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- SELF-REGULATION, DECENTRALIZATION AND CONTROL
' IN BCONOMIC SYSTEMS

Thore are in economic theory, or - more precisely = in thif
theOry of organization and control of economic systems eertain.vb

problems being discuaaed Bince many-many decades and not yet re=

‘solved in e scientific way, Of course, these problems are resol-

ved in practice, on an empirical basis, with more or less effi-

',ciency. And one may say, the more complex our economic systems be- i
come, the more v;riablo the environment of our economic ayn-
tems gets, the 1ess efricient become the afore mentioned enpirin‘

~cal solutions, 5&

The aim of this paper Is to chose two of these old prvblems‘
and to try to show how an application of systems theoretical
fcdncepta, i.e, a retormulation of these guestions in the lan-

guage of- systems theory 1s able to contribute to a scientiflo"i_ i

.!ormulat;on of some - in reality all = economic and orgaiizae
tional problems, which is naturally the first step to an effie
cient solution, This will be done here in a purely verba' way, i

. taking thus only the first step in the direction of an exact so- "751

lution - and being really at the same time a challenge to mathe~ I

natioianz and systems theorista.

The two problems chosen are: a) centralization - decentraliza—i‘f G

'tion, b) direct control - indirect control., First it is very im-if:,
portant. especially considering the older and more popular diacua-*'ﬂ?i
~ slons about the practical solution of these problema - to get rtdﬂ"‘

[171

LR Profeasor - Instutute of Economic Planning,‘ the ﬂnlvérsi%yﬁ"i’
or Carl Marx, Budapest Hungary., ot SRR i



or a very deeproated human lnclination, Ve to aee things in terns

\aof dichotonies (black or white, good or Bad ete.). As always. here

too the problem is really not to decide between the merits or fa-

ults of  centralized or decentrallzed_contrnl of .direct or indi-
 rect control. In reality there never existed . and cennot exist so~
okl systems which are absolutely centralized (or décantrnlizod).;

‘;;and where control is realized only directly, i.e. by command, or
_only indirectly, i.e. by motivation (to use a shorthand  defini-
~tion). Even in the most authoritative systems there was * always

 f'roam for decentralized decision- making.and ‘even the most ruthless]
“diqtator had to mix command with rewards or sanctions. ¥ iy

| The real problem consists in both ceses in tlnding the opti-

nf,mal mix, e.g, the optimal degree of decentralization.\ It ‘”vo'
.. acoept this point of view, we have at the same time to recognb-
~ze that there do not exist nnlque aolntiona to these prOblams,‘
 solutions* e:ficient in every caag. The sciantific approach COn
1 8ists in ronmlaung and - if possible - classifying the re-
devant conditions or factors and determinlng on the basis of evo-f
oy given situation, 1,e. every given constellation of the’ releow

. vant condittons and. factors the aptimal or at  least a SQtis-"f-
fyingly erficient ‘mixture or degree of centrallzation and

 Vd1rect/1nd1rect control.

I have chosen theee two problema partly becauao of the1r  '

‘:1mportanoe in modern control. theory, The debate about centralizas

 tion is, as we unow. very old, An our cbuntries ‘as  old aa theqf‘
‘Q§qqntra11y planned economy was introduced.- And everybody who' re—f;‘
A‘.ﬁmambara the' history of-the reotganizetions o! our economiea A
‘faince tho end of the. gecond wbrld War,‘ or in the Soviet Union‘?:
sinue the firat fiva~year plan, st by forne sée clear&y that. '
alY these pxactical solutiona were in. raality only ‘almost ‘blind
; ‘ekperiments. “without any sclentific basia. The question of di=
‘rect and indirect control s especially actual in our countryf
'hgsince our refonn pf 1968, which 1ntrodured the world-wido unique}
. aystem of the control of national economy through using the
market and Ats rorcea in'a planned  way (that is the ‘principle,
let us now 4nd. here not ,speek. about the ‘practice), Although the-
: se questiona have a muoh wider Lnterest. they being actual and' I
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presaingly unaolved 1n any kind of complox aocio-economio sya-

tem, be it o capitalist corporation, a nultionational entgnprt-
8e or even the nruy ete, : b :

Partly have I chosen these questions hecauae they “seenm to mcfw .
to be closely related to the problem of solfhregulation and there~‘“1 ]
fore to be solvable through reformulation in ‘the language of =
systems theory, using oapecially this one systems theoreticaljjhg
concept. : et o

. First, let us denn¥ the concepts uaed. ST s R

By centralization I mean the way decision making power ha

; distributed in a hierarchical decision system., In a hundred poru;f}‘“
cent centralized system thEre exists one and oanly one dsciaionj“fa]
_making center. In » hundred percent decentralized system there =
does not exist any decisional hierarchy. 311 the decision oenni;"
~ ters are independent of one another. The degree of docentralizapT;f;f
‘tion means’the distribution of decision making between the uevo-'j;f
 ral levels of the decisional hierarchy. and it includes the uum»u}”t‘

- ber of levels as well as the width of the levels  and the

degree of daclsional treedom at  the several levels, 1.9. whatfﬁ”m

kird - of decisions are delegated trom leyel to  level, or in‘fff*
Oother words; what is the content of the decisions at the seve- !

ral levels. One hears often a mle or thumb nanoly : that iudﬂ”f

Qahould delegata to ‘each level those dectaion which are 1n10rna-'§’j
' tLonally supported at that  and no other level, I do not think Wy
~that ‘there exists such a strong correlation between informotiom
“nal aupport ard decisfonal power, This rule was behind those .

illusions one could meet at the heroic tiie of QOmputerization,” "

‘when nany people (e.g. the late Professor Nemchinov) thuught. -*ﬂ§
‘8 well organized net of data banka would enable the. central e
authoritioa to Lntroduce the perfect oentral planning~system. we;j*

know now already that this 13 not true - not even “the moat por-rﬁw‘ﬂ
.. fectly - functioning data bank aystem would onablu us to plqn a”kf3f
"icomplex system from one and Only one decision center. B

By direct - conttol I understand ‘a. control. aystem nging337

=on1y commands (ln:ormations ‘B pragmatia contant:)tm thm»subuij“ip
systems and elements, ~which have to obey these commands. lite~ |

relly, By indirect control we meen. a system where the decisiqnalff_ m

'“centera or points are not givlng any commands but anly motivangf
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tlonal infozmations to the subsystems and elements controlled, and‘

. these elements behave according to the intentions of the con-

trolling system because their interests (obdective functions) can

be realized only by avoiding the Sanctions .and getting the re-
wardq coded in the afore mentioned motivational informations, It

is well known that modern pedagogy e.g. 1nc11nes to  applying

'.solely Andirect control in education. Obvioualy, a hundred per-

cent centralized system applies only direct control .'While a

hundred percent decentralized systems can apply only 1nd1rect
control, In reality, as I mentioned already, in complex socio-
. =economic systems we see always some kind of mix - between these

.,ftwo ‘kinds of control and decision making,. and our purpoae is to

find a scientific way for determining the optimal mix,
~ Socio-economic systems are man-man or man-ueohine systema.
I.e. they are systems whose elements are partly or wholly themm

selves highlx organized, complex systems, with their own purpq—.A

- 8es, with their own objective fuhction, ~although this {s here

. hnly a ‘metaphore, because the objective function . of peqplé
‘may not be expresaed 1n a quantitative form, Neither may be, by
the way, _the obdective function of complex soclo-economic systems
wholly formalized, And this is why these systems have to be

valways a mix.. PeOple take decisions in any case, -aécorﬂing “to.

‘their own interests. If the elements or ‘a machine do not obey

the commands of the decision center, we say that they are out
af order. % £ il T elementa of wman, as . a system, to  not obey.
the ' commands of the decisibn center (in those cases where they

“ﬁdo not have to obey inborn retlexes) we say that they are 111.
But if the elements of an economic system do not  obey commands,

i -lf workers are e.g. striking. the aystem may be 55 but 1tsir

olements do only exert their sovereign rights. Thererore in & so=
clo~economic system the ‘human elements have to receive some
; degree of decision making power, and. there ‘has be some dqgree of

‘1ndirect eontral, motivating them to take their. decisions in ac=,

cordance with the goals of the whole system. The question re—ﬂ

ualnsn what degree?

; Cre of the important pxoperties of bigply organized, complex'
aocio-economic systems is ‘their ‘capacity of self—regulation. . By
ue]f—regu4ation we mean the ability of. the system to return tqv
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its equilibrium after any kiﬂd of inner or outer diaturbance, pgv

© itself, without any 1ntervention from outside, WLthout 0pCU~-
pying ourzelves here with the very complex mechanism of self-re-

gulation, we may mention only, that this is achieved by the A
teraotion of the several control loops built into the system, an

interaction leading to multi—stability and ultra-atability ‘af the)

system. In man this property of selt—regulation is manifesting ite
self Dby our ability to return to our equilibrium (health) with-

out medical 1nterfereuce. supposing we are leading a so—called
healthy lire. A breakdown of self-regulation leads ta ths dea~"

 truction of the system, man e,g. dies, pis ;
~ Socio-economic systcms do not have such a we11~dotined ;‘
] equilibrium state as biological systems have. Soclo-economic sys= -
tems are developing, mostly growlng systema and they, after
leaving a ‘given equilibrium state do not return, with the help
of their self-regulating sbility, to the same state, but-tbeyff‘-:‘

are developing in the direction of another =  higher level, or

‘otherwise defined - equilibrium state. That is why we talk in the‘ ‘

~ case of economic syStems of ‘a moving equilibrium, Again we do

not, here go {nto the details of this mechanism, for our purposea;tgg :

it is enough to know and define the selr—regulating property ot‘“'é'

‘complex soclo-economic systems, b it

uﬂ' . We are ‘here more interested in the tnctors determining and‘gf

i 1ntluenc1n& this property. If we understand them well. . we . may‘;' i

find a way from se*f-regulation to the problems of decentrali*fiy‘ )

'.zation ‘and dlrect/indlrect control, at least at . conneytual-jwb“

vand question-asking leVel.\‘ A '; b
The most important of the factora ‘making a ayatem self—regu-.ij";

'lating is 1ts ability to learn and to alter Iits behavior on the

basis of the conclusions drawn rrom the new 1nformation der1v¢d g< 3

* from leatning.- In, relation to. self-regulation learning‘ means ”j

the following: Infoxmations abOut all the changea tnfluencing thefr

system’s striving to keep its aquilibrium or  endangering. U
' maintenance of the equiiibrium state  are. partly flowing tuto e
: system'a memorr partly actively sought by the system, In. the mevw‘ﬁ"‘
‘mory this information 1s stored and when the indicators of ema--,\
1gered equilibrium state -surpasa a certain threshold. they tlowfw
*Lnto some. organ of the system destined ‘to - make a compariaon bet~
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'fween the goals o! the ayatom (whichnmay bn thq maintenance of
,tha glven equil;brium state, or the definition of some new. equi~
~ 1ibrium) and the diaﬁurbingfin!luences (factorsﬁ, i.e. the values
‘of the relevant indicators. After-deciding in this organ between
| the old and some new equilibrium state, phe_contrplling subsystem .
- of the socio~economic system works out plans and strafegips des-"
tined to alter the behavior of the system’s subaystems and/or |

i) ;ngementa concerned. ‘&.e. those whose behaviour has to be changed

i E'“‘higher.

""’proeess are the buffers built into the systeu the sb-calied ‘ f“

. to attaid the old or the new equilibrium state. This mechanism
of 1learning and alterning of behaviour exists in 8ll known so-
clo-economic ayste@s. ornly in our real ayatemn they are nqstly-
~ not very well organized, not functioning on a consoious level

but acting rather unconsoiously, spontaneously,
. Nevertheless, even this unconscious tunctioning of the selt-
‘ nregulating mechanism. protects our oconomic systems from destruc-
4 tion or eeﬂ:~destxuction. Only 1ts arficiancy : could be gmuch.

A very important tactor taking part in the . selt-regulating*‘

~ serves, These buffers are lying between the Jbv»ral control” Ibop“?f

¢ " of the system and their action contributea to the multi~and ultra;1, '
! ‘-stahility of the nystem. The buffers act on the. bnais of the

‘H ‘vp11-known localization principle. The localizatlon » principle\,
' means that if the funiotioning of a given element of ths systen is
“ﬁn equllibrium. ‘80 that its 1nputs and. outputa do not collzdc
wigagalnat the constrainta of its aqtion 1q ‘a given - time~1nterval
fTJthen the changes in its functtoning do not lntluence ‘the funce
. tioning ot the other “parts of thc syatém in ‘that timeuintenn'
L This principle is or great 1mportanca, because 1%ty one o
~the factors gusranteelng the atahilxty of the ayatem in ‘that
o _vay that minor disturbances are *localized®, Aoy locally. counm
i ‘terbalanced. Only meaor disturbancea pushing the 1nputa and/or"
\'Hbutputs of the given olemant or. subsystam beyond the giVen con-:”

“ f”stra1nts, in the given time-intervel, are disturbing the func-
“Vl‘tioning of the system s a. whole - if there are no buffers. The

Tilpole 0f the buffers consists in counterbalencing those dlsturb':-
~ bances, or’ "localizing® " them, which go outaide the givan sube

: “‘“uyetem and would othervisa disturb the functioning or the whole]-?“

Wl




. system, Nﬁw. learning too may be iuterpreted ,aé‘n kind ‘
~ in this sence, because through learning the systen builda buﬁ
fers containing inrormations,‘ i.e, theAlnoal memoriea of tha
‘system are nothing else than a kind of bu:fer oL neaqrve,;;'
enabling it to counterbalance - through activating these inforw '
~~ mation buffera and - altering in that way the behaviour of some
AN of 1ts aubsyatema - maaor disturbances, ! ' ‘w"
A Again, a conscious organization of local - memoriea (wh&ch
could: neverthelesa bo well defined parts of the data bank of th
- whole system) would contribute to enhance ‘the learning capacity 0
“the system,. its bettor adaptation to disturhancea in the ene
,viroument and its more. efficient aelfrugulation.
: ‘After this attempt to define the nost 1uportant concepts we
‘aru here working vith. _and to give an outlIno of the mechanism
of. aalt-regulation, ‘let us sum up what ve know 1n relatlon to- our
baaic questlon. - » ‘ RO A ;
1. Any socto—economic system includea necessarlly a decisio
1erarchy., ‘a decisfon making and controlling subsystem with }
tstriduted declsion ‘making and nontrolling function (1.e. this
nction appears distributed through the aforo mentioned hieramu
‘chw) The question is. nots cantralize or deceﬂtrnlxze, buts
 how to organize this deciston ‘making and - controlling aubaya»
: tem. ‘hov to locate in our system the decis;on centers, naﬂwm
rally lncluding tha dnrormatXOn flows neeesaary for the propar‘
“,tion ot rational ﬂeciaions., Wiy
2. Tth decislon maktng and controlling subsyetem b@ina hta~
~rarchically built, f.ee in that way that the top mnnagement aqn-
~vtrols controllers of a lower level, those eontral again cone
trvllers or 8 lowar level etc, hhrough to the 1last npenativc le-
voﬂs. the question is the rollowingz hou tu locate in this ayan'
tem the controlling powers, or tcrmulated otherwiaez which ahould
be those parameters 1n eVery control lnop, through Wh&ch tng
h;gher leVel intervenes 1nto the behav&aur i tha lower level.
Otherwise: which should be the content ot the . inrormations £1o-
wing bathcn ‘the levols from abOVG to helow." whish' oontent
changes neturaliy tron level to level.". - ‘ e

be human or computera,; dapending an tha degvee ar automqtizatioﬁ

iy ! B 5 5 A » y sl "..'"7
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" of the controlled activity, there artaes the question of the oha-,
racter of the parameteres mentioned above, 4.e. should they be
commands, or a mix of commands and motivations (if the control

lers - of the lower level are: human), and in this 2later case,
how should the pruportions be in this wmix and what should be the

‘content of the motivational informations. .

If the controlled subsystem (which may 1itself be the control-
ling system of a lower level subsyatem) contains activities which
cannot be algorithmically tormulated. or only partly so, then
we need a human operator, This human operator has, as we know,

“his own objectiva function, and to be oontrollable, the  controle
ler has to give the motivational parameteres such a content that

C ST

the goal of the whole system should be in the objective function

of this operator a behavioral eriterium with enough weight to

adapt ‘his behaviour to the goal of the whole system, I.e, the

. motivational Lufoxmation has the function to modify the objective
. function of the human operator in the interest of the whole

,syatem whose part he is. This motivational information ds in

reality always present, even if 1t is not made explicit,

. The problema summed up 1n the three points above are’ closely
intertwined.  We cannot 51Ve a general solution to them, because

such a solution does not exist. There does not ‘even exist an

adaquate theorylforv these questiona, b\':‘t systems theory and espe-

cially the theory of self-regulation may give a general .con=
ceptual framewark with whose help we may arrive at a formal theo-
ry.; if mathematicians take it upon theméelves to wdrk in this
“.dlpéctlon. Let us look at this direction, ‘ ,
Ve have  to acknowledge that a11 socio—eoonomic systems 3

consl;t of interrelated control loops.
2. If any of these control loops are . not wholly automathi-
zed, 1i,e. if there are human operators in 1t, than 1t is in it

‘self a leprning and self-rvegulating system ( amongst others)

3. The relations between the self-regulating control 109p§ .

have to be organized taking into conaideration certain princip-

les, These are (putatively):.
a. Before putting the control loop into action (on ‘any 1=

vel) we have to formulate the goal it has to achieve by its .
| rynctioning, the output vie vant from it, ita way of functio-g

A e it
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1;_1&ty to counterbalance disturbances. That means: projection 6!-Y?g 4
the character of the probable disturbancoa, such a determination e

~which can be in the case of diaturbancea olastically changed,

: having been put to action in the above sense, its own life, 1.0.
it becomes- selr-rqgulating. ‘The higher control 1level has resu~'

‘in organizing the control loo0p according to pointa ‘a. end b, ;t
~has to be taken into consideration, what degroe of nelt»raaula— 1
‘tion  and the selt—regulatlon of which parametoraa (eharaoterisn

.to determine the content, periodicity and intensity of thc oon—

too intense nor too veak, bccause both are able to gonaratq new
'disturbancea ln the acttvity of the control 1onp. “In our prac£1~
 ¢e too intense intervention is the more Irnquent fault of econo-

“"Ied'syatems; Here steps in the question of the mix of diract
and indirect controla asaln. hecause in. a given situation a comp
© mand  is ‘able to hinder the optimal tunctioning of the contro&*dd
;’aubaysten.‘ although a motivatibnal informstion could have the

-'étense that the autonomous - counxerbalancing ‘capacity of the syntan

irfiin a giyen aystem.‘ i.e. the less. the aystan is automathized.
_ 'i:the more' '“autonomy“ should be givan to the sovarul subsystems
e control 1oops provided we riud a aurrieient numher ot ado—
“.'ﬁiquately trained and motivated "human elements“ L N

i.e.'its trlnaformation rulea._‘tha' criteria by whxgh its
output 1s valucd. the 1nrormat1on 1t has to feed hapk.v_  )
‘be The next step is the planning and orsnnization of its qbi-

of its behaviour which provides it with “autonomous counterdistur-
bance rnactions. such a determination of its inputs (rtaouroes) ‘

¢. We have to consider that the control loop begins, afthxl ;i

1ar1y to watch the dynamics of this aelf-regulatlon, but alraady

tics) we want to allow this control loop,
Sl Taking into consideration the autonomous selt-regulatlnz
and. counterdisturbance capaoitiea of ' the contvol loop, we havi

trol signs. 80 ‘that cont!vlliny interference should  be ncither fﬁ

mic control, putting constraints on the autonomy of = the contro1-‘“a

opposite- oftect. If on the other sidc disturbances are sa 1n—

u unable to cope with them, commands will be desirable.
In general one may say, the nore human elements arD' aotiﬁ;

1



hi A
et

WSy
wragl




