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Introduction 
Th is paper is  concerned w ith  th e 
application of a new  fram ew ork  developed 
under th e rubric of General Sch em as 
Th eory to System s Engineering. General 
Sch em as th eory is an extension of System s 
Th eory. System s Th eory is th e logical 
academ ic foundation of System s 
Engineering Practice. H ow ever, in th e 
proces s  of exploring th e usability of th is  
foundation it w as discovered th at System s 
Th eory needs to be extended into a 
General Sch em as Th eory in order to be 
m ore useful as a bas is  for System s 
Engineering, and in fact System s 
Engineering needs to be th ough t of as a 
Sch em as Engineering to fit into th is new  

context. 

System s are just one sch em a am ong m any 
th at System s Engineers m igh t use to 
understand th e problem s th ey face and to 
design solutions to th ose problem s . O th er 
sch em as are Form , Pattern, Meta-system 1, 
Dom ain and W orld. All of th e s e sch em as 
and oth ers  form  a h ierarch y of tem plates of 
understanding w h ich  m igh t be useful for 
System s Engineers as th ey design and 
build ever m ore com plex configurations of 
elem ents, w h ich  perh aps are not 
adequately described just by th e system  
sch em a alone. In fact, in System s Th eory 
George Klir am ong oth ers  h ave tak en to 
producing advanced System s Th eories th at 
com bine several sch em as into a s ingle 
approach . But as yet no one h as surveyed 
th e field of sch em as and suggested a 
discipline analogous to General System s 
Th eory th at w ould study th e relations 
betw een all th e different pos s ible sch em as . 
Th is paper com es out of a re s earch  project 
w h ich  h as exactly th at goal. It suggests a 
set of canonical sch em as found th rough out 
th e scientific disciplines in various 
incarnations, it suggests a w ay of th ink ing 
about th e relations betw een th e s e sch em as, 
and m ost im portantly it cons iders  a 
fram ew ork  th at encom passe s  th e h ierarch y 
of sch em as and augm ents it in order to 
e stablis h  an advanced conceptual 
fram ew ork  in w h ich  w e m igh t refram e 
System s Engineering practice. But th is  
advanced conceptual fram ew ork  needs 
som e explanation because it suggests new  
w ays of conceptualizing system s and 
as sociated configurations of elem ents th at 
are m ore or les s  th an system s . In th is paper 
w e w ill present sch em as w ith in th is  
fram ew ork  and attem pt to discus s  h ow  th e 
fram ew ork  m igh t be applied to system s 
engineering practice to im prove th e state 
                     
1 I now call the meta-system schema an “open-scape”. 
But the usage will not be corrected in this paper. 
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of th e art. Unfortunately th is new  
fram ew ork  is  fairly soph isticated and tak e s  
us into unfam iliar territory for m ost 
class ically trained System s Engineers. 
Considering th e ph ilosoph ical and 
scientific bas is of our m eth ods is not a 
norm al activity w ith in th e System s 
Engineering discipline. Th is discipline 
arose from  industry and h as only recently 
began to put on academ ic airs . M any 
w ork ing system s engineers  are suspicious 
of th is  academ izing of th e ir practical 
discipline. But on th e oth er h and som e 
System s Engineers are w orried th at th e 
foundations of th e ir discipline are not 
clearly establis h ed. W h en w e look  into 
th ose foundations w e discover th at in order 
to clarify th em  w e need to rem ak e th e 
fram ew ork  w ith in w h ich  System s 
Engineerng see k s  its foundations . 
Strangely w e h ave to stop talk ing just 
about system s, because slow ly w e realize 
th at if w e call everyth ing a system  th en th e 
term  becom es m eaningles s . W e m ust 
distinguis h  oth er sch em as if for no oth er 
reason to give th e term  system  its ow n 
m eaning in relaton to oth er pos s ible 
sch em as . But w h en w e distinguis h  th e 
oth er sch em as w e realize th at w e need 
th ose too and th at w e cannot do w ith  just 
th e system  sch em a after all. Rath er as our 
system s becom e m ore com plex th ey break  
out of th e bounds of th e system  sch em a 
and introduce us to th e vagarie s  of all 
different m anner of sch em as w h ich  interact 
in com plex w ays. It is  th is  com plex 
interaction of th e sch em as to th e target of 
our problem  solving and de s ign activitie s  
th at w e w is h  to addre s s  w ith  General 
Sch em as Th eory. 

Introducing the hierarchy of Schemas 

George Klir in h is book  Arch itecture of 
System s Problem  Solving com bines th ree 
different sch em as to produce an advanced 
general system s th eory. But by righ ts if 

you com bine various sch em as togeth er w e 
s h ould call th is General Sch em as Th eory 
on th e as sum ption th at all Sch em as s h ould 
be treated equally in our cons ideration. 
Th e point is  th at th ere is  a w h ole h ierarch y 
of sch em as th at goes beyond system , form , 
and pattern used by George Klir in h is  
advanced th eory. In stead w e suggest th e 
follow ing ontological em ergent h ierarch y 
of sch em as : 

? ? Pluriverse 
? ? Kosm os 
? ? W orld 
? ? Dom ain 
? ? Meta-system 2 
? ? System  
? ? Form   
? ? Pattern 
? ? Monad 
? ? Facet 

 

Th is  s erie s  of sch em as e stablis h  th e 
relation of ph enom ena to th e h um an scale. 
Th ey are tem plates of understanding for 
ph enom ena th at pre sents itself. Th ey are a 
first categorization of all ph enom ena s ince 
everyth ing th at appears m ust appear in one 
of th e s e sch em as . Th ey are tem plates of 
understanding because th ey are th e first 
unconscious attem pt to prepare th e 
ph enom ena to be understood by 
sch em atizing it into one of th e s e k inds of 
spacetim e envelopes . O nce a ph enom ena 
h as been as s igned a tem plate of 
understanding it is possible to begin to 
com e to term s w ith  it by attem pting to 
discover its e s s ence, or th e categories it 
belongs to, or its uniq ue individual 
ch aracteristics, or to as s ign m eaning to it. 
If w e reverse th is process as w e do w h en 

                     
2 Open-scape which is the combination of Meta-system 
and Infra-system. See “Towards a Possible Approach to 
Metasystems as Escapements” at http://holonomic.net 
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w e design som eth ing new  th en th e 
sch em as becom es th e anch or of every 
th ing w e design. It is  th e m eans of 
em bodim ent w ith in an envelope of 
spacetim e of each  part of th e design. 
Individuation and Categorization of design 
elem ents ultim ately serve th e sch em a. 
Because if th ere is no sch em atization th ere 
can be no em bodim ent. So sch em as are 
very im portant to us as System s Des igners 
w h o see our w ork  th rough  to 
im plem entation. But th ey are h idden from  
us in norm al practice, because w e already 
k now  w h at sch em as everyth ing use s  in its 
em bodim ents im plicitly as tacit 
k now ledge. So m uch  is  th is  th e case th at 
w e never focus on sch em as as such . O ur 
sch em atization proces s  rem ains 
unconscious, to th e extent th at w e do not 
nam e th e sch em as th at w e use every day. 
W e only talk  about k inds of th ings as if 
e s s ence w as th e only constraint on th ings . 
H ow ever, em bodim ent exterts oth er 
constraints on th ings th an m erely k indnes s , 
th e sch em a som eth ing inh abits is one of 
th ose very bas ic ch aracteristics of all 
th ings w h ich  is  least rem ark ed on but 
w h ich  is  com pletely different from  its 
e s s ence. In ph ilosoph y w e talk  about th e 
difference betw een e s s ence and existence. 
Sch em atization lies betw een th e s e tw o. 
Lik e th e e s s ence of th e th ing a sch em a is  
part of Being. It is  a part of its Th isness or 
Th atnes s  as a spacetim e envelope w h ich  
allow s th e th ing to be referred to. 
Existence per s e is different from  
reference. Existence h as to do w ith  
w h eth er th e th ing is  found or not. It is  
different from  th e aspects of Being w h ich  
are identity, reality, pre sence and truth . 
Th e s e w ill becom e im portant in our story 
later. At th is point w e w ill m erely define 
existence as th at w h ich  is neith er any 
aspect nor any anti-aspect. W h at is both  
w e w ill call th e  q uintes s ence. Essences are 
som e com bination of th e various aspects 

and anti-aspects of Being. Th e 
q uintes s ence is  th e anam orph ic and 
paradoxical com bination of all aspects and 
anti-aspects at once. Essences define k inds 
of th ings and are constraints on 
instantiated attributes of particulars . Th e 
Essence applies to w h at inh abits a 
spacetim e envelope. But th e e stablis h ing of 
th e spacetim e envelope is  independent of 
th e identification of th e e s s ence, or even 
th e individual uniq ue ch aracteristics of th e 
th ing th at goes beyond th e definition of th e 
e s s ence or furth er beyond th e s ignification 
of th e th ing by projected interpretation. 
Sch em as are th e building block s of th e 
em bodim ent of everyth ing but w e h ardly 
notice th em  so enam ored are w e w ith  th e 
e s s ences, th e uniq ue ch aracteristics, and 
th e s ignifications of th ings . 

A representation of the Schemas hierarchy 

W e can relate th e sch em as w h ich  are 
tem plates of understanding for th ings to a 
m ath em atical object in order to specify its 
definition furth er. W h en w e do th at w e are 
producing a representation of th e sch em a. 
In th is  case our m ath em atical object w ill 
be th e Triangle of Pascal. Th is  triangle is  
built up by adding th e num erical re sults of 
one row  togeth er pairw is e to produce th e 
next row . So th e triangle is produced by 
repetition of addition, and it is  alw ays an 
addition of all pairs in s e quence of th e last 
row  to get th e next row . Th e s erie s  of 
num bers generated is alw ays a palindrom e 
and it h as th e value of 2n w h en all th e 
num bers are added togeth er in th e sam e 
row . Th is  s e quence generates th e m inim al 
solid w ith  n points of n-1 dim ension 
em bedded in each  dim ension. It also 
records th e possible perm utations of 
polynom ials. 

Th e k ey point h ere is  th at th e Triangle of 
Pascal is a k ind of dual w ith  th e sch em as 
in as m uch  as each  sch em a occupie s  tw o 
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dim ensions and also th ere are tw o sch em as 
per dim ension. Th is  fact suddenly m ak e s  
th e idea of th e sch em a very concrete 
because w e can test our h ierarch y of 
sch em as against th is  m ath em atical 
structure to see w h eth er or not it h as th is  
form  or som e oth er form . Sch em as are not 
reducible to dim ensions, th ey are tem plates 
of understanding, but th ey are governed by 
th e dim ensional h ierarch y w ith  re spect to 
th e ir relations w ith  each  oth er and to th e 
th ings w h ich  are em bodied by th e various 
sch em as . Th e  q ue stion can be as k ed w h y 
th ere is  th is double duality of th e relation 
of sch em as to dim ensions. W e speculate 
th at it is  so th ere can be com m unication of 
representations at each  level of th e 
ontological h ierarch y and so th at th ere can 
be a dim ensional transform ation by each  
sch em a across dim ensions. Going dow n 
th e s erie s  of sch em as tow ard dim ension 
zero re sults in representational inform ation 
loss . Going up re q uire s  w h at Deleuze calls 
Repetition w h ich  is  th e opposite of 
representation. Th rough  repetition each  
sch em a aris e s  as a sui generic em ergent 
event. Th e repetition of inform ation at th e 
low er level never q uite adds up to th e 
em ergent ch aracteristics of th e new  level 
of th e h ierarch y of sch em as . Repetition of 
addition produces an unexpected w h ole 
w h ich  is  e qual to th e sum  of its parts but 
w h ich  at each  level h as its ow n uniq ue 
structure as s een by th e num ber of sources 
beyond revers ibility and substitution th at 
are produced at each  level. Th e double 
duality of sch em as in relation to 
dim ens ions allow s th e efficacious 
com m unication of representations 
dow nw ard despite h alving data loss at each  
level. All th is  indicates th at sch em as h ave 
a very odd structure th at h as not been 
noticed before . Adjacent Sch em as on 
e ith er s ide of a target sch em a are 
conjuncted to build th e intervening target 
sch em a. Th ere is  a pairing of sch em as so 

th at th e m ost m acro and th e m ost m icro are 
in each  case com plem entarie s  of each  
oth er. So th ere is  a special relation 
betw een pluriverse=facet, k osm os=m onad, 
w orld=pattern, dom ain=form , m eta-
system =system . Th e sch em as form  a ring 
th at connects unexpectedly th e facet w ith  
th e pluriverse . Sch em as h ave som e strange 
ch aracteristics w h en tak en as a set th at are 
difficult to explain by reduction to 
m ath em atical structure. Tem plates of 
understanding are different from  th e 
dim ensional structure of objects . Each  
sch em a carrie s  w ith  it peculiar 
ch aracteristics w h ich  can be developed 
into a form alism  of its ow n. Th e se 
form alism s are usually developed w ith in 
disciplines and th ere are not m any th at are 
discipline independent. H ow ever, som e of 
th e s e form alism s h ave been explored in a 
previous s erie s  of papers w h ich  tak e each  
sch em a as a subject on its ow n and 
discus s e s  its interaction w ith  th e w h ole set 
of oth er sch em as 3. 

A fundamental distinction: Logos/Physus 
O nce th e h ierarch y of sch em as h as been 
identified and its relation to th e 
dim ensional structure of th e Pascal 
Triangle h as been elucidated th en w e can 
turn to attem pting to understand th e 
context w ith in w h ich  sch em as exist. It is  
pos s ible to create a form al representation 
of each  sch em a and apply th at to som e 
dom ain of a discipline. But h ere it is  m ore 
im portant to e stablis h  th e context of th e 
sch em as th em selves in order to attem pt to 
understand w h at th ey are, th em selves, by 
m ak ing clear th e ir differences from  oth er 
related th ings . Th erefore, w e start w ith  a 
fundam ental distinction betw een Ph ysus 
and Logos. Th is disctinction is  
fundam ental w ith in th e  Metaph ysical Era 
of our W estern w orldview . Th at is  th e era 

                     
3 http://holonomic.info 
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th at w e are in at th e pre s ent tim e w h ich  
superceded th e  Myth opoietic Era about th e 
tim e of Anaxim ander. Since th en a 
fundam ental distinction betw een th ings h as 
been m ade, i.e . betw een th ings th at are 
th ough ts and speech  on th e one h and, i.e . 
logos, and betw een natural grow ing th ings 
on th e oth er. Both  of th e s e term s in th e 
distinctions are dynam ic and involved in 
genetic unfolding. Th ey get flattened out 
into distinctions lik e m ind/body, or 
idea/m atter, and oth er lik e distinctions 
w ith in our tradition. W e go back  to th e 
Gree k  original distinctions because th ey 
are m ore com plex and intere sting th an 
later s im ilar distinctions . Th ings th at 
display ph ysus and logos are all finite as 
opposed to infinite . Certain th ings such  as 
ourselves display a com bination of both  
ph ysus and logos. W h en w e engage in 
science w e h ave a logos about th e ph ysus 
and in our experim ents w e h ave a ph ysus 
specifically related to a logos. So science 
is  w h en w e produce th eories about 
observations of experim ental re sults from  
w h at Bacon called th e torture of nature, 
including ourselves . Logos can break  free 
of th e ph ysus and build all sorts of castles 
in th e air. Ph ysus can break  free of logos 
and not corre spond to m eaningful speech e s  
at all. Most of h um an h istory w as a 
confrontation w ith  th is dish arm ony 
betw een ph ysus and logos. But slow ly 
m ank ind h as learned to focus on th e 
corre spondence and coh erence betw een 
ph ysus and logos and so slow ly science h as 
tak en root e specially in th e  We s tern 
Tradition. Now  as System s Engineers th is  
s h ow s up as th e need for lots of 
docum entation and th e problem  of th e 
relation of th e docum entation to th e th ings 
th at are being built. W e do specific audits 
at th e end of our developm ent cycle to 
m ak e sure th at th e ph ysical as built design 
corre sponds to th e as designed 
docum entation, and w e also m ak e sure th at 

th e as built system ’s functionality m atch e s  
th at w h ich  h as been specified. Th is  
pos s ibility of a split betw een ph ysus and 
logos h aunts every system  w e build. Th e 
developm ent proces s  is dynam ic and th e 
proces s  of expressing both  re q uirem ents 
and design in language are dynam ic. 
Keeping th e s e tw o dynam ism s in lock  step 
can be a m ajor ch allenge w h ich  is  as s igned 
to system s engineers  to m aintain 
coordination and coh erence betw een 
re q uirem ents, design and im plem entation. 
So th is distinction m ade in ancient h istory 
w ith in our tradition is  still very im portant 
to us today in system s engineering. It is  
not just an arbitrary ph ilosoph ical 
distinction but one w h ich  w e confront th e 
reality of every day. All system s are also 
finite, and need to be built w ith  a finite 
re s erve of re sources . But th ere are infinite 
pos s ible designs, infinite w ays to fit th ings 
togeth er, infinite w ays to im plem ent and 
test th at im plem entation. So th e finitude 
and infinitude distinction is  also im portant 
to us w h ich  underlie s th e logos/ph ysus 
distinction. 

The Ontic Hierarchy 

Th e h ierarch y of sch em as is  em ergent, i.e . 
each  one h as its ow n uniq ue ch aracteristics 
th at are non reducible to th e oth ers . Th ere 
is  a relation of supervenence betw een th e 
various ontological em ergent h ierarch ical 
levels of th e sch em as . But th e ontological 
h ierarch y, so called because it is  a 
projection of Being onto th ings th at 
oth erw is e w ould m erely exist, is not th e 
sam e as a different h ierarch y called th e 
ontic h ierarch y. Th e ontic h ierarch y is 
w h at cannot be reduced ultim ately by 
scientific analysis to oth er th ings . An 
exam ple of such  a h ierarch y m igh t be 
gaia?, social, organism , organ, cell, 
m olecule, atom , particle, q uark , string? or 
w h at ever th re s h olds of ph enom ena th at 
you subscribe to and designate as real. 
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W h ile th e ontic h ierarch y is created by th e 
pre s sure of reduction, th e ontological 
h ierarch y is created by th e pressure of 
s k epticism . In oth er w ords w e can be 
s k eptical w h eth er a particular sch em a 
really exists or not and attem pt to reduce it 
to som e oth er sch em as . So w h at stands up 
ultim ately to s k epticism  is  th e ontological 
h ierarch y of sch em as and w h at stands up 
ultim ately to reduction is  th e ontic 
h ierarch y of em ergent levels of th e 
organization of ph enom ena. Science 
discovers th e ontic th re s h olds by 
projecting th e ontological th re s h olds. As 
System s Engineers w e are dependent on 
th e th re s h olds of ph enom ena and h ow  th ey 
are described by science. W e do not go out 
and invent our ow n th re s h olds of ontic 
ph enom ena. But w e s h ould not get th e idea 
th at w h at w e do as System s Engineers is 
not science. Science operates precis ely th e 
sam e w ay as System s Engineering as a 
discipline and w e s h ould cons ider System s 
Engineering as a k ind of design science. 
W e s h ould study w h at ph ilosoph y of 
science tells us about th e w ay th at science 
truly operates, not th e m yth s  about it th at 
h ave been created over th e centurie s , but 
th e concepts lik e th ose of Popper, Lak atos, 
and Feyerabend about h ow  it actually 
operates, and w e w ill find th at it operates 
in a very sim ilar w ay to System s 
Engineering and Softw are Engineering 
practice. O ne of th e k ey th ings th at 
Popper, pointed out w as th e im portance of 
refutation. Any th eory th at is not refutable 
is  actually ph ilosoph y. As Peter Naur says 
Des igns are e s s entially th eories. So 
testability is very im portant for de s ign 
th eories as m ost system s engineers  k now . 
Kuh n taugh t us about Paradigm  ch anges, 
and h ow  our th eories can be 
revolutionarily ch anged by an alteration of 
th e ir fundam ental assum ptions . Paradigm  
ch anges h ave a big effect on designs as w e 
k now  w h en w e attem pt to im plem ent 

object oriented designs rath er th an th e 
m ore traditional functional designs . 
System s Engineering h as not com pletely 
trans itioned acros s  th e paradigm  s h ift 
w h ich  alters all th e various aspects of our 
designs w h en w e attem pt to apply th e new  
object oriented paradigm . Lak atos s im ilar 
to Popper focused on refutations, but saw  
scientific th eories as conjectures w h ich  th e 
scientist w ork ing as part of a team  
attem pted to prove. Th e group w ould 
develop a re s earch  program m e w h ich  th ey 
w ould pursue based on th e ir ow n self-
definitions of th e cutting edge of th e ir 
discipline. Sim ilarly System s Engineers at 
tim e s attem pt to pus h  th e envelope of 
tech nology w ork ing in team s th at define 
for th em selves th e groundrules of th e ir 
projects . Feyerabend attem pted to extend 
th e w ork  of Lak tos and draw  negative 
conclusions about th e usefulnes s  of 
m eth ods. H is  m axim  w as th at one s h ould 
use anyth ing th at w ork s , and so one cannot 
dism is s  out of h and, even crank  
approach e s  to problem s as th ey m igh t lead 
to som eth ing th at w ork s , w h ich  norm ative 
science m is s e s . Ph ilosoph y of science h as 
m any discoverie s  about th e actual practice 
of science w h ich  w ere not understood until 
recently by th e scientists th em selves w h o 
w ork ed unselfconsciously on th e ir 
problem s w ith out cons idering h ow  th ey 
reach ed th e ir re sults. System s Engineering 
needs to use th ose re sults in order to fram e 
its ow n projects w ith in th e scientific and 
tech nological dom ains . System s 
Engineering does not just draw  on Science 
and its re sults, but cannot actually be 
distinguis h ed from  science ultim ately. 
Scientists depend on large engineered 
instrum ents . Engineers depend on w h at 
scientists discover from  experim enting 
w ith  th ose instrum ents . Th ere is no 
m aster/slave relations betw een science and 
engineering. Engineering is just as 
im portant to science as science is  to 



An Application to Systems Engineering of a Framework of General Schemas 
Theory -- Kent Palmer 

7 

engineering. Th e practitioners of th e s e 
disciplines are colleagues w h o need to 
re spect th e contributions of th e oth er. 
System s Engineers need to be concerned 
w ith  m eth ods, just as Softw are Engineers 
h ave been concerned w ith  m eth ods. 
Softw are m eth ods m ay be a subset of 
System s Engineering Meth ods, but th e tw o 
sets are not e q ual. System s Engineers 
cannot just use softw are m eth ods w ith out 
revis ing th em  for th e ir different purpose s . 

In som e w ays w e can th ink  of System s 
Engineers  as th e opposite of Scientists in 
as m uch  as th at th ey are concerned w ith  
synth e s is of tech nological artifacts and not 
reduction of nature. Th is  em ph as is on 
synth e s is  is  a k ey aspect of System s 
Engineering because th e ir w ork  is  to 
produce em ergent effects in system s th at 
are w h oles greater th an th e sum  of th e ir 
parts, i.e . ge stalt system s, w ith in contexts 
th at are w h oles les s  th an th e sum  of th e ir 
parts, i.e . porto-gestalt m eta-system s 4. In 
th is  w ay th e System s Engineer is th e latest 
addition to th e tradition of craftsm an 
w h ich  is  far older th an th at of scientist. 
W ith  industrialization th is  tradition turned 
craftsm en into engineers. H ow ever, it is  a 
peculiarity of th e  We s tern tradition th at w e 
are able to synth e s ize m any different 
tech nological system s togeth er. Th is  
synth e s is of different crafts and types of 
tech nology togeth er into even m ore 
com preh ensive integrated w h oles is  w h at 
m ade neces sary th e position of th e system s 
engineer w ith in aerospace and oth er 
industrie s . In th is process th e System s 
Engineer creates h is ow n ontic h ierarch y 
of em ergent w h oles w ith  different 
ch aracteristics com posed of designed 
com ponents . But w h at ever th e ch aracter 
of th e s e ontic com ponents th ey m ust 
adh ere to th e tem plate of sch em atic 

                     
4 Open-scape 

projection. Sch em atic projection is  th e 
underlying foundation because everyth ing 
th at is produced h as som e sort of 
spacetim e envelop w h ich  is dim ensional. 
Th e se spacetim e envelopes h ave th e ir ow n 
sch em atic propertie s . Th e process of 
projection is  itself tem poral so sch em as 
exist in both  tim e and space and are in fact 
expressions of spacetim e intervals of th e 
sort talk ed about by relativity th eory. In 
th is  s ense sch em as are not just static 
envelopes or tem plates of understanding, 
but are indeed proces s e s  w h ich  envelop 
everyth ing w h ich  is projected into Being. 
Recently Peter Lynds5 h as discussed th e 
fact th at th ere is no determ inate position 
w ith  re spect to tim e, and it is  th is nature of 
th e interval in spactim e th at offers a 
different w ay of look ing at Z eno’s 
paradox. Th is  is  just a w ay of saying th at 
th ere is  a difference betw een Pure Being 
and Proces s  Being and th at w e can never 
actually capture anyth ing in determ inate 
and continuous Pure Being but th at 
everyth ing only h as a Proces s  Being w h ich  
is probablis itic and indeterm inate w ith in a 
spacetim e interval. Th is  m ust effect th e 
nature of th e sch em a as each  sch em a is  a 
projection w h ich  w e tend to re ify but 
w h ich  is  actually probabilistic and 
indeterm inate. All th e synth e s e s  projected 
by craftsm en, engineers and now  system s 
engineers end up being expressed as 
sch em as of one k ind or anoth er w h ich  is  to 
say spacetim e intervals. Prior to Lynd 
W illiam  Jam es called th is  th e specius 
pre s ent, and G.H . Mead talk ed about th e 
fact th at it tak e s  tim e for anyth ing to 
becom e itself. So all sch em as are bas ically 
spacetim e intervals of different 
dim ensionality, but th e s e intervals also 
h ave an aspect th at m ak e s  th em  tem plates 
of understanding for th ey are th e grounds 
for reference to th e th ing and th e bas is  for 

                     
5 http://philsci-archive.pitt.edu/archive/00001197/ 
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th e determ ination of its k ind of e s s ence 
and eventually its idiosyncratic 
ch aracteristics and our interpretation of it 
w h ich  is  expres sed as a gloss in language. 
Th e tem plates of undersanding m igh t be 
s een as th e protosynth e s is on w h ich  th e 
synth e s is of th e artifact is based w h ich  
m ak e s  it an em ergent w h ole. Th us it 
beh oves us as System s Engineers to study 
th e s e tem plates of understanding or proto-
synth e s e s  in order to m ak e our w ork  of 
synth e s is better grounded in th e 
projections th at are th e lifeblood of our 
projection of all th e th ings in our w orld. 

The Nonduals between the Duals 

W e h ave now  understood th at Logos is  
related to th e  Ontological h ierarch y of 
Sch em as and Ph ysus is related to th e  Ontic 
H ierarch y of non-reducible th ings . 
System s Engineers attem pt to m ak e 
em ergent w h oles th at are gestalts, i.e . 
w h oles greater th an th e sum  of th e ir parts, 
w ith  em ergent propertie s  th rough  th e 
interaction of th e natural w h oles and th e 
sch em as . Artificial em ergent w h oles 
produced by System s Engineers are virtual 
in th e s ense th at th ey are possibilitie s  th at 
are not realized in nature but w h ich  are 
realized beyond nature in th e artificial 
realm  w e synth e s ize using w h at w e h ave 
learned from  science and by a k ind of 
tink ering th at is  th e h allm ark  of all 
engineering practice. But if th is  tink ering 
is  to be guided th en w e m ust as in science 
recognize th e non-dual realm  of O rder 
betw een Logos and Ph ysus. As Einste in 
said th e m iracle w h ich  is  so m ysterious is  
th at m ath em atics can connect th eory to th e 
observations of experim ents on nature. 
M ath  is  th e s ecret bridge betw een th eory 
and practice in both  science and 
engineering. W h en w e speak  of m ath  w e 
m ean all th e m ath em atical categories. Th e 
m ost bas ic of th e s e is  th e Set. H ow ever, 
our m ath em atical foundation for our 

scientific and engineering w ork  is  lopsided 
and flaw ed in a w ay th at is  little expected 
because th e com plem ent to th e Set 
category is not represented in our 
m ath em atics . W e discover from  studying 
oth er cultures such  as th at in India and 
Ch ina th at th ey h ad a different bas is  for 
th e ir m ath  and logic w h ich  w as th e  Mass . 
A m as s is  th e com plem entary oppos ite of 
th e s et. Th e m as s  is  a large body of 
identical instances th at togeth er produces 
m acro effects th rough  th e ir m icro 
interactions . A set on th e oth er h and is a 
serie s  of different elem ents called 
particulars each  of w h ich  is  a different 
bundle of propertie s  so each  is uniq ue in 
th e s et. A set cannot h ave m ore th an one of 
th e sam e k ind of th ing. Sets operate on th e 
differences betw een k inds. Th us th e w h ole 
em ph as is of th e s et is on th e e s s ences of 
th e different th ings th at m ak e up th e s et. If 
you w ant to h ave repetitions of elem ents of 
th e sam e k ind you m ust h ave a bag and if 
it is ordered th en th at is  a list. But th e s et 
em ph as izes difference of its elem ents and 
it th e natural com plem ent of th e m as s  
w h ich  em ph as ize s  identity of its elem ents . 
But th ere is no m ath em atics of m as se s . 
M asse s  are forgotten in our tradition, even 
th ough  in our language w e h ave w ays of 
talk ing about th em , for instance w h en w e 
talk  about a blade of gras s  in a yard. Gras s 
is  a m as s and th e blade is a counter of th e 
instance of a leaf of gras s  th at m ak e s  up 
th e m as s  of th e grass in th e yard. Th e yard 
s ignifie s  th e boundary of th e m as s  of gras s . 
Th e k ey point about a m as s is  th at it h as its 
em ergent propertie s  at th e level e quivalent 
to th e s et w h ile th e s et h as no em ergent 
propertie s , rath er particulars h ave 
em ergent propertie s  and instances in a 
m as s lack  th em . Th is  s h ift as to w h ere th e 
em ergent propertie s  lie s is  very im portant. 
W ith  re spect to Science th e m as s  oriented 
science is  th erm odynam ics . Particle 
Ph ysics is  Set oriented. Th erm odynam ics 
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up until recently w h en it w as discovered 
th at negative entropy w as possible in far 
from  e q uilibrium  th erm odynam ic system s 
h as alw ays been a back w ater of science 
proper. But it is  im portant to see h ow  th e 
m as s  lik e propertie s  w ere s egregated even 
in Ph ysics from  th e m as s  lik e propertie s  of 
th erm odynam ics .  

If w e th ink  of a k ind of M ath em atics th at 
blances th e s et-lik e and m as s -lik e 
approach e s  th en w e can see h ow  th at 
w ould be applied to System s Engineering. 
Th is  is because w e alw ays design in a set-
lik e m anner, but w h en th e system  executes  
or operates th en w e are suddenly 
transferred into a m as s lik e beh avior as th e 
various parts of th e system  are instantiated 
and begin interacting. Because as System s 
Engineers  w e deal w ith  em ergent effects at 
th e m acro scale w h ich  w e try to get to 
h appen from  designed m icro com ponents 
w e need a language to talk  about th is  
trans ition from  design to execution or 
operation. M any unexpected th ings h appen 
in th e realm  of execution and operation 
and th e m as s  lik e propertie s  exh ibited 
th ere are not alw ays w h at w e intended or 
planned. For instance, w e design a car, but 
w h en it goes out on th e street it enters th e 
m as s  of traffic. W e need to see w h at th e 
em ergent attributes of traffic are and use 
th at as a m eans to im prove th e design of 
cars w h ich  w e th en look  at in a set lik e 
m anner. Th e point is  th at w h ile sets h ave a 
syllygistic logic related to universals 
m as se s  h ave a pervasion logic related to 
boundarie s . W e can reason about both  s ets 
and m as se s , but w e h ave to use th e ir 
natural logics, w e cannot use s et logic to 
th ink  about m as se s  and vice versa. In 
system s engineering w e are continually 
dealing w ith  s ets and m as se s  and th e ir 
com binations . For instance, a com bination 
of m as se s  is  a solution. Th ose are 
interpenetrated m as se s . Solutions m ay 

h ave different propertie s  th an th e m as s e s  
tak en each  on th e ir ow n. M asse s  are 
unordered and follow  th e dictates of 
th erm odynam ics for th e m ost part. But 
h ow  local interactions betw een instances in 
a m as s produce th e em ergent propertie s  of 
th e m as s  as a w h ole can be very different 
in various case s . For instance space of 
geom etry is a m as s of dim ensionles s 
points . Ideally w e project coordinate grids 
on th e s e m as s e s . But from  ph ysics w e 
k now  th ere is  th e guage ph enom ena w h ich  
does not allow  th e external projection of 
coordinates . In space tim e th ere are 
geodesics, i.e . internal coordinates to th e 
w orldline of th e particle m oving th ough  
space. Th at is  h ow  th e particle can appear 
to be in flat spaces along its route but be 
actually m oving th rough  globally curved 
space. Th e gage ph enom ena is general, in 
m as se s  th ere is no external point of view  
from  w h ich  to project a coordinate set. 
Anoth er point is  th e Bek enste in Entropy 
Bound and th e h olograph ic principle w h ich  
states th at th e entropy of som eth ing is one 
q uarter of its surface area. Th at m eans th at 
w h at ever is going on in a space can be 
w ritten on th e bound of th e space. Th is  is  a 
very profound principle th at h as m any 
im plications for sch em as th eory, due to th e 
fact th at each  low er level sch em a is  a 
surface for th e next h igh er level sch em a 
cons idered in its dim ensional fram ew ork  
from  th e relation to Pascal’s triangle. 
Th ere is  inform ation loss as w e go tow ard 
zero dim ension representing h igh er 
dim ensions. It turns out th at th e sch em a 
differences appear as tw o dim ensional 
jum ps, and th at is precisely a q uartering of 
inform ation. O ne  q uarter of inform ation 
th at is  lost is  entropic, i.e . a disordering of 
inform ation th at h ides th e em ergent 
propertie s  of th e next h igh er sch em a. 
Given th at w ith in a m eta-system  th ere is  
both  system  and anti-system , th en for each  
system  th ere is  a q uarter of th e inform ation 
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th at is preserved, and th e oth er q uarter of 
th e inform ation disorders, not m erely lost 
and vanis h ed, but destroyed. So 
Bek enste in’s bound specifie s  precis ely th e 
em ergent th re s h olds betw een th e sch em as . 
And th at h as to do w ith  th e loss of 
inform ation to entropy as w e m ove dow n 
to s im pler and sim pler representations . Th e 
oppos ite of th is  m ovem ent is up w ard 
tow ard th e n-dim ensional in w h ich  case w e 
h ave repetition operating w h ich  repeats th e 
inform ation th at is  left, but copying it is  
not enough  to gain back  th e h igh er 
dim ensional level. Rath er a negentropy 
from  a s ingularity m ust reorder and 
reorganize th e h igh er level sch em a. In 
system s engineering w e are figh ting 
entropy continually. W e are continually 
representing our system s w e w is h  to 
produce in re q uirem ents, design or test 
docum ents . W e k now  th at th e m yriad of 
th ese docum ents do not capture com pletely 
th e em ergent w h ole w e are attem pting to 
bring to m anifestation w ith in th e w orld. It 
is  h um an effort th at bridges to gap to 
produce th e alleopoietic artificial system s 
w e attem pt to produce. If it w ere not our 
im aginations and our th eories th at w e 
inform ed th ese system s th rough  th ey 
w ould never m anifest em ergent propertie s  
w e intend. W e are th e s ingularitie s  th at 
m ove against entropy to produce 
em ergence w ith in our tech nical artifacts . 
H e idegger in Being and Tim e called th at 
k ind of s ingularity w h ich  w e are Dasein. 

The Meta Level of Logos and Physus 

Both  Logos and Ph ysus h ave m eta-levels 
at w h ich  th ey interpentrate each  oth er. 
Th ere is  a ph ysus in th e logos and a logos 
in th e ph ysus. Th e ph ysus in th e logos is  
Logic, in oth er w ords logic gives th e h ard 
core of language and speech  and th ough t 
w h ich  is given as th e logos aris e s  from  th e 
ph ysus. O n th e oth er h and th ere is  th e 
logos in th e ph ysus w h ich  is  th e sch em a. 

Th at is because w e project th e sch em as as 
a fundam ental partitioning of th ings w ith in 
our experience. Th is partitioning separates 
th ings from  each  oth er th e w ay letters, 
ph onem es, w ords, s entences, paragraph s, 
ch apters, book s, s erie s  of book s, librarie s  
all separate parts of language, speech  and 
th ough t from  each  oth er. W e lay dow n th e 
sch em as over th e ph ysical th ings as th ey 
express th e ir ontic natural com plexes 
w ith in spacetim e. So Logic and Sch em as 
are at th e sam e level w ith in our 
interpretive experience one applying to 
language as its e s s ential core order, and th e 
oth er applying to th ings as w e experience 
th em  as th e ir e s s ential core order prior to 
k inds. Logic is  also prior to k inds. It does 
not care w h at you are trying to say, but 
only h ow  you relate th e various 
propos itions to each  oth er. O ur point is  
th at logic can be syllogistic or pervasion 
logic. And perh aps th ere are oth er logics 
w h ich  draw  our different fundam ental 
categories oth er th an set and m as s into 
prom inence. Logic is based fundam entally 
on th ree operators, and, or, and not, but 
th ere are m any different k inds of logic. 
Som e of th ose w e find significant are th e 
Para-cons istent6 and Para-com plete logics 
described by G. Prie st. Along th is  vein are 
th e Diam ond Logic of H ellerste in 
developed from  G. Spencer Brow n’s Law s 
of Form  and th e  Matrics Logic of August 
Stern. As System s Engineers w e h ave not 
begun in earnest to attem pt to use form al 
m eth ods as som e of our Softw are 
colleagues h ave done. But in term s of our 
m ovem ent tow ard m eth ods and even 
form al m eth ods w e need to k eep our m inds 
open to th e im portant of exotic logics, i.e . 
w e need to be open to m oving from  th e 
re stricted econom y of traditional first order 
prepositional logic to th e general econom y 
of m any different k inds of logics . 

                     
6 http://plato.stanford.edu/entries/logic-paraconsistent/ 
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Anoth er w ay w e need to k eep our m inds 
open is in term s of allow ing for m ore 
aspects of Being th an th ose recognized by 
standard logical form alism s . Being h as 
four aspects : pre s ence, truth , reality, and 
identity. Standard form al system s deal 
w ith  pre s ence, truth  and identity but not 
reality. Th us th ere are only th ree standard 
propertie s  for a standard form al system  
w h ich  are cons istency, clarity 
(w ellform edness) and com pleteness. 
H ow ever, if w e add th e aspect of Reality 
suddenly th ere are th ree oth er propertie s  
th at are im portant w h ich  are verification, 
validation and coh erence w h ich  m ak e s  
integration pos s ible. Notice th at system s 
engineering differentiates verification and 
validation (did you build th e righ t th ing, 
and did you build it righ t). Also notice th at 
as system s engineers  w e are concerned 
w ith  coh erence, of interfaces particularly, 
but of th e system  as a w h ole because it is  
coh erence th at allow s th e em ergent 
propertie s  to em erge. So as System s 
Engineers  w e cannot just use th e standard 
form al logic but m ust augm ent it w ith  th e 
scent of reality. It is  intere sting th at th e 
ups h ot of m odel th eory is th at th e addition 
of reality is w h at generates s em antics or 
m eaning. It is only w h en th e em ergent 
propertie s  of th e w h ole system  aris e  th at 
th e system  h as m eaning. W ith out th at 
aris ing of em ergent propertie s  th en th e 
system  is  just so m any piece s laying 
around useles sly on th e ground, as w h en 
w e tak e apart a car and it cannot run any 
longer. Th e m eaning of th e car is  in its 
travel dow n th e h igh w ay or roadw ays. 
W h en th e em ergent propertie s  fall aw ay so 
does th e m eaning of th e th ing w ith in our 
w orld. Logic by itself is not enough . Th at 
is  w h y I h ave proposed th at w e need to 
apply logic not just to truth  but to all th e 
aspects of being, i.e . pre s ence, identity, 

and reality as w ell. Th is  is  called Vajra 
Logic7. It is  a logic w h ich  use s  th e form  of 
th e Topose s  (th e m ath em atical form  of 
logics) w ith  its binary ch aracterization of 
statem ents to describe all th e aspects of 
Being. If w e add to th at th e capacity to 
deal w ith  paradox of Diam ond Logic, and 
th e ability to express both  para-
com pleteness and para-cons istency as does 
M atrix Logic th en w e h ave a very strong 
logic to deal w ith  th e contradictions th at 
occur in th e process of developm ent of 
com plex system s . In system s individual 
com ponents need to express som etim e s 
divergent and even contradictory 
propertie s  for th e entire system  to ach ieve 
synth e s is . In th e process of building th e 
system s w e also run into conundrum s and 
enigm as th at need to be com preh ended. 
Norm al logic does not fulfill th e s e needs. 
So w e h ave to be open as System s 
Engineers  to appreciating and exploiting 
th e ch aracteristics of m ore com plex and 
exotic logics of both  th e syllogistic and 
pervasion types. 

Th e logics expre s s  th e different types of 
gram m ars or rules th at can control speech  
or th ough t. Th e gram m ar of language is  
different from  th e gram m ar of th ough t or 
m eaning aris ing in speech . O ne deals w ith  
syntax and th e oth er w ith  s em atics . W h en 
w e turn to sch em as w e s ee a s im ilar th ing 
in as m uch  as th e sch em as are dim ensional 
articulations of th e envelopes of spacetim e 
but also tem plates of understanding for 
th ings, i.e . th e ontic ph ysus. Both  of th e s e 
approach e s  to th ings are neglected in our 
tradition and th at h inders th e ir use by 
System s Engineers to guide th e ir th ough t 
about design. System s Engineers m ust 
connect th e softw are design to th e 
h ardw are design, i.e . th e dynam ical 
inform ation com ponent to th e m atter 
                     
7 Vajra Logic and Mathematical Meta-models for Meta-
systems Engineering INCOSE 2002 
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energy com ponent. Th is  connection 
betw een th e tw o types of com ponents is  
our w ay of projecting th e ph ysus/logos 
distinction into w h at w e build. Softw are 
algorith m s h ave a certain structure over 
and above th e structure of logic w h ich  are 
represented by various softw are patterns 
and softw are language constructs . 
H ardw are h as its ow n structure w h ich  is  
electrical, m ech anical, etc. Producing 
system s w h ere all th ese different k inds of 
objects can interface properly to allow  
th e ir em ergent propertie s  to appear is  very 
difficult. W e do th is by applying th e 
structures of logic and softw are languages 
and patterns . But also w e m ust allow  for 
th e em bodim ent of th e parts of th e system  
as sch em atic envelopes in spacetim e. 
Th ose envelopes w ere very static in th e 
past, but as w e becom e m ore soph isticated 
and allow  for retooling and self-repair of 
system s th e s e  envelopes becom e m ore and 
m ore flexible. W h en w e understand th e 
intertw ining of th e s e envelopes th ough  th e 
sch em as th en w e bring to bear som e very 
robust re sources because each  sch em a h as 
its ow n sets of form alism s lik e th e k inds of 
logics w h ich  allow  us to th ink  about th e 
design problem s in new  w ays as w e use th e 
different sch em atic representations at th e 
sam e tim e to get a h andle on understanding 
w h at is  h appening w ith in th e spacetim e 
interval th at is being de s igned. 

Logos and Sch em as are at th e sam e m eta-
level. Both  deal w ith  th e syntax of 
sem antics, not syntax by itself. Both  bring 
m eaning to bear to organize th ough ts or 
th ings of experience. But both  still 
partition language and th ings . H ow ever 
logic is different from  gram m ar, i.e . pure 
syntax. Th is  is  th e sam e w ith  th e 
difference betw een th e sch em a and th e 
ontic. Th e ontic is pure syntax, but th e 
sch em as are syntax of sem antics, both  a 
break ing up but also a bringing to bear of 

m eaning. Th is  is  a k ey point. Th ere is  a 
sense in w h ich  th ere is  a break up of 
language and th ings th at is  just pure 
syntax, or divis ion. But th ere is  anoth er 
s ense w h ich  w e are exploring h ere in 
w h ich  th e m eaning m ust be fused w ith  th e 
syntax and th at occurs in logic and it 
occurs in th e sch em as . Each  sch em a is  a 
k ind of logic of th ings in as m uch  as it can 
be expres sed as a form alism  th at governs 
our understanding of a certain class of 
dim ensional envelopes . Th e form alism  
expresses th e ch aracteristics of th at class of 
th ings in a general w ay prior to th e 
discrim ination of k inds of th ings w ith in th e 
class . In th at w ay it serves as a bridge 
betw een th e various k inds of th ings in th at 
class . Th e relation betw een th e sch em a and 
logic is  th ough  reference. W h en w e say 
th is or th at w e are pointing to a particular 
envelope in spacetim e, a partitioning of 
spacetim e w ith in w h ich  som eth ing exists . 
W e project on it th e proto-synth e s is of th e 
sch em a first and th en attem pt to discover 
its e s s ence. So w e can use logical nam es to 
refer to th e s e envelopes . Th e envelopes fit 
togeth er lik e Rus s ian dolls each  w ith  its 
ow n proto-sem antics and its ow n 
form alism  expre s s ing its propertie s . Also 
sch em as refer to logics because each  
form alism  for a sch em a can h ave its m odel 
th eory w h en w e treat th at sch em a as if it 
w ere a m ath em atical category. So logics at 
som e level control th e tem plates of 
understanding from  w ith in w h ereas logics 
refer to sch em as as m eans of referring to 
th ings in spacetim e. Th ose spacetim e 
envelopes can be th ough t of as a m as s or 
as a particular w h ich  is part of a set. Sets 
are arbitrary, but m as se s  are non-arbitrary 
because m as s e s  h ave em ergent propertie s  
from  th e m as s  action of all th e ir instances 
lik e th e w aves on th e s ea. O n th e oth er 
h and sets h ave no em ergent propertie s  and 
are just a pure collection of th e different 
k inds th ey encapsulate. So m as s approach  
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th rough  pervasion logic is  a m ore natural 
w ay to th ink  of spacetim e envelopes th an 
th e s et approach  th ough  syllogistic logic 
th at needs to project universals instead of 
boundarie s  and see different e s s ences 
rath er th an s im ilaritie s . So w e really need 
th e pow er of th e m as s  approach  to th ings 
in order to realize th e full pow er of 
sch em as w h ere w e identify a dim ensional 
spacetim e envelope and see it as pervaded 
by th e proto-synth e s is of th e sch em a prior 
to its pervasion by its k ind (called a Form  
by Plato because h e conflated th e sch em a 
form  w ith  its e s s ence). Th e patterning of 
th e sch em a itself is  th e proto-e s s ence of 
every sch em atic partition. O n th at proto-
e s s ence th e k indnes s  of th e actual es s ence 
of th e th ing is built for each  spacetim e 
partition. Th e se spacetim e partitions m ay 
be collected into an em pty set, th us filling 
it w ith  different k inds of th ings . Alth ough  
s ets w ith out particulars are em pty, a m as s 
is never really em pty because it m ust h ave 
its instances to exh ibit em ergent 
propertie s . But w e can project a de-
em ergent null m ass w ith out instances and 
cons ider infinite null m asse s  to be w h at 
Dem ocritus and th e Taoists m eant by th e 
Void, just as an infinite extent of em pty 
sets 8 can be seen to be w h at th e Buddh ists 
called Em ptines s . Th is  com pensatory 
pattern of th e difference betw een sets and 
m as se s  can also be seen in th e 
isom orph ism  betw een th e tw o logics, 
syllogism  and pervasion. Peirce m ade th e 
point th at th e th ree statem ents of th e 
syllogism  can be arranged in th ree 
different w ays to give induction, 
deduction, and abduction (h ypoth e s is  
form ing from  case s). Sim ilarly th ere is  
structure th at is  s im ilar for pervasion logic 
th at reasons about boundarie s  rath er th an 
universals. Th e k ey que stion for pervasion 
logics is  w h eth er w e are ins ide or outs ide a 

                     
8 See http://emptysets.com Kajetan Guz 

boundary and th us w ith in th e m as s  or 
outs ide th e m as s . If w e are ins ide th e m as s  
w e are pervaded by its propertie s . It h as 
been noted th at Plato’s idea of form s w as 
probably m as s lik e originally. Th at is  to 
say th at Beauty is a m as s and all beautiful 
th ings are s een as instances of beauty. If it 
is  w ith in th e bound of th e beautiful th en it 
is pervaded by beauty and h as th e 
em ergent propertie s  of th e beautiful w h ich  
h ave to do w ith  h arm ony and proportion. 
Th is  approach  obviates th e need for a 
transcendental realm  for th e source  form s 
of Plato to inh abit. Th e  Mass of th e 
Beautiful are just all th e beautiful th ings . 
Th at m as s h as its ow n sui generis 
propertie s  th at are beyond th ose of th e 
beautiful th ings th em selves . For instance, 
all th e beautie s  of nature h ave a profound 
effect on th e soul. It w as Aristotle th at 
brok e w ith  h is predeces sors and 
e stablis h ed th e s et lik e bias of our 
tradition9 .  

It is  a s im ilar story w ith  adding th e reality 
aspect to pre sence, identity and truth . W e 
need th at to understand sch em as because 
sch em as are about th e m inim al 
representation of th ings prior to 
determ ining th e ir k indnes s . Because th ey 
are about th ings th ere is  som e m easure of 
reality involved in th e identification of th e 
sch em as th at goes beyond pure logical 
form alism . It is  real objects of experience 
th at are sch em atized before w e k now  w h at 
th ey are w e k now  th at th ey are as 
spacetim e envelopes . Th ose envelopes 
h ave th e ir ow n structure th at is different 
for each  envelope type. Th at structure is  
intelligible even w ith out k now ing th e 
k inds of th e th ings th at are tak ing th at 
spacetim e configuration. Th at 
intelligibility is a sort of infra-structure 
th at all th ings of th at type sh are . If w e 
                     
9 The Discovery of Things: Aristotle's Categories and 
Their Context by Wolfgang-Rainer Mann (Princeton UP) 
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understand th ose infrastructures and h ow  
w e fit togeth er w e h ave a better ch ance of 
designing artificial sets of spacetim e 
envelopes th at fit togeth er w ell. Reality 
brings w ith  it th e ability to verify, to 
validate, and to discover coh erence th at 
allow s system  integration. Form al system s 
by th em selves w ith  just pre sence, identity 
and truth  do not allow  for th e s e propertie s  
and th us rem ain disconnected from  reality. 
Th us it is good new s for us th at Being 
encom passe s  not just pre sence, identity 
and truth  but also reality. System s 
Engineers need to deal w ith  reality every 
day, to reason about reality in relation to 
th e oth er aspects of Being. It is  th at 
realism  of th e system s engineer th at brings 
h im  to w rite “Th e Unw ritten Law s of 
System s Engineering.10” 

So it is  clear th at it is  sch em as th at bring 
w ith  th em  th e need to expand th e aspects 
of Being cons idered by Logic as w ell as 
th e k inds of logic th at are acceptable. W e 
e specially need a logic lik e th at of 
H ellerste in w h ich  attack s paradoxes and 
allow s us to fram e anam orph s 11 th at solve 
paradoxes. But th at logic m ust be a Vajra 
Logic w h ich  applies to all th e aspects of 
Being e q ually rath er th an just truth . 
Statem ents are not just true and untrue but 
th ey can be real or illusory as w ell. Th e 
system s Engineer m ust deal w ith  all th e 
aspects of Being e q ually. H e deals w ith  
w h at is present and absent, w h at is  
identical and different, w h at is  real and 
unreal, and w h at is  true and untrue every 
day attem pting to be just and practical at 
th e sam e tim e betw een th e com peting 
claim s of th e s e aspects of Being. 

How Logic relates to Schemas 

                     
10 David F. McClinton INCOSE 1994 
11 See Donald Kunze Boundary Logic at 
http://art3idea.ce.psu.edu/boundaries/mainpage/directory
.html 

Th ere are th ree different term s at th e m eta-
level above logos and ph ysus w h ich  are 
Logic, Sch em as and Math e s is . Logic 
relates to Sch em as in term s of th e 
Ph ilosoh ical Categories, i.e . th e h igh e st 
concepts th at connect pure ideas to th ings . 
Th e s e are concepts lik e  q uality/q uantity, 
causality, part/w h ole, etc th at w ere 
identified by Ars itotle as th e m ost general 
statem ents th at can be m ade about any 
substance or k ind of th ing. Th ey w ere also 
identified by Kant in h is  table of 
categories. Kant goes on to identify th e 
sch em as as being related to each  dialectical 
set of categorie s  in h is  table. For our part 
w e lik e better th e categorical sch em e 
developed by Ingvar Joh ans son12 w h ich  is  
built on th e w ork  of H us s erl. Th ere are 
m yriad categorical sch em e s available from  
th e h istory of our ph ilosoph ical tradition. 
Sch em as are th ings th at as sum e causal 
relations in tim e, th at com bine q uality and 
q uantity, th at h ave part/w h ole relations, 
etc. W e use our categories to th ink  about 
th ings in th e ir m ost bas ic form s . It is  as if 
th e ph ilosoph ical categories w ere th e 
infrastructure needed to create th e 
form alism s th at describe each  sch em a. Th e 
sam e categories sh ow  up in each  
form alism  in different w ays suitable to th at 
sch em a. H ow  th e ph ilosoph ical categories 
operate over th e sch em as and are 
m anipulated by logic w ould be a study in 
itself. H ere it is only neces sary to m ention 
th at th ere is  th is  h igh  level connection 
betw een th e sch em as and logic via th e 
ph ilosoph ical categories. Th is  connection 
is  w h at w e use to create th e naïve view  of 
th e w orld. Durk h e im  said th at th e Kantian 
Categories are social, so if w e cons ider 
th em  as socially constructed rath er th an 
universals of th e m ind, th en w e can 
cons ider th e cultural determ inateness of 
th e categories and th us logics and th e 

                     
12 See http://hem.passagen.se/ijohansson/ 
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sch em as . It is  intere sting in th at ligh t th at 
in our culture sch em as are not w ell 
described and th e m as s  lik e w ay of look ing 
at th ings not w ell developed and reality 
left out of account by our idealist tradition. 
It is pragm atism  of CS Peirce th at com es 
close st to giving a grounding to Sch em as 
th eory in h is  category system . In th at 
system  th ere are only th ree categories 
w h ich  are called First, Second and Th ird. 
Th e first is  th e isolated th ing th at s h ow s 
up13 w ith out relation to anyth ing else . 
Second are relations . Th irds are 
continuitie s . To th is  w e add from  B. Fuller 
Fourth s w h ich  are Synergie s . And w e add 
Z eroth s  w h ich  is  th e back ground out of 
w h ich  th e firsts appear. W h at w e first 
notice is  th at th e differences betw een th e s e 
categories are th e k inds of Being. But 
beyond th at w e notice th at each  sch em a is  
in fact an articulation of all five of th e s e 
categories. Every sch em a tak e s  th e low er 
level sch em as as firsts . It relates th ose 
low er level sch em as to each  oth er and th en 
produces a continuity w h ich  is  th e 
em ergent ch aracteristics of th e sch em a 
above th e discontinuitie s  of th e low er level 
sch em a. But also each  sch em a h as its inner 
coh erence w h ich  is  a synergy at its ow n 
level. Th e discontinuities betw een th e 
various sch em as are expre s s ions of th e 
zeroth  category. If w e say th at each  
sch em a is  an expression of th e Peircian 
categories th en it m ust also be an 
expression of all th e k inds of Being and 
th us w h at w e call a face of th e w orld 
w h ich  is  a synth e s is of th e various 
fragm ents of Being. 

 

How Schemas relates to Mathesis 
Sch em as relate also to M ath e s is , w h ich  is  
th e faculty for th e production of order 
(nom os). Th is  relation is  th rough  
                     
13 Like “hyle” (content, matter) in Husserl 

representations . O ur representation th at 
use s  Pascal’s triangle as a w ay to 
understand th e nesting of th e different 
sch em as is  a case in point. Repre sentations 
s im plify. So w e get representations as w e 
m ove tow ard zero dim ension dow n th e 
scale of sch em as . M oving up as w e said 
called by Deleuze Repetition. W e are used 
to representation but not repetition. 
Repetition produces m ore and m ore 
com plex item s . W e are geared instead 
tow ard reduction and s im plification. 
H ow ever, as w e are ecstatically projecting 
Being th ere is  a dim ensional overflow ing, 
and a natural repetition th at w e are 
engaged in th at w e suppre s s  in favor of an 
em ph as is on representation alone. As 
tem plates of understanding th e sch em as 
s erve as s ite s  for both  representation and 
repetition. W e can represent th e class of 
envelopes of spacetim e entitie s  via th e 
form alism  as sociated w ith  a sch em a. But 
every application to a new  k ind of th ing or 
an instance of th at k ind is  a repetition th at 
reas s erts th e infrastructure or proto-
synth e s is  th at th e sch em a represents, as th e 
foundations of understanding prior to th e 
determ ination of k indnes s , or individual 
peculiaritie s , or interpretations . W h en you 
look  at th e w orld it is  full of both  
representations and repetitions, but w e 
only look  at th e representations and 
suppress th e repetitions, lik e w e repress 
reality and m as s approach e s  to th ings . 
Sch em a Th eory break s  th at im pas se and 
appeals to all th ree suppres sed elem ents to 
ground our understanding of Sch em as 
Th eory. W e need repetition because 
oth erw is e w e cannot travel both  up and 
dow n Pascal’s triangle. W e h ave already 
described w h y w e need reality and m as s 
approach e s  to th ings . As system s engineers  
w e are stuck  w ith  m any representations . 
And w e s eem  to repeat th ose 
representations endles sly. Now  w e are 
even as k ed by CMM I to plan our planning 
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and m onitor our m onitoring and 
configuration m anage our configuation 
m anagagm ent. In oth er w ords w e are 
called upon to m ak e m eta-level 
representations and to repeat th ose . All 
th ose repetitions of docum ents cannot 
capture th e system  th at is being built in 
full14. Th at is because th ere is  a 
dim ensional difference betw een th e system  
and th e docum entation. Th e docum entation 
m ust deal w ith  an e s s ential inform ation 
loss due to de -em ergence. It is operating in 
an arena in w h ich  entropy m ust be 
confronted as th e enem y of th e 
im plem entation at every turn. W h at is  
strange is  th at alth ough  th ere is no am ount 
of repetition of representations th at w ill 
capture th e as -built system , it is  also true 
th at th e system  as a s ingularity aris e s  out 
of th e field of th ose repeated 
representations under th e righ t conditions . 
Th e w h ole  question becom es h ow  to 
h arnes s  th e negative entropy of th e h um ans 
doing th e developm ent to bring about th e 
neces sary order th at w ill h ave to be 
unfolded for th e em ergent propertie s  to 
appear as intended. Th e s e h um ans w ander 
around in th e tras h  h eap of th e repeated 
representations and som eh ow  bring th e 
system  togeth er in spite of th e entropy th ey 
are figh ting against. Th is  w ould not be 
pos s ible if th ere w ere not som e ultra-
efficacie s  at w ork . O ne of th ose ultra-
efficacie s  are th e sch em as th em selves . 
Th ey allow  th e com m unication betw een 
representations at various levels. Th ey 
allow  th e intertransform ation of 
inform ation betw een representations at th e 
sam e level. W h en you look  at it deeply 
you see th at th e sch em as are th e back bone 
on w h ich  th e fles h  of every system  is  
h ung. It is  th e ultra-efficacy of our joint 
                     
14 Naur, Peter, "Programming as theory building," 
Microprocessing and Microprogramming, 15: 253-261, 
1985, reprinted in Computing: A Human Activity, (NY: 
Addison-Wesley, ACM Press, 1992), pp. 37-49. 

projection of th e sch em as th at allow  us to 
w ork  togeth er on th e sam e system . In oth er 
w ords th e sch em as are an intersubjective 
social invention and construction or 
projection th at w e s h are in com m on w h ich  
inh abits our m utual, conversational, team  
m em ory. And I w ould lik e to venture th at 
th is projection is  h oused in a com m unal 
interm ediate m em ory w h ich  stands 
betw een long term  m em ory and s h ort term  
m em ory and is purely social. W e store our 
conversation tree s 15 in th is  collective 
m em ory and it is  th ose tree s  th at are 
structured by th e sch em as, because th at is  
w h at allow s us to m utually refer to th e 
sam e spacetim e envelope as th is or th at 
and k now  w h at w e are both  talk ing about. 
Th e sch em as are not just individual 
projections but group projections, th ey are 
in fact w h at allow s our conversation tree s  
to interface w ith  th e w orld w h ich  is  
portioned spacetim e into th ings . Th e 
conversation occurs as w e w ander th ough  
th e w orld. As w e w ander w e point to th is  
or th at and indicate a sch em a even th ough  
w e do now  yet k now  w h at it is  th at w e are 
pointing at, because it h as not been 
com pletely designed yet. Th e th eory of th e 
design is  th e gloss on th e conversation tree 
th at h as given rise to th e m utually h eld 
th eory. W e cannot capture th e th eory 
because it exists in a com m unal m em ory 
w h ich  w e h ave im perfect acces s  to if w e 
are not in conversation w ith  th e oth ers  
w ith  w h om  w e are doing th e design w ork . 

How Logic relates to Mathesis 
Logic relates to m ath e s is  via m odel th eory. 
M odel th eory h as to do w ith  th e statem ents 
one m ay m ak e about a m ath em atical 
category. W e need to extend m odel th eory 
w h ich  pos its th at th e realm  of sem atics h as 
th e sam e structure as th e realm  of syntax 
into a m eta-m odel th eory by adding th e 
                     
15 Unfortunately, the reference to conversation trees 
research is lost. 
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aspect of reality. But once w e h ave a full 
m eta-m odel  th eory th en w e can see th at 
sch em as connect to m ath em atical 
categories th at th en connect to th eories via 
m odels. Th is  is  th e arc of science, w h ich  is  
different from  th e arc of ph ilosoph y w h ich  
directly connects th e sch em as to logic. 
Th is  round about connection is  m ore 
pow erful because it brings in th e order of 
M ath em atics to guide th e intuition of 
th eory w h ich  trie s  to find th e type of m ath  
th at underlie s th e action of th e ph enom ena. 
M odel th eory is very im portant, but m ore 
straigh t forw ard in our tradition th an 
representation th eory. Logic and M ath  are 
w ell developed in our tradition and to 
connecting th em  via m odels is  fairly 
straigh t forw ard. So th ere is not m uch  to 
say about m odel th eory except th at w e 
m ust extend it as w ell to deal w ith  reality 
rath er th an just truth , pre s ence and 
identity. O nce w e add in reality and allow  
a vajra logic plus oth er exotic logics th en 
m odel th eory as it is  e stablis h ed w ill serve 
us w ell. For system s engineering th is  
s h ow s up as form al m eth ods th at com bine 
m ath em atical structures w ith  logical 
structures . 

Unwritten Laws Revisited 
 

Th e s e law s w ere pre s ented by David F. 
M cClinton at INCOSE 19 9 4. Th ey are a 
good test case for m y fram ew ork  of 
sch em as th eory. Lets s ee if w e can m ak e 
s ense of th em  th rough  th e fram ew ork  I 
h ave suggested. 

 

Eve ryth ing inte racts w ith  e ve ryth ing e ls e  

Interaction of q uantitie s  is N2 but 
interpenetration of q ualitie s  is 2N. Not only 
is  it th e fact th at th e ultim ate field is an 
Lano N2 diagram  but in fact in functional 

decom position w e are positing a s ingle 
k ind th at covers th e w h ole system  and th at 
decom position is based on th e Venn 
diagram  w h ich  is based on interpentration 
not interaction. W e posit a s ingle k ind in 
order to obtain a unified system . Th us th e 
k indnes s  of th e system  is  all collapsed into 
a s ingle universal k ind th at is used as th e 
bas is  for th e unity of th e system  itself. 
Notice th e Venn Diagram  w ith  its 2N 
relations unfolds according to Pascal’s 
triangle, so th e dim ensionality of th e 
interpenetration determ ine s th e appropriate 
sch em a. Th e corollary is th at e ve ryth ing 
inte rpe ne trate s  w ith  e ve ryth ing e ls e , too. 
Th is  m eans th at th e fact of interaction of 
all th ings w ith  all th ings h as tw o h orizons . 
Th ere is  th e outw ard h orizon by w h ich  
th ings interact in th e ph ysical w orld. But 
th ere is  also th e inw ard interaction th rough  
interpenetration of all th ings w ith  all oth er 
th ings . Interpenetration really m eans th at 
each  th ing gets its e s s ential ch aracteristics 
in relation to th e differences betw een it 
and everyth ing else th at is defined in th e 
system . In a w ay th is  is  th e difference also 
betw een Ph ysus and Logos. Ph ysus is th e 
unfolding of outw ard interactions, w h ile 
Logos is  th e unfolding of inw ard 
interactions th rough  th e distinguis h ing of 
differences . W e need to tak e into account 
both  th e outw ard interactions w h ich  
ph ysically occur in th e instantiated 
executing system , but also w e need to tak e 
into account th e im plicit interactions 
w ith in th e design th rough  th e definition of 
differences th rough out th e design proces s . 
It is  intere sting th at th e executing system  
acts lik e a m as s w h ile th e design acts lik e a 
set. Th us different sorts of logic control 
th e design verse s  th e instantiated executing 
system . So w e can see th at by allow ing for 
th e distinction betw een inw ard and 
outw ard interaction of everyth ing w ith  
everyth ing else w e bring into play not only 
th e ph ysus and logos distinction but also 
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th e m as s  and set distinction. W e recognize 
th at th is  m utual interaction is both  explicit 
externally as intersufacing and im plicit 
internally as interpenetration. External 
interaction does not capture th e e s s ence of 
th e problem s of design, because des ign 
deals w ith  pos s ibilitie s  and not just 
instantiations of actualitie s . Elem ents of a 
design interact th rough  th is  inw ard 
dim ension of realizable unrealized 
pos s ibilitie s  and propensitie s  as m uch  as 
th rough  th e outw ard probabilitie s  and 
determ inacy. In fact it is only th ough  th is  
interaction w ith  realizable unrealized 
pos s ibilitie s  th at em ergence can be brough t 
about w h ich  is  th e e s s ence of engineering. 

Eve ryth ing goe s  som e w h e re  

Decom position according to a s ingle k ind, 
i.e . th e function, exposes interfaces w h ich  
th en need to be m anaged ruth les sly. But 
also th e corollary is  true th at e ve ryth ing 
com e s from  som e place  and th at m eans w ith  
origin and s ink  w e h ave th e arrival of 
th ings into an arena and th e ir interaction 
until th ey leave th e arena and return to 
th e ir source. Th us th is  rule suggests th e 
m eta-system . Th e system  is  indeed a m eta-
system  to th e subsystem s w ith in it, and 
everyth ing th at circulates in th at arena 
m ust be track ed from  point of origin to its 
ultim ate destination. O ne loose end can 
lead to disaster. Th erefore th ere is  a k ind 
of accounting th at is neces sary, lik e th e 
accounting for energy by ph ysics th at says 
th at all th e energy is  conserved and th us 
m ust go som eplace after an interaction of 
som e sort. Everyth ing com es and goes 
from  som ew h ere indicates th e fact th at 
every design space is  an m eta-system  
(open-scape) w h ich  w e call th e design 
landscape and as a m eta-system  it is  m ade 
up of a source, origin, arena and boundary. 
Th ings aris e  from  a source outs ide th e 
boundary of th e arena at a point of origin. 

System  and Anti-system  aris e  togeth er 
w ith in th e m eta-system . Th e anti-system  is  
perh aps only an unrealized possibility for 
th e system  being designed. All system s as 
realized possibilitie s  aris e  on th e 
back ground of all th e possible 
instantiations of th e design w ith in th e 
design landscape. So th e system  w ith in th e 
m eta-system  aris e s  and th en is given 
re sources it needs to survive from  th e 
m eta-system . All th ose re sources need to 
com e from  standing re s erves w ith in th e 
m eta-system  and are funneled to th e 
system  as th e m eta-system  see s  fit. 
Everyth ing th at th e system  needs com es 
from  som eplace w ith in th e m eta-system  
and th en everyth ing th at th e system  
produces goes to som ew h ere w ith in th e 
m eta-system , unles s it is  consum ed by 
som e oth er system  w ith in th e sam e m eta-
system . Th is  aph orism  is only a sligh t h int 
at th e neces s ity of our understanding th e 
m eta-system . W e need to explore th e 
relation of th e system  to th e m eta-system  
m uch  m ore th orough ly. At th is point w e 
do not h ave a form alization of th e m eta-
system  lik e w e h ave for th e system . But 
th e relation betw een th em  is  lik e th e 
relation betw een th e Turing m ach ine and 
th e universal Turing m ach ine (w h ich  loads 
and runs oth er Turing m ach ine s form  
tape). Meta-system s are lik e com puter 
operating system s in relation to th e 
application system s th at run on th em . 
Saying th at everyth ing com es and goes, 
says not only th at th e system  com es and 
goes from  th e m eta-system , but th at th e 
m eta-system  as a m edia facilitates th e 
com m unication betw een th e system s 
w ith in it, but also provides re sources for 
th ose system s, and it also provides sink s  
for th e ir outputs th at are not absorbed by 
oth er system s .  

Th e re  is no such  th ing as a fre e  lunch  
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Rem em ber th e negative cons e quences of 
each  trade study. But w e k now  th at 
literally th is  is not true, th ere are free 
lunch e s , it is  just som eone else pays. Th e 
w h ole  question is  w h o pays th e piper. If 
you pus h  th ings outs ide your system  you 
are attem pting to get som eone else to pay 
th e piper. Th is  aph orism  suggests th at 
th ere is  a field ph enom ena at w ork  rath er 
th an a re s erve ph enom ena as th e last 
aph orism  suggested. In a field each  th ing is  
dependent on every oth er th ing w ith in th e 
field and so th is  m utual connectedness of 
th ings allow s you to see th e trade off of 
s h ifting problem s around. Th ey are lik e 
bum ps under th e carpet. Push  a problem  
dow n one place and it w ill as if by action 
at a distance pop up in anoth er form  
elsew h ere . 

Notice th at th e s e law s are m eta-system ic 
not system s law s. Th ey point up th e nature 
of interpenetration as a m eans to functional 
unity, but it is  th e m eta-system  th at 
m aintains interpenetration of th e system s 
w ith in it. Also w e m entioned before th e 
Set and Mass m ath em atical categories. But 
h ere are introduced tw o m ore 
m ath em atical categories w h ich  are th e 
Reserve and th e Field w h ich  are th e duals 
of Set and Mass and each  h ave th e ir ow n 
logics . Th e logic of th e Reserve is  
accounting, as w e m ust do for everyth ing 
th at goes acros s  an interface in th e inner 
m eta-system  of th e system . Th e logic of 
th e field is  transform ation, functions are 
transform ations . W ith in a field th e 
intensitie s  can all be intertransform ed by 
field operators . But w h at ever ch anges you 
m ak e effects th e w h ole field. 

Th e aph orism  suggests th e re s erve, w h ere 
lik e w ith  energy th ere is  alw ays an 
accounting. But w e m ust realize th at th ere 
is  also field ph enom ena w h ich  give free 
lunch e s  all th e tim e, because w aves can 

interact in such  a w ay to produce very h igh  
fluctuations th at are abnorm al and could 
not h ave been generated by th e system  
alone w ith in th e field. Yet if th e system  
tak e s  its energy from  th e field th en it m ust 
live off th e s e m iracles w ith in th e m eta-
system  and avoid black h oles, w h ere th ere 
is  a reverse addition of w aves th at create a 
super deep trough . So w e can save th at 
from  a re s erve accounting point of view  
th ere is no free lunch . But from  a field 
point of view  w e can pos ition th e system  
so th at it appears locally as if th ere are free 
lunch e s , lik e w e get from  our proxim ity to 
th e Sun every day, th at m ak e s  life possible 
on earth . Globally accounting clears up 
th e s e apparent local free lunch es but still it 
can be th at th ere are som e inefficiencie s  in 
th e m ark et th at w ill return  a h igh  
investm ent for a cons iderable ris k . Som e 
system s operate in th e m eta-system  
environm ent in such  a w ay th at th ey tak e 
into account of th ose opportunistic 
fluctuations in re sources . 

Sim ple Truth s : 

Neve r Confus e  Ch ange  w ith  Progre s s . 

Th is s im ple truth  points to th e difference 
betw een pos itive and negative entropy. 
Intentional action tow ard a goal is neg-
entropic, but th is  can only be ach ieved by 
th e production of greater entropy 
elsew h ere . If you get w ith in th e back w as h  
of entropy th en you are lost in spite your 
good intentions . In th is  e s say w e h ave 
spok en about th e im portance of entropy 
and h ow  it is  eq ual to one  q uarter of th e 
surface area of a system . Th is  m eans th at 
you w ant to k eep your surface area to a 
m inim um  in all case s . Th e m ore elegant 
your solution to problem s and th e les s  
volum e th ey tak e up th e les s  overall 
entropy you h ave to figh t against in th e 
developm ent proces s . Each  elegent 
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solution is  a stepping stone of progre s s . By 
elegant I do not m ean th e baroq ue of th e 
over designed, but rath er th e s im ple but 
s ignificant articulation of a solution. 

In de s ign w e m ust continually figh t against 
entropy. Ch ange m ay not be neg-entropic 
so th at it can in fact be disorganization 
w h en it look s lik e furth er organization. 
And exam ple is  w h en different standards 
are used and unneces sary variety is 
produced. Th is  cause s  a th ras h ing betw een 
various standards w h ich  w astes energy of 
everyone involved. Projecting a standard 
prior to th e w ork  so th at th e different 
piece s fit togeth er w h en th ey exist is  
difficult but neces sary to ach ieve th e 
desired goal. Progres s  m ust be based on 
intention and it is difficult to sustain and 
project and intention in a group. It is  h ard 
enough  for an individual to do th at. But 
th at is  w h y th ere is  an intere sting relation 
betw een th e one k ind of th e functional 
decom position and th e intentionality of th e 
person or team  producing th e system  under 
design. System s design is  a projection, and 
as such  it is  a projection based on a 
sch em a. Th at Sch em a m ay be th e system , 
but it m ay also be one of th e oth er sch em as 
w e h ave m entioned lik e th e form , or th e 
pattern, or th e m eta-system . Progres s  is  
counted in term s of our projection of th e 
sch em as and th en follow ing up on th em  
and rem aining cons istent w ith  th em  
th rough out th e design proces s . Ch ange 
m ay be m ere flux th at cause s  entropy. 
Ch ange th at m aintains th e ordering of th e 
sch em a and th us produces intelligibility in 
th e design is  th e bas is of progre s s  w ith in 
th e design proces s . Neg-entropy m eans 
im pos ing order in th e face of 
overw h elm ing disorder. O rder is based on 
som e sch em a. Progres s  m eans succes sfully 
projecting th e sch em a and th en realizing 
th e design w ith in th e prior ordering of th e 
sch em a th at confers intelligibility on th e 

designed product. 

Neve r be  afraid to start ove r 

As h um an beings w e can ch ange our 
course, w e can create and destroy w ork . 
Th at is  th e nature of th e k ind of non-
routine w ork  th at a System s Engineer does 
th at h e produces w ork  for oth ers , but if a 
better w ay to do som eth ing com es along h e 
can also destroy w ork , and produce les s  
w ork  for oth ers  th e s econd tim e around 
w h en a m ore elegant solution occurs to 
h im . 

Starting over can som etim e s m ean th at 
after you realize th e inner patterning or 
im plicate ordering of th e th ing to be 
designed th en you can m ak e a better 
design after h aving th ough t th rough  th e 
design already once. Th is  m eans 
disordering th e old design and reordering it 
to a new  m ore efficient or m ore effective 
patterning. In m any case s  th is  m eans th at 
you realize better w h ich  sch em a s h ould 
h ave been used and h ow  to fit th at to th e 
neces s itie s  of w h at needs to be designed. 
But starting over also m eans allow ing th e 
design to evolve as it unfolds in ph ysus 
and logos. But ph ysus and logos im ply 
developm ental ch ange. W h en th ings 
developm entally appear th en th ey w ill 
transform  in th e process of evolving. Th e 
w illingnes s  to start over recognize s th is  
neces s ity of transform ation in evolution of 
th e design and does not stifle it, rath er by 
allow ing for th e neces s ity of rebase lining 
and starting over w e facilitate th e 
appearance of em ergent propertie s . Not 
being afraid of starting over is  to in fact 
enjoy th e benefits and th e adventure of th e 
appearance of em ergence w ith in th e design 
proces s . 

Be tte r is  th e  e ne m y of good 

Th e good is a non-dual w h ich  lie s at th e 
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level of th e distinction betw een to h ave 
and not to h ave w h ich  lies beneath  th e 
distinction betw een finitude and infinity 
w h ose non-dual is righ tnes s . Good enough  
is destroyed by th e urge to perfection. But 
m ore deeply th e good is th e origin of 
variety. W h at is good for one person is 
poison to anoth er. So in a w ay good is 
w h at allow s us to all live togeth er w ith  our 
different desire s  for w h at w ill m ak e us 
h appy by obtaining w h at w e th ink  is good 
for us . But th e good is also th e origin of 
k inds because it is  th e variety of k inds th at 
m ak e possible th e differences in w h at is  
good. Stafford Beer in Th e H eart of 
Enterpris e argues th at h um ans are variety 
producers and th at you are never going to 
understand all th is  variety or stop its 
production. Th e deeper les son is  to accept 
variety in people and th e ir w ork  products, 
and only expect conform ity at a certain 
level th at leaves room  for creativity. Th e 
better can be a creative elegant solution 
th at no one h as th ough t of before th at h elps 
m ak e everyth ing eas ier. Never close th e 
door on th e Better. But th e better appears 
at th e level of righ t, w h ich  also m eans rta 
in Sansk rit or cosm ic h arm ony, or arte 
w h ich  m eans excellence in Gree k . By 
saying th at th e Better is  th e enem y of th e 
Good on a superficial level w e m igh t be 
saying th at one s h ould allow  for th e 
solution th at is good enough , and not try to 
over perfect it and m ak e it better for no 
reason. But at a deeper level th e Better 
being th e enem y of th e Good m eans th at 
th ere are at least tw o levels of non-duality 
operating separately. Th ere is  th e level of 
righ t th at operates betw een finitude and 
infinity, and th ere is  th e level of good th at 
operates betw een h aving and not-h aving. 
Th e se m ust be satisfied differently and 
cannot be m ixed w ith out trouble. O ne 
m ust allow  for variety production at th e 
level of th e Good, and attem pt to find a 
solution, th at is good enough  for th e 

s ituation. But on th e oth er h and th ere is  th e 
striving after excellence in design, and th e 
striving after a h arm onious design, i.e . th e 
righ t design w h ich  is better, rath er th an a 
design th at just w ork s  and is good enough . 
Th e com petition for excellence and 
h arm ony needs to be w e igh ed against th e 
neces s ity of costs and deadlines th at m ay 
m ak e good enough  a better solution w h en 
w e tak e into account external variables in 
th e developm ent proces s . Th us th is  
aph orism  also points us to th e m eta-system  
or environm ent of th e developm ent proces s  
beyond th e system  of th e project being 
perform ed. Th e s e externalitie s  m ay im pact 
th e design decis ions and m ak e one accept 
th e system  th at is good enough  rath er th an 
striving unneces sarily for a m ore costly 
better solution. Th e fact th at th e s e criteria 
are enem ie s  m erely states th at th ere are 
tw o levels th at are non-dual base s  of action 
and decis ion and th at th ey are both  
operating at th e sam e tim e but rem ain 
distinct from  each  oth er producing 
different criteria for th e judgm ent of th e 
product of th e design proces s . 

 

If it is not w ritte n dow n it ne ve r h appe ne d 

O ur culture is based on w riting. It is both  
our boon and our curse . W e w rite long 
boring docum ents about system s, because 
if w e don’t oth ers  cannot k now  w h at w e 
intended and cannot coordinate w ith  us . 
Th e record of w h at h appened is w h at is  
concentrated on by th e CMM I w h en 
evidence is gath ered to as s e s s  com pliance 
to best practices . Betw een th e process and 
th e product th ere is  th e w ritten record. W e 
do not seem  to be able to avoid th is  fate of 
being tied to w ritten records. Action by 
itself does not build tow ard anyth ing. 
Concerted action tak e s  inform ation s h aring 
th at m eans th at som eth ing needs to be 
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w ritten dow n. But it can still be very 
concise . Agile processes attem pt to m ak e a 
virtue out of th e stream lining of th e 
developm ent proces s . O ne w ay to do th at 
is  to create team s th at w ork  very close 
togeth er and are not interrupted. As long as 
th at team  can be sustained and it is not 
uprooted by turnover th en it is possible to 
be m uch  m ore productive and w rite les s  
dow n. W ritten docum ents do not contain 
th e th eory of th e design anyw ay, in order 
to get th at you h ave to interact w ith  th e 
designer according to Naur, so in a w ay 
w riting so m uch  dow n is  a w aste of tim e 
from  one point of view , but if you do not 
w rite enough  dow n you lose track  of w h at 
you are doing and cannot h and off w h at 
you h ave done to oth ers . Som ew h ere as 
team  s ize gets better th ere is  a cliff th at 
you can fall off th at w ill m ak e th e project 
collapse under its ow n w eigh t and if you 
do not h ave th ings w ritten dow n w h en you 
cros s  th at unch arted boundary th en th e 
w h ole project w ill im plode. So th ere is  a 
fine line as to h ow  m uch  s h ould be w ritten 
dow n and h ow  m uch  s h ould be k ept in th e 
m em ory of th e team . A point h ere th at is  
im portant is  th at w e th ink  norm ally in 
term s of long and s h ort term  m em ory 
because w e focus on individuals. But th e 
team  also h as a m em ory of its 
conversations, and it is  in th is dialogic 
m em ory th at th e design th eory is stored, 
not in th e long or s h ort term  m em ory of 
th e individuals. Th is dialogic m em ory of 
th e team  is  very efficient in h olding all th e 
conversations th at th e team  h as h ad about 
th e design and w e can return to w h ere w e 
left off on m ost of th ose conversations 
w h en rem inded in th e m idst of dialogue 
very efficiently, w h ereas w e h ave 
difficulty returning th ere w h en w e are 
alone. Th e distinction betw een CMM I lik e 
proces s e s  th at are geared to large projects, 
and Agile processes th at depend on th e 
dialogic m em ory of th e team  h as to be 

m ade carefully because th e dialogic 
m em ory of th e team  is only so big and 
after a certain s ize it break s dow n and if 
you do not h ave th ings w ritten dow n at 
th at point th en it is  im pos s ible to return to 
it and k now  w h ere you are in th e 
developm ent proces s . Som e com bination 
of conversation and w riting th at is  efficient 
and effective needs to be instituted in each  
project based on its s ize, th e difficulty of 
th e project, th e turn over of th e team  and 
oth er factors th at allow  one to draw  th e 
line betw een agile and CMM I proces s e s  
for each  project case . Th ere is no one size 
fit all answ er for th is problem . Th ere is  a 
h uge overh ead for running a CMM I 
com pliant proces s . Paying for th at 
overh ead in every case m ay not be w is e . 
But th at is  w h y it is possible to tailor th e 
proces s e s  w ith in th e CMM I fram ew ork , so 
th at th at righ t balance can be struck  
betw een w h at is  w ritten dow n and w h at is  
stored in th e dialogic m em ory of th e team  
th at is distinct from  th e long term  and 
s h ort term  m em ory of th e individuals on 
th e teram . As Peter Naur says th at is  w h ere 
th e design th eory is stored and you cannot 
w rit e it dow n, and w h at ever you do w rite 
dow n cannot contain th e design th eory, so 
w riting everyth ing dow n is  th e w rong 
answ er, it ends up being anoth er vers ion of 
w ork ing to rule. W h en th e railroads in 
Britain w ork  to rule th en everyth ing com es 
to a h alt because th ey apply every rule in 
th e rule book , but no w ork  actually gets 
done. 

Neve r be  above  plagiarism  

W e are taugh t in sch ool never to 
plagiarize . Intellectual property is 
everyth ing in th is  culture. But copying is  
also a m ajor w ay th at our culture is  
prom ulgated. Th e real is sue is  th e control 
of copying w h ich  is  a q ue stion of 
repetition of representations . Notice th at 
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th is  is different from  th e representation of 
repetitions . Follow ing proces se s decrease s  
th e tim e it tak e s  to invent your ow n w ay of 
doing som eth ing and your on form at of th e 
re sults. It is unneces sary difference th at 
proces s e s  attem pt to elim inate. Neces sary 
difference is  im portant and needs to be 
recognized. But unneces sary difference is  
w asted energy and tim e . You h ear over 
and over th is  refrain about s h am eles sly 
plagiarizing w h ich  is  th e invers ion of th e 
not-invented-h ere syndrom e. In fact, th is  
w h ole  question is  a big q uandary for 
organizations w h ich  generally h ave 
difficulty finding a h appy m edium  
betw een totalitarianism  and lasie a faire 
approach e s . But th e real is sue is not 
w h eth er to be afraid to use th e prior w ork  
of oth ers  to ach ieve efficiencie s  or to build 
a better m ouse trap w h ich  m ay cost m ore . 
Th e real is sue is  th e balance betw een 
h um an creativity and th e efficiency and 
effectiveness of reusing th ings w h ich  are 
based on an e stablis h ed norm . Not 
invented h ere syndrom e usually puts forth  
products th at are not based on any norm  
but are idiosyncratic. But on th e oth er h and 
reusing products th at are inferior and not 
being creative and producing superior 
products th at e stablis h  a new  norm  is  
stupid. Th ere is usually a h alf w ay h ouse 
betw een th e s e tw o tendencie s  and one 
s h ould look  for th at h appy m edium  on a 
case by case bas is . Th is  m eans th at th is  
lik e so m any of th e s e sayings are based on 
a nih ilistic dualism  w h ich  actually calls for 
a non-nih ilistic distinction be ing m ade by 
th e designer. If w e as sum e th at not 
invented h ere is  th e norm , th en to 
counteract th at w e say th at w e s h ould not 
be afraid to plagiarize . But w h en 
plagiarism  runs am uck  and th ere is no 
intellectual property being created, but 
only bad norm s being prom ulgated blindly 
th en w e w ill sw ing to th e oth er extrem e. 
Rath er it is  im portant to recognize th e 

im portance of th e non-dual non-nih ilistic 
distinction betw een th e tw o nih ilistic 
extrem es in each  case and try to draw  th at 
distinction as best w e can. Som e of th e 
unw ritten law s are m erely re statem ents of 
lopsided positions as th e pendulum  sw ings 
too m uch  to one s ide at th e tim e of th e 
w riting of th e auth or of th e s e aph orism s . 
W e need to recognize th e deeper dynam ic 
beyond th e surface advice of th e individual 
aph orism s and th en attem pt to gain 
w isdom  from  see k ing non-dual solutions to 
problem s th at norm ally are m erely 
exercis ing a vicious dialectic. 

A th ing not w orth  doing is not w orth  doing 
w e ll. 

Learning to distinguis h  w h at needs to be 
done, and th e best route to get it done, is  
alw ays a problem . M uch  of th e w ork  s et 
up by som eone for som eone else is  w asted 
effort. O ur society is over w ork ed but 
m uch  of th e w ork  is  just a w aste of tim e . 
Th us w e enter into an understanding of th e 
fundam ental nih ilism  of our s ituation 
w h ich  is  expressed by th e saying “round 
and round th e ragged rock  th e ragged 
rascal ran.” In oth er w ords if w e are 
m erely producing for production sak e th en 
w e are not getting anyw h ere fast and 
m erely w asting re sources in th e process. 
But notice th at th ere is  an invocation of 
Better again, w h ich  points to th e non-dual 
of righ tnes s  w h ich  is  expressed by th e 
w ord w e ll. If it is not w orth  doing it is not 
w orth  doing righ t. In oth er w ords, w e 
s h ould cons ider if th e w ork  s h ould be 
destroyed before w e cons ider w h eth er w e 
s h ould do it excellently. Non-routine 
proces s  is  about th e creation and 
destruction of w ork . Routine w ork  
as sum es th at w h at ever w ork  th at is  
defined just needs to be gotten done. Th us 
w e s h ould do th e non-routine w ork  first of 
creating th e w ork  and th en w e s h ould w ork  
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off th e created w ork  th at is  w orth  doing. It 
turns out th at System s Engineering is 
m ostly non-routine w ork , w h ile Softw are 
and H ardw are Engineering contain core s 
of Routine w ork . System s Engineers m ust 
do th e non-routine w ork  at th e h igh er level 
of abstraction w h ich  w ill define th e routine 
and non-routine w ork  at low er levels of 
system  abstraction. Part of th at is  th e 
creation and de struction of w ork , and th e 
form ation of proces s e s . System s 
Engineering s h ould be equally concerned 
w ith  th e w ork  proces s  and th e system  
product. In fact, th e process and th e system  
are duals of each  oth er. System s 
Engineering IS Process Engineering, in th e 
s ense th at th e System s Engineers sh ould 
engage in th e non-routine w ork  of defining 
th e w ork  th at needs to be done on th e 
project. To th e extent th at System s 
Engineers only see th em selves as Product 
Engineers  th ey w ill m is s  h alf of th e ir 
calling of th e ir profes s ion and a lot of 
w asted w ork  w ill be done. 

Th e re  is no sh e lf. 

Th is is  an excellent point. O ff th e s h elf is  
bas ically an illusion. Th at is because 
everyth ing is  context sens itive. But 
som etim e s it is better to use som eth ing th at 
does not com pletely fit for expediency. 
But usually th at is  a m istak e in th e end. 
Lots of tim e s COTS products ch ange, or 
h ave h idden differences th at violate th e 
re q uirem ents of th e system  if not w h en 
th ey are first used th en eventually as th e ir 
com panie s  ch ange th em  in re sponse to 
m ark et pre s sure s  th at m ay h ave noth ing to 
do w ith  th e product th ey are included 
w ith in. H ow ever, th is does not tak e into 
account th e reuse w ith in dom ains or 
product lines w h ich  m ay be m ore 
succes sful. H ow ever, m ost com panie s  
cannot afford to create th e s e efficiencie s  of 
reusable com ponents unles s th ey are in 

som e very special m ark et w h ere th at 
m ak e s  s ense . Th us th e declaration th at 
th ere is no sh elf m ay refer to th e fact th at 
reuse and product line developm ent, is  
practically im pos s ible as w ell. H ow ever it 
seem s th at th e e s s ential is sue h ere is  th e 
fact th at all projects are context sens itive 
and th at it is  very difficult to reapply and 
reuse m aterial from  outs ide th at context 
w ith in th e new  context of th e project. Th is  
context sens itivity points again to th e 
m eta-system  of th e project and its 
im portance. Th e deeper point is  th at all 
projects are em bedded in uniq ue contexts, 
and th at context independence is  alm ost 
im pos s ible to ach ieve. 

Any inte rface  le ft to its elf w ill sour. 

Th e m ajor role of system s engineers  
betw een re q uirem ents and system s design 
at th e front of th e project and th e te sting at 
th e end of th e project s h ould be riding h erd 
over interfaces and th e ir neces sary 
ch anges . If th is  role is neglected disaster 
w ill follow . Interfaces left inert and w ill 
not tak e care of th em selves . System s 
Engineers  h ave as part of th e ir job m ak ing 
th ose interfaces active by m ak ing sure th at 
th e appropriate low er level design 
engineers talk  to each  oth er and sh are 
inform ation about interfaces . But th is  
points to h igh er level as sertion of th e role 
of th e system  w ith in th e m eta-system . All 
interfacing is  th rough  th e m eta-system  and 
w e need to be aw are of it both  w ith in th e 
project as w ith in th e system  being 
designed. Interfaces m ust rem ain active 
and th us th ere is  a constant role of 
interfacing th at needs to be perform ed by 
th e system s engineer because h e represents 
th e m eta-system  w ith in th e various 
designed subsystem s fit w ith in th e 
boundary of th e system  as a w h ole being 
developed. System s Engineers in th e ir role 
of k eeping interfacing betw een low er level 
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designers occurring addre s s e s  not only th e 
m eta-system  of th e project but th ough  th at 
th e m eta-system  of th e designed system  
th at is being brough t into Being th rough  
th e production proces s . 

 

Plan your w ork  and w ork  your plan. 

Plans are out of date as soon as th ey are 
w ritten. In a sense th ey are a w aste of tim e 
and energy, except if you don’t do it th en 
you are lost, com pletely lost. Best to plan 
th en th row  th e plan out th e w indow  and 
start th e next plan. If you follow  your plan 
too slavis h ly th en you get out of touch  
w ith  reality. If you don’t plan th en you 
h ave lost your vis ion of w h ere you are 
going and h ow  you are going to get th ere .  
Plans s h ould be w ritten on toilet paper. 
Th ey are w ritten to be discarded because 
th e s ituation of th e project is  constantly 
ch anging. But th e Plans get rid of all th e 
stuff th at w ould h appen if th ere w as no 
plan and if people on th e project did not 
coordinate under a s ingle vis ion of w h ere 
th e project is going. 

 

W e  don’t h ave  tim e  to do it righ t but w e  
h ave  tim e  to do it tw ice . 

Bureaucrats in Aerospace com panie s  are 
not k now n for th e ir far s igh tedness. 
Expediency is th e k ey guideline. But 
expediency does not alw ays w ork , in fact it 
seldom  w ork s . Som etim es it is better to 
w ork  to get som eth ing righ t and spend a 
little m ore tim e and m oney on it because in 
th e long run it w ill save m oney, but for th e 
m ost part m anagers are s h ort s igh ted and 
th at does not h appen. But notice h ere again 
th ere is  an appeal to th e non-dual of 
righ tnes s  (Rta, Arte) w h ich  is  a central 
value in th e indo-european tradition. W h en 

w e just th row  darts at th e dart board of th e 
design space and pick  a solution w ith out 
s im ulation and prototyping th en w e are 
lik ely to get th e w rong solution. Putting 
m ore th ough t into th e design norm ally 
pays off in th e end but it is difficult to 
justify in a culture th at w ants us to start 
coding from  th e first day sk ipping 
re q uirem ents and design com pletely w h ich  
th en produces defects in integration, 
verification and validation. Th e s h ort 
s igh tedness of Am erican Busine s s  in 
general is not som eth ing th at is going to be 
solved soon and th is  aph orism  is  a 
recognition of th is general structural 
feature of th e business w orld. But th e 
appeal to th e non-dual of righ t lets us 
k now  th at th e central w isdom  of th e 
s easoned engineer revolves around 
traditional W estern values based on non-
duals, w h ich  say it is better to do 
som eth ing righ t, rath er th an just any 
arbitrary and random  th ing th at eventually 
re sults in h aving to do it again and doing it 
better th e s econd tim e . 

Noth ing is  im pos s ible  to th e  m an w h o 
doe s n’t h ave  to do it. 

It is  easy for people w h o create w ork  for 
oth ers  to get out of touch  w ith  reality. 
System s Engineering is all about 
confronting realitie s . Best to create and 
destroy your ow n w ork  rath er th an h aving 
it created and destroyed for you. Th ere is  a 
certain in built idealism  and unfounded 
exuberance in th ose w h o do not actually 
h ave to do th e w ork  and confront th e 
actual problem s entailed w ith in th e w ork  
itself. Conferring th e reality of th e 
s ituation norm ally only com es w ith  
experience of s im ilar s ituations in th e past 
and th e confronting of problem s th at 
inevitably aris e . Not recognizing 
im pos s ibilitie s  or difficultie s th at aris e 
from  practical s ituations w ith in th e 
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developm ent proces s  and not being 
realistic enough  is  a fundam ental problem . 
For instance, th is problem  com es out in th e 
interaction of M ark eting and Engineering 
on a fre q uent bas is . M ark eters advertis e or 
prom ise th e m oon and Engineers are 
expected to deliver th e m oon on tim e and 
on budget until th e project h its th e w all of 
neces s ity and im pos s ibility and im plodes 
from  th e w e igh t of too h igh  an expectation 
on th e ability to w ork  m iracles by th e 
developers . Im pos s ibility is a w ay of 
talk ing about th e relation betw een finitude 
and infinity w h ich  again refers to th e non-
dual of th e righ t. It is better to pick  a goal 
th at is  just righ t rath er th an one th at is  
im pos s ible or too prosaic and m undane to 
be non-effectual. Finding th e righ t balance 
betw een ris k  and opportunity is alw ays 
difficult but alw ays rew arding if it is  
found. 

Don’t k e e p polis h ing th e  cannon ball but 
do ge t th e  calibe r righ t. 

It is  easy to lose s ite of w h at is  im portant. 
Notice h ere again th ere is  an appeal to a 
non-dual. Th e reference says th at th e part 
needs to fit into its place, but th at over 
perfection is  a w aste of tim e . Th us th ere is  
a im plicit reference h ere to tw o sense s  of 
th e w ord righ t in term s fitnes s  and in term s 
of excellence. It says th at w e s h ould strive 
for righ t in th e s ense of RTA, cosm ic 
h arm ony betw een th e piece s, rath er th an 
ARTE or unneces sary excellence. M ak ing 
distinctions betw een sense s  of a non-dual 
really focuse s  our attention on th e non-
dual and th e role it plays in th e design and 
developm ent proces s . Th e non-duals are 
sources of values . And values play a k ey 
role in everyth ing w e do including 
Engineering w ork  w h ich  is  touted by som e 
to be value free . 

Any analysis w ill be  be lie ve d by no one  but 

th e  analyst w h o conducte d it. 

Unless you figure th ings out for yourself it 
is difficult to believe th e re sults of th e 
analysis. Th us a lot of tim es th e briefing of 
th e re sults of th e analysis turns into a gam e 
of second gus s ing. But th is  also points to 
th e fact th at th ere is  variety production 
w h ich  is  as sociated w ith  th e non-dual of 
th e Good. Th us everyone w ill com e up 
w ith  different re sults from  different 
prem is e s  and th at variety w h en 
unneces sary w ill stifle cooperation and 
consensus. Th us th is  is  also an appeal to a 
non-dual of th e Good w h ich  is  th e 
indicator of H um an Variety Production 
w h ich  cannot be structurally reduced as th e 
norm  in h um an society. W h at w e need to 
do is to m ak e th e m ost of th e inh erent 
creativity of th is  variety production w h ile 
lim iting unneces sary variety th rough  
agreed on norm s and standards. 

Any te s t w ill be  be lie ve d by e ve ryone  but 
th e  one  w h o conducte d it. 

Th ese are tw o of th e m ajor w ays a system  
is  verified, th e oth er pos s ibility is 
dem onstration. An analyst gets lost w ith  
h is  h ead in th e clouds, but som eone w h o 
does a test, is grounded except only h e 
k now s th e s et up for th e te st as w ell as th e 
re sults. Th e person w h o creates som eth ing 
k now s all of its flaw s. If w e do not look  
into som eth ing for ourselves th en w e w ill 
not be aw are of th e possible pitfalls. Th us 
consultants are alw ays believed because 
th ey are outs ide th e organization and no 
one k now s th e ir flaw s. Th e unk now n h as a 
k ind of sanctity. W e use th at sanctity as a 
m eans of distancing ourselves from  th ings 
th at w e do not w ant to h ave to h andle. W e 
believe our stock  brok ers , even th ough  
th e ir intere sts are different from  our ow n. 
It is better for th em  to recom m end th e 
stock  w ith  th e biggest com m is s ion rath er 
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th an th e one w h ich  w ill gain th e h igh e st 
value over tim e, if th ey could k now  th at 
w h ich  th ey can’t, so th ey recom m end w h at 
is best for th em . Th us th ere is  a k ind of 
voluntary blindnes s  in relation to th ose 
th ings w e w ant to naively believe in but do 
not w ant to spend th e tim e to look  into on 
our ow n. But on th e oth er h and w e give 
re spons ibility to oth ers  to tak e care of 
th ose th ings th ey h ave re spons ibility for so 
w e don’t h ave to deal w ith  th em . So th ere 
is  anoth er s ide of th at coin, w h ich  is  th at if 
you h ire a test engineer to run tests you 
depend on h im  to m ak e sure th at th e te st 
re sults are correct, and you trust h im  to do 
h is  job. So th e oth er s ide of th is  aph orism  
is  th e neces s ity of trust w ith in 
organizations . W h en trust is  vital w ith in an 
organization th en individuals are fulfilling 
th e ir trusts and re spons ibilitie s  and all th e 
base s  are covered, th en you can trust th e 
re sults of th e lonely test engineer w h o tells 
you th at th e system  is  w ork ing properly, 
and it is not just a cover up of unseen flaw s 
th at w ere not uncovered because of faulty 
tests th at no one w ants to repeat 
th em selves to test th e te ster. 

Analysis is not believed and Tests are 
believed. Tests are cons idered auth oritive 
because th ere is  a confrontation of reality 
in a test w h ich  does not exist in an 
analysis. But not everyth ing can be te sted 
and com pliance is  som etim e s s h ow n by 
Analysis and Dem onstration rath er th an 
testing. So you cannot get rid of analysis 
and th us th ere is  som e part of th e system  
th at no-one w ill believe w ork s until it is  
validated in th e field. Dem onstrations also 
w ork  only in ideal conditions m any tim e s . 
Th us th e neces s ity for validation th at 
actually as k s  if you built th e righ t system  
(validation), not just if you built th e 
system  righ t (verification). Notice th at 
again th is  is  an appeal to a non-dual Righ t 
as a criterion against w h ich  th e system  is  

judged. Eventually w e w ill see th at th ere is  
a relation betw een th e non-duals and th e 
sch em as and th at th e non-duals carry th e 
criteria against w h ich  th e th ings designed 
us ing th e sch em as are judged. 

One  te s t is  w orth  a th ousand e xpe rt 
opinions . 

Th is is  w h at m ak e s  System s Engineering 
lik e science. A h ypoth e s is  is  s et up and 
th en subjected to a pos s ible refutation. 
Before th e te st th ere can be endles s 
opinions but th e te st w ill narrow  th em  to a 
few  interpretations if it is  a good test. It is  
th ough  te sting th at reality enters th e 
picture . Reality is one of th e four aspects 
of Being. Th e oth ers  are Presence, 
Identity, and Truth . Th e s e oth ers  are th e 
bas is of form alism s . It is only w h en 
form alism s such  as designs are brough t 
into contact w ith  te sting th at reality enters 
th e picture . Reality confers m eaning. By 
adding Reality to th e oth er four aspects 
th en w e generate s em antics and ris e  above 
syntax according to M odel Th eory. 
System s Engineering needs to appropriate 
w h at I h ave called a Vajra Logic. Th e 
Vajra Logic applies not just truth  values 
but also presence, identity and reality 
values to variables so as to get a m ore 
com plete picture of th e system  th an m ere 
form alization w ould allow . For th e w ord 
form alization w e could substitute th e w ord 
sch em atization, because w e m ean 
conform ance to not just th e sch em a form  
but to various appropriate sch em as . In 
System s Engineering th ere is  a place 
w h ere th e rubber m eets th e road, w h ich  w e 
find in integration, verification and 
e specially validation. Th us em pty 
form alism s are not enough  and w e need an 
expanded w ay of look ing at th ings w e 
build th at tak e s  into account not just th e 
form al aspects but also th e aspect of 
reality, and does not just rely on th e s et 
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approach  to th ings th at describes th e 
design but also tak e s  into account th e m as s  
approach  th at describes th e instantiation 
and execution of th e system . By adding 
th e s e various feature s to our fram ew ork  for 
understanding system s engineering as 
sch em as engineering th en w e m ak e it 
eas ier to connect our th ough ts about th e 
th ings w e build to th e actual w orld in 
w h ich  th ey com e to be used and th e 
problem s th at occur in th at proces s  of 
inserting th e contextles s form ally designed 
system  into its context w ith in th e m eta-
system  nich e it w as designed to inh abit. 

 

Neve r conduct a te s t unle s s  you cant live  
w ith  all poss ible  re sults. 

W h en you enter a lab to m ak e a test 
anyth ing can h appen. Th is  again m ak e s  
System s Engineering lik e science w h ich  is  
based on experim ent. Instead of 
Experim ent w e h ave our verification and 
validation of th e system  in s itu w ith in th e 
w orld as th e source of th e possibility of 
dis-confirm ation of out th eory of design. 
Results again follow  th e rule of variety 
generation because th e system  is  a h um an 
product and th us anyth ing can h appen 
w h en it is  created due to th e fact th at 
h um ans are inh erently inventive and 
produce variety of both  conscious and 
unconscious varietie s . 

 

Afte r all as said and done , a lot is  said but 
ve ry little  is done . 

Th e connection betw een effective w ords 
and effective action is  h ard to ach ieve. But 
h ere w e h ave an appeal to th e difference 
betw een Logos and Ph ysus. O ur culture 
leans tow ard th e Idealist in som e aspects 
and tow ard th e Pragm atic in oth er aspects . 

H ere pragm atism  is giving its view  of 
Idealism . H ow ever, both  Logos and 
Ph ysus are neces sary only in th e proper 
balance w h ich  is  h ard to ach ieve and is a 
re sult w h en ach ieved of a non-nih ilsitic 
distinction. 

 

Neve r h ave  m ore  th an te n block s  in your 
block  diagram . 

Sh ort term  m em ory h as a lim it. 7+ /-2 
ch unk s  is  th e norm . But th e greater is sue is  
inform ation overload as w e build m ore and 
m ore com plex system s . H ow  m any block  
diagram  picture s can w e bear to look  at. 
Som e w ay w e m ust m ove beyond block  
diagram s to attem pt to capture th e w h ole 
system  at th e righ t level of abstraction and 
decom pose it. Th is  aph orism  is  as sum ing 
th at decom position is  th e norm . But th ere 
is  also th e object oriented paradigm  w h ich  
distinguis h es different k inds of objects and 
does not as sum e functional unity of th e 
system . It h as been m entioned th at it is  
pos s ible th at as h um ans w e treat organism s 
differently th an artifacts and th at th is  is  
one of th e differences betw een object 
oriented approach e s  and functional 
approach e s 16. If th is  is  true th at th e 
difference betw een objects and functions 
appeals to a bas ic difference in perception 
built in to our perceptual facultie s th en th e 
duality betw een objects and functions 
needs to be recognized and w e need a dual 
statem ent about h ow  m any objects w e can 
h ave in a diagram . But w h eth er it is  
objects or functions w ith  increas ing 
com plexity of system s no num ber w ill 
ultim ately suffice because w h at w e are 
building is  just too com plex to be h eld in 
form alism s of th is  k ind, rath er w e need 
                     
16 “Cognitive Fit applied to Systems Engineering 
Models” Laurence Doyle and Michael Pennotti 
(Stevens) CSER 2004 paper 121 
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oth er sch em as th at can h andle m ore 
com plex ph enom ena, sch em as lik e m eta-
system s, dom ains, w orlds, and k osm os etc. 
Th e fundam ental reason w e need sch em as 
th eory is th at th e sorts of th ings w e are 
building h as burst th e bounds of w h at 
form s and system s can contain as 
sch em atizations and w e need h igh er level 
constructs to contain th e s e m ore com plex 
design regions beyond th e system . 

 

Neve r use  a w ord ch art w h e n a picture  
ch art w ill do. 

I m ak e a practice of putting up a graph ic 
ch art and th en talk ing about som eth ing 
else . Th at w ay you get m axim  inform ation 
q uality according to Bateson in M ind and 
Nature. Th e point h ere is  th at w e need to 
use th e full panoply of our cognitive 
proces s ing abilitie s  and perceptual 
proces s ing is  so m uch  m ore efficient th an 
th e processing of w ritten m aterials. 
H ow ever, th ere is  a danger in graph ics not 
seen by th e supporters of UML w h ich  is  
th at diagram s are m ore im poveris h ed th an 
languages in term s of inform ation density 
th at can be conveyed. Th us I h ave 
advocated for a long tim e th at w e need to 
develop extensible design languages th at 
do not depend on graph ics but can be 
transform ed into graph ic representations 
and vice versa. Just as  Objects and 
Functions are duals, so are Text and 
Graph ics . Th ey com plem ent each  oth er 
w h en used judiciously. So m uch  ouf our 
design is  view  ch art design. W e for th e 
m ost part do not h ave form al m odels of 
our de s ign at th e System s Level of 
abstraction. Slow ly w e are using m ore of 
th e tools of Softw are Engineering, but 
th e s e tools are not fitted for th e im plicate 
order of th e System  level th at is different 
from  th e Softw are level. Th us w e h ave th e 

developm ent of SysML. But still th ere is  a 
prejudice tow ard Graph ics representations 
th at are ultim ately im poveris h ed rath er 
th an textual representations in extensible 
m eth od oriented design languages th at are 
th e counterpart of softw are languages at 
th e design level, but are different from  
form al languages th at represent constraints 
or truth  conditions . W e need to strive for 
balance betw een th e Graph ics and Text 
approach e s  just as w e need to ach ieve a 
balance betw een speech  and w riting. Th us 
our w is e System s Engineer is again 
advocating one of th e dualitie s  rath er th an 
attem pting to find th e non-dual non-
nih ilistic distinction betw een th e duals 
w h ich  our approach  advocates . 

 

Neve r go in w ith  th e  first w ave . 

Ne ve r go in w ith  th e  s e cond w ave  e ith e r. 

Early adopters tend to cras h  and burn. But 
on th e oth er h and th at is  w h ere th e 
intere sting action in th e field alw ays lie s . 
O ur w is e System  Engineer is  advocating 
being a late adopter of tech nology, 
m eth ods and proces s e s , because of th e 
danger in early adoption, but if w e do not 
adopt early th en w e can m is s  th e benefits 
of adoption w h en th e tech nology is  
appropriate. Such  conservatism  is  
traditional in engineering. But on th e oth er 
h and innovation is  w h at drives our 
econom y. H is  idea is  to let oth er people 
tak e th e ris k s  first w h ich  can be w is e in th e 
appropriate circum stances . But h ere again 
it is best to pick  a m iddle ground and to 
adopt early if it appears to be th e righ t 
th ing to do but to w ait if you are unsure. 
Th e s e case s  m ust be decided individually 
and in each  case th ere is  a non-nih ilistic 
distinction to be m ade based on th e criteria 
draw n from  th e non-duals. 
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H ave  th e  h e art of a ch ild but k e e p it in a 
jar on your de s k . 

Many m anagers lack  th e ability to balance 
being tough  w h en neces sary w ith  being 
k ind alw ays. Th is  is  anoth er nih ilistic 
duality betw een tough  m indedness and 
k indnes s . Both  can be bad and one m ust 
navigate on a case by case basis as to w h at 
is  th e best course of action. W h en do w e 
figh t for th e righ t alternative and w h en do 
w e go w ith  th e consensus opinion w h ich  is  
probably w rong. H ow  m any tim e s are w e 
w rong and w e are figh ting for som eth ing 
th at is ultim ately w rong w h ile th e 
consensus is righ t. W rong and righ t are 
appeals to th e criterion of th e non-dual and 
are in th e eye of th e beh older. 

 

Deny e ve ryth ing, adm it noth ing, de m and 
proof, and re je ct th e  proof. 

Never get tangled up in th e Legal system . 
It is your w orse nigh tm are . But in fact 
th ere is  a h idden re sonance of th is dem and 
of proof and th e sch em as because each  
sch em a is  related to a k ind of intelligibility 
and th ose form  a h ierarch y th at ends in 
proof w h ich  h as th e h igh e st k ind of 
explanatory pow er. All oth er k inds of 
intelligibility conferred by th e tem plates of 
understanding called th e tem plates are 
w eak er th an proof. But by m entioning 
proof th at is  related to form  w e invok e all 
th e oth ers . And it h appens th at it is  w ith  
Protagoras th at th e sch em as enters into th e 
w e stern tradition, w h o w as a soph ist w h o 
taugh t citizens h ow  to defend th em selves 
in court. So in th is  final aph orism  th ere is  
an obliq ue reference to th e legal system  
w h ich  is  appropriate to th e sch em as 
because in fact th e sch em as appeared first 
w ith in our tradition in relation to th e court 

system  as m odes of rh etoric used in th e 
Ath enian court. 

W h at w e h ave noticed as w e cons idered 
th e rece ived w isdom  of th e System s 
Engineering Tradition in detail is  th at th ere 
is  a connection betw een our fram ew ork  of 
General Sch em as th eory and th at rece ived 
w isdom . Th e connection is obliq ue 
because m any tim e s th e rece ived w isdom  
is pointing to th e problem s rath er th an th e 
solution, and m any tim e s th e problem  is  
nih ilism  and th e solution is  a needed 
appeal to th e non-dual w h ich  allow s non-
nih ilistic distinctions to be draw n. But 
ultim ately w e m ust see th at aph oristic 
rece ived w isdom  is not enough . Th at is  
w h y w e need to develop General Sch em as 
Th eory as a basis of General Sch em as 
Engineering, in order to get beyond 
reliance on received w isdom  w h ich  m ay 
lead us astray if w e follow  it unth ink ingly 
or do not look  into it carefully enough . 
W h at w e need are w ritten law s of System s 
Engineering Practice based on th e 
developm ent of Sch em as Th eory and 
Practice. 

Provisional Written Laws Of Systems 
Engineering Practice. 
 
O ur fram ew ork  allow s us to finally find a 
w ay beyond th e unw ritten law s w h ich  are 
th e rece ived w isdom  and th at points to th e 
general econom y of th e m eta-system  
surrounding th e developm ent of th e 
system . 

Know  w h ich  sch em a you are operating 
w ith  at any given tim e . 

Know  th at th e m eaning of w h at every 
sch em a you are projecting com es from  its 
relation to all th e oth er pos s ible sch em as . 

Know  you can ch ange sch em as and project 
anoth er one onto th e sam e ontic 
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ph enom enon if neces sary. 

Know  th e relations of th e sch em as to each  
oth er because th at is  th e bas is of all design. 
W e see all th ings as spacetim e envelopes 
and th ose envelopes h ave th e ir ow n 
organization. W h en w e design som eth ing 
w e project th ose envelopes and w h en w e 
im plem ent som eth ing de s igned w e fill 
th ose envelopes and give th em  content. 

Use logic and m ath  to order ones use of 
th e sch em as . Logic and M ath  are w ell 
developed in our tradition, but both  are 
deficient in as m uch  as Logic does not 
recognize deviant logics and Math  does not 
recognize m as s e s , fields and re s erves as 
part of its providence. W e need to apply 
expanded concepts of Logic and M ath  in 
order to understand sch em as . 

Do not tak e th e s h ort cut of us ing 
ph ilosoph ical categories alone to connect 
logic and sch em as . Rath er follow  th e route 
of science th at interpose s  m ath e s is betw een 
th e logic and th e sch em atization and uses 
m odels and representations as a bas is of 
th e m ediation betw een ph ysus and logos. 
H ow ever, recognize th at M odel th eory 
adds reality to get m eaning from  syntax 
and th at you need to cons ider all four 
aspects of Being, i.e . Truth , Reality, 
Identity and Presence. Also representations 
h ave an opposite in repetition th at needs to 
be recognized. Repre sentations are 
abstractions th at collapse th e 
dim ensionality of w h at ever is  represented 
w h ile Repetition builds h igh er dim ensions 
out of low er ones w ith  th e possibility of 
producing em ergent transform ations along 
th e w ay out of s ingularitie s . 

Recognize th at th e Ph ysus h as a logos and 
th e Logos h as a ph ysus. Th e logos of 
ph ysus is th e sch em as and th e ph ysus of 
th e logos is  logic. Logic and M ath  are w ell 
developed, develop Sch em as as w ell to th e 

sam e level of understanding in order to 
ach ieve balance of understanding. 

Recognize th e non-duals as sociated w ith  
th e various sch em as, and use th e s e  non-
duals as th e criteria for m ak ing non-
nih ilistic distinctions 

Recognize th e Rh etorical m odes related to 
each  sch em a and use th em  as w ays of 
understanding w ith in logos to give th e 
ph enom ena th e ir ow n voice. 

Use th e sch em as as th e bas is of system s 
design. And tak e system s design up to 
Sch em as Des ign by using all th e sch em as 
as a bas is  for de s ign rath er th an just system  
and form . Base Sch em as Engineering on 
Sch em as Th eory extending th e bas is of 
System s Engineering on System s Th eory. 

Allow  th e sch em as to carry th e com plexity 
of increas ingly com plex designed artifacts . 
Form  and System  are no longer adequate 
to carry th e com plexity of w orld w ide 
designed artifacts . 

Recognize th e duality of M ass and Set 
approach e s  to th ings, as w ell as th e duality 
betw een Field and Reserve approach e s . 
Recognize th at each  approach  h as its 
appropriate logic. Use th e appropriate 
logic. 

Recognize th e duality betw een graph ics 
and text, and th e duality betw een speech  
and w riting and give each  its due m ak ing 
th e determ ination as to h ow  m uch  of each  
is  appropriate in each  case . 

Do th e non-routine w ork  of System s 
Engineering w h ich  creates and destroys 
w ork  prior to th e routine w ork  of w ork ing 
off th e tas k s of developm ent. Do not w ork  
blindly doing w h at w as planned by ch ange 
th e plan w h en appropriate. 
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Use both  extensible design languages and 
graph ical design languages and recognize 
th e ir duality. 

Use both  object oriented and function 
oriented m odels of system s and recognize 
th e ir duality. 

In general, steer betw een th e duals, as 
O dysseus steered betw een Scylla and 
Ch arybdis  and attem pt to h old to th e 
m iddle path  w h ich  is non-dual, i.e . w h ich  
recognize s an alternative th at is  not one  
nor m any but som eh ow  allow s th e one and 
th e m any to coincide w ith out conflict. 
Recognize in non-duality th e path  of least 
re s istance w h ich  does not th ras h  back  and 
forth  betw een th e artificial nih ilistic 
oppos ite s th at continually aris e in m yriad 
w ays to plague our developm ent efforts . 
Th e rece ived w isdom  is not w is e if it 
advocates one of th e s e nih ilistic oppos ite s 
even if it is doing so to counteract th e 
oth er one w h ich  h as h eld sw ay too long. 

True w isdom  com es from  understanding, 
and th e sch em as are th e royal road to 
understanding, because th ey are th e 
projected tem plates of understanding 
w h ich  appear in speech  as rh etorical m odes 
and in nature as levels of avoidance of 
h arm , and in m ath  as dim ensionality. Th ey 
are projected on all th ings as th e ir 
spacetim e envelopes prior to th e 
distinguis h ing of k inds, e ith er as function 
or object, and prior to th e distinction of 
individual differences or s ignificance 
w ith in context. 

W e need a th eory of sch em as to e scape th e 
rece ived w isdom  because th ey can give us 
a criterion on w h ich  w e can judge th e 
rece ived w isdom  and see into its depth s  so 
th at w e h ave a m ore sure guide th ough  th e 
vagarie s  of system  design and 
developm ent of ever m ore com plex 
system s th at re q uire th e sch em as to carry 

th e ir load of com plexity at h igh er levels of 
sch em atization th at are only possible to 
recognize if w e develop General Sch em as 
Th eory into a science m ore general th an 
System s Th eory or System s Engineering as 
th ey stand today. 


