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- Abstract

Using general system theory, we present large scale system models of de
centralized, centralized, and coordinated decision making systems. An equation
| set for a simple cass is obtained and optimization techniques are applied to
determine optimal strategies. The case of stochastic multi-step systems is
also discussed. A numerical example relevant to current conditions in China

is given.

i. Introduction

By using the theory of large scale systemst??2’®! general sys-

[4)

tems'*’, shadowp rices"®’%’ gnd the decision methods of Y.C.Ho and

G. Jo Qlsder!??, we developed a technique for studying large scale

J systems. The main idea of this work is to develop a model structure
that enables us to integrate market -regulation and centralized
L planning in order to achieve the global maximal benefit for a large

scale system. Although this paper is based upon existing theoretical
concepts, we believe the application to economic problems given

here is new and provides a theoretic basis for studying some econo-

mic planning problems, e. g., the recent economic reform in China.
| I. Apalysis of decentralized decision making system

The information structure of & decentralized ‘decision making
system, which corresponds to the typical free —~market economy, may

be shown as in Tig. i- The set of ecouomic subsystems is the set of

e
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Fig. 1 Block Diagram of Decentralized Decision Making System

related producers and consumers (including dilferent groups, collec
tives and persons). The arrow indicates the direction of information
flow (not flow of goods). The set C, represents the state of the set
of economic subsystems, set W, represents the market prices and
other related market inflormation, set W3 shows non —market infor
mation that goesto ecomomic subsystems and s¢t W, shows the supply
and demand information that goes into the market.
The response reclationship of the economic subsystenis is
R+ C,x (W, xW,)=W, (1)
whore “Xx7 denotes the Cartesian product.
The decision method of the economic subsystems can be expres
sed by the relationship
Ryt C, X (W, xWIXxW,—»P (2)
where P is a set of performance measures. The i-th economic subsy-
stem will evaluate its performance Pi according to the input subsets

Wi, Wai, the output Wi and the state subset Cyic Then the optimal
value of the output W%, €W, can be found by maximizing the sot

Pi. such that

pi = max{p:p € Pi} (3)
Was
Similarly, {or the market system we have
Rat Co X (W, XW )W, ' (1)

where R; is a function that models the market and W, represents
exogeneous influences. Then the free —market system as a whole can
be expressed as a relation S
SCW o XW o) x (W, xW,) (5)
The characteristics of the system S may be interpreted as follo-
wing:

1. Because of (2) and (3) the initialive and enthusiasm of the
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economic units (subsystems) are brought into full play and high
productivity is achieved.

9. Because the subsystems are subjected to many constraints and
interconnection in the market, and for the sake of system dynamics,
the regulation ability of the whole system is limited. As shown by
experience, sometimes it not only cannot achieve optimality, but even
leads to serious economic errors and global performance of the sys-
tem will not be satisfactory. Hence it is quite desirable to introduce

some degree of planning.
M. Analysis of ceniralized decision making system

Generally, centralized decision systems have a hierarchical struec-

ture. The information structure of a two—1level system is shown in
Fig. 2.
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Fig. 2 Block Diagram of Centralized Decision Making System

According to the input information set We and the information
sets W, and W, the supervisory decision—making subsystem deter-
mines decision sets W, and Ws.Then the expression representing the
supervisory decision —making subsystem is

S, C(WeXxW XWe)x (W, XW,) (6)

The economic subsystems determine the information set W,

according to W, and its own state set Cy, so the expression of the

economic subsystems is

S, c(Cy xW ) xW,xW, (7)
Similarly for the market
SsCCZX(W!XWQ)XWB (8)

The main characteristics of this decision making system arey

1, This system is a typical large scale system and its optimal
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(or satisfactory) control can be achieved in come ideal cases, but
generally the uncertainty aud number of factors are so large that the
optimal solution will not casyv to be {ound.

2, Because the W, (sce Fig. 2) is determined to a large extent
by W, and equations (2) and (3) do not hold, the initiative ang
enthusiasm of the economic sybsystems are seriously limited, and
productivity will not be as high as possible. Furthermore, because
there is no market regulation, if the supervisory decision subsystem
makes any mistake, the system performance will be far from satis-
factory or may even cause serious damage to the economy. Therefore,
it is’ very desirable and reasonable to use market considerations in

the centralized decision making system.
V. A coordinated decision making system

It will be very desirable to construct a decision making system
which possesses the advantages of both the decentralized and centra-
lized systems and overcomes their shortcomings. This is the idea of
the coordinated decision making system. Its information structure is
shown in Fig. 3. There is also a feedback loop as in Fig. 1, but an
algorithm sybsystem is added with the function

Fig. 8. ‘Block Diagram of Coordinated Decision Making System

"3

—

e %

Rl_z V/aX[VQ»?Vi, (9)

As compared with Fig. 2, the supervisory decision subsystem
in Fig. 3 does not provide mandatory decisions directly to the eco-
nomic and market snbsystems, but only provides the decision set W,

to ithe control algorithm, i. e.
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Rye Wex W, xWi—W,. 10)

The economic subsystems do not work directly with the infor-
mation set W, {rom the market, but with the modified information set
W, which can be considered to be like a set of shadow prices. The

function of the economic subsystems is

R3= Clx(Wl XI/V,‘,)-"WZ XW'; (11)

The decision method is similar to Ec. (2) aad (3) and there is

also a set of optimal (satisfactory) subsystems

Rye CoxX(W, xXW,)yxWy—P 12)
and pY= max {p: pcPi}
# 13)
Wzi:wlz

By this method the economic subsystems will pursue not the market
profit but the profit determined by shadow price W, and it is called
the “social profit.” Some necessary constraints are imposed by Wy,
Wi and Wy,

The main characteristics of the coordinated decision making
system are the following.

1. The market - regulation and plan-regulation are integrated,
so that the initiative and enthusiasm of economic subsystems may be
brought fully into play. In fact. the system in Fig. 3 is a febdbact
system with an optimal coatrol algorithm and adjustable parameters,
so it has stronger corrective ability and can achieve belter system
performance than the system in Fig. 1 and 2.

2. The smaller quantity of elements in W, than in the
centralized method (W, and W, in Fig. 2) leads to much easier

optimization of the whole large scale system.
V., Equation set for a simple case

We will consider a simple case of a coordinated decision system.
Let a certain supervisory decision making subsystem manage |
factories and we will limit the discussion to one period AT
(e. g. one week, one month or one year).

The states of each factory can be described by consumption
coefficients matrix H,. Let the vector ¢, represents the: consumption

per unit output and ¢, the unit consumption vector (e.g. energy,
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labor, and materials). The system equation for ith economic subsystey,

is
€n=IIi€m i=1,"‘,l (14)
where
h-‘u hilz h-‘lr
Hi= L s e s
hin hn‘sz hl'sr
6,.T= Eenls """ ,6,,::'
and 63;= Cemiserr oo sEms)

The elements of H; represents the consumption for unit product of
i=th factory.

Let nf=C(ttiyyfig, o ymi ) be the output vector(i. e. it represents

the quantity of the products) and let m7 = Cmi,miypp mi, I be the

input (consumption) vector.
From (14) we can get

m;=H,Tn‘ (15)
where (according to Fig. 3) m €W,, m; €W,.

Assume that the economic subsystems have an interest in
pursuing the maximal social profit, so that the performance measure

of each factory is the social profit L;;

(AT (AT
o3l j AT i by 2 j'“ R, O (16)
0
i=1,"',l
with coastraints; flmi(t), mi(t)I=0 17)

where,

a€W, is the decision vector (¢€R") for consumption

bEW, is the decision vector for the output (bER®)

U€EW, is the unit market price diagonal malrix for comsumption
and VEW, is that for output,

uy 0 “lyg 0
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The optimal output #»¥ for maximal social profit L} can be

Obtailﬁd from Eq. (15) and (16) and by maximization;
L¥ =max Li (z,Hi,ni,U,V,W,) (18)

ni=n;
where z is the set of optimal decisions;
2T = (aT,b7,.+]
performance measure for the supervisory decision making subsystem

iS:

l
ni(AT) mi(AT)
2= 3 [ b Vi - | aTUdm;) (19)
- 0 0
1=1
For consistency in the calculations let
1 b
ni(AT) n(AT)
> [ b V= >, j VT (20)
5 0 - 0
i=1 i=1
1 1
mi( AT) mi( AT)
and > j aTudm= ">, j uTdmi (21)
N 0 S} 0
i=1 1=1
where VT = (03 Vysver s ¥sdy W =Lty aUlysee 53
s.t. constraints.
1 1
g( Sum, Smw )=o (22)
1 1

I 1
or o Zuw,  Sma Y=o
1 ]

and R¥=max R(z,Hi,n¥ ,u.v,Ws). (23)

A=

The set of Eq. (16) to (23) is referred to as the equation set for

the coordinated decision making system.
V. Multi-stage stochastic control

The information structure of the multi-stage stochastic control is

shown in Fig. 4. where > ” and ¢~ ” denote the related estimated
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Fig. 4 Block Diagram of Multi —~stage Stochastic Control System

values of the supervisory decisicn making subsystem and economic
sybsystems, respectively, and the numbers in brackets show the index
of the period considered.

It is reasonable to assume perfect measurement and perfect
memory. Then the maximum J§ for the supervisory decision making
subsystem can be obtained by the method of dynamic programming

#(i)=maxE{ R [j,z(j)] +I§Ej+1,z*(i+1—>k)]/Y1(i—1)E— (24)
2(j)
where Y, (j—1) is the memory set and 2*(j+1-k) is the optimal
decision set from stage j+1 forward

IR = (G4 1),25 (2,0, 2% (k)
where k is the :iumber of calculated stages. Similarly for each
factory we have

IE; (j)=max E{L-’[h”(i)ex(”)
n

FIE G+ 1, T+ 18),2* (¥ 1=k 3/Y (1)) (25)

Vi. Example ~ Economic rsadjustment

Coordinated decision making systetas can be applied successfully
to the problems of economic readjustment, which are major problems
in China today.

Let a certain company manage 10 factories with similar product

and the production capacity of each factory be the same:
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é Timay = 1000 pieces/month i=1,:,10
= hin; Cmonetary unit)
L where ki is the consumption coefficient. Values of f are shown in
Tab. 1
Table 1
B LT T —
i | 1 | 2 3 4 | 5 | 6 i 7 8 9 ‘ 10

L P | | i el

hi(m 1t /) | 0,75 | 0,81 ‘o 815 0,82 |o 825 0.83 |o 835/ 0,84 | 0.845 | 0.85
e

The gross production is 10000p/month. If the market demand is
only ome-half this amount, i. e., 5000p/month, how should the
production be redistributed:

Because the first 5§ facteries have less consumption, the supervi-
sory decision making subsystem will have the other 5 factories stop
their prodiction. The same result will be obiained by decentralized
decision making, hecause the last 5 factories will go bankrupt in free
competition. Thus the result is

1000 if i= 1,"'95
n.-={ (26)
0 if 1=6,:,10

But if we take the gross profit' of the whole large scale system
into account, the dccision as shown in Eq. (26) will not be optimal.
[Por example, if we consider the different ability of transforming
one kind of product into the other of cach factory, the decision in
Eq. (26) might be the worst cne.

Assume that the better factories have greater ability to
transform, we defiue the function 4 as the transformation—ability
of the i~th factory tc adjust its cutput with the same consumption
because of changing the kind of products. Assume the ¢; is inversely

proporiional to ki, i. e.,

h ;
q‘=q,—;l‘— Ci=1,-,10) (27)

For the 'i-th factory the profit Ly {monetary unitlsis
Li=vni = lani 4 v@i (1000 = 2:) = hi (1000 — 1) (28)
where

v is the price ol product (monetary unit/piecel

niis the quantum of preducts according to a  certain  decision
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method, ¢ (1000-7;) is the quantum of new products converted to
the quantum of original products.
In Eq. (28) the first two terms on the right side indicate the profit
from producing original products, and the last two the profit from
producing new products.

Assume

d = and v=1 monetary unit/piece

1.04
It means the first factory should decrease 4% of its production
because of transform to new products. According to the decision of
Eq. (26) the profit of each factory is shown in Tab. 2 and is
accounted in monetary unit

Table 2
i 1 2 3 4 5 6 7 8 9 10 R
L, 250 190 | 185 | 180 | 175 | 38,9 | 28.6 | 18.5 | 8.4 0 1074.4

where R is the gross profit.

By using mathematical programming, we can obtain the decision
for maximized R,

0, ]_f 7= 1,...,5
= { (29)
1000, if {=6,.,10
The profit of each factory and gross profit are shown in Tab. 8
Table 3
i 1 2 3 4 5 6 ‘ 7 8 9 10 R
Li 211.5 80 69.9 | 59,5 | 49,1 | 170 165 160 156 160 1270

lt shows that the decision of Eq.(26) is the worsi one for the global
system. Although the decision of Eq. (29) is superior for the global
system, it is quite unreasonable and unacceptable because the better
factories 2~5 (with smaller %) obtain less profit than worse ones
6~10 (with larger k).

Coordinated decision making method can be successfully applied
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to the problem. According to the equation set of the coordinated

decision making system, we have:

Li=b ni = hini +b,q:(1000 —n;) — hi (1000 - n;) 30)
L?:max(b,,bz,n.-,h.-) (31)
”; =tzel"
10
R= 2 L* (32)
1
Rt= max R(bl,bzghi) (33)
by,b,
s, t,
10
> n=5000 (34)
1
10 10
> (bun¥ +byg, (1000=18)3= > Cnf+gi (100018, (35)
1 1
Using the nonlinear programming the solution is
bl = 0. 934
by =1,0735
and the social profit L} is shown in Tab. 4.
Table 4
i 1 2 3 4 5 6 7 8 9 10 R*
L,' 282.2 145,7 134,8 124 113.3 104 99 94 89 84 1270

As compared to Tab. 2, the gross profit has been increased
18. 2% and as compared to Tab. 3, the profit of each factory is
reasonably arranged; furthermore, by using coordinated decision
making, the initiative and activeness of each factory are not

constrained.

VE. Conclusion

The advantages of coordinated decision making method become

clear when analyzed as shown in this paper. We have analyzed also
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another example of opiimal decision making for economic uniti with

a limited power suoply™'* " It iz shown that the global optimnm jy

achieved by that the econcmic sybsystems are pursuing the socia]

benefits accounted for by shadow prices.

€1l

£z2J

£4)

€537

(6

£7)

€82

£97

r1ol
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