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THE ROUTE TO THE INTELLIGENT SYSTEMS ENGINEERING 
ENTERPRISE 

(GUSEM  IN  ACTION :  THE  GENERIC  UNIFIED SYSTEMS  ENGINEERING  METAMODEL) 

  George,  F.   J.   Capl.  MIEE,   Systems  Engineering  Generic  Models, Hitchin.  Herts. UK. 
 

Preface 
It is surprising to see so many intelligent 

people floundering around in the undergrowth and 
so far from an understanding of what makes an 
intelligent systems  engineering enterprise. They 
might do better if they stopped trying to look at the 
humans  and  detailed  aspects,  which is 
reductionist, and look at the enterprise as an entity, 
operating within an environment,  or  “scenario”,  
with other enterprises, according to sets of rules laid 
down by government and precedent. That would be 
a systems approach to understanding the issues. 
 
In  order  to  initiate  a  move  in such  a   direction,  
this  paper  develops  the  essentials of a  
new combined  form  of  Business  Cycle  and  
Systems  Engineering Model ,  for  the   design  
and  manufacture  of  systems. 

1. Introduction 
 

Business  Models, and  indeed  current  
Systems  Engineering  Models  and  Life  Cycle  
Models,  suffer  from  their  relative  simplicity  
and  lack  of  capacity  to   embrace  the  endless  
detail  which  their  designers   desire  to  include.  
Ultimately,  they  can  not  cope  with  the  task.  
[2], [3],  [4].  It  might  be  suggested,  therefore,  
that  the  intelligent   systems  engineering  
enterprise  would  realign  its  thinking  in  terms  of  
a  business  model  with  an  intimate  and  
integrated relationship  with  a Systems  
Engineering  model,  especially  one  which  has 
Systems  Design  as  its  focus. [3]            

This  paper  addresses  the   issue  by  
applying  the  principles  of  the  Generic  Unified  
Systems  Engineering  Metamodel   (GUSEM)  [ 2,  
3,  4,  5,   6,  7,  8.]) 

A  simplistic  but  true  business  model  is  
presented  and  then  decomposed conventionally  
to  try  to  accommodate  an  increasing  level  of  

process  detail.   The  model  rapidly  becomes  too  
cumbersome  and  tends  towards  over-complexity, 
as  is  always  the  case.  A  second  model  is  
addressed  with  similar results. 

In  an  alternative  approach  the first model  is  
analysed  and  reorganized  to  be  more  correct  as  
a    business  model  for  systems  engineering  
Product  Design [9] from  concept  to  disposal.  
Space  for  a  systems  engineering  model  is  found  
within  it,  and  the  whole  developed. 

Finally,  conclusions  are  drawn,  and  a  way  
forward  proposed,  towards  the  Intelligent  
Systems  Engineering  Enterprise  through  the  
medium  of  a  consistent  generic  model  of  
systems  engineering within  the inconsistent  
generic  business  cycle  model. 

2. A  Fundamental  Need 
There  is  a  fundamental  need  within  the  

systems  engineering  world,  for  a  systems  design  
model  to  be  contained  within  a  generic  business  
cycle  model.   However,  even  the  “Intelligent  
Enterprise”  must  beware  of  process  and  
standards  advice  overkill. 

 
 

2.  Fig.  1.   Standards  and  Advice  Overkill 
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The  Intelligent  Enterprise  should  recognize  
at least  one  simple  business  model,  or  business  
excellence  model . (or  perhaps  the  fact  that  
there  are  many  ! )  A  selection  follows. 

3.   European  Foundation  for  
Quality  Management  Business  
Excellence  Model 
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3.  Fig.  1.   European  Foundation  for  Quality  
Management  Business  Excellence  Model 

The  above  is  fine  for  a  narrow  band  of  
perspectives,  important  though  they  may  be.  
However,  in  addressing  the  Route  to  the  
Intelligent  (Systems  Engineering) Enterprise it  is  
not  sufficient,  nor  of  a  suitable  structure.   

4. A  Simplistic  Business  Model  
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4. Fig.  1.   A  Simplistic  Business  Model 

The  model  of  4.  Fig.  1.   was  sketched  out  
by  a  company  Technical  Director  at  a  meeting  
with  his  Chief  Mechanical  Engineer  and  other  
senior  staff in  the  late  1990’s,  but  was  not  
developed,  in  spite  of  efforts  by  this  author  
when  advised  of  its  existence. 

The  model  is  typical  of  its  kind  in  that  it  
is  linear and  non iterative,  and  impossible  to 
expand  (decompose)  to  a  useful  extent.  There  is  
also  no  possibility  of  addressing  the  
communications  necessary  to  the  phases  and  the  
contained  processes. 

A  SIMPLE  (UNREALISTIC) LINEAR  BUSINESS  MODEL :  GFJC  :   DASC  22,  2003,  
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4. Fig.  2.  Decomposed  Processes :  The  
Conventional  Route  :  Non-intelligent 

The  result  of  typical  extension  or  
decomposition  is  shown  in  4.  Fig.  2.   To  
extend  further  will  result  in  chaos.  Other  
models  should  be  considered  in  order  to  find  a 
model  capable  of  almost  infinite non-complex 
expansion.,  especially  in  regard  of  processes. 

5. A  Generic  Systems  
Engineering  Process  Model 

This  model  is  extracted  from  the inaugural  
issue  of   the  INCOSE  Journal  page  124. [10] 
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5.  Fig.  1.    A  Generic  Systems  Engineering  
Process  Model 

 
This  shows  yet  another  version  or  view  of  the  
business  of  systems  engineering.    As  with  any  
linear  model,  it  may  be  redrawn in  order  to  
make  it  closed  loop,  indicating  the  concept  of  
continuity  of  the business  of  designing,  
manufacturing  and  setting  to  work,  of  systems.  
Decomposition  or  expansion  is,  however,  strictly  
limited,  as  shown  above  in  4. Fig. 2. 
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5. Fig.  2.  A  Generic  Systems  Engineering  
Process  Model, Wrapped  into  a  Loop  

with  Systems  Design  as  the  Focus 

 

Further  examples would  only  support  the  
limitations  of  such  models. 

6. Choice  of  Business  or  Process  
Model  Model  for  the  Intelligent  
Systems  Engineering  Enterprise 

From  the  foregoing  and  the  knowledge  that  
there  are  innumerable  models  in  the  literature  
and  still  more  in  use,  one  may  suggest  that  
any  one  is  surely  as  good as  any  other  for  
progressing  the  search  for  the  route  to  the  
intelligent  systems  engineering  enterprise,  
especially  if  DESIGN  is  the  key  to  success,  [3]   
and  the  whole  is  to  be  addressed  from   
Battlefield Scenario to Manufacturing Datapack, 
Testing & Trials  [5]. 

Returning  to  Consideration  of the  model  of 
4. Fig.  1.  causes  one  to  think  that  perhaps  it   
could,  and  should,  be  redrawn as  a  closed  loop,  
making  it  a  simplistic  business  cycle  model.  
The  result  is  given  in  6.  Fig.  3. 

 
 

6.  Fig.  3.    A  Simplistic  Business  Cycle  Model 

 

7. Systems  Design  Centre  Stage 
Upon  viewing  6.  Fig. 3.  above,  one  may  

well  be  forgiven  for  viewing  the  space  in  the  
centre,  and  suggesting  that the  “Intelligent  
Enterprise”  really  should  recognize  Systems  
DESIGN  [3]  and  place  it  center  stage  as  the  
most  important  and  wide  ranging  discipline  of  
all,  as  in  7. Fig. 1.  One  could  equally  well  have  
used  5.  Fig.  2.  or  any   other  “looped”    version    
of  the  innumerable  existing  models. 
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7. Fig. 1.   Systems  Design  Centre  Stage 

This  suggests  that  at  every  stage  of  this  or  
any  other,  business  cycle  model,  there  is  a  
direct  and  vital  relationship  with  the  discipline  
of  Systems  Design. (the  designing  of  systems)   
It  must  be  remembered  that  systems  design  
extends  from  initial  concept  to  disposal. 

8. Reorganising  the  Model 
Analysis  of  the  terminology  or  semantics  

leads  to  the  recognition  that  there  is  room  for  
improvement  in  regard  of  accuracy  and  
precision  of  the  terminology   or  semantics  used. 

One  may  suggest  that ”Support”  and  
“Disposal  should  be  “Design  for  Support”  and  
“Design  for  Disposal”.  This  then  displaces  
Operational  use  to  a  position  after  design  and  
manufacture,  as  shown  in  8.  Fig.  1. 

 
8.  Fig.  1.    The  Cycle  Reorganised 

 Further  logical  thought  on  the semantics  
means  that  the  term  “Operational  Use”  is  now  
out  of  place  as  it  is  to  do  with  the  system  in 
service and  the  model  is  becoming,  correctly,   a  
DESIGN  model.  We  must  change  the  term  to  
“Design  for  Operational  use,  in  order  to  be  
correct.  Having  done  this,  it  can  be  seen  to  be  
out  of  place,  and  must  be  resituated  as  below. 

 
 

8.  Fig. 2.  Further  Reorganisation  :  The  
Model  is  Now  a  Design  Cycle 

Should  we  now  be  prepared  to  accept  that  
the  totality  of  design  applies  to  the  Platforms  
into  which  systems  are  fitted,  and  the  LRU’s  
or  LRI’s  (black  boxes)  within  the  systems,  then  
the  diagram  can  be  amended  as  in  8. Fig.  3.  
below. 

 
8.  Fig.  3.    Platforms,  Systems  &  LRU’s 

Now,  if  the  design  of  the  Platform  and  its  
systems  are  the  focus  of   Business  Strategy,  
Order  Acquisition,  Design  for  Operational  Use,  
etc.,  then  what  common model  can  we,  should  
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we,  place  at  the  centre  ?  Should  the  model  
respond  to  the  demands  of  each   Business  
Model  Phase  ?  Should  it  be  a  model  for  the  
designing  of  Platforms,  Systems,  LRU’s  (black  
boxes)  modules,  cards,  and  ultimately  even  
software  ?  Should  it  address  Manufacturing,  
testing  and  trials  ?The  answer,  in  the  context  
of   finding  the  route  to  the  intelligent  
enterprise,  is  “Yes”. 

 
 
8.  Fig.  4.  A  Model  for  Designing  for  Order  

Acquisition  Through  to  Disposal 

Whatever  the  form  of  the  business  model,  
it  MUST  have,  at  its  centre,  a  generic  model  
for  the  designing  of  Platforms,  Systems,  LRU’s  
and  the  rest.  Could  there  possibly  be  a  valid  
Business  Model  without  this  ? 

At  this  point,  the  author  would  suggest  
that  the  only  model  capable  of  fulfilling  the  
need  is  the  Generic  Unified  Systems   
Engineering  Metamodel  (GUSEM)  [2]  to  [9]  
inclusive)  as  it  is  the  only  model  with  a  large  
enough  and  flexible  enough  capacity  to  
subsume  all  of  the  design  definitive  structures  
and  related  processes for each,  plus all  of  the  
phases  of  the  generic  business  model  above,  
without  degenerating  into  overcomplexity.   

The ADDENDUM  to  this  paper  contains  
diagrammatic examples  of  the  GUSEM  structure  
to  support the  claim  that  it  is  the  only   model  
which  can  be  “decomposed”  /  “expanded”  
almost  to  infinity in  regard  of  process,  without  
degeneration  into  useless  overcomplexity. 
 

As  shown  by the  ADDENDUM,  this  is  
possible  only  because  of  its  structure,  
particularly  the  SDIM  (Structured  Definitive  
Information  Model)  and  the individual 
transformation  satellite   rings.  (Addendum.  Fig.  
A2. 

The  model  also  enables  the  following  from  
[11]   Page  314  : - 

There  is  one  overriding  aim  of  systems  
engineering  :  -- 

To  establish  and  deliver  an  application  
system  with  the  emergent  properties and  through  
life  support  facilities  required  by  the  customer,  
and  satisfying  the  end-user  needs. 

The  following  objectives  together  satisfy  
the  aim  : -- 

A. Create,  in  a  structured,  ordered  manner,  
an  application  system  with  the  emergent  
properties  required  by the  customer. 

 B. Create  and  maintain  an  engineering  
system  to  enable  the  creation  and  provision  of  
life  cycle  support  for  the  application  system. 

 C. Create  and  maintain  harmony  and  
balance  between  the  developing  sub-systems  of  
both  the  application  system  and  the  engineering  
system  such  that  the  intended  emergent  
properties of  the  application  system  are  realized  
and  their  divergence  from  required  values  are  
minimized  through  life.              

This  author  would  suggest  that GUSEM  is  
more  than  suitable  for  use  as  the  core  of  the  
engineering  system   (B) above,  for  the  creation  
of  Application  Systems  (A),  in  the  manner  of  
(C). 

NOTE.   There  may  be  innumerable  
Company  Guides, Standards,  Manuals  and  other  
documents  pertaining  to  Business  Strategy,  
Order  acquisition, etc.,  but  these  are  not  
normally  concerned  with  Systems  Design,  
though  they  may  allude  to  it,  assuming  that  it  
exists  somewhere, and  takes  place  somehow.  
Also,  the  Business  Cycle  will  be  more  complex  
than as  above,  in  that  the  hardware  and  indeed  
software  resulting  from  actual  manufacture  
based  on  the  products  of  “Design  for  
Manufacture”  are  not  included.    Manufacture  



 6 

and  test of  real  hardware  are  included  in  other  
parts  of  the  complete  GUSEM  model,  but  not  
in  this  paper.   This  aspect  is  to  be  found  
within  the  Powerpoint  presentation  material  for 
reference[2]. 

Returning  the  Business  Model  to  the  linear,  
we  may  now  show  the  model  for designing  
Platforms  and  Systems,  moving  along  through  
the  phases  with  time.  (Ref. [2] Powerpoint.  
Presentation  material) 

8.  Fig.  5.   illustrates this  feature   

Equally  well  does  the  model  move around  
the  Business  Cycle  arranged  in  a  closed  loop,  
regardless  of  the  composition and  detail  of  that  
loop,  which  will  be  dependent  on  the  whims,  
fancies  and  experience  or  dogma of  the  
immediate  business  environment. 
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8.  Fig.  5.  The  model  for Designing  Systems  
Moving  Through  the  Business Cycle  Model  

Phases 

 
It  is  more  correct  and  realistic  to  show  the  
phases  running  partly  in  parallel,  in  the  
conventional  PERT  /  Programme  form.  
(concurrently) 
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8.  Fig.   6.   The  model  for Designing  Systems  
Moving  Through  the  Business Cycle  Model  
Phases  Aranged as  a  Conventional  PERT / 

Programme 

Note.   At  this  point  the  the  intelligent  
enterprise   would  read  all   GUSEM    papers  and  
ask  for  a  tutorial. 

6. INTERNATIONAL  EMAIL  
DEBATE 

 

The  argument  surrounding  “process”  and  
“requirements”  is  moving  towards  the  possible 
elimination    of  these  words  from  the  systems  
engineering  vocabulary.  This  will  be  aided  by  
further  appreciation  of  the  merits  of  the  
Product  oriented  GUSEM [9],  especially  in  
regard  of  its  generic all  -  domains SDIM 
structure  and  extremely  non-structured  and  
flexible  Process  areas. 

Email  comment  :  “The application of 
structure to process has limits that are reached more 
quickly than application of structure to product.  A 
defined outcome for mechanical, electrical, 
chemical, and nuclear product systems leaves little 
room for chaos. A structured design model leaves 
within the interstices (small  spaces  between  
things  closely  set  or  between  the  parts  which  
compose  a  structure)  of the structural definition a 
lot of space for humans to bounce around doing 
their thing.  Only a portion of the total activity is 
bounded  by the structural definition of what is to 
occur. Structure and rigor are not paramount - value 
is.  Rigorous application of  structure is a means to 
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value but is not intrinsically good or bad in  peopled 
situations.”  The  people  doing  their  own  thing  in  
GUSEM  exist  within  the  Process  areas  of  the  
model .” [2  to  8] 

“Different projects may require different 
processes, sometimes with little or no  structure or 
rigor.  But there must be structure and rigor  in the 
substance, if only for the sake of communication,  
documentation and justification.”. 

Processes  and  Product  are  defined  clearly,  
precisely,  and  rigorously  within  GUSEM. The  
Product  area  develops  substance  as  the  project  
activities  are  initiated  and  continued  to  
completion,  in  accordance  with  flexible best  
practice  processes.  One  of  the  principles  of  
GUSEM  is  that  once  the  essential  structure  of  
definitives  is in  place,  the  processes  will,  
perforce,  fall  into  place.  (“One could replace  the 
word process  by activity, task, strategy, tactic, 
.but to obtain *something* we have to perform 
*something*.”)  

“But if different projects happen to require 
different processes just what is  it about the projects 
that 'required' different process and in what ways  
might the processes differ?” 

“It seems to me that although rigor regarding 
the content, structure and  behavior in the emerging 
system design are paramount, so also must there be 
rigor regarding the content, structure and behavior 
in the SE activity  especially if viewed through the 
Ullman lens of 'elaboration of information 
punctuated by decision.” 

“Every problem stating  /  problem solving 
project must involve  a lot of "like so" thinking and 
activities because that's  the way the human brain 
works.  But when the final product is delivered, and 
at several points along the way, it will  be necessary 
to communicate progress and provide   justification 
for the conclusions that were made.  Such  
communication and justification require structure 
and   rigor.  "Like so" and rigor and structure must 
go hand in   hand.” 

“If you are speaking of process,   I've been a 
part of projects where design reviews were  
conducted with great   structure, wherein a lot of 
hot air was exchanged, and   I've been in design 
reviews where there was little structure, but the  
appropriate subjects were   explored in the needed 

detail, in sort of an ad-hoc   investigative fashion;   
sort of like a skilled detective might interview a   
suspect (like so).” 

“I'm   not against rigor and structure but I have 
seen a  lot of    wasted energy   > rigorously 
following  a  structured process that wasn't 
going to produce   anything of value.” 
  
”If you are speaking of substance,   the trick seems 
to be practicing the art artfully and the  science 
scientifically.  Sometimes we mix it up and it 
doesn't   work well.” 

“Although I readily agree that process 
descriptions are meaningless without  descriptions 
of goals and products, I also know that a schema of 
products without implementable processes (sans 
perpetual motion, anti-gravity, etc.) can be  illusory. 
It isn't a case of either-or.  Both are needed.”   [A  
fundamental  feature  of  GUSEM,  but  with  
processes  totally  subservient  to  the  products  
which  they  create  :  GFJC] 

********************************* 

The  solution  to  this  problem  is  considered  
by  some,  including  the  author,   to  be  a  
disciplined  structure  :  an  architecture,  with  
hierarchy. 

The primary problem then  becomes  the  
question  of  “disciplined  structure  of  what  ?”  

In order to reduce  known  potential 
complexity  (chaos)  of  the  desired  structure,  we  
need   to  descope.  Consider  only  what  we need  
to  create,  from  Customer  Requirement  onwards, 
then narrow  to  what may be  termed  “Definitive  
of ------”  as  opposed  to   "supportive of----",  or  
to  do  with  "Managing".   [4] 

 

7. Conclusions 
Business  and  Enterprise  models  have  been  

shown  to  be  varied  and  inconsistent.  However,  
whatever  the  form  or  characteristics  of  the  
model,  GUSEM  has  been  shown  to  fit  centrally  
and  to  be  indispensable to  the  understanding,  
analysis,  and  development  of  these  models.  The  
unique  structure,  semantics  and  philosophy  of  
GUSEM  ([2]  to  [9]  inclusive)  add  discipline  to  
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what  is  mostly  indisciplined  and  hybrid,  in  the  
author’s  view.   

In [3]  and [4]  GUSEM  is  shown  to  be  
highly  compatible  with  the  Checkland  Soft  
Systems  approach,  and  in  [5]   GUSEM   is  
extended  to  address  the  “Battlefield  Scenario  to  
Nuts,  Bolts,  Manufacturing  and  Trials”.  The  
higher  level  of  “Battlefield  Scenario”  includes  
competing  scenarios  in  terms  of  funding  and  
other  priorities  and  can  be  oriented  towards  the  
“Commercial  Battlefield”.   This  level  of  
GUSEM enables  one  to  look at the enterprise as 
an entity, operating within an environment,  or  
“scenario”,  with other enterprises, according to sets 
of rules laid down by government and precedent,  
and  also  limited  by  Government  funding,  
whether  for  health,  defence  or  education. This  is  
indeed  a systems and  not  a  reductionist  approach  
to understanding the issues,  and  provides  an 
effective,  practical  and  useful  result,  including  
the  relationship  with  systems  design,  
development,  manufacture,  testing,  operational  
use  and  disposal.    

By following this line of reasoning, we can 
work out what it is about the IE that makes it 
intelligent, and then we can design an organization 
with the right people, tools and machinery to 
exhibit those emergent properties, capabilities and 
behaviours. This would be synthesis, not 
reduction. 

 
8. Way  Forward 

GUEM should  be  maintained  centre  stage  
in  the  systems  engineering  world,   embracing  
the  whole  of  systems  engineering,  but  within  
the  “Business  Model”,   or  the “ Enterprise   
Model”  of  whatever  form,  shape  or  
characteristics,  as  an  indispensable  focus  which  
in  turn  shapes  the  Business  or  Enterprise  Model  
itself. 

GUSEM  is  as  repeatable,   re-useable and  
disciplined  across  all  domains, as Business  or  
Enterprise Models  and   “processes”   are  not.  
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ADDENDUM 
 

THE  
STRUCTURED  
DEFINITIE  
INFORMATION  
MODEL  (SDIM) of  
GUSEM   MAY  BE  
INDICATED  BY  
EITHER  OF  
THESE  TWO   
SYMBOLS

©  GFJC  1996
 

                             Fig.  A.1.  The  cylinder  equates  to  the  symbol  for  a  server.   The  diamond  
traces  back  to  the  original  development  of  GUSEM  in  1993  to  1996. 

MASSIVE  VERTICAL  DECOMPOSITION

MASSIVE  
ORTHOGONAL  
DECOMPOSITION THIS  IS  A  SINGLE  SYSTEM  

:  MANY  SUCH  MODELS  
MAY  BE  INTEGRATED  TO  
REPRESENT  MANY  
INTEROPERATING  SYSTEMS  
AND  PLATFORMS  .

GUSEM  
FUNDAMENTALS G.F.J.C.   8/12/02   17.00  

Fig.  A.2.  This  is  for  a  single  system.  Eg.  A  radar,  an  EW  system,  a  missile.  For  a  number  of  
interlinked  systems  there  would  be  one  model  for  each  system. 
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AT  “REQUIREMENTS”  LEVEL  :   A  
STAKEHOLDER AND  HIS  TEAM.

THERE  IS  NO  REASON  
WHY  ANY  INDIVIDUAL  
PROCESS  AREA  SHOULD  
NOT  BE  EXPANDED  
VERTICALLY  AS  SHOWNG.F.J.C.  6/11/02,  2/3/03,  

1/8/03

SDIM

 
  

Fig. A. 3.   This  shows  the  interconnection  of  stakeholders  by  means  of    an  intranet  which  could  
also  embrace  world – wide  connections. 

 

THE  SDIM  PROVIDES  
VERTICAL  DEFINITIVE  
DATA  DECOMPOSITION

ANY  STAKEHOLDER  
CAN  HAVE  HIS  OWN  
PROCESS  SUB - SET

EVERY  PROCESS  CAN  HAVE  ITS  OWN  SUB-
SET  TO  INFINITY

THIS  COULD  BE  
TERMED  “Horizontal  

Process  
Decomposition”  AND  

IS  UNIQUE  TO  
GUSEM

G.F.J.C. 5/12/02

VIEW  
FROM  

ABOVE  

©G.F.J.C.  JANUARY  2001  
Fig. A. 4.  This  increases  the  perspective  on  the  stakeholders. 


