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ABSTRACT 

An attempt is made to identify the strategy that was used by a 

prehistoric human organization to manage its artifact inventories at 

the Joint Site, a 36 room PHI Pueblo located in the Hay Hollow Valley, 

east-central Arizona. 

Anthropological models of inventory process that underlie the 

neo-Darwinian theory of cultural evolution are evaluated as possible 

frameworks in which to examine prehistoric change in the variety 

and availability of artifacts that were stored at the Joint Site. These 

models analogize the biological concept of adaptive change in species 

variety and availability to inventories of cultural elements, which is 

of questionable value when compared to general models of inventory 

process that are derived from operations research into physical, bio

logical, social and economic activities. 

Accordingly, a general model of inventory system process is 

constructed to analyze temporal change in the variety and availability 

of artifacts at the Joint Site in terms of inventory storage operations. 

The model permits comparison of this technological aspect of culture 

system dynamics with time changes in natural inventory systems that 

store physical or biological elements. In effect, the prehistoric 

technological management strategy used at the pueblo is identified by 

assigning this aspect of culture process to a taxonomic position in a 

domain of system trends. This approach assumes that change in the 

x 
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cultural inventory system is distinguished from other system processes 

when activity sequences in physical, biological and cultural systems 

are compared by means of dynamic metaphors. These metaphors are de

fined in terms of inventory storage operations, which is a universal 

view of simplicity in natural and cultural system trends. The dynamic 

metaphor of inventory storage process in natural and cultural systems 

is defined in terms of structural and statistical mechanics, informa

tion and control, and inventory storage costs. 

Within this framework, physical, biological, and cultural in

ventory storage processes are formulated as linear system trends. Nine 

inventory system time-paths are hypothesized as the set of alternative 

trajectories that may describe directional change in the costs of 

storing prehistoric artifact inventories at the Joint Site. In order 

to test these hypotheses, we are required to think of an inventory 

storage operation at this prehistoric pueblo as being given by a set 

of contemporaneous rooms which contains an inventory of groundstone or 

bone tools. A storage operation is modeled in terms of an information-

theoretic scale of effectiveness that measures: 1, the energy cost of 

storing a variety of artifacts; 2, the energy cost of demanding arti

facts from storage when each kind is differentially available; the 

task potential of the storage policy which, as an energy analogue, is 

the ease of retrieving the appropriate kind of artifact for the perfor

mance of some task. 

The test involves examination of the relationship between these 

costs in each prehistoric storage operation and also examination of the 
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direction in which these costs change through successive operations. 

A dynamic balance between costs is maintained in each storage operation. 

This discovery substantiates the hypothesis that change in inventory 

systems of material culture is analogous to the thermodynamic trend of 

organismic systems. This permits inference that maintenance of the 

cost ratio is a homeostatic mechanism in the prehistoric management of 

both artifact inventories. The direction of change in the costs of 

storing both the groundstone and bone tool inventories is reversed in 

three successive operations. This finding permits inference that the 

prehistoric human organization at the pueblo manipulated absolute 

amounts of artifact variety and availability in a flexible manner 

through time. These alterations of artifact stores were adjustments 

to contemporary changes in the effective natural environment. This 

supports the analogy to organismic thermodynamics. 

9 



CHAPTER 1 

A THEORY AND MEASURE OF CULTURE SYSTEM DYNAMICS 

Introduction 

The need exists for a theory and measure of prehistoric culture 

system dynamics that may serve as the foundation of a unified interpre

tive framework in archaeology. Archaeological theories of past human 

activity have been developed either as analogues of biological systems 

or alternatively in terms of analogy to machines (Hole and Heizer 1973: 

*+20) . The observation has been made (Wood and Matson 1973s 673) that 

archaeological theory of human activity remains in a pre-paradigmatic 

state because argumentation tends to center on the two conflicting 

models above without confronting the underlying issues. This issue has 

been partially resolved in behavioral science through the development 

of the general theory of living system activity. The resolution is in

complete because two different conceptions of the general system theory 

exist at present. This is thought (Churchman 1971) to be the result of 

questionable attempts to precisely differentiate purposeful organismic 

function (or teleology) from mechanism where the image of one proves 

ultimately to be an extension of the other in the design of inquiry. 

Both conceptions share the common view that the separate use of either 

the biological or the mechanistic model is inadequate for the construc

tion of a unified theory of cultural behavior (Watson, LeBlanc and 

Redman 1971:66), and that a general system framework is appropriate 

1 
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which combines both kinds of anaolgy. Both conceptions extend teleolo-

gical imagery to incorporated mechanistic behavior but in subtly dif

ferent ways. 

The first version, which was derived from the study of individ

ual organisms (von Bertalanffy 1950) assumes that the quality or form 

of organization of living system activity and the quantity or amount of 

organization in activity are mutually dependent. Change in the quality 

or form of an organization and change in the quantity or amount of 

organization are a mutually dependent function of network alteration in 

the kinds and amounts of interaction. In its model form, a dynamic 

hierarchy of non-homogeneous organizational units manifests "progressive 

differentiation" (or splitting) of less inclusive levels in a tree 

graph at a rate which, for a time, exceeds interconnection (or lumping) 

of units at the more inclusive levels (von Bertalanffy 1969). In this 

general system approach to organismic purpose and function inquiry is 

largely restricted to living system theory about "self-limiting growth" 

or "optimal size" (Boulding 1972) as it relates to survival activity. 

Flannery (1972a) has attempted to apply this approach to an archaeolo

gical model of a prehistoric cultural system. 

The dynamic hierarchical differentiation model of the general 

system contains two weaknesses that are inherent in its design and 

application. First, inquiry is directed toward study of the general 

system as a complex whole which has behavior that is irreducible to the 

properties of elementary parts, for parts work together purposefully 

for the sake of the whole. This standard definition leads to serious 
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problems in design separability of system components because system 

parts in one context may be wholes in another. A dynamic hierarchical 

system is divisible with respect to some one part if a measure of that 

part's effectiveness is independent of the state of the other parts. 

There appears to be no way of determining whether the contribution of 

any one part remains invariant without the design knowledge of all the 

other parts (Churchman 1971:̂ 9)* The design separability problem is 

compounded by the coordination of formerly less interactive parts at 

more inclusive hierarchic levels in the performance of joint tasks 

through time (Lazlo 1972:50). This process aggregates the identities 

of some parts and partitions the identity of others. 

Second, hierarchical differentiation dynamics is usually inter

preted in terms of organismic survival while the study of reproduction 

of organizational units has been neglected in this general system 

theory of activity, and it is not likely to be investigated for tech

nical reasons that are irrelevant to this discussion. 

In sum, it may be said that the dynamic hierarchical differen

tiation concept of the general system maximizes depth of investigation 

at the expense of the breadth of its application. 

The second version of general system theory entails a more ex

pansive conception in which the theory of the general system itself is 

based on the assertion that activity in the physical, biological and 

cultural domains of the universe can be modeled in terms of principles 

common to all domains. This approach was derived from the study of: 

1, structural mechanics in physics and its connection to 2, the 
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neo-Darwinian synthesis of genetic evolution in biology (Mehra 1973)} 

and 3i operations research in cultural activity. Teleological imagery 

is extended to incorporate mechanistic behavior in the latter two 

fields, although not in the first, since the disproof of "Maxwell's 

demon." 

This second version of the general system assumes that the 

quality or form of organization of system activity and the quantity or 

amount of organization in activity are independent. The quality or 

form of organization is a function of the network-preservation of kinds 

of interaction that is independent of the quantity of organization 

which varies with the amount of interaction. This phenomenon permits 

a broad comparison of behaviors that characterize animate and inanimate 

systems at the expense of depth in the investigation. For example, 

certain of the five branches of operations research deal specifically 

with the investigation of system processes that are common to physical, 

biological, chemical, sociological, economic and engineering aspects of 

activity. The central branch of operations research is that of inven

tory process, which deals with dynamic relations between system input, 

storage and output, where "inventory" may define homogeneous or non-

homogeneous collections of: 1, physical elements of matter-energy; 

2, genetic elements of organisms and their populations; or 3» cultural 

elements such as functional units of human organization, language, or 

technology (Churchman, Ackoff and Arnoff 1957:6). 

In this general system approach to organisraic purpose and func

tion, inquiry is largely restricted to theory about the quality of 



organization that is inherent in the network-preserving functions of 

metabolism which interface quantities of inventory input and output 

(Lazlo 1972:7*0. The effect which change in the quantity or amount of 

organismic organization has upon the quality or form of organization is 

studied in terras of "irreversible thermodynamics" (Rosen 1972). A 

thermodynamic value is analogous to the quantity or amount or organi

zation in inventory activity when such activity is modeled in the form 

of a dynamic union hierarchy of inventory elements. Because the diag

nostic features of the dynamic hierarchical union model of the general 

system are not comparable to features which characterize the dynamic 

differentiation hierarchy discussed previously, the union model of in

ventory process will be elaborated in the next chapter. Within the 

context of teleological imagery, living systems have been viewed as 

purposeful machines, in which inventory operations reflect the choice 

of an organism or a culture to "grapple with its environment in terms 

of rewards or penalties that are appropriate to biological goals" 

(Churchman 1971;215). In this perspective, the inventory system is a 

non-separable part of the rest of the system and its environment. The 

element composition of the inventory depends on the definition of the 

total system. 

All other branches of operations research are implicitly de

pendent on the inventory concept. These are: 1, allocation of activi

ties to resources; 2, queuing theory of waiting-time process; 2, main-

tenence or replacement process; and game theory of competition pro

cess (Churchman, Ackoff and Arnoff 1957:15)• Systematic investigation 
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of operational activity at the general level entails specification of: 

1, individual or group decision makers ~ these may be real or abstract 

forces in physical systems; 2, the environment of the system; and 3, 

choices or alternative courses of action to attain or maintain objec

tives. Goals or objectives involve optimum or suboptimum decisions 

about the interaction of inventory elements relative to the efficiency 

of the operation as a whole (Churchman, Ackoff and Arnoff 1957)* 

Formal examples of operations research in the anthropological 

literature are rare (Malita 1971; Wilkinson 1971) and these are re

stricted to technical applications which are not primarily concerned 

with general system epistemology. Insight may have been gained from 

these studies about certain weaknesses of operations research as applied 

to past cultural dynamics. For example, Malita (1971:522) cautions 

against subjective reconstructions of specific operations objectives 

and courses of action in situations where cultural data are uninforma-

tive or nonexistent. At the general level, Boulding (1972) suggests 

caution in comparing maximizing behavior or "revealed preference" in 

the natural selection process operative in biological inventories with 

the maximization of artificial selection as preferential choice in cul

tural inventory systems. Such a comparison implies that a satisfactory 

mathematical model of evolutionary process exists (Boulding 1972). 

An attempt is made in the following sections of this chapter to 

derive a theory and a measure of general inventory system activity 

which may be applicable to the analysis of trends in the operation of 

physical, biological and cultural inventories. Comparison of these 
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operational trends may illuminate the dynamic nature of cultural choice • 

or selection. 

The key to such a theory, it will be shown, is dynamic manage

ment of storage in inventory systems which simply "store items that 

have functions at various points in time" (Churchman 1971:215). Storage 

policy is assumed to be a primary dimension of cultural process and an 

attempt is made to derive a dynamic metaphor which analogizes direc

tional change in cultural and natural storage systems. This is accom

plished in the succeeding chapters by investigating evolving amounts of 

choice or selection in technological inventory storage strategies em

ployed by the prehistoric occupants of a well-defined archaeological 

site. 

Inventory System Dynamics 

The general theory of inventory, which rests on the assertion 

that physical, biological and cultural system activity can be modeled 

in terms of common principles, has been developed in an unintegrated 

framework. The theory is fragmentary because workers in each of the 

three fields above have attempted to apply the principles derived from 

the study of one domain to a second, but not uniformly to all three 

fields. For example, the physical concept of structural mechanics is 

thought to be essential in the explanation of the biological reproduc

tion process in the organismic inventory system (Mehra 1973). Simi

larly, the biological concepts of mutation, differential reproduction 

and continuous change have been unilaterally extended to incorporate 

physiological and population genetics, cytology, and molecular biology 
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within the synthetic framework of the neo-Darwinian theory of evolution 

(von Bertalanffy 1969). 

In turn, anthropologists (Alland 1967; Woods 1975)» have 

applied the basic neo-Darwinian biological concepts to explain the cul

tural processes of invention, diffusion, artificial selection and in

evitable variation (Clarke 1968:22). Assertedly, these processes 

reflect adaptation to an effective environment in which "... men are 

faced with the same kinds of situations that face other living organ

isms studied by ecologists" (Hole and Heizer 1973:68). 

The element of theory that is common to these domains of 

physics, biology and culture is the concept of inventory management, 

and, within the context of living system activity, the specific problem 

of inventory storage relative to both acquisition and release. Partial 

extension of the inventory concept in its neo-Darwinian form, from 

organism to prehistoric human organization, has resulted in partial 

investigation of hidden restrictions which limit its productivity in 

archaeology. Operations research provides a more integrated framework 

for determining whether the assumptions entailed by the theory of in

ventory are met in the nature of archaeological data. It may also 

enable us to determine whether the interpretive implications of this 

theory are valid for archaeological data. 

The theory and measure of inventory activity are discussed in 

terms of the three components of operations research mentioned earlier, 

namely, the organization, the environment, and the decision structure 
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of a system. These components are separately defined and examined in 

terms of relevant assumptions in each of the three subsections below. 

Organization of Inventory Operations 

An organization is the individual or the group of decision

makers which uses the inventory technique. Living system organizations 

may be composed of cells in an organism, or collections of organisms 

such as humans who are members of a social group. Organization of 

physical inventory systems is usually defined in terms of real or ab

stract forces, two phenomena which can also characterize the organiza

tion of mechanical systems in terms of machines in a factory or the 

electric network in a communication system (Churchman, Ackoff and 

Arnoff 1957). The notion of organization in operations research cor

responds directly to an archaeological definition of the cultural unit 

of processual analysis as ". . . the systemic complex of goal-seeking, 

decision-making individuals and groups of individuals interacting 

through time" (Redman 1973sl7)« 

In the simplest sense of the terra, an organization is the manag

er of inventory. As noted previously, biological inventories may be 

composed of genetic or phenetic elements of organisms or their popula

tions, physical inventories may be composed of elements of matter-

energy, and cultural inventories may be composed of linguistic or 

technological elements. Cultural inventories may also be composed of 

the functional units of some human organization itself. Since the 

notion of technological inventory is central to the design of prehis

toric operations research, an expanded definition is necessary. 
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Prehistoric technological inventory is the physical stock of goods that 

a past organization kept on hand in order to promote the smooth and 

efficient running of its affairs (Sasieni, Yaspan and Friedman 1959:70). 

Such inventory may have been held: lt before production, in the form 

of raw materials; 2, during production as finished goods; or 3» as 

finished items in use. Most discussions of technological inventory 

operations in the current literature focus on the management of fin

ished items primarily for the sake of convenience, for the organiza

tional procedures involved in each of the three are the same. 

Basic assumptions contained in archaeological models of the 

relationship between prehistoric organization and artifact inventory 

have been examined in the current literature. For example, Mellor 

(1973s69) doubts that statements about prehistoric organization are 

reducible to statements about any archaeological artifact inventory 

because the structure and content of the latter is likely to reflect 

qualitative and quantitative biases, instead of accurately represent

ing organizational management. A more positive approach to the prob

lem of inventory representation is taken by Schiffer and Rathje (1973* 

179)1 who argue that artifact inventories are the result of natural 

and cultural transformation factors which in themselves provide ade

quacy criteria for the selection of an appropriate archaeological data 

base. 

In a similar vein, Binford (1972) observes that the interpre

tive implications of prehistoric organization models may not be valid 

for archaeological inventory data in situations where the traditional 
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assumption is made that time-space variation in the artifact composi

tion of the same or different inventories reflects different decision 

structures of unrelated organizations. The alternative possibility, 

that seemingly different inventory compositions may reflect situ

ational shifts in the management strategy of one and the same prehis

toric organization moist also be considered (Binford 1972). The 

operational theory of organizational identity, management and inventory 

contains no assumptions which restrict its application to archaeologi

cal data assemblage. Limitations which exist rather concern the ade

quacy of archaeological data than the adequacy of the theory as it is 

presented. 

Viable organizations make management decisions which attempt to 

render the inventory system more effective in furthering the organiza

tion* s goals. The notion of effectiveness is a descriptive term 

applied to any state of the inventory system and it involves the choice 

of a numerical measure of cost such as matter-energy, information, 

money or defect (Sasieni, Yaspan and Friedman 1959:2). All of these 

measures are commonly used today by western management organizations as 

a means of evaluating the degree of goal approximation or effect. 

Matter-energy and information are the only universal units of measure, 

however, which commonly scale the effects of management in physical, 

biological and cultural inventory systems. This topis is treated in 

depth in the second chapter in order to develop the formal model of 

inventory costs used to measure culture system dynamics. For the 

present, it will suffice to note that the general system theory of 
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inventory is ultimately concerned with matter-energy and especially 

information as a measure of cost-effectiveness rather than with the 

composition of some specific inventory itself. Viewed in this context, 

information is signal activity about cost which is employed in a 

natural or cultural organization in order to manage effectively its 

inventory. Insight into the concept of information may be gained by 

imagining a situation in which changing costs of inventory procurement 

(or holding or release) are measured, in terms of information, as vari

able amounts of selective or restricted response made by the organiza

tion within a framework of relevant possibilities. 

Management of living system inventory is thought to require 

knowledge or specification of a range of tolerance limits to costs 

within which organizational stability is maintained, and the problem 

becomes one of determining how cultural organizations, for instance, 

accurately recognize such limits. One theory holds that such recog

nition may be easier for organismic systems when such systems are 

characterized by relatively fixed inventory cost limits that sire normal 

for a species at a given time. In contrast, cultural tolerance limits 

(within which inventory system costs may vary and still remain com

patible with the human organization) are characterized by a propensity 

to change continuously (Campbell 1960:30). 

That anthropologists are directly concerned with the recogni

tion problem in biologically derived models of cultural stability and 

change is evident in the following statement. "Man may have some fancy 

thermostat-like device for information, control and decision-making 
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which regulates culture change, but we have yet to discover it" (Burn-

ham 1973s99)• At present, it seems likely that regulation and toler

ance are directly dependent upon the concepts of information and cost 

effectiveness integral to inventory systems, rather than upon the in

dependent existence of a more inclusive mechanism cilluded to in the 

quotation above. 

Once an organisation specifies a scale of effectiveness, the 

next task involves selecting a phase of inventory operations to be con

trolled by minimizing costs. The potential savings involved in cost 

minimization can determine the viability or failure of any living sys

tem, such as the biological organization of a species, or of a cultural 

organization, such as a business. Most biological and cultural organi

zations apply regulation or control ot sill aspects of the inventory 

process, from procurement through the holding stage to item release 

(Fourre 1969:1). Uncontrolled inventory process in any of the three 

areas is wasteful and reduces the viability of the organization as a 

whole. 

Only one phase of inventory operations involves a management 

problem that is common to both natural and cultural organizations. 

This is the universal problem of controlling costs in the storage or 

holding phase of inventory process, because management strategies for 

the procurement or release of materials in physical, biological and 

cultural inventory systems are not necessarily similar. Each kind of 

system must hold matter-energy, food or tools that function at some 

point in time, regardless of how such items are acquired, modified and 
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released in any specific organization. Thus, it would seem logically 

possible to develop the general system theory of inventory in terms of 

the effectiveness of storage operations alone. 

Organizations, particularly those of living systems, must also 

have goals. While an attempt is currently being made in the natural 

sciences to construct physical system teleology, ray discussion is re

stricted to purposeful behavior in biological and cultural inventory 

systems. Here it is important to recall the earlier definition of a 

living system as a purposeful machine in which inventory operations 

reflect the decisions made by an organization to interact with its en

vironment in a manner which maximizes biological rewards and minimizes 

the penalities. 

The nature of these rewards and penalties traditionally entail 

the notion of evolutionary adaptation, a concept which limits applica

tion of the living system definition above in a fundamental way. Or

ganizations which adapt must be viewed as explicitly dependent on 

biological needs. If the inventory system does not relate directly to 

the survival, reproduction or repair of the entire organization then 

management decisions are purposeless. This means that all phases of 

the inventory process are non-separable with respect to the organiza

tion and its environment. Management decisions which regulate inven

tory storage can be considered adaptive only in relation to the control 

of procurement and release. This conclusion contradicts the previously 

established minimum requirement that an adequate theory of inventory 

need account only for the effectiveness of inventory storage operations. 
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Thus, we are led to question the neo-Darwinian assumption made by an

thropologists (Martin and Plog 1973:3̂ 5; Plog 1973b:660) that the 

reward and penality structure of biological and cultural inventory sys

tems can be defined in terms of evolutionary adaptation. 

Discussions in the literature concerning the ability of living 

systems to select and perpetuate successful behavioral strategies, 

focus on both the functional origins of adaptive variation in biologi

cal or cultural inventory and its evolutionary outcome. Biological 

evolution is siad to be opportunistic when adaptive variation origi

nates in any number of ways through a blind process of genetic recom

bination. Reproduction rewards and penalties are distributed 

accordingly among a population of organisms. While the opportunistic 

origin of adaptive variation is plausible in biological inventory pro

cess that has few known restraints, the origin of variation in cultural 

inventory is restrained in the sense that blind experimentation in 

artifact construction is not likely to be adaptive. In other words, 

"Human technology shows us that as a rule, its products are not oppor

tunistic in the sense that a given purpose has any number, or even a 

large number of solutions. . . ." (von Bertalanffy 1969:69). This dif

ference strongly suggests that the evolution of human artifacts and 

organization does not involve opportunistic distributions of reproduc

tion rewards, and we are left with the weak argument (Pattee 1972) that 

survival penalities were entailed in past cultural situations where 

needed technological items never evolved. 

The theory of evolutionary outcome is also disputed in terms of 

rewards and penalties. Adaptive variation that results in increased 
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complexity of biological and cultural organizations entails the reward 

of yet wider and potentially more efficient adaptability. Reward is 

converted to penalty when growth in the numbers and kinds of system 

parts and their integration amplifies behavioral specialization (Miller 

1965) to a point which decreases a living system's subsequent ability 

to select and perpetuate successful behavioral strategies (Service 1975s 

320). Questions have been raised concerning the existence of complex

ity optima beyond which organizations are "exquisitely functional" but 

about to become extinct (Pattee 1972). This principle of momentary 

advantage (or law of evolutionary potential) makes separation of reward 

from penalty unfeasible and has led to two anthropological conclusions. 

First, cultural evolution is as "blind" as biological evolution in that 

eventual consequences cannot be foreseen (Bray 1973:83). Second, the 

adaptiveness of any sociocultural system cannot be asserted from its 

"first principles" (Burnham 1973:101), rather it is a subject for em

pirical study. Evolutionary outcome of adaptive variation has been 

directly criticized by von Bertalanffy (1969:68) who asserted that adap

tation is possible at any level of organization. He noted that no 

scientific proof exists to support the contention that evolutionary 

progression from less to more complicated organisms is related to bet

ter adaptation, selective advantage or production of offspring. 

The reward and penalty structure of organizational goals in 

biological and cultural inventory systems cannot uniformly be defined 

in terms of the functional origins and evolutionary outcome of adaptive 

variation. There is no inducement for expanding the general theory of 

inventory to include procurement and release processes or to relate 
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purposeful behavior in these phases to the evolutionary concept of 

adaptive variation. The alternative concept of adaptive reorganization 

(Pask 1960:251) is compatible with a definition of living system goals 

in terms of reward and penalty, but only as these relate to the effec

tiveness of inventory storage operations. 

In this perspective, the problem of securing rewards and avoid

ing penalties entails regulation of inventory costs in such a way as to 

maintain or increase the stored energy available to an organization. 

Energy is often defined as negentropy in terms of the statistical or 

structural mechanics of natural inventory system process. Energy 

characteristic of linguistic inventory in cultural systems may be de

fined in terms of redundancy, and in technological inventory, energy 

may be defined as the amount of task-potential in the storage policy 

(Churchman 1971)• The concept of task-potential is sufficiently gen

eral to entail the notion of energy available for any particular pur

pose, and it is used in this context to describe living system behavior. 

Concern with task-potential is reflected in the idea of organ

ized control of inventory costs which is given by the restricted ex

ploitation of a set of storage possibilities. Restricted exploitation 

is a function of fixed constraint and probabilistic restraint in the 

composition of inventory. The relevance of inventory composition to 

the nature of archaeological data has been questioned by Binford, who 

observed: 

Under the traditionalist's approaches, the composition of an 
assemblage is measured by relative frequencies of recognized 
classes of artifacts. Redundancy is accepted as patterning 
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and hence a manifestation of the culture norms of behavior 
transmitted and shared among people represented. The assem
blage is equated with community (Binford 1972:118). 

The point must be made that his definition of redundance differs from 

that which is analogous to task-potential since he refers to the use 

of the statistical profiles of archaeological data assemblages to iden

tify prehistoric cultural organizations. As an energy analogue, re

dundancy is the result of restraint, in terms of the combinatorial 

mathematics used to measure inventory composition, and it cannot iden

tify any specific organization past or present; other criteria are 

required to solve the identity problem. Rather, we are concerned here 

with a human organization's ability to manage an inventory of techno

logical "objects which enter and exit /from storagê  in different 

varieties and different numbers" (Wood and Matson 1973:679)• In such 

management, task-potential is the relative ease of obtaining the kind 

of object that is appropriate for task completion at the appropriate 

time. Task-potential in a storage policy, therefore, is a function of 

the relational expression of supply and demand from inventory. 

Environment of the Inventory System 

Most inventory management problems are studied at present in 

terms of one of two models. Both models have similar characteristics 

and problems, but they are primarily concerned with different phases of 

inventory process. These are the phases of procurement and release, 

which represent environments of the inventory system that are partially 

different with respect to the types of operations involved and the 

nature of costs. Similarity is reflected in the fact that both 
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procurement and release models share storage operations and costs in 

common. For example, the procurement phase is defined in terras of the 

••production inventory" model (Churchman, Ackoff and Arnoff 1957s185) 

which expresses total cost of production as a function of specific 

costs of individual operations concerned with equipment, material, its 

modification, product storage and shortage of item holdings. The re

lease phase may be defined in terms of the "purchasing inventory" model 

(Churchman, Ackoff and Arnoff 1957:185) because the strategies of re

lease and purchase are analogous. The environment of this model differs 

from the first in that equipment operations are absent and purchase 

price is substituted for production costs of material and its modifi

cation. Only the costs of storage and shortage operations remain un

changed. It should be recalled that these two invariant components of 

inventory models were used in the previous subsection to define the 

more inclusive general system theory of inventory by means of unrelated 

criteria, specifically the goals and management effectiveness of organi

zations. 

In this subsection, the production and purchasing inventory 

models together with their common elements and problems are examined 

in more detail. This is warranted because each model appears to be the 

formal expression of a different aspect of the synthetic or neo-

Darwinian theory of evolution which is currently used by anthropolo

gists (especially archaeologists) to explain cultural stability and 

change. The neo-Darwinian framework consists of an intersection of 

principles from both evolutionary theory and cultural ecology with 
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systems theory. Synthesis of these is based on the assertion (Leone 

1972:18) that: 1, the evolution of living systems is a function of pre

existing variation in relevant sets of phenomena; 2, cultural systems 

adjust autonomously by selecting from the variety available to them; 

and 3, the selection process is a cybernetic function of the self-

regulation of living systems (Miller 1965). 

As noted previously, the assumption that the analogy between 

linguistic and biological evolution applies equally well to the evolu

tion of artifacts is basic to the synthesis. Rapoport (1972:20) has 

defined the artifact analogue in terms of: 1, progeny or copies of an 

artifact, which contain variations as departures from the original 

design; 2, artifact environment, as the culture in which artifacts are 

produced; 3, adaptation of an artifact variant, which depends on its 

interaction with man; and k, positive cultural selection of adaptive 

variants for progeny (or reproduction). These four principles underlie 

the neo-Darwinian theory of cultural evolution and, collectively, they 

determine the variety in an artifact inventory. Archaeological use of 

the term "variety" or "diversity" in appropriate systems context by 

Clarke (1968) and Justeson (1973=0 refers to the parameters of inventory 

composition viewed both as a potential function of the instantaneous 

number of independent, discrete kinds of artifacts that are equally 

available, and as an actual function of the relative frequencies of 

artifact occurrence. These two functions respectively determine the 

costs of holding and shortage (or demand) in any inventory system. The 

systemic concept of variety entails the paradigm of classical science 

which explains complex phenomena in terms of isolable elements. 
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The relevance of this concept to biological evolution has been 

challenged because it implies that organismic order is the outcome of 

random events (von Bertalanffy 1972:25), as is the case with physical 

systems. In the latter, undifferentiated particles (characterized as 

isolable elements) serve as variety generators. Within living system 

context, however, isolable elements are believed (von Bertalanffy 1969: 

78) to suppress behavioral variation in their capacity as variety regu

lators. If this distinction proves to be valid, then in any cultural 

inventory system we may expect that a limit exists to the number of 

ways a single task can be accomplished using a variety of tools and 

vice versa. Rathje (1973) has hinted at an analogous possibility in 

his analysis of a variety of constraints in the behavior of the pre

historic Maya. 

The feasibility of defining the composition of inventory in 

terms of isolable elements has also been questioned. A system that is 

too complex to be studied as a whole may be studied in terms of ir

reducible elements of inventory if two fractionation criteria are met 

(Rosen 1972). First, elements must be identified in such a way that 

each is individually capable of being completely understood without 

reference to the remaining inventory. At the discriminant level of 

artifact type-identification, only a function-preserving classification 

satisfies this requirement, where one and the same physical structure 

may be simultaneously involved in a wide variety of functional activi

ties. Binford's (1962) suggestion that artifacts be classed as tech-

nomic, sociotechnic and ideotechnic is a step toward this end. 
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Alternatively, at the discriminant level of artifact-attribute identi

fication, archaeological classification that is function-preserving may 

also be undertaken. Here, inventory is the collection of values of 

some universal artifact variable such as use-state, or three-dimensional 

size and geometric shape, or material, or use-wear, or object function. 

Given the set of these variables and their archaeologically relevant 

values, it is theoretically possible for any value of one variable to 

combine with some value of another. The organizational objective in

volves inventory management of object characteristics rather than ob

jects themselves, although inventory process remains unchanged. This 

approach is applied to the definition of inventory in succeeding chap

ters and two examples can be found in Appendices A and C of this work. 

Deetz (1967) has suggested an essentially similar approach to element 

isolation in which the "finished object is made up of many parts 

//attributê  whose occurrence in combination make the tool a particular 

type of object" (Hole and Heizer 1973s205). It is appropriate to note 

here that archaeological use of statistical analysis to discriminate 

clusters of attributes in artifact inventories violates the fraction

ation criterion, because the elements themselves do not remain isolable. 

The main criticism of archaeological inventory classification is that 

any object or attribute can be shown to be functional, or at least the 

survivor of a former functional state (Burnham 1973:96). 

The second fractionation criterion is that any property of the 

original system can be reconstructed from the relevant property of the 

fractional subsystem (Rosen 1972). Reconstructability is false for 
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most biological systems, where attempts to study the internal inventory 

of elements that regulate the self-preservation behavior of a living 

organism have been confounded by the Exclusion Principle (Mehra 1973)• 

This principle holds that no sharp distinction cam be made between the 

detailed construction of regulatory mechanisms and their function in 

maintaining the life of the whole organism. That is, in order to study 

the minute composition and structure of inventory in an organism, it is 

necessary to kill it first, to avoid the biased connection between in

formation gained from previous intervention and future behavior of the 

organism as an anticipatory response to observation. If archaeology is 

the study of inventory records of self-preservation process in prehis

toric human organizations which terminated at some location, then the 

Exclusion Principle is circumvented. Among the various branches of 

behavioral science, archaeology may be uniquely free of biased living 

system response to observation. 

Storage operations costs and isolable element composition con

stitute two of the three characteristics that are common to both model 

phases of inventory process. The third common characteristic is con

cerned with the nature of inventory process itself, where dynamic 

alteration of the composition of inventory is viewed in terms of con

tinuous change. That is, inventory objects continually enter and exit 

from storage in different kinds and numbers. The concept of continuous 

change is analogous to change in biological organisms and it was first 

elaborated in anthropological context by Barnett (1953)• It has 

recently been integrated into the neo-Darwinian framework of cultural 



evolution by Alland (1975) and Woods (1975). Plog (1973b) is the most 

explicit proponent of the concept in archaeology at present. 

Continuous change in living systems is invariably interpreted 

in terms of the rate and the source of fluctuation in their inventory 

compositions. The rate of continuous change measures the effect of 

time on the dynamic composition of inventory. It is mapped on the sys

tem phase-plane as a trajectory which defines the direction of change 

itself in the form of an inventory system trend. In the general theory 

of inventory, a storage operations trend is directly reflected in the 

simultaneous trajectories of storage and shortage (demand) costs 

through successive states of the inventory system. The source of fluc

tuation in time-paths of cost can be attributed to alternative manage

ment decisions made by an organization to attain its goal. The decision 

structure of inventory cost management is discussed in the next sub

section as the third component of operations research. 

The nature of the relationship between rate and source of fluc

tuation in the composition of biological and cultural inventory systems 

is under debate among anthropologists at present. Binford (1972) in

directly argues against the neo-Darwinian extension of biological 

theory to explanations of fluctuation in prehistoric cultural systems. 

He asserts that an abrupt fluctuation in the rate of continually chang

ing cultural inventory composition which, for example, might be mapped 

in terms of a "seriogram" (Plog 1973a), indicates breaks in the con

tinuity of cultural patterning which "must derive from breaks in the 

continuity of the human population" (Binford 1972:118). The synthetic 
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theory of evolution demands that changes of cultural and biological 

identity be explained in terms of migration, diffusion and so forth. 

An opposite view of continuous change that relates rate to source of 

fluctuation in prehistoric cultural inventory composition is held by 

Clarke (1968). He theorizes that abrupt fluctuation in the rate of 

compositional change may derive from chance or from purposeful re-

networking of inventory objects as a reflection of the human organi

zation' s goal-seeking behavior (Clarke 1968:52). The implication is 

that relatively abrupt alteration of inventory composition to attain 

a new goal or maintain an old one is an inherent property of management 

strategies that are used by organisms and human organizations. In the 

living system theory of inventory management, it is possible for task-

potential of the storage policy to act as a homeostatic mechanism to 

maintain a balance of costs in the inventory system that is close to 

its previous balance despite abrupt fluctuations in the rates at which 

numbers and kinds of objects enter and exit from storage. Because in

ventory identity is not synonymous with organizational identity, the 

former may be altered with no change in goals. This possibility is 

formulated as one hypothesis among others and tested in terms of archae

ological data in the later chapters. 

Although storage operations costs, isolable inventory elements 

and continuously changing inventory composition are common character

istics of inventory models, anthropological use of each varies with the 

model phase of inventory process selected to explain cultural evolution 

in neo-Darwinian terms. For example, certain anthropologists have 



focused on the production inventory model because they perceive that 

isolation of "variety-generating mechanisms" in inventory systems is 

fundamental to the construction of parallels between cultural evolution 

and biological change (Bray 1973s 8l). The importance assigned to the 

concept of variety generation in earlier theories of living system 

evolution may be seen in the work of Miller (1965) who viewed cultural 

variety generation as response to environmental stimulus, and in the 

work of Buckley (1967:68) who postulated the existence of such mech

anisms to provide for living system "variety to act as a pool of adap

tive variability" (Buckley 1967:63). 

Attempts to define mechanisms of variety generation in terms 

of specific operations in the production phase of biological and cul

tural inventory system process have been uneven and occasionally con

tradictory. For example, the operation of producing equipment used to 

generate variety in cultural inventory is thought to be partially de

pendent on the cost of investment (Zubrow 1975:3*0. Investment cost, 

or risk, for that matter, has no known counterpart in biological in

ventory production process, however. The production of materials in 

living systems is an inventory expanding operation which involves the 

variety generating mechanism of cultural "discovery" that may be 

analogous to adaptive radiation in biology (Bray 1973:81). 

Modification of already existing materials entails the opera

tion of three variety generating mechanisms. The most important of 

these is the analogy between cultural innovation and biological muta

tion. Theorists have contradictory opinions about the status of 
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purposeful innovation (or invention) in this analogy. Certain anthro

pologists group rational with irrational innovation that results from 

malsocialization and mislearning (Plog 1973b:659; Collins 1973:57). 

Others view innovation itself as essentially purposeful (Zubrow 1975: 

3̂ ; von Bertalanffy 1969:80). A third group restricts the analogy to 

the traditional interpretation of mutation as initially purposeless 

variety (Campbell 1960:208; Bray 1973:82) that inevitably characterizes 

the evolution of organizations which sire large (Collins 1973:57) or 

well-developed (White 19̂ 9:168). 

The two remaining variety-generating mechanisms which analogize 

cultural gind biological inventory modification operations are drift, 

defined as the expression of the cumulative effects of time on a set of 

chance variations, and migration, defined as spatial diffusion of vari

ation (Cavalli-Sforza 1971:536). Little attempt has been made to de

fine variety-generating mechanisms in terms of inventory storage and 

holding operations. Zubrow (19750*0 has hypothesized that innovation 

occurs in clusters, which not only affects the inventory management 

strategy that is adopted by an organization but ultimately affects the 

structural complexity of the organization itself. 

The isolation of mechanisms which select or preserve and repro

duce variety in living system inventory is also necessary to an 

explanation of biological and cultural change in terms of the synthetic 

theory of evolution. Most living system theory about variety selec

tion and reproduction can be discussed in terms of operations in the 

purchasing inventory model. For example, anthropological attempts to 
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account for the trend of evolutionary selection upon pre-existing sets 

of variety in a cultural inventory can be viewed in terras of purchasing 

from a range of available materials. This operation involves a set of 

selection criteria (Buckley 1967;63) which form a "variety selector" 

mechanism that operates consistently within the alternatives specified 

by the criteria. Here, rate of loss in the material inventories of 

cultural systems is a direct derivation from the biological concept of 

the coefficient of selection, which is determined in part by differen

tial mortality (Burnham 1973:96). Certain anthropologists have 

assigned a homeostatic function to the consistent selective reduction 

of variety in situations where newly available materials upset the 

equilibrium of the living system with its environment (Bray 1973:85) 

or where selective reduction of new or old variety promotes efficiency 

(Martin and Plog 1973:3̂ 6). 

The limited usefulness of the variety selector mechanism is 

evident in the fact that it cannot be used to generate proof that sur

viving materials in biological and cultural inventory systems v/ere the 

product of environmental selection. Consistent operation of the vari

ety selector presupposes self-maintenance, adaptability and reproduc

tion of the living system which cannot be the effect of selection (von 

Bertalanffy 1969:66). Consequently a second mechanism for the repro

duction of preserved inventory materials is necessary to interact with 

the variety selector (Buckley 1967:63). This is the variety reproducer 

mechanism which operates consistently either with respect to the cri-

terior of positive advantage in bringing a living system closer to 
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equilibrium with its environment, or alternatively, with respect to the 

criterion of neutral advantage or harmlessness (Bray 1973:86). Here 

the rate of retention in the material inventories of cultural systems 

is a direct derivative of the biological concept of the "coefficient 

of fitness" (Cavalli-Sforza 1971:536), which is determined in part by 

differential natality. The variety reproducer concept has served as 

the rationale for the law of cultural dominance (Plog 1973b:666). 

The variety reproducer mechanism initially appears to be the 

more useful of the two because it can be used to generate a limited 

circular proof that predominant inventory materials are integral to the 

maintenance or adaptation of a living system (cf. Cavalli-Sforza 1971: 

536; and Burnham 1973:98). The generality of the variety reproducing 

mechanism is diminished, however, by the realization that cultural 

channels for the indirect transmission of humanly reproduced inventory 

elements are subject to fewer restraints than are the conservative bio

logical channels of direct Mendelian transmission (Cavalli-Sforza 1971: 

537)• Thus similar reproduction rates in biological and cultural in

ventory system channels are likely to result in different modifications, 

despite the fact that the rates can be attributed to similarly weighted 

sources, such as dominant organisms and human organizations (Cavalli-

Sforza 1971:539). 

A third group of anthropologists has become dissatisfied with 

the living system notion that the variety selector mechanism operates 

consistently within the alternatives specified by the set of selective 

criteria. Their contention is that natural selection consistently 
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favors relative efficiency in reproduction, while cultural selection 

may favor multiple and often conflicting goals (Bray 1973:86; Hole and 

Heizer 1973s83). In this perspective, the variety selector mechanism 

itself becomes a system of "inconsistent selection" that is actually 

composed of forces which may be defined in terms of variable direction 

and intensity of selection. Within the context of the purchasing in

ventory model, the operation of selecting various forms of element 

modification from an available set can be used to describe this body 

of anthropological thought. For example, Cavalli-Sforza (1971:539) has 

attempted to define altered direction of selective force as the tempo

rary reduction of one element in a set. The result of temporary 

selection is "fashion" and may describe sexual selection in biology or 

linguistic and technological trends in culture. Others have attempted 

to relate an increase in the complexity of living system inventory to 

the relaxation of selection against unadaptive deviation from formerly 

narrower traditions. In biology, this relationship might be manifest 

in the expansion of an organism's inventory of mobility elements from 

hibernation and estivation to include migration and abandonment (von 

Bertalanffy 1969:102). Increasing a human organization's complexity 

by expanding its array of communication channels and contact situations 

may counter cultural conservatism to serve the same purpose (Collins 

1973:57)- Hole and Heizer (1973:83) offer one general example of cul

tural selection that favors conflicting goals. This occurs when a 

human organization attempts to maximize both the quality of its life 

and the reproduction of offspring. 
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It should be apparent that the neo-Darwinian principles de

scribed in each model are only partly testable, since confirmation 

depends on the direct observation of variety generation, selection and 

reproduction operations (Collins 1973:58). Because these different 

mechanisms have different consequences in each model phase of inven

tory process, that are only weakly related, the likelihood of testing 

a truly synthetic evolutionary theory that integrates all mechanisms 

is remote. It will be helpful to recall here that the general theory 

of inventory storage operations circumvents these limitations, as 

mentioned earlier in this section. 

Decision Structure of Inventory 
Management 

Regardless of whether the production and purchasing phase or 

the storage phase of inventory process is chosen as the model of living 

system dynamics, the management problems common to all can be defined 

in terms of two variables, namely time and size of inventory. One or 

more of the three following problems that are inevitably encountered 

in the management of natural and cultural inventory system requires 

solution. First, if the time of production, purchase or storage is 

given, the quantity remains to be determined. Second, if the quantity 

of production, purchase or storage is given, the time remains to be 

determined. Third, both time and the quantity of production, purchase 

or storage may need to be determined. The last problem is of increas

ing interest to archaeologists, who have begun to study it from various 

analytic perspectives which Schiffer (19755 840) terms "cultural for

mation processes." 
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If an organism or human organization is to solve these problems 

it must use a decision structure of inventory management. Decision 

structures consist of a set of prior choice alternatives for the 

management of inventories, a set of subsequent effects that can be 

defined in terms of reward or penalty, and one or more conditioning 

variables that are external to the inventory system and over which the 

organization has incomplete control. 

Organizations manage the qualitative and quantitative compo

sition of their inventories by changing either the time of the produc

tion, purchae or storage run, or the size of a sun (Sasieni, Yaspan and 

Friedman 1959?70). While change in the interval of an inventory opera

tion is self-evident, alteration of its size is not. The size of an 

operation is given by the kinds and numbers of inventory objects that 

are produced, purchased or stored during an operation interval. 

An organization may decide to change the length of an inventory 

operation independent of its decision to change the size. It is not 

necessary to know actual time-size fluctuations in any specific opera

tion in order to develop the general theory; rather it is essential to 

know all possible combinations of time-size transitions which can be 

described as a set of joint events. These logical possibilities dimen

sion the framework of choice itself, and all management decisions are 

initiated within this framework, regardless of an organization's knowl

edge of subsequent effects of external conditions. In human organiza

tions, these are decisions made on the basis of culturally defined 

scales of values which may have no adaptive significance from a 
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biological standpoint. Management .decisions are not concerned with the 

"dilemma of how adaptive solutions to ecological problems are reached 

regularly" (Burnhani 1973:75)5 rather the decision framework provides a 

logical basis for an investigation of the dilemma. 

Most organizations choose from available time-size management 

alternatives in order to maximize their effectiveness. In previous 

section of this chapter, the definition of effectiveness was purposely 

restricted to the concept of cost minimization, but here it is expanded 

to include the impact of various cost-decisions on the viability of the 

organization itself. Since organizations can and do minimize costs in 

ways that threaten their viability, it is important to understand the 

effectiveness of cost-decisions in terms of a reward and penalty struc

ture. This can be clearly illustrated below by reference to the pro

duction and purchasing inventory models. 

The consequences of cost control are straightforward. An 

organization attempts to minimize the total cost of all individual 

operations (involving equipment, materials, modification, storage and 

demand) which are specific to either the production or purchasing phase 

during an inventory operation of given length and size. When a choice 

is made to regulate specific operational costs in a manner that is in 

the best interest of the organization as a whole, an "optimum decision" 

has occurred (Churchman, Ackoff and Arnoff 1957:5). Optimum decisions 

usually maintain the balance between specific operating costs from one 

run to the next. In this sense, an organization is "good" because it 

acts to keep these essential variables within assigned limits 



(Ashby 1956:57). Alternatively, the organization may make a "subopti-

mum decision" which is best for an organization relative to the func

tion of one or more of its specific production or purchasing operations 

at the expense of the remainder (Churchman, Ackoff and Arnoff 1957:6). 

Pairwise combinations of decision and cost control alternatives can 

be used to scale the effectiveness of inventory system management in 

terms of reward and penalty. At one extreme, an optimum decision that 

decreases total cost yields the greates reward of maximum effectiveness 

at the other extreme, relative increase in total cost which results 

from a suboptimum decisions carries the ultimate penalty of minimum 

effectiveness and may result in the collapse of the organization. 

The decision structure of the general system of inventory and 

storage differs from that which characterizes the specific systems of 

inventory, production and purchase in four important aspects. First, 

it contains fewer cost controls in that minimization of total cost is 

not necessarily desirable where it is conceivable that some kinds of 

organizations may have to increase total operating costs to remain 

viable. Second, the general inventory system contains only two spe

cific operations which determine total cost, namely storage and demand 

as the shortage of holdings. Third, effectiveness depends on managing 

storage and demand operations such that the cost ratio maintains or 

maximizes the amount ot task potential in the storage policy. These 

three differences are formally elaborated in the next chapter. The 

fourth characteristic which differentiates the decision structure of 

the general inventory system from that of the production and purchasing 

models rests on the definition of the environmental variable. In 
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reality, environmental variables that are external to the inventory 

system condition the effectiveness of an organization, because it can 

control them only partially or not at all. External variables are 

important because they are the indirect source of systemic change in 

production and purchasing inventory models and in the general inventory 

storage system as well. For example, variable "marketing activity" 

(Churchman, Ackoff and Arnoff 1957:185) exists beyond the boundaries 

of the purchasing inventory system, just as variable consumption is ex

ternal to the production inventory system. Marketing and consumption 

values are usually held constant by the inventory planner so that de

cision structure will involve only the timing and size of production 

and purchasing runs (Sasieni, Yaspan and Friedman 1959*70). In the 

general theory of storage, the variable which is external to natural 

and cultural inventory systems is simply some relevent aspect of their 

effective environment. The restrictions are relaxed to the extent that 

external variables may even constitute one component of the decision 

structure itself where the remainder are known. For example, in the 

investigation of a prehistoric inventory system which is presented later, 

an aspect of choice, specifically inventory size, is assigned the 

status of a partially controllable variable where costs and decision 

effectiveness can be determined. Alternatively, it is equally possible 

to assign external variable status to the effective natural environment 

as is characteristic of ecological analysis. In this case, the effec

tive natural environment becomes the subsistence environment which is 

external to the inventory systems of organisms and human organizations. 
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The methodological virtue of the general inventory storage system lies 

in its flexibility. 

Summary 

Anthropological attempts to satisfy the need for a widely appli

cable theory and measure of cultural activity are characterized by two 

fundamentally different conceptions of the theory of the general sys

tem. These alternative views of physical, biological and social sim

plicity are termed the "dynamic hierarchical system," which developed 

from organisraic biology, and the "inventory" system, which evolved from 

operations research into physical, biological, sociological, economic 

and engineering activities. Each version of the general system entails 

different assumptions about the nature of the relationship between the 

quality or form which a natural or cultural organization may take and 

the quantity or amount of organization in its activity. Consequently, 

the scope of inquiry in each model is subject to different restrictions. 

The framework of the inventory system is judged to be the more appro

priate for developing a theory and measure of culture system dynamics 

because it permits broad comparison of behaviors which characterize 

animate and inanimate systems. Since little is convincingly known 

about the nature of culture system dynamics, a logical step toward an 

expanded comprehension of this phenomenon would seem to involve the 

assignment of culture process to a taxonomic position in the universe 

of system trends. 

Inventory process is sufficiently general to define all system 

behaviors in terms of relations between inventory input, storage and 



output. The general system definition of inventory may include the 

element composition of any system that is specific to nature or culture 

such as: 1, homogeneous or heterogeneous physical elements of matter-

energy; 2, genetic or phenetic elements of organisms and their popula

tions; and 3» cultural inventory elements such as functional units of 

human organization, language or technology. 

It is also possible to model inventory process in terms of tele-

ological imagery. In this context, living systems may be viewed as 

purposeful machines, where inventory operations reflect the choices of 

an organism or a human organization to interact with its environment in 

terms of rewards or penalties that are appropriate to biological goals. 

Systematic definition of any operation at the general system 

level requires specification of three components. First, the organiza

tion must be defined in terms of individual or group decision makers 

(these may include real or abstract forces in physical systems). 

Second, both the internal and external environments of the operational 

system must be isolated for analysis. Third, the decision structure 

for maintenance or attainment of goals must be defined. These three 

components permit construction of a theory and measure of general in

ventory activity which may be applicable to the analysis of trends in 

the operation of physical, biological and cultural inventory systems. 

Comparison of diagnostic operational trends in each kind of system by 

means of dynamic metaphors may illuminate the nature of culture change 

with respect to other system processes. The key to such a theory is 

the phenomenon of storage dynamics in natural and cultural inventory 
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systems, which must store items that have functions at various points 

in time. 

The development of inventory system dynamics is briefly traced 

in terms of the partial extensions of theory from physics to biology 

and from biology to anthropology. Extensions of biological inventory 

concepts to cultural einalysis is of particular interest because certain 

shortcomings of the neo-Darwinian or synthetic theory of cultural evo

lution become clearly apparent when the theory is examined against 

basic models of inventory process. 

A theory and measure of cultural inventory system dynamics is 

discussed in terms of the previously enumerated components of opera

tions research, and they are examined in terms of the assumptions made 

by each about the relevance and quality of archaeological data. The 

organization of inventory operations is defined in terms of cost meas

ures and scales of effectiveness in cost control process. The environ

ments of the inventory system are discussed in terms of the two specific 

system frameworks of inventory process, namely, the production and 

purchasing inventory models. Finally, the decision structure of in

ventory operations is elaborated in terms of universal management 

problems, the relationship between management choice and effect, and 

the role assigned to environmental variables that are external to the 

inventory system. The primary difference between the general theory 

of inventory storage and the specific theories of production and pur

chase consists of a relaxation of model restrictions at the general 

level. 



In the next chapter the general system theory of inventory 

storage dynamics is developed in its model form prior to its applica

tion to archaeological data from a well-defined site. 



CHAPTER 2 

THE MODEL INVENTORY SYSTEM 

Introduction 

Despite the fact that the concept of the general system is 

designed to simplify our perspective of cultural and natural environ

ments, the theory rests on an assumption which has complex interpretive 

implications. Attempts made by theorists to simplify the assumption 

have resulted in conflicting notions about the nature and the useful

ness of the general system itself. Since these conflicting interpre

tations are not resolved, it is necessary to summarize the alternatives 

involved and to select a definition of the general system which is 

essential to am understanding of the model presented in this chapter. 

The general system is assumed by definition to be an heuristic 

device for the programmatic description of a set of elements and their 

relations through time, as is true of any specific system. When em

pirically verifiable assertions can be made about a class of systems, 

then application of the'general system should create theoretically 

productive taxonomies of systems (Rapoport 1972). In order to fulfill 

this task, the general system should be composed of the minimum set of 

model traits which are essential to its function in describing the 

properties of physical, biological and cultural systems. 

The description retains its generality by excluding specific 

system properties from the minimum set of model traits that are common 

bo 
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to all systems (Klir 1969:52). Certain workers reject this criterion, 

and their rationale is based on the notion that"properties of all sys

tems that apply to all systems are those that are consequences of the 

definition of the system, hence devoid of empirical content" (Rapoport 

1972). To date, the most productive application of general system 

theory has not only established continuity between physical and bio

logical systems, but it also contradicts the dissenting rationale cited 

above. In these investigations, physical system properties were cen

tral to the theory where thermodynamic measures permitted a generali

zation of the second law in which the rate of entropy production by an 

organismic system is minimized in the steady state (Rosen 1972). 

The observation has been made (Rapoport 1972) that if this law

like connection has empirical content and does not involve artificial 

analogy between physical and biological system process, then it can 

serve as the foundation for a theory of the general system in which 

structure is considered. Further, if the classification of natural 

and cultural systems according to their structure is to have empirical 

content, the general theory would imply that the structure of a system 

either imposes certain patterns of behavior on a constituent organiza

tion, or at least restricts the development of behaviors that might 

otherwise be possible. The first implication is an implausible basis 

for expanding the general system because we have no theory of structure 

which is permanent, time-invariant behavior that automatically entails 

certain dynamic patterns in the remainder of the system. The alterna

tive implication that structure may selectively restrict certain 
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dynamic patterns in a set of possibilities is plausible however, and 

the theory which deals with this phenomenon of regulation and control 

is the field of cybernetics. Attempts to expand the general system 

theory to include self-limiting structures are reflected in the ex

ploration of various concepts such as the "thermostat" (Burnham 1973)* 

the "variety regulator" and the "limited solution" (von Bertalanffy 

1969) that were cited in the previous chapter. 

Although demonstration of the continuity between physical and 

biological systems has been accepted (Rosen 1972) there is some hesi-

tency to extend the analogy further to include cultural systems. For 

example, Rapoport (1972) asserts that the "species-artifact analogy is 

not the sort of speculation in general systems theory which is yet 

amenable to validation in the scientific sense." 

In this study I adopt a definition of the general system which 

is based on the assumption that the processual behavior in the physical, 

biological and cultural domains of the universe can be modeled, however 

abstractly, on axiomatic sets of relations common to sill. This defi

nition has explicit consequences for the model presented in this chap

ter. First, if the system description is to have empirical content, 

then physical system properties are central to the theory. Thermo

dynamics is relevant to the model in terms of the structural and sta

tistical mechanics involved. Second, the model is capable of isolating 

self-limiting structure or permanent control behavior as an aspect of 

system dynamics. 



Facets of the model are presented in terms of the three com

ponents of operations research which provided a framework for the 

discussion of inventory system dynamics in the previous chapter. Here, 

more explicit definitions are assigned to the organization, the en

vironments of the system, and the decision structure. To ensure 

clarity, each of these components is examined in separate sections of 

this chapter and each section is further partitioned into three sub

sections which define diagnostic features of a component. For example, 

the organization of inventory storage operations is examined in the 

next section in terms of the scale of effectiveness, control of the 

storage phase and storage goals. Next, environments of the inventory 

storage system are specified in terms of storage composition, storage 

transitions, and storage costs. In the following section, the decision 

structure of inventory storage operations is defined in terms of prior 

choice, subsequent effects and external variables. 

Organization of Inventory Storage Operations 

An organization consists of the groups using the inventory 

technique as has been noted in the previous chapter. Here the defini

tion is restricted to organizations which use the inventory storage 

technique. The restriction still permits extension of the concept of 

organization to include natural and cultural systems as before, with 

minor modifications. For example, real or abstract forces may define 

the organization of physical inventory storage systems, or the organi

zation of mechanical inventory storage systems in an electrical 
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communications network. As was the case previously, living system 

organization of inventory storage may be defined in terms of cells in 

an organism, or individual organisms and their populations, or human 

organizations. 

Since the organization of humans in social groups is a diag

nostic trait of cultural systems it is necessary to refine this defi

nition in order to detach it from the biological context in which it 

has been placed by neo-evolutionary anthropologists (cf. Alland 1967 

and V/oods 1975)• Human organizations which manage cultural inventory 

systems (particularly those involving artifact assemblages) do not 

necessarily operate in an environment where culture is localized in 

individual members. Nor do such inventory operations necessarily in

volve culture norms that are transmitted between or shared among mem

bers of human organizations. Also superfluous to the definition is the 

notion that aspects of the organization change with the replacement of 

members (cf. Binford 1972:118). The assignment of an identity to the 

organization, human or otherwise, must involve criteria other than 

those which are used to define the inventory system itself. This 

should limit archaeological application of the model to well-defined 

portions of the archaeological record in which the relevant technolo

gical assemblage has a time-space affiliation that cam be reasonably 

defined in terms of both absolute chronology and physical boundaries 

of a cultural or geographical nature. These stringent initial con

ditions for observation will hopefully prevent abuse of the model. 



The Scale of Effectiveness 

A viable organization attempts to make its inventory storage 

system a more effective mechanism for the maintenance or attainment of 

its goals. As noted in the previous chapter, the notion of effective

ness is a descriptive term applied to production, storage or purchasing 

cost in any state of the inventory system and involves the organiza

tion's choice of a numerical measure such as matter-energy, information, 

money or defect. It will be recalled that information and matter-

energy are the only universal measures of inventory system effective

ness. This is because all adjustment processes in both living and 

non-living systems have their cost in energy which is measured in terms 

of information, or cost in the time required for action which is meas

ured in terms of matter-energy. V/hen its goals are known, the overall 

effectiveness of any system can be measured as the ratio of the suc

cesses of its performance to the information or matter-energy costs 

involved (Miller 1971:295). 

The isolation of adjustment process in natural and cultural 

inventory systems depends on the analyst's ability to measure change 

in either matter-energy or information over time. One form, action 

process, involves the movement of matter-energy through a sequence of 

system states. Another form, information process, involves change in 

amounts of information from one system state to the next. Information 

process may be divided into two distinct categories. Change in com

municated semiotic phenomena is usually called "information processing" 

or "communication." Alternatively, change in observed metasemiotic 
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phenomena is often referred to as "behavioral information" which 

characterizes the process that is measured in terms of structural-

mechanics, statistical-mechanics, and statistical-thermodynamics in 

system context. The argument can be made that behavioral information 

as the calculus of observables may ultimately be defined as communi

cation in the transmissional sense of perception, but theorists (Nauta 

1972:18*0 prefer to maintain the distinction between them. Unless 

otherwise specified, information process refers exclusively to be

havioral information dynamics in this work. The investigation of 

either action or information process in anthropological studies has 

been a matter of preference since matter-energy and information always 

flow together in systems (Miller 1971s28l). System-specific forms of 

matter-energy are characterized by specific patterns of information, 

but not the reverse, which leads some theorists to believe that infor

mation is the basic measure of system behavior. This should have mean

ing for anthropologists, particularly archaeologists who consider 

information to be a vitalistic or mystical entity which is independent 

of the observation of action or matter-energy relations. 

The isolation of information process, however, entails assump

tions and measurements which are fundamentally different from those 

used to derive action process. These differences may be clearly illus

trated in a brief examination of the ways in which each measure is 

applied to prehistoric cultural inventory systems which have unknown 

structures. The isolation of action process at the level of the 

general system is based on the supposition that certain requirements 
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have been met. The first of these relates classification to measure

ment. The only way to bridge the classification problem when investi

gating prehistoric cultural inventory systems having unknown order is 

to define the system structure in terras of permanent behavior. The 

structure of inventory system action is linear in nature, because time-

invariant relations between variables of the action classification must 

be satisfied to justify the classification (Klir 1969:252). The action 

structure may be derived from application of different linear models to 

the statistical analysis of archaeological inventory data. The 

strength or degree of dependent relations among action variables may be 

determined by application of analysis of variance or correlation 

(Blalock 1972:48*+). The formal nature of relations among action-

variables must also be determined in terms of their unique dependencies 

if the classification is to be justified. Here various levels of re

gression analysis are appropriate. If the archaeological inventory 

data have been suitably processed in terms of the methods suggested 

above, the action classification is justified at the level required by 

the theory of the general system. Two problems result from the analy

sis of prehistoric action. First, all residual objects and variables 

which do not participate in the linear structure of the prehistoric 

inventory system are eliminated from further consideration. Second, 

nothing has yet been said about action process, for the focus of 

analysis is directed toward classification of static time-invariant 

relations. Sophisticated attempts have been made by archaeologists to 

circumvent this conundrum (cf. Clarke 1972:31)i but these fail to 
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satisfy other additional criteria of the general system of action 

process (Klir 1969)• Other archaeologists have attempted to isolate 

prehistoric action process by assuming that the classification of 

archaeological action variables is a priori known in terms of their 

input and output values. These unjustified classes of data are sub

sequently fitted to systems models in an effort to discover action 

process that is a product of relational constraints in the model. 

Despite any interesting results this approach might produce,the initial 

assumption upon which this strategy is based serves to exclude the sys

tem from membership in the class of general systems. One technique of 

action analysis may prove to be the exception, where the causal struc

ture of the entire inventory system is determined by working with a 

set of equations, one for every action variable taken dependently on 

each of the remainder. The regression method of simultaneous equations 

involved is similar to the systematic use of "if X then Y" statements 

advocated by LeBlanc (1973!208) in archaeological context. This tech

nique may satisfy the classification requirement above. From the fore

going discussion, it would appear that the application of general sys

tem theory to action analysis of prehistoric cultural inventory process 

is inherently limited (Klir 1969:269). 

Information may be better suited to the investigation of pre

historic cultural inventory system process at the level of the general 

system theory. Unlike action process which is essentially determin

istic, causality is not assumed in information process, which is of a 

partly probabilistic and partly deterministic nature. Here, inventory 



element relations are symmetric and the precision requirements of 

archaeological classification do not apply. In general, the applica

tion of a probabilistic (stochastic) model to the analysis of inven

tory process presupposes that the classification of all inventory 

objects which enter and exit from the system is a priori known. This 

implies that the structure of the inventory system itself can be easily 

defined if not already known. This criterion rules out the use of most 

probabilistic models in the investigation of prehistoric inventory sys

tems which have unknown structure, except those of an informational 

nature. In this case, only the archaeological classification of in

ventory elements which enter or are input to the prehistoric system 

and define its composition during an interval of time needs to be 

established because classification of system output is uniquely deter

mined by the mathematical properties of information. It should be 

apparent to the general reader that information process entails the 

definition of a system which is essentially broader than the framework 

of action process. Information system output differs in a basic v/ay 

from the action system output of permanent structural relations and 

residual behaviors. It is always possible to measure action structure 

and residual behavior that is output from the inventory system in terms 

of information, but the reverse is not possible, as mentioned before. 

Information is an appropriate scale of effectiveness because 

it is observed signal activity which can be used by the organization 

to estimate the energy cost of its inventory storage operations. V/ith 

respect to inventory system dynamics, it is possible to measure both 
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the kind and the amount of storage cost in terms of signal activity 

during the interval of any inventory operation regardless of transi

tions in the kind and the amount of inventory objects involved. This 

is feasible because instantaneous amounts of signal activity are 

measured in "bits" of information which always retain their initial 

identity (Thayer 1972:95)* Bits of information gathered about the 

operation of one inventory storage system at a point in time may be 

extrapolated to other points and other storage systems. The identity 

preservation of information in archaeological context permits direct 

comparison of signal activities which characterize traditionally dif

ferent kinds of prehistoric cultural inventories. 

The characteristic feature of the set of information measures 

of signal activity is one of linear system response to a stochastic 

process input. Much of the simplicity and elegance of information as 

a linear response is based on the additive function of logarithmic 

transformations of cross product (factorial) relations which bound 

possible interactions among inventory elements in a set. This function 

permits arithmetic summation of average interaction potential per ele

ment as signal activity in the form of bits which would otherv/ise be 

expressed as a cumbersome power function. It will become apparent in 

the next section that the storage subsystem of any inventory operation 

and the concept of an information system are identical in that they are 

part probabilistic and part deterministic. Both are statistical-

mechanical systems. The use of this type of system automatically en

tails the assumption that in any time-state or interval of inventory 



operations the composition of stored inventory has finite qualitative 

and quantitative limits which bound completely specifiable frameworks 

in which signal activity occurs. This assumption is warranted because 

the concept of information as the theory of signal activity is derived 

from the abstract calculus of uncertainty and constraint that is im

plied above, the use of the word "information" is understood to imply 

variable amounts of selection from the framework of uncertainty. Since 

uncertainty and selection that generate signal activity are both finite 

quantities, it follows that signal activity is also, which restricts 

its measurement in terms of information to a specific statistical-

mathematics. Information theory cannot be associated with parametric 

statistics because it does not compare measures abstracted from the 

data distributions such as means or standard deviations. Instead it 

studies the actual distributions of the data. In this sense it is re

lated to non-parametric statistics except that information theory is 

used instead of the theory of probability as such (Legendre and Roberts 

1972:571). It should be apparent that axiomatization of probability 

theory in this context rests squarely on the definition of a sample 

space which bounds the uncertainty framework of signal activity 

(Rapoport 1968:1̂ 2). This requirement has specific implications for 

the definition of inventory composition where it is discussed in fur

ther detail in the next section. 

Information is not only an appropriate measure of the energy 

costs of inventory storage operations. It also provides an organiza

tion with the means to estimate the amount of system regulation that 
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is involved in the adjustment of its operations. In order to define 

the concept of regulation it is necessary to return to the abstract 

calculus of uncertsdnty and constraint where information is the measure 

of potential rather than actual interaction of elements which compose 

the inventory. Concern with potential interaction per element enables 

the organization to avoid detailed analysis of its inventory system 

structure in order to gain a detailed comprehension of system behavior 

when it is given as information about the statistical-mechanics of 

interaction as a whole (von Bertalanffy 1969:62). This is the measure

ment of a system's surface behavior rather than its internal behavior 

or action structure, and it is viewed as an attempt to "reduce the 

study of systemic objects to a study of non-systemic ones or to change 

the revelation of the inner characteristics of a system to a descrip

tion of its outer parameters" (Klejn 1973:702). 

In fact, behavioral information is compatible with action when 

the frequency of any element (or discrete variable) in a system is iso

morphic with the occurrence of that element. When this condition is 

imposed, information process does not concern change in interaction 

potential but change in actual relations, as is the case with action 

process. In this case, quantities of information which characterize 

formal patterning of discrete variables is theoretically calculated in 

terms of conditional Bayesian distributions. There is some doubt 

(Justeson, personal communication 1973) however, as to whether condi

tional information is a legitimate measure of temporary system behavior 
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when it is defined on sample portions of the universe which is being 

modeled. 

In theory, internal system dynamics can be described not only 

in terms of action but also in terms of information process. Yet it 

is the surface behavior of the inventory system as a whole which per

mits estimation of the amount of regulation involved in a storage 

operation. This is reflected in the fact that the symmetry character

istic of potential element relations permits isolation of information 

behavior of the inventory system as a whole rather than in terms of its 

parts (Ashby 1972) as is necessary in causal analysis of deterministic 

action systems. The relational symmetry in information systems implies 

concern with the idea of self-generated control of behavior which is 

reflected in the restricted exploitation of a set of possibilities. 

Information is the essential component of any control system and 

information-theoretic studies of human behavior are primarily concerned 

with control problems (Edwards 196*0. Restricted exploitation as selec

tion within the framework of uncertainty implies control of an organi

zation's own "table of responses to stimulus" (Clarke 1968:53) and the 

principle behind this type of regulation involves the "same category of 

feedback loop that is responsible for goal-seeking" (Clarke 1968:53)* 

In the investigation of past or present living systems, where organi

zational goal-seeking cannot be directly observed, this capacity for 

self-regulation is thought to reflect the "as if thinking" quality 

(Clarke 1968:53) involved in the adjustment of inventory operations. 
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Concern with surface behavior also permits us to examine an 

organization1s control of its inventory operations from the perspective 

of cybernetics. It is apparent that applications of information theory 

represent an expansion of the traditional scientific approach (Ashby 

1968btL29) to the interpretation of inventory system behavior, because 

we are required to divert our attention from any individual occurrence, 

pattern or configuration of variables to the set of all relevant pos

sibilities. This is necessary because information is not an intrinsic 

property of an isolated occurrence or pattern; rather, information that 

is conveyed by particular events depends on the ensemble of all possible 

events of which they are a part. The fact that information theory is 

characterized by its dealing always with a set of possibilities leads 

to the consideration of relatively new kinds of problems which are of 

a cybernetic nature (Ashby 1956:5)• Cybernetic systems contain feed

back circuits, as opposed to the dynamic interplay of free forces in 

action systems, although both focus on the problem of regulation and 

control. Although the cybernetic feedback scheme is widely applicable 

to the analysis of control, particularly in biological and cultural 

inventory systems, the frequent identification of cybernetics with 

"systems theory" is mistaken (von Bertalanffy 1969)• Cybernetic sys

tems can be distinguished as two important but special cases of the 

general system. The distinction involves separating first-order 

cybernetics from the second-order paracybernetics of feedback relations 

that are modeled in the form of system "flow maps." First-order cyber

netics is concerned with how the development of cin inventory storage 



55 

system is controlled or restricted, by the organization which developed 

it (cf. Ashby 1956:3)* The first-order scheme of feedback relations 

constitutes a framework for the study of control in natural and cul

tural systems which is inherently broader than that of the second 

scheme, since the first deals with the regulation of different system 

dynamics in common terms, rather than in terms of regulation that 

varies as a mapping function of differential constraints from one model 

of a system to another. The control perspective of first-order cyber

netics needs no modification to be integrated with the chosen scale of 

effectiveness in the inventory system model and it is implied hence

forth. 

From these considerations it should be clear that information 

theory offers a ready-made tool for the economical description of be

havior patterns and for the analysis of sequential behavior (Frick 1968: 

185) in the record of any kind of discrete inventory system, and not 

merely those of sin archaeological nature which are of interest here. 

Control of the Storage Phase 

Inventory control is a term applied to sill phases of the inven

tory process from procurement through holding to product release 

(Fourre 1969:1)• Modern business organizations apply the scale of 

effectiveness to control various phases of inventory process by mini

mizing costs. Not all businesses or other living system organizations 

attempt to minimize costs in every inventory operation, as will be 

shown, but few organizations let their inventory processes run 



uncontrolled since this is wasteful. The potential cost savings in

volved in the attainment of an organization's goals can determine the 

success or failure of any organization. Most biological and cultural 

organizations control all phases of inventory process as has been noted, 

but this is not sufficient, for knowledge of the cost requirements in 

specific phases is also necessary. For example, most modern business 

inventories are likely to have seventy percent of their inventory dol

lars invested in only thirty percent of their items (Fourre 1969:1). 

Effective management involves decisions to be made not only about which 

items should be controlled, but also knowledge of which inventory 

phases should have intensified or relaxed control. 

In the discussion of the organization of inventory operations 

in the previous chapter, it was noted that management theorists have 

isolated two specific phase models for the examination of inventory 

control. The first is the "inventory production" model which deals 

primarily with procurement, modification and holding costs and the 

second is the "purchasing inventory" model which focuses upon the costs 

of modification, holding and release. Here it will be recalled that 

the types of costs and most of the operations vary with respect to each 

model. The only set of operations and costs which the two models share 

in common are those which pertain to inventory storage, since all in

ventory systems may ultimately be defined simply as systems which store 

items that have functions at various points in time. This elementary 

phase of the inventory system process serves as the basis for modeling 

natural and cultural system process at the level of the general system, 



in that all organizations must apply a scale of effectiveness to con

trol two inescapable management problems. The first of these is the 

problem of holding or storing various kinds of inventory items in equal 

availability situations, regardless of whether the items have been pro

duced or purchased. The second problem involves the shortage of pro

duced or purchased holdings which creates inconvenience when various 

kinds of items that are demanded from inventory are differentially 

available. The organization's solution to both control problems ranges 

from simple to complex, depending on whether: 1, the store has an 

infinite or finite capacity; 2, the commodity stored is continuous or 

discrete; 3» the operation interval is continuous or discrete; and *f, 

whether entry and exit from storage is deterministic or probabilistic 

(Moran 1959s9). For example, a physical storage system such as a simple 

water reservoir has a finite storage capacity for holding water as a 

continuous commidity during discrete intervals of operation. Also, the 

demand for water varies according to some probability distribution, and 

restocking is fixed equal to consumption from the previous interval. 

This storage system starts off in the same condition at the beginning 

of each interval, and no idea of process arises in this case, because 

the store is automatically restocked to capacity at the start of each 

operation. We know that most natural and cultural inventory storage 

systems do not behave in such a simple manner, and on this basis it is 

possible to postulate four features that are essential to a general 

system model of inventory storage control. First, the store must be 

of finite capacity which is specifiable for any operation. Second, 



the kinds of inventory stored are discrete, including amounts of a con

tinuous commodity which can be located in discrete intervals of the 

continuum. Third, the time-interval of an operation is discrete. 

Fourth, both restocking and consumption are probabilistic rather than 

deterministic. Taken collectively these features may interact to 

generate storage control problems of real-world complexity. For ex

ample, biologists have discovered that the type of inventory control 

policy which permits efficient management of an organism's energy is 

the steady-state minimization of net entropy production. The second 

law of thermodynamics implies a universal inventory control policy in 

physical storage systems. What the archaeologist needs to know is what 

types of control policy characterize the growth and death of specific 

prehistoric cultural storage systems? The storage system features 

above are incorporated into the general inventory model as part of the 

attempt to answer this question. 

Storage Goals 

The discussion in the first chapter of goals which stimulate 

the organization of inventory operations focused on the definition of 

decisions made by an organism which would maximize the biological re

wards and minimize the penalties of interaction with its environment. 

Anthropological attempts to view the biological reward and penality 

structure of cultural inventory systems in terms of evolutionary adap

tation were examined and rejected for two reasons. First, the neo-

Darwinian mechanisms which underlie the synthetic theory of living 
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system evolution were found to contain conflicting definitions and the 

theory was determined to be only partly testable. Second, the evolu

tionary perspective of biological reward and penalty structures imposes 

questionable restrictions on the general system model of inventory 

storage. For example, the organism which maximizes biological rewards 

in terras of evolutionary adaptation must be viewed as having goals 

that are explicitly dependent on biological needs that relate directly 

to the survival, repair or reproduction of the entire organism. Yet 

it is known that organizations are capable of making sub-optimum de

cisions in which the reward of one functional unit of the organization 

is maximized at the expense of those which might benefit the organiza

tion as a whole. Clearly "goals for wholes" is simplistic, for the 

link between the two is indirect and potentially complex. The evolu

tionary view also implies that all phases of the inventory process are 

non-separable with respect to the organism and its environment; that 

is, the storage phase is meaningful only in terms of its relations with 

both the procurement (production) and release (purchasing) phases of 

inventory process. This condition has been shown to be irrelevant in 

the preceding section. 

In order to develop a general system theory of goals, it is not 

necessary to identify the motives of any specific organization, but 

rather the set of logical alternatives by which goals may be achieved, 

or remain unsatisfied. In this perspective, it is permissible to 

assume the existence of specific goals as a means to map all alterna

tives. Assumed goals are simply a "mask" (Klir 1969) which is applied 
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to the state-sequence of inventory storage operations in order to dis

cover its true goals by examining the behavior of the system. 

Two goals are initially assumed to motivate the control of 

storage process in living systems. Maximization of the amount of the 

task-potential of the storage policy in changing from one operation to 

the next is the first assumed goal. This can be attained through 

manipulation of the costs of storage and demand during sin operation. 

Task-potential is the statistical-mechanical analogue of thermodynamic 

efficiency which rules out the evaluation of organizational goals in 

the context of natural evolution. That is, energy efficiency is not a 

measure of organismic adaptation that can be expressed in terms of com

petitive exclusion. If this were the case, then there should be 

nothing but bacteria on earth, since they are the most thermodynami-

cally efficient organisms known (Pohle 1975)• Task-potential is 

assumed to be a self-preservation goal of the organization that is un

related to reproductive needs. The second goal is assumed to involve 

the minimization of the total cost of storage and demand operations in 

shifting the size of inventory from one run to the next. Since total 

cost is a function of the numbers and kinds of inventory objects it 

would seem desirable to minimize fluctuations in these storage param

eters in a sequence of operations. Actually, there are advantages as 

well as disadvajitages to increasing the size and the total cost of in

ventory. The automatic disadvantage in holding an increased inventory 

is the increased difficulty of physical handling or accounting, which 

is essentially a memory problem. The advantages of holding increased 
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inventory are not automatic, but rather conditional, where an organi

zation' s anticipation of future needs is rewarded as items subsequently 

demanded from inventory are able to be delivered more quickly. In this 

model it is desirable to increase inventory size only when the amount 

of task potential outweighs the total cost of increase (Sasieni, Yaspan 

and Friedman 1959:70). 

The definition of goals permits specification of the means by 

which they are reached and evaluated by an organization. Goal achieve

ment and assessment are perceived to be dynamic, state-dependent phe

nomena which are based on the organization* s knowledge of its previous 

storage operation. This type of instantaneous assessment is illus

trated in Table 1 as the state-transition structure of inventory 

storage goals, where the results of a subsequent operation are measured 

against the values of the previous run. This ranked series of dynamic 

alternatives permits an organization to scale the net-results of any 

operation in a sequence as an approximation of constant objectives. 

Table 1 implies that goal-seeking involves joint evaluation of task 

potential and total cost as simultaneous objectives during a storage 

operation. An operation may reach any one of nine end-states which 

are partitioned into five intervals of rank based on the distance of 

each from the objectives. The assignment of rank-order values to an 

end-state varies with the sum of logical weights derived from a product 

map of independent transitions in task potential and total cost. More 

than one end-state may occupy the same rank (Table 1) as the result of 

asymmetric weights given here where the amount of task potential may 
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Simultaneous Objectives for a 2 Storage Run 

Alternative 
Goal, 
Rank 

Minimize Maximize 
Total Cost Task Potential 

1 1 decrease increase 

2 2 constant increase 

3 2 decrease constant 

if 3 increase increase 

5 3 constant constant 

6 3 decrease decrease 

7 if increase constant 

8 if constant decrease 

9 5 increase decrease 

Key 
1 = these are the possible end-states of a storage operation which 

can be reached by means of alternative decisions that are 
listed in Table 2. 

2 = goal seeking involves joint evaluation of simultaneous inde
pendent objectives for any run of the inventory system. 

3 = level of goal attainment from one storage run to the next 
depends on the rank distance of the joint outcome from the 
simultaneous objectives. 



increase (3)» remain constant (2), or decrease (1), while total cost 

may decrease (3), remain constant (2), or increase (1). The inventory-

storage system is always concerned with the achievement of particular 

goals that can be specified in a framework of alternatives. 

Environments of the Storage System 

Inventory storage system environments are conventionally de

fined in terms of three components. These are the composition of 

inventory that is stored in one or more operations, the types of tran

sition which accounts for change in kinds and numbers of stored objects, 

and the costs of individual storage operations. The discussion of 

storage composition pursues the distinction between action and infor

mation further by examining the consequences which each has for archae

ological classification of isolable inventory elements in terms of 

fractionation and reconstruction criteria. Transition in storage com

position is defined in terms of alternative processes of inventory 

restocking and demand, and the type which is compatible with the 

information scale of effectiveness is selected for incorporation into 

the model. Storage costs are defined in terms of the set of mathe

matical measures of information. This subsection is somewhat more 

technical but the reader should be able to grasp the principles neces

sary for comprehending the various system cost trends hypothesized in 

the next chapter. 



Storage Composition 

In the general system of inventory storage the kinds of inven

tory stored are discrete, including commodities which have continuous 

quantities that may be scaled as discrete intervals. This idea can be 

simplified for discussion when distinct kinds and numbers of inventory 

objects define the composition of storage. Adequate definition of the 

composition as an environment of the general system requires that the 

fractionation criteria of isolable element identification and system 

reconstruction be satisfied jointly with the criteria for classifying 

the information-bearing ensemble of inventory elements as mutually 

exclusive and finite. The discussion is conveniently ordered in terms 

of the twofold intersection of the two sets of criteria. 

Isolable elements should be identified in terms of mutually ex

clusive characteristics, such that each is capable of being understood 

without reference to the remaining inventory. Where definition of a 

stored cultural artifact inventory is of interest, this condition is 

met when the classification is function-preserving. At the discrimi

nant level of artifact type, function is preserved when one and the 

same physical structure participates in a mutually exclusive set of 

activities. At the discriminant level of artifact attribute, function 

is preserved when isolable elements form the collection of values of a 

universal artifact variable, such as use-state, or three-dimensional 

object size and geometric shape, or use-wear, or material or function. 

In this scheme, the mutually exclusive value of any one variable may 

combine with the value of another to define the inventory object. 



This method of defining the storage composition is incorporated into 

the model, and its application to an archaeological inventory is dis

cussed at length in Chapter k. 

Use of the mutual exclusion criterion in action or information 

classifications of stored inventory creates methodological problems 

which remain unsolved at present. An action classification can be 

replicated but the mutual exclusion criterion is violated, while in

formation classifications satisfy the criterion, but are rarely repli

cated. In archaeological classification, this distinction is attribut

able to a difference in the assumptions which underlie the discrimination 

of action and information elements. These differences result from 

different non-experimental solutions to the problem of modeling prehis

toric cultural inventory systems as "black box" systems, in which 

"quantities cannot be forced to take any required sequence of values 

and whose classification to inputs and outputs is unknown" (Klir 1969: 

65). Assumptions of a positive rather than an empirical nature (Hill 

and Evans 1972) must underlie archaeological classification of both 

action and information variables. Partitions of action elements are 

conditioned however, by the _a priori assumption that the object compo

sition of the prehistoric inventory system is random. The classifica

tion of action elements is accepted on the basis of extracting 

deterministic non-random behavior from this environment. The use of a 

statistical technique such as cluster or discriminant analysis to 

isolate discrete action elements rarely satisfies the criterion of 

mutually exclusive identity. 
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The concept of information as a theory of selection from an 

uncertain environment entails no prior assumption about the composition 

of stored inventory in terms of statistical hypothesis. In this frame

work, relevant object quantities are assumed to exist in the prehis

toric inventory system as discrete but uncertain forms. The basis for 

accepting a mutually exclusive set of elements is the maximization of 

information which the object classification conveys about the compo

sition of inventory. Information in this context is maximized to the 

degree that conditional uncertainty is reduced. Information is a more 

sensitive measure of the interaction or sortability of isolable ele

ments, than it is of statistically derived element clusters where 

behavior involves second and third-order restraints. That is, infor

mation works better at the "phonemic" rather than the "morphemic" level, 

to use a linguistic analogy. The drawback of separable element classi

fication lies in the weakness of a "warranted data base" (Churchman 

1971s177) where inventory composition is reduced to a set of descriptors 

which assertively cannot be further partitioned, when in fact they may 

be only one of a set of alternatives mapped onto the decision-making 

space. There is speculation that these alternatives are limited in 

archaeological classification to a finite number of questions concern

ing a finite set of inventory objects (Steiger 1971:69). No criteria 

are known for discovering which isolable properties should be described, 

or for deciding how specific properties should be described, other than 

the assertion that mutually exclusive classificatory partitions should 
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not involve weighted or dichotomous entities (Legendre and Roberts 

1972:605). 

In the remainder of this subsection, the second fractionation 

criterion which implies that any property of the prehistoric inventory 

storage system can be reconstructed from the behavior of its isolable 

elements is discussed in terms of finite information-bearing ensembles. 

The classification of isolable elements must also descriptively exhaust 

the finite population of inventory objects in the same manner in which 

the alphabet exhausts any text, if the stored composition is to be 

measured in terms of information (Jardine and Sibson 1971:24). Unfor

tunately, there is no known algorithm for determining the size or 

length of alternative sets of isolable element classifications which 

preserve equal amounts of information in a finite population of inven

tory objects (Estabreok 1967:90). 

The principle that inventory elements are finite complicates 

the application of uncertainty frameworks to the information analysis 

of prehistoric storage composition because most artifact assemblages 

are not completely representative of the portion of the archaeological 

record which is defined in terms of the inventory system. Since the 

sampling distribution of information is not yet known (Frick 1968:183) 

the frequency distribution of artifacts across the inventory element 

classification must be assumed to be a reasonable estimate of the true 

probabilities with which the uncertainty framework deals. The asser

tion has been made elsewhere (Odum 1971) that sampling distributions 
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of information are subject to the central limit theorem and therefore 

approximate normality. 

The concept of the finite inventory element set corresponds 

directly with the model inventory store of finite capacity which was 

mentioned in the earlier discussion of storage phase control. Unlike 

the store of finite capacity, the infinite store poses a trivial 

management problem because stock never runs out, which means that the 

inventory system would not manifest the effects of time and the initial 

condition would be perpetual (Moran 1959). 

When the composition of stored inventory is defined in terms of 

a finite set of discrete elements, the so-called "additive method" of 

classification is involved, which violates the reconstruction criterion 

as it applies to living systems but not as it applies to those of an 

arhcaeological nature, as was shown in the previous chapter. A finite 

number of separate inventory elements have a finite number of possible 

interactions which can be predicted at two levels. A fair amount of 

predictive control can be achieved through use of "quantitative union 

hierarchies" (von Bertalanffy 1969:73) of inventory elements which map 

simple probabilistic restraint in interaction; here inventory costs are 

measured in terras of unconditional information. When known fixed con

straints to interaction are added, prediction becomes more precise and 

inventory costs may be measured (in theory) as conditional information. 

The reconstructability of prehistoric inventory storage systems is 

unique in behavioral science, for if we take such a system apart, we 

find that we can always reassemble it. 
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Storage Transitions 

The store of discrete commodities which has a finite capacity 

is the static aspect of the inventory storage system. The dynamics of 

storage depend directly on stocking and release operations that cause 

entry and exit of stored objects, together with the time duration of 

these operations. 

Stocking and release operations sort independently of the de

terministic or probabilistic process involved and this principle can 

be used to generate four types of transition in the composition of 

inventory that are basic to the theory of storage. The first type of 

transition from one operation to the next is totally determinate, and 

no process occurs at all, because the storage system is always in its 

starting condition. This results from storage with a rule of stocking 

and a rule of release. Inventory supply and demand are fixed according 

to some predetermined value. So few organizations are able to control 

their inventory this effectively, that this is not a realistic situ

ation. The second type of transition in the composition of inventory 

is partly determinate and partly probabilistic, where stocking is ran

dom with a rule of release. The trivial case leads to storage of 

infinite capacity. Clarke (1968:86) has noted that a store of infinite 

capacity is implied in primitive versions of the anthropological theory 

that cultural evolution depends on the cumulative acquisition of knowl

edge or technology stored as a progressively expanding inventory. The 

second type of transition can describe realistic situations, however, 

in which probabilistic stocking is subject to limits. The third type 
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of transition is distinguished from the second by the reverse combina

tion of supply and demand processes, where a rule of stocking is given 

together with random release. This is a real world model of "merchants 

and warehouses" (Moran 1959!6). Release varies according to the proba

bility distribution of demand, but the storage system starts off in its 

initial condition at each interval of restocking. 

The model of the general storage system incorporates the fourth 

type of transition. Both stocking and release are assumed to vary 

according to probability distributions. Transition in the composition 

of storage is random, making this framework a general descriptive de

vice with none of the restrictions of the others, but such a framework 

does not pose realistic management problems, since there is no way for 

an organization to predict inventory costs from one operation to the 

next. Random stocking and release does pose valid analytic problems, 

however, in that it permits a posteriori evaluation of cost trajectories 

in physical, biological and cultural inventory systems. Random tran

sition in storage composition is wholly compatible with the chosen 

scale of effectiveness for measurement of storage costs. Information 

process is essentially probabilistic (stochastic) in nature, and it is 

concerned with change in the likelihood that one or more inventory 

elements will interactively associate with others to define the compo

sition of storage. 

The time intervals of inventory stocking and release are 

assumed to be discrete. This assumption permits definition of the 

temporal sequence of storage operations, which is necessary for the 



comparison of cost trajectories in natural and cultural inventory sys

tems. In order to generate such trajectories for any inventory system 

we need a general instruction-obeying mechanism which incorporates an 

efficient logic network to realize transitions in inventory composition, 

storage costs and time. The appropriate mechanism is drawn from the 

abstract theory of automata, specifically the finite-memory automaton. 

This mechanism is used to define a prehistoric inventory system in 

Chapter k where its principles are clearly illustrated in an applica

tion to archaeological data. 

Storage Costs 

If costs do not remain constant in specific inventory systems 

of production and purchase, then they may vary as a function of time 

or the number of units involved (Churchman, Ackoff and Arnoff 1957s199). 

Thus, in the general system of inventory storage, costs vary as a func

tion of the kinds and numbers of inventory objects held during an 

operation. In order to develop this environment as the model, it is 

necessary to review the argument made previously in this section, that 

the energy cost of system process is measured in terms of information. 

The argument is premised on two principles. First, information is 

observed signal activity which is used by an organization to estimate 

the energy cost of storage when instantaneous amounts of activity are 

measured as bits of information. Second, information as the theory of 

signal activity is derived from the abstract calculus of uncertainty 

and constraint where information in the technical sense is understood 

to imply variable amounts of selection energy. With these principles 
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in mind, the concept of energy cost can be further developed into a set 

of quantifiable entities. 

The boundaries of discrete uncertainty frameworks are specified 

in terms of categorical kinds of stored inventory items which amount to 

a completely exhaustive number of mutually exclusive possibilities 

during an operation. This set may be referred to as the storage com

position, or ensemble (or even as the alphabet of possible outcomes) 

which reflects analytic concern not with the manifestation of any iso

lated item or object but with its realization within the set of possi

bilities. In this situation the categories of stored inventory and 

item frequencies define the parameters of potential variation or un

certainty. The occurrence of any kind of inventory item represents a 

selection from possible alternatives because its occurrence has reduced 

prior uncertainty about which kind of inventory item was likely to 

occur. This is observed signal activity which may be quantified in 

informational form as the existing degree of freedom to select from 

among the kinds of objects which compose the inventory. For example, 

all discrete uncertainty frameworks articulate the number of categori

cal alternatives with a measure of energy required for selection. 

Longer inventories contain greater initial uncertainty and require more 

information or selection energy to specify amy kind of item or some 

subset of them. It should be apparent that in a store of, say, twenty-

six artifact types, any kind is initially likely to occur one twenty-

sixth of the time. It does not follow however, that exactly twice the 

amount of energy is required to select from this store as from one 
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which contains only thirteen types. This inequality results from the 

fact that variable amounts of energy (measured as the logarithm of the 

number of yes-no choices) required to select from alternatives on the 

basis of simple binary contrast is usually measured in terms of binary 

digits or bits of information. 

Churchman (1971:165) has isolated the cost measures of five 

storage operations, but only the four given below are basic to all 

inventory systems. The mathematical properties of each cost are in

formally defined. Their rigorous specification may be found in the 

voluminous literature on information theory. 

Measurement of the first cost is implied in the example given 

above, where we are not concerned with the occurrence of any particular 

kind of inventory item, but only with its realization within the store 

of theoretically relevant possibilities. In fact this provides a 

measure of the amount of chaotic interaction in a storage system in 

statistical equilibrium, where the association of every kind of item 

is equally likely. An example drawn from the psychological realm of 

sense impressions may illuminate the nature of this cost more clearly. 

Here we are concerned with the amount of energy that is expended in 

correctly guessing which of a number of holding bins is the appropriate 

recepticle for storing one kind of object when all bins are initially 

equally likely candidates as indicated by, say, their identical sizes. 

A similar situation is encountered in attempting to retrieve an object 

from inventory by sorting similar kinds from dissimilar kinds. When 

each kind is represented by the same number of objects, we find that 
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our stimulus discrimination is likely to be completely chaotic, and the 

chance of retrieving the appropriate kind of object from, say, a large 

stored collection, is remote. At the risk of oversimplification, it 

may be said that this cost is derived from the concept of proportional 

representation of variety as equal availability. It is a measure of 

potential variation among the kinds of stored objects that make up the 

inventory. To analogize the similarity between any process of measure

ment and the communications situation, this maximum capacity for 

discrimination may be termed the "least-safe channel capacity" (Ashby 

1972:83). The analogy may be extended further to include inventory 

systems where it is the "least-safe storage capacity." There is some 

debate about the interpretation of this phenomenon. Closed systems 

which have reached least-safe storage capacity are thought to exhibit 

the "meaningless activity of a chance machine" (Pask 1960:2̂ 6). In 

open physical or biological systems this same condition may reflect a 

situation in which inventory management is maximally sensitive to any 

disturbance. Here the organization is likely to develop any one of 

many equivalent structures according to the structure it happens to 

appreciate (Pask 1960:2̂ 6). This view of living system behavior is 

disputed by von Bertalanffy (1969s73) who implies that appreciative 

energy is absent. Least-safe storage capacity is the cost of storing 

various kinds of inventory items in equal availability situations, and 

is a measure of what the storage system would look like if it did not 

function according to the principles of its own design (Churchman 1971s 

2̂ 9)• It is measured in terms of maximum information for an inventory, 
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as the greatest theoretical value that may be ascribed to a set of 

categorical alternatives. The cost is given by 

Hmax = Loĝ  n (1) 

where n is the number of inventory types that occur. Inventory manage

ment in this state is chaotic because formal patterning, defined as a 

degree of predictability, is absent. This may be conveniently termed 

the "cost of storage (Hmax)." 

The second cost measures the amount of selection energy neces

sary to select kinds of inventory items when their associated proba

bilities of occurrence are also considered. Let us return to the 

psychological example that is concerned with the ordering of our sense 

impressions to illustrate the nature of this cost in a manner that is 

familiar. Here we may say that the amount of energy that is expended 

in correctly guessing the holding bin for storing one kind of object 

is lessened considerably if we know that the size of the appropriate 

bin is proportional to the number of objects of that kind which it con

tains. Again, a comparable situation is encountered in retrieving sin 

object from a collection by sorting similar kinds from dissimilar kinds. 

When each kind is represented by a different number of objects (as 

usually happens to be the case), rather than represented by the same 

number, our stimulus discrimination is likely to be ordered to some 

degree, and the amount of guesswork required to identify the appropriate 

kind of object is lessened accordingly. This cost, in the simplest 

sense of the term, is derived from the concept of disproportional 
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representation of variety as differential availability. It is a meas

ure of potential variation among the kinds of stored inventory when 

their associated object frequencies are considered. This phenomenon 

has been alternatively defined as the amount of selection effort neces

sary to reconstruct the inventory system from its theoretical state of 

statistical equilibrium (Rapoport 1968:37)• It is the degree of 

selection effort that characterizes the actual composition of the 

store, for receipt of this information proportionally lessens the prior 

uncertainty of management. The less evenly actual probabilities of 

inventory occurrence are distributed, the more prior uncertainty has 

been reduced, which corresponds directly v/ith increasing amounts of 

predictability in the formal patterning of storage. Actual selection 

effort is the cost of inconvenience incurred when types of items sire 

demanded from inventory and are differentially available. It is meas

ured in terms of actual average information per inventory type, and is 

given by 

n 
H = - 2 p(i) Log? p(i) (2) 

i=l 

where n is the number of types that occur, p is the relative frequency 

of occurrence, and i equals the i-th type. Actual average information 

results from the operation of restraint on the variety of type associ

ations in inventory that are otherwise possible. This may be termed 

the "cost of demand (H)" for convenience. It should be noted here that 

the total cost of a storage operation is the sum of the cost of storage 

(Hmax) and the cost of demand (H). These two costs may (in theory) 
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vary independently of each other in any sequence of inventory runs to 

determine fluctuations in the total cost. 

The third cost is a measure of the average selection effort 

required to obtain any item from storage during an operation. The cost 

of procuring items from inventory is measured in terms of relative 

entropy or disorder which is given by the ratio 

h = H/Hmax (3) 

in which (H) is the actual average information and (Hmax) the maximum 

information. The nature of this cost may be classified by pursuing the 

psychological example further. We may say that the cost is given by 

the ratio of the amount.of energy that is actually spent to correctly 

guess object membership in storage bins that are not initially equally 

likely, to the amount of guesswork that is required in theory to re

trieve objects from bins that are. This cost may also be defined as 

the amount of disorder in our sense impressions that is given as the 

ratio of the amount of energy that is spent in sorting similar kinds 

of objects from dissimilar kinds in actual situations, where each kind 

occurs in unequal numbers, to the amount of guesswork that is required 

in theory to distinguish those same kinds of objects if all were 

present in equal numbers. Simply stated, disorder or relative entropy 

of stimulus discrimination is a function of the actual differential 

availability of object types relative to the theoretical situation in 

which they might otherwise be equally available. 
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The transfer of the entropy concept to information theory was 

gradual. The first step was accomplished by Boltzman in 1898 who found 

entropy to be proportional to the logarithm of the number of alterna

tives possible for a closed system when all known information has been 

recorded. This concept was developed by various authors, among them 

Shannon (Shannon and Weaver 196*0 who derived from its premises the 

theory of information in terms of the uncertainty measure (H), and 

recognized that his equation was similar to the entropy of information 

(Legendre and Roberts 1972:572). Relative entropy is a measure of in

ventory management dynamics because it acquires meaning only when 

successive storage operations are compared in natural or cultural 

inventory systems (Brillouin 1968:153). 

A fourth measure is of greater interest in the investigation 

of directional change. Change in the amounts of control which charac

terize the storage policy of inventory systems requires evaluation of 

the redundancy or negentropy function. The statistical-mechanical 

behaviors of natural and cultural inventory systems that are well-

ordered (i.e., contain much redundancy or negentropy) are highly pre

dictable and little information is gained by observing them; perfectly 

ordered inventory systems are completely predictable in theory and 

their behaviors provide no information at all (Miller 1968:123). 

Control is the amount of task potential in the inventory storage policy 

of an operation. It is measured in terms of order, redundancy or 

negentropy of information. This value is given by 

r, o = 1-h (*f) 
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in which (h) is the relative entropy. Here we may recall the dis

cussion of the organization of inventory operations in Chapter 1, in 

which redundancy was defined as a residual value to be the result of 

fixed constraint and probabalistic restraint in the composition of in

ventory. Thus, redundancy of information is simply the amount of 

certainty with which some patterning (inventory type associations) 

never occurs relative to what might occur in a storage situation where 

all possibilities exist (Nauta 1972:117). Task potential is the energy 

analogue of redundancy when it is concerned with the idea of organized 

control of inventory costs that are given by this restricted exploita

tion of the set of storage possibilities. Control considerations are 

complementary to those of energy in any living or non-living system 

where energy and control reflect the limits of task performance (Edwards 

196̂ :2). This is simply a restatement of the fact that task potential 

or control is also a residual quantity. A more elegant definition 

developed for archaeological interpretation (Tainter 1973) treats re

dundancy as a positive rather than negative residual value, where it is 

defined as interaction that restrains the possible behavior of inven

tory elements in a storage system. In this view, variation in the 

redundancy value through sequential operations of prehistoric cultural 

inventory systems is more directly related to fluctuations in the 

amount of energy flow. 

Returning to the earlier discussion in Chapter 1, we recall 

that the concept of task-potential is sufficiently general to entail 

the notion of energy or control that is available for any particular 
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purpose, regardless of whether it is defined as a positive or negative 

residual value. The particular purpose or concern here is one of 

management as it is reflected in the human organization's ability to 

control its inventory of technological objects which enter and exit 

from storage in different varieties and numbers. In this context, it 

was previously stated that task potential is the relative ease of ob

taining the kind of tool from storage that is appropriate for task 

performance at the appropriate time. 

As a residual value, task potential is a cybernetic measure of 

the energy or control that is exerted throughout the entire inventory 

storage system to attain or maintain the goals of the organization. 

We may recall in the discussion of the scale of effectiveness earlier 

in this chapter that restricted exploitation of object variety as the 

differential availability of kinds of objects implies cybernetic con

trol of an organization's own table of responses to the stimulus of 

inventory variety that must be stored. It was further noted that the 

principle behind this type of control involves the same category of 

feedback loop that is responsible for goal seeking. Simply stated, 

energy or control is an essential component of an organization's goals. 

This characteristic feature makes notions concerning the use

fulness of task-potential irrelevant and questions about its ethical 

aspects are independent of its existence. The amount of task potential 

in the storage policy is thought to be "good" insofar as it manifests 

homeostasis, however good policy does not exist in any absolute sense; 

what is beneficial in one context may be fatal in another (Ashby 



1968a:112). The fact that task-potential is a residual feedback quan

tity means that one and the same mechanism corrects positive (over

shoot) and negative (undershoot) errors in a living system organization's 

estimate of storage (Hmax) and demand (H) costs. This type of homeo-

static regulator can be transferred from one kind of inventory system 

to another (von Bertalanffy 1969s6l) as first-order cybernetics, 

despite the fact that qualitatively different regulators control dif

ferent types of cost errors in biological inventory systems (Goldman 

1960:111). Certain anthropologists feel that the "dynamic homeostatic 

system" (Wood and Matson 1973) or "machine with input" (Ashby 1968a) 

serves as a framework for investigating ways that human organizations 

"adjust their behavior as much to psychological and cultural motives 

as to environmental constraints" (Burnham 1973:101)• 

The usefulness of the homeostatic model as compared to the 

alternative general systems approach, namely the "complex adaptive 

system" (Buckley 1968) or "teleological information" model (Churchman 

1971) has been questioned by several anthropologists. The main ques

tion concerns the relationship between the meaning or purpose of system 

and the stability of system regulators where both are assumed to exist 

in homeostatic models and are to be demonstrated in comples adaptive 

systems (Watson, LeBlanc and Redman 1971:67-73; Wood and Matson 1973s 

676-678; Klejn 1973:706). 

The nature of stability and purpose is considered an empirical 

question to be resolved by an examination of trends in the regulation 

or control of natural and cultural systems in the next chapter. This 



question may be deferred for a special reason. Initial knowledge of 

"protagonistic" and "antagonistic" regulators (Goldman i960) in bio

logical systems is irrelevant to the definition of trends in inventory 

systemsf because the first-order cybernetic model is uniquely capable 

of describing the structure of control even when the actual mechanisms ' 

remain unknown (von Bertalanffy 1969:62). Thus we may search for co

ordinated patterns emerging in controlled pathways of cost generated 

from operation to operation in the cultural inventory system. The 

cybernetic view implies that any organization has abundant free energy 

to manage inventory and asks why restrictions exist in the exploita

tion of an inventory store rather than asking the traditional question 

of why stored inventory exists as a function of the energy required to 

generate it in the first place. The problem of understanding the pro

cess by which prehistoric cultural inventory systems are "controlled 

into their restrictions" (Ashby 1956:3) as trajectories of change is 

of deep interest to archaeologists (Flannery 1972b:3D2), and it is 

likely that application of informational measures of selection from 

sets of relevant possibilities will add precision to our understanding. 

It is the direction of change in the amount of task potential through 

a sequence of system states which permits assignment of culture process 

to a position in the domain of linear system trends. 

Decision Structure of Inventory 
Storage Operations 

An organization must operate within a decision structure if it 

wishes to store inventory in an effective manner. The decision 
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structure of production as a purchasing inventory management was 

briefly noted in the previous chapter to consist of relations between 

prior choice, subsequent effects and partially controlled variables 

that condition decision-making. In this section, each of these three 

components is defined in terms of the decision structure of inventory 

storage management. Since we are dealing with the general inventory 

system, the relationships between choice, effect and external variables 

must be described at comparable levels of generality. Therefore, it 

is not necessary to know the structure of any specific decision; it is 

essential rather to bound the framework of the decision-making itself. 

This can be done for the inventory storage system by isolating choice 

as the set of all logical alternatives that invariably causes subse

quent effects that are also isolated as a set of all logical alterna

tives. 

Prior Choice 

Organizations manipulate the qualitative and quantitative 

composition of their inventory holdings by altering either the dura

tion or the size of a storage operation. There are three dimensions 

to prior choice. The organization may choose to keep the length of 

time required for a storage operation constant and alter the size of 

the store, or it may choose to fix the size of inventory that is stored 

and change the length of time involved. It may also choose to jointly 

alter both the time and size of a storage operation. Since both time 

and size are discrete entities, as previously implied by the general 

theory, the set of all possible choices an organization may make in 
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moving from any operation to the next may be defined in terms of alter

native fluctuations that are mapped as discrete properties. Thus, in 

planning a subsequent storage operation, an organization might choose 

to increase, hold constant or decrease its duration, and similarly 

decide its size. The set of prior choice alternatives is presented as 

a state-transition structure in Table 2. Here, variable duration of 

the storage run is obvious, but variable size is defined in terms of 

the costs of storage (Hmax) and demand (H), which needs to be clarified. 

It will be recalled from the previous chapter that inventory size refers 

to both the kinds and numbers of stored objects. The cost of storage 

(Hmax) is the direct measure of the theoretical size of inventory. 

This least-safe capacity for storage is reached when the number of 

objects of any type is proportional to the number of types stored. The 

cost of demand (H) is a correspondingly direct measure of the actual 

size of stored inventory. Actual size is given by the potential vari

ation among types of stored inventory and their associated object fre

quencies. It is assumed that theoretical size may be managed inde

pendently of actual size from one inventory system to the next, 

therefore we aire interested in the universal cost measures rather than 

size fluctuations in themselves. 

In addition to choosing from the available time and size 

management alternatives, the organization must anticipate the effect 

of these decisions on its viability. In Table 2 an inventory policy 

is implied by the organization* s decision whether to attempt to balance 

storage (Hmax) and demand (H) costs of its size adjustments or to 
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Table 2. State-transition structure of prior choice. 

Simultaneous Decisions to Initiate a Storage Run*" 

Duration Cost of 2 Cost of , Inventory 
Policŷ  Alternative of Run Storage (Hmax) Demand (H) 
Inventory 
Policŷ  

1 increase increase increase variable 
2 increase increase constant suboptimum 
3 increase increase decrease suboptimum 
k increase constant increase suboptimum 
5 increase constant constant optimum 
6 increase constant decrease suboptimum 
7 increase decrease increase suboptimum 
8 increase decrease constant suboptimum 
9 increase decrease decrease variable 
10 constant increase increase variable 
11 constant increase constant suboptimum 
12 constant increase decrease suboptimum 
13 constant constant increase suboptimum 
l*f constant constant constant optimum 
15 constant constant decrease suboptimum 
16 constant decrease increase suboptimum 
17 constant decrease constant suboptimum 
18 constant decrease decrease variable 
19 decrease increase increase variable 
20 decrease increase constant suboptimum 
21 decrease increase decrease suboptimum 
22 decrease constant increase suboptimum 
23 decrease constant constant optimum 
2k decrease constant decrease suboptimum 
25 decrease decrease increase suboptimum 
26 decrease decrease constant suboptimum 
27 decrease decrease decrease variable 

these decisions are time invariant alternatives 

cost of storage (Hmax) is the direct measure of the theoretical 
size of inventory 

cost of demand (H) is the direct measure of the actual size of 
inventory 

the organization policy varies according to whether cost fluc
tuation in the same direction are balanced or not. 

Key 
1 = 

2 = 

3 = 

k = 
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ignore them. A near-balance between these two kinds of storage opera

tions over a sequence of runs involves optimum decisions that are best 

for the organization as a whole, while suboptimum decisions favor 

either operation at the expense of the other. It is important to note 

in Table 2 that certain costs may fluctuate in the same direction but 

the nature of the decision varies according to whether a balance is 

maintained between rates of change. Twenty-seven choices appear to 

exhaust the alternative possibilities for the initiation of any storage 

run (Table 2). 

Subsequent Effects 

The effect of a prior choice made by the organization from one 

run to the next depends on how its decision relates to its goal. For 

example, the effectiveness of storage operations would seem to depend 

primarily on the management of storage (Hmax) and demand (H) costs in 

such a way that the total cost of adjusting these operations from one 

inventory run to the next is minimized. Effective management also 

implies that the amount of task-potential in the storage policy is 

simultaneously maximized from run to run (Table 1). The time-size 

alternatives that are available to realize these goals imply an inven

tory policy that is very likely to favor the cost of one operation over 

another (Table 2). Since these are suboptimum decisions which affect 

the viability of the organization as a whole, we are led to ask how 

storage goals may be reached in a viable way. Equally important is 

the question of whether the suboptimum inventory policy is justifiable 

in terms of the degree of cost-effectiveness attained. These questions 
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may be answered by defining the set of alternative subsequent effects 

of a storage operation on the viability of an organization in the form 

of a state-transition structure in Table Here, the assignment of 

rank-order values to an effect varies with the logical weights of 

optimum (2) and suboptimum (1) decisions, integrated with the weights 

of goals described in the first section of this chapter. The rank-

orders of goals and effects do not match in Table 3 because a mapping 

of inventory policies onto the set of goals rules out certain illogical 

combinations which are not implied by the set of prior choice alterna

tives. The cost-effectiveness of an operation is arbitrarily defined 

in terms of reward and penalty or a mixture of the two, according to 

ranked effect. This is simply a convenient way of illustrating the 

alternative situations in which a level of goal-seeking may or may not 

be justified in terms of the inventory policy that is automatically 

required. 

External Variables 

The sets of goal choices and effects outlined in the preceding 

subsections define the framework for management of inventory storage. 

Even if we do not accept the rank values assigned to them, it is likely 

that the same unweighted alternatives would exhaust most, if not all 

possibilities for decision-making, regardless of an organization's 

knowledge of external variables that are partially uncontrollable. 

External variables play a particularly important role in the decision 

structure of inventory management because they are usually the source 



Table 3« State-transition structure of subsequent effects. 

Simultaneous Results of a Storage Run"*' 

Goal Task Inventory Rank Cost-
Alternative Rank2 Total Cost Potential Policy Effect Effectiveness 

1 1 decrease increase suboptimum 1 reward 
2 2 decrease constant optimum 1 reward 
3 2 constant increase suboptimum 2 reward (?) 
k 3 constant constant optimum 2 reward (?) 
5 3 decrease decrease suboptimum 3 mixed 
6 3 increase increase suboptimum 3 mixed 
7 k increase constant optimum 3 mixed 
8 b constant decrease suboptimum if penalty (?) 
9 5 increase decrease suboptimum 5 penalty 

Key 
1 = these results are time invariant alternatives. Any of the prior choices listed 

in Table 2 will generate one of the subsequent effects above. 

2 = the goal ranks sire identical to those presented in Table 1. 

3 = the effect rank is the sum of inventory policy weights and those used in rank 
goals in Table 1* 
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of change which originates outside of the system (Wood and Matson 1973s 

68l). Isolation of external variables that are contained in the effec

tive environment of the organization and its inventory system provide 

the key to understanding how adaptive storage decisions are reached 

regularly. In the general theory, external variables are simply some 

aspect of the storage system's effective environment, which may include 

uncontrolled aspects of decision-making, or it may include the organi

zation's effective natural environment, or both. Since an external 

variable in the effective environment can cause change, it seems clear 

that we should think of it as an energy source. 

Here it becomes apparent that the concepts of adaptive varia

tion in complex adaptive systems and adaptive reorganization in homeo-

static systems differ with respect to partially similar definitions of 

the effective environment of living system behavior. The effective 

environment of either type of, say, cultural inventory system specifies 

its source of energy, which is of critical importance in the study of 

technological adaptation when the inventory dynamics of innovation and 

imitation are of interest. 

On one hand, the effective natural environment is clearly the 

source of energy for both the complex adaptive system and the homeo-

static system. Adaptability exists, by definition, to the extent that 

either type of cultural inventory system cam survive externally induced 

change in its long-run transactions with the natural environment 

(Terreberry 1972:159)• This is evident in the concern of complex 

adaptive systems with technology as the "limiting factor upon the 
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production of goods and services" (Zubrow 1975:33)• Innovation and 

imitation, the mechanics of adaptive variation in technological inven

tories are systematically related to the extent that either increases 

the production output (Zubrow 1975:33)• In the complex adaptive system 

model the concept of abundant free natural energy is fundamental to 

archaeological explanations of production increase that is measured in 

terms of change in a sequence of actual or specific tool configurations. 

Cultural inventory system adaptibility can also be modeled as 

a function of a homeostatic system's ability to learn and perform 

according to change in the natural environment. In this context, we 

assume that the mechanistic cultural inventory system is embedded in a 

larger system that includes the effective natural environment. This is 

possible because the adaptive reorganization of technological inventory 

operations is an effective cultural environment is meaningless unless 

the system is in "close contact with an environment (nature) which 

possesses available energy and order and within which the self-

organizing system is in a state of perpetual interaction" (von Foerster 

1960:33)• Here we wish to know whether the qualitative and quanti

tative composition of the cultural inventory system can be defined as 

a dynamic map of the variety and restraint which exists in the effec

tive natural environment through a sequence of inventory operations. 

In this context, the external variables are floral and faunal species 

which are extracted and stored by a human organization. Cultural sub

sistence species have a variety (Hmax) and an availability (H) which 

may or may not correspond to the statistical-mechanics of technological 
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inventory management (Watt 1972; Holdren and Erlich 197̂ :285). The 

homeostatic model implies that a human organization and its inventory 

constitute a purposeful dynamic machine with technological input that 

attempts to safisfy the so-called Law of Requisite Variety (Martin and 

Plog 19735329)* Clarke's archaeological model is an early (but non-

realizable) example of biodynamic relations in prehistoric cultural 

inventory systems that are viewed as purposeful machines coupled to 

the effective natural environments. 

The concept of adaptive reorganization (unlike that of adaptive 

variation) is also amenable to a definition of the effective environ

ment of homeostatic cultural inventory systems as culture itself. In 

this context, human information processing of stimuli from the natural 

environment involves cultural restraints of a fixed or probable nature 

(Clarke 1968; von Bertalanffy 1969; Rapoport 1972). Any internal 

change, such as improved technology, that maintains an organization's 

transactional advantage is also conducive to adaptability (Terreberry 

1972:160). Thus, innovation and imitation are the mechanisms for the 

reorganization of technological inventories here too, but the adaptive 

significance of one depends on its systematic relationship to the 

other. The homeostatic regulation of this relationship by a human 

organization permits culture itself to act as an "insulating medium" 

against changes in the natural environment. In this perspective, the 

external variable is the kind and number of inventory objects that are 

stored during an operation. This quantity is incompletely controlled 

by the organization due to the independent vicissitudes of innovation 
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and imitation processes that are only indirectly related to storage 

process. Object type and number are assigned the status of an external 

variable for practical reasons given in a discussion of the prehistoric 

inventory system in Chapter 

The cybernetic concept of energy which is implied by the homeo-

static model assumes that a prehistoric cultural system was character

ized by abundant free energy and asks why shifts in the occurrence and 

frequency of inventory items should result in specific configurations, 

rather than in alternative ones when the same occurrence and frequency 

data are considered independently. Here the problem is one of under

standing the process by which a technological system is "organized and 

controlled into its restrictions" (Ashby 1956:3) as a trajectory of 

change to achieve a better fit with its effective environment. The 

homeostatic model implies that the adaptability of a cultural system 

itself depends on the maintenance of a viable balance between the 

management costs of technological innovation and imitation regardless 

of the level of "progress" involved. 

Summary 

The general system is assumed to be an heuristic device for the 

programmatic description of various kinds of specific systems. As such 

the primary purpose of its application is to create theoretically 

fruitful taxonomies of systems. This effort is hindered by ambiguous 

definitions of the minimum set of model traits which is supposed to 

rule out description of properties common to all systems. This 

rationale is contradicted in practice, for the most productive 
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applications of general systems theory at present involve thermodynamic 

analogies where physical system properties are made central to the 

theory. The inclusion of physical system properties probably does not 

involve artificial analogies between physical, biological and cultural 

system process, for it may serve as a foundation for an expanded theory 

of the general system in which certain kinds of structure selectively 

restrict certain patterns of development that might otherwise be pos

sible. These considerations sire integral to a definition of the 

general inventory storage system in two ways. First, thermodynamics is 

relevant in terms of the statistical mechanics involved. Second, the 

storage model is capable of isolating the phenomenon of self-limiting 

structure as a type of control behavior that permits assignment of 

culture inventory system trends to membership in a family of system 

processes. 

The model inventory system is defined in terras of three com

ponents which were mentioned in the previous chapter. These sure the 

organization of inventory storage operations, the environments of the 

inventory storage system and the decision structure of inventory 

storage operations. 

The Organization of Inventory 
Operations 

The organization of inventory operations is defined in terms of 

biological and cultural groups which use the inventory storage tech

nique. Alternatively, the technique may be assigned to real or 

abstract forces in physio-mechanical systems. The organization uses 



9̂  

a scale of effectiveness to measure the costs of adjusting its inven

tory storage operations. Information, rather than matter-energy action, 

is the universal numerical measure of system process which permits 

estimation of the amount of system regulation involved in the adjust

ment of inventory operations by means of the cost calculations. In

formation process is discussed in terms of the assumptions required to 

isolate it in systems which have unknown structure, such as prehistoric 

cultural inventory systems. Certain advantages which information has 

for the direct comparison of patterning in traditionally different 

kinds of archaeological data are also discussed in terms of the preser

vation property of information "bits." 

The organization's control of the inventory storage phase 

requires that the fluctuations in the total cost of storage operations 

be held to a minimum from one run to the next. Effective control in

volves solving two constant storage problems. One is the problem of 

storing various kinds of inventory in equal availability situations. 

The other problem involves the shortage of holdings which creates 

inconvenience when various kinds of items that are demanded from 

inventory are differentially available. 

Storage goals involve minimization of the total costs of 

storage and demand operations together with the simultaneous maximi

zation of the amount of task potential in the storage policy. A set 

of logical alternatives is specified by which storage goals may be 

reached. Goal-seeking is discussed as an activity whicy may benefit 

parts of an organization as well as the whole. 
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Environments of the Storage System 

Storage composition, storage transition and storage costs form 

the environments of the storage system. These are fixed model traits 

which provide the framework for defining inventory system interaction. 

The storage composition is the collection of kinds and numbers 

of inventory objects which are held by the organization. As such the 

store has a finite capacity of discrete elements and the reconstruction 

of original storage system behavior must be satisfied. These are dis

cussed with respect to similar criteria that govern the classification 

of information. The discrimination of archaeological artifact inven

tories is discussed in this context. 

Storage transition is defined as a specific type of change in 

the numbers and kinds of inventory objects that enter and exit from 

storage from one operation to the next. Various types of inventory 

stocking and release are defined and probabilistic process is selected 

as the most appropriate. Time durations of storage runs are assumed 

to be discrete, which permits definition of a temporal sequence of 

holding operations that is necessary for a comparison of cost trajec

tories in natural and cultural inventory systems. 

Storage costs in the general inventory storage system vary as 

a function of time and the number of units involved. These costs are 

defined in terms of the set of mathematical measures of information. 

The information measures imply that potential, rather than actual, 

variation among numbers and kinds of stored inventory objects is a 

relevant cost measure. Three costs are identified. These are the 



cost of storage (Hraax), the cost of demand (H), and the cost of pro

curement (h). A residual quantity analogous to negentropy is the 

amount of task potential in the storage policy (r,o). Measurement of 

these costs in natural and cultural inventory systems permits the com

parative study of directional change that is necessary for our under

standing of how cultural process relates to the dynamic behaviors of 

natural systems. 

The Decision Structure of Inventory 
Storage Operations 

If an organization wishes to store inventory in an effective 

manner it must use a decision structure which consists of prior choices 

and subsequent effects. These internal variables are usually con

trolled by the organization, but external, variables are not, which 

conditions the cost-effectiveness of any decision. General inventory 

storage system relationships between choice and effect are described 

within a framework of decision-making. 

Organizations manipulate storage operations by altering the 

size of inventory run or changing the length of time involved. Since 

time and size are discrete, the set of all possible choice alternatives 

are described in terms of fluctuations from any one operation to the 

next. Changes in the theoretical size of an operation is directly 

measured as the cost of storage (Hmax) and change in actual size is 

given by the cost of demand (H). Prior choice also includes decision 

alternatives that may be best for the organization as a whole, while 
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other decisions favor parts of the organization at the expense of the 

whole. 

The effect of a prior choice made to initiate a storage opera

tion depends on how the decision relates to its goal in terms of the 

subsequent effects. The effectiveness of a storage operation depends 

primarily on the management of storage and demand costs in a way which 

attempts to balance the level of goal attainment with optimum decision 

alternatives that benefit the organization as a whole. Extreme out

comes are possible however, in which the end justifies the suboptimum 

decisions used to attain it. Subsequent effects are defined by a map

ping of ranked goals onto ranked decisions to generate the set of ail 

logical possibilities that may be described in terms of reward and 

penalty. 

Incompletely controlled variables in the effective environment 

of the inventory system are usually the source of change in the organi

zation. Isolation of these variables permits us to understand how a 

viable organization regularly reaches adaptive storage decisions. The 

conditions for identification of external variables are relaxed in the 

general storage system to the extent that they may be found in the 

organization's effective natural environment or in its effective cul

tural environment or in both. When external variables are located in 

the organization's effective natural environment it becomes important 

to know whether the variety and restraint that is stored in, say, a 

cultural inventory system is a dynamic map of the variety and restraint 

in the species composition of its subsistence environment. Floral and 
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faunal subsistence species are the external variables in this context. 

Alternatively, the effective environment of a human organization may be 

culture itself, when information-processing of stimuli from the natural 

environment involves fixed or probable cultural restraints. In this 

perspective we become interested in the regulation of inventory storage 

operations which permit culture itself to act as an insulating medium 

against change in nature. Here the external variable is identified as 

the kind and number of inventory objects that are stored during suc

cessive operations; object kind and number is only partially controlled, 

where the organization1s efforts are directed primarily at management 

of technological variety relative to its availability. 

In sum, the virtues of this model system of inventory manage

ment lie in its flexibility and its level of generality. It is an 

adequate heuristic device for examining directional change in the 

inventory storage dynamics of physical, biological and cultural systems 

in the next chapter. 



CHAPTER 3 

LINEAR SYSTEM TRENDS AND HYPOTHESES 

Introduction 

Very little is known with any certainty about directional change 

in cultural forms of matter, energy or information. Most of our knowl

edge about systemic interaction trends has been derived from studies of 

the physical domain of natural systems, particularly in terms of the 

thermodynamics of gasses and its statistical-mechanical analogue. The 

state of our knowledge is such that this kinetic theory has been used 

as the basis for an argument that there is no validity to the concept 

of culture at all in the general sense of the term (Mellor 1973s71). 

Still, most archaeologists accept the existence of culture even as an 

abstraction for intuitive reasons, as Hole and Heizer (1973) observe. 

For example, the guiding assumption which underlies the presentation 

of models and measures in the preceding chapters is that the nature of 

cultural behavior (given in terms of inventory operations) is identi

fiable in terms of the directional change in inventory systems. Fur

ther, it is assumed that once identified, the culture system trend can 

be assigned membership in a class of system behaviors which define 

directional change in known and unknown systems. 

The basic problem which obstructs the development of culture 

trend theory is that archaeologists feel compelled to choose between 

mechanistic theories of culture process that are measurable but "deal 

99 
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with inhuman aspects of man" (Hole and Heizer 19731 ̂20), and biological 

theories (Bray 1973) which are less tractable to measurement despite 

their intuitive appeal. A general system theory of culture trend must 

satisfy two criteria in order to transcend the dichotomous polarization 

above. First, the inventory model must incorporate an interaction 

framework that is basic to any system. Models of this sort are cyber

netic (von Bertalanffy 1969:61). Clarke (1968:39) observes that "the 

general and inherent properties of different kinds of systems are the 

field of cybernetics, and it is clearly in aspects of this field that 

useful models for cultural entities can best be sought." Second, 

cybernetic models of inventory system interaction must incorporate a 

measure of behavior that is basic to all systems. Here it may be re

called that matter-energy and information are believed to flow together 

in all systems and both elements are considered to be derived from a 

larger conceptual framework, that of the theory of general systems 

(Miller 1971:281) in which culture process is assertively thermodynamic 

in terms of its statistical-mechanical properties. Since matter-energy 

relations in any system convey information, but not the reverse, it is 

reasonable to assume that information is the basic measure of system 

behavior. 

If the direction of change in prehistoric inventory management 

is to be compared to the trends of physical, biological and unknown 

systems, then the dynamic metaphor between each of these and the inven

tory system should be analogized in terms of behavioral information and 

(cybernetic) control. This implies that the trends of known and 
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unknown systems should be translated into: 1, structural and 

statistical-mechanics; 2, relevant behavioral information dynamics; and 

3» the inventory system analogue. These are listed in the section 

which deals with hypotheses. First, it is necessary to briefly review 

model criteria of cybernetic systems and the assumptions which are 

entailed in order to make the dynamic metaphors transparent. 

Cybernetic Information and Control Systems 

This class of system may be defined conveniently in terms of 

systemic interaction criteria, the nature of change in cybernetic sys

tems, and their energy sources of change. 

The cybernetic concept is used here in the broader, more 

heuristic sense, where it implies "a systematic, behavioristic, meta-

phoric study of communications in physical, biological and social 

organizations with emphasis on regulation and control through feedback 

and related processes" (Clarke 1972:20). External description of sys

tem interaction is given in terms of "black box" communication which is 

simply the exchange of behavioral information between the system and 

its external environment as it is constrained by the structure of the 

internal environment (von Bertalanffy 1972:3*0- Interaction and com

munication (or information transfer) is regulated not only by internal 

states, but also by linear system feedback or control which is the 

redundancy or self-organization mechanism (defined as r,o in Chapter 

2). This same mechanism corrects both positive (overshoot) and nega

tive (undershoot) errors in the behavioral information of mechanistic 

systems (Goldman I960), while different antagonistic mechanisms often 
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correct each, kind of error in biological systems. Initial knowledge 

of the protagonistic or antagonistic nature of regulators is not 

essential to the definition of trends in physical and biological sys

tems because the cybernetic model is capable of describing the formal 

structure of control phenomena even when the actual mechanisms remain 

unknown (von Bertalanffy 1969:62). 

The construction of dynamic metaphors as hypotheses which have 

unambiguous test implications entails an evaluation of physical, bio

logical and cultural system trends in terms of linear system process. 

In this framework matter-energy relations aire characterized by the 

statistical-mechanical interaction of random variables and we are 

dealing always with a set of relevant theoretical possibilities that 

is usually wider than the actual case during any given interval of 

time (Ashby 1956:3)• Since the quantity contained in one set may (in 

theory) vary independently of the other in any state-transition, this 

principle can be used to generate eleven linear system processes which 

describe the trends of known and unknown linear systems and their in

ventory management analogues in the next section. The reason that 

linear system trends have only recently been mapped in terms of all 

logical possibilities is that the notion of stability of system re

sponse as the actual case (H) to perturbations of stimulus (Hmax) given 

by the set of relevant possibilities is central to dynamic system 

theory (Ashby 1968a). When either stimulus or response is allowed to 

behave independently of the other through a sequence of activity inter

vals in linear systems, we find that all possible trends in dynamic 
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systems that are geometrically expressed as trajectories in a phase-

plane may be grouped into three types of directional change. Trajec

tories of stimulus and response graphed in Figure 2 (p. 108) exhibit 

system behavior that may be characterized as asymptotically stable 

(graphs *t, 7» 8, 9), asymptotically unstable (graphs 1, 2, 3* 6), or 

neutrally stable (graph 5). When the stimulus (Hmax) is assigned 

independent status and permitted to vary freely as is usual in dynamic 

system analysis, these three families of process are likely to reflect 

the trends of relatively "open" or "closed" systems. This relationship 

is examined in terms of individual hypotheses later. 

It should be apparent that known and hypothetical directions 

of change in the inferred parameters of probabilistic systems interac

tions, reflected in shifting numbers, sizes and types of elements 

through time is of interest here (Martin and Plog 1973)i and that 

change itself is assumed to be continuous or "brought about by succes

sive infinitesimal transformations that are individually imperceptible, 

but quite apparent in cumulative result" (Clarke 1968). Continuous 

change in inventory operations is meaningless to the study of culture 

process unless an attempt is made to relate inventory management trends 

to the extinction of relevant prehistoric human living systems. Archae

ologists seem prone to generalize about the growth process of prehis

toric culture systems while limiting statements about collapse to 

explanations of particular cases (Hole and Heizer 1973). Watson, 

LeBlanc and Redman (1971:33) discuss the need to generate explanations 

of collapse that are subsumed by a more general process, and I will 



10if 

attempt to formulate these in the next section by demonstrating that 

certain cybernetic trends in physical, biological and cultural inven

tory systems contain their own death sentences from the viewpoint of 

diminishing energy or organization. 

The energy source of continuous change in cybernetic informa

tion and control systems is quite different from the energy source of 

change in action systems. These differences were detailed in a defi

nition of the inventory system model in Chapter 1, but recapitulation 

will enhance an understanding of the dynamic metaphors in the next 

section. In action systems, a time shift in the occurrence and fre

quency of cultural inventory items may change the qualitative and 

quantitative dimensions of variety in an artifact assemblage. In the 

action or matter-energy perspective of system analysis, investigation 

might be made (with the aid of various statistical techniques) of dif

ferential configurations of prior and subsequent artifact populations 

forming inventories. In this situation, the concept of free abundant 

natural energy is fundamental to archaeological explanation of change 

in the sequence of actual or specific inventory configurations. Energy 

fluctuations in the action system are explained as organismic-functional 

correlates of specific technological innovations (Martin and Plog 1973s 

350) or as a functional correlate of change in sets of specific sub

sistence resources (Shawcross 1972; Zubrow 1975)• Definition of the 

energy source in the cybernetic system entails a fundamentally dif

ferent view of matter-energy relations measured in terms of mathematical 

information. The cybernetic concept of energy assumes that the 
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prehistoric culture system was characterized by abundant free energy 

and asks why the same shifts in the occurrence and frequency of inven-

tory items given in the context of the action system above should 

result in specific artifact assemblage compositions, rather than in 

alternative configurations that are theoretically possible when the 

same occurrence and frequency data are considered independently. The 

cybernetic energy source for trajectories of continuous change in 

physical, biological and cultural systems is a correlate of the process 

by which they are organized or controlled into their restricted ex-

ploitation of a wider set of possible behaviors that are theoretically 

relevant. The trends of various known and unknown linear systems are 

listed in the section below. 

System Trends and Inventory 
Management Hypotheses 

The major trends that exist in known physical and biological 

systems and unknown but logically possible systems can be translated 

into nine types of linear system process. Two of these are unknown 

system processes that are possible as the reverse case of two major 

known trends in biological systems (number 1 and 9 in Figure 2) but 

they are remote from reality in the sense that both are minor variants 

rather than major ones, and they are not considered. A simple reason 

exists for the inclusion of major unknown trends in the set of nine 

separate linear system processes which frame analogous inventory oper-

ations as hypotheses. It is conceivable that major trends of systems 

that are not known in nature represent a domain of process that is 
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strictly cultural. The assertion is not made that a dualism of this 

sort exists (von Bertalanffy 1969:73); rather it seems desirable to 

evaluate the possibility in a productive manner by determining exactly 

which type of unknown system trend might characterize cultural process 

in terms of the inventory system analogue if any of these test posi

tively. 

Each linear system process is discussed in a sequence which 

corresponds to its verbal description, enumerated in Figure 1, and its 

visual representation, graphed in Figure 2. The vertical or columnar 

format of case presentation in both figures was adopted to enhance 

visual perception of the association between the independent behavior 

of the stimulus variable (Hmax) and the open or closed nature of system 

boundaries in each column. 

As noted previously, each of the nine system trends is dis

cussed in terms of three dimensions: 1, structural mechanics; 2, 

information dynamics; and 3, hypothetical inventory management strategy 

which forms the metaphor. 

The Progressive Segregation Trend 
in Open Biological Systems 

The phenomenon of increasing speciation in an evolutionary com

munity of organisms forms a well-known trend in living systems (Odum 

1971:1̂ 9)• Progressive branching evolution reflects the compound 

effect of anagenesis (successional speciation) and cladogenesis (diver

gent speciation). Here fluctuation in environmental stress, on a 

population composed of numerous common species (having large numbers 
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of individuals) associated with few rare species (having small numbers 

of individuals), results in the reduction of the number of common 

species and increases the number of rare species to the point of pre

dominance. This may be an example of the "opportunistic radiation" of 

increasingly specialized forms in which short-term advantage may be 

the major selective force. No length of time is specified for this 

process, but it is likely that this is a facet of macro-evolution in 

which the hierarchic order is static or evident primarily in the fossil 

record. The concept of adaptation at this level has been questioned by 

von Bertalanffy (1972:68) who observed that no apparent adaptive dif

ference exists between specialization and non-specialization, and that 

the conquest of new environmental niches is not necessarily connected 

to an upgrading of the organizational level. In this model of oppor-. 

tunistic radiation the trend is toward increase in the amount of order 

in species interaction or biotic energy. In neo-Darwinian terms this 

is the "production of order from random events" (von Bertalanffy 1969? 

73) which can take place in open biosystems, given energy input and the 

presence of organizing forces. Campbell (1960:223) hints that such 

forces may be expressed in a rule of organic evolution in which there 

exists a "strategy of cumulating selected outcomes from a blind vari

ation and then exploring further blind variation only from this highly 

select stem which makes the improbable inevitable in organic evolu

tion." 

The progressive segregation trend can be expressed in terms of 

structural-mechanics. Here system process entails movement from 
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smaller aggregates of potential interaction to larger ones. In terras 

of statistical mechanics this is expressed as the predominance of 

occurrence of the less probable sorts of aggregates over the more prob

able sorts. The result is one of increase in system negentropy or 

order. In this system, the determinant of process is likely to be 

changing and interaction that is specifically susceptible to change is 

automatically selected (Ashby 1968a). 

In terms of behavioral information dynamics, this system pro

cess is defined uniquely by relative increase in maximum information 

(Hmax) that is successively greater than relative increase in average 

amounts of actual information (H /Figs. 1 and 2, case 1.7). The trend 

is toward increases in redundancy or negentropy (r,o), which has been 

expressed as the "production of order from noise" (von Bertalanffy 

1969:73). The graph (Fig. 2, case 1) shows that this system generates 

information trajectories that are asymptotically unstable, which may 

be characteristic of "open" linear system behavior. 

An analogous trend in inventory management occurs when the cost 

(Hmax) of storing various items in equal availability situations in

creases at a rate that exceeds increase in the cost (H) of inconvenience 

incurred when demanded types of items are differentially available. 

The result is an increased total cost. The task potential (r,o) of 

storage policy increases as the cost (h) of item procurement declines. 

The Progressive Segregation Trend 
in Open Physical Systems 

This theoretical system process is the reverse of closed physi

cal systems process that is implied by the second law of thermodynamics. 
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Regardless of its plausibility, an open physical system may be concep

tualized by imagining a situation in which "grains of sand are poured 

into a container" (von Foerster I960). This process is one of growth 

in the amount of order by incorporation, or addition, of new elements 

to increase maximum theoretical interaction while holding constant 

average actual interaction. This requires that newly introduced ele

ments be admitted in precisely the same combinations as those already 

present at any given moment. Von Foerster (1960:̂ ) admits that this 

task requires "super-human skills," and that such a system is not 

likely to be used in any cultural context. 

In terms of structural mechanics, system movement is from 

smaller aggregates of potential interaction to larger ones. This is 

expressed in statistical mechanics as the predominance of the occur

rence of the less probable sorts of aggregates over the more probable 

sorts. The trend is toward increase in system order or negentropy. 

As is the case in the progressive segregation process, the determinant 

of open physical system process is likely to be changing, and inter

action that is specifically susceptible to change is automatically 

selected. 

The behavioral information dynamics of this system are uniquely 

given in terms of successive increase in maximum theoretical informa

tion (Hmax) while average actual information (H) remains constant (Figs. 

1 and 2, case 2). The trend is toward increase in redundancy or negen

tropy (r,o) which is also a manifestation of the "order from noise" 

principle. In fact, von Foerster (1960:̂ 9) thinks it is desirable to 
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have this kind of noise in an application of this system to information 

processing, because it permits the user to test in every particular 

instance whether it is working or not. The graph (Fig. 2, case 2) of 

the information trajectories shows this system process to be asymptoti

cally unstable, which is characteristic of open system behavior. 

An analogous trend in inventory storage policy may exist when 

the cost (Hmax) of storing various items in equal availability in

creases through time, while the cost (H) of inconvenience in procuring 

differentially available types of items remains constant. The total 

cost increases. The task potential (r,o) of this inventory storage 

policy increases as the cost (h) of item procurement declines. 

A Hypothetical Disequilibrium Trend 
in an Unknown Open System 

No manifestation of this trend in a natural system is known to 

the author. The structural mechanics of this system process are iden

tical to those in the open systems discussed above. The instability 

of both the determinant of process and interaction selection are also 

identical to the behaviors of open biological and physical systems. 

The dynamics of behavioral information are distinct from other 

forms of system process in this case. Here the trend is generated by 

relative increase in maximum theoretical information (Hmax) and simul

taneous decrease in average actual information (H /Figs. 1 and 2, case 

3/)• The trend is toward increase in redundancy and order (r,o). The 

graph (Fig. 2, case 3) of the information trajectories shows system 

behavior to be asymptotically unstable. 



113 

An analogous trend in inventory management may be conceived in 

terms of increasing cost (Hmax) of storing various items in equal 

availability situations and concomitant decrease in the cost (H) of 

inconvenience in procuring differentially available kinds of items. 

Total cost varies with different rates of change in each of the indi

vidual costs above. The task potential (r,o) of this inventory storage 

policy increases as the cost (h) of item procurement declines. 

The Equilibrium Trend in Closed 
Physical Systems 

The thermodynamics of gasses provide an example of this type of 

system trend implied by the second law. Closed physical systems move 

toward structural equilibrium, from larger aggregates of potential 

element interaction to smaller ones. This is alternately defined in 

terms of statisticsil mechanics as the predominance of the occurrence of 

the more probable sorts of aggregates over the less probable (Rapoport 

1968:137). Directional change is toward decrease in negentropy or 

amount of order in interaction. As any closed physical system moves 

toward equilibrium, selection occurs in the objective sense that some 

interaction sets are accepted, some rejected, while others are retained. 

Ashby (1968a) observed that the trend of this system towards terminal 

equilibrium involves automatic selection of interaction that is speci

fically resistant to change. In the closed physical system, the 

determinant process is constant or unchanged. 

Closed physical system dynamics are given in terms of behavioral 

information when maximum theoretical information (Hmax) remains 
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constant through time as average actual information (H) increases (Figs. 

1 and 2, case k). The trend is towards decrease in redundancy or 

amounts of order. Shannon's Tenth Theorem is the information-theoretic 

equivalent of the second principle of thermodynamics, and it states 

(von Bertalanffy 1969:73) that "information is converted to noise but 

not vice versa." The graph (Fig. 2, case k) of the information tra

jectories shows this system process to be asymptotically stable, which 

may be characteristic of closed system behavior. 

An inventory management system exhibits a similar trend when 

the cost (Hmax) of storing various types of items in equal availability 

situations remains constant through time, given an increasing cost (H) 

of inconvenience incurred when kinds of items are demanded from inven

tory and are differentially available (Churchman 1971:165). Total cost 

increases. The amount of organization or the task potential (r,o) of 

this storage policy declines as the cost (h) of procuring items from 

inventory rises. 

Homeostatic Trends in Open 
Biological Systems 

Knowledge of thermodynamic process and homeostasis in biologi

cal systems is largely restricted to the study of individual organisms 

in their environments. A basic distinction exists between "reversible 

thermodynamics," which implies an equality of negentropy or energy in 

organismic input and output in any state (Rapoport 1968), and "irre

versible thermodynamics" (Rosen 1972), or the theory of "energy capture" 

which implies an inequality of negentropy in organismic output and 
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input, where greater amounts of the first quantity serve to minimize 

the net production of entropy. Steady-state minimization forms the 

homeostatic trend of organisms as complex adaptive systems. 

In order to effectively differentiate these models of organis-

raic process in a manner which permits unambiguous specification of 

system trends, the discussion format is changed in the examination of 

this hypothesis. First, the relevant concepts of organismic system 

homeostasis and stimulus-response are briefly outlined. Second, the 

homeostatic properties of stimulus-response dynamics are distinguished 

in terms of reversible and irreversible thermodynamics, and system 

trends are given together with their inventory management analogues. 

The limitations of classical system dynamics for the interpre

tation of organismic behavior is due to its nature as a (statistical) 

equilibrium theory. For example, the equilibrium trend in closed 

physical systems represents a dead end of dynamic process. Organismic 

theory developed through non-equilibrium or irreversible thermodynamics, 

particularly the stimulus-response dynamics of the "simple open sys

tems" (Katchalsky 1971) model. The concept of organismic ingestion of 

matter, energy or information to repair system components that break 

down and to replace energy that is used up (Miller 1971:282), is ele

mentary to the dynamics of stimulus and response, or input and output. 

The study of the relationships between organismic input and output is 

directed primarily toward the enlargement of our understanding of the 

storage structure of this type of system (Munton 1973s687). Since 
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inventory systems are storage systems by definition, it is possible to 

hypothesize a metaphor in relationship between the two types of system. 

While it is not possible to directly observe the storage struc

ture in living organisms because of the Exclusion Principle (discussed 

in Chapter 1), the function of organismic storage may be analyzed in 

terms of "goal seeking" or homeostatic maintenance of balance between 

system components which process matter-energy or information that is 

input to the organism and output as waste, or output in the form of 

behavior itself (Miller 1971:72). The equilibriating function of 

storage prevents the destruction of the organism by disturbances in 

its effective environment. In simple open system models, prescribed 

internal storage environments in the body of the organism are homeo-

statically maintained in spite of fluctuations in the natural environ

ment by mechanisms of proportional control (r,o). This theory implies 

that rules exist which govern the interaction of two different self-

organizing sub-systems in the organism (Pask 1960:258). The first sub

system is concerned with the ingestion of energy given as the amount 

of negentropy or order (r,o) of input. The second is concerned with 

the loss of energy given as the negentropy or amount of order (r,o) in 

the waste extruded by the organism or output in the form of organic 

behavior. The rules (or types of homeostasis) which govern input-

output relations vary according to whether the primitive theory of 

reversible thermodynamics or the more sophisticated theory of irrevers

ible thermodynamics is adopted. The basic distinction between the two 
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mentioned earlier is elaborated below and inventory analogues are 

postulated for each type of simple open organismic system. 

The theory of reversible thermodynamics is recognizable as the 

simplified organismic-functional model which is now obsolete. Adaptive 

change may occur within limited boundaries as the "condition of the 

organismic system must remain very close to a predetermined state" 

(Watson, LeBlanc and Redman 1971s67) • This state is realized when the 

total amount of energy in the system remains constant. That is, the 

input and output energy equation must balance (̂ apoport 1968:1̂ 0), 

which specifies a reversible process (Miller 1971:284). The equality 

of negentropy or energy in organismic input or output in any state pro

vides the basis for the theory of environmental determinism where only 

the negentropic characteristics of actual or available inputs need to 

be known. 

Structural mechanics of the primitive theory are more complex 

than any other system dynamics hypothesized in this chapter because we 

must deal with separate but linked subsystems of input and output. For 

input alone, organismic system movement is through a time series of 

balances between larger aggregates of potential element interaction and 

a smellier number. This is alternatively expressed in terms of statis

tical mechanics as the balance between the more probable sorts of 

aggregates and the less probable sorts. The same process defines 

movement of the separate subsystem that is concerned with organismic 

output, and the equilibria of input (constant values of r,o) must 

equal the equilibria of output, which is the homeostatic trend. The 
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determinant of process is neutral in the simple open system model of 

organismic behavior, as is the selection of interaction. 

In terms of behavioral information dynamics, the conditions 

above are satisfied for the input subsystem when the ratio between 

amounts of maximum theoretical information (Hmax) and average actual 

information (H) remain constant through time (Figs. 1 and 2, case 5)» 

The stable behavior of the homeostatic mechanism of proportional con

trol is given in the form of constant amounts of redundancy or order 

(r,o). The same information dynamics must independently characterize 

the movement of the output subsystem, chich is redundant to the same 

degree. The graph (Fig. 2, case 5) of the information trajectories 

defines only the linear case and shows the system to be neutrally 

stable for both subsystem input and output. 

The analogy between organismic process and inventory manage

ment is complex because it entails conceptualization of linked "Ashby 

machines" where an artifact inventory (machine) as prehistoric living 

system output is linked to a subsistence species inventory (machine) 

as system input. Thus we are required to deal not only with the amount 

of task potential or order (r,o) in artifact storage, but also the 

amount of negentropy (r,o) in subsistence storage. The latter is in

directly given by the ratio of the cost (Hmax) of storing various 

floral and faunal species in equal availability situations to the cost 

(H) of inconvenience in procuring differentially available species from 

inventory. Obviously, the amounts of artifact task potential (r,o) and 

subsistence negentropy (r,0) must be identical in any state of a 
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prehistoric cultural system in order to validate the primitive theory 

of reversible thermodynamics. 

The more sophisticated theory of irreversible thermodynamics 

is nearly identical to the primitive theory. It also relies on the 

simple open system model of organismic input and output. Physical sys

tem properties are still central to the theory, in that we are dealing 

with nonequilibrium thermodynamics which is restricted to linear system 

processes of interaction among homogeneous elements. Irreversible 

thermodynamics is also concerned with the interpretation of "metabolic" 

driving forces (Katchalsky 1971 presents a more detailed discussion). 

The distinguishing criterion of this theory is the inequality of negen-

tropy in organismic input and output where, as noted initially, greater 

amounts of the first quantity serve to minimize the net production of 

entropy in the organism. Irreversible thermodynamic models of organis

mic "energy capture" are thus able to measure the "negentropic trend of 

living systems towards states of increasing order, organization and 

improbability" (von Bertalanffy 1969:73). They avoid the trap of en

vironmental determinism (Bray 1973:77) because steady-state minimization 

of the net entropy is of concern here, regardless of the amount of fluc

tuation in either input or output. 

The behavioral information dynamics of minimized entropy pro

duction is given in the steady state case when the redundancy or order 

(r,o) of subsystem input is always greater than redundancy or order 

(r,o) of subsystem output by some amount. A graph of the information 
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trajectories (not given) would show the steady-state minimization trend 

to be neutrally stable. 

Analogously, cultural system production of disorder entropy may 

be subject to steady-state minimization in a situation where subsis

tence management manifests a consistently higher degree of negentropy 

than that which characterizes the management of technological inven

tories. 

The concept of steady state minimization of net entropy pro

duction is rigorously defined by the Onsager Equations (Zerbst 1972) 

for application to molecular biology, but knowledge of these is not 

essential to the hypothesis. Rather it is important to know the types 

of process by which balanco is maintained among the input variables, 

and among the output variables, regardless of whether the balance 

values are equal, as in the case of reversible thermodynamics, or are 

unequal, as implied by irreversible thermodynamics. Balance among the 

input variables is possible in terms of "steady-state equilibrium" or, 

alternatively, "dynamic equilibrium" (Clarke 1968:50 for definitions 

of each). The same alternatives may independently characterize balance 

among the output variables. Thus, there are exactly four combinations 

of subsystem process which exhaust the possible types of linkage be

tween organismic input and output, and these form the inventory manage

ment analogues that are entailed by both the primitive and the sophis

ticated theories of organismic thermodynamics below. 

1. Sequential values of task potential in artifact storage and 

organization of subsistence storage are both products of steady-state 
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equilibrium. These two values are equal in the case of reversible 

thermodynamics and in the irreversible case, steady state-minimization 

of net entropy occurs when subsistence negentropy is greater than task 

potential at every state by some amount that is unspecified. 

2. Sequential values of task potential in artifact storage are the 

product of steady-state equilibrium, and similar values of subsistence 

negentropy are the product of dynamic equilibrium. Values of task 

potential and subsistence negentropy are equal in the case of revers

ible thermodynamics, and in the irreversible case steady-state minimi

zation of net entropy occurs when subsistence negentropy is greater 

than task potential at every state by some amount that is unspecified. 

3. Sequential values of task potential in artifact storage are the 

product of dynamic equilibrium, and similar values of subsistence negen

tropy are the product of steady-state equilibrium. Values of task 

potential and subsistence negentropy are equal in the case of reversible 

thermodynamics, and in the irreversible case steady-state minimization 

of net entropy occurs when subsistence negentropy is greater than task 

potential at every state by some amount that is unspecified. 

k. Sequential values of task potential in artifact storage and 

negentropy of subsistence storage are both products of dynamic equi

librium. These two values are equal in the case of reversible thermo

dynamics, and in the irreversible case steady-state minimization of 

net entropy occurs when subsistence negentropy is greater than task 

potential at every state by some amount that is unspecified. 
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A Hypothetical Disequilibrium Trend 
in an Unknown Closed System 

This trend is not likely to characterize the behavior of any 

natural system, because it contradicts our fundamental knowledge about 

known system process in which trends toward disequilibrium or negen-

tropy require energy input that is possible only in the context of 

"open" system interaction with the effective environment (von Bertalanffy 

1972:7*0- Yet this disequilibrium trend is logically possible in cul

tural inventory systems and therefore it merits the status of a 

hypothesis. 

In terms of structural mechanics, system movement is from 

smaller aggregates of potential element interaction to larger ones. 

This is expressed alternatively in terms of statistical mechanics as 

the predominance of the occurrence of the less probable sorts of aggre

gates over the more probable. Directional change is toward increase 

in negentropy or the amount of order in interaction. This disequi

librium trend requires that the determinant of process be unchanging, 

and that interaction which is specifically susceptible to change be 

automatically selected. While it is logically possible, this phenome

non also contradicts our knowledge of the positive relationship that 

exists between the probabilities of successive outcomes and selection 

of interaction that is resistant to change. 

The behavioral information dynamics of this system are logically 

implied by a trend in which maximum theoretical information (Hmax) re

mains constant through time as average actual information (H) decreases 

at a steady rate (Figs. 1 and 2, case 6). The trend is toward increase 
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in redundancy or the amount of system order (r,o). The graph (Fig. 2, 

case 6) of the information trajectories shows this system process to 

be asymptotically unstable, which is not characteristic of other sys

tems that are known to be "closed.11 

An analogous trend in inventory management theory may exist 

when the cost (Hmax) of storing various items in equal availability 

situations remains constant through time, while the cost (H) of incon

venience incurred when demanded types of items are differentially 

available decreases at a steady rate. The result is a decrease in 

total cost. The trend is toward increase in the amount of task poten

tial (r,o) as the cost of item procurement (h) declines. 

A Hypothetical Equilibrium Trend 
in an Unknown Closed System, Case 7 

This theoretical system exhibits a process which is the mirror 

opposite of the disequilibrium dynamics of an unknown open system (the 

latter is graphed in Fig. 2, case 3)» The structural mechanics of the 

unknown closed system process are given in terms of movement from 

larger aggregates of potential element interaction to smaller ones. 

This may be defined alternatively in terms of statistical mechanics as 

the predominance of the occurrence of the more probable sorts of aggre

gates over the less probable. Directional change is toward decrease 

in negentropy or the amount of order in interaction. The determinant 

of this system process is changing, and interaction that is specifically 

resistant to change is automatically selected. 
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The behavioral information dynamics of this system process are 

uniquely given by successive decrease in amounts of maximum theoreti

cal information (Hmax) which directly correspond to successive increases 

in amounts of average actual information (H /^igs. 1 and 2, case 27). 

The trend is toward decrease in the amount of redundancy or order (r,o). 

The graph (Fig. 2, case 7) of the information trajectories in the phase-

plane shows this system process to be asymptotically stable. 

An analogous process may occur in inventory management when the 

cost (Hmax) of storing various items in equal availability situations 

decreases through time as the cost (H) of inconvenience incurred when 

demanded types of items are differentially available increases. Total 

cost varies with different rates of change in each of the individual 

costs above. The trend is one of decrease in the amount of task poten

tial (r,o) and increase in the cost (h) of item procurement from the 

inventory. 

A Hypothetical Equilibrium Trend 
in an Unknown Closed System, Case 8 

This unknown system exhibits a form of behavior that is the 

mirror opposite of the "progressive segregation" dynamics of open 

physical systems. Equilibrium trends in the unknown closed system are 

not likely to characterize human behavior for the reason given by von 

Foerster (1960:̂ -9)» namely the development of super-human skill re

quired to manipulate this system in a manner which results in a sub

traction of elements in precisely the same combinations as those that 

characterize relations among the remainder. A system of this sort 
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would be useless even if feasible, because information is progressively 

converted into noise. 

The structural mechanics of the equilibrium trend in the un

known system involve movement from larger aggregates of potential 

interaction to smaller ones. In terms of statistical mechanics, this 

is expressed as the predominance of the occurrence of the more probable 

sorts of aggregates over the less probable sorts. The trend is toward 

decrease in negentropy or order in system interaction. If it were not 

known that the determinant of this system process is changing, the 

equilibrium trend of the unknown closed system might easily be confused 

with the similar trend of closed physical systems as implied by the 

second law. In both cases, selection for interaction that is specifi

cally resistant to change is automatic. 

The behavioral information dynamics of this system are uniquely 

given in terms of decrease in amounts of maximum theoretical informa

tion (Hmax) through time, while amounts of average actual information 

(H) remain constant (Figs. 1 and 2, case 8). The trend is toward 

decrease in redundancy or order of system interaction (r,o). The graph 

(Fig. 2, case 8) of the information trajectories in the phase-plane 

show the system to be asymptotically stable. 

A dynamic metaphor between this unknown system and the inven

tory system may exist when the cost (Hmax) of storing various kinds of 

inventory items in equal availability situations declines through time, 

while the cost (H) of inconvenience incurred when demanded types of 

items are differentially available remains constant. The result is a 
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decrease in total cost. The trend is one of decrease in amounts of 

task potential (r,o) as the cost (h) of item procurement increases. 

The Progressive Desegregation Trend 
in Closed Biological Systems 

The progressive "reduction of differentiation" among species 

in a relatively isolated environment forms a system process that is 

less familiar than its mirror opposite, which is the progressive speci-

ation or "segregation" process outlined in the first hypothesis. Here, 

environmental stress on a population of organisms composed of a few 

common species (having large numbers of individuals), associated with 

numerous rare species (having few individuals), results in the reduc

tion of the number of rare species and increases the predominance of 

the few common species (Odum 1971s1̂ 1). In terms of statistical 

mechanics, this biological trend may be phrased as the shift from a 

larger number of theoretically available sets of potential interaction 

between species to a smaller number. In terms of statistical mechanics 

this is expressed as the predominance of the occurrence of the more 

probable sorts of aggregates over the less probable. The determinant 

of this system process is changing, and selection of interaction that 

is specifically resistant to change is automatic. 

This is an example of evolutionary selection upon pre-existing 

sets of variety in which biotic energy declines. Within certain limits, 

the process is vaguely similar to a "genetic drift" phenomenon in which 

the effects of isolation sire accelerated beyond the increasing rate of 

sample error in genetic transmission in a migration situation. 
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The dynamics of this behavioral information system are uniquely 

given in terms of a rate of decrease in maximum theoretical information 

(Hmax) which exceeds the rate of decline in average actual information 

(H). The trend is toward decrease in redundancy or the amount of 

system order (r,o). The graph (Fig. 2, case 9) of the information 

trajectories shows this system process to be asymptotically stable. 

An analogous process occurs in inventory management when the 

rate of decrease in the cost (Hmax) of storing various kinds of items 

in equal availability situations exceeds that of the declining cost 

(H) of inconvenience incurred when needed types of items are differen

tially available. The result is a decrease in total cost. The task 

potential (r,o) of this inventory storage policy decreases as the cost 

(h) of item procurement rises. 

Summary 

The development of the theory of directional change in prehis

toric cultural systems has been hindered by the fact that archaeologists 

select limited interaction frameworks that define either mechanistic 

or biological process rather than choosing to work with the more flex

ible and expansive framework of the general system. In this chapter 

general system theory is used to define a set of trends which describe 

the directions of change that are known to exist in physical and bio

logical systems. Other trends are also postulated that might define 

systems that are currently unknown. The guiding assumption which 

underlies the presentation of these trends is that the nature of 

cultural behavior, given in terras of inventory operations, can be best 
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understood by identifying the direction of change in this type of sys

tem and comparing it to the trends in physical and biological inventory 

systems. Simply stated, the assumption is made that, once identified, 

a culture system trend can be assigned membership in a class of system 

behaviors which define directional change in known natural systems or 

in those that are presently unknown but seem to be logically possible. 

My premise is that the nature of culture system process can be more 

clearly understood by comparing and contrasting it with the behavior 

of other kinds of systems, instead of attempting to understand culture 

in its own terms. 

A general system theory of trends permits postulation of direc

tional change in prehistoric cultural inventory operations in a manner 

that is directly analogous to trends in physical and biological in

ventory systems if two criteria are satisfied. First, an interaction 

framework that is basic to any system must be constructed. Models of 

this sort are cybernetic and rest on the concepts of stimulus, response 

and control. In its most general form, the cybernetic model is con

cerned with the stimulus-response interaction of random inventory 

variables that is regulated not only by the particular internal state 

of the system under investigation, but also regulated by linear feed

back or control which is the flexible mechanism of redundancy, negen-

tropy or task potential. Linear system regulation of this type is 

essential to the compatible definition of trends in physical, biologi

cal and cultural inventory systems, because the cybernetic model is 
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capable of describing the formal structure of control phenomena in 

various systems even when the actual mechanisms remain unknown. 

Second, cybernetic models of linear system interaction must 

incorporate a measure of behavior that is basic to all systems. Since 

information rather than matter-energy is the fundamental measure of 

linear system behavior, it is necessary to translate the cybernetic 

model of inventory operations into a general system of behavioral in

formation. In this conceptual framework, inventory system process is 

analogous to thermodynamics in terms of its structural and statistical-

mechanical properties. 

If the direction of change in prehistoric cultural inventory 

systems is to be compared to the trends in physical, biological and 

unknown inventory systems then the dynamic metaphor between each of 

these must be constructed as a hypothesis which has unambiguous test 

implications. This requires that the trends of various known and un

known systems be examined in terms of linear system process. Each 

trend is informally defined in terms of: 1, structural and statistical 

mechanics; 2, relevant behavioral information and control; and 3» the 

cultural inventory system analogue that is given by directional change 

in the operating costs. 

Since we are dealing with cybernetic control of the stimulus-

response interaction of inventory variables that enter and exit from 

storage at random, dynamical system theory is applied to the descrip

tive mapping of physical and biological stimuli contained in sets of 

theoretical possibilities that are usually wider than the set of 
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actual responses at any time. The cultural inventory system analogue 

implies that the stimulus in the amount of object variety that is 

measured as the cost of storage (Hmax) and response is the availability 

of objects that is measured as the cost of demand (H). The descriptive 

mapping procedure generated nine major linear system processes of which 

five are known in nature and the remainder are currently unknown. 

Inspection of the nine stimulus-response trajectories in the 

phase-plane revealed that three classes of linear system process were 

generated. The first family of systems exhibited asymptotically stable 

behavior that is given by the progressive convergence of the amounts of 

variety (Hmax) and availability (H) through time. The criterion for 

membership in this group apparently is the automatic selection, by 

natural forces or human organizations of system interaction that is 

specifically resistant to change. In most of these systems, the 

natural or cultural determinant of process itself is thought to be 

changing. All of the systems in this class, together with their analo

gous cultural inventory operations, contain their own "death sentences" 

from the viewpoint of diminishing energy or control that is reflected 

in declining amounts of negentropy, or redundancy or task potential. 

Known examples of trends in this class include the Second Law of Ther

modynamics in "closed" physical systems, and the progressive desegre

gation trend in "closed" evolutionary communities of floral or faunal 

species. 

The second family of systems exhibited asymptotically unstable 

behavior that is given by the progressive divergence of the amounts of 
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variety (Hmax) and availability (H) through time. The criterion for 

membership in this group apparently is the automatic selection, by 

natural forces or human organizations, of system interaction that is 

specifically susceptible to change. In most of these systems, the 

natural force or cultural organization which determines process is 

thought to be changing also. The trend in all systems in this class, 

together with their analogous cultural inventory operations, is toward 

increase in energy or control that is reflected in growing amounts of 

negentropy, or redundancy or task potential. Two examples are known 

from nature. These are the progressive segregation trends in "open" 

evolutionary communities of floral or faunal species, and the progres

sive segregation trend in "open" physical systems. 

The third family of systems is represented by only one example, 

that of the simple open linear system model of organismic thermody

namics. Alone in its class, organismic process is neutrally stable in 

terms of its determinants and the selection of interaction. This open 

systems model was examined at length in terms of the primitive theory 

of "reversible thermodynamics" and the more sophisticated theory of 

"irreversible thermodynamics." Four hypothetical organismic system 

processes were isolated together with their analogous cultural inven

tory operations, which exhausted the linear system trends that are 

possible in both reversible and irreversible thermodynamics. 

In the next chapter the characteristics of a specific prehis

toric technological inventory management system at the Joint Site are 
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defined in order to determine which of these hypotheses is uniquely 

supported by the archaeological evidence for directional chsinge in the 

inventory operating costs of storage and demand. 



CHAPTER k 

THE PREHISTORIC INVENTORY SYSTEM 

Introduction 

This chapter is concerned with the basic application of general 

systems theory to the description of a site-specific inventory of 

archaeological items and features. The purpose of this application is 

to transform the description of a specific system of prehistoric inven

tory management into a general system description of behavioral infor

mation. 

In order to analyze a prehistoric technological inventory 

system as a behavioral information system, a procedure (Klir 1969:95) 

for solving special system problems using the general systems theory 

is followed. Translation of the problem, by input mapping to the 

language of general systems, forms the initial requirement and is 

satisfied by defining the archaeological characteristics of the be

havioral information system in a classification of systems proposed by 

Klir (1969:69-257). Three major characteristics are briefly defined 

below and detailed discussions of each are presented in separate 

sections of the chapter. 

The first characteristic concerns the nature of the prehistoric 

inventory management environments that are internal and external to the 

behavioral information system. Both the internal and external environ

ments are of immediate relevance to the behavioral information system 
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because they constitute the time-space specification of the system. 

The internal environment in this case is a population of architectural 

units at the Joint Site (Fig. k), which is partitioned according to 

each unit's membership in a prehistoric activity interval. The ex

ternal environment is the artifact inventories excavated from these 

units. 

The Joint Site is a thirty-six room single story pueblo situ

ated in the Hay Hollow Valley, east central Arizona (Figs. 3 and k). 

It is located near the Broken K pueblo (Hill 1970) and at a greater 

distance from the Carter Ranch Site (Longacre 1970) and may have been 

partially contemporaneous with both. Prehistoric cultural activity at 

the Joint Site has been estimated by means of radiocarbon (Schiffer 

1973) and dendrochronological (Wilcox 1975) analyses to have lasted 

from A.D. 1200 to A.D. 1275. Chronological interpolation (Hanson, 

personal communication 1973) of the palynological sequence (Hevly, Ward 

and Van DeGraff 1972) permits an approximate interval estimation of 

A.D. 1160-1320. Extensive descriptions of archaeological items and 

features which characterize the Joint Site can be obtained from the 

literature (Hanson and Schiffer 1975; Wilcox 1975? Schiffer 1973). 

The second characteristic concerns the nature of the external 

quantities under investigation. As the archaeological quantities which 

are being dealt with in this inventory analysis are measurable, the 

behavioral information system is termed physical. Part of this physi

cal system is real because one inventory variable (object size) con

tains values which really exist. The remainder of the physical system 
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is conceptual because nominal variables used in the analysis of inven

tory (object use-state, shape, function, use-wear and material) contain 

discrete values whose existence can be defined by reference to the 

classification. (Discrete information systems are the only type which 

can deal with qualitative and quantitative scales in an interchangeable 

manner free of bias.) 

The third characteristic concerns the nature of the systematic 

relationship between these environments. The prehistoric inventory 

system is characterized by a classification of inventory variables as 

input which is finite in size and structure (or is characterized by a 

limited number of variable relations). The same is true for the classi

fication of the finite number of architectural units which make up the 

internal states of the behavioral information system. Both these con

ditions suggest that the interaction between the internal environment 

of the behavioral information system and its external environment of 

inventory variables is relatively closed, and that the paths of inter

action between the two can be accurately defined. Automata theory of 

discrete relations between system environments is required for precise 

definition of this type of interaction. 

The Internal System Environment 

The internal environment of the behavior information system is 

given by the set of its internal states. Each internal state is de

fined as a discrete set of contemporaneous rooms at the Joint Site. 

Each internal state determines an instantaneous set of external object 

values that describe the inventories of groundstone and bone tools 
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which are processed by the information system. The sequence of the 

internal states of the system (Table k) comprises the information 

system program of temporary behavior. This program also constitutes 

part of the memory of the system and is discussed later. Temporal 

resolution of the internal states entails three qualitative biases 

which must be specified because it is here that the traditional problem 

of archaeological time-space assignment confronts any system analysis 

of past cultural behavior. Definition of a sequence of internal states 

in terms of separate periods of time requires the use of a constant 

chronological trait or continuous index at the general systems level. 

The relative pollen chronology of architectural units at the Joint Site 

is the only index available at present which meets this continuity re

quirement. It is based on samples randomly selected from floor quad

rant strata in the excavated rooms (Fig. k). Ratios of pine to juniper, 

small pine to large, and arboreal to non-arboreal pollen were employed 

in analysis (Hevly, Ward and Vain DeGraff 1972). Chronological inter

polation of the pollen sequence (Table k) conflicts with tree ring 

dates from two (R06, R21) of the six rooms (R06, R21, R09, RIO, R31i 

R3*0 which yielded wood specimens that have been examined. The pollen 

sequence conflicts with most of the radiocarbon dates (Wilcox 1975) 

obtained from the Joint Site. The latter produced the least satis

factory results of the three dating techniques and is not considered 

further here. 

The pollen chronology is based on a stratigraphically biased 

sample of floor levels within certain architectural units at the site 
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S-5 S-* s-3 s"2 s-1 s° 

R02 1 0 0 0 0 0 
R03 1 0 0 0 0 0 
R05 Ku) 0 0 0 0 0 
R12 Ku) 0 0 0 0 0 
R21 1 0 0 0 0 0 
R33 1 0 0 0 0 0 
R13 1* 1* 0 0 0 0 
Rl6 1* 1* 0 0 0 0 
R19 1* 1* 0 0 0 0 
R01 1(L) lCL) l(u) 0 0 0 
R17 1 1 1 0 0 0 
Rl8 1* 1* 1* 0 0 0 
R20 1 1 1 0 0 0 
R25 1 1 1 0 0 0 
R36 1* 1* 1* 0 0 0 
RQk 1* 1* 1* 1* 1* 0 
Rll 1 1 1 1 1 1 
Elk 1(L) 1(L) 1(U) l(u) 1(U) Ku) 
R07 0 0 1 0 0 0 
R06 0 0 1* 1* 1* 0 
RO8 0 0 1 1 1 0 
R09 0 0 1 1 1 0 
RIO 0 0 1 1 1 0 
R31 0 0 1(L) l(u) Ku) 0 
R32 0 0 1 1 1 0 
R15 0 0 1 1 1 1 
R3^ 0 0 0 1 1 1 
R22 0 0 0 0 1* 1* 
R23 0 0 0 0 1 1 
R2k 0 0 0 0 1 1 
R26 0 0 0 0 1* 1* 
R27 0 0 0 0 1 1 
R28 0 0 0 0 1 1 
R29 0 0 0 0 1 1 
R30 0 0 0 0 1* 1* 
R35 0 0 0 0 1* 1* 
% .67 .50 .76 .82 .70 .69 

Key -«5 + + 
S ̂  = A.D. — 1160-1205 — 1 = inclusion in state set 
S" = A.D. — 1205-1230 — 0 = exclusion from state set 
Sy = A.D. - 1230-1250 - (U)= uppermost floor 
S ' f  =  A.D. - 1250-1265 ~ (L)= lower subfloor 
S~ = A.D, — 1265-1285 — * = not excavated 
S = A.D. - 1285-1320 — % = resolution level 
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because the chronology pertains to the uppermost floors or terminal 

surfaces alone. Pollen data from the earlier subfloors of six rooms 

(Fig. k inset) are presently unavailable. Subfloors of rooms in which 

occupation of uppermost floors terminated in a state later than the 

initial one (R01, Rl'4, R15, R31) were assigned to the preceding in

ternal state of the system. Inspection of Table k shows that the 

portion of the state sequence to (A.D. —1230-132c£) is probably 

the least biased because it contains the smallest number of arbitrary 

inclusions of subfloors. 

In order to measure the time-space resolution of the set of 

internal states of the system in terms of the degree to which an exca

vated room sample represented any activity interval, it was necessary 

to assign unexcavated rooms to various internal states. These assign

ments were less objective because they entailed manipulation of 

architectural evidence to infer occupational contemporaneity. Certain 

unexcavated rooms (RO'f, R06, Rl8) were directly accessible to adjacent 

rooms, and were also part of the same or an adjacent architectural 

complex. These were assigned to the range of sequential states diag

nostic of the dated rooms. A similar logic permitted assignment of 

unexcavated rooms (R13» Rl6, R19) characterized by sealed access, to 

adjoining excavated rooms where the latter represent a range of sequen

tial states. The remaining unexcavated units (R22, R26, R30, R35). were 

assigned to the states of adjacent dated rooms on the basis of archi

tectural similarity (Fig. . The percentage of excavated rooms listed 

in each column of Table k is the estimated level of time-space 
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resolution for the set of internal system states. It also serves as • 

the resolution level of the external object environment since recovery 

of groundstone and bone artifacts (in whole or fragmentary condition) 

was fairly thorough. 

The External System Environment 

The discussion of classification of the external system en

vironment is restricted to inventories of technological items alone. 

My investigation of the information characteristics of the detailed 

inventories of floral and faunal subsistence remnants excavated from 

the architectural units of the Joint Site (Hevly, Ward and Van DeGraff 

1972) is incomplete and will be reported elsewhere. 

The portion of the external environment which is the object of 

this investigation is composed of two artifact inventories represented 

by 920 groundstone and 121 bone tools. These populations of prehis

toric cultural items were retrieved from the sample of rooms at the 

Joint Site, as noted previously. It is important to recall that the 

input values of the variables which define these tool inventories 

simulate the response behavior or output of the information system in 

any given state. Since this function is essential to the operation of 

the behavioral information system, two kinds of bias which characterize 

the time-space resolution of the external environment must be examined. 

Each bias affects the adequacy of the inventory classification which 

should be finite in size and collectively exhaustive of the universe 

of inventory items at the Joint Site. 
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The first type of bias to be evaluated concerns the degree to 

which a finite inventory classification approximates the estimated 

universe of relevant items. Spatial resolution of this external en

vironment entails quantitative bias, for only 69% (25/36) of the room 

universe (Fig. k) was excavated for this study. The effect of this 

partial representation cannot be estimated since the sampling distri

bution of information itself is not known (Frick 1968:183). This con

dition forces the assumption that it is negligible until statistical 

evidence from similar archaeological application elsewhere negates the 

assumption. Temporal resolution of the external environment entails 

qualitative bias which is reflected in the stratigraphy of inventory 

items recovered from the floor (0-5 cm.) and the level above (06-20 

cm.) in each sampled room. This "floor vs. fill" problem continues to 

complicate archaeological interpretation (Hill 1970:92) and it has 

stimulated new contextual research (Schiffer 1972). An attempt is made 

in this analysis to control the input of floor-versus-fill inclusive 

artifact materials. The assumption is made that inventory items re

covered from 0-5 cm. or, alternatively, 0-20 cm. above the floor of 

each room are associated with its abandonment. The effect of this 

differential input on the behavior of the information system in its 

various states is presented in Table 6 (Chap. 5) and is interpreted 

later. 

The second type of bias concerns the degree to which the inven

tory classification collectively exhausts relevant description of the 

item population. This evaluation may be clearly understood in terms 
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of the classification procedure outlined below. Here it is important 

to recall that relevant archaeological quantities are assumed to exist 

in the environment of a prehistoric cultural system as discrete but 

uncertain forms, and that the basis for accepting a set of variable 

values is the maximization of conditional information which their 

classification conveys about the environment. 

Because the assertion cannot be made that sin isomorphic, one-

to-one relationship existed between a type of artifact and a type of 

prehistoric task at the Joint Site, the specific problem which oriented 

the inventory classification of groundstone and bone tools was one of 

determining artifact attributes which might logically have conditioned 

the performance of prehistoric tasks within the architectural units, 

since the universe of actual task performance remains unknown. At this 

point, it is essential to recall the interpretive implication of the 

archaeological classification of artifact attributes (and not types) 

that was indicated in the discussion of the environment of the inven

tory system in Chapter 1. In that subsection, inventory was defines to 

be the collection of values of some set of universal artifact variable 

such as object size, or shape, or wear and so forth. In theory, it is 

possible for any value of one of these artifact variables to combine 

with some value of another in the set to affect or condition the per

formance of a task in some way. By implication, the storage goal of 

the prehistoric human organization at the Joint Site involved inventory 

management of artifact attributes rather than types of objects them

selves. It is possible to make this assumption because the mechanics 

of inventory storage process remain basically unchanged. 
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Concern with task-conditioning factors required that inventory-

variables be mutually exclusive, independently sortable and descrip

tively exhaustive of each artifact. Only six variables satisfied the 

requirement where any combination of two or more mighe conceivably 

have affected prehistoric task performance at the Joint Site. Every 

object was classified in terms of variable use-state, three-dimensional 

size, three-dimensional geometric shape, function(s), use-wear and 

material composition. Each variable specified a sample space in which 

an information-bearing inventory of relevant discrete values was de

fined (see Fig. 5)* Each object was assigned exclusively to one 

discrete value in each of the six separate inventory variables. 

Clearly, each artifact is characterized by only one of a finite number 

of possible use-states, or possible sizes, shapes, functions and so on. 

The variable values which compose the groundstone artifact inventory 

are presented in Appendix A, and the bone tool inventory is listed in 

Appendix C. Each of the six variables in both technological inven

tories is discussed later in greater detail. 

In constructing the classification of the inventory, discrimi

nant redundancy was controlled at each stage of the procedure. For 

example, bone and groundstone artifacts were classified as separate 

populations because of obvious redundancy in linkages between material 

composition and function. The classification is time-invariant in that 

an attempt was made to separate object discrimination from the con

textual bias of room provenience. It was also necessary to control 

redundancy in the partitions of discrete values within each inventory 
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variable because most of the variables specified more than one dimen

sion of observation and measurement (such as three-dimensional size). 

This required three stages of analysis in which 1, the discrete values 

of each dimension were partitioned separately (object length, width and 

thickness, for example), 2, discrete combinations of values were 

derived from the object distributions in matrices of two, three, or 

four dimensions, and 3, discrete combinations of values were evaluated 

in terms of the information conveyed by their conditional distribution. 

A conservative approach to interpretation was adopted. Discrete com

binations were accepted as values of an inventory variable when knowl

edge of the values of one dimension reduced conditional uncertainty 

about the other dimensions at the .25 - .50 interval of confidence. 

Partitions of variable values in the critical regions beyond this in

terval were arbitrarily rejected as indicative of classificatory ran

domness or of redundancy. The amounts by which conditional uncertainty 

was reduced among the discrete attribute combinations to form indi

vidual values of each inventory variable are not listed because the 

amount of space required for such documentation would be excessive. 

It was necessary to evaluate the degree to which the inventory 

variables themselves were mutually exclusive and independently sortable. 

Consequently, measurement was made of the degree to which knowledge of 

the discrete values of any one inventory variable reduced the con

ditional uncertainty contained in each of the remaining variables. 

Different critical regions of classification rejection were adopted 

at this more inclusive level of discrimination. Reduction of 
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conditional uncertainty among the groundstone tool inventory variables 

was accepted at the .02 - .**9 interval of confidence (Appendix B), and 

among the bone tool inventory variables the .08 - .75 interval was 

accepted (Appendix D). 

Inventory variables and their values were derived from computer 

applications of the Uncertainty Coefficient subroutine of the FASTABS 

program in the SPSS package (Nie, Bent, and Hull 1970). 

The operational definitions used to attain a reasonable degree 

of unambiguous classification differ according to the nature of each 

inventory variable. Variable use-state of objects is limited to four 

discrete values because only two kinds of observations which are 

dichotomous and complementary could be made with any consistency. An 

object might be physically complete or in a broken state. Prehistoric 

objects may have been used for one purpose or another independent of 

physical condition (see Appendices A and C, variable I). 

Variation in object size was thought to be the outcome of a 

number of multiple independent causes, specifically of other variables 

such a material function, wear and use-state. Multiple independent 

causality implies the selection of measure intervals which generate 

normal distributions of object thickness, width and length. Maximum 

measurements (in millimeters) of these dimensions were recorded inde

pendently and the appropriate measure interval of each was selected in 

terms of a compromise between approximate normality of object distri

bution and closest approximation to the smallest number (5) of intervals 

required of a normal distribution. Intervals of the selected limit for 
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each of the three object size measures were then combined to form 

discrete values of this inventory variable (see Appendices A and C, 

Variable II). 

Consistency in classification of three-dimensional object shape 

was perhaps more difficult to achieve. Each object was positioned with 

respect to its major use-plane and geometric shapes of opposite ends, 

sides, and planes were defined in terms of paired permutations of 

straight, concave or convex edges. A straight edge was used to resolve 

ambiguities (see Appendices A and C, Variable III). 

Artifacts from the Joint Site displayed a bewildering variety 

of primary and alternate functions. Investigation of groundstone and 

bone tool functions by means of experimental analogy and microscopic 

analysis of wear led to the conclusion that only one third of each 

object population could be assigned to standard Southwestern single-

purpose archaeological functions with any confidence. In certain cases 

groundstone pestle mortars were alternately used as hammerstones or as 

manos; mealing bin sides were used or unused metates; portable metates 

served as crude griddles, and some manos also functioned as grinding 

pallettes or shaft abraders (see Appendix A, Variable IV). Bone tools 

were also characterized by multiple functions in many cases. Certain 

cloth weaving awls were subsequently used as either fine or coarse-

coil basket awls, or as fiber mat-plaiting awls; other coarse-coil 

basket awls were later used as leather perforators and a hair/blanket 

pin was altered for use as a coarse-coil basket awl. Primary and 

alternate object functions were assigned on the basis of diagnostic 
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features gleaned from the literature (DiPeso 1956, 1958; Martin, 

Rinaldo and Longacre 1961) and microscopic wear patterns (see Appendix 

C, Variable IV). 

Observations of object use-wear were restricted solely to 

abrasion through use of object surfaces and were independent of evalu

ations of the shape or wear patterns diagnostic of object function. 

Objects exhibited planar or non-planar abrasion on planar or non-planar 

surfaces. Discrete combinations of various object abrasions and 

various object surfaces formed the values of this inventory variable 

(see Appendices A and C, Variable V). 

Discriminations of the material composition of groundstone 

tools was aided by knowledge gained from an intensive investigation of 

building materials forming the architecture of the Joint Site (Tracz 

1970). Architectural categories of sandstone were used in the classi

fication of tool materials because it was intuitively apparent that 

certain varieties had been selected for strength, grit, micaceous in

clusion and stain color which were likely to have resulted from dif

ferential prehistoric weathering. Other groundstone tool materials 

(such as petrified wood, quartzite, basalt) were readily distinguish

able (see Appendix A, Variable VI). Bone tool materials were sorted 

by anatomical element and taxon to the level of order only. Combina

tions of element and taxonomic affinity formed the discrete values of 

this inventory variable (see Appendix C, Variable VI). 

The final phase of classification of the external environment 

of the behavioral informational system entailed an evaluation of the 
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degree to which the discrete values of each inventory variable ap

proached the most efficient discrimination or coding possible in theory 

given the same element frequencies. This must be undertaken, to evalu

ate the degree to which the intrinsic structure of information (that 

part which has discriminate value) is affected by extrinsic structure, 

in terms of additional unwanted information that is unavoidably con

tained in the ensemble as "noise" (Legendre and Roberts 1972:570). 

This distortion is caused by inconsistent "lumping" and "splitting" of 

discrete values and it is reflected in the uneven relationship between 

the number of discrete elements and their relative frequencies. Unac

ceptable amounts of information distortion must be reduced as much as 

possible by redefining variable values which compose the ensemble. The 

Huffman (binary) coding technique is used to determine the amount of 

efficient discrimination expressed as the percentage (h*) of the 

greatest average binary information per inventory variable (H*) repre

sented by the actual average information per value of the inventory 

variable. The binary coding technique has been illustrated in an 

application to the inventory of design elements of ceramics from the 

Joint Site (Justeson 1973a) • It will suffice to note that the binary 

code (H*) is based on the notion of symbol length, which is the number 

of binary digits required to isolate any discrete value of the vsiriable, 

and the concept that probabilities of different symbol length should 

form a geometric series descending from the probability of shortest 

symbol to the longest (Herdan 1966:27*0. The discrimination efficiency 

value (h* = H/H") should approximate unity if the classification is 
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adequate, but the converse does not necessarily hold, which means that 

the coding technique is only a check which can rule out a set of vari

able values (Justeson 1973b). 

All of the major kinds of information conveyed by the inventory 

variables over the excavated population of groundstone and bone tools 

from the site are listed in Table 5 to permit insight into the static 

patterning of the inventory variables and their coefficients of dis

criminations ( h* ) . 

The set of standard information values was derived from computer 

application of a custom-designed algorithm written in FORTRAN, and the 

discrimination coefficient was derived from similar application of an 

algorithm written in ALGOL. 

Discrete Relations Between 
System Environments 

The behavioral information system is also a member of the class 

of discrete general systems, because its internal states and its ex

ternal inventory variables acquire a finite number of discrete values 

which are known to the system only at discrete instants in time. This 

condition is specified for the internal states of the system in the 

previous section. The additional requirement that relations between 

discrete variable values be expressed by equations in a particular 

logic algebra is satisfied by application of the theories of sets and 

combinatorics entailed in the calculus of the information measures. 

The four basic measures (Hmax, H, h and r,o) were given in Chapter 2. 
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Table 5* Static information and discrimination coefficients of 
variables in the technological inventories. 

Use-
state Size Shape Function Wear Material 

Grand 
mean 

Groundstone Artifacts 

Hmax 2.0000 6.0000 6.3576 5.6147 3.1699 3.8074 4.4916 

H 1.6589 4.7179 5.4119 4.2758 2.8548 2.9874 3.6571 

h .8295 .7863 .8513 .7615 .9006 .7846 .8190 

r,o .1705 .2137 .1487 .2385 .1994 .2154 .1810 

h* .9527 .9807 .9727 .9777 .9347 .9406 

Bone Artifacts 

Hmax 2.0000 5.0875 6.0000 4.7004 4.0875 2.5850 4.0767 

H 1.7508 4.2434 5.5674 4.0796 2.7242 1.7539 3.3457 

h ..8529 .8341 .9279 .8679 .6665 .6785 .8046 

r,o .1471 .1659 .0721 .1321 .3335 .3215 .1954 

h* .9645 .9763 .9751 .9567 .9638 .9825 

Key 
Hmax = cost of storing various kinds of inventory items in equal 

availability situations. 

H = cost of inconvenience incurred when types of items demanded 
and are differentially available. 

h = cost of procuring items from inventory. 

r,o = task potential of the inventory storage policy. 

h* = Huffman (binary) code efficiency. 
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The model used to analyze the behavior of the information sys

tem is selected from automata theory, and the type which is compatible 

with the archaeological framework of investigation is the finite-memory 

automaton (Klir 1969:100). This model machine (Fig. 5) is applicable 

to the analysis of discrete system relations which can be specified in 

terms of a finite set of inventory stimuli and responses with a given 

function. The memory preserves some past discrete values of the input 

inventory variables to apply them later to the functional generator as 

the system moves through its sequence of internal states. This delay 

element makes provision for the fact that the membership of individual 

architectural units (and the variable values of their inventory con

tents) in a sequence of internal states may or may not be affected by 

state transition (Table k). Thus, the informational response at a 

given time is uniquely determined by the inventory item stimulus at the 

same time and by some past item stimuli from the memory. The abstract 

theory of automata (Klir 1969:100) is directly relevant to archaeologi

cal applications because directional change in the behavior of the 

system is investigated in terms of the state transition structure de

fined as the set (Hmax, H, h, r,o) of transitions between states where 

a single internal stimulus is associated with a single transition 

(Table k). 

Automata theory may be the least transparent facet of general 

system theory in archaeological perspective, if negative reference to 

the concept in the literature provides a basis for judgment (Hole and 

Heizer 1973:̂ 3i for example). The theory of automata is implicit in 
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any flow map of an archaeological system which "stimulates any effec

tive process of symbol manipulation, be it mathematical or anything 

else" (Birkhoff 1975*87). In proper context, the automaton is a com

pletely general instruction-obeying mechanism which incorporates the 

shortest and cheapest logic network to realize a given set of functions. 

This definition applies to any model system in social science regard

less of whether the behavior of living or dead human populations is of 

interest. The major objection to the use of a "robot" model of man 

dominated by the stimulus-response (Von Bertalanffy 1969:58) in social 

science rests upon consequences which affect the quality of existence 

in contemporary cultural systems. Questions concerning the validity 

of automata applications to dead human living systems have been ignored. 

If we consider archaeology to be the study of observable response made 

by prehistoric cultural systems to environmental stimulus, the objec

tion becomes relative, and systemic interaction can be modeled in terras 

of a pre-programmed machine. This condition exists when the automaton 

incorporates both cultural and effective natural environments. Here 

system paths or trajectories of past human behavior may be viewed as 

stimulus-response that involves distraction and fallibility factors 

(Birkhoff 1975). The very strength of automata applications lies in 

the feasibility of evaluating their inadequacy. In the context, models 

of errorless automatic response can be used to investigate distracted 

and fallible responses made by prehistoric cultural systems to the 

stimulus of their effective environments. 



155 

The.same argument negates a second objection that has been 

raised about the application of automata theory to systemic analyses 

of human behavior. VonBertalanffy (1972:73) notes that a closed prepro

grammed machine can "change its structure or learn owing to input of 

information but that it cannot progressively increase its structure 

because this requires input of energy and is possible only in an open 

stytem." Since boundaries and limits are also criterial aspects of 

automata, records of progressive increase in prehistoric culture system 

structure can be programmed as a sequence of enlarged interaction 

boundaries generated by successively expanding operations and param

eters within the larger memory limits of the machine. In effect, the 

automaton generates a temporal sequence of systems which permits analy

sis of any formerly open prehistoric cultural response system as an 

arbitrarily closed automaton when the archaeological record of input 

from the effective environment can be programmed as stimuli contained 

within the machine. Analytic procedures for evaluating distracted and 

fallible response remain unchanged in this more complex automaton, and 

examples are given in the next chapter. 

Summary 

In order to evaluate the dynamic metaphors of directional change 

in natural and cultural systems that are hypothesized in Chapter 3» it 

is necessary to mask a specific prehistoric inventory system at the 

Joint Site as a general system of behavioral information. This trans

lation was accomplished by defining prehistoric inventory environments 
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that are internal and external to the behavioral information system 

together with a definition of relations between these environments. 

Explicit definition of both of these prehistoric inventory management 

environments and their relationship to each other constitute the time-

space specification of the behavioral information system. Obviously, 

it is essential to isolate the time-space boundaries of any kind of 

system if its behavior is to be measured in a rigorous manner. There

fore, we may say that this requirement does not apply primarily to 

inventory or information systems, but to all systems. 

The internal environment was defined in terms of sets of rooms 

that compose the time sequence of internal states in the inventory sys

tem program at the Joint Site, a 36-room P III pueblo located in the 

Hay Hollow Valley, east-central Arizona. Each internal state is iso

lated as a discrete set of contemporaneous rooms at the Joint Site. 

Since the room set contains that portion of the artifact inventory 

which is being measured in terms of behavioral information at one point 

in time, we may say that each internal state determines both the kinds 

and numbers of objects that are measured in terms of artifact variety 

and availability. 

Certain problems were encountered in attempting to precisely 

define the internal state sequence of this prehistoric inventory system. 

These difficulties may illuminate the major limitations of the systemic 

approach to archaeological interpretations, for more labor and money 

has been spent in the detailed investigation of prehistoric cultural 

activity sequences at the Joint Site than in most other archaeological 
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sites of similar type and size in the world. Various kinds of evidence, 

such as tree-ring and radiocarbon dates, together with pollen and 

architectural sequences have been used by different workers to define 

sets of contemporaneous prehistoric rooms and their contents at the 

Joint Site, and also to order these sets in a time sequence that re

mains debatable at present. The internal state-sequence of prehistoric 

inventory storage activity that is used in this thesis is derived pri

marily from application of the pollen chronology. This results from 

the fact that at the general system level of analysis, the definition 

of a sequence of internal states in terms of successive periods of time 

requires the use of a constant chronological trait as a continuous 

index. The relative pollen chronology of architectural units at the 

Joint Site is the only index which meets the continuity requirement, 

because pollen was found in each and every room, while the other types 

of dating materials were not. 

The external environment is described in terms of state-

dependent artifact inventories of prehistoric groundstone and bone 

tools which were excavated from the architectural units. Different 

kinds and numbers of these tools enter and exit from storage at the 

Joint Site with the time transition from one internal state to the 

next. These alterations in the composition of prehistoric inventory 

are measured in terms of the amount of change in object variety and 

availability that is given in the form of behavioral information. The 

problem which oriented the inventory classification of groundstone and 

bone tools is one of determining artifact attributes which logically 
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might have conditioned the performance of prehistoric tasks within the 

architectural units at the Joint Site, since the universe of actual 

task performance remains unknown. Simply stated, an isomorphic rela

tionship between a type of artifact and a type of prehistoric task 

cannot be asserted at the Joint Site. Therefore, inventory is defined 

to be the collection of values of a set of universal artifact variables 

where it is possible for the values of any one of these variables to 

combine with some value of another variable in the set to condition the 

performance of a prehistoric task in some way. This archaeological 

classification of inventory in terms of artifact attributes implies 

that the storage goals of the prehistoric human organization at the 

Joint Site involved management of tool attributes rather than types of 

objects. Basic inventory process remains unchanged. Every groundstone 

and bone tool is classified in terms of variable use-state, three 

dimensional size, three dimensional shape, function(s), use-wear and 

material composition. Each object is assigned exclusively to one dis

crete value (or attribute) of each of the six separate inventory vari

ables. Classification of the discrete values of these prehistoric 

inventory variables was accomplished with computer applications of two 

discrimination evaluation techniques, namely, the reduction of con

ditional uncertainty and the Huffman binary code. 

The behavioral information system is a discrete general system 

because the discrete vaGLues of both internal and external environments 

are finite. For example, there are six distinct intervals of time 

which form successive internal states in the inventory storage program 



at the Joint Site. These are thought to have spanned the dates A.D. 

1160-1320, which is the length of time the purbio may have been occu

pied. The external environment that is defined in terms of the collec

tion of inventory objects and their attributes is also composed of 

discrete and finite values because it should be clear that each arti

fact is characterized by only one of a finite number of possible use-

states, and possible sizes, shapes, functions, use-wear patterns and 

materials. 

The relations between the internal and external environments 

are defined with precision in terms of a finite-memory automaton. This 

model machine is applicable to the analysis of discrete system rela

tions at the Joint Site which can be specified in terms of a finite set 

of inventory object stimuli and a set of informational responses that 

change through time. The automaton is simply an instruction obeying 

mechanism which incorporates the shortest and cheapest logic network 

to realize a given function. In this cause, the function is one of 

converting the variety of artifact attributes and their availability 

into behavioral information which yields the set of inventory operating 

costs in any time state of the prehistoric inventory storage system at 

the Joint Site. It is not yet possible to incorporate linked subsis

tence and technological inventory operations in the automaton to 

investigate directional change in the interaction between the prehis

toric human organization1s effective cultural and natural environments 

at the Joint Site. In this thesis, use of the automaton is restricted 

to investigation of the trend in technological inventory operations 
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alone, because analysis of the subsistence inventory is incomplete at 

present. 

In the' next chapter, the technological inventory system program 

at the Joint Site is examined in terms of successive time changes in 

the operating costs of storage and demand. Directional change in these 

costs define the trend in prehistoric cultural inventory operations 

which should be analogous to one of the known or unknown linear system 

trends that were hypothesized previously. Establishment of the analogy 

may permit taxonomic assignment of prehistoric culture process at the 

Joint Site to membership in a family of system trends. In effect, we 

may be able to expand out understanding of culture process by reference 

to the analogous behavior of another kind of system. 



CHAPTER 5 

THE TEST OF HYPOTHESES 

Introduction 

The test of hypotheses in this chapter is based on the inter

pretation of results obtained by a translation or "output mapping" from 

the language of the behavioral information system to the language of 

inventory operations. This requires that the system program of tempo

rary behavior (Table 6, p. 16*0 at the Joint Site be examined in terms 

of its state-transition structure (Table 7» P» 165) and in terms of 

its directional change (Fig. 6, p. 166). Both of these phenomena are 

fundamental to all dynamic systems of behavioral information and 

control, and the analysis of each from various perspectives in the 

sections of this chapter serves to organize the discussion which fol

lows into two parts. 

The interpretation is subject to several qualifications which 

are briefly noted here. Foremost among these is the sensitivity of 

informational change in the system program. Minute changes in the 

amounts of information listed in Table 6 conceal large-scale shifts 

in object numbers and in sizes of value sets among the inventory vari

ables, due to the stability characteristic of the logarithm in the 

information measures. These state-dependent information values, then, 

are extremely sensitive. The degree to which relevant information 

161 
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values are mutually sensitive is evaluated later in a section of this 

chapter v/hich deals with homeostasis. 

A second qualification is that interpretation is based on a 

partial rather than a complete solution of the problems contained in 

the state-transition structure of the storage system and the trend. 

It will be apparent that only the surface behavior of this system is 

examined in terras of grand mean information values (Tables 5 and 6). 

A rigorous solution would require separate examination of the state-

transition structure of the set of inventory variables (object use-

state, size, etc.). In a sense, the concern with surface behavior in 

this investigation neglects the revelation of the inner characteristics 

of the system to attain a description of its outer parameters (Klejn 

1973s702). This was found to be the requisite level of abstraction for 

the comparison of system dynamics however, in the discussion of cyber

netic information and control systems in Chapter 3. The inner be

havioral information characteristics of the prehistoric inventory 

storage system at the Joint Site may be defined concisely in terms of 

"dynamic union hierarchies" (von Bertalanffy 1969) of the inventory 

variables within and between sequential states of the system. For 

example, inspection of Table 5 shows that different amounts of infor

mation and control characterize the static pattern of inventory vari

ables, and it is likely that dynamic differences also exist which can 

be hierarchically ordered in terms of successively united branches of 

these variables for any state of the system. Here it is important to 

note that "dynamic differentiation hierarchies" (von Bertalanffy 1969) 
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are inapplicable to internal maps of most behavioral information sys

tems, except in special situations (Zerbst 1972) in which stimulus-

response dynamics of non-homogeneous variables in simple open organ-

ismic systems are modeled as integrated metabolic systems. This model 

contains the most advanced version of organic thermodynamical process 

which was discussed in terms of homeostatic trends in open biological 

systems in Chapter 3« 

The interpretation is qualified in a third way. A complete 

solution of the system program would additionally require measurement 

of the "white heat" contained in behavioral information which pertains 

to inventory systems. This is expressed in terms of changing relations 

between the "content" of information (or H) and the amount of its 

negentropy (or r,o), which may be analogous to alterations of tempera

ture in thermodynamic systems. The absence of this identifiable and 

comparable internal quantity in biological systems is viewed (Parsegian 

1973:203) as an obstacle to the deeper understanding of living systems. 

The theoretical relationship between information content (H) and negen

tropy (r,o) is implied in each visual representation of the nine linear 

system trends graphed in Figure 2. No attempt is made in this thesis 

to determine the nature of the equation of information content (H) to 

negentropy (r,o). Within the context of the prehistoric inventory sys

tem at the Joint Site, this would amount to a formal expression of the 

dynamic relationship between the cost of demand (H) and the amount of 

task potential (r,o). Although the state-dependent values of these two 

variables are presented in Table 6, this important problem cannot be 
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Table 6. System program of average temporary information behavior.* 

Groundstone Tools Bone Tools 
Floor 
Alone 

Floor and 
Level Above Alone 

Floor and 
Level Above 

a"5 Hmax 3.7941 4.0575 2.4369 3.7374 
H 3.3096 3.4944 2.3189 3.1314 

(±1160- h__ .8629 .8586 .9397 .8181 
1205—) r'o .1371 .1414 .0603 .1819 

Hmax 3.5274 3.8171 1.3900 3.3155 
H 3.1766 3-3431 1.3627 2.8242 

(—1205- h .8976 .8750 .9728 .8345 
1230^) r~o .1024 .1250 .0272 .1655 

s-3 Hmax 4.2466 4.3450 2.8511 3.8642 
H 3.6290 3.6174 2.6580 3.2541 

(±1230- h .8540 .8390 .9135 .8219 
i25oi) rTo .1460 .1610 .0865 .1781 

s-2 Hmax 4.2668 4.3223 2.5128 3.3836 
H 3.636k 3.6512 2.3313 3.0039 

(—1250- h .8485 .8468 .9156 .8716 
1265^) ?7o .1515 .1532 .0844 .1284 

s"1 Hmax 4.3591 4.3993 2.8160 3.5627 
H 3.6183 3.6248 2.5796 3.0787 

(—1265- h .8264 .8259 .9028 .84 50 
1285̂ ) rTo .1736 .1714 .0972 .1550 

s° Hmax 4.2504 4.3107 2.6356 3.2702 

(±1285-
H 3.5604 3.5800 2.4657 2.9058 

(±1285- h .8313 .8295 .9198 .8687 
1320̂ ) r'o .1617 .1705 .0802 .1313 

•Summary average of the values of all six variables. 
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Floor Alone Floor and Level Above 

Groundstone Tools 

_ s -5 s' 
-if 

s"5 s-2 s"1 s° s-5 «•* s-5 s-2 s-1 

Hmax 0 1 1 1 0 0 1 0 1 0 

H 0 1 1 0 0 0 1 1 0 0 

",o 0 1 1 1 0 0 1 0 1 0 

Bone Tools 

_ S -5 s'k s"3 s~2 s"1 s° s-5 s-3 s-2 s-1 

Hmax 0 1 0 1 0 0 1 0 1 0 

H 0 1 0 1 0 0 1 0 1 0 

",o 0 1 0 1 0 0 1 0 1 0 

.0 

,0 

Key 
0 = relative decrease from prior to a subsequent state (Table 6), 
1 = relative increase from prior to a subsequent state (Table 6), 
Hmax = cost of storing various kinds of inventory items in equal 
_ availability 
H =s cost of inconvenience incurred when differentially avail

able kinds of items are demanded 
?7o = amount of task potential in the inventory storage policy. 
0/0/0 = Hmax/H/r,o (see Fig. 6). 



Groundstone Tools 
Floor (3-5) 0/0/0 1/1/1 (s-3} 1A/1 (s-2) 1/OA (s-l) 0/0/0 (30) 

Groundstone Tools _c- 0/0/0 , 1/1/1 •, 0/1/0 1/0/1 , 0/0/0 
Floor and Level (S ) (S~ ) (S ) (S~ ) (S ) (S ) 

noorTOOlS (s-5) 0/0/0 (3-->) Wl (s-5) 0/0/0 (3-2) 1/1/1 (3-1) 0/0/0 (s0) 

noorTandSLevel (s-5) 0/0/0 (s-») 1AA (s-3) 0/0/0 (s-2) 1A/1 (s-l) 0/0/0 (s0) 

Figure 6. State-transition diagrams. 
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investigated here. If such an equation were derived, it might con

ceivably be likened to Boltzman's constant in classical thermodynamics. 

The State-Transition Structure of 
Inventory Storage Costs 

The microstructure of state transitions is initially mapped in 

terms of column vectors in Table 7» and re-mapped as horizontal flow 

diagrams in Figure 6 to permit easier reading. The parenthetical en

closures shown in both Table 7 and Figure 6 represent storage states 

of the system, while instantaneous states of variable stimulus (Hmax), 

response (H), and negentropy (r,o) represent time transitions. We are 

concerned with interpreting the composition of the behavior of maximum 

(Hmax) information and actual (H) information which have common dis

crete values of the inventory variables. This structure permits 

insight into the instantaneous aspect of prehistoric inventory storage 

operations during any state of the system. It is appropriate to recall 

that maximum and actual information may in theory vary independently of 

each other to determine changes in the amount of negentropy (r,o) in 

any state transition. The structural mechanics of these theoretically 

independent behaviors in known and unknown system trends and their in

ventory management analogues were presented as hypotheses (1) through 

(9) in Chapter 3« 

The fact that Hmax and H vary together between most activity 

intervals at the Joint Site to produce a simple composition of behavior 

in both stratigraphic partitions seems remarkable. This finding per

mits strong suspicion that homeostats were operative in the prehistoric 
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storage management of. both technological inventories, and that this 

phenomenon analogous to the thermodynamics of organismic systems out

lined in hypothesis (5) of Chapter 3» A prescribed internal environ

ment of the inventory management system may have been homeostatically 

maintained in spite of fluctuations in storage activity at the Joint 

Site and change in the system's external natural environment. Evalu

ation of this possibility in terms of statistical inference in the next 

section entails prior definition of the microstructure of prehistoric 

storage activity and homeostats below. 

Inspection of state-transitions in the information values of 

inventory operations in Table 6 shows that the regularity of composi

tion noted above is caused by the fact that change in cost (H) of 

inconvenience, incurred when demanded kinds of items are differentially 

available, is a lag-response to the stimulus of change in cost (Hmax) of 

storing various kinds of items in equal availability situations.̂ " 

Homeostats may control lag-response interaction in the follow

ing manner. Fluctuation in the ratio of storage (Hmax) and demand (H) 

costs from one system state to the next directly determines change in 

the cost of procuring items from inventory (h), where amounts of task 

potential (r,o) in storage policy are residual. Consequently, we may 

speak of task potential as the "homeostatic mechanism of proportional 

control" (Goldman 1960:120). In a linear feedback control system such 

as this, the same mechanism (r,o) which corrects positive error 

1. Except in cases where confusion might arise, these costs 
are abbreviated hereafter as "cost of demand (H)" and "cost of 
storage (Hmax)." 
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(increase) in the cost of item procurement (h) also corrects negative 

error (decrease). Two sharply contrastive microstructures which con

tain each type of error define the regular fluctuations in storage 

activity in Table Each disturbs the stability of the prehistoric 

management system's internal environment in an opposite manner. 

The first of these is composed of a decrease in the cost of 

storage (Hmax) that is associated with a disproportionately smaller 

decrease in the cost of demand (H). The result is positive error in 

cost of item procurement (h) and decline in task potential (r,o) given 

_L 
by 0,0,0 in Table 7» for example (S , S ). 

The second microstructure is the direct opposite of the first. 

This composition exhibits transitional increase in the cost of storage 

(Hmax) which is associated with a disproportionately smaller increase 

in the cost of demand (H). The result is negative error in cost of 

item procurement (h) and rise in task potential (r,o) given by 1,1,1 

-k -3 
in Table 7; for example (S , S ). It is possible that sequential 

alternation of these microstructures in the system program reflect 

"undershoot" and "overshoot" in error control. The inference cannot 

be made at present, however, that these error control fluctuations 

involve distraction and fallibility factors in the prehistoric manage

ment of stored technological inventories at the Joint Site, as implied 

by automata theory in Chapter 3« This limitation on inference cannot 

be removed until the abstract automaton is fully implemented by in

corporation of the prehistoric subsistence inventory. It makes no 

sense to infer distracted or fallible management responses to technology 



at the Joint Site until the stimulus of subsistence management can be 

related to it in a programmatic manner. 

Inspection of Table 7 also reveals the existence of irregular 

—3 —2 compositions in the microstructure of the third (S , S ) and fourth 

-2 —1 
(S , S ) state transitions in the management of the stored ground-

stone tool inventory. Irregular composition in the earlier state-

—3 —2 transition (S , S ) is manifest as a nonconformity where the direc

tion of change in both the cost of storage (Hmax) and task potential 

(r,o) differs according to stratigraphic context. In the second tran-

—2 —1 sition (S , S ) the microstructure is uniformly repeated in both 

stratigraphic contexts, but its composition is irregular because all 

costs do not vary together in the same direction. The uniform but 

irregular behavior of the cost of demand (H) as the stimulus-response 

in both of these problematic state transitions, however, does permit 

limited inference. It appears that the prehistoric strategy for the 

management of the groundstone technological inventory was subject to 

temporary alteration or perturbation during the period A.D. —1230-

1285—. During this era, the cost of demand (H) increases in the 

—3 -2 earlier transition (S , S ) when it should decrease, and it decreases 

—2 —1 in the subsequent transition (S , S ) when it should increase in a 

manner compatible with the overall program of the system. Since this 

irregular behavior of the response variable (H) in groundstone tool 

inventory management cannot be attributed to differential stratigraphy 

as in the case with the stimulus variable (Hmax), I strongly suspect 

that distracted and fallible management responses were involved. This 
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finding has additional interpretive consequences for it demonstrates 

that specific technological inventories are likely to have been stored 

differentially in a disturbance situation. 

Without the subsistence inventory data, the sources of per

turbation in the composition of stored tool inventory remain indi

rectly apparent. Inspection of Table k shows that most of an entire 

wing of rooms (R06, R07, R08, R09, RIO, R31, R32) was constructed, 

occupied and abandoned between A.D. -1230-1285— at the Joint Site. 

Hevly, Ward and Van DeGraff (1972) have combined different lines of 

palynological and archaeological evidence from studies of various sites 

in the Hay Hollow Valley to infer regional changes in vegetation, cli

mate and human demography during the period A.D. 1230-1270. The fact 

that this interval coincides with the period of management disturbance 

(allowing for the 15 year error estimate) is noteworthy. Their analysis 

of ecofactual materials at the Joint Site indicates that a shift from 

primary reliance upon cultigens toward increasing usage of nonculti-

vated plants and small game animals occurred during this time interval, 

and was concomitant with the initial phase of human abandonment of the 

Hay Hollow Valley. Hanson (1975) has profitably investigated adaptive 

variation in other inventories at the Joint Site as prehistoric cul

tural response to environmental stress during this particular period. 

Evaluation of Homeostatic 
Cost Relations 

Homeostasis is distinguishable from other types of system be

havior in terms of two criteria. The first of these is the convergence 
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upon or maintenance of some stable relation in the system. In effect, 

we are dealing with "stable feedback" in which the source output of the 

system is neither diminished nor intensified in a cumulative manner. 

The second criterion of homeostasis is that the stable relation is 

described as desirable. This sort of goal-seeking behavior is "largely 

an extension of a human interpretation to systems running to equi

librium states. . . (Clarke 1968:52). 

In the case of inventory storage operations at the Joint Site, 

we think in terms of a looped subsystem in which task-potential (r,o) 

acts to control or regulate the relation between cost (Hmax) of storage 

and cost (H) of demand. Since the stability of the proportional con

trol mechanism, i.e., of task potential (r,o), depends on the stability 

of the ratio of storage (Hmax) and demand (H) costs, sin evaluation of 

the strength of the relationship between these two variables is the 

basis of inference. If the correlation between these costs in the 

state sequence of inventory operations is statistically significant, 

homeostatic maintenance of a prescribed environment that is internal 

to the management system can be inferred. 

Measures of the spread of storage (Hmax) and demand (H) costs 

for each inventory listed in Table 6 about the linear least-squares 

equation were derived from computer applications of the product-moment 

correlation (r) subroutine in the SPSS package (Nie, Bent and Hull 

1970). The bivariate correlation coefficients are listed in Table 8 

as Test 1. The lowest correlation coefficient obtained was r = .9̂  

with a corresponding level of significance p = .002. The lower limit 
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Table 8. Correlation coefficients of inventory management costs. 

Test Is Bivariate Correlation Coefficients 
2 Variable Costs R R Significance 

(GSFHmax) (GSFH) .98 .97 .0001 
(GSFLHmax) (GSFLH) .97 .95 .000̂  
(BFHmax) (BFH) .99 .99 .0000 
(BFLHmax) (BFLH) .9*f .88 .0025 

Test 2s First-Order Partial Correlation Coefficients 

Variable Costs Control Coefficient D.F. Significance 

(GSFHmax) (GSFH) Space .97 5 .50 
(GSFLHmax) (GSFLH) Space .99 3 .50 
(BFHmax) (BFH) Space .99 3 .50 
(BFLHmax) (BFLH) Space .98 3 .50 
(GSFHmax) (GSFH) Time .98 3 .50 
(GSFLHmax) (GSFLH) Time .97 3 .50 
(BFHmax) (BFH) Time .97 3 .50 
BFLHmax) (BFLH) Time .9̂  3 .50 

Key 
(GSFHmax) = cost of storage - groundstone tool inventory, floor 

alone 
(GSFH) = cost of demand - groundstone tool inventory, floor 

alone 

(GSFLHmax) = cost of storage - groundstone tool inventory, floor 
and level above 

(GSFLH) = cost of demand - groundstone tool inventory, floor 
and level above 

(BFHmax) = cost of storage - bone tool inventory, floor alone 
(BFH) = cost of demand - bone tool inventory, floor alone 

(BFLHmax) = cost of storage - bone tool inventory, floor and 
level above 

(BFLH) = cost of demand - bone tool inventory, floor and 
level above 

Space = level of spatial resolution (Table *0 
Time = level of temporal resolution (Table k) 
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to the proportion of variation in the cost (H) of demand that can be 

attributed to the cost (Hmax) of storage is established by this par-

ticular test as r = .88. Since the measure (r) involves variance and 

covariance, it is highly affected by extreme costs of either storage 

(Hmax) or demand (H). This may be the case where the effect of one 

extreme value (S in Table 6) for the bone tool inventory (floor 

alone) is to produce a high correlation (r = .99) where none may exist 

in the remainder. Extreme values are not evident in the other inven

tories. Within the limits of both of these costs the relationship is 

approximately linear, and the inference is made that task potential 

(r,o) operates as a stable regulator of cost of procuring items (h) 

from stored tool inventories. 

It was thought necessary to evaluate the validity of this 

important inference by testing the possibility that the stable cost 

ratio represented a spurious correlation which might be attributable 

to variation in the time-space resolution levels of internal system 

states. Measures of the spread of storage (Hmax) and demand (H) costs 

about the linear least-squares equation, controlling for the effects 

of time and space (Table *f) in each internal state, were derived from 

computer applications of the partial correlation subroutine in the SPSS 

package (Nie, Bent and Hull 1970). The partial correlation coefficient 

for each inventory (see Table 6) is listed in Table 8 as Test 2. The 

highest partial correlation coefficient obtained was r = .99 with a 

corresponding level of significance p = .50. This is weak evidence 
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against the validity of the inference, which does not, therefore, need 

to be modified. 

The stability of this dimension of prehistoric inventory 

management at the Joint Site is not in accord with two aspects of 

recent theory about the nature of prehistoric culture as a homeostatic 

system and as a management system. For example, one conclusion drawn 

from this investigation is that the equilibrium of inventory manage

ment costs maintained by the task potential homeostat prevents "extra-

systematic input overloads" which are claimed (Wood and Matson 1973s 

68l) to be the source of change in homeostatic systems. Time changes 

in the absolute costs of inventory management reflect changes in the 

complexity of technological inventories (Table 6), but the amount of 

task potential in the storage policy remains stable. Task potential 

may therefore reflect the desirable "as-if thinking" quality of sys

temic interaction (Klejn 1973s706) which allows us to comprehend pre

historic inventory operations in terms of purposeful behavior. Purpose 

is expressed in the reasonably stable control of item procurement costs 

in the homeostatic model. The stability of task potential has an addi

tional interpretive consequence. The hypothesis has been advanced 

(Munton 1973s686) that in prehistoric culture situations "where well-

defined management objectives exist, the primary aim may be to manipu

late the system to improve or even optimize its efficiency." If we 

consider task potential to be the measure of the efficiency of the 

inventory storage policy, then we may infer that the "as-if thinking" 

function does not support the hypothesis in terms of improving the 

storage aspect of management. 
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The discovery of context-free homeostasis in the prehistoric 

management of stored technological inventories at the Joint Site per

mits the analogy betv/een the thermodynamics of organismic systems and 

this aspect of culture process to be narrowed further. The course of 

investigation shifts at this point from analysis of the strength or 

degree of balance between inventory costs to an examination of the 

nature or form of the equilibrium trend in the inventory storage 

system costs themselves. 

The Trend in the Inventory Storage Costs 

In the discussion of the microstructure of state-dependent in

ventory costs above, the relationship between costs of demand (H) and 

storage (Hmax) were shown to have remained within a stable range. 

Except for "overshoot" and "undershoot" in control of the cost of item 

procurement (h), and environmental perturbation of the cost (H) of 

demand in certain states of the system, we see little evidence of 

process. In the strict sense of the term, "process occurs only when 

stress or threat has created a strain which pushes a variable beyond 

its stability" (Miller 1971s292). 

When we turn our attention to the state-transition in the 

absolute cost of storage (Hmax) or of demand (H) in the inventory sys

tem (Table 6), process becomes evident. If the inventory storage 

system is an equilibrium system that is given by the stability of task 

potential, as demonstrated in the previous section, then it is desir

able to determine the form of the time-cost relationships by the 
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analysis of their trajectories. Here it is necessary to recall that 

either the steady-state equilibrium or the dynamic equilibrium trajec

tory of output from organisms (and, by analogy, the output that is the 

technological inventory) was implied by the simple open system model 

of thermodynamics presented as hypothesis 5 in Chapter 3. The problem, 

then, is to determine which of these two types of equilibrium is the 

closer approximation of the cost sequences that are listed for each 

inventory in Table 6 and graphed as phase-plane trajectories of the 

inventory costs in Figure 7. 

The inferential tool of regression analysis was used to find 

the best prediction equation of time-cost relationships in each inven

tory and to evaluate its accuracy. Because the focus of the investi-

tation is toward the evaluation of specific types of relationships, 

the null hypothesis, that the value of the time-cost parameter is zero, 

is tested against the alternative hypothesis that its value is greater 

or less than zero. The results should be viewed with some skepticism 

because certain assumptions about sample representation and normality 

are violated in these applications. In particular, the dependent 

variable cost (H) of demand from inventory is a grand mean value 

(Table 5) which was shown not to behave as a sample (Table 8, Test 2) 

attributable to the time-space resolution of the system. Nevertheless, 

some insight into the form of the inventory equilibrium trend can be 

gained from application of this statistical technique, if it results 

in nothing more than a slight substantiation of the visual interpre

tation of the inventory cost trajectories in Figure 7. It should also 
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be noted that only one of the inventory costs, that of demand (H), was 

analyzed, independent of its relationship to cost (Hmax) of storage, in 

order to rule out the distortion effect of multicolinearity (Nie, Bent 

and Hull 1970) in regression analysis. Analyses of data were derived 

from computer applications of the regression routine in the SPSS 

package (Nie et al. 1975)• 

The hypothesis that the time-cost trajectory (Fig. 7) approxi

mated a steady-state trend (in which the rate of change diminishes 

with time) was tested first. The null hypothesis, that the time-cost 

parameter did not approximate this type of trend, was accepted (Table 

9, Test 1). 

We are left with the hypothesis that the time-cost trajectory 

exhibits a dynamic trend in which rates of change, and therefore inven

tory system process, exists. It was considered worthwhile to determine 

whether the dynamic rate of change is: 1, constant, in a linear time-

cost relationship; 2, accelerating, in a exponential time-cost 

relationship; cyclical, in a nonlinear logistical curve; or 

oscillating in a nonlinear polynomial trend. 

Inspection of the time-cost trajectories of the inventory sys

tem in Figure 7 permitted possibilities 2 and 3 to be ruled out. The 

two remaining dynamic trends were investigated. The null hypothesis, 

that the value of the time-cost parameter of the inventory system does 

not behave linearly, was accepted (Table 9, Test 2). The best pre

diction equation of time-cost relationships in each inventory is 

provided by a polynomial quartic or fourth-degree equation, which 
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Table 9. Regression coefficients of inventory demand costs (H) in 
sequential states of the system program. 

Test 1: Diminishing rates of change in the steady equilibrium trend3" 

Variable _ 
Cost Simple R R A B Beta D.F. (F) Significance 

(GSFH) .68 .48 3.24 .28 .68 1/4 P> .05 
(GSFLH) .54 .29 3.44 .13 .54 1/4 P > .05 
(BFH) .32 .11 2.01 .31 .32 1/4 P> .05 
(BFLH) -.21 .05 3.09 -.06 -.21 1/4 P> .05 

Test 2: Constant rate of change in the dynamic 2 equilibrium trend 

Variable o 
Cost Simple R R1- A B Beta D.F. (F) Significance 

(GSFH) .65 .42 3.30 .02 .65 1/4 P> .05 
(GSFLH) .55 .30 3.46 .01 .55 1/4 P> .05 
(BFH) .48 .20 1.99 .03 .45 1/4 P> .05 
(BFLH) .23 .05 3.08 -.01 -.22 1/4 P> .05 

3 Test 3: Oscillating rate of change xn the dynamic equilibrium trend 

Variable _ 
Cost Multiple R R A B Beta D.F. (F) Significance 

(GSFH) 
xi .65 .42 3.53 -.28 -11.00 1/4 
X2 .79 .63 3.53 .06 60.08 2/3 
X? .83 .70 3.53 -.00 -94.09 3/2 

.96 .94 3.53 .00 45.41 4/1 P > .05 

(GSFLH) 
xi .55 .30 3.66 -.22 -14.82 1/4 
X2 .67 .44 3.66 .04 75.24 2/3 
X? .77 .60 3.66 .00-115.22 3/2 
X̂  .98 .95 3.66 .00 55.03 4/1 P> .05 
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Table 9—Continued. 

Test 3—Continued 

Variable  ̂
Cost Multiple R R A B Beta D.F. (F) Significance 

(BFH) 
Xl .20 3.05 -.93 -15.61 1A 
X2 A6 .21 3.05 .17 73.15 2/3 
X3 .65 ,h2 3.05 -.01 -108.39 3/2 
X̂  .85 .73 3.05 .00 50.97 VI p> .05 

(BFLH) 
X1 .23 .05 3.33 -.26 -13.55 1A 
X2 .33 .11 3.33 .05 63.̂ 7 2/3 
x3 .^9 ,2k 3.33 -.00 -95.93 3/2 
X̂  .70 .̂ 9 3.33 .00 5̂.50 Vi p> .05 

Key x 

trend regression equation is Y = A + B logX 
2 trend regression equation is Y = A + B̂ X̂  + + k̂̂ k 

trend̂  regression equation is Y = A + B̂ -Xl + B2x2 + ••• B̂ X̂  

(GSFH) = cost of demand - groundstone tool inventory, floor alone 

(GSFLH)= cost of demand - groundstone tool inventory, floor and 
level above 

(BFH) = cost of demand - bone tool inventory, floor 

(BFLH) = cost of demand - bone tool inventory, floor and level 
above 

1 2 3 K X , X , X , X = successive pov/ers of the predictor variable 
(X = time) 
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indicates that the inventory system trend has three reversals of direc

tion or "bends." The null hypothesis, that the obtained equation is 

not the simplest adequate (P = .05) description of the inventory system 

trajectory, was accepted (Table 9, Test 3). 

V/e are left with the inference that the time-cost relationship 

is nonlinear, and that its exact underlying form is not suggested by 

existing theory. We do know however, that the trend of time-cost re

lations in the technological inventory system is a dynamic equilibrium 

trend, and that in terms of the analogy to organismic thermodynamics, 

this finding points directly at sub-hypotheses 3 and 4 entailed in the 

homeostatic trend of open biological systems (see Chapter 3). These 

variant possibilities jointly specify that sequential values of task-

potential in artifact storage are the product of a dynamic equilibrium 

process and that similar values of negentropy in the floral and faunal 

subsistence inventories should result from either a dynamic or a 

steady-state equilibrium. Only a portion of the dynamic metaphor has 

been isolated and there is no indication yet whether sequential amounts 

of inventory task-potential (Fig. 7) are equal to or less than the 

amount of negentropy in the subsistence storage policy. Thus we are 

left with the question of choosing reversible or irreversible thermo

dynamics as the analogue to the dynamic management of linked inven

tories at the Joint Site. 
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Interpretation of the Trend 
in Storage Costs 

The conclusion that no theory exists which suggests the under

lying form of inventory system process at the Joint Site with adequate 

confidence has interesting interpretive consequences. 

The first of these consequences is that the passage of time is 

not likely to have a predictable effect on the rate of change in the 

costs of inventory storage (Hmax) and demand (H). For example, the 

trajectories of these values in the phase-plane (Fig. 7) clearly show 

a cumulative increase in the amount of technological innovation and the 

amount of imitation given, respectively, by the rising costs of storing 

(Hmax) qualitatively different kinds of items and of demanding (H) 

these from inventory. Yet the rate of change in this cumulative ex

pansion of complexity in technology is not amenable to a simple predic

tion, which we would expect to be the case if the accumulation of 

technological innovations served primarily to "reward" the cultural 

system by increasing its adaptive efficiency. The lack of a simple 

explanation for technological expansion at the Joint Site suggests that 

cumulative technological complexity also entails "penalties" which are 

as important as rewards from the viewpoint of managing innovations 

which have been incorporated into the inventory. 

In most archaeological models of cumulative prehistoric tech

nological innovation, the assignment of unequal weight to reward and 

penality consequences is implicit. The reason for this emphasis is 

given by evolutionary theory, in which cumulative technological inno

vation offers a reward to a prehistoric cultural system by optimizing 
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the exploitation of its effective natural environment in the neo-

Darwinian sense of adaptive variation. This premise has been succinctly-

stated in two archaeological models. Zubrow (1975?33) asserts that 

•'technology is the limiting factor on the production of goods and 

services. . . ." from a ". . . systemic ecological viewpoint." This 

opportunistic perspective is also clearly implied in an adaptive re

organization model of inventory management in prehistory: 

Once initiated the culture system is cumulatively increased, 
since the rate of gaining new information is greater than its 
rate of loss; this cumulative survival is the great poten
tial of this system that the early hominids stumbled upon as 
the emergent property of freshly re-networked behavior 
(Clarke 1968:87)*. 

The assumption which is implied in these models, that evolutionary pro

gression from less to more complicated human living systems is associ

ated with wider adaptation, has been criticized by von Bertalanffy 

(19695 68) who observed that adaptation is possible at any level of 

organization, and that the question of adaptability itself depends on 

whether long- or short-term advantages are of concern. 

It is fair to say that archaeological models of short-term 

adaptive advantage are derived from the assumption that temporary 

reward from technological innovations is automatic, regardless of im

pact on inventory management. For example, Zubrow (1975:3*0 incor

porated a sophisticated economic theory of technological invention 

into his archaeological model of prehistoric carrying capacity. Here, 

the immediate reward of innovation in a balanced economic situation 

ultimately v/ould entail the penalty of disequilibrium, where penalty 

calculations such as investment costs and failure risks determine the 
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amount of innovation at any state. The limitation of this model is 

that penalty calculations can be made effectively only on the basis of 

short-term estimates, in cultures in which documentation or long-term 

"memory" is absent. Models of short-term adaptive advantage such as 

Zubrow's are ultimately concerned with the generation of technological 

innovations. This is the problem of acquiring adaptive variety for 

the stocking of cultural inventories. The failure of prehistoric cul

tural systems is ultimately explained in terms of the assertion that 

a "needed" technological function never occurred. 

In contrast, models of long term-change in prehistory usually 

assume that appropriate or adaptive technological innovations were 

stocked and released from the cultural inventory for the duration of 

the human living system in question. The problem orientation that is 

implied by this model is not concerned with the relationship between 

acquisition of technology and living system stability but rather with 

the stable management of these acquisitions in terms of stocking and 

release operations. The difference between these models is succinct. 

In the short-term situation, cultural rules exist for acquisition and 

stocking of innovations in inventory while release is assumed to be 

random. In the long-term situation, stocking and release of innova

tions and imitations is random and cultural rules exist for management 

of their diversity in relation to their availability. 

The long-term effects of technological innovation and imita

tion in prehistoric inventory management systems has been analogized 

to the law of evolutionary potential (Plog 1973b), in which the 
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direction of cumulative change in inventory is toward increasing com

plexity or expansion of technology to a threshold beyond which the 

inventory system is elaborately functional but about to become extinct. 

Pattee (1972) notes that "one of the most discouraging properties of 

our own technologically proficient society is that while functions are 

maintained they may be quite elegant, but when failure occurs it may 

be catastrophic." The concept that the growth of organismic and cul

tural complexity inevitably leads to extinction was defined by Zipf 

(19̂ 9:222) by reference to three kinds of process. First, he theorized 

that in short-term situations where organismic interaction consists of 

local competition for environmental energy that deteriorates at a 

steady rate, opportunities which permit smallest size or simplest 

organization sire favored. Losers in the competition are "forced" to 

develop larger or more complex organizations. Second, in short-term 

situations where competition occurs for environmental energy that 

deteriorates at a variable rate, the selection process is reversed, due 

to the need for elaborate or complex storage systems as a contingency 

measure. Third, in long-term situations where these two energy dete

rioration trends alternate, the less complex organisms are ultimately 

favored. 

While Zipf's model has obvious merit in that it integrates the 

law of evolutionary potential with systematic ecology since living 

systems are coupled with their effective natural environments, we do 

not need to think in terms of long-term alternations in the composi

tion of environmental input, as this model implies. It is possible to 
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construct an interpretation of short-term transformations in prehis

toric cultural inventory systems which are coupled with their effective 

natural environments in a way that is consistent with the implications 

of organismic thermodynamics. This hypothesis, it will be recalled, 

was found to be the appropriate metaphor to both the statis and dynamic 

aspects of inventory management at the Joint Site. The analogy pro

vides a framework for an expanded interpretation of inventory manage

ment, ii:_which the nature of the coupling, defined in the hypothesis 

(Chap. 3)» was linked technological and subsistence automata. 

The Expanded Interpretation 

We can derive insight into the nature of the inventory system 

dynamics at the Joint Site if we assume the effective natural environ

ment of this prehistoric culture to behave in a self-organizing manner, 

specifically in terms of the "progressive segregation" trend (Chap. 3, 

hypothesis 1) or the "progressive desegregation" trend (Chap. 3» 

hypothesis 9) known to characterize biological systems. Since the 

length of time involved in either natural system process is not speci

fied, we may imagine short-term shifts in variety (Hmax) and avail

ability (H) which define the structure of the community of economic 

organisms to reflect alternate trends. Here we wish to know whether 

the effective cultural environment can be defined as a map of the vari

ety and availability which exists in the cultural system.'s effective 

natural environment. In this situation, economic species are extracted 

and stored in direct proportion to their variety (Hmax) and availability 
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(H), thus corresponding to the structural mechanics of inventory-

management. 

We know immediately that natural variety and natural avail

ability cannot be simultaneously encoded by the cultural system in a 

one-to-one mapping situation such as this, because the trend of tech

nological inventory operations at the Joint Site does not correspond 

to either natural system trend. A cultural system may map (in an iso

morphic manner) either variety or availability contained in its effec

tive natural environment. Here the shift from one natural system trend 

to the other permits rewards or imposes penalties which must be accepted 

by the cultural system if the amount of task-potential in the storage 

policy of its technological inventory operations is to remain stable. 

Regardless of whether natural variety (Hmax) or availability 

(H) is mapped directly into the storage composition of technological 

inventories, "progressive segregation" trends in the community of eco

nomic species imposes a penalty on stable management of stored inven

tory by forcing either the cost of storage (Hmax) or the cost of 

demand (H) upward. This may have happened at the Joint Site during 

the period (A.D. 1230-1270) of environmental disturbance in which the 

cost of demand (H) from the groundstone artifact inventory behaves 

irregularly (S~̂ , S~̂ , S-"1" in Table 7). 

Alternatively, a short term "progressive desegregation" trends 

in the economic species composition of the effective natural environ

ment offers a reward (in terms of isomorphic mapping) to the cultural 

management system by permitting the cost of inventory storage (Hmax) 
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relative to the cost of demand (H) to decline. These trends may have 

occurred at the Joint Site during the period (A.D. 1205-1230) in which 

the costs of storage (Hmax) and demand (H) decrease noticeably in both 

the stored groundstone and bone tool inventories. It should be noted 

that penalties and rewards in this context need not have symmetric 

effects on all inventories. An increase in the number of less common 

economic species would represent a penalty situation in the management 

of certain directly linked technological inventories and not of others. 

In contrast, a reward offered by the increasing predominance of the few 

common economic species may permit a decline in both costs of holding 

any directly linked technological inventory. If the amount of negen-

tropy in the subsistence environment declines through the "progressive 

desegregation" trend to a value which is less than the amount of task 

potential in the technological management policy, then, in theory, the 

effective cultural environment becomes dysfunctional in the one-to-one 

mapping situation. 

It is possible that no mapping correspondence exists between 

effective cultural and natural environments. In such a situation, 

where the constraints on one environment fluctuate independently of 

constraints on the other, we can imagine technological inventories 

functioning in the human extraction from the effective natural environ

ment of all rare economic species and few of the common ones. This is 

neither intuitively appealing nor likely, for obvious reasons. The 

major conclusion of this investigation is that a dynamic metaphor may 

exist between the trend in the storage policy of technological 
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inventories and certain entropy production trends that are possible in 

organismic systems. A more definitive evaluation of the metaphor 

depends on completion of the analysis of the prehistoric subsistence 

inventories recovered from the Joint Site. 

Summary 

In this chapter, time changes in the assemblage of prehistoric 

artifact attributes at the Joint Site are reduced to dynamic patterns 

of information and control. In order to test hypotheses about linear 

system trends, however, the information patterns must be expressed in 

the form of cultural inventory operations. 

Dynamic systems of behavioral information and control exhibit 

two fundamental characteristics, and the prehistoric inventory opera

tions at the Joint Site are examined in terms of both of these. The 

first characteristic is the state-transition structure of information 

that is given by the existence of a stable relationship between maximum 

information (Hmax) or variety and actual information (H) or availa

bility through successive intervals of time. The dependent role which 

redundancy or negentropy (r,o) plays in this relationship is also of 

interest. The state-transition structure of inventory operations is 

analogously measured in terms of the stable relationship that may 

exist between the cost of storage (Hmax) and the cost of demand (H). 

It is also desirable to define the task-potential (r,o) of the prehis

toric inventory storage policy in this context as well. 

The second characteristic of dynamic behavioral information and 

control systems is the direction of change in the absolute amount of: 
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1, maximum information (Hmax) or variety; 2, actual information (H) or 

availability; and 3, redundancy or negentropy (r,o) through time. 

Each of these is examined within the analogous framework of inventory 

operations in terms of directional change in: 1, the cost of storage 

(Hmax); 2, the cost of demand (H); and 3» the amount of task potential 

of the storage policy. 

The state-transition structure of these costs in the prehis

toric inventory storage program at the Joint Site is identified in 

terras of a cost balance that is maintained for the length of time that 

the pueblo was occupied. The time series of successive balances be

tween the cost of storage (Hmax) and the cost of demand (H) indicates 

that the amount of variety in artifact attributes and the degree of 

their availability varied together from one inventory operation to the 

next. This cost equilibrium characterizes the composition of both the 

groundstone and bone tool inventories at the Joint Site. It occurs 

regardless of whether both of these prehistoric inventories are re

stricted to those artifacts which were excavated from the pueblo room 

floors alone, or whether both inventories are experimentally enlarged 

to include those artifacts which were excavated from the level above 

the floors as well. 

The cost equilibrium implies that the amount of redundancy, 

negentropy or more specifically, the task-potential of the storage 

policy remained essentially unchanged from one prehistoric inventory 

operation to the next at the pueblo. When we think of task-potential 

as an energy analogue, we may infer that the prehistoric human 
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organization's ability to control its inventory of technological 

objects which entered and exited from storage in different kinds and 

numbers did not change at the Joint Site. Restated, we may say that 

there was no significant shift in the relative ease of obtaining the 

kind of tool that was appropriate for prehistoric task performance at 

a given time. 

Isolation of the cost equilibrium and the stability of task-

potential as the cost regulator permits the inference that prehistoric 

cultural inventory operations are analogous to the thermodynamics of 

organismic systems outlined in hypothesis 5 of Chapter 3« 

This important discovery permits the inference that homeostasis, 

manifest as "goal-seeking" equilibrium was operative in the prehistoric 

human organization's management of both technological inventories at 

the Joint Site. Since the task-potential of the storage policy is 

determined to be the stable regulatory mechanism for the proportional 

control of object variety and availability, it is thought to reflect a 

purposeful prehistoric management strategy. I suggest that this pre

scribed cultural environment of technological inventory management may 

have been homeostatically maintained, despite fluctuations in storage 

activity at the Joint Site and pronounced change in the human organi

zation's natural environment. It was not perfectly maintained, however, 

for a close correspondence exists in time between perturbations in the 

availability of stored groundstone tools that is measured as the cost 

of demand (H) and a disturbance in the natural environment of the Joint 

Site that is known from the analysis of palynological data. Basically, 
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the cost of demanding groundstone tools from storage when they are 

differentially available (H) increases in the earlier phase of the 

environmental disturbance (A.D. -1230-1265—) when it should decrease. 

Conversely, this same cost (H) decreases in the later phase of the 

environmental disturbance (A.D. -1265-1285̂ ), v/hen it should increase 

in a manner that is compatible with the overall system program at the 

Joint Site. The impact of environmental disturbance on the prehistoric 

human organization's program for storing groundstone tools may have 

involved management responses that were distracted or fallible. At 

least one-fourth of the groundstone tools from the Joint Site are 

likely to have functioned in the context of processing subsistence 

plants, and analysis of ecofactual materials from the Joint Site indi

cates that a shift from primary reliance upon cultigens toward increas

ing usage of non-cultivated plants occurred during the period of 

environmental disturbance. Overall, a state-transition structure of 

inventory costs is evident in the fact that their ratio remains within 

the stable range, and we see no major evidence of inventory system 

process. 

When we examine the direction of change in the absolute costs 

of inventory storage (Hmax) and demand (H) at the Joint Site, however, 

process becomes evident. An attempt was made to determine the form of 

the time-cost relationships in both the groundstone and bone tool in

ventories by analysis of their trajectories. The problem is one of 

determining whether steady-state or dynamic equilibrium is the closer 

approximation of the inventory cost trend at the Joint Site. The most 
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accurate mathematical description of the trend that could be obtained 

was a fourth degree polynomial equation, which indicates that the 

trajectory of either inventory operations cost through time reverses 

its direction at least three times. This trend could not be described 

with an adequate level of confidence. It is known, however, that the 

trend of costs in the prehistoric inventory storage system is not a 

steady-state equilibrium trend. Rather, it is a dynamic equilibrium 

trend which further refines the analogy to organismic thermodynamics 

by substantiating subhypotheses 3 and k that are entailed in the homeo-

static trend of organismic systems in Chapter 3• Both of these 

variants imply that sequential values of task-potential in artifact 

storage are the product of the dynamic equilibrium process. Thus, only 

a portion of the dynamic metaphor which relates cultural inventory sys

tem process to that known to characterize another system in nature has 

been isolated. 

The conclusion is that no theory exists which permits mathe

matical description of the form of technological inventory system 

process at the Joint Site suggests that the passage of time is not 

likely to have a predictable effect on the rate at which the costs of 

inventory storage (Hmax) and demand (H) change. For example, the tra

jectories of these values in both the groundstone and bone tool inven

tories clearly indicate a cumulative increase in the amount of object 

variety that reflects technological innovation. This factor simply 

raises the cost (Hmax) of storing qualitatively different kinds of 

tools. The availability of these tools increases in a similar manner, 
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which reflects technological imitation and raises the cost (H) of 

demanding these from inventory. Yet the rate of change in this cumu

lative expansion of complexity in technology at the Joint Site is not 

subject to simple prediction, which we would expect to be the case if 

the accumulation of technological innovations and imitations primarily 

served to reward the prehistoric human organization by increasing its 

adaptive efficiency. The lack of a simple explanation for technologi

cal expansion at the Joint Site suggests that this phenomenon of cul

tural evolution also entails penalties that are very important factors 

in the inventory storage decisions made by prehistoric organizations. 

Comprehensive explanation of prehistoric cultural inventory 

system process at the Joint Site will probably require construction of 

a model of the technological inventory system that is coupled with its 

effective natural environment in a way that is consistent with the 

implications of organismic thermodynamics. The nature of this coupling, 

defined in the hypothesis which is substantiated by the test in this 

chapter, involves linked technological and subsistence automata. This 

model linkage implies that a technological inventory can be defined as 

a map of the variety and availability of economic species that compose 

the human organization's effective natural environment. In such a 

model, economic species are extracted and stored by a human organiza

tion in direct proportion to their variety and availability in the 

natural environment, which corresponds to the costs of technological 

inventory management during an operation. This concept forms the basis 
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for revising the general inventory storage operations model to conform 

more closely to organismic thermodynamics in the concluding chapter. 



CHAPTER 6 

CONCLUSIONS 

Introduction 

For at least a decade, several archaeologists including Binford 

(1965)* Clarke (1968), Hole and Heizer (1973), Watson, LeBlanc and 

Redman (1971, Flannery (1972b), and Glassow (1972) have implicitly or 

explicitly considered the theory of the general system to be the appro

priate conceptual framework for the construction of basic laws and 

logical structure in archaeology. Yet at present, there is no pub

lished formal evaluation of an archaeological record in terms of the 

fundamental element of the general system which is matter-energy or 

information, although the work of Justeson (1973=0 is a partial excep

tion. The failure to implement the theory of the general system in 

archaeological perspective can be attributed to three kinds of problems. 

The first of these is methodological, where initial attempts made by 

archaeologists to apply the theory have been characterized by ambiguous 

terminology, imprecise hypotheses and questionable sample representa

tion (Fritz 1972; Glassow 1972:300). The second and third problems are 

partly methodological and partly perceptual in nature. Each of these 

can be identified in an observation made by Schiffer who expects that 

. . archaeologists who are now avidly borrowing principles from 

general systems theory and ecology will come to realize that the 

features and principles that cultural systems share with amoebae, 
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carrots and ponds are not nearly so interesting as the emergent proper

ties that are unique to cultural systems" (Schiffer 1975:8A-3). 

Principles of the general system cannot be detached from the 

theory and borrov/ed for incorporation into archaeological models of 

specific systems such as those which deal with the prehistoric pro

curement of food or its production, for example. The archaeologist 

may adopt one of the two fundamentally different views of physical, 

biological and social simplicity that were distinguished in the first 

chapter as systems of dynamic hierarchical differentiation and union. 

These were developed within the fields of organismic biology and opera

tions research, respectively. The principles of one cannot be applied 

to the other because each perspective entails different assumptions 

about the relationship between the quality or form which an organiza

tion may take and the quantity or amount of organization in its 

activity. 

The third impediment to application of the general theory lies 

in the belief among archaeologists that cultural systems may be dis

tinguished from natural systems in terms of unique properties and laws. 

Recent developments in physical anthropology suggest that the major 

components of cultural systems which we attribute to our species, such 

as technology, social organization and ideology are not uniquely human, 

nor is there reason to believe that culture process itself is distinct. 

The major thrust of this dissertation is an attempt to demonstrate that 

culture process can be assigned a taxonomic position in the family of 
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system processes, and that it may be similar in terms of its trend 

behavior to the thermodynamics of organisms. 

At present, the dynamic hierarchical union system of inventory 

patterning is the more appropriate framework for developing the general 

theory and measure of culture system process, because the scope of 

inquiry permits both a broad and a detailed comparison of behaviors 

characterizing animate and inanimate systems. So little is known about 

cultural process that it is meaningless at this time to assert that 

prehistoric management can be understood by restricting modeled analogy 

to "open" living system behavior since, for example, any open system 

may be given as macroscopically "closed" and vice versa. Indeed, the 

inventory model is sufficiently general to examine open system behavior 

in terms of storage dynamics. This is the reason why the key to the 

general theory and measure of cultural activity is the phenomenon of 

storage, for all systems store items which have functions at various 

times, regardless of whether physical, genetic or cultural elements 

are the units of interest. 

Isolation of the storage phase of inventory process as the 

diagnostic environment of cultural systems does not satisfy all re

quirements for a general theory and measure of cultural activity. The 

organization which employs an inventory technique and the decision 

structure of its storage operations must also be defined. Here it be

comes possible to model prehistoric cultural inventory process in terms 

of teleological imagery where, it will be recalled, cultural systems 

are viewed as purposeful machines having inventory operations that 
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reflect the choices of a human organization to interact with its 

environment on the basis of biological rewards and penalties. 

The development of this concept is briefly traced in terms of 

the extension of inventory theory from physics to biology and from 

biology to anthropology. The analogy between biological and cultural 

inventory process is most widely understood at present in terms of the 

"adaptive variation" of technological inventories to achieve a better 

fit with their effective environment. The concept has been formalized 

as a trial-and-error model (Campbell I960) which relates the stimulus 

of "blind variation" process in technological innovation to a "selec

tive survival" response as technological imitation. In this view, 

"successful innovations were as blind in origin as those which failed, 

and the difference between them is due to the nature of the environ

ment" (Campbell 1960:207). The shortcomings of this particular model 

are reflected in criticisms of the neo-Darwinist theory at the general 

system level (von Bertalanffy 1969), in which assumptions concerning 

the operation of (a), behavioral mechanisms for introducing variation, 

(b), consistent selective process, and (c), mechanisms which preserve 

and reproduce selected variations, prove to be intractable to rigorous 

investigation. Plog (1973b:658) has attempted to evaluate adaptive 

variation in prehistoric technology in terms of such mechanisms, but 

the study of functional origins of inventory variation must be dis

tinguished from cost analyses of "adaptive reorganizations" which do 

not rely directly on these principles for explanation. 
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Evaluation of the Model Inventory System 

The concept of adaptive reorganization is the basis for a 

lesser known analogy between biological and cultural inventory process. 

Models of the adaptive reorganization of cultural inventory, such as 

the one presented in Chapter 2, retain their status as general descrip

tive devices, unlike models of adaptive variation, because mechanisms 

of biological evolution are superfluous to the theory. In fact, so 

many biologically derived assumptions were stripped from the model that 

we may legitimately ask, adaptive reorganization of cultural inventory 

systems for what purpose? The answer to this question requires a 

brief review of the diagnostic features of the model inventory storage 

system in order to integrate an expanded teleology which is compatible 

with the general system theory of dynamic union hierarchies, and not 

simply borrowed from the other perspective. 

Review of the Adaptive Reorganization 
of Inventory Operations 

In keeping with its function as a general descriptive device, 

the adaptive reorganization model did not formally specify transactions 

of any particular type between human organizations and their effective 

environments. Model definitions of the organization, its inventory 

system and the decision structure were detached from environmental 

considerations. When culture process is modeled in isolated form five 

assumptions must be met (Terreberry 1972:159). The first of these is 

the assumption that change in cultural inventory systems is externally 

induced by the effective environment. This requirement is met by the 



202 

model in terms of the organization and the decision structure of in

ventory operations. As regards the organization of operations, the 

scale of effectiveness is a passive measure of the costs of inventory 

system adjustment; control of the storage phase of inventory process 

requires no commitment to purchasing or production operations; and 

organizational goals were merely specified as the set of all possi

bilities, as was the decision structure of prior choice and subsequent 

effect. 

Second, any particular change in the cultural inventory system 

may prove to be adaptive or maladaptive. The definition of task-

potential in the storage policy as the "mechanism of proportional con

trol" satisfies this requirement where it is a passive residual quantity 

that is indirectly determined by changes in the operating costs of 

storage and demand. The homeostatic goal-seeking behavior of this 

control mechanism is not initially assumed. 

Third, there is no evidence for the initial assignment of 

causal priority to external over internal sources of change, which 

suggests that environmental change may itself be a response to previous 

internal change in the inventory system. This supposition can be 

eliminated by definition of the environments of the model storage sys

tem as completely passive. Here the storage composition of various 

kinds of inventory items is meaningful only in relation to their num

bers; storage transition involves random stocking and release opera

tions and storage costs are a determinate function of time and the 

number of inventory units involved. The only "active" mechanism is 
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the finite memory automaton which merely articulates the sequence of 

internal storage states and the external inventory variables. The 

latter acquire a finite number of discrete values which are known to 

the storage system only at discrete instants in time. 

Fourth, the model of isolated inventory system process must be 

able to identify the external origins of change. This assumption is 

the most difficult to meet because detailed analysis of the effective 

natural environment of the Joint Site remains to be completed. The 

test of hypotheses in Chapter 5 involved the observation that homeo-

static control of lag-response fluctuations in the operating costs 

involved control errors that coincided with independently inferred 

disturbances in the prehistoric natural environment of the Joint Site. 

This phenomenon tentatively satisfies the requirement. 

Finally, an empirical test of the hypothesis that cultural in

ventory system change has external origins depends on a set of input 

variables and mechanisms of internal change which determine changes in 

output. This assumption is easily satisfied by definition of storage 

goals such that output includes the total cost of storage operations 

and the amount of task-potential in the storage policy. These vari

ables are directly determined by the organization's decision structure 

of prior choice to alter the time or size of a storage run and the 

inventory policy that results from this. 
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Modification of the Model 
Inventory System 

Application of this model inventory system to prehistoric cul

tural inventory data suggests that culture process may be analogous to 

organismic thermodynamics. While this discovery is of substantial 

interest in its own terms, it is equally interesting to ask how we may 

take advantage of this finding to construct a teleology that is not 

only compatible with the concept of organismic thermodynamics but also 

makes the model inventory system more humane. In order to answer this 

question, the analogy between organismic process and cultural manage

ment of dynamic inventories must be reviewed, because this is the 

framework which conditions the imagery of purposeful behavior. 

The organismic analogy was hypothesized in Chapter 3 as a con

ceptualization of linked Ashby machines, where stored technological 

inventory as prehistoric cultural system output is programmatically 

related to stored inventory of subsistence species as system input. 

The thermodynamic function of organismic storage was defined as a 

homeostatic balance between information in inventory systems which is 

input to the organism and output by the organism in the form of waste 

or in the form of the organism's behavior itself. The homeostatic 

balance between input and output prevents the destruction of the organ

ism despite disturbances in its effective natural environment. In the 

model framework of simple open systems, this prescribed internal en

vironment in the body of the organism is homeostatically maintained 

by the mechanisms of proportional control (r,o). This theory implies 

that rules govern the interaction between task-potential in the storage 
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policy of technological inventory that is output and negentory in the 

storage of subsistence inventory that is input. Further, these rules 

vary according to whether the primitive theory of reversible thermo

dynamics or the sophisticated theory of irreversible thermodynamics is 

validated. 

The test of hypotheses in Chapter 5 substantiates the existence 

of one of two possible rules that were postulated in the form of dy

namic metaphors 3 and ̂  in the fifth hypothesis presented in Chapter 3. 

Here, sequential values of task-potential in artifact storage are the 

product of a dynamic equilibrium and similar values of negentropy in 

subsistence stores are the product of either a dynamic or a steady-

state equilibrium. If reversible thermodynamics proves to be the case, 

then values of task potential and subsistence negentropy are equal in 

any storage run. If irreversible thermodynamics is substantiated, then 

steady-state minimization of net entropy occurs when the amount of 

order in the subsistence store is greater than the amount of task 

potential in every storage run by some unspecified amount. 

In the processual analogy above, the identification of dynamic 

behavior is restricted to an examination of the internal environments 

of organisms and human organizations, both of v/hich contain two sepa

rate but coupled subsystems. The external effective natural environ

ment has not been separately defined because the theory of organismic 

thermodynamics does not formally specify its existence beyond its func

tion as subsistence input. Rephrased, a transactional interdependence 

is previously assumed to exist between the organism and its external 



environment. This assumption is met by the model requirement that 

economic species are extracted and stored by the human organization 

in some proportion to their diversity and availability in the effec

tive natural environment. The assumption that a mapping correspondence 

exists between effective natural and cultural environments is justi

fied, because we can imagine no situation where the constraints on one 

operate independent of the other, for reasons given in the expanded 

interpretation of the storage cost trend in Chapter 5« 

In effect, change in the external effective environment of an 

organism or a human organization is connected v/ith accompanying changes 

in the coupled subsistence and artifact inventory systems that compose 

the internal environment. This type of change is "anthropomorphized" 

as the adaptation of the organization to its external environment 

(Clarke 1968). Perhaps the only kinds of organismic environments 

that are compatible with both teleology and thermodynamics are those 

which may be defined in terms of the type of transactional interde

pendence and the type of process involved. The relevant concepts are 

provided by Terreberry (1972), although they are applied differently 

below. 

Organismic Environments of the 
Model Inventory System 

There are three environments in which the inventory operations 

of human organizations may be conceived to occur. They may be dis

tinguished as being on three separate levels of inclusiveness, but it 

should be remembered that in reality these levels aire often combined. 
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The most inclusive environment is the effective natural environment of 

the human organization. It has been identified (Terreberry 1972:158) 

as turbulent, because external changes in the diversity and availa-

vility of economic species may or may not result from human subsistence 

activities. At this level, transactions between dissimilar cultural 

and natural organizations involve functional interdependence or adap

tation of one to the other, and their evolutionary fates may be either 

independent or positively correlated. 

The second or intermediate environment is of more immediate 

concern, for it implies that an accommodation exists in the internal 

environment between the subsystem store of economic species and the 

subsystem store of technological inventory. Transactions at this level 

are conceived to be competitive between similarly organized or managed 

inventories and the fate of each subsystem is eventually negatively 

correlated with the other for better or worse. The internal environ

ment of the human organization is a disturbed-reactive environment, 

where survival depends on the ability to anticipate and counteract 

external changes in the diversity and availability of subsistence 

species as these are reflected in alterations of their input to storage. 

Anticipation and counteraction is the basis for effective management of 

diversity and availability in technological inventories. This cyber

netic process is a diagnostic feature of the disturbed-reactive en

vironment. 

The least inclusive environment of the human organization is 

also internal and may be described as a placid-clustered environment 
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in which stochastic process occurs. Transactions that result from an 

organization's choice to alter the time-size dimensions of a storage 

run are largely initiated and controlled by the human organization 

itself. Turbulent environments are the external source of change in 

organismic thermodynamics but change is anticipated and controlled in 

the disturbed-reactive internal environment of the organism or the 

organization. Thus, adaptation is an internal, cybernetic process in 

the model inventory system. 

Organismic Teleology of the Model 
Inventory System 

Organismic definitions of purposeful behavior assume that an 

organization has the capacity to survive (for a time) external changes 

in its internal transactions. That is, turbulent changes are counter

balanced by reactive shifts in transactional positions in the disturbed 

internal environment. Successful reaction to disturbance is accompa

nied by an improvement in the organization's ability to anticipate and 

counteract externally-induced change, according to the contingencies 

in the turbulent environment. In this context, adaptability is equated 

with self-preservation behavior or viability, and self-reproduction is 

not implied. Anticipatory and counteractive behaviors of an organism 

have been formally defined in terms of the Exclusion Principle which 

is discussed in Chapter 1, and they presuppose that the sets of storage 

goals, prior choice and subsequent effects have been activated. 

Anticipation and counteraction were deleted from the definition 

of the general inventory system in Chapter 2 because they generate a 
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teleological imagery which is limited to living systems. Terreberry 

(1972:160) has isolated a framework in which organizational goals, 

choices and effects can be described as anticipation and counteraction 

in a manner that is compatible with organismic thermodynamics. His 

elements of organismic purpose are freely adopted in a somewhat dif

ferent way for incorporation into the model inventory system. 

Teleological imagery can be defined in terms of flexible versus 

inflexible decision structure and it may also be defined in terms of 

the organism's perceptual and information-processing capacities. With 

regard to the flexibility of decision-making, Buckley (1967:30) attempts 

to contrast organisms and human organizations by assigning a decision 

structure that is relatively fixed, to the former and flexible, to the 

latter. This definition is too limited for use in the model inventory 

system where, as will be shown in the next section, organisms and human 

organizations may both use a fixed decision structure in the pursuit of 

storage goals and a flexible structure of storage choice. 

The perceptual and information-processing capacities of an 

organism may also be used to activate storage goals, choices and 

effects. Here, advance information that permits anticipation of im

pending turbulent change in the internal environment can be defined as 

part of the storage goal. Prior choice from among the time-size al

ternatives that are available to adjust storage operations may reflect 

the active search for more advantageous disturbed-reactive transactions 

between subsystem stores of economic species and subsystem stores of 

technological inventory. Change in the diversity and availability of 
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an artifact inventory may reflect technological improvements that serve 

to counteract turbulent change present in the store of economic species. 

Finally, a memory store of the cost-effectiveness of various storage 

operations used to attain or maintain storage goals can be defined in 

terms of subsequent effects which guide the organization away from 

certain operational choices and toward others. The memory store of 

the subsequent effects of storage decisions is the synthesis of organ-

ismic teleology for it combines anticipation and counteraction. 

In the next section each of these teleological mechanisms and 

their relevant environments is defined in more detail, for they are 

used to examine the decision structure of prehistoric inventory storage 

operations at the Joint Site. 

The Organismic Decision Structure of 
Prehistoric Storage Operations 

The dynamics of organismic decision-making cannot be understood 

by reference to types of environments, purposes, goals choices, or 

effects as separate sets of phenomena. Rather, these components must 

be integrated by a mapping of organismic environments and teleology 

onto storage goals and the decision structure of inventory operations, 

prior to any attempt to explain a sequence of decisions made by an 

organization, human or otherwise. The organismic structure of inven

tory storage operations that is attributed to a prehistoric human 

organization at the Joint Site is presented in Table 10. Here, the 

decision framework for the dynamic management of the subsystem store 

of artifacts is mapped separately from the subsystem store of economic 



Table 10. Organismic decision structure of inventory storage 
operations. 

Decision Components 

Storage Goals 
1. total cost 
2. task potential 

Prior Choice 
1. storage transition 
2. operating costsl 
3. inventory policy 

Subsequent Effects 
1. cost effectiveness 

Decision Components 

Storage Goals 
1. total cost 
2. negentropy 

Prior Choice 
1. storage transition 
2. operating costsl 
3. inventory policy 

Subsequent Effects 
1. cost-effectiveness 

Key 

Type of 
Environment 

disturbed-reactive 
disturbed-reactive 

placid-clustered 
disturbed-reactive 
disturbed-reactive 

disturbed-reactive 

Type of 
Environment 

turbulent 
turbulent 

placid-clustered 
disturbed-reactive 
disturbed-reactive 

disturbed-reactive 

Subsystem Store 

Type of System 
Transaction Process 

com:9etitive cybernetic 
competitive cybernetic 

competitive stochastic 
competitive cybernetic 
competitive cybernetic 

competitive cybernetic 

Subsystem Store of 

Type of System 
Transaction Process 

functional adaptive 
functional adaptive 

competitive stochastic 
competitive cybernetic 
competitive cybernetic 

competitive cybernetic 

1 = operating costs are given in terms of storage (Hmax) and demand 
(H) which reflect time-size alterations (see Table 2). 

2 = subsistence negentropy may be the result of flexible structure 
if analogous to irreversible thermodynamics. 
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of Artifacts 

Decision Type of Information 
Structure Perception Processing 

flexible anticipation advance 
inflexibl evaluation control 

flexible active search 
flexible active search immediate 
inflexiblr anticipation 

store 
f~ex~bl: I- memory 

. SI . Economic pecies 

Decision Type of Information 
Structure Perception Processing 

flexible anticipation advance 
flexible( )2 evaluation control 

flexible active search 
flexible active search immediate 
flexible anticipation 

flexible store memory 
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species, because certain aspects of organismic environment and tele

ology differ according to the inventory subsystem considered. For 

example, inspection of Table 10 shows that types of organismic en

vironments, transactions, and types of system process differ markedly 

in each subsystem with respect to one decision component, that of 

storage goals. The decision structure of organismic teleology also 

varies with respect to storage goals according to whether it is flexi

ble or not in each subsystem store. The reasons for these differences 

were given in the previous section and they will be elaborated on in 

the examination of prehistoric inventory management strategy below. 

Both the map in Table 10 and the discussion which follows are 

organized in terms of storage goals, choices and effects. This arbi

trary bias is chosen largely as a matter of convenience, for it permits 

a dynamic redefinition of these three decision components that were 

presented in a model form as individual sets of time-invariant, dis

crete alternatives in Chapter 2. The dynamic aspects of storage goal-

seeking, storage choice and subsequent effects are discussed in sepa

rate subsections, with reference to the storage program of prehistoric 

inventory operations at the Joint Site. Each decision component is 

examined primarily in terms of the artifact inventory subsystem which 

stores groundstone and bone tools, although some hypotheses are offered 

about possible corresponding behaviors of the subsystem store of 

economic species, in the absence of relevant data. 
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Orsanismic Decision Structure 
of Storage Goals 

The observation was made in Chapter 1 that archaeology enjoys 

the unique privilege of being able to investigate the internal details 

of human living system behavior in a manner that is free of biased 

response to observation. This results from the fact that not only are 

the human organizations which we study already dead, but their material 

remnants are more informative than those of non-human organizations, 

given the present state of our knowledge. The price we pay for the 

privilege of circumventing the Exclusion Principle is equally awesome, 

because by definition archaeologists are unable to observe goal-

seeking behavior in a prehistoric human organization. While this is 

obvious, its consequences are not, for a shift from concern with bio

logical goals to cultural goals is implied. 

The major epistemological weakness of our discipline is one of 

simplistic optimism in which models of prehistoric cultural adaptation 

must consider aspects of the world that will influence the success or 

failure of mankind. How can dead prehistoric human populations be 

served by living system models? We are forced into the position, when 

extrapolating from dead cultural systems to living ones or vice versa, 

that their goal-oriented behavior is as sacred as our own (Churchman 

1971)• Thus, the question inevitably arises: does teleological in

quiry into the past lead to a "marxist archaeology" in which the 

attempt is made to document evolutionary levels of prehistoric cultural 

goal attainment that are measured as "progress?" The use of such terms 
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as "civilization," "archaic state" or "empire" in archaeological con

text implies that inquiry about purposeful human behavior in the past 

does lead to this kind of thought. 

Not only should the kinds of teleological imagery which archae

ologists ascribe to past human organizations be scrutinized, but the 

analytic framework in which past purpose is modeled must be examined 

for untenable assumptions. For example, the storage goals ascribed to 

the artifact subsystem in the model are derived from game-theoretic 

assumptions about the desirability of minimizing the total cost of 

inventory operations and maximizing the amount of task-potential in the 

storage policy (see Table 1). This rests on the best-developed theory 

of games in disturbed-reactive environments, which presumes maximiza

tion of profit and rational decisions. These assumptions are being 

replaced by a perception of human organizational goals as formulated 

in terms of satisfying strategies and limited rationale. 

Artifact storage goals may be pursued in the disturbed-reactive 

environment, but subsistence storage goals are formulated in the tur

bulent environment. This incongruity results from the fact that 

variable amounts of task potential and total cost determine the quali

tative and quantitative composition of the technological inventory 

which is used to extract economic species from the effective natural 

environment and store them. In effect, a "feedback loop" exists be

tween the external, turbulent natural environment from which economic 

species are input — and the organization's internal disturbed-reactive 

environment — which consists of the economic species subsystem store 
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and the artifact subsystem store. Organizational goals for storing 

economic species directly influence artifact storage goals, but the 

reverse is not always possible. 

The different types of transactions and system process that 

result from goal-seeking in each subsystem store are also a consequence 

of the feedback loop which relates changes in the external environment 

to internal changes. The extraction and storage of economic species 

involves transactions that are functionally adaptive to the organiza

tion's existence, while artifact inventory storage goals are competi

tive and involve cybernetic processes of control. When we conceive of 

technological inventory management as cultural behavior that is output 

from the organization, and economic species management as input, the 

analogy to organismic thermodynamics implies that the amount of negen-

tropy in input is equal to or greater than that of output. The formu

lation and pursuit of organizational goals for holding technological 

inventory is conditioned by the necessity to balance its negentropy 

against the negentropy of stored economic species, or alternatively, 

to minimize the net-production of entropy in the steady state. It is 

in this sense that we may think of the human organization as an 

organism which grapples with environments that are both internal and 

external. At this point, it is appropriate to separately examine the 

teleological roles assigned to total cost and to task potential as 

mechanisms which implement goal-seeking behavior in the subsystem 

store of artifact inventory. Dynamic transitions in each are defined 
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in terms of the storage program of prehistoric artifact inventory 

operations. 

The total cost of an inventory operation, that is, the sum of 

the costs of storage (Hmax) and demand (H) is no less important a vari

able than task-potential in formulating artifact storage goals. By 

reference to the model, total cost is the total amount of signal 

activity (or selection effort) that is required to manage the inven

tory store during an operation. The model inventory system incorrectly 

assumed that minimization of total cost from one storage run to the 

next was desirable and that this goal required an inflexible decision 

structure. Analysis of the inventory storage cost trend in Chapter 5 

showed that at least three reversals of direction in total cost charac

terized the prehistoric storage program. Inspection of the state-

transition sequence of bone tool inventory storage goals in Table 12 

confirms the observation that substantial changes in total cost occurred 

at the Joint Site. The decision structure appears to be quite flexible, 

which makes sense if we define total cost as the teleological mechanism 

by which the prehistoric human, organization anticipated changes in its 

external turbulent environment that were difficult to predict and im

possible to control. The anticipatory function of this mechanism seems 

to be directly dependent on the total amount of signal activity or 

information that is processed in an artifact storage operation. This 

concept of information input is not well defined, but it is thought to 

have increased importance in turbulent external organismic environments 

which become more complex and changeable through time (Terreberry 
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1972:157)• We may think of anticipation and signal activity as the 

result of a storage operation in which technological innovations and 

imitations are stocked and released by the organization to adjust item 

variety (Hmax) and availability (H) in an attempt to achieve a better 

fit with its external turbulent environment. This represents a con

vergence of information and inventory dynamics, which is the field of 

cybernetic communication. At present, we must be content to view total 

cost as the measure of advance information collected about impending 

environmental change when it is the sura of the information processing 

that is required to transfer technological variety into storage (Hmax) 

and the information processing that is required to react to the trans

fer by determining the availability of the different kinds of inventory 

items that are stored (H). 

The goal of storing advance information would appear to be 

reactive, where a change in the total cost of the information processed 

in the inventory storage of economic species automatically affects the 

transactional position of the total cost of artifact storage. Tables 

11 and 12 indicate that this may have happened on a dramatic scale in 

—if _3 
the storage program (S , S ) of both groundstone and bone tool in

ventories as a successful anticipation of disturbance in the turbulent 

natural environment during the period A.D. 1230-1270. 

Task-potential is defined in the model inventory system as the 

measure of stored energy that is available in any operation. The model 

incorrectly assumes that maximization of energy is desirable and that 

a flexible decision structure is necessary to attain this goal. The 
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Table 11. State-transition sequence of groundstone tool inventory 
storage goals. 

Simultaneous Objectives for a Storage Run, Floor Alone 

Storage 
Program̂  

Goal Goal, 
Alternative Rank"-

Minimize L 
Total Cost 

Maximize c 

Task Potential' 

(sjTsT) 
<s s"^ 
(S-3, S~2) 
(S-2, s-1) 
(s-1, S° ) 

3-
7. 
5. 
5. 
3. 

2 decrease (-.3937) 
k increase (1.1716) 
3 constant (-.0276) 
3 constant (-.07̂ 2) 
2 decrease (-.1666) 

constant (-.03̂ 7) 
constant ( .0̂ 36) 
constant ( .0055) 
constant ( .0221) 
constant (-.0119) 

Simultaneous Objectives for a Storage Run, Floor and Level Above 

Storagê  
Program 

(s-5, s-S 
(S-4, S-3) 
(S-3, S-2) 
(S-2, S"1) 
(S-1, S° ) 

Goal 2 Goal, Minimize ̂  Maximize -
Alternative Rank Total Cost Task Potential 

3. 2 decrease ( -.8̂ 13) constant ( -.0164) 
7. if increase ( .8022) constant ( .0360) 
5- 3 constant ( .0111) constant ( -.0078) 
5. 3 constant ( .0506) constant ( .0209) 
3. 2 decrease ( 133*0 constant ( -.0036) 

1 = the transition sequence of storage operations is listed in 
Table 6. 

2 = alternative goals are listed in Table 1. 
3 = ranked goals are listed in Table 1. 
4 = the total cost of storage (Hmax) and demand (K) in any prior 

storage operation is subtracted from that of the subsequent 
one (see Table 6). 

5 = the amount of task-potential in any prior storage operation 
is subtracted from that of the subsequent one (see Table 6). 
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Table 12. State-transition sequence of bone tool inventory storage 
goals. 

Simultaneous Objectives for a Storage Run, Floor Alone 

Storagê  
Program 

Goal Goal~ Minimize ,, Maximize 
Alternative Rank Total Cost Task Potential 

3. 2 decrease (-2.0031) constant ( -.0331) 
7. if increase ( 2.756*0 constant ( .0593) 
3. 2 decrease (- .6650) constant ( -.0021) 
7. if increase ( .5515) constant ( .0128) 
3. 2 decrease (- .29̂ 3) constant ( -.0170) 

(s-f, S~b 
(S-\ S-3) 
(S-3, S-2) 
(S-2, S"1) 
(S"1, S° ) 

Simultaneous Objectives for a Storage Run, Floor and Level Alone 

Storage.̂  Goal 2 Goal., Minimize ̂  Maximize  ̂
Program Alternative Rank Total Cost Task Potential 

(s-5, s"b 
(S , S-3) 
(S-3, S-2) 
(S-2, S-l) 
(s-1, S° ) 

3. 2 decrease ( -.7291) constant ( -.0l6if) 
7. if increase (  .9786) constant (  .0126) 
3. 2 decrease ( -.7308) constant ( -.0̂ 97) 
7. if increase (  .2539) constant (  .0266) 
3. 2 decrease ( -.if65̂ ) constant ( -.0237) 

1 = the transition sequence of storage operations is listed in 
Table 6. 

2 = alternative goals are listed in Table 1. 
3 = ranked goals are listed in Table 1. 
k = the total cost of storage (Hmax) and demand (H) in any prior 

storage operation is subtracted from that of the subsequent 
one (see Table 6). 

5 = the amount of task-potential in any prior storage operation 
is subtracted from that of the subsequent one (see Table 6). 



maximization principle is derived from the hypothesis that a grand 

dynamic equilibrium exists between animate and inanimate environments, 

such that as physical systems move toward entropy, living systems 

evolve toward terminal negentropy (von Bertalanffy 1969:73)• If this 

is so, then the culture system dynamics of a specific human organiza

tion such as the one which existed at the Joint Site may prove to be 

the exception. The storage program of both technological inventories, 

presented in Tables 11 and 12, permits the inference that the organi

zational goal in the management of task-potential is one of stable, 

homeostatic maintenance of balanced operating costs (Hmax and H). 

The inventory storage policy is characterized by an inflexible decision 

structure since task-potential is retained close to the previous state 

despite abrupt fluctuations in the costs of storage operations. The 

subsystem store of artifact inventories may simply remain in precon

ceived equilibrium through the sequence of inventory operations, rather 

than running (stochastically or otherwise) through a series of equi

libria, as Clarke (1968:58) supposes. It is difficult to understand 

why there are no changes in the transactional position of task-

potential since there are changes in total cost, until this phenomenon 

is viewed in the context of the organismic decision structure. Here, 

it is seen as a stable evaluation control which permits the organiza

tion to process advance information that is collected and stored as 

total cost in the composition of the artifact inventory. It is not 

directly involved in the organization's adaptive transactions as total 

cost is. Rather it makes adaptive response possible by preventing 

extra-systemic input overloads, as specified by the model in Chapter 2. 
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Organismic Structure of Prior Choice 

If the organismic storage goal is an adaptive response made by 

an organization to turbulent change in its effective natural environ

ment, we may define prior choice as the mechanism by which a human 

organization generates the response itself. That is, the organization 

learns how to adapt through an active search for the appropriate re

sponse. This means that prior choice is concerned with the details of 

how culture system process itself proceeds in terms of the changes 

that are made in duration or size of an inventory operation from one 

storage run to the next. 

The organismic structure of prior choice may be distinguished 

from that of goals in terms of certain environments and teleological 

images that define organic behavior. In the previous discussion of 

storage goals, it was noted that turbulent external changes in the 

goals for storing economic species were counter-balanced in the inter

nal disturbed-reactive environment by competitive and cybernetic-

reactive shifts in the transactional positions of artifact storage 

goals. Since change in the transactional position of artifact storage 

goals results from the human organization* s choice to alter the time-

size dimensions of a storage operation, we may say that prior choice 

also involves competitive transactions that are initiated in the in

ternal disturbed-reactive environment. To the extent that prior choice 

is initiated and controlled by the human organization itself rather 

than by the external environment, we may say that this special "inner

most part" of the organismic decision structure exists in a 
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placid-clustered environment (see Table 10). This particular facet of 

choice is elaborated later. 

The choice to alter the size of the artifact inventory (which 

is given by the diversity and availability of the kinds of items that 

are stored) may reflect technological improvements or innovations that 

serve to counteract turbulent change in the effective natural environ

ment represented by the store of economic species. This kind of 

counteraction implies that prior choice involves a cybernetic type of 

system process in the disturbed-reactive internal environment of the 

organization. 

The organismic teleology of prior choice differs from the pur

poseful behavior of goal-seeking ascribed to human organization, with 

respect to the types of perception and information processing. Prior 

choice from among the perceived time-size alternatives that are avail

able to adjust the subsystem store of artifact inventory may reflect 

the active search for a more advantageous disturbed-reactive transaction 

with the subsystem store of economic species. The model inventory sys

tem correctly assumed that prior choice could be passively defined as 

the set of all possible time-size transitions that can be combined to 

form joint events. These parameters of prior choice were presented in 

Table 2. 

The information that is processed as a function of prior choice 

differs from the information that is processed in the context of 

formulating storage goals. When a successful reaction to disturbance 

is implied by the artifact storage toal, it is accompanied by an 
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improvement in the human organization's ability to anticipate and 

evaluate externally induced turbulent change by means of advance infor

mation processing and control, as noted previously. The prior choice 

to actively search for a successful response however, involves the 

generation of immediate information about the variety or theoretical 

size (Hmax) and the availability or actual size (H) of the artifact 

inventory. These two sizes of artifact inventory in the subsystem 

store are measured in terms of immediate information that is given by 

the combined operating costs of storage (Hmax) and demand (H). Immedi

ate information that is given by the separate operating costs of 

storage and demand determines how the total cost of advance information 

is to be allocated (Table 10). 

Prior choice seems to be the mechanism by which active search 

is directly related to anticipation or learning where the same infor

mation is processed for different purposes in each of two contexts. 

The organismic structure of prior choice may be described in terms of 

the functions of three problem-solving devices that are part of the 

model inventory system. These devices were the storage transition, 

storage costs and the inventory policy defined in Chapter 2. The 

organismic environment and teleological imagery of each is separately 

examined and their dynamic transitions are considered in relation to 

the storage program of the prehistoric artifact inventory operations 

at the Joint Site. 

Storage transition is the transaction that results from the 

human organization's choice to alter the time-size dimensions of a 
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storage run. The model system implies that change in the subsystem 

store of discrete technological commodities and its finite capacity 

depends directly on the dynamics of stocking and relaeae operations 

that cause the entry and exit of stored objects, together with change 

in the time duration of these operations. The organization's choice 

to"alter either the magnitude or the length of its inventory supply 

and demand is presumably not affected by the presence of other organi

zations in its external environment. Therefore we may describe the 

internal organismic environment of the human organization's storage 

transition as placid-clustered, in which inventory process is stochas

tic (Terreberry 1972:150). The inventory system model incorrectly 

assumed that both stocking and release operations are stochastic, in 

that they vary according to probability distributions. This assumption 

permitted the model to retain its generality as a descriptive device 

compatible with the probabilistic nature of information process, as 

noted in Chapter 2. Random stocking and release were also assumed be

cause this permitted the theoretical size of inventory, measured as the 

cost of storage (Hmax), to vary independent of its actual size, given 

as the cost of demand (H). 

Inspection of the state-transition sequence of groundstone tool 

inventory storage choice in Table 13 and that of bone tool inventory 

storage choice in Table Ik show that the cost of storage (Hmax) and the 

cost of demand (H) exhibit dependent changes from one run to the next 

in the prehistoric storage program. The fact that alteration of the 

theoretical size of the subsystem artifact store is causally linked 



Table 13. State-transition sequence of groundstone tool inventory storage choice. 

Storagê  
Program 

Simultaneous Decisions to Initiate a Storage Run, Floor Alone 

Choice 
Alternativê  

Duration 
of Run-5 

Cost of j 
Storage (Hmax) 

Cost of , 
Demand (H)' 

Inventory 
Policŷ  

(s-5, s-J) 
(S-\ S-3) 
(S-3, S-2) 
(S-2 S-1) 
(S"1, S° ) 

27. 
19. 
23. 
5. 
9. 

decrease (-20) 
decrease (-05) 
decrease (-05) 
increase ( 05) 
increase ( 15) 

decrease (-.2667) 
increase ( .7192) 
constant ( .0202) 
constant ( .0923) 
decrease (-.1087) 

decrease (-.1330) optimum 
increase ( .̂ 52*0 optimum 
constant ( .007*0 optimum 
constant (-.0l8l) optimum 
decrease (-.0579) optimum 

Simultaneous Decisions to Initiate a Storage Run, Floor and Level Above 

Storagê  
Program 

Choice -
Alternative 

Duration 
of Run̂  

Cost of 
Storage (Hmax) 

• Cost of Inventory 
Demand (H) Policŷ  

(S" -5 s-S 27. decrease ( -20) decrease (-.2k0k) decrease (-.1563) optimum 
(S-A . 1 s-3) 19. decrease ( -05) increase ( .5279) increase ( .27̂ 3) optimum 
(S- s-2) 23. decrease ( -05) constant (-.0227) constant ( .0338) optimum 
(S--2 9 s-1) 5. increase ( 05) constant ( .0770) constant ( .026*0 optimum 
(s* 
-1, 

s° ) 9. increase ( 15) decrease (-.0886) decrease (-.0448) optimum 

ê l = the transition sequence of storage operations is listed in Table 6. 
2 = choice alternatives are listed in Table 2. 
3 = the time-duration of any prior storage operation is subtracted from that of the 

subsequent one (see Table 6). 
h = the cost of storage (Hmax) in any prior operation is subtracted from that of the 

subsequent one (see Table 6). 
5 = the cost of demand (II) in any prior operation is subtracted from that of the 

subsequent one (see Table 6). 
6 = an inventory policy of optimum decisions is reflected in balanced costs of storage 

(Hmax) and demand (H) in an operation. 



Table 14. State-transition sequence of bone tool inventory storage choice. 

Simultaneous Decisions to Initiate a Storage Run, Floor Alone 

Storagê  Choice  ̂ Duration Cost of  ̂ Cost of _ Inventory 
Program Alternative of Run3 Storage (Hmax) Demand (H) Policŷ  

(s-5, s-^) 27. decrease (• -20) decrease (-1.0469) decrease (• - .9562) optimum 
(s-^, s-3) 19. decrease (• -05) increase ( 1.4611) increase ( 1.2953) optimum 
(s-3, S-2) 27. decrease (• -05) decrease (- .3383) decrease ( - .3267) optimum 
(s , s-i) 19. increase ( 05) increase ( .3032) increase ( .2483) optimum 
(s-l, S° ) 9. increase ( 15) decrease (- .1804) decrease (• - .1139) optimum 

Simultaneous Decisions to Initiate a Storage Run, Floor and Level Above 

Storagê  Choice  ̂ Duration Cost of  ̂ Cost of Inventory 
Program Alternative of Run3 Storage (Umax) Demand (H) Policŷ  

(s--5 s_lf) 27. decrease (• -20) decrease (-.4219) decrease (-.3072) optimum 
(s* A _ »  s-3) 19. decrease (• -05) increase ( .5487) increase ( .4299) optimum 
(s- S-2) 27. decrease ( -05) decrease (-.4806) decrease (-.2502) optimum 
(s--2 9 s-i) 19. increase ( 05) increase ( .1791) increase ( .0748) optimum 
(s--1, s° ) 9. increase ( 15) decrease (-.2925) decrease (-.1729) optimum 

Key 
1 = the transition sequence of storage operations is listed in Table 6. 
2 = choice alternatives are listed in Table 2 
3 = the time duration of any prior storage operation is subtracted from that of the 

subsequent one (see Table 6). 
4 = the cost of storage (Hmax) in any prior operation is subtracted from that of the 

subsequent one (see Table 6). 
5 = the cost of demand (H) in any prior operation is subtracted from that of the 

subsequent one (see Table 6). 
6 = an inventory policy of optimum decision is reflected in balanced costs of storage 

(Hmax) and demand (H) in an operation. 
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to change in its actual size strongly suggests that prehistoric stor

age operations at the Joint Site were characterized by either a rule 

of stocking and a rule of release. The observation was made in Chap

ter 2 that the type of storage transition is deterministic and no 

process occurs, because the subsystem store remains in its starting 

condition as far as the fixed relationships between constant amounts 

of inventory variety (Hmax) and availability (H) are concerned. 

The second type of storage transition is more likely to have 

occurred at the Joint Site, where stocking is random with a rule of 

release. This type of transition permits storage system process to 

exist as a function of progressively expanding inventory and it also 

permits inventory system structure that is given by stable amounts of 

task potential in the storage policy. In the modern world, this type 

of storage transition describes realistic situations in which proba

bilistic stocking is subject to limits. 

The third type of storage transition, distinguished from the 

second by rule of stocking and random release, may also describe real

ity, but is less likely because the subsystem artifact store starts 

off in its initial condition at each interval of restocking. A stable 

storage policy is possible in this "merchant's model" of storage 

transition, but explanation of process in terms of progressively ex

panding inventory is difficult. This discrepancy may provide some 

insight into the problem of defining the organismic decision structure 

of living systems in terms of the assumptions that are implied in eco

nomic models. It will be recalled that this type of storage transition 



228 

was ascribed to short-term adaptive advantage models in the interpre

tation of the trend of storage costs in Chapter 5. Here, the problem 

of acquiring adaptive technological variety is viewed in terms of 

cultural rules that determine acquisition and stocking of innovations. 

Concern with stable restocking conditions is implied in the argument 

that prehistoric cultures failed because needed technological inno

vations never evolved. 

The second problem-solving device that is part of the prior 

choice mechanism measures the magnitude of the time-size alteration 

that is selected by the organization. These are the costs of storage 

(Hmax) and demand (H) which are labeled "operating costs" for the sake 

of convenience in Table 10. Both of these operating costs are the most 

empirical available measures of change in the theoretical size (Hmax) 

and the actual size (H) of the subsystem artifact store. Thus it is 

in terms of operating costs that we conceive of the human organiza

tion's technological conversion of material resources into information, 

allowing it to violate the second thermodynamic law. Operating costs 

are the measures of selection effort or signal activity that go into a 

short-term active search for a more advantageous transition, that may 

result from technological innovation and imitation. Inspection of 

Tables 13 and l*f show that substantial changes in the operating costs 

of storage (Hmax) and demand (H) occurred in the storage program during 

-5 ~k -3 + 
the sequence (S , S , S ) which roughly spans the period A.D. —1205-

125C£. These cost reversals suggest that prehistoric decisions to 
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alter the time-size parameters of storage operations were made within 

a flexible structure of choice (Table 10). 

The notion that the human organization learns how to adapt 

through active search for the appropriate response by processing im

mediate information is more intriguing, but it also is the most specu

lative organismic function ascribed to the operating costs. For 

example, Clarke (1968:86) surmises that the "efficiency of a particular 

culture system clearly depends on the number of bits of information 

that it can store and convey by whatever means, at a conscious or un

conscious level." According to this hypothesis, the state-transition 

sequence of operating costs of storage (Hmax) and demand (II) measuring 

changes in theoretical (Hmax) and actual (H) sizes of the artifact 

store as immediate information, indicates that prehistoric inventory 

management was more "efficient" after A.D. 1250 (S~̂ ) to A.D. 1320 

(Ŝ ) when the site was abandoned (Tables 13 and 1*0. Clearly, Clarke's 

definition of "efficiency" cannot be equated with organizational via

bility or survival in any simple way. 

Clarke's hypothesis also implies that the prehistoric manage

ment of certain kinds of artifact inventories, such as the store of 

groundstone tools, is more efficient than, say, the management of the 

bone tool inventory at the Joint Site if we accept the fact that the 

former is characterized by substantially greater amounts of immediate 

information in every state of the storage program given in Tables 13 

and l'f. His generalization does not adequate describe the organismic 

decision structure of prior choice, for this is more complex and more 
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dyanmic than supposed, when shifts in an organization's transactions 

with its external and internal environments are considered. 

For example, let us reexamine the hypothesis that is presented 

in the expanded interpretation of the trend in storage costs in Chap

ter 5* Here we recall the notion that the variety (Hmax) and avail

ability (H) of economic species that exist in the human organization's 

effective natural environment can be defined as a map of the variety 

(Hmax) and availability (H) of technological items which exist in the 

subsystem artifact store during an inventory operation. How may we 

describe this hypothetical correspondence in terms of the human organi

zation's active search for an adaptive transaction that entails 

learning? The assumption can be made that transactional positions 

are established when subsistence species have been extracted and stored 

in proportion to their external variety (Hmax) and availability (H) 

that may or may not equal the theoretical (Hmax) and actual (H) sizes 

of the subsystem artifact store. When turbulent change in the external 

community of subsistence species causes a shift in the transactional 

position of the internal subsystem subsistence store, the organization 

must search for an adaptive response by choosing some time-size alter

ation of the inventory in the subsystem artifact store, if the amount 

of task-potential in the storage policy is to remain stable. The 

choice provides the organization with immediate information about the 

magnitude of its inventory adjustment given by the operating costs of 

storage (Hmax) and demand (H). 
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For reasons cited in the discussion of the mapping hypothesis 

in Chapter 5» it appears at present that a shift in the transactional 

position of the subsystem store of subsistence species can be ascribed 

to either the "progressive segregation" trend or the "progressive de

segregation" trend in the evolutionary community of economic species. 

Either of these trends that are defined in Chapter 3 may characterize 

turbulent change in the human organization's environment, regardless 

of the cause or the length of time that is involved. The shift from 

one trend to the other may make learning necessary by increasing the 

amount of immediate information that is associated v/ith active search; 

or the need for learning may decrease when active search and immediate 

information decrease from a prior to a subsequent storage operation. 

For example, prehistoric food production during the early phase 

of occupation at the Joint Site may have caused a short-term increase 

in the predominance of the few common economic species that reflected 

a progressive desegregation trend. This kind of transactional shift 

in the subsystem store of subsistence species permits an advantageous 

response that can be defined as a short-term relaxation of active 

search and learning associated v/ith decrease in the amounts of immedi

ate information (or sizes and operating costs) in the subsystem arti

fact store. Inspection of the transitions in the cost of storage 

(Hmax) and the cost of demand (H) that are given by the storage program 

in Tables 13 and l*t suggest that this type of transactional response 

—5 —b 
may have occurred from A.D. 1205 to 1230 (S , S ). 
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Alternatively, the progressive segregation trend implies in

crease in the number of less common economic species. An adaptive 

response to this kind of transactional shift in the subsystem store 

of subsistence species requires that the human organization increase 

its active search and learning associated with increased amounts of 

immediate information (or increased sizes and operating costs) in the 

subsystem artifact store, if the amount of task-potential in the stor

age policy is to be kept stable. Inspection of the transitions in the 

operating costs of storage (Hmax) and demand (H) that are given by the 

storage program in Tables 13 and l'f suggest that this adaptive response 

—3 —2 may have been made during the period A.D. 1230-1250 (S , S ) at the 

Joint Site. In this phase of occupation, changes in local climate, 

vegetation and human demography are thought to have been associated 

with a shift from exphasis on food production to subsistence foraging 

at the Joint Site. 

Inventory policy is the third device which completes the mecha

nism of prior choice. An organization must not only choose an adaptive 

response from the available time-size alternatives, but it must also 

anticipate the impact of this decision on its viability. In the model 

inventory system an inventory policy is implied by an organization's 

choice to balance the operating costs of storage (Hmax) and demand (H) 

from one run to the next, or to ignore it. Inventory policy is the 

only device which involves anticipatory perception in the organismic 

structure of choice, as is the case with total cost in storage goal 

formulation. Perhaps inventory policy is as much concerned with the 
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problem of allocating the total cost of advance information in a bal

anced way as it is with the balanced operating costs of immediate 

information, but this remains speculative (see Table 10). 

It would appear that the model inventory system incorrectly 

assumed that inventory policy has a flexible structure which permits 

both optimum and suboptimum decisions. The former type, it will be 

recalled, is best for the organization as a whole and involves the 

balance of operating costs from one storage run to the next, while the 

latter affects the viability of the organization when control of one 

operating cost is favored at the expense of the other. Inspection of 

Tables 13 and l̂ f shows that every chosen time-size adjustment of the 

subsystem artifact store involved an optimum decision. V/hen we attempt 

to answer the question of how storage goals were reached in a viable 

way at the Joint Site, it becomes clear that the balance of the oper

ating costs of storage (Umax) and demand (H) determined both the sta

bility of task potential in the storage policy and the stable inventory 

policy of optimum decisions (see Table 8). 

The conclusion that inventory policy has a centralized inflex

ible decision structure (as is the case with storage policy) contradicts 

the notion that organismic choice can be characterized as flexible, 

where decentralized decision-making is thought to facilitate adaptation 

(Terreberry 1972:150). In retrospect, it seems likely that inventory 

policy is not concerned with the viability of the human organization 

as restricted to the transactional position of the subsystem artifact 

store alone. Rather, inventory policy is probably a wider concept 
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which includes the transactional position of the economic species store 

as well. If this proves to be the case, we can imagine a very flexible 

structure which will help solve the problem of how adaptive solutions 

to ecological problems aire regularly reached at the Joint Site. 

Organismic Structure of 
Subsequent Effects 

The organismic structure of subsequent effects is more diffi

cult to describe because it deals with the relations between goal and 

choice variables that were incorrectly specified in the model inventory 

system. In order to establish the set of subsequent effects appro

priate to organismic structure, it is necessary to briefly review the 

systematic effects in the model, to show how the definitions of each 

differ. 

The model inventory system specifies that the subsequent effect 

of a prior choice made by an organization depends on how the choice 

relates to the storage goal. Prior choice is defined in terms of time-

size alternatives which can be measured in the form of operating costs 

and inventory policy. Choice represents input into the internal 

disturbed-reactive environment which contains the artifact inventory 

system, and storage goals are output. Competitive and. cybernetic 

transactions between the organization and its undefined external en

vironment are implied by the game-theoretic definition of storage 

goals where a "mini-max" strategy of inventory management is given. 

The ways in which choice relates to goals are defined in terms of cost-

effectiveness which scales the impact of goal attainment on the 
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• organization's viability. The model assumed that the viability of the 

organization is dependent upon an inventory policy of balanced oper

ating costs from one storage run to the next. The cost-effectiveness 

of a storage run is defined in terms of rewards or penalties or a 

combination of both. Cost-effectiveness is a convenient scale of rank-

ordered situations in which the level of goal attainment may or may not 

be justified in terms of the inventory policy that is used as the means 

to an end. 

The model inventory system as it is presented in Chapter 2-

incorporated goal and choice alternatives that might be analogous to 

those confronted by an organism which attempts, as a "purposeful 

machine," to increase its thermodynamic efficiency. The test of the 

hypothesis permitted a revision of this particular analogy, to make 

model goals and inventory policy conform more closely to the tele-

ological aspects of organismic decision-making. We may, however, 

derive interesting insight into the subsequent effects of storage 

operations at the Joint Site if we evaluate this prehistoric cultural 

inventory system as a thermodynamic efficiency machine. 

Inspection of the state-transition sequence of the subsequent 

effects of groundstone tool inventory storage in Table 15 shows that 

a fair amount of correspondence exists between the rank of storage goal 

chosen in the prehistoric storage program and the rank-effect. The 

same pattern characterizes the state-transition sequence of the sub

sequent effects of bone tool inventory storage in Table 16. Further, 

the values in one table correspond fairly well with those in the other. 



Table 15. State-transition sequence of the subsequent effects of groundstone tool inventory 
storage• 

Simultaneous Results of a Storage Run, Floor Alone 

Storagej 
Program 

Alternative 
Effect2 

Goal., 
Rank 

Total 
Cost 

Task 
Potential 

Inventory 
Policŷ  

Rank „ 
Effect 

Cost g 
Effectiveness 

2. 2 decrease constant optimum 1 reward 
7. if increase constant optimum 3 mixed 
k .  3 constant constant optimum 2 reward (?) 
k .  3 constant constant optimum 2 reward (?) 
2. 2 decrease constant optimum 1 reward 

(S-5, s-1*) 
(s-\ s-3) 
(s-3, S-2) 
(S-2 S-1) 
(S -1 ;0 ) 

Simultaneous Results of a Storage Run, Floor and Level Above 

Storagê  Alternative Goal-
Program Effect2 Rank' 

Total Task _ Inventor; 
Cost Potential Policŷ  

Inventory Rank r 
Effect' 

Cost 
Effectiveness 

8 

<S"5, S~k) 2. 2 decrease constant optimum 1 reward 
(s-\ S-3) 7. if increase constant optimum 3 mixed 
(s-3, S-2) 3 constant constant optimum 2 reward (?) 
(S-2, s-i) b. 3 constant constant optimum 2 reward (?) 
(s--1-, S°) 2. 2 decrease constant optimum 1 reward 

Key 
1 = the transition sequence of storage operations is listed in Table 6, 
2 = the alternative effects are listed in Table 3« 
3 = the ranked goals are listed in Table 1. 
k = the state-transitions in total cost are listed in Table 11. 
5 = the state-transitions in task potential are listed in Table 11. 
6 = the state-transitions of inventory policy are listed in Table 13. 
7 = the ranked effects are listed in Table 3. 
8 = the cost-effectiveness is presented in Table 3. 



Table 16. State-transition sequence of the subsequent effects of bone tool inventory 
storage. 

Storagê  
Program 

Simultaneous Results of a Storage Run, Floor Alone 

Alternative 
Effect2 

Goal., 
Rank 

Total 
Cost 

Task -
Potential 

Inventory 
Policŷ  

Rank _ 
Effect 

Cost , 
Effectiveness 

2. 2 decrease constant optimum 1 reward 
7. h increase constant optimum 3 mixed 
2. 2 decrease constant optimum 1 reward 
7. h increase constant optimum 3 mixed 
2. 2 decrease constant optimum 1 reward 

(s-5 s-J) 
(S"\ s-3) 
(S-3, s-2) 
(s-2, s-i) 
(S"1, S° ) 

Simultaneous Results of a Storage Run, Floor and Level Above 

Storage Alternative Goal., Total Task Inventory Rank „ Cost o 
Program Effect2 Rank Cost*1" Potential Policŷ  Effect Effectiveness 

(s-5, s-*) 2. 2 decrease constant optimum 1 reward 
(S-\ s-3) 7. if increase constant optimum 3 mixed 
(s-3, s-2) 2. 2 decrease constant optimum 1 reward 
(s-2, S"1) 7. if increase constant optimum 3 mixed 
(s-1, S° ) 2. 2 decrease constant optimum 1 reward 

1 = the transition sequence of storage operations is listed in Table 6. 
2 = the alternative effects are listed in Table 3. 
3 = the ranked goals are listed in Table 1. 
b = the state-transitions in total cost are listed in Table 12. 
5 = the state-transitions in task potential are listed in Table 12. 
6 = the state-transitions in inventory policy sire listed in Table lif. 
7 = the ranked effects are listed in Table 
8 = the cost effectiveness is presented in Table 3»  ̂

ui 
-n3 
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Meaning or purpose cannot be assigned to any specific rank value in 

these tables, because it seems likely that inventory policy is not a 

legitimate effect of choice when a human organization* s active search 

is restricted to the artifact inventory alone; the reason for this has 

been given in the previous section. What is striking in these tables 

however, is the narrow range of ranked goal alternatives that were 

chosen, together with the subsequent effects of each. Wider possi

bilities exist in the general state-transition structure of subsequent 

effects that is modeled in Table 3» and the restraint which is exhibited 

in the storage program at the Joint Site (Tables 15 and 16) suggests 

that a memory function is involved in the prehistoric management of 

inventory operations. 

Memory is simply the perceptual store of subsequent effects in 

the organization's disturbed-reactive internal environment. The type 

of information which is processed by memory is the collection of pre

vious time-size alterations selected by the organization which enabled 

it to reach its technological inventory storage goals in a viable way 

(see Table 10). What is most interesting about the possible memory 

pattern in the state-transition sequence of subsequent effects in 

Tables 15 and 16 is that the technological inventory goal attained as 

an adaptive response in the first phase of the storage program (S~̂ , 

—k -1 0 
S ) may have been "recalled" for use in the final phase (S , S ) 

prior to the abandonment of the Joint Site. Even if we exclude inven

tory policy from consideration in Tables 15 and 16, we find that total 

cost decreases in the first and last transitions in storage operations 



239 

while task-potential remains constant. The only real difference be

tween these similar goals lies in the different time-durations of each, 

where the final operation may have required a longer amount of time 

to attain the same goal. If duration is the crucial variable in the 

explanation of goal failure and site abandonment, it cannot be ascer

tained in the absence of subsistence data which defines the subsystem 

store of economic species. 

It is possible, however, to specify how the memory store of 

survival information would behave if subsequent effects in the model 

inventory system are redefined in terms of the organismic decision 

structure. The changes required are few, but each is a fundamental 

alteration. We recall that in the model inventory system the subse

quent effect of a prior choice made by the organization depends on 

how choice relates to the storage goal, where choice is input and goal 

is output. In the organismic structure, choice refers not to time-

size alteration of an inventory operation, but rather to alteration of 

the goal of the subsystem store of subsistence species. Here, the goal 

of the subsystem species store is input to the internal disturbed-

reactive environment of the human organization and the goal of the 

subsystem artifact store is output. Thus, memory is the set of pre

vious goal adjustments in the artifact store that proved to be adaptive 

responses to shifts in the transactional position of goals of the 

economic species store. New and wider organizational goals are intro

duced, such as "growth," or "stability." These are reached in viable 

ways when two conditions are met in a storage run. First, the 
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negentropy of the subsystem store of economic species is expected to be 

greater than the amount of task-potential in the artifact store by some 

variable quantity. This assumption restricts the analogy of the organ-

ismic structure of subsequent effects to the irreversible thermody

namics which deals with "energy capture" as a component of the organi

zation's overall storage goal (see Chapter 3» hypothesis 5)» The 

analogy of reversible thermodynamic process in organisms is excluded 

from consideration, since an equality of energy in the subsystem stores 

is implied for every inventory operation. 

Second, the inventory policy is given in the form of an optimum 

decision when the total cost of advance information in each subsystem 

store remains balanced from one run to the next. Suboptimum decisions 

reflect an imbalance of total costs. Critical organizational responses 

now involve complex shifts in the transactional positions of both sub

system storage goals. The human organization's active search for the 

advantageous manipulation of each subsystem store requires a sequence 

of chosen time-size alterations that are based on calculated actions 

and counteractions (Terreberry 1972:1̂ 8). A mapping of goals (such as 

successive increase, decrease or stability of energy capture) onto 

inventory policy in terms of rewards or penalties scales the impact of 

goal attainment in the organization's viability. Levels of goal 

attainment may or may not be justified in terms of the inventory policy 

that is entailed. 

Given appropriate archaeological data, we may be able to define 

a prehistoric human organization's memory store of subsequent effects 
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as this type of inventory system developed by reference to the previous 

phases of its own trajectory. Comparison of the structure of subse

quent effects in the prehistoric management of inventory operations 

(where decisions were reached on the basis of undocumented, short-terra 

memory) with the structure of subsequent effects that are historically 

documented by an organization may some day permit an assessment of the 

adaptive value of record-keeping itself. 

Summary 

The application of the theory of the general system to the re

duction of an archaeological data assemblage required that three prob

lems be solved prior to construction of a model inventory system. 

First, common methodological inconsistencies had to be resolved; 

second, the inappropriate borrowing of general system principles out 

of context had to be avoided; and third, it was necessary to suspend 

the belief that cultural systems are distinguishable from natural sys

tems in terms of unique properties and laws. The isolation of the 

storage phase of inventory process as the culture system environment 

does not fulfill all the criteria for a general theory and measure of 

cultural activity. The goals of human organizations which use the 

inventory technique must be activated for analysis. It is necessary to 

impart a teleological imagery to the model inventory system if we are 

to view prehistoric cultural inventory systems as purposeful machines 

which grapple with their environments in terms of biological rowards 

and penalties that may be assigned to the human organizations involved. 
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An evaluation of the model inventory system was undertaken to 

establish fundamental definitions and their entailed assumptions in 

order to introduce principles of purpose-oriented behaviors compatible 

with the general system theory of dynamic union hierarchies. The 

motive for modifying the model inventory system was to make it conform 

more closely to models of organismic thermodynamics which, in turn, 

appear to be the appropriate analogy to cultural inventory system pro

cess. The principle on which the modification rests is reiterated. 

The internal environments of organisms and human organizations contain 

two separate but coupled subsystems. Transactional interdependence is 

assumed when economic species are extracted and stored by the human 

organization in proportion to their variety and availability in the 

effective natural environment. This transaction reflects a mapping 

correspondence between the effective natural environment and the effec

tive cultural environment. Change in the external environment of the 

human organization is connected with accompanying changes in the 

coupled subsistence and artifact inventory stores that compose the 

internal environment. 

Only certain definitions of environment and transaction are 

compatible with organismic teleology and thermodynamics. Turbulent 

environments are the external source of change in organismic thermo

dynamics, but change is anticipated and controlled in the disturbed-

reactive internal environment of the organism or human organization. 

Adaptation is an internal, cybernetic process in the model inventory 

system. 
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Organismic teleology assumes that an organization has the 

capacity to survive external changes because of internal transactions 

of a reactive nature. Successful reaction to disturbance is also 

assumed to be accompanied by an improvement in the ability of an or

ganism or human organization to anticipate and counteract change. When 

the purposeful behavior of anticipation and counteraction are incor

porated into the model inventory system, the teleology which is gener

ated automatically limits the model to the special case of living 

systems. That is, the model of inventory storage becomes a device for 

application only to a. specific type of system and its descriptive 

generality is forfeited. 

The storage goals of an organization, together with its choices 

and subsequent effects, can be described as anticipation and counter

action in a manner that is compatible with organismic thermodynamics. 

It appears that the teleological imagery has to be defined in terms of 

the flexibility of the decision structure embodied in organization, to

gether with its capacities for perception and information-processing. 

These phenomena activate the organization's storage goals, prior 

choices and the subsequent effect of an inventory operation. 

It is not possible to describe the dynamic aspect of organiza

tional decision-making by referring to the set of organismic environ

ments and purpose-oriented behavior if these are separated from the 

set of model inventory system goals, choices and effects. Rather, an 

adequate description requires an integration of these two sets which 
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may be accomplished by a mapping of environments and purpose onto 

organizational goals, choices and effects. 

The organismic decision structure of inventory storage opera

tions is derived from the integration of these sets, and it consists 

of three major components. Part of the storage goals may be defined 

as advance information that is collected by the organization to enable 

it to anticipate impending turbulent change in the effective natural 

environment. Prior choice from among available alternatives, in order 

to adjust inventory storage operations, reflects the organization's 

active search for more advantageous disturbed-reactive transactions 

between the subsystem store of economic species and the subsystem store 

of artifact inventory. The subsequent effects of prior choice may be 

defined as the memory store of the cost-effectiveness of various indi

vidual inventory storage operations that v/ere previously used by the 

organization to attain or maintain storage goals. 

Each of these three components was used to examine the organis

mic decision structure of prehistoric cultural inventory storage 

operations at the Joint Site, which is a 36-room, P III period pueblo 

located in the Hay Hollow Valley, east-central Arizona. The decision 

structure is defined by reference to only one subsystem store, that 

of the technological inventories of groundstone and bone tools, and 

the interactive behavior of the corresponding subsystem store of eco

nomic species is implied. 

The organismic decision structure of prehistoric storage goals 

is given by the relationship between the amount of task potential in 
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an inventory storage policy and the total cost of the inventory opera

tions of storage and demand. The relationship reflects a convergence 

of information theory and inventory dynamics which is the field of 

cybernetic communication. The prehistoric decision structure of total 

cost is flexible, for three major reversals of total cost characterize 

the trend of inventory operations at the Joint Site. The total cost of 

storage and demand operations appears to have an anticipatory function 

as the measure of advance information that was collected by the pre

historic organization in its attempts to forecast turbulent change in 

the external environment of subsistence species. One successful an

ticipation of change in the effective natural environment required a 

rise in the total cost of inventory storage operations. It is also 

possible that an alternative form of successful anticipation involves 

a decline in total costs. This is not substantiated. 

Task potential appears to be an inflexible evaluative mechanism 

used by the organization in processing advance information. It is a 

homeostatic device which prevents overload by maintaining a balanced 

allocation of operating costs that make up the total cost. Task 

potential is a goal component which permits the subsystem artifact 

store to remain in a preconceived equilibrium rather than running to 

successive equilibria. As such, it is not directly involved in an 

organization's adaptive response the way total cost is; rather it makes 

possible the processing of advance information which varies with the 

particular storage run. 
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The organismic structure of prior choice in prehistoric storage 

operations is a mechanism by which active search is directly related to 

learning or anticipation for the organization processes the same infor

mation about inventory storage operations in two different contexts. 

Prior choice is defined in terms of storage transition, storage costs 

and the inventory policy. Storage transition specifies the method by 

which tools enter and exit from storage. The prehistoric type of 

transition appears to involve random stocking of tools within limits 

and a cultural rule of demand or release of tools from storage. This 

type of transition is the reverse of the "merchant's inventory" tran

sition, v/hich may help to correct certain assumptions about supply and 

demand relations that are made by economists in their dynamic models 

of technological innovation and imitation. 

Storage costs are the measure of the prehistoric organization's 

technological conversion of material resources into immediate infor

mation which allows the group to violate the second law of thermody

namics. Storage costs measure the amount of signal activity or 

selection effort that has gone into the organization's short-term 

active search for more advantageous transactions with its environment 

that may result from technological innovations and imitations. An 

axiomatic relationship may exist between certain short-term storage 

cost trends as an adaptive response to certain short-term environmental 

trends in the community of economic species. The shift from one short-

term cost trend to another may reflect accelerated or relaxed search 

and learning by the prehistoric organization. 
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Inventory policy attains the form of an optimum decision when 

the organization allocates its inventory costs in a balanced way from 

one storage operation to the next. Suboptimum decisions reflect im-

balanced allocations. Inventory policy was erroneously assumed to 

characterize the allocation of storage costs in the model inventory 

system. Examination of the inflexible inventory policy of prehistoric 

inventory operations at the Joint Site suggests that the policy should 

be modeled as a wider device which includes the transactional position 

of the organization's subsystem store of economic species in relation 

to the transactional position of the subsystem artifact store. In 

this more inclusive context, inventory policy would entail a very 

flexible decision structure. 

The organismic structure of subsequent effects of prehistoric 

storage operations remains more hypothetical than goal and choice 

structures due to the joint effects of erroneous assumptions made about 

both storage goals and inventory policy in the model inventory system. 

Subsequent effects are the cost-effectiveness measures of the impact 

which storage goal attainment has upon the viability of the organiza

tion itself. An adequate definition of subsequent effects of prehis

toric inventory operations at the Joint Site requires an expanded 

model inventory system in v/hich the storage goals are defined in terms 

of the transactional position of the subsystem store of economic 

species in relation to the subsystem artifact store during an inventory 

operation. The organization's record of previous inventory operations, 

by which storage goals were reached in a viable way, are defined as the 
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memory store. This expanded model remains hypothetical and needs to 

be evaluated through incorporation of the economic species data that 

has been collected from the Joint Site. The expanded model implies 

that prehistoric cultural inventory process is restricted to the irre

versible thermodynamics of organisms. This restriction is compatible 

with the larger discovery that culture process itself is analogous to 

organismic thermodynamics, and that it occupies this taxonomic posi

tion in the family of known and unknown system trends. 



APPENDIX A 

DISCRETE VALUES OF THE GROUNDSTONE TOOL VARIABLES 

2̂ 9 
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Variable I: Object Use-State 

1. Object is physically complete and exhibits one function. 
2. Object is physically complete and exhibits more than one 

function (includes recycled usage). 
3» Object is physically incomplete and exhibits one function. 
4. Object is physically incomplete and exhibits more than one 

function (includes recycled usage due to breakage) 

Variable II: Three-Dimensional Size Intervals of Objects (mm). 

Maximum Height Maximum V/idth Maximum Length 
1. 10 - 20 20 - 90 30 - 170 
2. 10 - 20 100 - 170 30 - 170 
3. 1 0-20 100 -  170 180 -  320 
4. 1 0-20 100 -  170 330 -  470 
5. 10 - 20 180 - 250 30 - 170 
6 .  1 0 - 2 0  1 8 0  -  2 5 0  1 8 0  -  3 2 0  
7. 1 0-20 180 -  250 330 -  470 
8. 10 - 20 260 - 330 30 - 170 
9. 10 - 20 260 - 330 180 - 320 

10. 10 - 20 260 - 330 330 - 470 
11. 10 - 20 260 - 330 480 - 620 
12. 10 - 20 3*f0 - 410 30 - 170 
13. 10 - 20 340 - 410 180 - 320 
14. 10 - 20 340 - 410 480 - 620 
15. 10 - 20 420 - 490 330 - 370 
16. 30 - 40 20 - 90 30 - 170 
17. 30-40 20-90 180 - 320 
18. 30 - 40 100 - 170 30 - 170 
19. 30 - 40 100 - 170 180 - 320 
20. 30-40 100 - 170 330 - 470 
21. 30 - 4o 180 - 250 30 - 170 
22. 30 - 40 180 - 250 180 - 320 
23. 30 - 40 180 - 250 330 - 470 
24. 30 - 40 180 - 250 480 - 620 
25. 30 - 40 260 - 330 180 - 320 
26. 30 - 40 260 - 330 330 - 470 
27. 30 - 40 260 - 330 480 - 620 
28. 30 - 4o 260 - 330 630 - 770 
29. 30-40 340 - 410 330 - 470 
30. 30 - 4o 340 - 410 480 - 620 
31. 30 - 4o 420 - 490 330 - 470 
32. 30 - 4o 420 - 490 480 - 620 
33. 30 - 40 500 - 570 480 - 620 
34. 30 - 40 500 - 570 630 - 770 
35. 50 - 60 20 - 90 30 - 170 
36. 50 - 60 20 - 90 180 - 320 
37. 50 - 60 100 - 170 30 - 170 
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Variable II:—Continued 

Maximum Height Maximum Width Maximum Length 
38. 50 - 60 100 - 170 ISO - 320 
39. 50 - 60 100 - 170 330 - 470 
40. 50 - 60 180 - 250 180 - 320 
41. 50 - 60 180 - 250 330 - 470 
42. 50 - 60 180 - 250 480 - 620 
3̂. 50 - 60 260 - 330 30 - 170 
44. 50 - 60 260 — 330 330 - 470 
5̂. 50 - 60 260 — 330 480 - 620 
46. 50 - 60 340 - 410 330 - 470 
47. 50 - 60 420 - 490 480 - 620 
48. 70 - 80 20 - 90 30 - 170 
49. 70 - 80 * 100 - 170 30 - 170 
50. 70 - 80 100 - 170 180 - 320 
51. 70 - 80 100 - 170 330 - 470 
52. 70 - 80 180 - 250 180 - 320 
53. 70 - 80 180 - 250 330 - 470 
54. 70 - 80 260 - 330 330 - 470 
55. 70 - 80 260 - 330 480 - 620 
56. 70 - 80 340 - 410 48o - 620 
57. 90 - 100 100 - 170 30 - 170 
58. 90 - 100 100 - 170 180 - 320 
59. 90 - 100 180 - 250 180 - 320 
60. 90 - 100 180 - 250 330 - 470 
61. 90 - 100 340 - 410 180 - 320 
62. 110 - 120 100 - 170 30 - 170 
63. 110 - 120 100 — 170 180 - 320 
64. 110 - 120 180 - 250 180 - 320 

Variable III: Three-Dimensional Geometric Shanes of Objects 

Opposite Opposite Opposite 
Use-Surface Profiles Side Profiles End Profiles 

1. straight straight straight 
2. straight straight convex 
3. straight straight straight-concave 
4. straight straight straight-convex 
5. straight straight concave-convex 
6. straight convex straight 
7. straight convex convex 
8. straight convex straight-convex 
9. straight concave convex 
10. straight concave straight-convex 
11. straight straight-convex straight 
12. straight straight-convex convex 
13. straight straight-convex straight-concave 
14. straight straight-convex straight-convex 
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Variable III:—Continued 

Opposite 
Use-Surface Profiles 

15. concave 
16. concave 
17. concave 
18. concave 
19. concave 
20. concave 
21. concave 
22. concave 
23. concave 
2k. concave 
25. convex 
26. convex 
27. convex 
28. convex 
29. convex 
30. convex 
31. convex 
32. convex 
33. convex 
3^. straight-concave 
35. straight-concave 
36. straight-concave 
37. straight-concave 
38. straight-concave 
39. straight-concave 
ko. straight-concave 
*fl. straight-concave 
k2. straight-concave 
^3. straight-concave 

straight-concave 
^5. straight-concave 
bG. s traight-c oncave 
^7. straight-concave 
48. strai ght-c oncave 
49. straight-concave 
50. straight-convex 
51. straight-convex 
52. straight-convex 
53. straight-convex 
5^. straight-convex 
55. straight-convex 
56. straight-convex 
57. straight-convex 
58. straight-convex 
59. straight-convex 
60. straight-convex 

Opposite 
Side Profiles 
straight 
straight 
straight 
straight 
straight 
convex 
convex 
straight-convex 
straight-convex 
straight-convex 
straight 
straight 
straight 
straight 
convex 
convex 
concave 
concave-convex 
straight-convex 
straight 
straight 
straight 
straight 
straight 
convex 
convex 
concave 
concave 
concave-convex 
concave-convex 
concave-convex 
straight-convex 
straight-convex 
straight-convex 
straight-convex 
straight 
straight 
straight 
straight 
straight 
convex 
convex 
convex 
concave 
convex 
concave-convex 

Opposite 
End Profiles 
straight 
convex 
concave 
straight-convex 
concave-convex 
convex 
straight-convex 
straight 
convex 
straight-convex 
straight 
convex 
straight-convex 
concave-convex 
convex 
straight-convex 
convex 
convex 
convex 
straight 
convex 
straight-concave 
straight-convex 
concave-convex 
convex 
straight-convex 
convex 
concave 
convex 
straight-convex 
concave-convex 
straight 
convex 
straight-concave 
straight-convex 
straight 
convex 
straight-concave 
straight-convex 
concave-convex 
straight 
convex 
straight-convex 
convex 
straight-concave 
straight 
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Variable III:—Continued 

Opposite Opposite Opposite 
Use-Surface Profiles Side Profiles End Profiles 

6l. straight-convex straight-convex straight 
62. straight-convex straight-convex convex 
63. straight-convex straight-convex straight-convex 
6*f. straight-convex straight-convex concave-convex 
65. concave-convex straight straight 
66. concave-convex straight convex 
67. concave-convex straight concave 
68. concave-convex straight straight-concave 
69. concave-convex straight straight-convex 
70. concave-convex straight concave-convex 
71. concave-convex convex straight 
72. concave-convex convex convex 
73. concave-convex convex straight-convex 
7k. c one ave-c onvex concave convex 
75. concave-convex concave straight-convex 
76. concave-convex concave-convex convex 
77. concave-convex concave-convex straight-convex 
78. concave-convex straight-convex straight 
79. concave-convex straight-convex convex 
80. concave-convex straight-convex straight-concave 
81. concave-convex straight-convex straight-convex 
82. concave-convex straight-convex concave-convex 

Variable IV: Object Function 

Primary or Secondary or 
Initial Function Sequential Function 

1. mano 
2. mano lid cover 
3. mano wood abrading block 
k. mano mortar 
5. mano hammerstone 
6. mano grinding palette 
7. mano arrow shaft abrader 
8. slab metate mano 
9. slab metate 
10. slab metate lid cover 
11. slab metate wood abrading block 
12. slab metate mortar 
13. slab metate grinding palette 
Ik. lid cover slab metate 
15. lid cover 
16. lid cover wood abrading block 
17. lid cover grinding palette 
18. cooking griddle 



25̂  

Variable IV:—Continued 

Primary or Secondary or 
Initial Function Sequential Function 

19. cooking griddle wood abrading block 
20. cooking griddle grinding palette 
21. firebox wall 
22. firebox wall wood abradinb block 
23. mealing bin partition slab metate 
2k. mealing bin partition cooking griddle 
25. mealing bin partition 
26. wood abrading block firebox wall brace 
27. wood abrading block 
28. wood abrading block hammerstone 
29. axe 
30. axe maul 
31. maul 
32. mortar mano 
33. mortar 
3k. mortar hammerstone 
35. pestle 
36. smoothing cobble 
37. smoothing cobble hammerstone 
38. smoothing cobble arrow shaft abrader 
39. smoothing cobble chopper 
ko. ceramic polishing pebble 
kl. hammerstone 
k2. grinding palette mano 
k3. grinding palette wood abrading block 
kk. grinding palette 
k5. trough metate wood abrading block 
k6. trough metate mortar 
k7» trough metate 
k8. arrow shaft abrader smoothing cobble 
k9. ceramic vessel lid 

Variable V: Types of Functional Abrasion or Use-Wear 

On First Major Use-Surface On Second Major Use-Surface 
1. flat abrasion unmodified by use 
2. concave abrasion unmodified by use 
3. convex abrasion unmodified by use 
k. flat abrasion flat abrasion 
5. concave abrasion concave abrasion 
6. convex abrasion concave abrasion 
7. flat abrasion concave abrasion 
8. flat abrasion convex abrasion 
9. concave abrasion convex abrasion 



Variable VI: Material Composition 

1. hard white sandstone 
2. hard yellow sandstone 
3. hard grey sandstone 

micaceous grey sandstone 
5. micaceous banded red sandstone 
6. sandstone having quartzite inclusions 
7. quartzite 
8. vesicular basalt 
9. scoriaceous basalt 
10. amygdaloidal basalt 
11. fine red basalt 
12. chert 
13. petrified wood 
14. conglomerate 



6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

APPENDIX B 

UNCERTAINTY OF CONDITIONAL RELATIONS 
AMONG GROUNDSTONE TOOL VARIABLES 

Knowledge of the amount of uncertainty contained in the 
discrete values of the independent variable reduces uncertainty 
contained in the dependent variable by the percentage specified 
for each case listed below: 

Given size, uncertainty about use-state is reduced by .20 
Given use-state, uncertainty about size is reduced by .07 
Given shape, uncertainty about use-state is reduced by .20 
Given use-state, uncertainty about shape is reduced by .06 
Given function, uncertainty about use-state is reduced by .30 
Given use-state, uncertainty about function is reduced by .12 
Given use-wear, uncertainty about use-state is reduced by .03 
Given use-state, uncertainty about use-wear is reduced by .02 
Given material, uncertainty about use-state is reduced by .06 
Given use-state, uncertainty about material is reduced by .03 
Given shape, uncertainty about size is reduced by .30 
Given size, uncertainty about shape is reduced by .31 
Given function, uncertainty about size is reduced by .36 
Given size, uncertainty about function is reduced by .39 
Given use-wear, uncertainty about size is reduced by .13 
Given size, uncertainty about use-wear is reduced by .21 
Given material, uncertainty about size is reduced by .19 
Given size, uncertainty about shape is reduced by .30 
Given function, uncertainty about shape is reduced by .35 
Given shape, uncertainty about function is reduced by .Mi-
Given use-wear, uncertainty about shape is reduced by .26 
Given shape, uncertainty about use-wear is reduced by .49 
Given material, uncertainty about use-wear is reduced by .18 
Given shape, uncertainty about material is reduced by .32 
Given use-wear, uncertainty about function is reduced by .21 
Given function, uncertainty about use-wear is reduced by .31 
Given material, uncertainty about function is reduced by .28 
Given function, uncertainty about material is reduced by .41 
Given material, uncertainty about use-wear is reduced by .14 
Given use-wear, uncertainty about material is reduced by .13 
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DISCRETE VALUES OF THE BONE TOOL VARIABLES 
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Variable I: Object Use-State 

1. Object is physically complete and exhibits one function. 
2. Object is physically complete and exhibits more than one 

function (includes recycled usage). 
3. Object is physically incomplete and exhibits one function. 
*f. Object is physically incomplete and exhibits more than 

one function (includes recycled usage due to breakage) 

Variable II: Three-Dimensional Size Intervals of Objects (mm) 

Maximum Height Maximum Width Maximum Length 
1. 2 - 10 3 — 17 if - 39 
2. 2 - 10 3 - 17 bo - 75 
3. 2 - 10 3 - 17 76 - 111 
b. 2 - 10 3 - 17 112 - 1̂ 7 
5. 2 - 10 3 - 17 lb8 - 183 
6. 2 - 10 3 - 17 l8if - 219 
7. 2 - 10 3 - 17 220 - 255 
8. 2 - 10 18 - 32 b - 39 
9. 2 - 10 18 - 32 bo - 75 
10. 2 - 10 18 - 32 76 - 111 
11. 2 - 10 18 - 32 112 - l*f7 
12. 2 - 10 18 - 32 1̂ 8 - 183 
13. 11 - 19 3 - 17 if - 39 
lb. 11 - 19 3 - 17 bo - 75 
15. 11 - 19 3 - 17 76 - 111 
16. 11 - 19 3 - 17 112 - lb? 
17. 11 - 19 3 - 17 l8tf - 219 
18. 11 - 19 18 - 32 - 39 
19. 11 - 19 18 - 32 bo - 75 
20. 11 - 19 18 - 32 76 - 111 
21. 11 - 19 18 - 32 1̂ 8 - 183 
22. 11 - 19 18 - 32 184 - 219 
23. 20 - 28 3 - 17 bo - 75 
2b. 20 - 28 3 - 17 76 - 111 
25. 20 - 28 3 - 17 112 - 1̂ 7 
26. 20 - 28 3 - 17 l8if - 219 
27. 20 — 28 18 — 32 b — 39 
28. 20 — 28 18 - 32 76 - 111 
29. 20 - 28 18 — 32 112 - l*f7 
30. 20 - 28 63 - 77 l8it - 219 
31. 29 - 37 3 - 17 76 - 111 
32. 29 - 37 18 - 32 76 - 111 
33. 38 - if6 bZ - 62 256 - 291 
3b. b? - 56 3 - 17 76 - 111 
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Variable III: Three-Dimensional Geometric Shapes of Objects 

Opposite Opposite Opposite 
Use-Surface Profiles Side Profiles End Profiles 

1. straight straight concave 
2. straight straight convex 
3. straight straight s traight-c oneave 
4. straight straight straight-convex 
5. straight straight concave-convex 
6. straight concave concave-convex 
7. straight convex convex 
8. straight straight-concave straight 
9. straight straight-concave concave-convex 
10. straight straight-convex straight-convex 
11. straight straight-convex concave-convex 
12. straight concave-convex straight 
13. straight concave-convex straight-concave 
14. concave concave concave 
15. concave concave convex 
16. concave concave concave-convex 
17. concave straight-convex straight-convex 
18. concave c o nc ave-convex concave 
19. concave concave-convex convex 
20. concave concave-convex strai ght-c oncave 
21. concave concave-convex concave-convex 
22. convex straight straight 
23. convex convex straight 
24. convex convex straight-convex 
25. convex convex concave-convex 
26. convex concave-convex convex 
27. convex concave-convex concave-convex 
28. straight-concave straight straight 
29. straight-concave concave convex 
30. straight-concave concave straight-concave 
31. straight-concave concave concave-convex 
32. straight-concave convex convex 
33. straight-concave straight-concave straight 
34. straight-concave straight-concave convex 
35. straight-concave straight-concave straight-concave 
36. straight-concave straight-concave straight-convex 
37. straight-concave straight-concave concave-convex 
38. strai ght-c one ave straight-convex convex 
39. straight-c oncave concave-convex straight 
40. straight-concave concave-convex straight-concave 
41. straight-concave concave-convex straight-convex 
42. straight-concave concave-convex concave-convex 
43. straight-convex convex concave-convex 
44. straight-convex straight-concave straight-convex 
45. straight-convex straight-convex straight 
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Variable III:—Continued 

Opposite Opposite Opposite 
Use-Surface Profiles Side Profiles End Profiles 

46. straight-convex straight-convex concave-convex 
7̂. straight-convex concave-convex straight 
kS. straight-convex concave-convex concave-convex 
9̂. concave-convex straight straight 
50. concave-convex straight convex 
51- concave-convex concave convex 
52. concave-convex concave straight-convex 
53. concave-convex concave concave-convex 
5̂ . concave-convex convex convex 
55. c one ave-c onvex convex straight-convex 
56. concave-convex convex concave-convex 
57. concave-convex straight-convex concave 
58. concave-convex straight-convex convex 
59. concave-convex straight-convex straight-convex 
60. concave-convex straight-convex concave-convex 
61. concave-convex concave-convex straight 
62. concave-convex concave-convex convex 
63. concave-convex concave-convex straight-convex 
6k. concave-convex concave-convex concave-convex 

Variable IV: Object Function 

Primary, or 
Initial Function 

1. leather perforator 
2. cloth weaving awl 
3. cloth weaving awl 
k. cloth weaving awl 
5. cloth weaving awl 
6. loom warp-spacer 
7. loom warp-tightening awl 
8. fine-coil basketry awl 
9. fine-coil basketry awl 
10. fine-coil basketry awl 
11. fine-coil basketry awl 
12. coarse-coil basketry awl 
13. coarse-coil basketry awl 
1*+. fiber plaiting awl 
15. weaving needle (eyelet) 
16. weaving needle 
17. medicine tube 
18. hair/blanket pin 
19. hair/blanket pin 
20. ornamental tubular bead 

Secondary or 
Sequential Function 

fine-coil basketry awl 
coarse-coil basketry awl 
fiber plaiting awl 

leather perforator 
loom warp-tightening awl 

coarse-coil basketry awl 
leather perforator 

hair/blanket pin 

coarse-coil basketry awl 
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Variable IV:—Continued 

Primary or Secondary or 
Initial. Function Sequential Function 

21. ornamental slab pendant 
22. ornamental (conus-shell imitation) bead 
23. hide beamer 
2k. arrow shaft straightening wrench 
25. lithic pressure flaker 
26. wood-splitting wedge 

Variable V: Types of Functional Abrasion or Use-V/ear 

On First Major Use-Surface On Second Major Use-Surface 
1. combined flat abrasion/ combined convex abrasion/ 

unmodified unmodified 
2. combined concave abrasion/ combined flat abrasion/unmodified 

unmodified 
3. combined concave abrasion/ combined convex abrasion/ 

unmodified unmodified 
k. flat abrasion flat abrasion 
5. flat abrasion convex abrasion 
6. flat abrasion combined flat/convex abrasion 
7. concave abrasion concave abrasion 
8. convex abrasion flat abrasion 
9. convex abrasion convex abrasion 
10. convex abrasion combined flat/concave abrasion 
11. convex abrasion combined flat/convex abrasion 
12. convex abrasion combined concave/convex abrasion 
13. combined flat/concave abrasion combined flat/concave abrasion 
Ik. combined flat/convex abrasion combined flat/concave abrasion 
15. combined flat/convex abrasion combined flat/convex abrasion 
16. combined flat/convex abrasion combined concave/convex abrasion 
17. combined concave/convex abrasion combined concave/convex abrasion 

Variable VI: Material Composition 

Taxanomic Order Anatomical Element 
1. Lagomorpha longbone 
2. Artiodactyl longbone 
3. Artiodactyl metapodial 
k. Artiodactyl thoracic 
5. Artiodactyl cranial 
6. Carnivora longbone 



6 
7 
8 
9 
10 
11 
12 
13 
l*f 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2k 
25 
26 
27 
28 
29 
30 

APPENDIX D 

UNCERTAINTY OF CONDITIONAL RELATIONS 
AMONG BONE TOOL VARIABLES 

Knowledge of the amount of uncertainty contained in the 
discrete values of the independent variable reduces uncertainty 
contained in the dependent variable by the percentage specified 
for each case listed below: 

Given size, uncertainty about use-state is reduced by ,k6 
Given use-state, uncertainty about size is reduced by .18 
Given shape, uncertainty about use-state is reduced by .60 
Given use-state, uncertainty about shape is reduced by .18 
Given function, uncertainty about use-state is reduced by .38 
Given use-state, uncertainty about function is reduced by .16 
Given use-wear, uncertainty about use-state is reduced by .21 
Given use-state, uncertainty about use-wear is reduced by .13 
Given material, uncertainty about use-state is reduced by .09 
Given use-state, uncertainty about material is reduced by .08 
Given shape, uncertainty about size is reduced by .73 
Given size, uncertainty about shape is reduced by .56 
Given function, uncertainty about size is reduced by .̂ k 
Given size, uncertainty about function is reduced by .56 
Given use-wear, uncertainty about size is reduced by .30 
Given size, uncertainty about use-wear is reduced by .**7 
Given material, uncertainty about size is reduced by .20 
Given size, uncertainty about material is reduced by .̂ 9 
Given function, uncertainty about shape is reduced by .56 
Given shape, uncertainty about function is reduced by .75 
Given use-wear, uncertainty about shape is reduced by .36 
Given shape, uncertainty about use-wear is reduced by .73 
Given material, uncertainty about shape is reduced by .21 
Given shape, uncertainty about material is reduced by .66 
Given use-wear, uncertainty about function is reduced by .33 
Given function, uncertainty about use-wear is reduced by .̂ 9 
Given material, uncertainty about function is reduced by .26 
Given function, uncertainty about material is reduced by .60 
Given material, uncertainty about use-wear is reduced by .12 
Given use-wear, uncertainty about material is reduced by .19 
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