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MANAGEMENT STRATEGIES IN FIXED~STRUCTURE. MODELS

OF COMPLEX ORGANIZATIONS

Crayton C. Walker and Alan E. Gelfand

1. Introduction

We claim that the study of binary switching nets is
useful in enhancing our understanding of the dynamics of
complex real world organizations. To date examination
of such nets has been largely in biological contexts.
Since our purpose in this paper is an examination of some
factors that contribute to useful network behavior we
sharply limit our discussion of the literature. 3Some of
the literature on ensembles of switches along with
tangentlially relevant studiles such as those on formal
nerve nets and epldemiological models are excluded. Qé
first describe the_nets considered here, their behavior,
and, briefly, some interpretations of them as models
before moving to the substance of the paper.

The objects of.interest are networks of a finite
number N of logic elements. Each element has k binary
inputs and computes a specific, determinate binary

function of those inputs at net time t. Each input is



connected to some element's output, according to the
particular net's fixed, unchanging structure, which is
typically unknown. AT net time t+l the former output
values become the input values on the appropriate ele-
ments, and the process repeats under these possibly new
conditions. If by the state of the net at time t we
understand the ordered set of N element outputs at time
t, the action of the net is to move in a determinate
fashlon from one net state to another as time proceeds.
There are clearly 2N distinct net states. Therefore
from some arbitrary initial net state the net eventually
must encounter a state 1t had shown before. Doing so,
it must thereafter repeat the intermediate sequence of
states. Such a sequence of states is called a cycle.

If the number of distinct net states in a cycle is called
the cycle length, it is apparent that cycle lengths may
fange from one to 2N.

The. biological analogy devised by Kauffman [2]
interprets the net as a cell and each element as a gene,
which produces, or does not produce, a protein. The net
structure is the fixed but unknown web of influence that
the various genes have on one another by virtue of thelr
products. The cycle in which a given net is moving is
therefore interpreted as the specific tissue type being
computed by that genetic net. “The cell is thus the

product of a collection of interlaced switches operating

‘over time.



The organizational analogy appropriate for our
purposes interprets the swltching net as a control
system imbedded in an organization. A given model might
encompass virtually a whole crganization, or only some
part of 1it; there may be several control systems in any
given organization. The net elements correspond to
points in the organlization where control information is
used. The use can be executive, evaluétive, productive,
and so forth, depending on the particular activity
modeled. Thus the elements could variously he seen as
governmental bureaus, machines, or individuals. For
example, the net elements could collectively represent
a group of middle managers carrying out organizational
routine, staff personnel reaching a decision, foremen
and thelr crews producing goods, or mixtures of these
functional types. The network structure represents the
control relations which exist among the eléments, that
is, the channels through which actual control information
is passed in the system. The responses of a control
point to the possible contingeﬁcjes presented to it by
its sources of information will be described by a func-
tion or mapping. We will later interpret equivalence
classes of these mappings as types of management
strategy. 1If the elements are seen as machines our net
is essentially a production process, which has N
possibly different constituents each of which is either

being produced or not. The cycle models the product,



the states which precede the cycle model, the start-up
period, and the entire set of cycles gives the inventory.
of products the particular control structure and par-
ticular set of constituents is cabable of producing.

In our model the network structure is taken to be
fixed but unknown in detail. This presumption is
appropriate for our objective of modeling complex organi-
zatlons. Certainly one important source of complexity
in real organizations is their intricate structure. Even
though an organizational control grid might be relatively
fixed and in principle specifiable, the time required
to know its details and thereby to make a prediction of
system response to some ﬁroposed chahge, might often
exceed the time within which that prediction were needed.
Therefore it seems to us that the practice of management
requires a body of knowledge concerning what can be
predicted under conditions of structural uncertainty.

One method of accommodating that uncertainty is to study
appropriate ensembles of structure. This method refo--
cuses analytic interest on the behavioral properties of
the set of control structures so generated. The data
we cite and the applications we suggest refer therefore
to ensembles of structures, in particular to ensembles
generated by all possible assignments of inputs to
affecting elements.:

It i1s clear that control sysﬁems in larger domains

such as industries or economic sectors may well be



usefully examined through network models. However, our
interpretation will focus on what can be accomplished
within single organizations by varying strategiles, or by
maintaining different intensities of use of a strategy.

A falr question to ask 1s whether the behavior of
the simple nets is such as to make them at all possible
as models of real world o?ganizations. If N=1000 then cycle
lengths of a net may be on the order of 21000 & 10300
Using any plausible assumptions as to how fast the net
moves from state to state, such a net could model no
repetitive real world phenomenon. If ensembles of
simple nets do show themselves as candidate models, then
at the very least we can expect some suggestlions as to
what factors may not be crucial 1n understanding and
controlling large systems.

The findings are that under certain broad conditions,
simple nets typically show translient and cycle lengths
that are empirically reasonable. In fact they demonstrate
additional desirable behavioral properties which are
discussed at greater length at the end of Section 2.

Two suggestions for organizational theory fdllow. (1) If
it is reasonable to assume that elements with simple
properties are lilkely to be easler to construct or other-
wise be more readily available than are more complicated
elements then systems using the simpler elements, other

things equal, would have a survival advantage over



systems using more complex elements. Since, as we have
noted, some useful large scale characteristics are the
typlcal result of certaln very simple small scale
properties, we might expect to find such small scale
properties in real many~element systems which have Dbeen
decilsively shaped by competitive survival regimes. That
is, we might expect organizations subject to evolutionary
influences to make use of those arrangements which can,
in a sense, explolt structural indifference. (2) As a
corollary, for those involved in organizational design
or intervention, the suggestion is that detalls of
structure in the large, in appropriate contexts, may not
be a crucial parameter.

As to what those approprilate contexts are, Walker
and Ashby [6] found that increasing the sameness of the
entries, i.e., the internal homogeneity, of the elements’
function table tends to decrease the length of cycles.
Kauffman found the number of inputs to be importantly
related to both cycle length [2] and to their stability
[3]. In his latter paper he descrihes a powerful
explanatory property called fbrcibility which 1is also
implicated in cyclic behavior. Babcock [1] then showed
that the two measures, internal homogeneity and
forcibility, are related. In Section 2 we correct and
extend the relationship and examine implications of the
relationship for many-element switching net models.

In a later paper we generalize yet another measure, the



notion of a threshold for a mapping and consider ibs
interface with these two measures along with implications
for a switching net. In the final sgction we interpret
forcibility and internal homogeneity with respect to

managerlal strategy.

2.1. Definitions and Notation

As described in our introduction, we wish to examine
elements in a switehing net whose behavior is guided by
Boolean transformations on their inputs. If we assume
that a particular element has k Inputs then the trans-
formation (mapping) prescribes for each vector (a vector
of 0's and 1's) the next state (0 or 1) for the element.
For convenience a transformation is usually presented
in a table arranged in lexicographic order as illustrated

in Table 1 below.

XB xg xl m
1 1 1 el
0 1 1 e,
1 0 1 e3
O O 1 (84 )’
1 1 0 e,

P}
0 1 4] e6
1 0 0 e7
0 0 0 eg

Table 1: General Representation of a Transformation
on Three Inputs



Thus é mapping on k inputs requires specification of its
value for each of its 2k possible input vectors and
moreover there are a total of 22k possible mappings. It
may be convenient at times to denote a mapping m as a |
function of its inputs, i.e., m(xl,xz,...,xk).

By definition, a mapping is forcible on a given
input when a given state of the input "forces" the output
of the mapping to a single value regardless of the wvalues
of the other inputs: This given state is called the
forcing state. If an input is forcing on both states
then the mapping is either constant (trivial) or has
half "1”’s;and half "0"'s. In the former case all inputs
are forcing on both states while in the latter case the
mapping must be forcing only on the one input. Since
foréibilit& with only one input is trivial we restrict
attention to the case where the number of inputs k > 2.
The forced value of an element is that value to which it
is forcible.

If an element is forcible on more than one input
line, 1ts forced value is identical for all the inputs
on which it is forcible. This is apparent since
forcibility on a particular input 1mplies that the |

k-1

mapping assumes a forced value on'at least 2 of the

oK input vectors. It is easy'to verify that of the 16
mappings on two input coordinates ten are forcible on

both coordinates (including the two trivial constant



mappings), four are forcible on one and two on neither.

Notice that forcibility as we formulate it here

is a "local" property; we examine mappings for one

element in a system.

In Section 2.4 we consider rami-

fications of forcibility for the entire net. Internal

homogeneity, denoted
larger of the number
table of values of a

and hence 2571 < I

of mappings with I

IA

henceforth by I is defined as the
of entries of "0" and of "1" in the
mapping, i.e., I = max(#0's, #1's)
2k. We denote by Nk(i) the number

i.

2.2. Enumerating the Forcible Mappings

The major result of this section 1s Theorem 1. 1In

order to develop this result we begin with several

elementary lemmas.

-
Lemma 1: Nk(i) 2(1

. ~K=1 k~1
I =2 s Nk(2 )

k

)y for 2571 < 1 < 2 ana 1f
k
2 ‘
( ). Note: Henceforth, the
2k—-l .

symbol (2), n and 1 integers, denotes the number of

combinatlons of n distinct objects taken k at a time,

i.e "My = — nt
RS ¢ r!(n-r)!’

Pr.: Obvlious.

Corollary 1: The mean internal homogeneity for

mappings on k inputs

2k—l

is

k

2 ).



Proof: We seek

k2 L L
2 Eo1N (1) =2 12 )+l
4o k-1 S D k-1
r -
k(2K ko1 2k
=2 2 z 2 ( J+27( )
jepkl, i-1 Jk-1_y
oK g 291 2Ma | 2Ka
= 2 2% T 2( )+27( )
ookl Jk-1_) J
i ]
I I O RN
= 2 27z ( )27 ( )
j=0 3 2k—l_1
Jk
Y .4 B k 271
= 272 k. g2 -l kL )
| 2t
y
| k 2¥-1
o pk-l,pk#1-2% .1
2k 5

We wish to enumerate T(k,i,j) which 1s defined to
be the number of mappings on k inputs, with internal

homogeneity 1, which are forcing on exactly J of the k

10



inputs. We will develop a recursive procedure which
calculates I'(k,i,j) for j>0. We then can obtain I(k,1,0)
by

r(k,i,O) = Nk(i) - (k:i:j)‘

S
[ o By
P~

From I'(k,1,j) we can calculate the number of mappings
on k inputs with internal homogeneity i, which are forc-
ing on at least (at mdst, etc.,...) J inputs by simple
summation. Moreover we can calculate the number of
mappings on k inputs forcing on exactly J inputs, T(k,Jj)

again by summation, i.e.,

2
r(k,j) = z r(k,i,3).
2k

If we seek the density of any of these collections

k
of mappings we standardize by either Nk(i) or 22

depending on the base of reference.

First we pose the following questions. Given k and
J how large must i be in oraer to allow the possibility
of j forcing inputs? Reciprocally, given k and 1, how
many forcing inputs are possible, i.e., how large may J

be? The answer is expressed in the following lemma.

Lemma 2: (1) Given k and J, we can't have J forcing

inputs unless 1 > gk Loghnd

11



(i1) Given k and i, a mapping may have at most

[k - log2(2k—i)] forcing inputs where [x]

denotes the greatest integer in x.
Pf.: Result (ii) follows from result (i) by éolving the
inequality for J so that we need only establish (i). To
see (1) we note that in order that a mapping be forcing
cn one input we need at least half of the entries to
assumé the:forced value. From the lexicograﬁhic order,
if the mapping is to be'forcihg on a second input we need
at least half of the remaining eﬁtries to assume the_
fofced value. Building inductively we need

k-1. k-2 + ... + gk"J in order that we have a

1> 2 + 2
.sufficient number of entries at the forced value to allow
j forcing Iinputs. Simplifying this inequality produces
the result in (i). {1

For convenience, then, we set I'(k,1i,j) = 0 if
1< 2K - 2KJ,
| We are now ready to calculate I(k,1,J). In the

following lemma we take care of the two extreme cases.

Lemma 3: (1).F(R,2k,j) = 2, j=k
| =0, J#k
(11) T(k,251,3) = 2k, j=1
2k
= ( ) - 2k, J=0
2k—l

0, otherwise.

12



Pf.: (i) Obvious.

(ii) Again considering the lexicographic order
thére will be exactly two mappings,forcing on the first
input, i.e., the upper half 1's and the lower half O's

or vice versa. But the selection of the first input is

k-1

but one of k choices so in total I'(k,2¥"1,1) = (¥)-2 = 2k.

It is impossible by Lemma 2 to have more than one forcing

input (this is clear directly!) and thus
: k
k-1 k-1 :
r(k,2 ,0) = Nk(2 ) - 2k = ( ) — 2k by Lemma 1. {
k-1
2

We now proceed to the major result.

k-1 k

Theorem 1: If 2 < i< 2 and jJ > Q

r(k,1,j) = (?)2J+ly(k,i,j) where

¢ 2k—j
Y(k:i:J ) = ( ) if i<2k_2k_3+2k-3"1
oK_g
K. K-j - | : )
* F(k-J,i—22+2 ,0) P N S P o
ok=J )
( =2 (k-3 ) 11 i=pKopK-dok-J-1
[ k-3-1

(Note: Conventionally we take I'(1,1,0) = 0, I'(1,1,1) = 2
for consistency of notation since we have restricted
k > 2. Honetheless these conventions coincide with our

definitions in this trivial case.)

13



Pf.: 1In our proof we consider the first J inputs. Hence
the (?) term is needed to adjust for the arbitrary selec-
tion of j inputs. The 2j+1 term arises from there belng
2 choices for the forced vélue along with 2'j possibili-
ties for the jJ forcing inputs in selecting which value
for each of the inputs forces to the forced value.

The y term provides the most crucial counting. As
in the argument for Lemma 2 we will need 2k - 2k“j entries
at the forced value in order that the first j inputs will
be forcing. The remaining entries‘at the forced value,
must be arranged to force none of the remaining inputs.
Hence the problem 1is collapsed to examining mappings on

a reduced number of inputs k-j with 1-pK4pk-J

the forced value and oK=1 .t the nonforced value. If

entries at

1Kk %(2k‘3) = pk=d-1

these entries will fall to force another input, i.e.,

then any arrangement of

k= ‘

2 -

vlk,1,9) = (). 1f 1-2¥eaX7d 5 Lokady o pkd-l ppen
ook g

to insure that these entries will not force another
input we need y(k,1,j) = T(k-j,1-2"+2%73 0)/2. (The
reason for the divisor of 2 is that we do not at this
point have two choices for the forced value which we
had in the original counting). Finally if

k-J

s-oKepk=d o %(2k‘3) = oK=L 4o are precisely in the

situation of Lemma 3, and need

14



k-]

,0) = ( ) - 2(k-J). Rearranging the
Jk-j-1

I(k-j, 2K 971
inequalities on 1, k and J produces the exact form of
the theorem. [ ‘

Note that this construction enables us to build up
I'(k,i,J) recursively. The following tabulations given
in Table 2 may be verified both directly and from
Theorem 1. The row totals provide T(k,j) while the
column totals provide Nk(i)’

k k+1

Corollary 2: (1) r(k,2™=1,k) = 2 = Nk(2k~l)

k k

(i1) r(k,27-2,k-1) = k*2™ = T'(k,k-1).
Pf.: (1) and the left equality in (ii) are obvious by
calculation. The right equality in (ii) follows since
Lemma 2 requires 1 > 2¥-2 in order to allow k-1 forcing

inputs and (i) shows F(k,2k

~1,k~1)=0.

(1) of Corollary 2 implies that any mapping on k
inputs with internal homogeneity equal to 2k~1 will be
forcing én all inputs; (ii) implies that the only
mappings on k inputs which will be forcing on k-1 of
them have internal homogeneity equal to 2k—2. A result

of this latter type has been discussed by Newman and

Rice [4].

2.3. Sone Convenient Approximations

For analytical purposes the results of Theorem 1

are a bit awkward to use. Although constructively we

15



3 i 2 1 3 1.4
0 21010 2
1 4401 0 Y
2 0 {8 1{21}10
6 8 2 16
k=3
;\ixm 4 6 718
0 6l 64 8 0 0 136
1 6 48 24 0 0 78
2 0 clos | olol o1
3 0 ol ol 2] 18
70 { 112 | 56 | 16 | 2 | 256
k=l
e
3 8 9 10 11 12 | 13 14]15]16
0 112,862{22,752115,568 7)8u0 2,5681 640 161 o] 0]62,246
1 4 128 43 89611,024 238¢ 641 of 0f 2,856
2 0 0 0 0 48| 192} 961 0of 0 336
3 0 0 0 0 0 of 64} oj o 64
4 0 0 0 0 0 0f o0{32} 2 34
12,870422,880(16,016{8,73643,640f1,120]240432} 2}65,536
Table 2: TI(k,1,J) for k=2,3,4.
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have developed a recursion to calculate T(k,1,j), since
I'(k,1,0) 1s calculated by subtraction and yet is also
needed for subsequent y(k,1,j) it becomes very difficult
to employ this theorem to bound I'(k,i,j) and hence T(k,j).

We would like a simple bound on the number of
mappings forcing on at least J inputs. In our notation
the gquantity we are bounding is |

k

. ZaP(k,j’).
J'=J

A convenient result is given in Theorem 2.

k . k-]
Theorem 2. T T(k,j') < 2971(¥y»?
Jt=j - J

. . J+1 k.
Pf.: The 2 and (j) terms arise for the same reasons
as in the proof of Theorem 1. We may therefore focus on
the first j inputs and assume that "1" is the forcing
input value and that "1" is the forced value as well.

k-1 k-2 k=] K _ k-

If the first 2 + 2 +o... + = 2

of the QK entries in the mapping are at the forced value
"1" then regardless of the remalning 2k~j entries, we
wlll have at least j forcing inputs. (Recall the proof

of Lemma 2). These remaining entries may be selected

k-J
in 22 ways completing the result. [

Considerable double counting is involved in
obtaining this upper bound. Each mapping'forcing on

say J' > J inputs will be counted once for each of the

17



(g') subsets of j inputs.

When J=1 we have a bound on the total number of
mappings forcible on one or more iqput line. Kauffman
[3] has offered such a bound 1n his Theorem 2, p. 105.
Unfortunately his expression is incorrect as given. The
sums must be replaced by products. His subsequent

Theorems 3, 4 and 5 suffer the same error. In any

event our bound which is

is easily seen to be tighter than his corrected bound.

Let us employ this bound to prove a result motivated
by Table 2. Table 2 suggests that the density of mappilngs
not forciné on any 1inputs tends to one as k increases.
Equlvalently we conjecture that the density of forcible
maps goes to zero as k grows large. 'The conjecture is

trivially proved since

[ oc l-

r(k,j') k-2
oK < = "x1 " °

2 2 2

as k-,

We restate this result as a corollary.
Corollary 3: The density of forcible maps (i.e., maps
forcing on at least one input line) tends to zero as the

number of inputs increases.

18



In concluding this section we obtain a companion
result to Corollary 2 by bounding the mean number of
forcing inputs for mappings cn k inputs.

Corollary 4: The mean number of forcing inputs for

mappings on k inputs is at most

k-1
o2 K2,
Pf.: Ve seek
—2k k
2 T Jr(k,j)
J=0
“2k Kk
<2 k & T(k,j)
J=1
k k-1 k-1
< 272 keuk-22 = 272 Tkl

2.4. HNetwork Behavior with Regard to Internal

Homogeneity, Forcibility and Number of Inputs

If maps are classed by k, sharp differences are
found to exist, particularly for forcibility, From
Table 2 it can be seen that the denslity of forcible maps
drops sharply as k 1is increased, from 0.875 at k=2 (and
from 1.0 at k=1) to 0.05 at k=4, From Theorem 2 it is
known that the limiting density is 0. The mean fraction
of forcing inputs per map declines at approximately the
same rate: from all inputs forcing at k=1 to about 1.5%
of inputs forcing at k=4. In fact from Corollary 4 we

see that the mean fraction of forcing inputs per map on

19



k-1

1 42 which clearly approaches

k inputs is at most k -p72
zero very quickly as k increases. The drop is sharp
enough to justify a simple summary: classified by num-

ber of inputs, only Boolean maps with fewer than four
inputs are forcible., That 1s, if mappings are selected
equiprobably, nets using elemehts with four or more inputs
will have very low densities of forcing elements.

This state of affairs parallele the behavioral
distinctions observed by Kauffman. In [2] and [3] he
studies functionally heterogeneous nets, selecting mappings
at random for each element. Classifying nets by number
of inputs, k, he concludes that these nets are behaviorally
implausible or plausible as models of real world
phenomena according to whether k > 4 or k < 3 respectively.
More speclfically he makes the following observations on
k=2,3 and N nets. For k=2 nets,

(i) As we have observed, the denéity of elements
forcible on one or more input lines is high.

(11i) Cycle and tran§ient lengths are minimized. State
cycle lengths are typically V/il, N the number of
elements. A net with 10,000 elements and 210’000
states typically cycles through a miniscule 100
states. The number of cycles is also typically
vN.

(iii) The behavior tends to be highly stable. If a net

is perturbed by changing the value of an arbitrary

element as 1t passes through a state cycle, for 90

20



to 95% of possible perturbations the net returns
to the cycle perturbed.

(iv) The behavior is highly localized. This is observed
in terms of marked restricted local reachability.
Under perturbation a cycle will typically flow to
only about 5 or 6 other cycles.

(v) Only two of the 16 possible mappings are not
forcible on either ihput. As established by data
available in Walker [7], nets buillt using exclusively
these mappings have enormously long state cycles.

For k=3 nets, cycle lengths do become a bit longer but
still tend to be well below the 2N limit. Moréover in
the restricted set of mappings on 3 inputs which are
forcing on at least one (which 1nc1udes'near1y half the
mappings) such nets behave as in the k=2 case. For k=N,
a totally connected net, the density of forcible func—
tions is very low and cycle lengths are quite long. The
expected cycle length is_JgN. Perhaps surprisingly the
expected number of distinct cycles is only N/e. Totaliy
connected nets show little or no homecostatic tendency to
return to the cycle from which they were perturbed and
also show no restricted local reachability.

Internal homogeneity 1s not sharply affected by the
number of inputs. Again grouping by k, the mean internal
homogeneity per map expressed as a fraction, i.e., i/2k,

can be found from Table 2 to decline from about 69% at

k=2 (or 75% at k=1) to about 60% at k=4. From Corollary 1

21



the mean fractional internal homogeneity is (dividing

by 2¥) )
k.
k 27-1
T4 2ty )
S
which is approximately
- L
1 2
= 4+ (2ﬂ2k)

2

as k grows large. Thus the limiting mean fractional
internal homogeneity is 1/2. Walker and Ashby [6]
studied functionally homogeneous nets (where all elements
have the same output function). They found cyclellengths
to vary widely with the mapping used, and that if nets
were groupéd by the internal homogeneity, cycle and
transient lengths tended to decrease with increasing
internal homogenelty. Increasing internal homogeneity

is also related to increased production of the shortest
cycles. These conclusions are 1ntu1tively reasonable,’
since it 1s clear that the more likely elements are to
send the same value.to these elements they affect, the
more likely 1t 1s that affected elements will remain
fixed at a given output value. Each element that is
fixed in value reduces the number of net states that can
be explored by half. The salient point here 1s that

the reduction in cycle and transient lengths downwards is
severe. The observed lengths are orders of magnitude

below the 2V 1imit.
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Finally Table 2 also shows that for a glven number
of inputs internal homogeneity does affect forcibility.
It is'uniformly the case that incréasing I increases the
density of maps with that value of I that are forcible.
While internal homogeneity and forcibility are certainly
not identical concepts, they are highly correlated. In-
creasing the number of inpués increases the mutual

dependence.

3.1. Organizational Implications and Interpretations

We now return to the organizational analogy develqped
in the introductory section. Recalling that discussion,
one crucial characteristic of the net models we are
using should be noted. All elements' inputs are connected
to element outputs. Net operation; tﬁerefore, is not
affected by external information. Thus the organiza-
tional systems modeled must be assumed (i) effectively
insulated from the environment as perhaps by inventory
policy in the case of a production system, or by high
echelon planning as in the case of a middle level
managenment system, (ii1) tied to the environment by a
relatively slow or infrequently acting control loop, as
might be the case for stockholder influence in a corporate
model, or (iii) such that the environment itself is so
intimately linked to the organization that 1t can be

appropriately included in the net.
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In understanding the dynamics of large real world
organizations one suggestion of the preceding section is
the following. For organizations that have been shaped
by strong, competitive evolutionary pressures it would
be expected that elements with three or fewer control in—
puts should be found in relative abundance. This assumes,
as we have mentioned, that sihpler functions are more
readily constructed and maintained. HNote that we do not
claim that evolutiodéry regimes must produce orgéniza—
tions with low k values, but only that organizations so
constructed have some survival -advantages, on the average,
over those not so constructed. For those.tasks requiring
elements with high k values, the suggestion is that here
survival advantage would accrue to organizations built
(1) with high densities of very forcible elements (and
thus showing high internal homogeneity) or (ii) with
fortunate structural arrangements which are easily main-
tained once 1in place.

Application of these findings in management presup-
poses that the manager or consultant has determined- that
with respect to net structure and assignment of element
function, specific design is inappropriate. Perhaps the
organization 1s too large to allow specific design within
the time available, or a structural reorganization is
thought to be excesslvely expensive or hazardous. If

such 1s the case deslign considerations are reduced to
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two: 1n our terms, the number of inputs, and the mapping
subclasses from which element.mappings are allowed to be
chosen. If the number of inputs can be varied it is an
attractivé control option. As we have seen, k, by itself,
can strongly shape system behavior into modes in which
useful outcomes are at least possible. Should the number
of inputs not be accéssible, the designer is limited, in
our scheme, to modifying thé mapping subeclass. That is,
he or she then has the task of specifying parameter
values which appropriately bilas functional densities.
Following our discussion above, and assuming that the
designer determlnes that he 1s dealing with a high k

(> 4) net, he would operate to increase the density of
forcible mabs in the net, either directly, or through
internal homogeneity, whilchever 1s the better choice.in

the particular circumstances.

3.2. Interpretations of Internal Homogeneity and

Forcibility as Managerial Strategy

Some interesting interpretations of internal
homogenelty and forcibility with regard to management
policy are posslble. Consider a manager attempting to
increase internal homogeneity. He might address the
people occupyling the ﬁet elements as follows: "Look.
carefully at your sources of control information (k
inputs), and ét each possible control drder they can

k

confront you with (the 2° lines in the mapplng). I want
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you to determine the very fewest of those orders on which
action is absolutely necessary, and to take no action
otherwise." This control style is, of course, management
by exception. Consider the approach when he intends to
increase forcibility: "I want you to look carefully at
your mission and potential sources of control information.
Arrange your activities by determining the largest group
of sources whose orders individually are warrant enough
to take action." This control style is harder to char-
acterize, but it amounts to what might be called
management by sufficient indication, or management by
priority.

To summarize using these interpretations, the
evidence available allows us to understand something
of the general nature of management by exception. For
management by exception provides high internal homogeneilty
and therefore tends to increase the density of forcible
maps in an organization's control net. This in turn
promotes useful, stable, organizational behavior in a
wide varilety of structural circumstances. Managément by
exceptlon and management by sufficient indication are
distinct styles, but 1n thelr extreme forms they are
virtually identical. For its part, reducing k, the num-
ber of sources of control in an organization's control
net, increases the density of forclble maps and the

tractability of behavior, but at the cost of variety
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in structurél options. Where sources of control ére high,
tractable system behavior can be obtained, on the average,
without modification of the nef structure provided rela-
tively high.intensities of management by exception, or of
management by sufficient indication predominate.

In concluding we note that neither internal homogeneity
nor forcibility model management by consensus or aggrega-
tion of information. Interpreting these styles requires
the notion of a threéhold for mappings in a control system.
We consider this cdncept and its ramifications in a

subseguent paper.
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