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ENVIRONMENT MONITORING AND ORGANIZATION STRUCTURE II

" 1. Introduction

We have seen, in a companion paper (Lucena {1987,a), that

the need to follow the dynamics of the envirqnmenﬁ will impose

.some restrictions on the set of the possible designs of organiza-

" tions. There the analysis was restricted to hierarchies‘and poly-

archies {and combinations of both) and the key concept was the

idea of dynamically-independent partition. Such a partition re-

‘presents a stable piece of information abdut the dynamics of the

e

-

environment. It was shown that a department could'operate in~

dependently of the'othérs;only i1f he wés put in charge of keepﬁx;

track of a piece of information'represented by a dynamically-
-independent partition..A more general analysis is pfesentedrwre,
in which the class of designs allowed include the possibility of
feed—back'among departments. These desions can - no longer be
discussed on the basis of the concept of dynamic independence of
éaftitions. The‘size of each department may be an important element
in tﬁe cost of the organiz;tion; Take the limit case when this
cost is.overruling: i.e. it pays to have departments in charge of
two-blgck part;tiOns, rather than three or four block ones. It
may be impossiblé to find a set of dynamically-independent two
block partitions, whose product is "zero" partition. Then we must
either accept more complex departments or acéept the need of some

-

communication between departments, and :so work with partitions



*

that are not dynamicall?-iﬁdependent. In this last case the question

arises of how to minimize the- communication among departments.

2. Efficient Use of Information

The interest of dynamically-independent partitions results
from the fact that they represent an amount of. information that
does noﬁ disappear in time. But that does not mean that we are
using the information in the most efficient way. It may very well
-be that we are éble to compute in which block of a pﬁrtition;:
finer than the'dynamically;independent one, we w}i& be in, the
" next periodf In a certdin, sense, the 6rganizatiéns discussed so
.far are informationally inefficient. A dual problem is\whetﬁer,
in ofﬁer to compute the . block of the dynamically-independent
partifion we will be in, next period, wé need as much information
as the information giﬁen by this partition. In general it is
enough to have a smaller amount of informatioen, represeﬁted bf a
éoarserlpartitiSn. Take an ordered pair, (e1,e2) of partitions.

. We can generalize

Call Bi the blocks of e, and Bj the blocks of.e

1 2
the idea of dynamic-independence to pair of partitions in the
following way: each block of e, is mapped into a single block of

e Then, if we know e, we can compute the information €.

2.

.Definition: an ordered pair of partitioné, (e1,e2) is

dynamically-consistent if

a(g,slz Bi when_ s € Bj,v z € Z



Notice that to say that (ei;e1) is a dynamic§lly~cohsistent pair

is equivalent to say that e, is a dynamiéally independent partition.

The definition refers to ordered péirs. The fact‘dﬁﬂ:(elﬁa)
is a dynamically-consistent pair does not say anything about kﬁ'eﬂ

also being such a pair.

If (e1,e2)-is a dynamically-consistent pair, a department 'in
charge of e, could operate if it received the information €, - In

general we cannot guarantee that e,=e, (or better that e1$e2) in

which case it would need information from no other department. But

4

that (e1,e }, with e1_e1, is also a dynamically—cﬁﬁsistent pair.
4

may be too much information for that purpose. It is conceivable

We can introduce ‘a partial ordering in the set of dynamically-
—consistent pairs. Take (e1,é2)'and (e{,eé) as two such paifs.Then
(e ,é Yz{e ;e‘} if 12e' and ezzeé. Alsg it can be easily proved
that (e +e1,e +e2) and (e1;e{,e2.eé) are also dvnamically-consistent
pairs. They define thé greatest lower bound and least upper bound
of the initial two pairs. The set of all dynamicallywconsisteﬂt

- pairs is a lattice under that partial ordering. (See Stearne and

Hartmanis (1966)).

Now we can deal with the problem of the efficient . use of
information. Take a department in charge c¢f the partition ei.Then

form all dynamically-consistent pairs (e.,ei}, and compute

3 i
E(ei)=z ej. This is the smallest amount of information the department
i i : .
in charge of e, needs to operate. In partitions terns E(ei) is

the largest partition with which e, forms a pair.



Similarly take the partition E, form all dynamically-consistent

pairs (Ei,Ej) and -compute e(Ei)anj. This is the largest amount of
j : o

. information about next state that can be.extracted from Ei' A

department receiving Ei as input can be in charge of any partition

eige(Ei).

Pefinition 2: a pair of dynamically-consistent partitions;

(E,e) is said to be inférmationally efficient if

i) e represénts ﬁhe maximum information that can be obtained
about next period state, when E is the information about

the current state.
- . ‘/ ) H

ii}) E is the minimum amount of informatioq/about the current
state that wi}llallow us to compute in which block cof e

"we will be next period.

~

"We assume that in these computations about next period state

all the relevant information about the environment is available.

From any informationally efficient pair of partitions, (E,e}
we can generate 'a lot of dynamically-efficient partitions, by
refining E and/or coarsening e. In fact; by ogerating_in this’way
in the set of all efficient pairs we can generate the set of all
dynamically—consistent pairs. It is énough to see!r that any

consistent pair has an informationally efficient pair associated.

3. Informational Efficiency and Structure

The concept of informational efficiency can be used to generate
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désigngxin which we do not need to impose the restriction of no °
feed;back among departments. To illustrate the uses ~ of this

" concept take the case where we are interested in having only
two-block partitions assigned to each department. Assume also
that, by looking at the e partitions of the (E,e) set of in-

formationally-efficient pairs we can find e, i=1,2,3, such that

3 .
T 'e.=w0. Assign each one to a department. If, for example, e,

i=1 : : .
is a dynamically-independent partition, then department 1 needs

to receive no information from other departments, and E1se if

1°
'E1'e1, we must have some outside information fed @ into this
department. Now, the department 1 knows always e1>,Then we must

. N i 4 .
" look if either e1e22E1.or e1e3gE1, If it is the case that e,8,2E,

(e,e;zE,) then department ‘one needs to receive information only

from department 2{3). In general, then, given {ei},i=1:..N as the
two block-partitions used to define the departments, the minimiza-

tion of the number of links obey the following systematic procedure:

i} check whethefei is a dynamically-independent partition

(E;se,}. If so it works independently.

ii) if not, try for j#i if ei.eszi. If this happens for
any j, only department j needs to supply information

to i.

iii) if this does not happen try eiejekZEi. If so only

r

departments j and k need supply information to depart-
ment i, -

iv) ... &n So on ...



In general the total information fed into department i does
not coincide with Ei' There is still some waste. Call Qi to the

partition represénting this total information.

Notice that it may very well happen -that department i feeds
information to j ana vice-versa. Notice also that thé poelyarchical
and hierarchical;aecompositions studied -in Lucena (1987,a) are
-particular cases of this procédureh In fact a pure polyarchy1i¢aﬁm

i = « ' 1 - i 3 3 < »
if Eigei"Vl‘ A pure hierarxchy 9bta1ns if E1=e1,E2§e1e2...EN£e1”.eN.

I£_is not a matter of indifference how the partitions initially
chosen are picked. The only condition they need obey is that their
product must be-thé zero partition. Otﬁerwise we/één chose anf |
' number of partitions wi;h‘any number oflblocks,iﬁeducing the number
of blocks in any parti£idn ~ making departments "smaller™ - must
be traded off against reducing the number‘of_partitions.- reducing
the_nﬁmber of éepartménts. The reduction of the links amgng depart-
ments is obtained by pickiﬁg with priority dynamically-independenf
partitions ‘'or, more generally, the second partitions.ofinﬁmmathm&dly
efficient (E,e):pairs; and among these the oneS'for which thé E -~

element is as big as possible, leading to smaller needs in terms

of information.

4. Reducing Costs of Observation

In all the discussion so.far we assumed ghat each department

observed the environment in full detail. It would be interesting if



we could reduce that detail. That is indeed possible, and!. the
procedure does not interfere with the reduction in dependenciés

. between departments we just discussed. The idea is similar to the
one present in Lucena (1987,a). Now we.have a partition Qi' re-—
presenting the information fed iﬁto deparfment i. All states in
nge block of 9, are mapped into the same block of ei,iniﬁﬂm&3¢1y
of the input. The image blocks may be different for different in-

1 2
same block of e it is not relevant for department. i to

puts. If two observatiorns z and z map each block of'ni in the

'diétinguish between them. -

s

Definition 3: two-oﬁservations z, and z, are’(ni,ei)—eQui#'
0 T Vs .

T /
valent {or i-equivalent) if ' o

4

] = ]
6(21,Bj)§:Bk <=> é(zz,Bj)E Bk

- when E. is a block of @, and B! a block of e..
3 i k i

We can now form a partition, lif in the set of observations
by having all the i-equivalent states in the same block of }ilThis
partitidn repreéents the amount of infofmation about the environment
that department i needs in order to keeé track of the “dynamiés of

the system".

5. Decentralizing Decisions

The possibility of decentralizing decisions can be analysed

much in the same way as was done for the simpler case discussed in



Lucena {198?,3). Notice that, Ey_construction Qi’sei’ and we can
say that Qi-is the-knowledge each department'has about the state
~of nature. The concépt of a parti?ion sufficient for decision di
can now.be uSed by substituting the 2, for the Ty For example,
if Qiéwk, the department i can decide alone about variable _dk;J
With this adaptatioh we can remake the analysis made bgfore,

changing the propositions in an obvious way.

6. Independence of Departments

In certaip cases a Big prize can be put in’phé‘independénce%
- of departments._Howeve;; if there are no dynamicglly-independent
'parti;idns, or not enohéhkof-them, this is impbssible. But the use
of partitions introduées a limitation in éhe descripti&n of in-
formation structures. Suppose that we have three states, and the
information available-allows to separate states one from two, but
gives no information about state three. The way to represent this
information is {73;23}, which is a cover, but not a partition. A

cover of S8 is a set of subsets (blocks)-of S,'{Bi}, such that

(I)-Lj{ B, =8 an.d (j.i) B, € Bj iff i=3.

The set of all covers of a set forms a lattice under the

\ -

operations:
'y1+72;el{B[B561 or Be:‘yz}

71.72=e1{Br}B'lng1 and Beyz}
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where e1{.} is the ‘set of blocks obtained by eliminating the ones.
that are proper subsets of another, and B,B' are blotks of the
. covers, For more details about the alaebra of covers see Stearne

and Hartmanis (19686) .

+ Just like a partition, a cover will be dynamically- independent
ilf the states in the same block lead to states also in the same

block, for any realization of current observation:

'c . .
6(z_,§) < Bk_ if sv:.:Bj . V2

" 'Again, notice that K may change with z.
. . R -
The set.of partitions beinga subset of the s}e’t of covers,
/ '
- there may exist dynamically-independent covers, * where no
. B ’
- dynamically-independent partitions existed. It is immediate

. PROPOSITION 1: a pure polyarchy with N departments is. admissible
if there are N dynamically-independent covers, -ri,i 1...N,

such that niyj_:no .

PROPOSITION 2: a pure hierarchy with N departments is admissible
if there are N dynamically-independent covers, Ti;i:"l._ . .N,

such that y1gy22 -2y

N "0

In the first case department i is assigned the cover Ty In

the second case define T4=Yqs and;.'yi;.l-ri:Yi, i=z,...,N; then assign

Ty to department i.
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7. Efficient Use of Information with Covers

The set of dynamically-independent covers forms a sub-lattice
of the lattice of all covers. Juét like in the case of partitions a
look .to this (sub-)lattice will indicate'the poésible polyafchical—.
~hierarchical desighs. To. avoid again the implicit restriction of
~n§ feed-back, we can generalize to the case of covers the idea of

dynamically-consistent pair of partitions.

| A pair of covers, (y1,Y2),is dynamically-consistent if each
" block ofly1 is mapped into a hlock of y,. Again, if (Y{,Yz) and
(Yi,yé) are dyngmically-cdnsistent pairs it 'cgpx /be seen_that'
-(Y1+Y{:Y2+Yé) and Fy1.x{,yz.yé) are also dynamicélly—consistent.
pairsi Then if (71,y5}}‘j21...ﬁ_are pairs_(y1,ﬁyi) is a pair;' and
if (Yj,Y;}.are pairs (%.yj,y1) is a pair.-Th;s leads.iﬁ\azﬁmuralwﬁw
to the notion of informationally-efficient pairs of covers, that
can be used to generate additional designs. The technique is similar

to the one ﬁevelbped in the first part of this paper, and it is

not "repeated here.

—n

8. Decentralizing Decisions

The basic condition to decentralize decisions Z:is:._that a
department must have enough information about the states of nature
to make that particular choice. If the optimal decision about qi

is the same for two states, then even someone who cannot distinguish



among these two can pick the'“right“ va%ue for di. This sﬁggest -
very directly that the information structure (about the states)

- relevant for the analysis is a partition, In some circumsténces,
however,.it may be useful to work with covers. The idea is the
_following..Suppose that we havé three states of nature and that
the best decisions about d1 and d2 (binary variables)_are given

by:

‘States (d1.dz)

1 {(1,0) :
2 (0,0) ‘

.‘ | h 3 (""11) -/

where (-,1) means that the payoff is indepenaent of d1 when state
3 materializes. In ‘that case the decision about d1 is irrelevant,

and only d2 counts.

The information needed to decide about d, is {12 ;:;3), a

—

partition. But the information needed to decide about d1 is given
by {13;23}, a cover. If in the first block decide d,=1; if in the

second decide d1=0. In general the information structure induced

by variable 4, into the state space is described by a cover (Wi).

i
A department with information Y4 can then decide alone di iff
Y W, . The analysis of decentralization of decisions is then

similar to the one made with partitions (Lucena (1987,a)). -
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