact" treatment have induced
of late some attemnts at an arnroximate one - bv a stochastic
annroach. Also some heln tn the methodnloav of acgarecation miaht
be, witk aood reason, exnected from nregress in the theorv of
nattern recornition (see on their relationshin PRlin, Fu, Whinston,
Mobere) ? ?)

Wwhat has heen said calls, however, for some nualifications
to the effect that ontimal control theorv (a) has helwed the nroaress
of the theorv of the nlanner's narametric tools for indirect
steerint of the economv; (1) has led, in its loaical advance, to
the emergence of théories of multi-controlled svstems; (c) has
given - if not a direct conceotual or instrumental heln - at least
a broad insviration tc a varietv of theories nrovidina comoonents

to the discinline of larae-scale svstems (on this we touch massim;

“nd specificallv in the section on svstemic extensions.

33)

AJA.Geoffrion, "Tlements of larage-~cale mathematical nrogramminag”,
“anaa@ement Science Tnstitute, Universitv of California,

Los Angeles, Dec.1968: al=o the same, Onerations Re=earch,

18/3, 1970, : i

g
3')see J.M.Rlin, K.5.Fu, A.B."hinston, X.B.Moberqg, Journal of

Cvbhernetics, ~o.4, 1974




Excursus to sections 6 and 7.

By wav of a backaround a few more qeneral noints on
coning with laraeness. The notion is far from crvstallized in
literature (nor is, conseauentlv, its theorv -~ cf. ~ection 1l on
its "discivline"). The dlsaacreements <o as far as stressina bv
at least a few students, that the concenrt of laraeness is bv no
means antithetic to that of smallness. There is more acreement
on the intractabilitv of the large svstem with the border-line
between larqeness and comnlexitv verv hlurred indeed. {(We shall

not worrv about the definitions which are circular).

ThHere are, in literatnre, various aonroaches in dealina
with the ﬁhenomennn of largeness, 'roadlv understood, of a
controlled svstem. Some students relv - for the opurmose - on
=traditionalist" requlation (in narticular Lanlace ﬁransformations,
frequencv methods, #nd so on) and classical and vost-classical

(Maximum Princinle, Ontimality Princinle) calculus.

The handicap is that generallv “conventional” methods
of control oresurnose the knowledage of a cuite often, large nurber
of marameters and/or of outnuts as a function of control simnais.

And prevalentlv such a nriori information is unavailable.

The informational asrect anart, there is the no less
troublesome one - of a comutatinnal harrier. As often as not
treatinea the large-scale svstem in totn exceeds the capacitv of
the modern commuter, ~nd nresumahlv will do so over the fore-

seeable future.
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Acainst this backaround there i3 the emoviricallw

~unmorted intuitionistic (rather than abstract-theoreticallv arqued)
tenet that martitioning of the svstem into sub-svstems is oneration-
ally helrful. I+ is usuallv assumed that there would be inter-

éction between these sub-systems; and also - that sianals directed

to one of the sub-svstems do inf'urnce the states of other sub-

svstems, courled with it as well, Nne of the possible avnroaches
to the problem confronted is to decounle the svstems -~ s far as
feasible.

Further, one of the annrcaches nrovidinc a frarework
which mermits the formalization of the sub-svstems' ‘ndevnendence,
with hierarchic structure of the svstem as a vhole, is that of

0)

rultilevel dvnamic aames, in narticular as designed bv Plerov.

Tinallv note that larae-scale svstems are a domain of
certain strikina analoaies between the "w»hvsical” (e.a.binlogical)
and "non-—hvsical" wvorlds. Hence suagcestions for handling, sav,
certain large-scale economic nhenomena bv resortina to analoqv
from what is known on the former rather than, ~r in supnlementino,
"conventional® theories. The »ossibilities offered in this
direction to the theorv of nlanning hv the theorv of automata are

of particular interest (see remarks in our section 11 }.

4O)Vu. A. Flerov, in Journal of Cvhernetiecs, o. 3, 1974,
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(8) Indeterminancv. Planninag with deterministic models, in

a world inherentlv affected hv uncertainties - a rhenomenon charac-
teristic of nearlv a half-centurv of its historv - is, in our
submission - exnlainable bv the »noor "=itate of art". Inasmuch as
control theorv has tended to raise that state, it has also
influenced the drive towards a more realistic avnroach. Simnificant-
iv the last few vears have seen the develomment in Soviet nplanninag
thoucht of the, undouktedlv fruitful idea of nlanning as an
omeration to be inexorablv carriesd out under conditions of
"indeterminancv" ("zone of indeterminancv")?l) The notion is

"ider than that of uncertaintv as the latter is usuallv understood,
for it verv broadlv embraces what we would describe as deficient
informativeness, be this with resnect to the retrodiction or
nrediction, or - also the nresent states. The kreoadness of the
concention mermits allowine for some features immanent in the
plannina mechanism, ‘ncludina a varietv of tvones of errors more

or less inevitahblv entailed. (To some extent one mav discover

a kinshin hetween the notion discussed and that of fuzziness in

the sense of Zadeh/Bellman?z) i.e. that of imorecision, -lthough

the latter, unlike the“former, tends to an emnhasis on the

41):-'.ee on this N.G. Lavrov, Yu.5. Markov, in Ekonomika 1 Matema-

ticheskive Metodwv, no.5, 1975; also A.A.Markov, A,S.Makarova,
A.N. Zev]liner, ibidem no.5, 1970,

42) L.A.Zadeh, and
R.Bellman, Manaadement Scienc2, no.4, 1970
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contrast between it and randomness, as usuallv understood,

(see Bling on the "Fuzzv Planner")?3) Or one could go further in
this direction and establish the familv relationshin with the still
more ageneral theories based on the "loaic of the inexact concents"
(as in Gonuen)?4) I should think th&t the theorv of indeterminancvy
in ovlannina stande a chance to gain bv korrowina some of the

formalism of these theories.

To anticipate some rnints to he touched umon in the
semuel, ‘e mav note the accentance of the intuitive tenet that the
control of virtually anv obiect does not remuire a full and exact
Ynowledae of all magnitudes determinine its state at each tire-
"oints and of its kinetic e~uations, qenerallv a full mathematical
coanition; nor does it demand comnlete information on exogenous
influences on, and signals directed to the obiect controlled.
Exvanding on this noint would bring us to the area we have cateqor-
ized as that of " sySteﬁic extensions" (section 11) - to the
theories branching out of that of ontimal control and resting on
the idea of the on-line absorntion of information, supnlementing
and/or correctina the minimallv needed initial information: the

. 4
self-iearning and adantive svstem sunnorted bv nattern recognition.s)

43) "Fuzzv Planner", B.Bling in Journal of Cvbernetics, no.3, 1974.
44} e

A.Goauen, Swvnthese, 1968 nn 325 fFf,
45)

H.Tanaka, T.0%uda, ¥.2sai, JTournal of €vhernetics, 0.3, 1974
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lere we shall limit ourselves to hints at several elements
in the instrumentation of the non-deterministic olanninag in its
relation to optimal control (nossiblv though not exactlv in the
order of their assimilability). Startinao from some simple resort-
ing to "ecertaintv ecuivalents" in mnlan-nroarammes as introduced in

the latter 1950's hvy Simonéﬁ) 47)

and Thelil with the use of dvnamic
vrogramming, (We mav rause at this noint to recall Bellman's

claim that in the usual multistage dvnamic--rogrammingt formulation
of decision processes, the deterministic and nrobabilistic nrooesses
lend themselves to statement in the same concevtual, analvtic and
computational fashion?a) this claim 7 am vrenared to accent.
Ixtensions and variants of the anproaches indicated here have led

in recent vears to some noteworthv results in ouantified treatment
of nroblems of considerable size and complexitv - with ~uite a few
random variahbles. (For a new method resting on amnlication of

4
the "z-transform" cf. a recent »nerer bv Hav and Hnltfg)

Tt has
also an interestina outline of »roqress and alternatives over the

nast tve decades in the work of BRellman, Theil, Simon, ¥alman, *uth,

olt). Next come the stochastic "tranclations" ~f the determin-
istic nlan model. Recent rmort of Duntin and his associates deserves
46)

T,A.Simon, Teconometrica, 1956

47 . .
)V. Theil, Tconometrica, 1957; the =ame, Economic Forecasts and

Policvy, 1970,

4 ) .
8)P\.}%‘ellma.:n, in A.Prekomna, I'd., Arnlications of "Mathematical

Iconomlics, RBudanest, 1965,

49)G.A. Fav, C.C.Folt, Fconometrica, 1975,
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rarticular note, In DvnkiSO) we have what in substance (mathematical)
i3 a dvnamic-nroaramming related model: it is built u»s ~f a

seocuence of functions nossessed of "nice" nroverties which, as the
adopted criteria function reaches its extremum, “orm the economv's
optimal plan. Once the random element is introduced, with nostulated
known nrobabilite distribution, the oriective becomes an exnecta-

tion of the extremand; and the " -mhedded” dvnamic »nlanned wnrice
exnectations ﬁoo are arfived at for the economv. ne of the

murvoses of Dvnkin's mnodelline ammears to he to deronstrate the
deagree of analogv from the familiar deterministic »lan-nrogramme
elements of the corresvondina probabilistic constructs, (Hote

in the context that the Dynkin modellina of optimal control is
sunnlemented bv his treatment of the problems of rreference
relationships,as hetween behaviour variants - under conditions. of
indeterminancy, Dvnkin et assoc. have of late modified the

-familiar Arrow theoremSl)bv formilatinm and »roving the necessarv

and sufficient conditions for th2 existence of the entailed utilite

function and =ropatility di%tribution?z)

fme mav nlace next a »lan rmodel with exnlicit stochastic
differential eruations, with a measurable stochastic nrocess

rrevalentlv nostulated to he Rrownian mction, that is zero mean

SO)E.B.Dvnkin, Dokladv, USSR Academv of Sciences, 1971 vel.200, no.3

51)K.J.Arrow, Fasavs in the Theorv of Rizd Rearing, 1971,

SQ}E.R.Dvnkin, A.I. Ovsevevich, Tkonomika i Matematicheslkive letodv,

0.2, 1975,
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Gaussian with stationarv indenerient increments, This class of
constructs has a number of variants differina in their ontimal-
control mechanism and stochasticitv and »lannine realism -~ one Finds
them well rerresented in Drevfug3 and in Tintner/ﬂennunta?d) The
alternztives include hoth oren-Toon and cleosed-loop and feedback
desirns, thouch rrevalentlv the latter. (A bracket micht he suit-
ablv onened 5ere for a remark on the nlanning thecorist's "bias" for
Brovnian motion and Gaussian nrocesses. It is accounted for not
only bv their obvious relativelv areater mathematical tractahilitw
rut also the empiricallv observel fact that on the whnle thev do

not violate too drasticallv the remuirements of plannine realism.
Talkina of the nlanning modeller's smecial favour we should include
here the Markovian-vorld assumntion, most often - that of Markovian
chains. (ilote here the ¥inship of thie assumption with Nntimality
“rincinlev. Tt 1is motivated hv the consideration that the assump-
tion acrees with the architect's of a nlan's actual annroach.
Tneidentallv the actual nrocedur= of the nlan Aesidaner and imnlementer

accounte also feor the Pavesian-tvme aprroach.

Pealisticald¥v imnortant in mnlannino-model-dcsian is one

that aims at annroximation +o ontimal control. Broadlv snealking,

in a mualitative sense such arrroximation deals with the convercence
nf sermuences of randem variables; its helnfulness is reconnized

rarticularly in nroblems of feedhack control and structural estiration;

53) S.T.Drevfus, "Introduction to Stochastic Nntimization and Control”

in F.Farrenan, Fd., Stochastic Ootimization Control, 1967-

>4) =.Tintner, J.¥.Senmupta, Stochastis Y'conomics, 1072,




5)

and also - filtering (see below)? Constructs, hased on such

anproximation, accentably subontimal, have been effectivelv applied

in modelling stability of a svstem's advance?6)

A notential candidate for the apowlication in nlanninna

is of course the fullv-fledged stochastic ontimal-control model,

linear and non-linear. (Some of our references would bhe to Roki,
Astrim, Brvson/lo, “editch, Charlotte Striehel, Bellman)?7) Bv

this we mean the avparatus solutionallv relvine on ontimal control -
nredominantlv a version, continuous or discrete, of Zellmanian nro-
qramminog with a feedbac - eruinned with tractable mathematical
instrumentation for filterinc an? prediction; at the rresent

state of art that would be ¥alman's celebrated Aevice -~ nresumarlv

8}

. 5 ,
in the Xalman-Fucv formalization{the antecedent Ticner-¥olmooorov-
theoretic ammaratus could suit the nurrose, but - as it is known -
there could arise difficulties in the solvinc of the intenral

Wiener-lopf eruation).

55 . . 1
)cf. P.R.E8chultz, "Some Elements of Annroximation Theeorw and its

Annlication te A Control Ppohlem" in C.leondes, I'd., Modern
Control Svstem Theor-,

56 . -

)“.Athans, ?.%Falp, Optimal Control - An Introduction to the Theney
and its Anrlications, 196A: and also &, Tse, "",Athans, on
adantive stochastic controls in Proceedinos of the 1977 TUEF

Svmposium on Adantive Processcs, IRER, 1971,

5 , s . . ”
7)see M.Aoki, Ontimization of Stochastic Srstems, 18A7: ¥arl Astrén,

Introduction to Stonchastic Control, 1970; AT .,Rrvson, V.C.Fo,
Annlied Ontimal Control, 1969; “editch, Stochastic Ontimal Linear
Tstiration and Control, 1269; Charlotte Striehbel, ™mtimal Contrel
of Discrete Time Stechastic Svstems, 1975; in relited contexts
R.Rellman, Adantive Control Processes, 1961

5 .
8)?.E.Kalman, R,8,ucv, Journal of Nasic Fnoineering (Transactinns

of ASMPR, Ser.D.), 1961; for the nroliferating literature, sce
R.¥.Mehra, "Credibhilitv Theorv and Yalman Filterine with Extensions",
ITASRE, 1875 and references therein.
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There is in literature hardlv anv record of an actual
rlanning-oriented model of the "fullv-hlown" kind in the sense just

indicated. But one can point tn a mathematically less exacting

version ~ with a nlausible claim to sufficient tractability, Our
reference is to ?endrick?g) His is a desian for arm~roximational

tachnioues in stochastic control, using Chow's nlan macroeconomic
mordel where some variables are tﬁrned into a stochastic-Yarkovian
form. The stochastic-control svstem with a cuadratic merformance-
criterion has a two-stage solution (stame 1: +andom variables set
to mean values; nonlinear ﬁfoblem s0lvaed; stage 2: first-omder
Tavlor expansion of the ecuations about tﬁe optimal (deterministic)
nath carried out; the muadratic-linear »erturbation solved with a

matrix Riccati routine; stochastic feedback contrel secured).

At this point we digress to draw attention to a2 debate
in literature - »f considerable interest to the nlanning theeriet -
on the issue: how "economical" is the amnlication of stochastic

control at this stame of ita thenretical develomment? Cogent

reasoning nro and contra of its anvnlication are nresanted (not

without rualifications) hv,resnentivelv, Chow and Pindwck, /60)

5 . . .
9)D.Kendrick, "Stochastic Control in Macroeconomic “Models" in

IFAC/ITORS, International Conference on ‘lodellina and Control
of Mational Fconomies, 1973,

A .
6')G.C.Chow, "How riuch could ke ~ainad kv ontimal stochastic control

nolicv”, Annals of Tceonoric and Social Measurements, 1972, and
R.S5.Pindvyeks  counter-arcumen=; see ~is0 Chow's naper on the
effect of uncertaintv on ontiral control nolicies in

International Fconomic Review, 1°973; further, Chow's Analvsis and
Control of Dvnamic Feonemic Svetems, 1975, and Pindwvek's '
Ontimal Planning for Tcoromic dtabilization, 1975.
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International Fconomic Review, 1973; further, Chow's 7Analwsis and
Control of NDvnamic Froonomic Svstems, 1875, and Pindwvck's

Ontimal Planning for fconomic Stanilization, 1975.
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Finallv, as a rendant to what wes saild on the role,
actunl and notential, of the differential aame in our field (section 6)
a word or two oro-remoria mav he added here on its nrobakilistic
version. The relevance of the advances in this discinline - still
in its earlv gestation stage - is obvious; the reference in

, , , 51 62
narticular nav he made to the writings of A.Friedman ,) Rasar/vo; )

3}

' e , e
and Varaiva {in the latter's latest contribution, in addition to
deronstration of some "curiosities" on sufficiencv and necescity

of condition= the intereste? student finds A nertinent indication

of d2sirable lines of further rescarch).

- Modellinag that is sufficientlv matured for the rurroces
of nlannino theorv can he found in rarticular in the area of the
two-nerson nﬁrsuit-eva%ion agame with a stochastic element. Tor
the —lanner the evader would "embhodv" all the indeterminancy in
his nlan vhatever its source; alse elements that are non-
measurable and/or unnlannable with which he hasz to cone (the obvious

4)

. 6 f
references here are MN.N.Krasovskiv, Volmoqorov/“ishchenko/”ontrvanig5)

61) A.Priedman, Differential Cames, 1971

62)T.Basar, Y¥.C.llo, Journal of Economic Theorwv, no.7, 974

GB)D.Varaiva, "N-Plaver Stochastic NDifferential Sames™ (?)

sd)ﬂ.ﬁ. ¥rasovskiv, Iarovvie Zadachl o Vstreche Dvizheni-r, 1970;

the same, Teoriva Unrawlenya Dvizenvem, 1063,

GS)E.F.Wischenko, Avtomatika i Telemekhanika, no.9, 1972,




as well as the Isaac's classic?ﬁ)

be read in Zauberman®’) %)

some ceneral ohservaticons can

(3) Simalative methiods. Por reasons of mainlv a technical

nature - which hardlv need enlaraine uron - the trend in nlan
modelling shows unmistakablv a favour for simulative svstems (one
rarticular consideration is to secure a wav for hynassing difficulties
in more riaourized methods for evadine or mitigating indeterminanév
includinq that arising from comnlexitv). As a matter of fact the
relationshin between ontimal control thecrv and sirulative »ro-
cedures for some not over--orhisticated nlan nroblems (snecifically

a tvnical lirear-rmuadratic ﬁrohlem with Leeontievian dwnamic svstem

and a Bellmanian-tvnme extremand) had heen eramined kv Liveseg?)
His broad suamqestion would he that for comnlex nroblems rather than
presenting a solution to the control nrohlem, ontimal corfrol
formalism vrovides the framework within vhich it éan he stated;

the numerical sgolutions would he reached hv emnloving comnuter

algorithms keina in sukhstance sirnulating tests in search of the

adopted extrermana. {Tha Liveseyw jinruire is related to Stone's

Cambridae nlan rodellind)?o)

66 } :
’ )R.Isaacs, Nniffarential Games, 19¢E.

67)N. Zauberman, Differential Cares......, 1975

68)590 also T.hewlew, F.Molberm, "The Thoorv of Stochastic Games

with Zero~ 'ton Probabilities", Farvard Universitv, Technical
Penort, Januarv 1976; it carries verv un-to-date bikliorranhv
of the suhiect.

GQ}D.A.Livesev, “Control Theerv and Inmit-Nutout Analvsis" International

Journal of Svstems Sciances, no.3, 1971; ecf.also tha same, Fconomin
Journal, <ent.1971 (~lan Aesian feor the T.¥.)

n
7')J.Q.N.Stono, % Proaramme for Orowth, nos.5, €, ¢, resnwectivelv 1965,

1965, 1970,
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Cenerallv sneakina the work in this field is bv its
nature emniricallv oriented, T™he nurnose being what it is, its
mualitv should he avoraised bv onerational suitébilitv. From our
ancgle we refer ourselves at least to two étudies of this class, the
mathematical_formaiiém of which is control-theoretically based.

Nne is the outline of model simulation presented in the %wedish.

contribution to the December 1974 conference of the Fconomic

Commission of Iurone, nited Wations?l) Yathematicallyv it rests on
Pontrvagin's formalism. Tts economic substance is a search for a

strateqv for levellinr out, over time, disparity in development
rank between two partes of the crountry - as defined bv some criteria.
Mne of its attractions to the students is the ingenuitv in exoressing
economlic facts in the "lan~uadge” of the Maximum Princirle. It
seems to be a qood example of the real-3ife application of the
Princinle on a modest scale. As against this the other case of

our reference is, to our kFnowledge, the most ambitious attemot as
vet. This is the build-~u» by ﬁvukalov, Ivanov, Tokarev of an
effective svste;?)closed or semi-closed, for simulating complexes
of the "obhject+management"” kind at the all-economv level. Hara
man'~ intervention is confined to elerents least suscentible teo
algorithmization (such as changes in the measurement  framework, in
the planning schemata and in the feedbhack connections) . Nther

elements are vorked out with the heln of comnuters: that comprises

71)Examnles of Model Sirmulation, Sweddsh Contribution to the Dec.1974

ECE, U.MN.conference, No.ECE/NC AD7.

72)A.W.Dyukalov, vu.N.Ivanov, V.V.Tovaroev, Avitomatika i Telemekhanika
no.1l2, 1973.




130 matters of both the operational control and the actual plan.
construction, The work stands ou= for the admirablew careful
elaboration of the routines fcr olan-irmlementation in rroduction,
consumntion and management. This is also true of the mathematical
elaboration of the varioué particular components of the svstem;
first of all - of its overall mathomatical statement of the n»nlan
constraction (by Dubovgkiv/lvrnov/Jvukalow/Tokarev/Uzdem*r/Fatk1n73)
That Ias the format of ontimal-control »nroblem, for a semi- nfinite
time interval (reduced to finiteness), 7ith time adonted as the
ninimand, with Leontievian dvramic kalance ecuaticons (resting on a
ruacdratic constant matrix of full canital intensity). A noteworthv
feature of the nlan--roblem, -s Aerised, are mixed constraints on
both the controls and the »hasz coordinates; and: amona the constraints
there is the T"auaranteed" level of consumption. In the svstem the
canacitv-stock is the coordinate; the vectors of incremental
"Intensity" f cavacities and of their underemrnlovment - :re the
mixed controls (with a vector of an excess in terminal canacitv over
the desired magnitude as a control varameter). The use of the
Maximum Princinple is facilitated hv the handlino of boundedness of
the controls for values of the nhaze coordinates at each time-point,

as well as the assuned 1inearjtv “or constraints and of the

linearitv of relationshins between the nhase coordinates. The teast
of ontimalitv (sufficient as well as necessarv conditions. #nd those
of transversalitv) is carried out in an oriainal fashicn over the

relationshing of the duals - duals that is of both the nhase

73)cF S.V.Dubovskiv, A.N.Dvakalow, Vu.M.Ivanov, V.V.Tokarev, A,D Uzdemir
Yu.. Fatkin, hvtoma*ila 1 Telemekhanika, no.8, 1972,
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coordinates and those of controls - "impulses”.

(As it ammesrs the model was experimented with, numericallv,
for a five-sectors economy bv means’cf Birger-Charnvi iterative
methods {related to that of Krvlov/Chernousko)7?) its comnuter
imnlementation entails storine current rhase coordinates with a file

of RBoolean variahles).

Tn this rchool of thought economic planninag is (or shpuld

he) mathematicallv concerned with a variational nroblem, yl

variational nrincinle, and a noteworthv nrocedure have been offéred
hir some members of the team: these rest on an analogv with
variational methods known from mechanics. (These constructs have
Formalized in this direction the use of policv instruments - such

as e,1, taxes - for steerina the econoﬁic svstem as close as npossible
to some "ideal” path. T™he mathematical apnroach is found in the

ramiltonian and the Euler-lLagranae ecuations).

The scone, the scale, the cualitv of the desion, the
originality of some of the mathematical apwnroaches, make the
nroaress in the nroiect discussed one of interest to students of
assimilation of ontimal control in our field. (We have in mind the
mrorress in mathematization and in experimentinm; In the former -
-rohing into the vossibilitv of aetting rid of or relaxina some of.

the severe assumntions would be worth watchino) .

) :

74) g g.pirqer, V.I.Charnyi, Avtomatika i Telemek‘hg&? a, no. 12, 1973,
And I.A. Krylov, F.L. Cherméusko, Zhurnal Vychislitelnoy Matematiki
i Fiziki, No, 1/1972

?.g. Dubovskir]A.P. Uzdemir, Avtomatika i Telemekhanika, ng;-6-
974 : LB

e g green
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A class by itself is formed by econometric exercises
resorting to stochastic simulations. Here belongs the noteworthy
Cooper-Fishezs)work on the non-linear econometric model (financial

policy design) with stochastic simulations.

Finally there is a kinship between the‘models of simula-
tion and those of a man-machine dialogque. In fact in quite a few
simulative constructs we see an incorporated dialogue of this kind.
Typically this work may be taken to be represented by such scheme
as that of the "Electre" (the abbreviation stands for "elimination

76)

et choix traduisant la realité&"). The evolutive-simulational

77)

constructs such as that by Likhtenshtein, can he in a sense

placed in this class. (A good analytical survey of the area of
the man-machine in decision-making pré;edures will be found in
Larichgv)?e; Characteristically enough, having modelled his search
for an answer to the cuestion of degree of "decentralization” in
terms of a hiefarchic differential game, Moiseyev too discovers
that an effective application of his ideas will depend in the last
instance on the theorist's ability to design a suitable simulative

79)

system resting on a man-machine dialogue. It seems pertipent here

to draw attention to attempts at modelling man's behaviour in

7S)J.P.Cooper, 8.Fisher, Econometrica, 1975.

7G)B.Sussman/P.Buffet/J.P.Gremy/M.Marc in Metra, no.2, 1967.

77)V.E.Likhtenshtein, Ekonomika i Matematicheskive Metody, no.6, 1971.

78)0 I.Larichev, Avtomatika i Telemekhanika, no. 12, 1971. See ni;o
A.Siegel/J.J.Wolf, Man-machine Simulation Models, 1969. ’

7Q)Moiseyev, Kibernetika, no.6, 1973, op.cit.
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decision-making in controlling an economic system: in information
processing and control proper. Of approaches tried one will single
out the imaginative study by David Kleinman (its starting base 1is

the analysis of man-vehicle systems)?o)

In studying human decision-
making the characteristic elements are borrowed from Kalman's

filter-predictor theory: an "internal model” is being built up.

80)David L. Kleinman, in NBER 2nd Stochastic Control Conference,

Annals of Economic and Social Measurement, 1974,
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Supplementary remarks to sections 8 and 9.

The Cooper~Fischer studies are one of the very scarce
cases of algorithmically oriented control-theoretic plan modelling
where both nonlinearities and randomnegs of economic reality are

handled?l)

The substance of the methods resides in estimating the
mean and the variances of the dyvnamic responses of the nonlinear
system to adjustments of the policy~instrument variables; 1in
this way a linear representation of the model with random co-
efficients is obtained; then such linear stochastic version is
handled in optimization. The procedure is designed in five steps
viz. (1) nominal path for control instruments are selected
(possibly through solution of a deterministic contrel problem,

{2) a linear stochastic "underlying"” model is treated; there

the stochastic disturbances (of the instrument variables) around
the nominal path are taken to have the same variance as the
historical one, (3) the information is summarized in linear,
random~-coefficients regressions (formed of autoregressive-moving
average models: these represent the target variables as functions
of (lagged) instruments and target variables) (4) quadratic loss
function is employed to secure for optimal feedback, control rules
(for linearized version of the model represented by linear re-
gressions}; (5) - a check is carried out for the rules in the

original design.

Bl)P.Cooper, S.Fischer, op.cit. and the same in NBER 2nd Stochastic

Control Conference, op.cit.
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Even this brief outline bears out some of the
differences between the Cooper-Fischer construct and the so far
"established” line (in the latter we have calculations of optimal
path for the nominal deterministic path with parameters and error
terms set at their mean; then the model is linearized at the
nominal path; then the linear version is used for deriving optimal
feedback controls in terms of deviations of variables from that
path).

The Cooper-Fischer design has been made use of in the
treatment of the monetary and fiscal policies in the St.lLouis
econometric model. It is claimed that the model has proved

equally effective in treating large and small systems.

We may place on record also the Holbrook methogz)for

the control of a large nonlinear stochastic system. The eﬁphaais

here is on simplicity, low cost and practicability in coping with

these three handicaps. No exact solution is here expected but
accuracy contended to be obtainable at a cost (reducing convergence
criteria and size of perturbations). Among several interesting
mathematical-technical faéets of the study is the way the Newton-
Raphson procedure is applied by the author. The model which is
nonlinear is approximated by a linear function and the second

derivatives are ignored.

As against Holbrook's emphasis on the immediate use in
practice we £find as the objective in Athan'm modelling of the

discrete, linear-guadratic-Gaussian stochastic control prcblem,

82) R.S.Holbrook, in NBER 2nd Stochastic Control Conference, op.cit.

1974, M,Athans, in Annals of Economic and Social Measure-
ment, no.4, 1972,
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the offer of a unified philosonhv of the desiagn: (the focus is,
rowever, on the non-engineerina asmects of the theory because,
as the authors defensiblv argue, there are inherent differences
in the approach to control prbblems bv an engineer and by a
rolicy-making economist, in varticular with regard to on-line
(real time) feedback control of an uncertain, usually nonlinear,

phvsical oprocess).

In pursuance of the philosonhv we have here a design
with a deterministic ontimal control and perturbation control, and -
= stochastic state estimation and linearized stochastic control;

that leads to an overall closed-loop control svstem,

The exercise has a solution of the adonted deterministic
linear cuadratic model; then the deterministic design is analyzed
from the angle of uncertaintv and sensor constraints; thence it
vroceeds to the issue of estimating the state variables and the
uncertain nhvsical process - on the basis of nast measurements
via the Kalman-Bucy theory; then the stochastic estimator and
deterministic controller are "hooked" together to secure the
compensator - the "translator” of actual sensor measurements to
commanded control inputs. As interestingly ohserved the (N)
Kalman filters are used to generate firstly the probability that
each econometric model is the correct one, and secondly - a
weighted probabilistic average for the parameters of the econometric
model to be used by the central agency, based upon the individual
parameter estimates of each of the econometric models. (The
help from the Kalman filtering method in the economist's problem
was not fullv appreciated until not long ago; one of the causes
was that where measurements are corrupted by white noise that

method entails estimation of state variahles. But of late it
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has been persuasivelv shown that the Kalman algorithm can be an

effective aid in economic problems which involve refining

parameter estimates and their variances)§3)

o :
23) M.Athans, NBER Stochastic Control Symposium, 1974.
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(10) Advance in control theorv. Until this point the

remarks (thouch not all) have been made as it were under a tacit

status quo assumption: the assumption, that is, that the theory

of optimal control, absorbable into planning theory, has reached
the stage of its definitiveness and cannot be expected to change
materially. In fact the sense of such definitiveness quite
characteristic of the initial stade of its assimilation into the
body of the planning theorv has been by now refuted. This is
largely connected with the growing awareness of the limitations
of the post-classical control-theoretic apparatus and the trend
towards a generalized theory ("schema") of dynamic optimality

(a matter discussed by me at some length in a paper "Beyond the

84)

Maximum Principle® and my book Differential Games......).

One of the approaches here rests on the conception of embedding

the optimal control problem in an abstract oroblem of extremiza-
tion of a functional on subsets of the topoloQical space; thence
general sets of a relative extremum are sought. Truly seminal

in this field have been the impressive parallel - and mutually
influencing themselves, contributions in the East and West: -

bv Halkin and Neustadt%S}also Polak?sgnd associates and followers -

in the West. (Halkin and Neustadt arrived, by the end of the 1960's,

84) ., Jahrbuch der Wirtschaft Ostemropas, Milnchen, 1976.

85)L W.Neustadt, Journal of Mathematical Analysis and Applications,
1960: the same, SIAM, Journal Control, 1966 and 1967. H.Halkin,
Journal of Analytical Mathematics, 1963; the same, Bulletin of
American Mathematical Soclety, 1967; the same, Journal of
Mathematical Analysis and Applications.

BG)A F.Polak, in G.B.Dantzig, A.F.Veinott, Eds.,Mathematics of
Decision_gciences, vol.2;: also M,D, Canon, c.D.callum, E.Polak,
Optimal Control and Mathematical Programs, 1970.
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at an abstract framework for the theory of ontimization: a general
theory, supported by applicational investigation); and in the East

by Dubovitskiy and Milyutin?7}Pshenichny§?) and followers.

The advances have been observed not without reservations
as to some of their symptoms. Tt has been noted in particular
that in certain respects it means a movement backwards: towards
the position of the classical calculus (see in particular the
illuminating critical surveys by Gabasov and Kirillova)sg)I am
inelined to think that what we are witnessing is rather, as it were
a"dialectical” advance. And am prepared to accept appraisal by
Milyutigoéf the advances in the field, in his recent stock-taking
paper, to the effect that the general schemes in fact change with
every newl¥ posed problem of optimal control. This is taken to
be not accidental: considered to relate to the basic question in

the inguiry which is the effective application. The work is

indeed far from completion (Milyutin singles out, as w=iting for
solutions, such areas as that of the minimax, of the multivariable

functions, and of the higher-orders conditions) .

87) p.va.Dubovitskiy, A.A.Milyutin, in Doklady, USSR Academy of
Sciences, vol.149, no.4, 1963: and the same Avtomatika i
Telemekhanika, no.12, 1963; alsoc Doklady, vol.180, no.6, 1969.

88)B.N.Pshenichnyi, Neobkhodimyie Usloviya Ekstreumuma, 1969.

89)Gabasov and Xirillova, Avtomatika i Telemekhanika, no.2, 1972.

90) o A.Milyutin, Uspyekhi Matematicheskikh Nauk, no.5, 1970.
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Contemporary advances in the field rely to a consider-
able extent on a functional analysis. A major contribution in

this has been made by Gabasov and Kirillova?l)

Gabasov/Kirillova take credit too for an admirable
exoloration of the area where the Maximum Princiole type of test
breaks down; and where therefore this test is shifting to the
much trickier zone of higher-order conditions. Also thev should
he credited with the illuminating critical surveving of and con-
triduting to the fields of singular controls?z)an important con-
tribution has been made also by D.H.Jacohson assoclates and

followergg)

Surely since the revelations in the mathematic- of cbsmic
navigation nobody applying ontimal control in planning can take
the "irregularities" of optimal control to be freakish oddities
not meriting intensive study (38 was habitual not long ago). All
then that this section convevs is the feeling that we may be still
only at the threshold in the era of a mathematical optimal-steering

theorv: that of optimal nlan-steering of an economy in particular.

gl)Gabasov, Kirillova, see references on v.2 and particularly

Journal SIAM Control, 1967 and Journal of Optimization Theory
and Applications, no.2, 1971.

92)cf. analytical tour-d'horizon of the area of higher-order

conditions for optimality and of singular controls, in R.Gabasov,
F.M.Kirillova, V.A.Srochko, N.V.Tarasenko, in Avtomatika i
Telemekhanika, neos.3 and 5, 1971,

93)D.H.Jacobson, J.L.Speyer, Journal of Mathematical Analysis and
Applications; inter al. cf. also in the context E.J.Messerli and
E.Polak, SIAM, Journal of Control, no.2, 1969
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Remark to section (10) (motivated bv the 1976 JET Svmposiug4)with

which I became acouainted after the present Note was completed).

The Hamiltonian, borrowed from ecuations of motion in mechanics,

had venetrated economic thinking a decade ago via Pontrvagin's

Maximum Principle to become a basic control-theoretic concept (and
thereby in a "natural” fashion planning-theoretic concept.)

The Symposium, and particularly its central paper - by Cass and Shelgs)-
reflect a new stand: viewing the "Hamiltonian Dynamic System” as

a competitive system in the sense that it derives from the perfect-

foresight, zero-profit, asset-market clearinag equations which arise

in a descriptive growth theorvy (consistent with the Malinvaud

"tradition" in efficiency pricing and the Euler and Pontrvagin
conditions). Such a novel idea of "Hamiltonian economics”,
crystallizing around 1975, would seem to suggest a severing of the
hitherto intimate tie, in contemporarvy economics, between the
Hamiltonian and the steering of an economic svstem. Zﬁfhe controi
term, the key element in Pontryvagin, fades out in the Cass-Shell
formalism. One could say that the latter generalizes that of the
Pontryagin with the control vector, u (t)=0_/ . This may be so,
but even then by-oroducts of progress, in what is now called
"Hamiltonian economics", are still likely to benefit control theory;
and - to this extent, the theory of planning. Indeed such

expectations are corroborated bv certain results yielded bv the

94)cf.'. Journal of Economiec Theorvy, no.l, 1976

95)D.Cass, K.Shell, "Introduction to Hamiltonian Dynamics in Economics",
ibidem. A kin to approach is that by F.G. Adams and E. Burmeister,

in JEEE Transactions on Systems. Man, and Cybernetics, January 1973.




- 43 -

Symposium itself, of crucial relevance for the planning theory.

I would mention here some sufficient as well as necessary optimality
conditions established:; and first of all, findings on the system's
optimal stability. [Ehus Cass/Shell and Rockafellagﬁ)make heavy

use of monotonicity properties of the Lvapunov function

(potentialities of Poincaré's overall stability theorems are also
indicated). And Brock/Scheinkmann are highlichting a general
Lyaounov method as especially useful in the stabilityv analysis of
optimal path generated bv optimal control problems in capital theory?7)

This agrees with the trend in thinking I have indicated (in section 4);7

[+]
’G)D.Cass, K.Shell, op.cit. ; R.T.Rockafellar, "A Growth Property

in Concave-Convex Hamiltonian Systems”, ibidem.

97)W.A.Brock, J.A.Scheinkman, "Global Asymptotic Stability of

Optimal Control Systems with Applications to the Theory of
Economic Growth, ibidem.



- 44 -~

(11) Systemic Extensions. Whereas the preceding section

dealt with advances "beyond Maximum Principle” {(of actyal or
potential relevance for planning theory), but still within the
"egtablished" formalism of optimal control, this one is dealing
with those outside that formalism itself. Very tentatively then
in a preliminary fashion - for lack of a better one - we give

them a portmanteau-heading, "systemic extensions”": a common
heading, although they make a rather heterogenocus group. Hetero-
genous as they are, they do belong to the area of general systems
theory and specifically theory of large-sacale systems. We note
the doubts expressed by some studentga)as to whether one can expect
that the handling of the large-scale problem will ever accauire a
single consolidated language and mathematical theory. Now,
admittedly some of the work which thematically does belong here

is framed in the more or less "established" formalisms. For this
good examples are some well-known general-system-theoretic contri-
butions bv Mesarovic and associates concentrating on the problems
of aggregation?g) also the less known (but deserving of recognition)-
by McFaddenloO)on the controllability of "decentralized“"macro-
economic systems (with the persuasive reference to the Fisher-
Fuller theorems on matrix stabilization and convergence of linear

iterative processes).

98)N.N.Kras.;ovs]-ciy.. N.N.Moisievev, Tekhnicheskava Kibernetika, no.5,
1967. ‘

9g)M.D.Nesarovic, D.Macko, Y.Takahara, Theorv of Hierarchical Multi-
level Systems, 1970; also the same "Mathematical Theory of
General Systems and some Economic Problems”, in H.W.Kuhn, G.P.Szegc
Mathematical Svstems Theory and Economics, I, 1969.

100)

D.McFadden, "On the Controllabilitv of Decentralized Macro-
economic Systems" in ¥uhn and Szead, op.cit.
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Tt seems that, if anvthing, it is the specific mathematical
language that increasinqgly integrates this domain of inouiry.
Indeed for most of the work under the present title it is the more
"“modern” algebraic methodologv that is jointly characteristic.
Central to it is the theory of the automaton (or machine) with semi-
groups. Now the autbmata theorv - at the first aglance - does
appear somewhat alien to the matter of control, optimal or otherwise.
However, some students have been convincing in their contention that
familiar concepts basic to the latter do lend themselves to an
intuitive attractive formulation of the former. Arbib in particula?ol)
has cdone a good deal for what he describes as the "rapprochment” of
the auvtomata theory with control theorv. Indeed by now control-
theorv has the benefit of a reformulation in the automata-theoretic

terms. We have then in these terms what in fact is an insight-

deepening generalization of the "traditional" (time optimal) state-

ment for the central ontimal-control problem: one of the transfers
of the automaton - »ossibly finite - from the initial-state point
to within the "tolerance” of the reachable terminal state, such as
to secure the minimum of the cost function (the tolerance automaton
is the familiar "trick" to secure continuity).

What we have said about the "translation" of the theory's
central oroblem is true of that of its other kev elements. We have
in mind here specifically what, since Kalman's celebrated findings

at the start of the 1960's, has been recognized as the effective

101)thus see M.A.Arbib in Automatica, no.3, 1966. what follows

relies largely on his contribution to R.E.Kalman, P.L.Falb,
A.A.Arbib, Topics in Mathematical System Theory, 1969.
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touchstone of the system's operational abilities: the theory of
controllability and observability{and, for that matter, of construct-
ibility) has a "natural” generalization in automata-theoretic
conceﬁtual frame.

Similarly, with the use of the notions of automata and
semigroups, a generalization of the system's structure and de-
composition theory has been elegantly secured. In the automaton
discourse the issue posed is that of decomposing an automaton into
a series, and of parallelly composing simpler machines. When a
semigroup is associated with each machine the discovery is made
along this path that a machine is always dJdecomposable into simpler
machines, except when it is a "flip-flop", or has a simple group
for its semiqreap ("flip-flop" to recall, is broadly a two-state
identity~reset machine).

Our last remark will point to the development owed to
Tsetlin's celebrated initiative: of automaton-collectives. By now
a good deal has been achieved in the study of the collective
behavour of autonomous objects with explicited local 1nterests%oz)
The reader will notice that we have limited ourselves here to

matters of obvious interest to planning theory}°3)

102)cf.section(11); for examples of collective behaviour of

automata see a contribution by V.Varshavskiy - on models of such
behaviour -~ in P,Suppes, L.Henkin, A.Joja, G.C.Moisil, Eds.,
Logic, Methodology and Philosophy of Sciences, IV, 1973.

103)the aspect is discussed at certain length in my paper on plan-
ning under indeterminancy, expected to appear before long.
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Among other lines of progress in the theorv of automata
we single out those which focus on randomness. Some notable
advances have been made in this domain over the past decade and a half-

since Tsetlin firat initiated the study104)

in the behaviour of
finite automata in environment randomlv reacting to their actions (with
the use of the (by now familiar) concept of "expediencv®.

We shall just allude to a few contributions of interest
from our angle, supplementing what has been said here before on
the coping with incomplete information. Potentialities of a large
class of automata in random search processes have been investigated
by several students. Thus Pozniakoséxamined the case of incomplete
information where the criterial function can represent a certain
average with distribution unknown. This is but one of the ways
for soiving the probiem of stochastic optimization by means of
random search. Our particular angle being what it is, we are
interested here in the role of stochastic automata theory for that
of adaptive systems (the concept of such a system is far from being
generally agreed upon; we may accept a definition which recuires
a system to be equipped for monitoring the state and performance
variables with the view to adjusting the controls). More
particularly this applies to learning systems. Algorithmically
the latter may be conceived of as combining the work of pattern

recognition, identification and filtering as well as that of control.

l04)M.L.Tset11n, Avtomatika i Telemekhanika, no.l0, 1961

los)A.S.Pozniak, Avtomatika 1 Telemekhanika, no.l2, 1972
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Attention mav be drawn in this context to the work of
Fu and his associates on stochastic automata: inguiry into the
behaviour of autcmata as models of adaptive and learning controllers
and their application in the svnthesis of learning systems. (Also
his overview and assessment of prospects in learning control

systems).los) 107) 108)

The theorv of complexity is vet another maijor beneficiary
in the developments discussed in thié section. It has by now a

considerable bibliographv.

For our purpose the choice of reference is the crucial
contribution to literature of the subject by Gottinqer%og)we
subscribe to its guiding premiss to the effect that what is waiting
for elaboration is the mathematical theory of complexity seen as
an intrinsic oroperty of a dynamic system: a theory formalized in
such a way that aqrees with the intuitive essence of the notion and
captures its empirically detectable phenomena; our"bias” would
naturally tend towards its "vhenomenclogy® related to optimally

controlled, specifically planned economic systems and this "bias"

is satisfied in Gottinger's treatment of the matter. (One will

106)Y.T.Chien, K.S.Fu (on Bavesian learning and stochastic approxi-

mation), IEEE Transactions - on Sciences and Cybernetics,no.l,1967,
K.S.Fu (on stochastic automata as modes of learning systems) in
.J.T.Tou, Ed., Computer and Information Sciences, 1967; cf.also
K.S.Fu, Segquential Methods in Pattern Recognition and Machine
Learning, 1968.

107)
g

ee K.S.Fu, in IEEE Transactions, Automatic Control, no.2, 1973.

los)for an analysis of the relationship between optimality and
adaptivity of control see A.A.Krasovskiy, Journal of Cvbernetics,
no.3, 1974: cf. also on learning algorithms Ya.Z.Tsvpkin,
Journal of Cybernetics, no.Z2, 13973,
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find in Gottinger a distinction between the two facets of

complexity - that of design and of contrel cdmplexity, and an
analysis of their relationship of relevance for a social system's
dynamics: stability, adaptation, and other properties). More
fundamentally we also accept Gottinger's philbsophy of the subject,
especially so with respect to its status qis-é—visuthe theoryAqf
probability: while the latter is conceivably a4 measure qf uncertainty
in particular situations, complexity would be rather related to the
measure of understanding of the elements of a system's behaviour.
Such being the adopted position orie notes Gottinger's pioneering
elaboration of a fully-fledged algebraic theory of complexity in
dynamic systems. Parenthetically, our reference presents also a
generalized model for simulation of the "action potential" with
postulated guantitative accuracy - one of direct pertinence for
stability theory: that ﬁbtential being inherently complex, inde-
pendent of the finite-state machine by which it is simulated. [Note
in our context-Goﬁtinger's observation to the effect that whereas

it is largely the continuous-time, dynamic system postulating what
one could call "nice® properties of the relevant relations that
much of control theory is concerned with, it is the. "computational"
techniques, in the sense of embracing dynamic progrmmming, that have
a closer link with a system's algebraization; algebraic techniques -

operating in abstract group theory, homological algebra, category

1OQ)H.W.Gottiﬁger, "Toward an Algebraic Theory of Complexity in Dynamic

Systems” (circulated draft, May 1976) and literature cited therein:
see also the same "Complexity and Catastrophe - Applications of
Dynamic System Theory", Western Management Science Institute,
‘University of California, Los Angeles, working paper 246, 1976.
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theory - are essentially emploved in discrete-time dynamic svstems.
Computational potentialities apart, such operations as decompposi-
tion and partition are intuitively related to some of the familiar

key-issues of the control and planning theorieﬁl]

Eﬁv way of a footnote we take note of the authoritative

appercu - by Krasovskiy, Gavrilov, Lvetov, Puqache&lg)

of recent
advances and present-day work by leading Soviet research bodies in
the area indicated, specificallv in the various directions of the
theory of learning svstems and their application. We understand
that a set of effective recursive alaorithms has been evolved for
learning with pattern recoanition; these are said to include
algorithms based on methods of stochastic approximation, of potentiszl
functions, and also on aporoximation to optimal statistical
algorithms and sequentiai statistical analysis. Further = =till
with referenceAto the source cuoted - we note that the fundamentals
of # general statistical theorv of optimization of learning system
has been elaborated; that methods have been designed for optimal
learning based on the theorv of statistical solution and theorv of
groups; that start has been made with bringing into the theorv of
learning systems - a "real" teacher; one that would imolement tho
given process with the "ideal" correctness. (A1l this apparentlv
passed a phase of computer modelling). However, the authorita-
tive contributors make it clear that in spite of the theoretical
successes in the domain of recognition and classification, the

avrnlication of learning svstems in control ia onlv in its initial

state; that indeed "so far even the main areas of purposeful

application of such systems have not revealed themselves” {op.cit.,p.25)

110)N.N.Krasovskiy, M.A.Gavrilov, A.M.Lvetov, V,S5.0,Pugachev in

Vestnik Akademii Nauk, no.8, 1970.




As it appears, modelling cognitive procesgsses avart, one of the tasks
adonted for the nearest future is the formulation of "concrete"®
principles for construction and for anplication of the findings in
oroblems of controlling the economv, Students of assimilation

of new ideas and methods in vlannina theorv will follow the imple-

mentation of the task with understandable interestZ]
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ITY.

Marginal Remarks. One or two remarks will be made at the margin

of this Note on the relative pace of assimilation discussed here

in planning theory and in planning.

An observer will be inclined to think that the penetra-
tion into the planning theorv of optimal control approaches, its
methods and techniques, has exercised a certain impact on planning.
This has been confined, however, largely to the less sophisticated
elements. Some of the most difficult areas of planning - such as
those dealing with the vast dimensions or indeterminancy - have
received relatively rather less relief as vyet. On the whole it
is the very-long-range strategic planning that is the prime
beneficilary. Current planning shows itself rather less immediatelv
"penetrable” by formal "novelties”. Very broadlv it does seem
tenable that the gap between the levels of formalization of
planning theory and planning tends to widen. Consecuently also
the time~lag between the absorntion of the new formalism by
planning theory and by actual planning work tends observably to
- grow. To be sure this is true of what had been hapvening in the
pre~optimal control phase of the formalism, but it has been so

a fortiori since optimal control theory has offered itself to

planning as one extending the potentialities of effective optimiza-
tion: and again it is still more so since the theory of optimiza-
tion has moved into the phase which we have described as that
"hbeyond the Maximum Principle”. One hardly needs to stress that

the rapid progress in the several ramifications (mentioned here)
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of control theory - ramifications working on the plane of a grow-

ingly exacting abstraction - accentuates the disparities of levels.

As could be only exvected, the lag and the gap give rise
to two views. One would maintain that as thev deepen and widen
they mav result in an insulation of nlannina from theoretical
achievements in control theorv, its ramifications and extensions.
The other view arqﬁes that the growing lag and gap but testify to
the remarkable intellectual vigour of the theoretical thinking in
the field; and that ultimately it is bound to be beneficial to the
process of assimilation with which we are concerned. There is
hardlv a wav of rigorous reasoning in favour of one view mentioned
as against the other. This writer is inclined to accent the
gsecond school's stand; and in this he is prepared to invoke
analogy from the history of advance in other fields of science -
natural or social; once such stand 1s taken the developments
discussed here mav be believed to carrv a oromise as well as a

challenge.



