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CHAPTER 3 . SCIEWriFIC EXPLANATION IN THE LARGE 

Once a science has organized i t s basic predicates and the primary * p r i n -

c i p l e s conjectured to subsume them (ist-grade systemacy) into conceptions of 

variables governed by functional *laws (2nd-grade systemacy), i t i s ready to 

Undertake more advanced {3rd grade) integrations of s c i e n t i f i c knowledge, both 

horizontally and v e r t i c a l l y , i n utoich our explananda are no longer just single 

events but states or t r a j a c t o r i a s of complex systems and laws themselves. 

Horizontal systematizations comprehend expanses of causal networks—events r i c h l y 

Interconnected by production t r a n s i t i v i t i e s — ^ b y compounding causal recursions 

i n t o accounts of process regulation, growth and, at the apex of s c i e n t i f i c insight 

into how things work, system dynamics. And v e r t i c a l systematizations explain how 

macro-phenomena derive acausally from col l e c t i o n s of micro-events. 

Be forewarned, however, that the formalisms that achieve these complex 

integrations demand careful study: You cannot rush through t h e i r ensuing exposition 

and expect your commonsense i n t u i t i o n s to cream off i t s g i s t . To be sure, not every

thing below c a l l s for your Immediate attention; i n f a c t , several short passages and 

one long subsection are marked with double bra6kets (11/1) to indicate that these 

are t e c h n i c a l i t i e s best omitted on f i r s t reading. But f o r m a l i s t i c esoterics are 

the very heart of what i s at issue here; and to appreciate what i s being said, you 

must think through the notation and savor the l o g i c a l force of what these r a r i f i e d 

abstractions would assert were t h e i r schematic terms fleshed out by full-blooded 

conceptions of s p e c i f i c domains/variables/abstractors/translocators/transducers. 

Considering t h i s Chapter's r e l e n t l e s s stacking of one f o r m a l i s t i c construction 

upon another with scarcely any i l l u s t r a t i o n s to root them i n your own experience, 

I had best preview the ground to be covered and t e l l what may be i n t h i s for you. 

The material builds i n f i v e waves (with a nontechnical e p i l o g ) , s t a r t i n g with the 
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lawfulness of causal processes. This beginning (pp. 67-80)^is f a i r l y standard s t u f f 

i n that i t merely exhibits the SLese essence of a specialized, enormously powerful 

way to explain/predict the behavior of causal systems that has long enjoyed extensive 

applications i n the more advanced quantitative sciences. It i s important for you to 

comprehend the d i s t i n c t i v e format of process laws i f you want to understand the 

hard-science conception of how nature works. and even more so i f you aspire to 

excellence as a practicioner of science. (Professional science t r a i n i n g by no means 

assures t h i s understanding; i n p a r t i c u l a r , education i n psychology profoundly 

neglects causal recursion i n i t s near-exclusive emphasis on Analysis-of-Variance 

research designs, with the s t u l t i f y i n g r e s u l t that few modern psychologists ever 

learn to think system-dsmamically.) Even so, t h i s section's t e c h n i c a l i t i e s are not 

e x p l i c i t l y foundational for what comes a f t e r ; so without penalty you can skim or 

omit whatever d e t a i l s here exceed your teditun tolerance. 

Secondly (pp, 81-88) comes an easy overview of assorted causal m^tapri,ncjLples 

i n aoeopd with t h i c h some well-SLesed laws (or *laws) follow from others. This 

b r i e f section i s a major contribution to the theory of lawfulness; for with the 

notable exception of Mediated Composition (the main metaprinciple of causal recursion), 

scarcely any of these derivations have heretofore been recognized for what they are, 

despite the ubiquity of t h e i r use i n technical practice. The importance of making 

these e x p l i c i t i s twofold: For one, as demonstrated by numerous subsequent c i t a t i o n s , 

t h e i r recognition i s required to make clear the l o g i c by which ensembles of micro-

laws generate lawful molar systems. And secondly, verbaliMng them forces awareness 

upon us of seminal problems i n the nature of molar cau s a l i t y that cry f o r deeper 

inquiry. We cannot pursue those p a r t i c u l a r issues here; but even to aclcnpwledg^ 

t h e i r challenge i s a s i g n i f i c a n t step ahead. 

With Metaprinciple preparations i n hand, we next turn to the SLese con

ception of how a macro-system's molar behavior supervenes upon the assembly structure 

and micro-causal functioning of i t s parts. This i s developed i n three phases which, 
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regrettably but inescapably, are a l l f o r m a l i s t i c a l l y formidable. F i r s t (pp, 88-98) 

comes an account of how modern method* ©f data analysis f i t a t a t i a t l e a l models to 

sample observations. The schematisms i n which I couch t h i s overview w i l l seem 

strange to readers f a m i l i a r with the multivariate l i t e r a t u r e ; for I emphasize SLese 

operations that are l a r g e l y concealed by the conventional algebra whose e l l i p t i c 

notation for these models i s designed for e f f i c i e n c y i n mathematical- analysis.^y-

However, our concern here i s not to enhance extant multivariate methodology (though 

exhibiting i t s deeper SLese character has considerable potential for t h a t ) , but to 

observe how these well-established technical practices are a major paradigm of 

molar explanation. The acausal supervenience of a s t a t i s t i c a l sample's h o l i s t i c 

features/behavior upon that of i t s i n d i v i d u a l members i s u t t e r l y transparent; and 

once i t becomes clear ( i f one can surmount the formalisms) how the repertoire of 

SLese constructions ccanes together i n impressively n o n t r i v i a l r e a l - l i f e reductive 

explanations of s t a t i s t i c a l wholes by t h e i r p a r t s — h o n e s t l y verbalizable statements 

with determinate substantive content, not just promissory hand-waving—we are set 

to appreciate how t h i s very same SLese lo g i c of supervenience applies to macro-objects 

having compositions v a s t l y more i n t r i c a t e than that of s t a t i s t i c a l aggregates. 

In t h i s next phase (pp. 98rll6){0f development—the molar spin-off of complex 

micro-structure—we break new ground: We are no longer just c l a r i f y i n g the l o g i c 

of micro-molar stories already common i n the extant s c i e n t i f i c l i t e r a t u r e , but 

are Instead outlining a theory of how such accounts could be g i i e n f c a j e f S l l y 

cohesive macro-objects were our knowledge of t h e i r micro-constituents s u f f i c i e n t l y 

complete. It i s f a r from certain that t h i s theory's present statement expressly 

schematizes a l l s a l ient micro-defterminants of molar phenomena; and indeed I w i l l 

acknowledge important respects i n which i t i s rudimentary. You w i l l f i n d l i t t l e 

i n t h i s that you can use for substantive applications, and that may be reason 

enough for you to give i t short s h r i f t . But i f you are serious about the nature 

of supervenience, l e v e l s of organization, molar causality, reduction/emergence. 
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and t h e i r l i k e , you shoiild f e e l some obligation to struggle with Def. 2 and i t s 

molar consequences. For to my knowledge t h i s i s the f i r s t conceptually a r t i c u l a t e 

model to appear on how macro-objects with strong i n t e r n a l structure derive t h e i r 

h o l i s t i c lawfulness from t h e i r micro-causal underlay. l o u may be unimpressed with 

t h i s account's depth; but i t sets benchmarks for you to c r i t i c i z e or improve upon 

i f you care about t h i s c l a s s i c cl t i s t e r jjf obscurities. 

Indeed, primitive as t h i s pioneering probe of supervenient macro-causality 

may be, i t su f f i c e s to expose certain deep puzzles, idealized out of existence i n 

the extant systems-theoretic l i t e r a t u r e , of how stable molar lawfulness i n r e a l -

world macro-subjects can obtain at a l l much less be humanly comprehensible. These 

are turgid t e c h n i c a l i t i e s (or at least I manage to make them siO that only the 

most dedicated s p e c i a l i s t s i n System Structure w i l l want to pursue. Tfevertheless, 

they ground such important issues i n causal ontology, i n p a r t i c u l a r , the nature 

of structure-transcending "functional" properties and the supervenience shaping of 
accidents 

infra-causal essences into molar-causality^ that i t seems: only preper to close 

out'our discussion ^ f molar explanation with a~synopsis o f t h e structural-varlatibiS 

probiem,"lta abstract foi'mal so l u t i o n , and what i t t«ifc«»r̂ f»r that splutibn^whleh 

on close inspection Iboks hoaxy*—to be sometimts. i n fact a - p r a c t i c a ! one. Pp. 110-

123 attempts just that as a f i r s t sketch awaiting elaboration. 
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S e l e n t l f i c ? y p t ^ c y 3 ^ . Caj^gal rgeuTBtgn SQ^ gyfftgm ^yn^pjLgg. 

A "process" i s e s s e n t i a l l y one damned thing a f t e r another, i . e . , 

more soberly, a sequence of simple or compound events i n which each stage 

i s causally consequent upon i t s precursors. To predict/eacplain a process we 

must appeal to an ensemble of laws that subsumes each mediating event i n the 

sequence as output under one l a v and input under another. Detailed analysis 

of process regulation and syst^n djmamics requires c a r e f u l attention to 

connectivity r e l a t i o n s among the locations of participant events, as provided 

f o r under preowdition placeholder T i n law s < ^ ^ ^ $ 9 J ) ; and what formalisms 

are most generically i n s i g h t f u l for study of system behavior i s s t i l l not 

e n t i r e l y clear to me. Even so, i t i s decently straightforward to formalize 

causal recursions among laws that have been put into form (8) by a suitable 

embedding of t h e i r locus structures i n the t - d e r i v a t i o n a l character of t h e i r 

manifest variables. Imposition of form (8)—which places no constraint on 

the complexity of translocators variously included i n j and the components of X 

—appears to lose generality at most i n the breadth of domains and perhaps not 

even severely i n that. 

Causal recursions, system dynamics, and process r e g u l a r i t i e s are a l l 

s l i g h t l y d i f f e r e n t technical perspectives on causal continaaHce; Causal 

effects generally" Ŝ»dtt0# consequences of t h e i r ovm, -^^ereby " ereating-' 

causal progressions wherein events e a r l i e r i n the sequence influence l a t e r ones 

through the mediation of others more proximate to them. To see how the longer-

reach lawfulness i n such sequences derives from that of i t s intervening steps, 

use e l l i p s i s (8') for law-form (8) to suppose that 

are two laws whose domains hav,e a non-null i n t e r s e c t i o n £3̂ 2 ~ ^ l ^ ^ a * 
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any £ i n Dĵ 2 follows that 

y(o) = /2(^'(£)»Z(£)) = ; ^ 2 ( / l ( ^ ( o ) ) , ^ ( i i ) ) . 

That l a , since the output z* of i s a eonponent of Lj's input [z',Z3, Lj^ and 

integrate into an «v«r«r«bin| law j ; ^ , caaely, 

102: / I " = ^^12^ '̂̂ ^ ^ • ^ 1 2 ^ - * - ) =def ^ S ^ ^ l ^ - ^ ' - ^ ^ ' 

under which the components of compound variable [X,?] j o i n t l y determine variable 

^ i n domain D,„ through the (partial) mediation of variable z*. I s h a l l c a l l 

t h i s the product of integrable law-pair < Lj^,L2>. 

Example. Suppose that D i s a population of human perceivers at times 

when they v i s u a l l y focus on a spot S-^ of variable Itaainance surrounded by 

a darker f i e l d S^. Let y be the subjective brightness of S-ĵ  f o r the perceiver 

on some psychophysical r a t i n g scale; l e t Zv (k = 1,2) measure the perceiver's 

neural a c t i v i t y at the r e t i n a l region stimulated by l i g h t from Sj^; and l e t 

Xj^ (k = 1,2) be the photometric i n t e n s i t y of l i g h t leaving Sj^. F i n a l l y , 

suppose that for certain positive numerical constants <a,b,c,d,r>, r e t i n a l 

i llumination from an external stimulus determines r e t i n a l a c t i v i t y according to 

hk'. \ -hf ( k = 1,2 ) , 

while 

ki' : In D, I = cz^ - dZ2 

i s how contrastively patterned r e t i n a l e x c i t a t i o n gives r i s e to perceived 

f o c a l brightness. Then through the mediation of z^, field-luftinance 
conjoins r e t i n a l a c t i v i t y z, to deterEoine subjective brightness y according 
to the product of <La2>Lb^* na^iely, 



-68-

L.: In D, 2 = Ql-^ ' ^^^2 ~ • 

And from integration of <IjgX,I^>, i n turn, d i s t a l stimulus i n t e n s i t i e s y-^ 

and J o i n t l y determine perceived f o c a l brightness y through the mediation 

of proximal e x c i t a t i o n [Z T , ZO ] by transduction 

l ^ j ! ' In p, 2 = Qaizi " -^^ ~ ^^-2 " • 

That is , with the detailed transducers i n Lgj^ and Ljj a_bbreviated as \// ( ) = 

- fe)^ r e f p j e % i t e i y , „CB^s|^tt of 

22 = 5^(22^ i"*° 2̂  ~ ^(%»S2) y i e l d s 2 = ^(z-|^,J^(x2)) while composition 

of S i = 5^(21) into the l a t t e r then gives ^ = ;^(j^(2i)»5^(3£2^^* 

I t i s of some importance to appreciate that determination of y by - ?v 

<z^,:j2> i " t h i s example i s a perfec t l y good causal r e g u l a r i t y given that 1^2 

and are, even though psychologists do not o r d i n a r i l y mix d i s t a l and proximal 

s t i m u l i when speaking of j o i n t input. In present case L^, d i s t a l stimulus 

variable Xo has nonzero weight for y when conjoined with proximal stimulus 
A 

variable z-^ i n transduction 2 = ;^(z2^,V^(x2)) because X2 has effects on y 

unmediated by z-,. But i n the causal equation t e l l i n g how a l l of d i s t a l and 

proximal variables <XT ,X5,Z ,,Z5> work conjointly to determine y, namely, 
^ 1. aX. yt<-

Ife* ; In D, 2 = fiiz^yZr^^ + O'X^ + 0'X2 , 

X, and Xo have zero weights because t h e i r effects on y i n D are wholly 

mediated by [ z - , z ^ ] . 

An annoying complication for the causal status of the product law 1^2 

entailed by an Integrable law-pair <Ifĵ ,L2> i s that the composition ^^C^,.^) -

"^i/^l£__)»-_^^*f^?^al transducers^j<;^j^> IJB may 
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causal transducer of j ' s detemdnation by [X,2] i n D̂ ^ but only an acausal 

regressor (cf. p. 37 above) coincident with the other over the subrange of 

[X,Z]-values occurrent i n D^2* so long as the causalnnediation ordering 

g 
I have explored t h i s s i t u a t i o n rather thoroughly i n unpublished work under the 

V ^ k l i i g t i t l e "Complexities of mediation structure." Believe me; d e t a i l s you 
don't want. 

of component variables i n Z,y] complies with standard preconditions, i n 

p a r t i c u l a r when no component of [X,2] i s e r r o r l e s s l y determined i n D,, by the 

others (which i s a s u f f i c i e n t but not necessary condition), the causal transducer 

under which the input of <LLj^,L2>-product determines i t s output i s indeed 

just as i n t u i t i o n desires. The generic theory of conditions under which product-

laws i n h e r i t the causal status of the laws they Integrate i s one of the 

most important research f r o n t i e r s now open for advanced work on the l o g i c of 

causality, secondary only to the obscvare but" v i t a l linkage of 

plausible inference to causal-order presumptions land the j p r c t l ^ * 

of molar cau s a l i t y . But since t h i s formally complex issue i s e a s i l y detached 

from our main concerns here, I s h a l l presume that whenever L j ^ i s stated to be 

the product of integrable causal laws <Ij2^,Ii2>, the causal ordering of variables 

i n the l a t t e r i s such that | ^ to© i s a causal law whose transducer i s the 

composition of Lj^'s transducer into that of L^, 

Evidently, the p r i n c i p l e of law-integration just sketched can be expanded. 

C a l l any sequence <L^,L2»•..»I^> (mi2) of laws a c(omnosable)-series just i n 

case, for each 1 = l,...,m-l, *Lj,L^+i> i s integrable. Then by i t e r a t i o n of 

pairwise law-production, any c-series <L^,...,L^> integrates into a product 

law whose domain i s the intersection of the domains of L^,. •. jLjjj; and 

any consecutive subsequence of t h i s c-series i s also a c-series that likewise 
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integrates into a product law. (Constraints are needed on the causal ordering 

of the variables i n a c-series to insure that a l l i t s product laws derive t h e i r 

causal transducers by composition from those of the laws they overarch; but I 

have already waVed off t h i s problem by a l l u s i o n to "standard preconditions.") 

For any c-series <Ir|^f... , 1 ^ , l e t us say that the ensemble L of laws comprising 

a l l Lj therein together with the products of t h i s sequence and a l l i t s consecutive 

subsequences i s a (simple) causal recursion over domain D* More generally, 
~lm 

Q 
The phrase 'causal recursion' or 'recursive causal model' i s often used more 

loosely than t h i s ; but i n a l l modern multivariate applications i t expresses 
concern for ensembles of laws that are integrable i n the fashion here described. 

we may say that an ensemble L of laws i s a (rectirsive) causal system over 

domain D* i f f (a) L i s closed under the law-product operation ( i . e . , every 

product of integrable laws i n L i s also i n L), (b) each law i n L i s either 
**v\I 

integrable with some other law i n L or i s the product of integrable laws i n L, 
and (c) D* i s the intersection of the domains of a l l laws i n L. : 

a recursive causal system, ~ ^ 
i [ l f L i s any variable that i s , or i s a component of, the input (output) 

of some law i n L i s a l o c a l input ( l o c a l output) of L; any variable that i s 

a l o c a l input but not a l o c a l output ( l o c a l output but not a l o c a l input) of 

L i s a global input (global output) of L; and any variable that i s both a 

l o c a l input and a l o c a l output of L i s a mediation or system variable of L. 

For any global input variable x̂ ^ of causal system L," and atiy object jo.in L'-s 
" comprising 

domain, L implies the existence of^ and accounts for, a process / ;sT followed 

by. rx2i£l followed by ... followed by fXj,_i;£j followed b-^^fx^.;!], where x̂ ^̂  a 
^ sequence, " 

global output variable" of L, In thia^ ^ 2 ' * " * ? r - l mediation variables of L; 
each event 4^Xjj;D1 = 2,... ,r) I s caused by j' x j j . j j o ^ ..conjointly with 

other events- recognized by L; and for each *il,k> such that l ^ i i - ^ k f r , L 

contains one or more laws L. under which fx, ; b l and certain other 
- J /jh'-

L j - i d e n t i f i e d events conjointly cause: f x ^ ; ^ l through the mediation of o's 

standing on variables x̂ ^̂ ^̂ ,... »Xjj_x* ̂  



For s i m p l i c i t y , I have described rectxrsive causal systems as certain 

collections of form-(8) laws. But to acknowledge the epistemic imperfection of 

our conceptions of these, we could speak instead of conjectured causal ^systems 

whose elements are causal *laws. Even so, the dubiety of *laws i s an extra 

burden that we can w e l l do without when dealing with matters of t h i s complexity. 

In p a r t i c u l a r , presumption of truth allows us to ignore t e c h n i c a l i t i e s of 

coherence i n a conjectured *law ensemble that would otherwise demand attention. 

With a b i t of care for causal-order preconditions, we can allow the 

outputs of form-(8) *laws to be compound variables rather than singletons. 

That i s , (8») can be expanded into 

(8'a) i n p , Y = i ( x ) ( J = f y r - ' - y n ^ * i = </i,...,V .1' 

where I l a a tuple of baaii^ or derivatlTe YarlabiM «bose i t e — l na i a e l v t e jQ, 

i»(X) i s ctaapact notation for <:ĵ ĵ (X),.,.,)̂ „(X)>, and (8»a) assetts that in^ifi, 

= / j d ) for each = l,,..,n. We note that the i t h cMipcnent of compound 

transducer $ may assign n u l l weight to some of the component variablea i n X, 

naieliry to ones that are not i n f a c t sources of y^ unmediated i n D Iqr the other 

^-components ( c f , L^, p, 68 above)? but beyond that we continue to disregard 

niceties about the precise cauaal atatus of the transducer i n (8'a). In any caae, 

i t i a evident that some compound-output laws are integrable into product laws i n 

the aame fashion as are suitably mate}i«dradj^le^u'tput laws; so we permit the 

i n d i v i d u a l laws constituting a recursive cauaal systea L to have form (8'a) as 

w e l l as form (8'). ^ " r ^ " " 

An outstandingly important special case of causal recursion comprises the 

lagged self-products of any "auto-regressive" *law whose output variable d i f f e r s 

from one or more components of i t s input only by an embedded translocator. Specif! 

c a l l y , suppose that output variable y i n (8/8') i s a locus displacement y = [x^^] 

of the kth component of input compound X = [xi»«««»»n]. Making t h i s translocation 
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e x p l l c i t while keeping notation simple by choosing k = 1 and rewriting X as [y,Z] 

(so that Xv and beeeme y and yf) converts (8) to 
Ait ^ A 

(11) For a l l 2 i n D, y(f(o)) = ^{j{o),Z{s,)) , 

or more compactly 

(11')*^' In D, I f = /(y,Z) . 

Here and henceforth I' s h a l l write ' y f a n d s i m i l a r l y f o r other notationall;? 
e x p l i c i t t-derivative variables, for the value on [yf] for an ar b i t r a r y member 
of D i n counterpart to the output side of schema? (|i^T. This notation should 
s l i d e e a s i l y across your eye without provoking you t o notice that composition 
of translocation function f into an a r b i t r a r y value 2 of variable y, rather 
than into y i t s e l f qua function, makes no l i t e r a l sense. 
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Thls says that each member i . of D has a uniqae f-successor^ f(o> whose value on 

variable y i s determined i n part by O's own value on y. I c a l l translocator 

fiBTction f i n ( l l ) the (manifest) excurser of *law (11). I t s role i s to i d e n t i f y 

where a p a r t i c u l a r cause subsumed by ( l l ) exerts i t s ef f e c t . That i s , i f o i s 

the manifest locus of compound event r[y>Z];o1, ( l l ) describes how t h i s determines 
A A 

the y-event whose manifest locus i s s p e c i f i c a l l y f ( i ) rather than any of the 
other individuals i n D which also have y-values a l b e i t ones due under (11) to 

antecedent y-events other than ry;o"|. ( l say "manifest" locus here because i f 
A A " 

y i s t-derivative, e.g. when y = the-heieht-of- 's-father, we may wish to say 
A A 

that the manifest locus ^ of event ry»2.7 d i f f e r s by translocation from i t s r e a l 
A 

locus.) A l l causal laws, not just auto-regressions, include excursive relations 

i n t h e i r preconditions on the events they connect as cause and effectg.nor-are^ 

these always functions; but we can l e t the excursors oj^jiH^o^^^egre^sions:go p 

here for the more general case. 

As already noted (cf. (6')), the most f a m i l i a r instances of causal excursion 
(continuant thing) 

are time-displacements between stages of the same enduring subject i^under which 

the f-successor of s-at-t (= 6) i s s a l i t t l e l a t e r than t . Then (11) specifies 

how the value of y at any stage of s's development affects s's y-status shortly 

thereafter. Moreover, t h i s temporal paradigm can e a s i l y be generalized: Relative 

to any form-(ll) law with domain D and excuraor.f, we st i p u l a t e that an enduring 

2-siife>ct i s a subset of D that i s connected by f. That i s , s i s an f-wise 

enduring D-subject i f f g. comprises j.ust p-members any two of which; are related by 

f or some power of f. IWhen ( l l ) i s a macro-step product of a more continuous 

growth process, as described l a t e r , we take f's "powers" { f ^ j to include decent 

po s i t i o n a l factors of £ as v e i l as i t s integer powers c l a r i f i e d below.]] Thea 

e a r l i e r and l i t e r stages of the saa^ i are i d e n t i f i e d in teras of wfcieh MMbera 

can be carried into which others by powers of f. 



Evidently, i f Tyjol i s a source of the j-value of £'s f-sucoessor, then the 

l a t t e r should s i a i l a r l y be a source of the ^-value of f ( i ) ' s ovn f-suceessor, and ao 

on for a r b i t r a r i l y many ateps of f-progreasion. But an important impediment to t h i s 

i t e r a t i o n i s that although e^cursor f i n ( l l ) i s by s t i p u l a t i o n a function whose 
thereby 

domain D̂. includes D, so that f (o) uniquely e x i s t s for every o i n D, f(;|) £sj(guaranteed 

to have an f-successor of i t s own only i f f (j^) too i s i n D—which may not be so, 

insonuoh as enduring subjacts eventually reach a terminal atage, notably deaths; at 

which they have no continuations covered by the laws that govern t h e i r pre-teminal 

stages. That i s , f o r any integer r >1, the r - f o l d composition | f of f into i t s e l f , 

i . e . f^'i ) ~^Qf ti^'^i ))» i s generally only a p a r t i a l function over D ijaapmuch as 
f's domain *ay not include a l l of i t s range nor i s f ^ d ) necessarily i n D even 
when i t i s i n Df. 

To cope with t h i s complication, l e t D/f be the set of a l l D-membera having 
immediate f-successors i n D, i . e . , 

2/f =def [S' £ « 2 and f(£)6Dj . 

Then for each l = 0,1,2,..., r e c a l l i n g that by convention f^ = f and ^ i s the Identity 
function over we can pick out those members of D that have at l e a s t an i - f o l d 

0 
sequence of f-successors i n D by w r i t i n g D/f -^^f D and frtm there 

"def ^2°/^^/^ = | o i ^ 
m m 

Note that £/f has the property that f o r any nonnegative integera E-em, i f &€•£/£ 

then e.uTt -S. That i s , f^(D/f) d " / ^ ! . 

Since any law whose domain includea £ i s also a law over any subset of D, 

i t follows from ( l l ) by r e s t r i c t i n g D to just those D-members that can be deacribed 

as immediate f-aucoeasors of other D-irembers that 

(12) For any £ i n S/f, y f f ( j ) = ; i ( y f ( s ) , Z f ( i ) ) , 
A A A 

or more b r i e f l y 
(120 In D/f, z f ^ = |<(zf,Zf) . 



T 

More generally, for each o i n D/f, ^(Q^) i s i n D and hence, from (ll), 

(13) [inc/i, = l̂ (2£^»2f^)] ( r =\l,2,...,m ) 

f o r any positive integer m not so large that D^ i s of necessity empty. For 
m m 

any ffl > 2, (13) i s a c-series whose domain i s D/f (since D/f i s cpfctgtifted i n 
r 

P/f f pr a i ^ r i ^ ) and whose OPrerarehlBgprodiJC^-law i s _ 

(U ) I n D / t , j r f - ^ = (^4i(z,Z,Zf,Zf^,....Zf^) , 

where 1^^^ defined rectirsively as 
/ * ( ^ , _ ) =^,f ^ ( _ _ , ^ ) , ^̂+1 (_,...,_._) =def ̂ ( A ^ r * ( ~ . — . 

TFi»ally,,4 oombiniag (13) L with the product of every consecutive subsequence 

of (13) gives 

(15) l y : I n D ^ f , [zf̂ +* = /J(zf, Zf^M^''^... .Zf^"*'^)] ( S ^ r ^ r U s f f i + l ) . 

Law-system l y i s the causal recursion into which (11) unfolds for any 

a i l , a l b e i t (15) adds l i t t l e to what i s already e x p l i c i t i n (H ) . I t sets out 

the simplest formal model of process regulation, describing how each l a t e r 

stage of a succession of y-events i s determined by any selected e a r l i e r stage 

together with the history of exogenous influences (Z-inputs) over intervening 

steps of the process. We can further view (15)*s-stt^rensemble for any fixed 

r, say r = 0, as t e l l i n g for each object\^ D̂  whose f-successors ^ f * ( i j ) ^ 

reMin i n D over a s u f f i c i e n t l y long profreasion 1 « 1,2,... hew T^^JBt) develops 

trm y(t) as a function of t under accumulatli^ 4np«ii ^ t m ' b i l M t . ^ffmatttm^^, ^ 

l e t ^f*(g|)̂ j _t « 0,1,2,.. .J be an f-succession of stages, a l l in D, of the same 

enduring subject a commencing with s's o r i g i n j ^ ^ t t i m e - z e r o . T h e n yQ(fi) =^^f 

^^e are here thinking of time (or any other excursive counterpart of time) aa scaled 
l o c a l l y for each enduring subject £ by successor displacements from a f i x e d stage 
of a selected to be a's " o r i g i n . " That i s , a-at-(time)-i =(jgf f*(o*) f o r each non-
negative integer t . I f we wish, we can further s t i p u l a t e that i a the f-wise "birtb 
of s i n the sense that j j j has no f-precursor i n D; but that i s not obligatory. 
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y(»-at-ti««-0) = 1* «'» " i n i t i a l endowment" on y, and for any sequence 
/V A A 

<ZQ,Z^,Z2,...> of Z-values that we choose to view as a "standard" input history 

on Z, the trajectory ( i . e . time-course) of y-development projected for s ftom i t s 

i n i t i a l 4*«dowment i s the"©stimate-sequence ^y(a-at-t): t = 1,2,...J wherein 
y(a-at-t) =̂ ^̂  ; i J ( y o(s),ZQ , z^,...,it^ i ) ( t = i , 2 , . . . ) . 

And the divergence of s's actual y-trajectory f y ( s - a t - t ) : t = 0,l,2,...f from 

t h i s projection i s explained i n terms of s's more-or-less a t y p i c a l Z - h i s t o i ^ by 
. A A standard 

noting what perturbations frcm ^fS^iyQia),Zq, ...^Z^^^^) • 1-0,1,2,...^ r e s u l t when^ 

Z-parameters therein are replaced by <Z(8-at-time-0|, Z(s-at-time-l), ... > . 

Despite the wealth of system complexity that can be b u i l t up from ( l l ) , 

t h i s i s s t i l l just auto-regression at minimum. One obvious but important 

enrichment i s to replace y i n ( l l ) by a compound variable. I f Y = [ y . j y , , . . . ] 
A A A 1 A 

i s a tuple of system or "endogenous" variables while Z i s a tuple of whatever global 

input or "exogenous" variables, including stochastic residuals, are needed to 

account for system change beyond the system's own state ( i . e . Y-vali»), the 
A 

basis of multidimensional auto-regression i s 

(16) In D, Yf = i ( l , Z ) . 

^ saying that variables Z are "input" i n (16), we imply i n t e r a l i a that f o r each 

£. i n p, none of the e f f e c t of rY;g.l upon rYi£(i,)7is mediated by any component of 
A A 

rZ;©7. However, i t i s not always convenient to make t h i s causal-order constraint 

a s t r i c t precondition i n the abstract formalization of system processes.) Formally, 

there i s scarcely any difference between (l6) and (11'); and the eqiiations and 

interpretations already given f o r (11) 's recursive unfolding apply equally 
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(with I and f for y and ji) to the recursive system entailed by (16). In f a c t , 

(16) can always be subsumed under (11 ' ) by viewing ^ i n the l a t t e r as the car

tesian product of the component variables i n Y—which i s i n effect what we do when 

conceiving each vali» J of Y aa a " ( t o t a l ) system s t a t e " . D o n o t ^ ^ J T l d i l * * -

In the systems-theoretic l i t e r a t u r e , i t i s often unclear whether what i s meant 
by "system" i s (a) a recursive ensemble of laws (or *laws), (b) a member of the 
domain D of those laws, (c) an f-connected subset of D, (d) some subset of the 
events ^rx;Q,lf i n which ^ i s a variable of the system and o a member of i t s domain, 
or (e) SMie amalgam of a l l of these. When one speaks of "system state," however, 
there i s an i m p l i c i t focus on the status of some p a r t i c u l a r a i n 2 on the t o t a l i t y 
of just the system variables (contra global inputs/outputs), 1.^. the ones that occur 
nonvacuously on both sides of equation ( I 6 ) . But our conception of 0 i n such 
contexts usually functions as a universally quantified placeholder as i n ( l l ) — 
which i s to say that "system state" i s primarily just a p a r t i c u l a r value of y i n 
(11'), or of Y i n ( I 6 ) , viewed from concern for i t s causes and e f f e c t s . " 

(16") In D, 

by (16)'s formal s i m p l i c i t y , however; for t h i s i s compact notation for 

Even when ttanaMceti ... are of very simple form ( l i n e a r i t y being the mathe

matical ideal) with a l l exogenous variables fz^^f constant or random, the system-

state t r a j e c t o r i e s [ Y f * ( i i ) : t = 0 , 1 , 2 , . . . ? that unfold from Y(b) under i t e r a t i o n 

of ( 16 ' ) can be qt;iite complex, with the traje c t o r y on each Y-oomponent y. being i n 
^ ^ A J 

general a weighted compoaite of several curves^ p|LjiyLfihlaeint^ a^ monotone trend* 
that may or may not converge to asymptotes while others are cycles d i f f e r i n g i n 

pe r i o d i c i t y and damping. 

Ifodel (16) has so vast a l i t e r a t u r e , both i n theory and i n applications, 

that i t seems parochial to c i t e any one example. Yet i t i s worth r e c a l l i n g , with 

Garfinkel (1981, p. 53f.), the c l a s s i c a l elegance of i t s application by macro-

biology to prey/predator population dynamics. In t h i s instance, each D-member i s 

a bio-community at some time t ; f(b-at-t) i s b at time t+^; and each y (b-at-t) 
" " ~ A J 

i s the quantity of some animal or plant species i n b at t . The abundance of 
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each species i n b at t+A Is an increasing function of the abundances of 

and certain other species i n b at t (the more rabbits there are the greater their 

t o t a l reproduction, and the thicker the browse the more they f l o u r i s h ) , but i s a 

decreasing fvinction of abundance i n other species that prey upon Sj (the more 

numerous the wolves the worse for rabbit s u r v i v a l ; the denser the rabbits the 

greater the s t r a i n on the browse), and i s also affected i n i d e n t i f i a b l e ways by 

exogenous conditions between t and t+^ such as vagaries of weather and cropping 

or auooorance from outside the system (cf. b i b l i c a l wrath of God and manna from 

heaven). Natural cycles of prey/predator build-up and decline are captured 

nicely by t h i s model, and long-term effects of various contemplated human i n t e r 

ventions can also be well forecast by i t s i t e r a t i o n . 

Our componentializing t o t a l system state as a tuple of coordinates 

(values) on a r b i t r a r i l y many axes (component variables) of a multidimensional 

space of system-state alternatives, as made e x p l i c i t i n (l6') i n contrast to 

( l l ) , i s e s s e n t i a l for p r a c t i c a l theory development i n natural science. Put 

abstractly, t h i s need arises from l i m i t a t i o n s on the sorts of complexity we can 

handle i n our conceptions of transducers. But at the operational l e v e l of 

s c i e n t i f i c inquiry, i t i s evident that we never begin to make sense out of 

empirical phenomena u n t i l we decompose the t o t a l system at issue into subsystems 

whose respective causal functionings can be worked out i n p a r t i a l independence of 

the r e s t . This i s one reason why the Turing Machine model of "computational 

processes" so popular i n the recent cognitive-science l i t e r a t u r e i s a grotesquely 

inappropriate paradigm for thinking about the behavior of natural systems. 

When excursor f i s a within-subject time displacement, (l6) i s with 

certain mild q u a l i f i c a t i o n s the basic c l a s s i c a l model of system dynamics. One 

q u a l i f i c a t i o n i s that (16) does net make e x p l i c i t any global-output variables. 

But those can be included i n (l6) as i t stands by allowing some components 
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of Y to have n u l l weight i n transducer J , or added by conjoining (l6) with an 

output subsystem, e.g. X = 'JCY JE). A more s i g n i f i c a n t q u a l i f i c a t i o n i s that 

system dynamics i s often expressed not by growth law (l6) but by the corresponding 

difference-equation 

(17) In P, AfY = f (Y,Z) - Y ( A^Y(o) =̂ ^̂  Yf(O) - Y(o) ) , 

which describes the change of system-state over one f-step i n a subject whose 

stages are i n D, Formulas (16) and (17) are so d i r e c t l y interconvertible that 

there seems l i t t l e to choose between them; yet they challenge the philosophy 

of explanation to ajudicate whether system change as expressed by (17) i s due to 

the growth expressed by (l6), or whether, conversely, a system grows because 

i t changes. (Were i t not f l a g r a n t l y digressive here, I would argue for the former.) 

Moreover, (17) serves as reminder that t h i s i s a discrete-time counterpart 

of the continuous-change models that have long been the backbone of matbematical 

physics. The ontological status of instantaneous change, which underlies the 

issue of change-vs.-growth p r i o r i t y , i s out of bounds here. Even so, the 

prospect of replacing (17) by a prima fac i e more fundamental d i f f e r e n t i a l 

equation points out that given any macro-step growth process of form (l6), 

there may w e l l e x i s t f o r any a r b i t r a r i l y large integer ma micro-stojauto-regressioh 

for system variables Y of which (l6) i s the m-fold auto-product i n the way that 

(U) i s the Dt-fold auto-product of ( l l ) . (Such i n f i n i t e s u b d i v i s i b i l i t y of ex

cursion steps i s e s s e n t i a l l y what i t means to postulate d i f f e r e n t i a b l e growth.) 

Whether s t r i c t continuity of process stages on a p a r t i c u l a r tuple Y of system 

variables i s even l o g i c a l l y possible depends importantly on details of how we 

define the objects i n Y's domain. For example, were Y to comprise children's-

scores on a battery of tests that take appreciable time to administer, the 

developmental stage of any c h i l d s to which we a t t r i b u t e Y-scores on a given 
A 

testing occasion t i s most nat u r a l l y conceived as an i n t e r v a l of ŝ 's l i f e 
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spanning minutes i f not days; and pven i f we did a r t i f i c i a l l y define the locus 

of a's-having-test-scores-Y-on-occasion-t to be an instant of s's duration, we 

could not reasonably expect the dynamics of instantaneous Y-scores to be usefully 

characterized by d i f f e r e n t i a l equations or even by difference equations for 

time displacements on the order of seconds or l e s s . A great deal of p r a c t i c a l 

importance l i e s within t h i s abstractly obvious point, as w i l l be touched upon 

i n Chapter - 4. 

[[One reason for describing dynamic model (l6/l7) as "basic" i s i t s meager 

manifest structure compared to the almost-unlimited potential for p r o l i f e r a t i n g 

the same system variables under dif f e r e n t translocators on both sides of the 

dynamic equation. Technically, (l6) i s a " f i r s t - o r d e r " auto-regression whose 

manifest (m"H)th-order extension i g 

(18) In B^,. Yf"*"^^ = $(Yf',Zf^Yf'"-^,Zf^-^,...,Yf,Zf,Y,Z) , 

a l b e i t to appreciate the i m p l i c i t scope of (16) i t i s worth mention that (18) 
translocation 

can i n turn be converted by ^ into a s p e c i a l case of fprm ( l 6 ) . With the possible.^ 

exception of f i e l d theory i n physics—about which, unhappily, I know very l i t t l e — 

model (18) and i t s continuous-change counterpart i s about as f a r as modern 
l 2 

causal-systems theory has yet gone. Yet many natural phenomena are not 

The mathematical l i t e r a t u r e on system t r a j e c t o r i e s contains other model&wqult© 
different from ( l8)y- notably spectral decompositions i n time-series analysis, 
that likewise search for r e g u l a r i t i e s i n system growth; but these have 
l i t t l e i f anything to say about causality. 

comfortably formalizable even within the generality of (18), 

[[Consider, for example, the determination of height i n animals by thi? -

heights of t h e i r parents, (ignore that phenotypic parental height i s not r e a l l y 

i t s e l f a cause of offspring height, but i s merely diagnostic of genetic factors 

that do the job,) Let h be Height over some suitably r e s t r i c t e d subset D of 

temporal stages ^ s - a t - t l of bisexual organisms ^ s ^ , while < f ^ , f ^ i s the parents-of 

translocator defined previously (p, 26), i . e . f ^ ( s - a t - t ) = s's-father-at-time-
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of-s's-conception and s i m i l a r l y for maternal translocator f^. Then we may suppose 

(19) For a l l £ (= s-at-t) i n D, M = ^(hf,f(o),hf2(o),E(B)) , 

or simply 

(19') In D, i i = ^(M>,iif^,E) , 

where E i s a tuple of specified and/or resi d u a l height sources additional to the 
we want to 

two parental-height variables. Ifj^be s p e c i f i c about the transducer i n ( l 9 ) , we 

can further assume ^{__,^,_) = E^i'5^_^ + .5g^^+g^) where £j scales 

Height as Helght-in-inches and £2 some suitable numerical scaling of E. This 

model i l l u s t r a t e s f i r s t of aH that auto-regressive locus displacements need not be 

just within-subject time differences. But i t s main point i s that the manifest 

excursor i n (19) runs backward: Instead of t e l l i n g where certain causes have 

a certain kind of ef f e c t , as i n ( I I / I 6 / I 8 ) , the translocators i n (19) map the 

l o c i of i t s accounted-for effects into the l o c i of t h e i r causes. And the sequence 

of product-laws entailed by i t e r a t i o n of (l9) i s a precession, not a sUoeessien 

l i k e ( U ) . Thus from (19) we have 

I n P^ftg ^ J [ M ^ i l f ^ ] = [^(ll£j»Mjl,J'.Ef^,/^(llf>f^,^,M^)] , 

which integrates with (19') to give h as a function of grandparental heights 
D-members having both parents 

together with supplementary soOTces [Ef^>Ef^,E] i n domain | / f | ^ w l ^ of / i n D. 

^Although model (19) can be reformallzed in various ways to have a domain 

and manifest locus structure d i f f e r e n t from (19), I can f i n d none of form (18) 

that can be repeatedly stepped forward to y i e l d a form-(15) auto-rejgressive system 

with nonempty domain. Clearly, recursive causal processes whose single-step 

dynamics have a manifest tree structure of t h i s sort can step forward i n d e f i n i t e l y ; 

yet to my knowledge, extant abstract systems theory has not yet worked out effec t i v e 

formalisms for i t e r a t i n g forward-branching systems. More generally, I submit that 

progress i n our understanding of complex natural systems depends greatly upon our 

enhancings^the a p t i ^ l a : t # f l e x i b i l i t y with which we conceive of locus str»ctu?Hes;.]] 
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Causal Metaprinciplea. 
S c i e n t i f i c practice exhibits many ways to explain laws, causal and other

wise. I s h a l l b r i e f l y describe the most elemental of these, without d e t a i l i n g how 

they instantiate generic explanation schema (2), under a handy l a b e l for each. I 

characterize these as "elemental" because they often—some almost always—occur 

i n combination as parts of more complicated explanations. The grade of causality 

i n laws so explained i s p r e v a i l i n g l y problematic, even though i n t u i t i o n i s not 

l i k e l y to dispute that we want to consider most of them "causal" i n at least some 

superveniently weak sense. Indeed, i t i s p r e c i s e l y the prospect of finding 

explanations such as these for molar laws that commonsense i n s i s t s are causal 

that mandates search for a coherent theory of grades or l e v e l s of c a u s a l i t y . 

Mediated Composition. I f <L,>'««»L > i s a c-series (cf. p.69) of 
""1 ~m -.. -

consecutively integrable laws whose product i s L ^ , then 1 ^ i s a law due 

to L^,...,^ that i s moreover causal i f the l a t t e r are causal and have a suitably 

standard mediation structure. This paradigm f o r explaining wide-arched laws 

by i d e n t i f y i n g process mechanisms for t h e i r production has overwhelmingly 

dominated past accounts of t h i s matter. In p a r t i c u l a r , factoring a received 

input/output dependency as a product of mediating causal operations has been 

c l a s s i c a l l y the target of "black box" analysis i n systems theory. And f o r 

psychologists of an older but s t i l l surviving generation, t h i s was the model 

popularized by Tolman (1936) f o r unraveling the i n t r i c a c i e s of behavior's overt 

lawfulness by appeal to "intervening variables" as unobserved causal mediators. 

Although there i s no reason to hold the grade of causality i n product-law 

i n f e r i o r to that of i t s factors L̂ ,̂ L^j^^ i s less fundamental than the 

l a t t e r not merely i n being explanatorily derivative from them but also i n usually 

having much narrower scope ( i . e . breadth of domain) than any one of L^, 

Accordingly, to move beyond to disclosure of some parsing *Ifj^,. •. ,Ijm> of the 

process mechanism generating i s often a considerable advance i n s c i e n t i f i c 

knowledge. 
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P s i a j j i Cpng^j^9t^ffl> Vfiak S Q^ l i r s Q g * For any caud^al lav 

and any proper subset D pf'D^j, 

i s also a causal l a v that i s due j o i n t l y to L**" and domain r e l a t i o n D<̂ D̂ , 

Formally t h i s seems t r i v i a l ; yet i t i s far from t r i v i a l f o r empirical research 

to establish L f i r s t and only aftervard learn that s p e c i f i c a t i o n of o r i g i n a l 

domain D contains irrelevancies whose deletion expands L in t o L"*". Moreover, 

vhen p i s so r e s t r i c t e d that some component variables i n X are e s s e n t i a l l y 

constant throughout D, vhat ve are l i k e l y to have i d e n t i f i e d i a not L but only 

In D, z = /'(X-) , 

vherein X' comprises just the components of X that have nonzero variance i n D, 

and /' i s the ftinction on the range of jf' derived by co n s t r i c t i o n o f / to the 

part i c u l a r constanciea i n D on X-cwnponents not i n X'. That i s , i f X = [X',X*] 

vhile 2; i s the constant value of i n JB, / ' ( _ ) = / ( _ _ 

±. ~ia-̂ penetl-sfeado%« law I^g (p. 4-5, abofe), n o w r i e a l jpariMstera 96 and 

8 i n hpg^B transducer are due te constancies i n domain Dpg of the pencil's height 

and positioning on the table. The contribution of these l a t t e r variables to a 

broader law l^g of pencil shadows from which Ijpg i s derivative can r e a d i l y be 

i d e n t i f i e d so long as the scope of our expansion i s modest. SpecificsiLly, i f 

i s a broadening of that retains a l l the essential constancies i n ^ 

except for allowing v a r i a t i o n i n ̂ : Pencil-heieht-in-inches and wi P e n c i l -

distance-in-inches-from-point-on-table-closest-to-light. we have 

4 s * ^ " S j e * Z 
_ h«w ^ 

2 - l l 
with e a negligible residual as before. Then derives from Lpg by selecting 
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2pg to comprise just those Dpg-objects whose values of h and w are 8 and 12, 

respectively, and co n s t r i c t i n g I^g's transducer accordingly. Note that I^g 

remains true i f i s replaced by i t s subset Dpg, whereas does not 

generalize to Dpg. 

More generally, X' i n an L° so derived from L"*" can be any subtuple of X that includes 

a l l X-components having nonzero variance i n D. L*̂ , too, i s a cauaal law explained 

by domain con s t r i c t i o n of L^j but recovery of L"*" from L"* i s much harder than from 

L insoBMch as the foraer requires not only elimination of domain irrelevancies but 

also discovery of what l o c a l l y conatant variables make what difference f o r what 

parameters i n transducer /• of 1.°. (That a law's transducer can embody cauaal 

contributions frwn l o c a l constancies points out that the nature of cauaal trans

duction and the r o l e of a law's domain preconditions i n production of i t s output 

deserve f a r more discussion than I have given them here.) The difference between 

L and L° i s methodologically quite important; so to l a b e l t h i s d i s t i n c t i o n we can 

r e f e r to the transducer-narrowing move frwn L"*" to L** as strong dwain con s t r i c t i o n 

i n contrast to weak domain r e s t r i c t i o n that retains the broader-scope transducer. 

That i s , strong domain c o n s t r i c t i o n may be viewed as weak domain c o n s t r i c t i o n of 

L"*" to L, followed by the s h i f t from L to L° which, i f wanting i t s own l a b e l , might 

be ealled "transducer , a f e s ^ ^ : f e l ^ ^ 

J I Per sin>lieity, I bave identified Sti^ong D«» i n Constriction *• d e r l r i n f i P 

from L through transducer absorption of variables X" that are constant at some value 

X^ i n D. However, l e t us say that subtuple X" of X = [X',X"] i s quaai-constant at XJ 

i n L i f f , for a l l values X' of X' and X" of X" whose j o i n t occurrence i n D i s nomically 

possible, ^(X',X") = J^(5'.^). That i s , X" i s quasi-constant i n h i f f the variance 

of X" allowed i n L's domain i s unable to produce any variance i n L's output. Then 

everything said above about Strong Domain Constriction goes through as before i f 

'constant' i s weakened to 'quasi-constant' and 'have nonzero variance' to 'lack quasi-

constancy'. This point has passing importance i n Chapter 5.1 
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Domalp Translocation. For any non-null subset of the domain of any 

translocation function f, i f f maps each member of jg^ i nto some object i n the 

domain D-ĵ  of causal law 

l l - In 2 = /(X) , 

then 

hr i n ^ i l , ££-=ji(Xf) 

i s a causal law for determination of [yf] by [ t f ] i n Di that i n general i s due to 

together with the t-derivative constitutions of 1^^'s variables. (For c l a r i f i 

cation of I^f's notation, r e c a l l f n . 9a, p. 71a.) 

Example. Suppose that D. comprises (momentary stages of) humans, that y i s 

Weight, and that X i s a compound of physiological and dietary factors. Then 

L]^ says that the weight of any human o i s caused under transduction / by o's 

X-status. I f f i s now the wife-of translocator over the domain of mono

gamous males and, more r e s t r i c t i v e l y than necessary, we take to consist of 

monpgamous Englishmen, each £ i n has exactly one wife i n the domain of L̂ ,̂ 

and L^j. says that the wife-weight of any monogamous Englishman £ i s caused 

/-wise by £'s wi f e l y ^-ness. 

When Iq^ i s explained under Mediated Composition as the product of ^L^t...,L^>, 

almost cert a i n l y some of the l a t t e r derive fSrom more basic laws by Domain Trans

location (cf. auto-regressive unfolding, p. 73f.). Prima f a c i e , Iq^f i s just a 

domain constriction of L^; yet conceptually, L^f's variables appear d i s t i n c t from 

those of hy, nor i s D̂  always included i n Dj^. And i f the manner i n which variables 

Xf and yf are i n i t i a l l y i d e n t i f i e d by science S does not make manifest that these 

are i n fact t-derivative ft-om X and y, respectively, say because what Z has estab-

lish e d i s not Lj^^ as such but a less perspicuous conception 

r«». In DJ, z" = /(X") 
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of the same fa c t u a l generality s i g n i f i e d by discovery tbat;D|, and y" are 

i n fact D^, Xf, and yf, respectively, so that reduces by substitution of identicals 

to h^f and i s hence explained by L̂ ,̂ would be no small achievement for science E. 

ffNbtQ i . When i s so reduced to 1̂ .̂, Z) must also acknowledge the 

pri n c i p l e s 

P-ĵ : For each i n P« (= D p , there i s exactly b i i e j ^ ^ i n such that = f(o^) , 

For each 2^ i n 2 ^ and 0^ i n D^ such that o^ = f ( o ^ ) , [X«,y" ] (oj^) = [X,y](oj) . 

£2 i s not Only a functional law of generic form ( 9 ) , i t i s explanatory i n that for 

each J2 i n DJ. and f(o) i n D , , 0 has i t s p a r t i c u l a r value of [X*,y"] (= [Xf,yf]) 

because f f o ) has whatever [X,y]-state i t does. But P5 i s not a causal law; 

rather, i t expresses a c o n s t i t u t i o n a l dependency of fLX",y"]jo") upon r [ X , y ] ; f ( o ) l 

disclosed by a n a l y s i s — a n ontological, not conceptual, a n a l y s i s — o f the compo

s i t i o n s of these events. I t i s hard to f i n d a name for laws of t h i s sort having 

just the right heuristic f l a v o r , but "analytic reduction" or "supervenience 

analysis" come close. As for P^, whether t h i s has explanatory force depends on 

de t a i l s of the p a r t i c u l a r c a s e — i t may, for example, be true by d e f i n i t i o n a l 

a r t i f i c e (e.g., s t a r t i n g with a r e l a t i o n 7 f °" ~ f ^ % i s not a function, 

we might stipulate that D^ comprises just the objects i n D^ having exactly one 

7f.-relatum i n D^). But formally, P^ i l l u s t r a t e s p r i n c i p l e s governing p a r t i c u l a r 

facts of locus structure that for at least some f (notably, ones that are genuine 

causal excursa) are explanatorily p r i o r to any of the world's causal events. 

Illfotg 2 . Statements about t-derivative variables and t h e i r p r i n c i p l e s of 

explanation catch us i n an awkward ontological bind whose optimal philosophic 

management i s s t i l l unclear. Consider the sentence, 'Spratt's wife i s f a t . ' 

We can parse t h i s as a t t r i b u t i n g either the property Havine-a-fat-wife to Spratt, 

or Fatness to Spratt's wife—which i s to say that t h i s sentence's gerundive, 

'Spratt's wife's being f a t ' , seems ambiguous between naming an event whose locus 



i s Spratt and one whose locus i s Spratt's wife. More generally, when variable 

[xf] i s t-derivative from variable x, we can apparently construe gerundized true 

sentence '^jffCo) = x' to s i g n i f y either the event r x ; f ( o ) l or the manifestly 

quite different event f"xf;£l. Now, an ontology that takes such translocational 
A 

multicopying of x-events seriously, to the point of distingtiishing Txf;o7 from 

r^itio)! causally, seems s u r r e a l i s t i c at best. Yet for reasons deeply rooted 

i n our most basic machiTiery of thought, i t i s extraordinarily d i f f i c u l t to abandon 

talki n g as though r^ffjoT i s d i s t i n c t from r^jfCfi)"!. That i s , we have no ready 

way to i d e n t i f y Spratt's having a f a t wife with Mrs. Spratt's being f a t . Someday 

we w i l l surely arrive at an understanding of semantics that can translate such 

hopefully harmless fables into ontological a u s t e r i t i e s that need no apologies 

for pretense. But u n t i l then, we must t r y to imagine coherently;rsepa?at&?positions 

for rxjfCo)"] and f'̂ f;©"? in our models of the world's explanatory order. It i s 

straightforward enough to hold Tx;f (o)"l, together with the fact that o has just 

one f-relatum, a n a l y t i c a l l y (not causally) responsible for fxf;£7' 

hope to envision causal laws i n which [xf] i s an input variable, the productivity 
A 

force we a t t r i b u t e to [xf] can only be a supervenient shadow of rx;f(o)7'3 grade 

of causality. To i l l u s t r a t e , suppose that rx;f(o^)'] i s a cause of some ry>f(£<)7 

and hence t - d e r i v a t i v e l y of 'Cjt.ilt']' wish to say that rxfjo."], too, i s a 

cause of ry;f(£jl or of ryf;o.7, how do we put rx;f(o. )1 and [-xfiQ,! together 
A j A J ^ ^ A X-

i n a single story about production of r 7 i ^ ( . 2 i ) l and [7f\2*l^ ^ heat move i s 
not to t r y combining these i n the way we connect two events that work together, 

conjointly or one through the other's mediation, i n bringing about a shared 

eff e c t . Instead, we need to segregate fxfjfi^") from r^;f(£j)l i n non-interacting 

stories at different l e v e l s of causality. So i n p a r t i c u l a r , when the law 1^^ 

derived by translocation from causal law i s parsed as a t t r i b u t i n g causal 

linkages to events whose l o c i i n are a r t i f i c i a l displacements of r e a l causal 

l o c i that are i n or have been previously transloca ed into D̂ ,̂ the grade of 
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causalitjr involve* i a Bust be superveniently derivative from, not the 

same as, that i n L^. 

t j o t e 2 . Whether we can disambiguate t h i s metaprinciple's explanatory-

order claim, that L^^ i s " i n p r i n c i p l e " due to L̂ ,̂ as a s t r i c t no-exceptions 

rather than just an expectation i n the main depends on whether y i s i d e n t i c a l 

with [ y f f ' ' ] whenever the r e s t r i c t i o n of translocator f to i t s subdomain Di. 

has an inverse f"'^, or whether there i s instead some sense i n which [ j f f ' ^ l 

i s superveniently d i s t i n c t from y despite ff"""^'s being simply an Identity 
A 

function on 2 i « (^n. 4. i n Chapter 1 points out why the l a t t e r suggestion i s 

not quite so ludicrous as i t seems.) For example, i f Wife^Srliuafetnd"^s-weight 

i s the variable whose value for any monogamous Englishman i s the weight of 

his wife's husband, i s Spratt's-having-a-wtfe's-husband's-weight-of-l63-lbs. 

the very same event as Spratt's-weighing-l63-lbs., as commonsense i n s i s t s , or 

does the l o g i c by which we work t-derivative events into the world's becausal 

order require these to be distinguished? Unless [ y f f " I ] generally d i f f e r s 

from y, however, a pair of laws <hi*hif^ i n s t a n t i a t i n g the Domain Translocation 

schema may give explanatory p r i o r i t y to L^f rather than to Lj^—as you can see 

by replacing <y,X> i n In by <yf,Xf > and both occurrences of f i n L,* by ff""'". 1 
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Oatpgt Abstraction. I f variable z i s a-derivatlve from the output Y of 
A A 

a causal law 

L y J In 2 , I = $ ( 1 ) , 

i . e . , i f ̂  = [gY] for some abstractor function £, then 

igY- In 2 , S = £$(X) ( z = [£Y] ) 

i s a causal law, due to I« and z's c o n s t i t u t i o n a l derivation from Y, whose transducer 

i s the composition of ^ i n t o £ and whose grade of causality i s presumably more 

r a r i f i e d than that of L-.. For example, suppose that Y i s the singleton Height 

variable over bisexual organisms, X i s a tuple of Height sources, and z i s the 
M A 

binary variable of being/not-being at least one meter t a l l . Then an organism's 

X-condition causally determines whether i t i s at least one meter t a l l by producing 

i t s value on the continuous height variable from whose range the binary height 

c l a s s i f i c a t i o n i s an analytic abstraction. More generally, the metaprinciple of 

Output Abstraction says that any molar event ffiJiiJ? caused, perhaps superveniently, 

by any causal source of the compound event from which f f i ^ J f i l a molar 

abstraction. 

[Njotg. By r i g h t s , t h i s metaprinciple (and s i m i l a r l y for Input Abstraction, 

below) should also extend to cases wherein £ i n i s a scaling function; and 

to be sure, laws encorporating scaled variables ne6d to be positioned somewhere 

among the Jjorld^s becausing§^. - Yet i f i s due to Ly when £ i s a scaling 

function, then Ly i s also due to Lgy—in flagrant v i o l a t i o n of the antisymmetry 

of explanation—unless we can disclaim that variable £~'̂ £Y i s i d e n t i c a l with 

variable Y. As a l a s t resort, we can support that disclaimer on grounds mentioned 

i n fn. ki p. 2 2 ; but surely there are better ways to cope with t h i s d i f f i c u l t y . So 

l e t us sneak by with some evasive pleading that, the theory of acausal explanation 

i s s t i l l too nascent f o r a l l i t s major problems to demand.immediate solution. 1 
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iTiPut Abatractlon. Let 

be a causal law whose transducer can be factored as the composition of some function 

£ into another, /. That i s , fig{ ) = fi{g{ ) ) . And write Z for the simple or com

pound variable derived from X by viewing £ i n l y ^ not as a transducer composant 

but as an abstractor applied to X, i . e . , Z = [£X]. |We allow that some X-components 
A A. A A 

may persist unabstracted as components of Z, as when, e.g., X =^^f '•?l»?2-'» 

=def < g i ( X i ) , X 2 > , and Z = [gX] = l l g ^ ^ ^ - ^ ] . J z ] , 1 Then 

Lyz'' I" Z = J^(z) ( Z = [gX] ) 

i s a supervenient causal law that i s due to l y j together with ^'s a-derivational 

natiure. For example, i f JJQ i s the a-derivative variable >fean-parental-height-in-

inches (see p. 2 6 ) , we can i n f e r from our previously (p. 8 0 ) conjectvired law 

InD, ^ = £-^(.5£^M>+ .5£jilf$ + £2*^ 

of height inheritance that 

In 2 , l l = £ ^ ^ ( ^ + £ 2 ! ) 

i s also, at some l e v e l of molar abstraction, a causal law under which S's height 

i s brought about by *'s mean-parental-helght together with supplementary input f E j J i l . 

In essence, what t h i s metaprinciple claims i s that when several d i f f e r e n t values of 

X have i d e n t i c a l effects ̂ y , then the disjunctive property of having one of 
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these y-equivalent alternatives on X can i t s e l f be treated as a molar source of 

t h i s same y - e f f e c t — a l b e i t not on the same causality l e v e l as the former, else 
A 

we would have the problem of eaqplaining how the disjunction and the X-value which 
en t a i l s i t for a p a r t i c u l a r ^ work con j o i n t l y i n determination of ry;_7» I t 

-1 
i s not p l a i n that every l y g derived by input abstraction from a causal law i s 

i t s e l f causal at.ar>y l e v e l of supervenience; and i t may w e l l turn out that 

severe additional q u a l i f i c a t i o n s are needed here. Even so, unless laws derived 

by input abstraction generally enjoy some grade of cauaal stature, a t t r i b u t i o n of 

causal e f f i c a c y to commonsense molar events could never be more than f a t u i t y . 

Output Compounding. Let 

L: [ i n \ Zj, = ^ k ® l ^ ̂  = ) 

be an m-tuple of causal laws with the same input X. I f X =^gf [ y ^ j . - ^ j y ^ ] , 

? =(jgf ^ ^'^i - • • »/nî » and i s the intersection of domains D̂ ,... then 

ia also a causal law due to laws L. This i s one metaprinciple that seems e n t i r e l y 

unproblematic, and with the aid of Input Expansion, below, i s our basis f o r 

allowing the outputs of causal laws to be compound variables. The importance 

of combining laws L into a single compound law L ^ i s that Ljj^ thereby becomes 

available as a basis for further derivation, by Output Abstraction and Input 

Abstraction, of laws that accovmt for cMiplex molar events jfg^ts^}, -

lifput Expanpipn. To oonjela a glTen lav 

i k * In P, 2 k = A^^k) 

v i t h others by Output CoB5)ounding, Lj^'s input may f i r s t require i n f l a t i o n by l o c a l 
irrelevancies to which i t a transducer gives n u l l weight. Suppose that Xj^ i s only a 
proper subtuple of the t o t a l i t y X of input dimensions i n the lavs to be conjoined. 

To expand Lj^ te receive a l l of X as input, l e t be the component-selector function, 
from the range of X into the range of Xjj., that maps each value X of 
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X int» the Xj^-value X^ ^abedded i n X. Then as i l l u s t r a t e d by on p>: 68, 

i s a law that i s also causal i f the components of ]J not i n Xjj. have no e:^ect on yj. 
and indeed i s more basic than Jgu ^ ^ 

i n 2 that i s not wholly mediated.by Jj^;,,^: i n that case. ^Details of t h i s mediation 

condition are developed i n my "Complexities of mediation structure" document 

cite d i n fn. 8.) Transducer ^^^^ i n i l l u s t r a t e s what i s meant by saying 

that a law may assign " n u l l weight" to some components of i t s input. For /j^Cj^ 

simply ignores values of X-components that are not also i n Xy., i . e . , i f X^ i s 

the value of Xj^ embedded i n X-value X, f^\^i^^Z) - A^-k^* Whenever we undertake 

to explain a molar event [ g ^ i r' * • f7m^some 0 i n D by appeal to an array 
AX m̂ 

of molecular laws •̂̂•̂  = ^(^[if)} (k = l,...,m) over D, we must f i r s t extend each 

of the l a t t e r to have as common input a l l the d i f f e r e n t variables i n ^^i>'««»^^ — 

which, depending on the mediation structure of these variables, may or may not 

be possible simply by Input Expansion—^before Output Compounding and thereafter 

Output Abstraction can be applied. 
S c i e n t i f i c systemacy 3V. Molar explanations. . 

I t i s evident from the foregoing that lawfulness derived from an ensemble 

of causal laws may well have dubious causal q u a l i t y . But that should hold no 

surprise; for more generally, causal laws can generate unlimited patterns of 

aeiausal concordance, functional or otherwise. 

Suppose, for example, that compound variable Y has causal o r i g i n 

Ly: In 2 , Y = $(X) ( Y = [y^ , y ] , X = [x,,... , x j , i = </,... ,^> ) . 

As X takes on d i f f e r e n t values for assorted members of D, the component variables 

i n Y are not free to vary independently of one another but are constrained under 

the component functions i n $ by t h e i r common source X. In i d e a l cases t h i s 

can preclude occurrence i n 2 " f many l o g i c a l l y possible score combinations on 
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<y-i»««-»y >• Indeed, i f the number m of X-c«nponents i s smaller than the number 

a of components i n Y while the f i r s t m component functions i n $ s a t i s f y certain 
A 

mild orthodoxies, we can write Y = [J IL»Y2] and $ = <$]̂ » where Yj^ and 
contain the f i r s t m components of Y and $, respectively, and have that 

has an inverse."^ Then insomuch as Tj^ = $yiX) and Y2 = ^2^-^ - (immediate 

^ ^ o r e generally, without imposition of "orthodoxies" on </̂ ,... ,/jj>,-;if_^a i s suf
f i c i e n t l y large for fi^^ed E_there w i l l l i k e l y be some integer; r £̂"n such tha^ 5J^I* 

,/j.>has an inverse. Bat r m&y w e l l be larger than mj,and to insure the existence 
of t h i s eveir when a Bmc]j_^xceeds m we need some constraints on </-j^,... ,/j,>. 

from Ly), i t follows that 

In D, X = $ i ^ ( Y i ) and Yg = $ 2 ̂ l^^^l^ * 

Neither of these l a t t e r r e g u l a r i t i e s expresses a causal dependency of X or Y, 

upon Y j , but both are lawful enough to sustain genuine predictions based on 
compound 

Yj^-information. That i s , given knowledge of a^causal law Ly having the i d e a l 
:> knowledge 

properties just described-^-though how we might come by t h a t ^ i f X - s c o r e s are not 

d i r e c t l y pbservable remains to be seen-^-learning where some 0 i n 2-stands just 

on subtuple Ŷ^ of Y allows us to recover o's standing on Y^^-source X and from 

there to predict what value 0 has on other effects Yp of X. And as bonus, 

we get to explain both the predicted event TYpjol and our evidence TY-. ;o"7 

for i t as due to the inferred underlying event rX;£|. 
•1 

To be sure, t h i s predictive i d e a l i s never e n t i r e l y r e a l i s t i c . For 

noise factors (measurement error, unique sources, stochastic residuals, or what

ever) on the input^aide of any multivariate causal law Ly are always numerous 
enough to thwart errorless i d e n t i f i c a t i o n of rX;fi7, or even certain exclusion of 

p o s s i b i l i t y 
any/(for Y2(D) (Y = [Yn ,Y2]), from any p a r t T Y ^ j o l of (Y;^-. Eve» so, Ijy w i l l 

A A ^ A A ^ 
«ti11 induce a d i s t i n c t i v e l y patterned d i s t r i b u t i o n of Y-scores not only i h D 
but also i n observably f i n i t e subsets o f D. And so we arrive^at the two^great 

raw 
problems of macro-phenomena that drive the modern methodology of s t a t i s t i c a l 
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data analysis: Given that a l l components of compound variable T i n Ly are obser

vable but that some or a l l components of X are not, (a) how can we use f u l l y 

characterize the Y-score patterning i n sample populations drawn from D, and 
A 

(b) how can we exploit t h i s pattern information to i n f e r decently r e l i a b l e 

conclusions about the transducer $ and underlying X-values from which our 
A 

observed Y-scores have arisen? The f i r s t of these i s the problem of data 

analysis: the second, that of data int e r p r e t a t i o n . 

In theory, the answer to (a) i s straightforward: Every s t a t i s t i c defined 

by a-derivation on the range of Y's sample d i s t r i b u t i o n s (see p. 28, 

above) i s a dimension of molar Y-patterning; and although the t o t a l i t y of con-
A 

ceivable pattern dimensions i s imworkably large ( i . e . i n f i n i t e ) , i t only remains 

to choose which manageably small subset thereof seems most i n t e r p r e t i v e l y inform

ative. In practice, of coiirse, a great deal of sophisticated e f f o r t has gone into 

establishing t r a d i t i o n s for fiBBBEH^aHBlSi^ such choices, and many important 

t e c h n i c a l i t i e s remain open to further inquiry (including some pretty basic 

foundation gaps that need f i l l i n g with something more s o l i d than the pious 
data 

presumptions that now patch them over.) Yet the essence of s t a t i s t i c a l ^ a n a l y s i s / 

interpretation can be d e f t l y summarized by our now-established SLese formalisms, 

and i s well worth thinking through not so much for what i t reveals about s c i e n t i f i c 

knowledge as for i t s perspicuity as a paradigm of molar explanation. 

Statistical,:^ggrega tes. 

In a t y p i c a l application of modern s t a t i s t i c s to empirical research, we 

make observations on a tuple Y of numerically scaled data variables for each i n d i v i d -

ual object £ i n a size-N sample ^ j j some population D, while hypothesizing 

that Y i s produced i n D by numerically scaled but generally unobserved sources 

<X,E> (in which E i s distinguished for l a t e r treatment as a tuple of "random" 

variables) according to a causal law 
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(20) In D, Y = #g(X,E) . 

We assme that (20)'s transducer belongs to some i d e n t i f i e d class $ of functions, 

but that i t s p a r t i c u l a r a-indexed instance within t h i s class i s unknown, (in 

practice, 'a' demarks a f i n i t e tuple of algebraic parameters within a computable 

function-form $,) We can choose form $ to equate some or a l l components of X 

with p a r t i c u l a r components of Y; so some of the nominally unobserved inputs i n 
A 

(20) can i n fact be data variables. [[Also, source variables 'iX,E> can be under 
conjectured 

some array o f c o n s t r a i n t s expressible e.g. In form 

(20-add) In D, ^^(X,E) = 0 , 

i . e . , <V^^^(X,I) = 0, ^YjZ^Ifl) ' 0, ...>, i n which i s a function selected by 

unknown parameter tupla b from known form In p a r t i c u l a r , (20-add) may be 

an algebraic reorganization of a recursive system ^In D, x^ = f ^ ^ j ( X j , E j ) j of 

causal laws wherein i s some component of X while X^ and Ê ' are subtuples of 

X and E, respectively.]] 
hypothesis schema 

The most f a m i l i a r version ofy(20), one that research practice has exploited 

prodigiously, i s the basic "general l i n e a r model" under which X = [x,,...,x_], 

Y = [x,,...,XB.,y], E = [e], and the <B+l)th eoraponent /. of =<ĵ >,V.̂  

i s a l i n e a r function of [X,e] with c o e f f i c i e n t s a = <aQ,aj»•••»ani> and 1. 

(Components ... o^ l ' s t ^ i ^ i ^ H y i d e n t i f y each x̂ ^ on t h e . l e f t with Xj^ on 

the right.) Then the model's n o n t r i v i a l part i s just 
(20.1) In D, jr = SQ + 83̂ X3̂  + . + â Xm + £ 

i n which scores on y,x.y,... ̂ x^^ for sampled D-members are known but c o e f f i c i e n t s a 

and scores on random residual e are not. Or i f we waive otir model-standardizing 

but otherwise needless constraint that a l l data variables i n (20) are components 

of output compound Y, we can say more simply that the basic General Linear Model 
A 

i s (20)'s instance wherein Y and E are singletons and (20) has l i n e a r form (20.1). 
A A 
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As i s well known, (20,1) i n turn subsumes group comparisons. Analysis of Variance/ 

Covariance, and Regression Analysis with any parametrically l i n e a r form of regression 

surface. Another major instance of generic model (20) i s Factor Analysis, wherein 

X Is a tuple of unobserved source variables postulated to explain the sample 
A 

covariances observed among data variables Y while E comprises unobserved "unique" 
A A 

residuals of these outputs. And i n certain very recent advances of multivariate 

analysis, each D-member i s an enduring subject f o r which the value of each com

ponent y. of Y i s a "repeated measurements" sequence of scores on some variable 
At) ^ 

j\t d i f f e r e n t times i n that subject's developmental history. 

To develop sampling theory for recovery of unknowns i n (20), l e t 

comprise a l l N-tuples of individuals from D such that ŝ ^ s a t i s f i e s certain 

co-selection constraints of obscure f a c t u a l character but denoted by such s t a t i s 

t i c i a n s ' phrases as "independent random sample." And for k = 1,...,N, l e t f j ^ 

be the translocator from i n t o D such that each fjj(Sjj) i s the kth member of 

sample ^ j j . Then by Domain Translocation, (20) generates 

(21) InD*, [ i f j ^ = ^ ( X f j ^ , E f k ) ] ( k = l,...,N) , 

and from there, by Input Expansion and Output Cqn^jounding, 

(22) I n D j , Y» = $ J ( r , r ) 

i n which 

r % f ^F-1»"-'J-N^» r ^def r =def tEf3̂ »---»f£Nl» 
and 

f a "def ^$a''l"*-'Ja'^N^ 

where each o. i s the component-selector function that maps any value of [X*,E*] 

into the value of [Xf ,Ef, ] embedded therein. In practice, values of Y* (and 
A—K A"" A 

s i m i l a r l y for X* and Z*) are often written as Variables-by-Individuals score 
A A 

matrices, i . e . , X*(Sjj) = [z^^ wherein i s the score on the i t h Y-variable 
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for the kth member of sample s.^. This matrix reading of Z*» 2*» and S* i s hence

fo r t h preatned here. Then i n (22) i s the function that maps each score-matrix 

pair <X*,S*> i n t o the score matrix whose kth column (k = 1,2,...,N) i s the ^ - t r a n s 

form of the kth coloBns of X* and E*. 

[When model (20) Includes additional source-variable constraints (20-add), 

these are s i m i l a r l y compounded into 

(22-add) In D*, ^{(XM») = 0 ( J r * <)^^a^,,,., <^a^> ) . I 

To continue i l l u s t r a t i o n with the General Linear Model, when (20) i s 

specialized to (20.1), (22) becomes i n the notation of matrix algebra just 

(22.1) In fij, Z* = ESQ â ^ ... a^ 1] 

wherein 1* i s an 5*-tuple of I s , and each of Z*,x£,...,2E^,£* i s the ]f-tuple (row 

vector) of scores i n i„ on the variable indicated. Although a l l scores on e and X 

for a l l sample members are i n the righthand side of (22.1), t h i s equation's algebra 

selects just the ^ t h components of a* and the rows of J* f o r determining the Igth 

component of z.*' ^bat i s , with f a r l e s s algebraic dexterity but greater notational 

resemblance to generic formula (22), (22.1) can be equivalently written as 

(22.1a) In D*, < . . . . . . > = a^ + ai<»k(Sii»•..»3[i]^) + ... + 4i<yk^2^1» 

In (22.1a), Zjj» *nd are respectively the ^ t h elwnent of vector of scores 

on y, the j^th element of matrix X* of scores on X, and the ^ t h element of vector e* 

of scores on e f o r an a r b i t r a r y N-tuple of D-membersj and con^onent-seleotor function 

picks out the Igth element of any N-tuple to which i t i s applied. 

Let us pause to f l e s h out the meaning of formalism (22). We have begun 

with a compound Y = [y^^,... ,yj,3 of niimerically scaled variablea whose values 

1» 
X* 
.fi* 
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we have actually learned f o r cwrtain objects i n our v i c i n i t y . And for reasoaa^, 

aeldoB clo s e l y scrutinized i n practice, ve f e e l i t vorthvhile to conjecture that 

for each member o of some domain D decently sampled by the individuals vhose Y-scores 

ve have observed, Q*s score-tuple <y,(o),...,y {g)> on Y i s caused by o's scores 
4 J- A ^ 1 

<X(£) ,E(£)> on nimerically sealed ccnapound source-variables X = l^i**"f^^ 

r e s i d u a l 1 = [e-,...,e ] under a transducer $ - </„i».• »»/.^> ( i . e . I , = / . ( X , ! ) 
A Ai. A" a ax an j aj 

for each 1 = l , . . . , ] i ) s pecified by still-unknovn parameters 4 = <...,aĵ ,...> i n 
a stipulated function-form For example, y, ( 2 ) ,•..,y_(^) might be person ̂ 's 

scores on an array of small i n t e l l e c t u a l tasks (test probleins) on vhich ve think 

performance i n a certain^ t e s t i n g s i t u a t i o n p a r t l y d e f i n i t i v e of D i s due mainly 

to the performer's standing on an array X of abi l i t y / p e r a o n a l l t y / B o t i v a t i o n a l 
A 

factors together v i t h assorted chance disturbances that can be aggregated into 

one r e s i d u a l e^ f o r each performance dime|isionyj» ( i t i s net obltgatoyy to 

allocate exactly one res i d u a l to each CMRponent of^output coapound T, but that 

i s standard i n practice.) I t should be noted that model (2G) for single D-members 

i s i t s e l f e x p l i c i t l y or i m p l i c i t l y derived from g sub-aodele 

(20') 

one f o r each T-dimension y., vherein <x',...,x! > i s a not-neoessarily-proper ^ y»J >ijl 4 3Bj 
subtuple of X, and e^ i s the i t h component of £. The righthand aide of each 

A AO A 

equation i n (20') i s f i r s t converted to /j(52,...»l^,£3^»...,fijj), i . e . /j(X,JB), 

by Input Expansion under presumption that any components of [X,E] not i n [xl-t, 

...,xlgj ,e.] have no ef f e c t on y. unmediated by the l a t t e r , and those expanaions 
^ j A J ^ J 

are then conjoined by Otttput Compounding to y i e l d (20). I h i t i l recently, applied 

data analyais seldom started v i t h component models (20') i n whic# aou'-resldual 

input to any one y. vaa less than t o t a l input array X. But that i s no longer true 
A J A 

of Bodem recinrsiveHnodelling practices. 

What ve i n i t i a l l y surmise about the Y-sources 3| l | i (20) varies greatly,from 

one application to another. Often we have views on the substantive nature of soae 
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X-dimensions x,, e.g. theories of i n t e l l i g e n c e and p e r s o n a l l y , even when x^-scores 

are not d i r e c t l y observable. And aoBietlBies we not Kerely know what x.-ness Ig, 

but believe i t to be measured by one of our T-variablea y. so accurately that we 
A A h 

can simply equate ŷ ^ with x^ by f i x i n g the jjth component function = /g|j(X,E) 

i n (20) to be 2^ = O'x^ + ... + O'^^^i + 1*2^ + °*-j+l + 

... + ©'S^ or i t a equivalent, ( i h i s i s what was meant above by describing certain 

J^-componenta i n our f i r a t version of the basic General l i n e a r Model aa " t r i v i a l . " ) 

But at the other extreme, we may conjecture v i r t u a l l y nothing about X beyond that 

some such fi-tt^le of bidden sources seems needed to explain the patterning of 

sample data on X i n D. 

With suitable s p e c i f i c a t i o n of i t a open parameters, law-conjecture (20) 

proffers explanation f o r the I-scores of single objects i n D. but to analyze/ 

interpret aanple data on Y, we must expand miero-^odel (20) into a macro-model (22) 

under which an agp?Bgat» of [X,E]-eventa explains the Y-atate of a group of g-membera 
A A A 

There i s nothing at a l l mysterious about t h i s expanaion; but i t s t e c h n i c a l i t i e s 

even for random sampling are soB^what more i n t r i c a t e than ecnmnonsense kens, and 

getting clear on how SLese manages t h i s i s an e s s e n t i a l preface to understanding 

the structure of more complex m i c r o ^ o l a r systems. Given N individuals sampled 

from D, our f i r s t move i s to index these from 1 to N i n a r b i t r a r y but thereafter 

fixed order, and then to think of t h i s c o l l e c t i o n as a molar unit, cwnpriaing 

d i s j o i n t parts that can be picked out of s.jf ^ i n d e x i c a l descriptors. That i s , 

•the kth i n d i v i d u a l i n sample abbreviated f j j ( % ) i n (21), refers to aaaple-

•eaber jg^. This allows our observed array ^fy^jajj.!: 1 * l , . . . , a ; k = 1,...,5| 

of scattered micro-events to be formalized as a single maero«event rJ*iS^ whose 

manifest locua i s molar object a^* S p e c i f i c a l l y , we multicopy each component y^ 

of Y into N t-derivative micro-variables y*j^ ^Jj-k^ ^- " ^>***»-^ '̂̂ ^̂  

domain D i of N-member samples from D—i.e., the value of y?, f o r 8„ i s the value 

of f o r s^?a kth Bflffliber-^and then oo«5)ound a l l the l a t t e r as T* -^^^ ^ ^ j k ' ^ ~ »̂ 

»•»»]!» ]fe ~ !>••••]!]• We can then conjecture that observed macro-event rT*;4jj7 i " 
1 
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accounted for by a macro-antecedent r[X»,E*];Sjj7 under a macro-principle (22) 

derived from the micro-principle (20) under which, f o r each part Oĵ  of fjiB.^ 

i s due to a micro-event rCX,E];©,"| that d i f f e r a only by translocation from a 

fragment of r[X*,E*];8^7. S p e c i f i c a l l y , (22)'s tranaducer i s a doubly indexed 

array ^* ~det l^^k' ^ ~ - ~ 1 » » N J wherein each /Jjj. i s a function on 

the range of [X*,E*] that outputs the kth sample-member's value of the 1th data 

dimension by f i r s t s electing, frraa the macro-compound [X*,E*3(8»|) of micro-input 

acores for a l l the sample members, just the sub-array contributed by i j ^ . and then 

applying to t h i s selection the ^ t h component of transducer i n (20), I f 

(20) i s causal, (22) too i a c a u s a l — o r so the metaprinciple of Output Compounding 

claima—so long as the detennination of each fy^JSj^l by J»ĵ 3 J2.jjl i s unmediated 

by any micro-input event rx|j;Ojjil or fOjJOjjiT whose locus i a a member Oj^, of 

different from (This mediation premise i s reasonable enough when a^ i n t u i t i v e l y 

q u a l i f i e s aa an "independent random sample" from D; but i t i s generally less 

plausible for more natural molar systems discussed l a t e r . ) 

Elaboration of (20) into (22) i s not an end i n i t s e l f . Indeed, t h i s 

would have l i t t l e point were i t not f o r the molar abstractions to which (22) gives 

r i s e . For i t i s now possible that we can a-derive from I * a compound molar pattern 
A 

variable X* whose determination by an- abstraction 2* from [X*,l*} under a transducer 
^ A A A 

P* entailed by Is s u f f i c i e n t l y simple, given that the residuals comppunded^f* 

i n E* behave as s t a t i s t i c a l theory deems proper, that parameters a i n and 

can be recovered from the value of I * computed for'aj^ from data array I*(a^). 

S p e c i f i c a l l y , l e t G = 'gi,...,£r> be same array of ntmierlcal s t a t i a t i c a ( i . e . 

pattern abstractors) on experimental set-up Y*. (See p. 27f. f o r review of t h i s 

terminology.) That i s , each i s some number-Valued function on the range of Y*, 
J 

80 that for each value Y* of Y*, g.Y* i s a aingle number d i a t i l l e d by e. out of 

score array Y*. Then from (22) i t follows by Output Abstraction that 

(23) I n D j , £jY» = £jfJ(XM*) ( J = l , . . . , r ) , 



- 9 4 a -

whereln £jT» l a the value of pattern variable [£j][*3 ̂ or an a r b i t r a r y Dĵ H»ember 

whose value of Y» l a Y*. I f the eonponent ftinctlons i n tiqoles G and are 

algeb r a i c a l l y well-behaved i n the fashion t j r p i f i e d by polynomials, there w i l l e x i s t 

a f i n i t e tuple g » <̂ ,»...,]!.> of s t a t i s t i c s on [X*,E*]i i d e f t t i f i e d j u s t by G 

and the known form ^ of and f o r each £j i n G a function on the-range 

of H selected from a known function-form ^7 "th® same parameters a = -c. ... > 

that select ^_-firom form ̂ , such that 
-»»> 

= ^5^5 ( j = 1,...,̂ £ ) . 

This rewriting of £j?a ^ a - nothing more than an algebraic rearrangement 

of elementary mathematical operations which can be combined i n alternative ways 

to achieve the same mapping from the range of [X*,E»] into the range of s t a t i s t i c £4. 

i[Roughly speaking, the reorganisation of sought by Tj^H S *«> 

perform aa much condensation of the function'a arguaent as i s possible (under the 

constraint that g l a to be the same f o r a l l gj^,..i,£p) without involving any of 

the unknown parametera a, before c a r r i e s out the f i n a l d i s t i l l a t i o n to which 

a i a essential. To i l l u s t r a t e , l e t be the function that extracts the arithmetic 

mean of any N numbers to which i t i a applied, i . e . , E^i&yf'tiYf) -<j^f (i]^ 

••• And write J t * ̂ or the l i n e a r transducer i n (22.1). Then i s eomposable 

in t o 1^ (since a l l values of ̂ * are number ̂ t u p l e s ) ; and to see how t h e i r coapoaition 

can be reorganized i n the fashion desired, we apply E^* *o an a r b i t r a r y argument 

^I*ffi*> and observe frwn the righthand side of (22.1) that 

where each ^ ( i j ) i s ^ean of the i t h row x| of acore matrix Xt. I f TĴ  i s now 

the l i n e a r compositor on number (afl ) - t u p l e s whose value f o r any argument ^ I j ^ * • . •»J^+i> 

i s '^a^Sl»*"'^+l^ "def So ^ l l l + ... + 1 ^ + ^ 3 ^ , t h i s becomes simply 
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where ̂  i s the cwBpound function |^ = ^ ̂ yj'i*"' eonponent 

£ ^ O j of which i s the conposition i n t o of a sub-array aeleotor that picka 

out of acore array <X»,ftV either (when J. = mfl) or the J.th row of X». To 

appreciate how the conposition of ̂ * into d i f f e r s from that of ̂  into 7^ 

even though g^g* * note that ^ condenses the (ffifl)xjg elewent array <X»,E*> 

into Just j g f l i J M ^ o r a unaffected, by: parawftters a^faqse ;^3FW^.lr;i^ 

into how J*^c^^»ltes^^t^^ atrt^i yiherean^^^^^mtion of <Z.*»S.*> ^ 

the aeqttence of operations i n g^^*^essentially exhausts the.force of parameters a 

before any reduction i n array size i a accomplished.! 

Given equivalencea [ i j ^ ^ = '^JaSf* '̂̂ ^̂  mathematically equivalent t o 

(23a) I n f i l J , ^ gf* = T^^Eil**!*)} ( i = !,...,£) , 

which by Output Conpounding i s 

(2*) InD|J, G ( p ) = r^(H(XM»)) < Ha =def <'^a-*'» ^ r a > ^ » 

where f o r any tuple G « <gĵ »...»fip> of functions on the range of a function or 

variable J t we continue to write G("5) =def ^ ̂ 'l?* * *' »*rV * '̂^ »^ke clear what (24) 

accwaplishea, l e t T - [y-i,...,y„] and [av,...,«.3 be the compound variables 

over DĴ  reapectively a-derived fptaa I * and [X»,l»] by functions G = 

and B = <lli,...,]lg>in ( 2 4 ) . That i s , 

Then by Input Abstraction, (24) becMies simply 

(24a) In DjJ, T - r ^ d ) , 

wherein molar tranaducer i s selected by the same parameters g as before fVom 
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a known form P, 1 ia a eompotmd pattern variable whose value f o r sample s„ i a 

computable from data d i a t r i b u t i o n T*(8jj), and the value of compound molar variable 

Z* for SM i s an abstraction from the unknown d i s t r i b u t i o n of aoesres on X and E 

i n % • S i m i l a r l y but not quite i d e n t i c a l l y , equation (24) aays that the value of 

compound s t a t i s t i c G f o r the observed T-distribution i n 8„ derives from—indeed, 

according to the metaprinciple of Input Abstraction, may i n aome sense be caused 

by—the value of compound s t a t i s t i c H for the aample d i s t r i b u t i o n on [X,E3 under 

a transducer i d e n t i f i a b l e by the same parameters a that i d e n t i f y transducer 

i n model (20) f o r production of Y-scores f o r single individuals i n D. 

A very simple example of (24a) that follows frwa micro-model (20,1) by 

applying univariate s t a t i s t i c g^ to both sides of (22.1) i a 

(24.1) In D*, f = + a^x^ + ... + a ^ + £ ( given (20.1) ), 

the overscores therein being standard notation f o r sample means on the variables 

indicated. But i n the most prevalent applications of (24/24a) , abstractors g 

and jg condense sample d i s t r i b u t i o n s into within-sample covariances. These a p p l i 

cations begin with multiple-output l i n e a r micro-model 

(20.2) In D, Y = AX + 1 , 

wherein Y, X, and E are column vectors of scores f o r an a r b i t r a r y indivldial^J^in £ 

on variablea Y = [y,,...,y_], X = [x,,...,x ], and E = [e,,...,e_], reapectively. 
A A^ A ^ ^ A 

(For s i m p l i c i t y , we suppress e x p l i c i t recognition of t h i s model's ad d i t i v e para

metera. Thoae can be made zero by scaling conventiona, or put into A by including 

i n X a pset^o-variable on which every Rnnember haa a score of unity.) The transducer 

i n (20.2) i s a l i n e a r vector function i d e n t i f i e d by a c o e f f i c i e n t matrix A, the 

unknown elements of which ins t a n t i a t e generic parameter tuple a i n ( 2 0 ) . By the 

generic derivation of (22) from ( 2 0 ) , i t follows from (20,2) that the Y-score 
A 

d i s t r i b u t i o n i n any size-N sample Sjj of D-members has causal determination 
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( 2 2 . 2 ) iB £*, I* = AX» + S» ( given (20.2) ) 

wherein the generic [aj^j-demarked difference between micro-tranaducer i n (20) and 

i t s maaEt>-counterpart i n (22) i s concealed within ( 2 2 . 2 ) by the rulea of matrix 

m u l t i p l i c a t i o n . By applying Covariance abstractor Gov (see p. 28 above) to (22.2) 

we derive one of the c l a s s i c a l l y fundamental theorems of l i n e a r data analysis, 

namely^ 

(24.2) In ^ , C „ = AGxxA^ + ACxg + (A Q J E ) ^ + S E E ( gi^^n (20.2) ) , 

wherein super-T denotes matrix-tranapoae. Saeh symbol of form Cggi i n (24.2) 

(Z and Z' variotwly being Y, X, or E ) atands f o r a numerical matrix, derived from 

the matrices 2* and Z'» of aample scores on variables Z and Z' i n an a r b i t r a r y g-, 

whose i k t h element i s the covariance between the i t h row of and the Jcth row 

of Z'*(ajj). I t would be tedious and probably unedifying to set out i n f i n e d e t a i l 

how (24.2) inatantiates generic formula (24/24a) . The aalient point i s simply 

that each matrix Cyy, Oj^, Cjj;, and 0^ i n t h i s enormoualy powerful _eqp9tioa, 

i s juat the value f o r an a r b i t r a r y sample s.^ of a confound pattern variable Cyy, 

etc., defined by applying certain abatractor functiona to sample-diatribution 

variables Y* and [ X » , E * ] . *>rever, i t i s natural to claim bereJ that iOSF^u*; : 

covariances Cyy are i n some molar aenae du^ •̂p input covariances C^x, Gj^, 

and C]g|> under tranaduction ( 2 4 . 2 ) , even though Cyy i s an analytic abstraction 

from the score array Y*(8„) which i s caused by input d i s t r i b u t i o n [X*,E*3(8„) 

without any l i t e r a l causal mediation by the input covariances i n t h i s determination 

sequence. 

Inaomuch as molar model (24a) has the same mathematical character as micro-

model ( 2 0 ) , we a t i l l need to consider why, f o r recovery of the unknown parametera 

i n both (20) and (24a) , one i a preferable to the other. Prima fac i e the reaaon 

aeema evident: For good-sized N, there i s v a s t l y more information available i n 

macro-datum fJ*',§.Y^ or i t a molar summary r ? ; S j j l (I.e. rG(Y*);Sjj7) ^or astutely 

chosen £ than i n any one micro-datum FYjo^; and the G-abstractors can discern 
A 
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Important pattern features i n rT*;fi|fl» notably ceiTr«djat3̂ t̂ . that have no counter

parts at a l l among the properties of any one micro-event ri;©"]. But (24a)'s i n f o r -

mational enrichment on the l e f t : i s counterbalanced by p r o l i f e r a t i o n of unknowns on 

the r i g h t ; so a s p e c i a l magic i s needed to make (24a) more solvable than (20). 

Sampling theory achieves t h i s feat by i n t e r p r e t i n g orthodox sampling con

s t r a i n t s on gjj to imply that almost a l l input components i n (24a) that abatract 

a l l or i n part from resi d u a l d i s t r i b u t i o n E*(s„) are decently approximated by known 

Constanta or meagerly parameterized functions of Z(sjj)'s remainder Z^is^), ao that 

for a small, perhaps zero, number of unknown parameters b i n aome known function-

form e, % i n Djj. [For more advanced models further constrained by (22-add), 

molar abatractlon*from the l a t t e r also contribute s u b s t a n t i a l l y to reduction 

% -®̂ ,(Z.̂ ) of the number of input unknowna i n ( 2 4 a ) . J Substituting t h i s thinning 

of t into (24a) then approximately determines Y i n by a much smaller number 

of unknowns, namely, 

(25) In D̂ , Y 2i P^(%^h)) ( f i a subtuple of Z ) . 

And aampllng theory also assures us that these approximations bectaie increasingly 

exact, i n approximately known degree, aa sample size N becomes increasingly large. 

Example. When G and H abatract within-sample covariances f o r applicationa 
standard aampllng asaumptlona about E i s ^ l y that 

of the General Linear Model,^all covariances i n C^g and a l l off-diagonal ones 

i n Cgg converge with increasing S *o zero, th«*eby simplifiring (24.2) to 

(25.2) In ^ , Cyy ACxxA^ + Dg , 

wherein Sg i s the diagonal matrix of E-component variancea. 

Rot e n l ^ i s tiM r a t i o of wkn«WBS-en-tb«-right to k»eima..sii-tli^-4^ f a r (25) 

generally lower than for any of (24a)» (22), or ( 2 0 ) , i t may well be low enough 

( i f parameterization of (20) has been s u f f i c i e n t l y frugal) to permit solution of 

(25) for a l l i t s righthand terms. 
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That l a , Tinder favorable natheBatlcal clrctSBatances which data-analytic practice 

labors mightily to arrange by i t s sampling assumptions, choice of transducer form 

$ i n mdcro-fflodel (20), and selection of the experiment's summary a t a t i s t i e s G, 

the known form of (25)'s transducer, viewed aa a function whoae argument i s a l l 

of <S.th*%i>* ^ ' i l l have a computable inverse. Transforming both sides of (25) by 

th i s inverse, or by some approximation thereto designed to minimize the error 

r e s u l t i n g from the imperfect equality i n (25), then e f f e c t i v e l y estimatea both 

^a,b> and the ji-abstracted pattern properties of unobaerved macro-event 

r[X*,E»];Sjj'l from the G-patteming i n observed macro-event rY*;a,^* Moreover, 

i f N i s reasonably large, we w i l l have reason for confidence that the true 

values of these s t a t i s t i c s are close to our so-computed estimates thereof. 

d i n practice, i t often occura that whatever s p e c i a l i z a t i o n of (20) seems 

most substantively a t t r a c t i v e for p a r t i c u l a r variablea Y i s "underdetermined" 
A 

i n that i t a molar derivative (25) has no unique solution f o r <a,b> under any 

choice of a t a t i s t i c a <6,H>. Thia problem can always be solved s u p e r f i c i a l l y by 

placing additional conatraints on <a,b>; but that i n e f f e c t i d e n t i f i e s only a 

class of admiasible solutions f o r <a,b> corresponding to our alternativea f o r 

those constraints. The deeper challenge of underdetermined models—importantly 

i l l u s t r a t e d by the factor-analytic l i t e r a t u r e on terminal positioning of factor 

a x e s — i a to f i n d grounda on which to consider some of these admissible solutiona 

more plausible than others as estimates of parametera i n causal tranaducera by 

which 7-data are produced. Rote also that solution f o r a l l unknowna i n (25) 

i d e n t i f i e s the "atructural" parametera §. i n model (20/22/24a) without recovering 

the underlying input d i s t r i b u t i o n on [̂ »E3 i n sample Sjj, Jven^pfeen i s f u l l y -

known^ inference of [X*,E*l(s|j) from Y*ts^X has i t s own sp e c i a l , only semi-tractable, 

d i f f i c u l t i e s that have likewise generated a considerable multivariate l i t e r a t u r e 

under the t i t l e "factor indeterminacy,"]] 
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Sampling theory's parting beneficence for applied data analysia/interpre-

t a t i o n i s to set out with some precision the degrees of credence warranted by 

(25)-based estimates of a causal model's parameters given our model's background 

preaumptiona. I t s most sophisticated i d e a l i s to furnish Bayeaian posterior 

c r e d i b i l i t i e s for <a,b> and H([X»,E*](gjj)); but i n practice we are more l i k e l y 

to be offered, i n order of increasing popularity and decreasing epistemlc merit, 

l i k e l i h o o d ftinctlons, confidence i n t e r v a l s , or null-hypothesis t e s t a . What 

sampling theory cannot yet cogently appraise, however, i s the p l a u s i b i l i t y of 

our choice of model form i n (20) or our warrant f o r the f l a g r a n t l y hypothetical 

sampling presumptions on which our model solution so severely depends. The 

l a t t e r issues are s t i l l on the wilderness side of science's epistemological 

f r o n t i e r . 

The micro-origins of macro-phenomena. 

A perennial controversy i n the philosophy of science has been the extent 

to which the way things are i n the large i a constituted by t h e i r character i n the 

small. Although we have established no grounda here f o r strong r e d u c t i o n i s t i c 

theses, we do have well i n hand the main conceptual resources needed to make 

these s c i e n t i f i c a l l y a r t i c u l a t e . S p e c i f i c a l l y , d e f i n i t i o n of s c i e n t i f i c 

variables by compounding and a/t-derlvation, together with 

derivation of laws by the assorted metaprinciplea reviewed e a r l i e r , e specially 

Input Abstraction and Output Abatractlon, givea us the machinery to assemble 

basic events and the primary p r i n c i p l e s that govern them i n t o molar 
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deacription and explanation of macro-systems. And the p r a c t i c a l payoff of 
sampling s t a t i s t i c s demonstrates how important t h i s construction can be f o r 

technical science even though sampling theory i s just the most transparently 

simple variety of molar explanation, "Reduction" of macro-phenomena to t h e i r 

micro-QojiStituents is-merely-^Jepefation of t h i s derivattonal machinery i n reverse, 

I have spoken f r e e l y here about "translocation" functions without saying 

much about t h e i r nature. Although any r e l a t i o n i n which genuine causal l o c i 

p articipate can be used to define translocators of greater or lesser a r t i f i c i a l i t y , 

those locus connections that occur most naturally i n the antecedents of basic 

causal laws, and must hence be worked i n t o translocators i f manifest law-form 

(8) i s to p r e v a i l over (9'), are (a) excursors, i , e , whatever displacements from 

the locus of a causal event select where-and-when that cause givas r i s e to e f f e c t s , 

and (b) part/whole couplings, I s h a l l say nothing here about the ontology of 
that of 

excursive displacements, nor much about^part/whole r e l a t i o n s either. But since 

we have reason to suspect that most, perhaps a l l , properties of commonsense objects 

derive from the properties of t h e i r parts, i t i s important to understand the 

log i c by which such derivations are possible. 

Let us say that an e n t i t y o i s a compound object of kind C i f f , f o r some 

integer a, o i s an n-tuple and C i s an a-ary r e l a t i o n ( i n general, one that i s 

l o g i c a l l y complex) that i s exemplified by o."̂ ^ More generally, we can l e t o be 

•'--'By speaking of " l o g i c a l l y complex r e l a t i o n s " here we expand our e a r l i e r working 
presumption that basic predicates s i g n i f y properties (see p, 22f.) into treatment 
of any simple or complex predicate ( i , e , , open sentence) as s i g n i f y i n g 
some abstract e n t i t y common to just those things that s a t i s f y t h i s predicate. Thus 
frMB the sentence 'John l i k e s cheesburgers, Mairy i s blonde, and John i s older 
than Mary', nominalizing the predicate that r e s u l t s from substitution of placeholders 
for 'John' and 'Mary' therein gives us the concept of an abstract e n t i t y , The
re lation-in-which-something-that-likes-cheesburgers-is-older-than-something-that-
is-blonde. That such abstract e n t i t i e s r e a l l y e x i s t whenever English grammar 
generates names for them merits considerable scepticism. But i t i s v i r t u a l l y 
Impossible to run the business of technical science, mathematics, and much of 
philosophy without f r e e l y nominalizing complex predicates, so we can only hope 
that sMie future philosophical enlightenment w i l l f i n d a way to view these as 
ontologically innocuous. Neither have we any p r a c t i c a l way to avoid treating 
tuples and other indexed sets as r e a l objects d i s t i n c t from t h e i r i n d i v i d u a l 
components. But tuples, too, are grounds f o r ontological concern. For i f 
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0 = <S.\> •' • f2n^ i s an Ii-*"Ple d i s t i n c t objects and o' ,0j^> i s i s a 
proper perntutation of then the very point of conceiving 2 and o' as "ordered" 
i s for 0 ' not to be i d e n t i c a l with 0 . Yet at the aame time, i t i s hard to argue 
convincingly that the r e a l i t y designated e.g. by ' P l r s t John, then Mary' d i f f e r s 
i n any language-independent way from the referent of ' F i r s t Haiy, then John' or 
for that matter from that of ' F i r s t John, then Mary, then John again'. One can 
only hope that ontological differences created by indexing w i l l someday soften 
i n t o harmlessly convenient figures of speech or, more f e l i c i t o u s l y perhaps, into 
relations between words and things rather than just things alone. Meanwhile, 
1 s h a l l say that two indexed sets containing the same elements under di f f e r e n t indexin| 
or more generally having tbe same mereological sum of parts, are "̂ de re equivalent." 

any indexed c o l l e c t i o n of parts; but indexing as a f i n i t e tuple i s most convenient 
indexing always su f f i c e s need not concern 

for characterizing o's object kind. (Whether:J'ifllt|,r^U^^^^ We dO,net requiape a cem-

^ u s d i ^ j e e t * ^ jepmpfmentsr^.-JN d i s j o i n t . Each component Oĵ  of a kind-C compound 

object o = <o, , . . . , 0 > i s i t s e l f generally a compound object of some kind C' 
s t a t i s t i c a l ^ 

that may or may not be the same for a l l k = l , . . . , n . In the special/case already 

discussed, any size-N s t a t i s t i c a l sample i s a compound object of kind D* f o r some 

condition D such that each member of the sample i a of kind D; beyond that, there 

i s l i t t l e more to a sample's being of kind than j u s t comprising N d i s t i n c t 
r e s i d u a l 

kind-D parts whose respective values of certain | input variables have no common 
vaguely stated 

sources. (This j;^,parts.-ciisconnection constraint does not f u l l y capture the' 

notion of "random sampling," but i t does p ^ t to the main force of requiring 

a sample's membera to be drawn from D "independently" of one another.) In 

contrast, " r e a l " compoimd objects that commonsense views as the l o c i of macro-

phenomena—plants and animals, machines of a l l complex!tiea from levers and 

pulleys to aiirplanes and computers, s o c i a l grotqjs from insect colonies through 

families and tribes to nations, spaeeship Earti|, even galaxies and beyond— 

• M w l H s f rmrm ±%Mmi ImA • " r i i i j f x UAmtmUm m- —Miml 

S p e c i f i c a l l y , f o r any natural compound object whose parts-parsing i s 

s u f f i c i e n t l y detailed, there generally e x i s t many causal laws of form (9/9') 

(p. 36 above) whose domain preconditions ^ are s a t i s f i e d by one or more subarrays 

of £'8 parts. When includes an appreciable excursive displacement and SL i « 

juat one stage a-at-t of an enduring subject a» i * oay also well occur tlwl. partv 
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of 0 are 7'~''®Isted to one or more parts of some successor = g-at-t+A of j j . 

Indeed, such excursive l i n k s between parts of £ and parts of o's successors are 

mandatory i f s's stages are to be integrated by causal recursions. But the space-

time region occupied by compound object o = s-at-t i s generally no more instan

taneous i n time than i t i s p o i n t l i k e i n apace; and although our conception of jg's 

temporal boundaries i s i n most instances unconsioaably vague, i t s excursive width 

i s generally ample for many micro-events whose l o c i are parts of 2 "to have micro-

effecta whose l o c i are also parts of £ rather than of some ^-successor f u l l y 

separate from £.^^ And of course the downstream effects of events whose l o c i 

^^BJven when object s - a t - i i s treated formally as having zero temporal width, the 
molar properties we ascribe to i t are often abstracted from an ensemble of micro-
events spread i n time around instant (Of, Obtaining-a-Wech?ler-Bellevue-IQ-
S a s a - f i f - l l i , Solving-today'p-crosswor^-puzzle, Or^gring-a-pgpp^rpni-pizzq, etc.) 
Although i t i s customary to think of an object's successive temporal stages as 
stacked l i k e s l i c e s of a salami, a more perspicuous image i s that of l i n k s i n a 
chain. That i s , the temporally a f t parts of s-at-t are also generally fore-parts 
of s-at-i+A for s u f f i c i e n t l y small A. ( l regret relegating t h i s point to a 
footnote; for i f your thinking about causal systems i m p l i c i t l y presupposes the 
sliced-salami model of thing-stages, you have much to gain from meditation on i t s 
overlapping^*segme«t8 alternative.) 

are parts of 0 can generally be translocated, when formally useful to do so, into 

t-derivative events manifestly located within £. But nevermind t e c h n i c a l i t i e s just 

yet; my prefatory point i s simply that the multifarious parts of a natural macro-

object £ are variously int e r r e l a t e d i n ways that s a t i s f y the preconditions of 

micro-laws whose ensemble abstracts i n t o the molar behavior of £'s kind. This 

Internal structure of compound objects i s a major theme i n the SLese story to 

be t o l d of macro-systems. 

Structure aside, the l o g i c by which confound objects of a p a r t i c u l a r kind 

derive t h e i r causal behaviors from that of t h e i r parts i s l a r g e l y evident i n the 

sketch of t h i s already given for s t a t i s t i c a l compounds. But we now need a generic 

way to i d e n t i f y s p e c i f i c selections of the object's parts i n terms of t h e i r function 

within the whole r e l a t i v e to i t s kind. The hardest work for t h i s i d e n t i f i c a t i o n 
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l a converting the unanalyzed whole Into a c o l l e c t i o n of d i s t i n c t i v e l y indexed 

parts, e.g., treating John as eqtiivalent to some ordering of his heart, lungs, 

l i v e r , kidneys, etc., or, at a f i n e r grain, of the i n d i v i d u a l c e l l s and connecting 

tissues therein, and from there finding a causally cogent k i n d - c l a s s i f i c a t i o n for 

the parsed object keyed to t h i s indexing. I have already presupposed solutiona 

to the i n i t i a l parts-parsing problem by formalizing compound object £ as an 
17 

B-tuple, and i t s kind C as a-cimplexji-ary r e l a t i o n . From there, to pick out 

17 
Technically, t h i s amounts to our having managed to define a mapping J of some set 

of pre-parsed molar objects {cj} into jj-tuples = Whether ^(a?) i s an 
exhaustive compilation of cj's parts, or even whether the components of i are s t r i c t l y 
parts of at a l l , matters only when, i n the throes of reduction/emergence controversy 
we seek to equate properties of (P with those of ^ ( f r ^ ) . 
parts of kind-G objects i n terms of t h e i r formal positions within the whole, we 

can simply take any tuple ^ of positive integers to define a function |i( ) that 

maps any jj-tuple o = <£-ĵ ,.. • ,o^> of object-parts into the tuple of £'s parts 

indexed by j i . Thus i f p. = <4.,1,6> and John a ^ t h i s heart, t h i s l e f t lung, t h i s 

right lung, t h i s l i v e r , t h i s l e f t kidney, t h i s r i g h t kidney, t h i s stomach, ...>, 

(i.(John) i s the 3-tuple <this l i v e r , t h i s heart, t h i s r i g h t kidneyX llTo cope 

technically with caaes where ft contains integers larger than n, we can treat each 

object a-tuple £ as continued by an i n f i n i t e sequence of " n u l l " parts that can 

formally be picked out of £ by ti but which are then n u l l ditensions of the r e a l 

string of o's parts i n M-Co).! Meanwhile, the functional r o l e i n kind-C objecta 

f o r n a l l y i d e n t i f i e d by any such selector function n l i e s i n what o's being of kind 

C implies about the relational/nonrelational character of £'s subarray tiCli). 

S p e c i f i c a l l y , i f the complex of properties/relations we take to define 

object-kind C i s causally s a l i e n t , i . e . , i f the assortment of conditions imposed 

by C (_,...,_) on the various parts of i t s s a t i s f i e r s o = <£-^,... ,£j,> suitably 

discriminate the micro-causal behavior of those parts, then certain selector 

functions ^m-j^J w i l l pick out parts of £ that s a t i s f y the domain preconditions 

of one or more cauaal laws flfc} consistently across a l l C-kind objects. That i s . 
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I f we express these laws fLj^} In canonical form (8') by embedding t h e i r locus 

structures within the translocators of t-derivative variables, object-kind C w i l l 

be characterized by prin c i p l e s of form 

(26) For any compound object £, i f 2 i s of kind C then ^^ ( f i ) £ Sjt » 

i n which Dj^ i s the domain of some causal law 

(26-Lk) InDj^, Ik = / A ) • 

(It w i l l be evident how (26) generalizes the requirement on kind-D* s t a t i s t i c a l 

samples that for each k = 1,... ,Jf, the kth member of each ]f-tuple i n D^ i s i n 

domain D.) For any £ of kind C, any subtuple [i^io) of 2 for which some pr i n c i p l e 

of form. (26) holds may be viewed as a "module" of 2 whose causal kind i s Dj^, And 

correspondingly, we may c a l l any such function a "module selector." Module 
formally 

selection i s a^specles of translocation even though i t s ontology i s -altogaefther 

different from that of excuralve translocation. 

IRather than s t i p u l a t i n g that selects subtuple ixjj(o) of 0 by indexing, 

as adopted here, we could more generally allow a kind-C module selector to be 

any function lijj. defined by a description of form 'The tuple of 's parts 

s a t i s f y i n g conditions Cj^', so long as some p r i n c i p l e of form (26) i s then 

true of |Xjj. This broadening of module selection would make no difference 

for what i s done with the concept here except f o r waiving the requirement 

that C-kind objects have been parsed as tuples. But conversely, any f i n i t e 

array of s o - l i b e r a l i z e d module selectors on a class C of h o l i s t i c a l l y conceived 

macro-objects can be used to define a parsing of C's members as compound 

objects out of which these same modules can be picked by index selectors,]] 

The q u a l i t y of lawfulness i n s t r u c t u r a l generalities of form (26) can be 

wonderously diverse. I t can be a l l or i n part l o g i c a l necessity, by v i r t u e of 
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our including i n C'a d e f i n i t i o n some or a l l Dj^-conditlons as requirements on the 

|i.jj-subtuples of kind-C objects. I t may be p a r t l y causal i n that some properties 

of d e f i n i t i v e of C cause |Xj^(o) to have some or a l l of the properties that 

put lijjCs) i n Dj^. And very l i k e l y i t i s grounded i n part on infra-causal locus 

r e l a t i o n s , notably, the geometry of space/time. We can even allow (26) to be an 

"accidental" generality, since that can always be converted into a l o g i c a l truth 

simply, by adding i t to our d e f i n i t i o n of G without changing t h i s kind's extension. 

Regardless of i t s status i n the world's explanatory order, l e t us c a l l any p r i n c i p l e 

of form (26) an assembly law. The assembly laws for a given C t e l l how kind-C 

objects are put together f u n c t i o n a l l y , i . e . , how they are constructed out of 

parts that are variously disposed by character and connection to work together 

one way rather than another. 

Of course, assembly laws (26) alone do not explain the behavior of kind-C 

objects; they only specify which portions thereof are modules of what causal kinds. 

To complete the story, we also need the conjugate causal laws (26-Ljj.) which govern 

modules of these kinds. iMoreover, there are f i n e r micro-structxiral d e t a i l s of 

these modules and t h e i r laws that explanation of C-kind molar behavior also needs 

to recognize, e s p e c i a l l y i n . ^ t J ^ of »W£ formalizing module functioning by schema 

(8) rather than by the more a r t i c u l a t e ( 9 / 9 ' ) . To i l l u s t r a t e , suppose for each 

© i n C that fi'a modules Hj(o) and are both i n the domain D of a form-(8) 

law whose t-derivational analysis shows i t to have embedded locus structure 

(For example, when each £ i n C i s some society whose modules inclvde breeding 

couples ^b = ^fe]^,b2>] that are among the 2-tuples i n dyad domain jD, ^^^(b) and 

f2(fe) might be respectively the male and female component of breeding couple b, 

with fo(h) the couple's f i r s t c l i l d and l y t e l l i n g how parents' y-values determine 

the y-value of t h e i r f i r s t c h i l d . ) Then we want to know whether micro-object 

fQ|ij(£) i s i d e n t i c a l with ^^^^^^(o) or with i.2^k.^-^ 2 i " (^'g** i * 
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mlght be a condition on societies parsed as tuples of kind C that the f i r s t c h i l d 

of couple fijCs) i s one of the parents i n couple M-ĵ Cja).) For i f that i s so, then 

there i s an auto-regression on l y within kind-C objects by vir t u e of which events 

r p X i l ^ j ^ s n and fjif^^ioy] affect event fjiifjx^ia)'! through the mediation of 

event f y i l o ' ^ j ^ ^ ) ! ' Such causal recursions among the mioro-eventa underlying the 

molar properties of kind-C objects establish r e g u l a r i t i e s i n C that cannot be 

derived just f!ro» C's assembly laws and within-module functioning.I 

Putting together these varied facets of a compound objects' micro-structure 

gives us 

De f i n i t i o n 2. A s t r u c t u r a l analysis of compound object-kind C i s any 

4-tuple <P,L,R,k> i n which: ( l ) k i s an index set, (2) P and L are k-lndexed 

sets P̂  = [Pjj: k£kj and L = ^Lj^: k£k| of assembly laws and causal laws 

respectively i n which, for each k i n k and some module selector Pj^ and 

Ljj are of respective forms 

Pj^: For each £ of kind C, ^1^(2) £ ̂ k , 

h,' In 5k» Ik = 4(^k) • 

1(3) R i s a pai r R = <Rx,R-> wherein: (3+) R+ i s a set 

of t-derivational analyses of some or a l l of the variables i n L, i , e . , each 

zjj i s one of the variables i n some law Lj^ i n L; and (3^) Rg i s a set 

[For a l l £ i n C, :2ihb»kk' (^h^^k^^))' = i?hh'kk* (£h» ̂ ^̂ k' ̂ s)) j 

of l o c u s - i d e n t i t y p r i n c i p l e s wherein and Hj^i are module selectors used i n 

P to pick out subtuples from kind-C objects, and f ^ i are either Identity 

functions or translocators disclosed i n t- d e r i v a t i o n a l analysis R^ of L, and 
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^hh'kk' ^hh'kk' subtuple selectors that pick out (possibly n u l l ) 

Id e n t i c a l parts of ffjM-k^fi^ ^h't^k' (s)» r e s p e c t i v e l y . I 

For any o of kind C, we may say that s t r u c t u r a l analysis <P,L,R,k> of 5 
N̂̂  Jtfk 

also describes the mlerp-structure of o at l e ^ l C where!* P a n d ^ give: S+s 

C-level asseablv structure and mierojrcausal ai^ructibgfu respectlv^rlfe Iwlitie 

Ra and Rf are, micro-identity supplementsi t o P and 1^ "respectiifeftly. H 

TTotes; 

1) Structural analysis of object-kind C Is nonunlque; t r i v i a l l y because 

th i s can be Indexed In di f f e r e n t ways, and n o n t r i v i a l l y because Def, 2 does not 

stipulate that a s t r u c t u r a l analysis must be complete. (Structural analysis 

<P,L,R,k> of C i s complete i f f , for every other s t r u c t u r a l analysis <P',L',R',k»> 

of C and every index k' i n k", there i s an index k i n k such that P i = Pv and 

= Ljj while R' i s s i m i l a r l y embedded i n R.) Even so, we may speak h e u r i s t i c a l l y 

of tfafi s t r u c t u r a l analysis of C with the understanding that t h i s i s complete with 

some uniquely specified indexing. 

2) The assembly structure of a complete s t r u c t u r a l analysis of object-

kind C i s e s s e n t i a l l y the "causal nature" of C, while the assembly structure of 

any incomplete s t r u c t u r a l analysis of C i s a p a r t i a l causal nature of C. This i s 

because i f <P^,L,R,k> i s a complete s t r u c t u r a l analysis of C, P supplemented by R^ 

Ide n t i f i e s a l l that i s relevant i n C for the causal functioning of C-kind objects. 

S p e c i f i c a l l y , i f P* i s the conjunction of a l l predicates [m.jj( )€'^i 2» 

each object of kind C i s also of kind P»j i f <P',R'> d i f f e r s from <P,R> just by 

replacing a l l occurrences of C i n the l a t t e r by P* then <P',L,R' k> i s a struet-

u r a l analysis of P*; and any object i n P* but not i n C i n fact shares with kind-C 

objects a l l micro-causal properties common to the l a t t e r . 

3) Def. 2 presumes that a l l laws and identity-claims i n a s t r u c t u r a l ^ 

analysis <P,L,R,k> of object-kind C are true (so that whenever on t o l o g i c a l l y 
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tolerable, <P,L,R,k> can a l t e r n a t i v e l y be viewed as comprising indexed sets of 
^ 

objective facts rather than assertions). Otherwise, i f P, L, and R i n Def, 2 

contain merely *laws and * i d e n t i t i e s , <P,L,R,k> i s a st r u c t u r a l *analysis of 

object-kind D that merely conjectures how kind-C objects may work causally. 

4.) The sense i n which the s t r u c t u r a l analysis of object-kind G i s else 

a s t r u c t u r a l analysis of any p a r t i c u l a r 2 of t h i s kind i s that from *P,L,R,k> 

and the information that 0 i s of kind C, i t follows f o r each k i n k that o's 

module ^^^-^ s a t i s f i e s domain conditions Dj^ and hence, from I^, i s caused by event 

Px^jM-jjC^)! to have value /k^^k^^k^^))) of variable j^^. S t r i c t l y speaking i t i s 

these l a t t e r facts s p e c i f i c a l l y about 0 , rather than generalities P and L, that 

constitute the level-C assembly structure and micro-causal structure of any 

part i c u l a r kind-G object £. 

5) When <P,L,R,k> i s the s t r u c t u r a l analysis of object-kind C, and l , k 

are both indices i n k, j . ?̂  k does not preclude Hj = i i j ^ * £j = U^t or Lj = Lj^. That 

i s , any given level-C module of 2 can be of many di f f e r e n t causal kinds Dj^ (albeit 

we may take t ^ causal kind of tii^Co) to be the conjunction of a l l of these), and 

different modules of 0 can be of the same kind. To make e x p l i c i t the m u l t i p l i c i t y 

of causal lawa that may simultaneously govern £'s module Hj^Co), i n Def. 2 can 

be generalized to read Lj^: Yj^ = ^ ( I j j ) -

6) Structural analysis of macro-phenomena i s highly r e l a t i v e to a d i s c r e t i o n 

ary " l e v e l " of analysis for two reasons. F i r s t of a l l , the parts-parsing of a 

h o l i s t i c a l l y conceived molar object CJ that prepares i t f o r analyais under Def. 2 

can be developed at many dif f e r e n t grains from coarse to f i n e . For example, i f 

CJ i s de re equivalent to <aĵ ,£2>> these have the aame mereological sum of 

parts, while 21 and fig equivalent to <2ii»%2^ ""^ *̂ 2̂1»-22*"* respectively, 

then CJ i s also de re equivalent to <2i;if212*^2^* '̂̂  ̂ %»^21'''^22^* *° ^~11 -12 

•221*-22^* And secondly, even after a r b i t r a t i o n of grain has i d e n t i f i e d with a 

par t i c u l a r fl-tuple 2 of i t s parts, s t r u c t u r a l analysis of 0 i s s t i l l r e l a t i v e to 
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a l e v e l 6 becaasjBsd^da t f a ~ l ? ^ for f i x e d a form a p a r t i a l order i n which some 

e n t a i l others. Thus i f C and C' are d i f f e r e n t n-tuple kinds, so i s t h e i r union 

C-or-C'. The more determinate ( i . e . r e s t r i c t i v e ) i s the kind C to which we assign 

a given £, the r i c h e r i n general i s the array of s t r u c t u r a l facts about £ that 

follow from s t r u c t u r a l analysis of C. Any p a r t i c u l a r compound object £ i s theo

r e t i c a l l y of a maximally determinate kind C* such that for any other kind C to 

which £ belongs, the complete s t r u c t u r a l analysis of C i s a fragment of the complete 

str u c t u r a l analysis of C* However, t h i s C* may well be unique to £ and would hence 

be an inauspicious domain within which to seek broadly applicable generalities 

even i f we had any p r a c t i c a l way to recognize C* i n the f i r s t place. 

I t i s an immediate consequence of Def. 2 that i f <P,L,R,k> i s a s t r u c t u r a l 

analysis of object-kind C, then by Domain Translocation, 

i s an ensemble of form-(8') causal laws whose domain i s C for a l l k i n k. lAnd 

the micro-identities i n jR generally reveal causal recursions among laws (27) that 

augment these with the products of integrable laws i n (27) as w e l l . l So by 

Input Expansion and Output Compounding [as w e l l as Mediated Composition i n l i g h t 

of R j , lawa (27) generate an array of supervenient micro-laws of form 

Molar consequences of micro-structure. 

(27) 

(28) In C, I , = f ( Z j 
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i n which each coaponent of and Zj d i f f e r s only by translocation from some 

variable i n C's micro-causal structure L. 

Example. Suppose that two of the istranslaea:tvd micro-laws i n L are 

Lj^: In Zi = ^i^ly) ; hz- I " ̂ 2* I2 = f^2^l2^ > 

with the assembly structure JP of kind-C objects implying that .̂̂  and tig 

select modules of kind and Dg, respectively, from each i n C. Then 

the fragment of (27) for k = 1,2 i s 

i z ^ 2 = ^2(22^2^ 

which hy Inpi^'^q|t^l-j^%eDome8 

In C, 
^2^ = ^2<'2(2l*^l'^2>^2) ( ̂ 2^h*h^ =def h ^ 

and from there, by Output Compounding, gives the i n s t a n t i a t i o n of (28) 

wherein = ty^Hi,y^2^' h = ^}l^\*}2^2^* f j = <^iOyr^2''2^' 

knj form-(28) compound law so derived from (27) i s tantamount to some sub-collection 

of laws i n (27)'s recursive unfolding; and index ̂  i n (28) tokens that many such 

selections are possible. Indeed, we can take i to range over a l l f i n i t e subtuples 

of the index set k"*" comprising k augmented by indices f o r a l l products 

of integrable laws i n (27), except that the law (28) 
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output-coBpot»«lwi out of the Irjput expansions of the laws picked out of the 

recursive unfolding of (27) by an a r b i t r a r y subtuple i of k* may v i o l a t e the ̂  

mediatiiJn conditions under which laws derived by Input Expansion are causal. 

Derivation of (28) from (27) i s i l l u s t r a t e d by sampling theory's c o l l e c t i o n of 

equations (21) into single compound equation (22). 

Compound law (28) e n t a i l s molar phenomena i n domain C by the same pr i n c i p l e s 

of abatraetioB that eewvert (28)»a instance (22) into atatiatieal regularities (25), 

For any tuple = ^g^sgg**"* of abstractor^ fimctirais on the range of compound 

variable Y j , l e t = <hr^fh2* •' •'^ ^® some tuple of abstractors on the range of 

such that Gj($j) = '^^(Sj) f o r some tuple $ j = < J^j^,;^^^* • • •> of transducers 

on the range of H^. That i s , l e t 

£ifJ = J ^ j i l j ( i = 1,2,.,, ) 

be some more-or-less a r b i t r a r y mathematical reorganization of transducers 

<£l$j»£2^» • • • ̂ ' •̂ hen by Input Abstraction i t follows firora (28) that 

(29) In C, Gj(Yj) = J j ( H j ( Z j ) ) , 

or equivalently 

(29.) In S. ? j = ( % =aef G j C j j ) , % =a,f B j t f j ) ) . 

i s a tuple of laws i n which molar events ^rZj;o"|^ (se,C) are prima f a c i e responsible, al 

some l e v e l of moJLar causality, for molar events ^rYj;£]^ (o£C). The t i l d e i n 

Yj and Ẑ  tokens that each component variable y^^ = t f i i ^ j - l ^ ^ j ^̂ ""̂  f i j ~ ^ ^ i ^ j ^ 

i n Zj can be viewed as some composite of the component variables i n Y^ and Zy 

respectively, a l b e i t not necessarily one that i s at a l l an "averaging" of i t s 

constituents. Laws of form (29a) characterize the macro-causal behavior of 
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object-kind C, while the common dependency of output components i n Y upon the 

same inputs induces a d i s t r i b u t i o n a l patterning of scores on the various 

Y.-dimensions that can be discerned i n standard s t a t i s t i c a l fashion within 
A J 

s u f f i c i e n t l y large samples of kind-C objects. 

The minuscule notational difference between (28) and (29a) makes insuf

f i c i e n t l y clear the large conceptual divergence intended between these formulas. 

Although (28) can be subsumed as a special case under (29a) by allowing Gj and 

to include scaling/rescaling functions as w e l l as proper abstractors, the number 

of component variables i n (28) 's micro-output compound Y^ i s paradigmatically 

enormous wher#i9s-Gj paradigmatically comprises just one or a few h o l i s t i c abstractors 

that carry configurations of a molar object's module properties at microscopic 

resolutions revealed e,g, by cellular/molecular biology and attanic physics into 

the macroscopic features to which our commonsense conceptions of the world are 

attuned. S i m i l a r l y , input tuple Ẑ  i n (29a) i s paradigmatically a low-dimensional 
grouping into equivalence classes of what i n (23) i s a r i c h l y multidimensional 

translocated 
array Zj ofj[micro-inputs, including mlcro-indeterminacies that Ẑ  condenses into 

a small number of molar residuals. 

The progression from Def, 2 through equations (27) and (28) to 

molar behavior (29a) i s l o g i c a l l y straightforward. Ifot so straightforward, 

however, i s the f i n a l reduction step t h i s schema makes possible when our o r i g i n a l 

conception of the molar variables at issue does not i d e n t i f y them as composites. 

To complete reductive explanation of an i n i t i a l l y ^ uawsalyzed molar r e g u l a r i t y 

In i 2 , Y = f (Z) , 

we must argue f i r s t that each object ^ i n XI i s de re equivalent to a compound ob-

j«#̂ iiloĈ k̂:̂ d G having a certain s t r u c t u r a l analysis <P,L,R,k>; next, that some 

law of f o m (29a), whose transducer 5*4 i s the same as follows from <P,L,R,k> 

i n the manner here described; and f i n a l l y , that h o l i s t i c a l l y conceived variables 

Y and t simply are variables Y^ and Z., respectively. That i s , the reduction step 
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contends that f o r any CJ In i l ' i w d 1» S *o which U i s de re equivalent, r|;wl 

and r2;a>l are reaHy the same molar events as r T j ; i i l and TZ^iS^, respectively.''^^ 

19 
^At t h i s point ontological decency demands SOB» concern for the sense i n which prop

e r t i e s of a tuple can also be viewed as properties of the mereological sum of that 
tttple's components. The eiqpedient answer i s that when oj l a de re Equivalent to a 
tuple £, there must be some parsing function :j such tbat jg = i^iCJ) while £'a having 
a property P i s equivalent to OJ*s having not P but rather the property s i g n i f i e d 
by predicate • ^L_.) has P'. But I am not confident that t h l a small correction to 
the equatir^ of I * With l and Z* with Z i s a l l we need h e r e / 

Def, 2 and equations (27)-(29a) take no r e s p o n s i b i l i t y for t h i s l a s t conclusion. 

They do, however, show how to derive molar composites of micro-property arrays that 

may coincide with certain ordinary-thing attributes t i g h t l y enough to be plausible 

candidates for the nature of the l a t t e r . Thus, s t a t i s t i c a l mechanics i d e n t i f i e s a 

molar composite, Mean-kinetic-energy (of a macro-object's p a r t i c l e s ) , whose impressive 

correlation with phenomenal Temperature across most manipulations of perceived 

temperature after known factors of perceptual d i s t o r t i o n are p a r t i a l l e d out urges 

i d e n t i f y i n g one with the other, Urges of t h i s sort are seldom resisted i n practice; 

whether they nevertheless ought to be i s f o r philosophers to ponder, 

I Ma cr o-dvnamles and problems of s t r u c t u r a l v a r i a t i o n . 
There i s , of course, much more to say about the micro-origins of macro-

phenomena than the basic theoi*y of t h i s just sketched. One elaboration, needed 

for issues of "h i e r a r c h i c a l " system organization, i s formalizing how analysis of 

the molar behavior of o as a composite of the behavior of i t s parts at a chosen 

grain combines with s i m i l a r reductive analysis for some or a l l of these parts to 

derive £'s behavior fl*om that of i t s parts' parts, and so on for a r b i t r a r i l y 

many it e r a t i o n s of parts/whole analysis. But t h i s i s a routine extension of the 

basic theory that introduces no new conceptual issues beyond the need for 

hierarchical-organization theory to d i s t i n g u i s h c l e a r l y between part/whole 

analytic dependencies and master/slave causal orderings ("command structure") 

that may or may not be found on a given molarity l e v e l . 



-111-

A more s i g n i f i c a n t ood-ssipn from present micro-molar metatheory i s system 

dynamics for compound objects. In p r i n c i p l e t h i s too should be routine, insomuch 

as our previous overview of dynamics (pp. 71-79) allows i t s system objects to be 

compounds of any complexity. Nevertheless, problems lurk within the generic 

model that become obtrusive when we r e f l e c t upon the nature of molar abstraction. 

Consider basic auto-regressive model (16) rewritten for compound objects 

of kind C i n the notation of (29a): 

(30) In C, I f = § ( T , | ) ( Y =3ef G ? Y ) , Z =^^^ H ( Z ) ) 

wherein each molar variable i n Y and Z i g some composite of the micro-variables 

Y and Z on whose respective ranges G and H are tuples of abstractors. For t h i s 

formula to make sense, not only must each object o i n C be carried by sMne 

excursive displacement f into a unique successor a' = f ( o ) , but also 2' must be 

i n the domain of each component of compound variable Y . Moreover, i f the auto-

regression i s to continue f o r some subset C' of C, each fi' i n C' must also be 

a compound object of kind C. These three conditions are straightforward to 

r e a l i z e i f each component £^ of each o = <o^,...,o^> i n C has a unique micro-

successor 1(04) s i c h that for-any module selector (i oh G, >i(J|:(g.i),...,f (Oyj))-is 

usually of the same causal kind as i J i ( o ^ , . . . , O j j ) . But i n f a c t , almost a l l 

commonsense enduring subjects (1 ,0., fflacro*thinga=) that can be parsed f i r s t of a l l 

as a succession of causally linked stages) undergo stage-to-stage alterations i n 

t h e i r finer-grained assembly structures, as attested e.g. by the tumover of 

membership i n s o c i a l communities, the frequent d i v i s i o n or sometimes death of 
c e l l s i n 

i n d i v i d u a l ^ m u l t i c e l l u l a r organisms, and the incessant interchange of atoms across 

maBpJo-object boundaries. Real-world applications of model (30) i n which 

f ( f i ^ , . . . ,Ojj) = 't-f (o^ ) » . . . , I(o^) > f o r most 0 = <a ,̂...,Oĵ > i n C are simply 

not to be expected. 
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However, i f the sttcoeosor = f(o) of C-kind object o i s not also of 

kind C, not merely cannot auto-regression (30) be i t e r a t e d past o', but model (30) 

may well be defeated at the very outset by f a i l u r e of f(o) even to be i n the 
injbhe f i r s t place. 

domain of auto-regressive variable Y/ For, each micro-variable composited i n Y 

f(o) lacks some of the assembly features d e f i n i t i v e of kind C, jij^ may not pick' 
non-null 

out a^module of f(o) at a l l i f f(o) contains fewer components than £, and M-ĵ f (o) may 

not be i n the domain of y^ even i f i t e x i s t s . For example, suppose that <John-at-t, 

Jane-at-t, Jimmy-at-t, Janet-at-t> i s the cohabiting Smith family—husband, wife, 

and c h i l d r e n — a t time t , but that the successor, Smiths-at-t+A, of Smiths-at-t 

i s only ^ Jane-at-t+A, Jimny-at-t+A, Janet-at-t+A^ because Jane divorced John 

between t and t+A and won custody of the children. I f module selector a, picks 
4 

out just the 4.th component of tuples for which i t i s defined, and y i s any variable 

defined over person-stages, say IQ, y\i^ has a value f o r Smiths-at-t, namely, 

Janet's IQ at t , but i s undefined for Smiths-at-t+A becauae n^(Smiths-at-t+A) 

does not have a 4,th component even though Janet s t i l l e x ists at t+A . Alternat

i v e l y , we could keep Smiths-at-t+A a 4-tuple by parsing t h i s as, e.g., <Jane-
at-t+A, Jimmy-at-t+A, Janet-above-the-navel-at-t+A, Janet-below-the-navel-at-t+A>, 

object ~ ~ 
but then^|X^(Sralths-at-t+A) would not be i n the domain of y at a l l much less 

being of the same so c i o l o g i c a l kind as (ji^(Smiths-at-t). 

This unstable-structure problem has ini p r i n c i p l e an abstractly general 

solution whose formalisms, unhappily, are more complicated than can be made clear 

i n a few words. But since t h i s matter i s f a r too important to ignore, I s h a l l 

t r y to sketch i t s essence with emphasis j^Jon a versi3hj^6|^t e x p j i c t t l y 

Involve dynamics. 

The problem of s t r u c t u r a l v a r i a t i o n a r i s e s generically for the management 

of molar r e g u l a r i t y as soon as we contemplate how Def,.2 and i t s abstractive 

consequence (29a) might apply to everyday macro-phenomena. To i l l u s t r a t e . 
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suppoae that we hope to explain how commonaense generalities of human b i o l o g y — 

effects of dietary practices upon health, p r i n c i p l e s of r e s p i r a t i o n and blood 

c i r c u l a t i o n , e t c . — d e r i v e from humans' constitutions as c e l l u l a r organizations. 

I f we s t a r t by parsing each human (read human-stage) CJ as a tuple o of c e l l s , 

we f i n d enormous v a r i a t i o n i n these i n d i v i d u a l s ' c e l l u l a r numeroslties. That i s , 

there i s no one integer a such that almost every human i s the mereelogical sum of 

some a-tuple of c e l l s . Moreover, even were we to select one fl and r e s t r i c t our 

study just to cellwise-parsed humans |o| = that are a-tuples of c e l l s ordered 

within each o fo r maximal causal p a r a l l e l among the n-tuples i n 2jj (e,g,, a l l 

bone c e l l s are l i s t e d f i r s t i n each o£D^, and a l l c r a n i a l c e l l s f i r s t among the 

bone c e l l s , e t c . ) , there w i l l s t i l l be so much s t r u c t u r a l d i v e r s i t y among the 

Hj^-modules of various £ i n f o r any f i x e d module selector —e,g,, the mean 

distance or t o t a l number of contact points among the c e l l s i n IĴ k̂ S.) '"̂ y d i f f e r 

greatly from one o e f i ^ *o another—that f o r few i f any causal laws L w i l l M^(o) be 

i n the dmain of L for a l l o i n The point here i s simply that even though 

there may well be a p a r t i t i o n f S j l of the class of cellwise-parsed humans 

within which each p a r t i c u l a r subclass J^j i s a determinately structured c(»pound-

objeet kind whose struotural ttialysis e n t a i l s a s a t i s f y i n g ] ^ r i c h array of molar 

phenomena i n ( i , e , , £j f i x a t e s not only the t o t a l numerosity of i t s members' 

c e l l s but also t h e i r subtype quan t i t i e s , spacing, connectivities, e t c . ) , the 

number of humans i n any one of these s t r u c t t i r a l l y uniform subclasses Dj of D» 

i s i n a l l l i k e l i h o o d a vanishingly small proportion of D«. So how might there be 

molar r e g u l a r i t i e s shared by a l l or at l e a s t a great many of them? 

In abstract theory the answer i s simple—except that t h i s theoiy leaves a 

large gap between the formal solution and i t s f e a s i b i l i t y i n p r a c t i c a l applications. 

Suppose that a generic class of s t r u c t u r a l l y d i v e r s i f i e d tuples does have a 

p a r t i t i o n into species ?C.: j.€ j,] such that f o r each i i n index set i , compound 

object-kind has a s t r u c t u r a l analysis <PjiI'j»Jj»kj > under which, for certain 
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input and output tuples X j and T j of t-derlvative micro-variables over domain C^, 

and certain abstractor tuples Gj and j j j on the ranges of and X^ reapectively, 

{31-i= J ^ J ) I n O j , Y j = ( G j ( T j ) , ? j S j ( J j ) ) 

i s a molar law derived from ^ ^ y j : i y ^ y ^ ^ ^ ̂ n *he fashion explained e a r l i e r f o r (29a). 

But each of these molar laws w i l l prima facie be r e s t r i c t e d to just one str u c t u r a l 

species. For i f any component of molar variables [ Y j , ^ j ] i s defined over 

i n a way that exploits the assembly structure s p e c i f i c to C^, i s u n l i k e l y to 

include members of a s t r u c t u r a l l y d i f f e r e n t species i n i t s regular domain at 

a l l , and may w e l l not have the fame causal import for members of Cj^ as i t has 

for Cj-objects even i f i t does. 

I l l u s t r a t i o n . Suppose that the assembly structure of C includes the condition 
^ numerically 

that f o r each o = •'o^, •.. ,> i n 2 j , the parts of o that are of a certain^scaled 

micro-type oc are exactly o^,...,02g. And suppose also that f o r a certain 

micro-variable j whose domain includes a l l object parts of type c<, the f i r s t 

26 components of t-derivative micro-compound Yj have composition y j j ^ = [zp-jjl 

(k = 1 , . . . , 2 6 ) where \i.-^{o) picks out just the kth component Oĵ  of o = <£^,..,i^ >. 

Then i f gj-j^ i s the function on the range of Yj that abstracts the arithmetic 

mean of Yj*s f i r s t 26 components, i . e . , i f fi-j^^j ~(jgf yj26^ ^ 

°'^^j27 ^ j n . ^ ~ ^ ^ f ^ ^ / ' ^ ^ ' value of molar variable j^^ =^^^ ' • ^ j l l j ^ 

for each 2 i n C. i s the mean value of z over a l l of 2.'s type - X parts. But 
""J A 

now consider any Jj'e 0,̂  whose s p e c i f i c kind Ĉ^ (̂  Cj) does rjfit have the assembly-

str u c t u r a l feature just presumed f o r C j . fftltssj^tbe, first^^^fe^ 

are a l l i n the don»ln of-Zi w i l l aot be i n the (regular) domain of y,, at 

a l l . And even i f i t i s , y.T(o') w i l l s t i l l not be the mean of z f o r the type-oC 
AJ^ A 

parts of o' unless o' contains exactly 26 of these and they occur f i r s t i n o'. 
To be sure, we can a l t e r n a t i v e l y define y i n such fashion that i t s 

A J-*-
value for any oeC^ having at lea s t one type-oC part i s the mean value of z 

'i 
over o's type-oC parts. (Details do not here matter.) But that s t i l l leaves 
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y either undefined for C -objects having no type-o( parts at a l l o r — I f we 
A J * ,5,,,,. 

extend y«'« dotnaln to a l l of C,̂  by f l a t — h a v i n g anomalous values f o r thea. 

Even i f components of are defined i n terms of struct u r a l properties i n Cj 

not shared by objects i n C^, however, there can s t i l l be a component-by-component 
^ ^ ^ ^the index set j for species o f genus 

functional p a r a l l e l between I j j , j j 3 and [Jjj,Jk3 a l l 1 and k in/g». S p e c i f i c a l l y , 
suppose for a l l l , k i n J that f and Yv. (and s i m i l a r l y for X.,X, ) not merely have 

Aj /)K A] AK. 

the same range of values and hence the same number my of components, but also that 
for each i - l,...,my and each scale value 2 i n the common range of y^^ and 
the property over kind-Cj- objects represented on the y,.-scale by j i s i n some 
yet - t o - b e - c l a r i f i e d sense functionally equivalent to the property over kind-C^ 
objects represented by ̂  on the yj^^^-scale. 

I n t u i t i v e i l l u s t r a t i o n . Suppose that y.- abstracts f o r each object 2. i n C. 
A J-*- v 

the mean z-value of jg's type-oC parts. Then for any other k i n J, i t i s 
i n t u i t i v e that y, . has the same causal Import i n C. that y., has i n C. i f y.^ / I ^ l "'^ A2l ~J A'^ 

abstracts the mean z-value of each Cj^-object's type-<?f parts, even when Cjj.-.objects 
d i f f e r greatly from Cj-objects i n how many type-o< parts they have. But i f 
y abstracts the within object variance of z over type-tf( parts, or mean z' (̂  z) 
A J£i A A A 

over type-o( parts, or mean z over type-/3 parts, we wotild ngt expect—though 
A 

we could be proved wrong—that y^^j^ plays the same molar role for objects of 

kind Cj^ that y., does for objects of kind C., 
If that i s so, we can define molar variables Y» = [y«i,. • • ,y^an^] and X^ = ^^*if*^*jDj^ 

over the entirety of generic domain Ĉ ^ to be such that for each i i n j , the r e s t r i c t - -
ions of Y» and X̂ f to C^ are Y. and X., respectively. That i s , 

A A "J AJ Ai 

For each £ i n C^, i f o f i C j then [Y»,Xj(o) =^^^ ^Jj'fj^^^^ * 

Then for each 1 In 1, (31-i) i s equivalent to 

(32-1: Ifej.) InC^, Y^ = • 
Equations (32) s t i l l give us a di f f e r e n t molar law for each determinately 
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structured within Ĝ . But these are now just species-differentiated trans

ductions of the same input/output variables} and to unite them under a single 

transducer for the genus we need only to define (a) a range-J " s t r u c t u r a l " variable 

S over C^t whose value for any object £ i d e n t i f i e s o's st r u c t u r a l kind Cy and 

(b) a transducer over the range of [X#,S] whose r e s t r i c t i o n to any pa r t i c u l a r 

value 1 of S i s just SP̂ . That i s . 

For each o i n Ĉ ,̂ i f oeC^ then S(o) =̂ ^̂  j , 

For each value [X„j] of [^'^S], '̂ E'̂ CX,!) =̂  ̂  • 
J 

(More f l e x i b l y , we l e t each value of S demark the disjunction o f ^ l l i S ^ that are eq 

valent as input to And i n practice we would seek a multidimensional scaling 

of S that cogently r e f l e c t s the m u l t i p l i c i t y of ways i n which assembly structures 

I d i f f e r . ) Then equations (32) and hence (31) are equivalent to the single 

mclar law 

(33) InC^, = ^*(i'»,S) 

whose domain i s the entirety of genus Ĉ ^ and which copes with s t r u c t u r a l v a r i a t i o n 

within 0^ by treating t h i s as an additional dimension (or dimensions) of input. 

Each of species-laws (31-1) i s related to (33) as L° i s to L"*" on p. 82, abovej 

and i f we desregard qualms about the ontological status of the variables and 

transducer i n ( 3 3 ) , we can claim that (31-1) derives from and i s explained by (33) 

under the metaprinciple of Strong Domain Constriction. 

Elementary but important examples of c o l l a t i n g structure-specific mclar 

laws [ ( 3 l - l ) 2 into a single generic law (33) are pandemic i n s t a t i s t i c a l sampling 

theory. When s t a t i s t i c i a n s deduce formulas for the behavior of sample s t a t i s t i c s , 

these are always r e l a t i v e to a fixed sample size N. (Cf. p. 90ff., above.) And 

transducers of the molar laws so derived are indeed usually conditional on a 

particular N. Yet by matching suitably chosen s t a t i s t i c s across sample size 
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—n o t a b l y , for any measure q over the i n d i v i d u a l sample members, defining qr, to 

be the variable on domain of size-N samples whose value f o r each i n i s 

the sum of q-scores i n Sj^ divided by N, and then c o l l a t i n g ^ ^ j j l over f S j ^ l to 

y i e l d q̂ :̂ Sample-mean-on-g without r e s t r i c t i o n to a p a r t i c u l a r sample size—^we 
A A 

f i n d that these N-specific s t a t i s t i c a l laws can usually be subsumed by tolerably 

well-behaved generic functions i n which N i s a parameter but whose inputs are 

otherwise sample s t a t i s t i c s and population measures prima facie conceived 

independently of sample s i z e . I f you think of [Y^f,X^] i n (33) as an assortment 
A A 

of sample s t a t i s t i c s , and s t r u c t u r a l variable S as the dimension of sample s i z e , 

you w i l l grasp the essence of how SLese overcomes st r u c t u r a l d i v e r s i t y , a l b e i t 

molar systems more integrated than s t a t i s t i c a l aggregates have v a s t l y more assembly 

structure to be reckoned with than Just nun»roBity of homogeneous parts. 

To extend t h i s construction to the ^nMsics of maero-syatems with amstable 

assembly structures, we s t a r t with C» partitioned among s t r u c t u r a l l y determinate 

subclasses : before, but add that for some excursor f, each £ i n C# 

has a imique f-successor that often d i f f e r s from g, i n assembly structure even 

though i t usually remains i n C#. We also envision arrays ^[YyZ^]: 1 ^ of 

micro-variables respectively defined over these various subclasses ̂ C^} of i n 

such fashion that whenever a C^j-object o i s i n while i t s f-successor i s i n Cj^r 

(not necessarily k ^ j.), some or a l l components of compound event r[Yj,Zj];£"f 

are major sources of the various components of compound event f Y j ^ ; ! ( o ) l . Under 

a s u f f i c i e n t l y f i n e r p a r t i t i o n fS.jico<I of 9.* wherein C^j^^ comprises just those 
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o In 0^ for which 2 "̂-s i n I t ? Irsuccessor i s i n Cj^, and <o,f(£)> s a t i s f i e s 

additional structural conditions oi as relevant (e.g., o< may impose certain 

spatiotemporal proximities between components of o and f ( 0 ) that are not entailed 

just by oe-Cj and f(o)£Cj^), we should have that for each QL^^OX ̂ " *his p a r t i t i o n 

there i s some compound micro-law 

wherein ^ j j j j ^ i s a tuple of residual inputs i n p r i n c i p l e s p e c i f i c to the assembly 

structtxre of Sjj^^* From there, judicious applications of molar abstractors to 

these micro-laws, followed by the same formal t r i c k s that synthesize (33) out of 

(31), gives us a molar auto-regression 

(34) In C^, Y ^ = i^^,(Y^,i^,|„S^) 

wherein Ŝ ^ i s a st r u c t t i r a l variable whose value for any 0 i n Ĉ^ i d e n t i f i e s the 
(or better, an equivalence class thereof), 

particular C^j^^ to which 0 belongs/ Moreover, while S„(o) codes the assembly 

structure not merely of £ but of o's developnental e a ^ ^ <£^|(o)>, .If 

structural change throughout the development of enduring C^^-things occurs lawfully, 

rSjj;£7 i s determined i n Ĝ^ by the assembly structure S(o) just of 0 together with 

other, conditions i n or near £ p r i o r to the coming about of f(£)'s structuring. 

That i s , variable S# should be replaceable i n (34) by a function just of S and 

other factors that, unlike S», do not translocate the structure of o's f-successor 

into a pretend property of o. 

I fear that t h i s sketch of molar dynamics i s f a r too compressed to be 

very perspicuous, but i t s t e c h n i c a l i t i e s do not r e a l l y matter here. The important 

point i s that causal recursions among molar properties of coarsely c l a s s i f i e d 

macro-objects appear feasible so long as (a) we can establish abstract trans-

structural equivalences under which certain l o c a l variables [x^] respectively 

defined over d i s j o i n t assembly structvires ^0.] become usefully c o l l a t e d as 
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domain r e s t r i c t i o n s of a global variable x over the union of JQ.^]> and (b) we can 

treat features of l o c a l assembly structtires as causal properties whose groupings 

into variables act l i k e additional input/output dimensions i n molar causal 

laws. Accordingly, i t i s noteworthy that commonsense conceptions of macro-properties 

are indeed often fraught with concern for t h e i r bearers' micro-structures, either 

p o s i t i v e l y by requiring p a r t i c u l a r assembly features for t h e i r correct ascription* 

as i n (b), or negatively by combining properties that are constituted i n part 

by a determinate assembly structure i n t o structure-liberated disjunctions as i n 

(a). Conceptions of the s i z e s , shapes, and s p a t i a l locations of molar objects 

n i c e l y i l l u s t r a t e the f i r s t case; conceptions of s t a t i s t i c a l properties that 

cut across sample s i z e — i . e . , our being able to think about sample means, variances, 

correlations, etc. without e x p l i c i t l y c o n d i t i o n a l i z i n g these on a pa r t i c u l a r N — 

are paradigm examples of the second. Even so, these practices r a i s e deeply 

challenging questions for at least the philosophy of science and perhaps f o r 

i t s applied methodology as w e l l . 

Regarding (b), insomuch as the s t r u c t u r a l r e l a t i o n s among input/output 

l o c i i n micro-cauaal laws appear to play a very d i f f e r e n t r o l e i n the ontology 

of causal determination than do those micro-properties of the input l o c i that 

make the output event come out one way rather than another, molar predicates 

whose significance i s appreciably but not e n t i r e l y s t r u c t u r a l may greatly complicate 

i f not confute offorts to develop theories of molar causality that are formally 

iswnorphic to models that seem appropriate f o r the bottom l e v e l ( i f there be such) 

of micro-'causality. S i m i l a r l y i t i s unclear whether we can always t e l l coherent 

causal stories i n which variables whose values are features of assembly structure 

(e.g. size and shape) are treated as though they are causal inputs/outputs. But 

an a r t i c u l a t e theory of molar e^TJlanatory ordering i s needed to give these 

apprehensions purchase. For now, the sal i e n t admonition i s that when we seek to 

analyze what i t i s for uhffrrsed- molar object Ui to have some h o l i s t i c a l l y 
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concelved property P, we must e^fpeet that o^'s P-hood may be as much a matter 

of oi's having a certain organization of parts as i t i s of these parts having 

one array of l o c a l properties rather than another. 

As for (a), the very poverty of preconditions under which equations 

(32) follow from equations (31) signals that molar models (33) and (34) must 
have 

have p r a c t i c a l i t y complications not vet acknowledged. For although I / t r i e d to make 
(and s i m i l a r l y {XjUnto X») 

c o l l a t i o n of [ Y J ] into Ŷ ^ j i n t u i t i v e l y palatable by declaring that for each 

scale-value Y common to l o c a l variables Y^ and Y-^, havine-value-Y-of-Yj i s to 

be i n some sense the same property-tuple over Gj-klnd objects that havine-value-

Y-of-Yj^ i s over objects of kind Cj^, t h i s heurism plays no r o l e i n construction 

of (32/33) from (31) . Rather, the construction's formal nature i s simply the 

following: Let 3?^,... be any variables whose respective domains D^,...,^ 

are d i s j o i n t and whose respective ranges have a l l been put into one-one corres

pondence by some index set q, i . e . , for each 1 = 1,... ,m, /jc. ^ : q ^ q l i s a 

l i s t i n g of the alternative values possible on variable x.. Then we can fuse 

X,,...,x into a single range-q variable x„ whose domain D„ i s the union of 

D ,...,D simply by s t i p u l a t i n g that for each value g. of x., having-value-q-

of-x^ "def havipg-value-x^^-of-x^-or-havine-value x^^-of-x^-or-...-or-havine-

value-x -of-x . This disjunctive c o l l a t i o n works for anz choice of domain-
—mq A m 

d i s j o i n t l o c a l variables with isomorphic ranges under any index coordinations 

thereof, and so can be expected to y i e l d a s c i e n t i f i c a l l y useful variable x„ 
A * 

only under special constraints to which the abstract c o l l a t i o n i s b l i n d . 

Clearly, -the^ p r a c t i c a l effectiveness of molar models (33) and (34) cannot 

be i n d i f f e r e n t to which l o c a l abstractions we choose to equate oyer differfent 

assembly struetiires- But how these choices m.atter, and what r a t i o n a l should 

guide them, s t i l l want ajudication. 

In abstract generality, the c o l l a t i o n constraint needed f o r (33/34) to 

be p r a c t i c a l seems straightforward enough: The transducer '̂ ^̂  under which the 
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Cpn?t-bed I n s u i aiPengiWiP |« S£ eett^ftctured generic law (33) determine I t s 

colla t e d output Y» must be inductively accessible. (Similarly for (34).) That 

i s , by observing scores on enough components of LY»,X#,S] (or on s u f f i c i e n t l y 

good estimators of them) i n humanly f i n i t e samples of objects drawn from generic 

domain 0^ ,̂ we must be able to estimate with enough accuracy that Est(^») 

applied to our knowledge or decent estimate of [X ,S](o) for additional objects 

2. i n 2 * w i l l y i e l d a useful estimate of Y^j(o) even when o's values on X» and S 

are at some remove from any input combinations that occur i n the samples from 

which we have inferred Est(!Ej). Such inductive a c c e s s i b i l i t y i s above a l l the 

operational essence of a genuine functional law (see p. 31f., above). I t seems 

evident that were the micro-variables t]fj»]̂ j] and abstractors <Gj,Hj> generating 

molar r e g u l a r i t y (31-1) for Cj-structured objects to be chosen independently f o r 

each l£l, only by an extraordinary fluke could array ^(31-l) : . ; l e j | of l o c a l 

phenomena have any trans-species patterning under which our i d e n t i f y i n g the 

l o c a l transducers f^.i 1 ^ j'? i n some subset j ' of j l ^ l l s 

about vj' fotr any k i n the remainder of j . But conversely, regardless 

of how our conception of c o l l a t e d variables [Y^f,X^] may have arisen, i f we do 

seem able to learn the e n t i r e t y of by induction from f i n i t e sample data 

(nevermind how we judge ottr prospects at t h i s ) , then we can have no better 
^ ^ scaled 

reason for taking the compound molar property having-value-<Y.X>-of-[Y..X ] ̂ I n one 

:gj^ip?icies Gj by [Y^,X^]-value ^Y,X> to be component-by-component causally 

equivalent to the compound property havine-value-<Y.X>-of-LY^^.X^l scaled by 

<Y,X> i n any other G^-specie^ Cj,« 

Of course, t h i s epistemic induction c r i t e r i o n for trans-structural equi

valence of molar properties offers l i t t l e operational advice f o r i n i t i a t i n g 

such c o l l a t i o n s . But free choices i n t h i s respect seldom arise i n practice. 

In those special cases where we begin with known or conjectured micro-laws and 

seek to i n f e r molar behavior from t h e i r compoundings, notably, i n data-analytic 
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applicatlona of sampling theory, i t i s usually evident what must be put with what 

i n order to write conceptually well-behaved generic functions i n which assembly 

structure sets parameters. (E.g., no one at a l l f a m i l i a r with elementary s t a t i s t i c s 

would dream of c o l l a t i n g the mean of variable x i n odd-sized samples with x's 

variance i n even-sized samples.) And i n those far-more-prevalent research 

situations where molar events unparsed for micro-composition are what we most d i r e c t 

l y perceive or i n f e r from our instrument readings, causally equivalent properties 

are already collated f o r us across s t r u c t u r a l kinds by interface mechanisms through 

whose mediation these act :as i n i m t t e our cognitions. Thus i n the v a s t l y oversimp

l i f i e d but philosophically standard example of Inference to disp o s i t i o n s , when 

we i d e n t i f y f - a b i l i t y as whatever property enables certain objects to react 

R-wise when tested on input T, only at more advanced stages of inquiry into T/R 

couplings are we sometimes able to concli»ie that the st r u c t u r a l composition of 

f - a b i l i t y i n objects of one kind d i f f e r s from i t s composition i n certain other 

objects that are also f-able. 

This doing-what-comes-naturally selection of micro-variables ^ Y j , X j j and 

abstractors jGy'Ri^l to constitute molar variables [Y^^jX^j] i n laws that generalize 

over structural kinds largely obviates our need to c r a f t an applied methodology 

for t h i s . I t does not, however, insure that these natural selections work ' 

we l l . Even i f molar variables Y^^ and X,̂  cannot be improved upon i n the 

epistemlc cogency of t h e i r micro-constitutions and trans-structural c o l l a t i o n s 

i n generic domain Ĉ ,̂ t h i s may s t i l l not give us inductive access to generic 
particij.ar 

transducer 'i'^ i n (33) over the en t i r e t y of C^. Thus,fers:i|j§^-ff«eies 0^, some c«n-

ponent x* "of X» may encorporate assembly features of that have no s i g n i f i c a n t 

counterpart i n the assembly structures of ether -species C^, thereby 

thwarting c o l l a t i o n of x^ with any molar dimension x-^ over Cj^ whose sample-

estimated, behavior i n Cj^ i s inductively , diagnostic of -^tiavlHOr. ; 

i i ^ G..̂  >yv(E^g;, 1^ X. i s the mean of type-oC components within 
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each 0 i n C j , there may well ba na u«ef^l counterpart of over objects having 

no type-o< components.) We can always extend any such x'j into an x^ whose domain 

includes a l l of Ĉ^ simply by creating an anomolous ^,j-value that holds fo r any 

object lacking assembly features required for i n c l u s i o n i n Xj's regularrdomaia. 

But then what we learn about generic transducer ^ i n (33) from C,t-samples 

that include only regular values on x̂ ^ w i l l inductively imply l i t t l e or nothing 

about what Sf»(2[#,S) may be f o r inputs i n which ^» contains the anomolous x^^-value. 

Thus, . while construction of (33) from (31) i s always fonnally possible, 

(33)'s p r a c t i c a l i t i e s are best captured by i t s fra c t i o n a t i o n into 

(35-k; k e k ) In C{, Y*- = ^J(XJ,S) , 

wherein ^C^: k e ^ ^ i s a p a r t i t i o n of C^ into s t r u c t u r a l regions, coarser than 

^Q.y i c j ] ( i . e . each Cj generally includes many d i f f e r e n t s p e c i f i c s t r u c t u r a l 

kinds C ), under which each [Y*,X*] contains only components of LYjf,X^] whose 

values i n C* are a l l regular and, f o r as many k e k as possible, regional trans-

ducer SP"̂  i s inductively accessible from feasible sampling of C*. 

Were p a r t i t i o n [C*^ of Ĝ^ to comprise only a small number of regions whose 

molar r e g u l a r i t i e s can be discerned separately with equal ease, the difference 

between array (35) and i t s formal u n i f i c a t i o n i n (33) would be only a minor 

te c h n i c a l i t y . But i n practice, regional laws f(35-k)^ may vary enormously i n the 

success with which we can learn them: For some k i n ̂ , 'Jf^ may be a mathematically 

docile function connecting molar variables [Y^,X^] that comprise a small number 

of components r e a d i l y i d e n t i f i a b l e (excepting residuals) by trained perception 

or standard instrument interpretations. Whereas for other k i n k-(in a l l l i k e -

lihood the far more prevalent ones), ^ * may be so disorderly that we could 

scarcely make sense of i t even were the components of [Y^,X*] not so esoteric 

i n t h e i r abstractive derivations and c o l l a t i o n s that we can scarcely conceive 

them i n the f i r s t place. This point has already been w e l l - i l l u s t r a t e d by our 
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Shadows example (p, 4 5 f f . ) . ^or enolosijre-stages W-at-t] whose assembly structures 
such as ~ ~ 

insure that descriptors the p o i n t r l i k e major l i g h t source i n 'the shadow 
of the protrusive object contained i n and ' 's opaque bounding planes' 

have well-defined referents when applied to v - a t - t , i t i s r e l a t i v e l y straight

forward to work out laws r e l a t i n g dimensions of shadow size to light-source 

positioning and other commonsensically ascertainable features of enclosure v at 

time t . But l e t f a l t e r the s t r u c t u r a l preconditions for these descriptors to 

succeed, and not only doour n^lar shadow laws f a i l , we are l e f t with l i t t l e notion 

of what variables might e f f e c t l y describe and explain the patterning of l i g h t 

and darkness within enclosures of uncontrolled contents. 

A somber p r a c t i c a l c o r o l l a r y here i s that when we seek to work out molar 

r e g u l a r i t i e s within and between developmental stages of enduring macro-things 

with evolving assembly structures, we are fortunate indeed i f we can f i n d much 

s t a b i l i t y (see p. 48f.) therein. For i n (35)'s counterpart for molar dynamics, 

even i f the f-successors of most C^^-objects are also i n Ĝ , we may s t i l l have that 

when 0 i s i n one s t r u c t u r a l region C*, f(o) often s h i f t s to another within which 

molar r e g u l a r i t y i s most nat u r a l l y characterized by a rather d i f f e r e n t selection 
As a r e s u l t , 

of abstracta,^whereas disclosure of system dynamics i s a standard and feasible 

aim of advanced research i n the more molecular sciences, the prospect of success 

at t h i s becomes Increasingly precarious as we ascend into higher l e v e l s of molar 

abstraction unless—as i s true of computers and many other engineered systems 

but sot of most natural ones—our enduring subjects have e s s e n t i a l l y invariant 

assembly structures,]] 

The future of reduction-SLese• 

The theory of micro-molar explanation sketched above i s just t h a t — a 

theory. More precisely, Def. 2 and equations (27)-(35) exhibit a framework for 

reductive explanation of macro-phenomena that derives with deductive immediacy 

from modern science's standard formalisms for expressing lawfulness. But 
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formalisms need to be fleshed out with some determinate semantic content before 

they actually say anything, and the history of ideas i s l i t t e r e d with conceptual 

schemata that have gone nowhere. How often, or i n what ways, can we expect this 

framework—call i t "reduction-SLese"—to have useful payoff i n r e a l applications? 

I suggest that i t s current prospects are at least s i x f o l d : 

F i r s t of a l l , as already emphasized, modern sampling theory and multi

variate data analysis are b u i l t upon ins t a n t i a t i o n s of reduction-SLese that for 

better or worse have become pandemic i n the behavioral and b i o l o g i c a l sciences. 

Adirlttedly, these methodologies have evolved i n part under t h e i r own inner xirges, 

with r e s u l t i n g relevance for empirical research often more tenuous than i s 

e n t i r e l y defensible. But that i s a powerful p r a c t i c a l reason f o r seeking to tease 

out, with perspicuity and depth, just what views of mathematics and nature shape 

current data-analysis methodology, how well these are aligned with prevailing 

goals of substantive research i n the sciences they serve, and whether consan

guinity within the methodology/substance marriage cannot be enhanced by a clearer 

delineation of each partner's compatible but imperfectly coincident positions i n 

a common space of SLese concerns. For example, data of the sort treated by 

Multidimensional Scaling research generally have a formal organization that 

cannot happily be subsmed under the c l a s s i c a l Variables-by-Subjects or Variables-

by-Subjects-by-Occasions design formats to which almost a l l the multivariate-

methodology l i t e r a t u r e has remained r e s t r i c t e d . I^ltidimensional scaling models 

do, however, f i t n i c e l y into SLese's more general micro-molar framework i n a 

fashion that makes evident t h e i r e s s e n t i a l continuity with older orthodoxies. 

Secondly, applied physics, chemistry, and engineering have demonstrated 

remarkable success i n deriving the macro-properties of well-structured compound 

objects from those of t h e i r parts. Most a r t i f a c t s of modem living—automobiles, 

radios, calculators, etc., not to mention numerous crafted materials of which 

most of us are scarcely aware—work i n the consumer-relevant ways they do mainly 
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because someone knowledgeable..of oertain mdcro-causal r e g u l a r i t i e s designed a 

f e l i c i t o u s assembly of parts l o c a l l y governed by those laws. (Not a l l the relevant 

micro-laws, or th e i r macro-consequences under a p a r t i c u l a r assembly design, are 

known i n advance, however—which i s why applied engineering includes a large 

dollup of cut-and-try.) I am i n s u f f i c i e n t l y conversant with engineering tech-
practices 

nologies to claim with confidence that a l l or even many of these^can be e f f e c t i v e l y 

verbalized i n SLese; but i f not, then surely i t w i l l be i n s t r u c t i v e to i d e n t i f y 

respects i n which they f i n d reduction-SLese wanting. 

Thirdly, the working contents of sciences such as sociology, economics, 

and macro-biology, whose primary objects of concern are evidently l o c a l groups of 

sme sort, abound i n large fragments of reduction-SLese. For, most of these 

d i s c i p l i n e s ' basic variables are e x p l i c i t l y conceived as composites of micro-

properties distributed within each macro-object ( l o c a l group) i n the^.variable^s 

domain. So any lawful r e l a t i o n proposed to govern these variables r e a l i z e s the 

molar side ( i . e , (29a), (33), or (34.)) of SLese's micro-molar model. Usually 

absent from these accounts, however, i s the a r t i c u l a t e micro-story envisioned by 

Def, 2, Sometimes th i s may be because the micro-laws at issue seem too common-

sensical to need d e t a i l i n g . Thus i n studies of predator/prey population dynamics, 

there i s prima facie l i t t l e mystery i n how, f o r any l i v i n g mamnal s at time t , 

s's wellbeing at time t+A i s determined i n t e r a l i a by s's species, ambient 

temperature, quantities of nearby water and vegetation, and encounters between 

t a n d t + ^ with "^oth# animalp of various s p e d as. - (Even then, common-

sensical as t h i s may seem, act u a l l y writing out micro-laws of l o c a l s u r v i v a l i s 

a task of great challenge,) But for whatever reason, the micro-events from which 

group phenomena abstract, , are seldom conceived i n terms precise enough f o r 

t h e i r lawfulness to be characterized i n SLese. For example, i n s o c i o l o g i c a l study 

of how Homocide Rate i s affected by Handgun Incidence i n a macro-domain of urban 

communities, i t i s easy to operationalize indices of Homocide Rate i n terms of 
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documents available i n pellew .C11«S4 but what are the micro-variables over what 

micro-domains whose values are supfposedly diagnosed by these records? Presumably, 

certain human interactions count as "homocides." But i s Homocide then a binary 

variable over the domain of a l l person-stage pairs such that for each <person-Sj^-

at-time-t^, person-s^-at-time-tj^>, s^-at-t^ either k i l l s or does not k i l l S j - ^ t - i k " 

while Handgun Incidence abstracts from the Smallarmedness variable that sees 

each s-at-t as either possessing or not possessing a handgun? Or are there 

better ways to defire the relevant micro-variables? The point here i s not that 

working out a micro-model of homocide should be e s p e c i a l l y d i f f i c u l t , but simply 

that not u n t i l we have worked th i s out can we embed the molar dependency of 

Homocide Rate on Handgun Incidence i n a full-blooded SLese reduction that explains 

the molar patterning. 

There i s , of covirse, no obligation for local-group studies to accompany 

th e i r molar findings with e x p l i c i t micro-reductions for these. We know i n 

general from aampllng theory how molar compositing manages to abstract order 

from the seeming chaos of micro-events; and i f We are content with r e g u l a r i t i e s 

already i d e n t i f i e d i n congenial macro-terms, wallowing i n t h e i r underlying micro-

complexities may seem p o i n t l e s s l y masochistic. Even so, there can be l i t t l e doubt 

that the group properties studied by sociology, economics, etc. do indeed analy- , 

t i c a l l y abstract i n reduction-SLese fashion from properties and relations among 

in d i v i d u a l group members. Exp l i c a t i n g these p a r t i c u l a r reductions should be 

r e l a t i v e l y straightforward; and learning how to cope with the unanticipated 

d i f f i c u l t i e s that w i l l arise i f we a c t u a l l y attempt to carry swne of these 

through should greatly enhance our c a p a b i l i t y for reductive analysis of molar 

phenomena whose variables' a-derivational character i s f a r more obscure. 

Fourthly, there are areas of s c i e n t i f i c inquiry wherein, for a given 

class of macro-objects, much has been learned or conjectured about the l o c a l 

behavior of C^f-object modules at a fine grain of parts-parsing while a consider-
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able h o l i s t i c l o r e of ^ ^ i ^ " ^ ^ * s i g n i f i c a n t linkage between 

these two outlooks on Ĉ^ has yet to be achieved. In such cases, the reduction-

SLese framework provides guidance for exploring alternatives i n which aspects 

of the one approach may or may not reduce to the other. Psychology's paramount 

instance of such double v i s i o n i s huBMnneurophysiolbgy vs. c l a s s i c a l and fieo-

c l ^ a s l c a l (cognitive-science) accounts of mentation; and i n Part I I we s h a l l 

axamiSe the SLese prospects of bripgihg th«se tbgetljer." • W 

F i f t h l y , recent philosophy of mind has given increasing prominence to 

the thesis of psychological functionalism. Under the slogan that mental attributes 

are "functional states," t h i s contends roughly that mental predicates 

s i g n i f y roles i n higher organisms' inner causal processes at the abstraction 

l e v e l of "machine-table states" i n computational systems. The l i t e r a t u r e on 

th i s theme has advanced to a l e v e l of considerable t e c h n i c a l i t y (see Block, 1980) 

—which i s as i t should be, except that i t s sophistication i s misshapenly 

unbalanced. I t s philosophical esoterics are legitimate enough, but have been 

grounded upon conceptions of causal mechanism so primitive that these premises/ 

arguments/conclusions have dubious relevance to more r e a l i s t i c models of how 

machines and organisms work. Although there i s much to commend i n the function-, 

a l i s t outlook, none of i t s proposals can be taken seriously u n t i l i t s explication 

of "functional state" recognizes the causal/compositional complexity of macro-

systems i n at least the d e t a i l here formalized by Def. 2 and equations (29a)-(35). 

Functionalism's need i s not merely to appreciate the SLese-articulated 

structure of natural systems; even more c r u c i a l i s s e n s i t i v i t y to the ontological 

puzzles that protrude from t h i s at almost every turn. E s p e c i a l l y germane are 

issues of molar causality, notably, whether i t i s possible to t e l l coherent 

causal stories i n which abstracta and t h e i r bases figure J o i n t l y or, i f not, .how 

systems of causalilaws can be s t r a t i f i e d i n t o molarity l a v e l j i j i t M n each O'f ' _ 

which the anti-symmetry of explanation i s preservedv S i m i l a r l y s a l i e n t are the 
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differences, or lack t}^ftv£t.J^ an event Tx;©'! and i t s translocation 

rxf;o7 when o' = f(o) (see Note 3 p.84a),;(b) between the properties of an unparsed 

molar object CJ and of a tuple 0 de re equivalent to CJ (see fns. 15 & 19), and 

(fi) between a molar variable y over some s t r u c t u r a l l y determinate domain C 

and the r e s t r i c t i o n to C. of the generic molar variable y defined by c o l l a t i o n 

of y with more-or-less-comparable l o c a l variables 1 over assembly structures 

ic ? alternative to G. (see p. 119f.). These and related questions^, which as l l 

•vaka tba ganarie p r ^ l a a of what supervenient oaoaal rolea we can uaefnlly con

ceive as played by what constructed e n t i t i e s , are central to psychological function

alism; and although reduction-SLese does not reveal t h e i r answers, i t does make 

them accessible i n the context of hard science doing r e a l work. 

F i n a l l y , reduction-SLese establishes an advanced base camp for philosophic 

exploration of reduction/emergence. I t i s a matter of deductive l o g i c that i f 

fi = <2-yf-t0j^> i s any tuple of an object u>'s parts, and fi i s of compound-object 

kind C, then some properties and behaviors of CJ are supervenient upon fi'a micro-

structure i n the fashion formalized by equations (27)-(29). But whether everything 

worth saying about CJ can be so analyzed i s another question altogether. I t has 

often been argued that wholes are more than mere aggregates of t h e i r parts; and 

i t i s c e r t a i n l y true that l i s t i n g the elementwise properties of cj's proper parts 

does not suf f i c e to e n t a i l the e n t i r e t y of cJ's h o l i s t i c character. But compound 

object fi i s not just an aggregate; i t also has an assembly structure i n which i t s 

part/part r e l a t i o n s are just as es s e n t i a l to fi'a causal kind as are i t s parts' 

nonrelational properties. For example, i f 0 = <£j^,...,£^> i s a disassembled 

furniture k i t at time t whose successor f(fi) = ^ f ( f i ^ ) , . . . , f (fi^)> at time t + A 

has been reorganized into a chair, the k i t - a t - t and chair-at-t+A are nothing 

more, as objects, than jj-tuples fi and f ( f i ) , respectively; and moreover each part 

f(fij_) of chair f(fi) has e s s e n t i a l l y the same nonrelational properties as i t s 
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predecessor 2^ i n the k i t . But f ( o ) , unlike £, i s an actualized c h a i r — n o t through 

some emergentist miracle but simply because the s p a t i a l r e l a t i o n s of f(£)'s parts 

give i t a stable assembly structure with useful molar properties that the k i t lacks. 

I am myself s t i l l far from convinced that a l l properties of macro-objects, 

i n p a r t i c u l a r a l l that are i n some sense "structured," can be equated with abstracta 

from s t r u c t u r a l analyses of tuples to which the object i s de re equivalent. But 

prov i s i o n a l l y , lacking any clear evidence to the contrary, that's the way t o bet. 


