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4.x
Intelligent Enterprises

4.x.1
Introduction

Enterprises are systems, whether in business, government, or elsewhere.  Each enterprise is most effective when its content, structure and behavior is aligned with its context while systems principles, both static and dynamic, are honored, as well.  

An enterprise is intelligent in proportion to its goal-seeking behavior.  These behaviors enable it to cope with the dynamics of its context and the continually changing interrelationships of its content and structure.  Because attaining and sustaining intelligence costs money there is an optimal level of intelligence for each enterprise situation.  

Enterprises tend to be higher order systems than are usually encountered by practitioners of systems engineering because an enterprise system includes a) people – individuals interacting via a large variety of explicit, implicit and tacit relationships -- and b) a broad spectrum of other component types.  

To be goal-seeking an enterprise must be aware of its situation, objectively assess its gaps from where it is goaled to be and adjust its behavior and, if necessary, its structure and even its content accordingly.  Because all external and internal aspects are in flux a large part of enterprise success is determined by its agility and response ability to pursue opportunities, proactively as well as reactively, yet maintain integrity.  These dynamic limits are determined by the physical and informational architecture as well as by the shared values and enthusiasm of the enterprise.  

Enterprises are increasingly multi-partite -- distributed and virtual.  The on-going convergence of several technologies enables enterprises to collaborate in patterns that transcend respective legal or national boundaries.  

As flux and competition increases only the more intelligent enterprises will survive.  Accordingly, nterprise intelligence is too important to be left to managers who are not also well versed in systems thinking, identification, design/architecting, engineering, adopting/adapting and learning.

Systems engineering such Intelligent Enterprises is not about creating systems that enable or improve an enterprise,  These would be only enterprise components.  SE’ing an IE is about creating an enterprise as a high performance whole system.  

Because of the Law of Requisite Variety, the SE Applications Domain of Intelligent Enterprises calls for a type of systems engineering that is: larger in scope and more robust (in semantic span, design method/technique and system order) than is required of system engineering in other domains.  In fact, the RV law requires that intelligent enterprises must be accomplished by an intelligent system engineering enterprise.

Table 4.x-1.  Domain Summary

	Number of Companies
	Over 20 million enterprises worldwide will survive or not depending on the level of intelligence they achieve.

	Representative Firms
	All human enterprises regardless of product or service.

	Annual Sales
	Upwards of 5 equivalent employees

	Products
	Not a significant variable

	Technical Challenges
	Sufficiency of materials, information, decision, people and systems technologies.

Spectrum of technologies that must be harmonized.

Half life of technologies becoming shorter than change-over of cycle time of culture, competency and accountability.

Fidelity of models, both of context, and of enterprise content, structure and behavior.

	Business Challenges
	Sufficiency of market standing, productivity, innovation, liquidity and image.

Ability to include Quality, Cycle Time and Learning alongside monetary factors and harmonize all.

Availability of competencies (notably, a lack of systems thinking and practice by managers and a lack of system engineering practitioners who can execute the type of SE required).

Rate of in situ learning.

	Major Customer Groups
	tbd

	Regulatory Groups
	Several and contradictory.

	Growth
	Intelligent enterprises may be five times more effective, thus could obsolete 80% of their respective industries within two generations.


4.x.2
Functions and Processes

4.x.2.1 Industry Functions and Processes

Enterprises exist in many forms, most reflecting the hierarchical decomposition archetype, but decomposed variously by function, market, or project, or matrix combinations thereof.  Some are vertically integrated monoliths that control the resources required for their “product life cycle” whereas others subcontract or outsource much of their “product life cycle” activity.  

Some have sought increased intelligence by focusing on processes as their organizing and “sense making” scheme.  Those that have balanced structure and process in explicit pursuit of customer valued results have fared well.  However, those that became preoccupied with process without an equal attention to outcomes have not fared as well.  

A few have adopted more of a cellular structure that reflects a goal-seeking system archetype interacting in a network topology that reflects a “framework and module” class of architecture.  Their comparative advantages indicates this is a preferred direction toward increased intelligence.  The subset that have encouraged quality, cycle time and learning have consistently outperformed the others.

Current prevailing concepts of enterprise functions (including HR, Marketing, Sales, Engineering, Manufacturing, Accounting, etc.) and process seem incompatible with intelligent enterprises.  Tentatively, nine basic processes appear sufficient for an enterprise that can be successful while evolving its intelligence.

Table 4.x-2.1  IE Processes

	Process
	Purpose

	Business Development
	Gain customers for enterprise

	Product Development and Introduction
	Generate latent gross profit stream for enterprise 

	Sales and Account Management Project
	Grow customer satisfaction

	Production and Distribution
	Fulfill commitments and grow supplier satisfaction

	Customer Projects
	Fulfill contract services commitments

	Enterprise Infrastructure Development
	Improve business (Model, Learn, Change)

	Enterprise Competency Development
	Ensure internal capability to execute plans

	Co-Evolution*
	Ensure timely evolution of enterprise in consonance with context and internal capabilities

	Status and Gaps Reporting
	Provide an independent, objective assessment of status and gap


* The Co-Evolution process is indicated by the Chaordic Commons (www.chaordic.com), notably a continual refinement of enterprise; Purpose, Principles, Participants, Organization, Constitution and Practices.

4.x.2.2 IE Systems Engineering Functions and Processes

In addition to the nominal functions and processes that an enterprise conducts in response to stimuli from its customers, suppliers, and other stakeholders, the enterprise conducts other functions and processes that ensure conformance to systems prinicples.  This combination ensures continual alignment and adaptation of the enterprise to both external and internal changes.  This is similar to the continual construction that goes on in major cities even though municipal construction often seems devoid of rhyme or reason.  An enterprise depends on change processes that are efficient (parsimony) in time, expense and enthusiasm.  

The front end of change is best done according to the principles and practices of Systems Engineering.  The kind and amount of SE required depends on the nature of each change and the number and interrelationships of all unfulfilled changes and the level of intelligence of the enterprise.  

Table 4.x-2.2  Systems Engineering in the Intelligent Enterprise Domain

	Domain Needs Analysis

	Systems Engineering Issues
	Intelligent Enterprises
	


	1.  
Elements of SE Current Practices in the Domain
	· Prevailing SE practices are largely unknown, thus unused, in the Intelligent Enterprises domain.  In fact, principles of systems and of systems engineering are violated by most current practices regarding Strategic and Business Planning, Selecting Goals and Objectives, Anticipatory Allocation of Resources, Business Process Management design, Workflow Management design, Enterprise Application Integration and Business Process Management.  Rudimentary SE is used within a few enterprises for IT systems design and manufacturing systems design, but even these are largely ruled by IDEF modeling conventions or software engineering methods, thus exhibit residual problems of performance, operational availability, agility, and lack the adaptive and alignment capabilities required for IE’s.  


	

	a.  
Stakeholder Definition
	Problem System Identification.

· Must consist of a dynamic model of the enterprise context, aka the Problem System, and an identification of the ideal symptoms as well as clear measures of effectiveness in Problem System terms.

· The intelligent enterprise takes the role of the solution system (actually the problem suppression system),  Enterprise may be a highly focused group of people in one legal entity or may be an extended enterprise in the sense of a supply chain or value web.  

· A model, both static and dynamic, of the enterprise context.  Clarifies stakeholder objectives and interdependencies.  Basis for harmonizing stakeholder views.

· This entails the registration of naturally conflicting Values, strategies, risk preferences, etc. that must be honored.

Stakeholder(s) Intent

· Describes the preferred and acceptable future situation of the enterprise, usually in terms of Market Standing, Productivity, Innovation, and Liquidity and their inter-gradients.  

· Nominates acceptable Problem Suppression approaches and specifies characteristics of unacceptable approaches

	

	b.  
Technical Problem / Mission Statement
	· The mission of an Intelligent Enterprise is stated in terms of the ideal problem system symptoms to be achieved and the MOE’s applicable to such suppression.  Additionally, the performance of the enterprise in accomplishing its mission is, generically, to sustain exemplary Market Standing, Productivity, Innovation, and Liquidity.

· Identifies the Request, Response, Reward triplets for each of the context entities.  Rationalizes the Suppression effectiveness, expectations of achieving intents and Value Proposition.  Specifies MOE’s and gradients.  
	

	c.  
Drivers and Requirements for SE
	· The primary driver for SE is the complexity of the problem and problem suppression scenarios.  IE’s are typically second order, implicit systems that entail autopoietic or autocatalytic archetypes.

· The major difference is that prevailing SE practices are focused on conforming to requirements whereas the SE needed for IE must be dynamically Value seeking.  Secondly, SE for IE must consider humans to be system components, not simply external operators.

· A complete treatment of requires the IDEAL style of SE (Identification, Design/Architecture, Engineering, Adopting/Adapting and Learning).

· Identifies the Response and Reward for each of the context Requests.  Identifies the Request, Response, Reward triplets for each of the internally originating Requests..  

· Identifies the status/trend of components and underlying technologies, both AsIs and CanBe.  
	

	d.  
Functional Analysis and Architecture
	· Identifies the key functions, features and constraints as well as the Success Factors.  

· Performs a Change Mode and Effects Analysis (CMEA) to highlight the functionality for system self-adaptation and self-alignment as well as system functions that enable collaboration with [many] interfacing systems while ensuring system integrity.  

· Synthesizes alternative framework and module architectures to explore the MOE payoff surface.  

· Performs Failure Modes and Effects Analyses (FMEA).

· Nominates the preferred architecture in terms of the effect its implementation may have on Problem Space and on the implications of reuseful or edicted components.  
	

	e.  
Solution Definition
	· Must encompass; a) span of whole system (e.g., operate, adapt, align, initialise, reset, modernize), b) depth of technology and interrelationship limitations and c) dynamics of system archetype.

· Estimates gap between AsIs and ToBe across all components and technologies including their evolution implications.  

· Clarifies expected constraints on rates of learning and proficiency of changes and selects set points.

· Identifies gradients for: 1)Operations vs Adjust and Align, vs 2) Efficiency vs. Diversity vs. 3) Automation vs. Learning.  Discovering the policies that enable quality and cycle time while ensuring Return on Resources and Rate of learning.

· Performs Buildability Risk Assessment.  

· Transforms the architectural concept to framework /infrastructure design and verifies sufficient agility, response ability and goal-seeking behavior considering rate of change and parsimony (cost of change).  
	

	f.  
Trades (Assessment and Selection)
	· Performed at all levels such as stakeholder, concept, design/architecture, and engineering and component selection.

· Allocates authority to Operations, Co-Adjust and Co-Alignment capabilities and relationships.  Allocates authority and accountablility to components.  Specifying component/infrastructure relationships.
	

	g.  
Integration
	· Seeks to preclude integration through whole engineering of whole systems; a)design surveillance to ensure understanding and convergence, b) updating of system model to identify emerging discrepancies, c) updating of context and intent models to identify emerging discrepancies, d) etc..
	

	h.  
Verification and Validation
	· Spans development, activation, initialisation, and on-going operations/evolution phases.  

· Identifies and resolves effects on collateral systems.

· Confirms sufficient system availability capability to sustain Continuous Availability at Zero Defects.  Typically neccessitates Auto V&V.
	

	i.  
System Operation
	· IE is operated as a continuing experiment.  

· Seeks to calibrate gradients of quality, cycle time, shareholder value and learning.

· Rate of change and permission for local changes requires a high fidelity, executable model of the enterprise.
	

	j.  
System Maintenance
	· Largely performed on-board (within system)
	

	2.  
SE Strengths
	· Harmonizing; a) the demands of stakeholders, b) the thermodynamics of the situation with the capabilities of materials, information, decision, people and systems technologies, and c) degree of agility vs. cost of control.
	

	3.  
SE Challenges
	· Modeling, especially implicit and autopoietic systems.  Methods and tools for unified models that are directly executable.  Due process of design decisions despite multiple overlapping changes.  Designing systems that maintain a model of themselves and contain sufficient SE competencies to adapt and align both model and system.
	

	4.  
SE Tools
	· Expression, animation and simulation of a unified model in both static and dynamic aspects.  Attention to ontology-as well as function.  Prompts synthesis as well as analysis.  Enables responsive and accurate configuration and change management through V&V of resulting system.  Must design not only to permit evolution but also to dynamically validate system integrity
	

	5.  
SE-related Standards
	· International:  ISO 9000, GATT, Legal and national boundaries.

· Industry: EIA 632, EIA 731, OMG, bpmi

· Plethora of Best Practices.
	

	6.  
Domain-Motivated SE Opportunities
	· As domain members inevitably choke on complexity, collaboration, decision cycle time, and cost of error when attempting to cope with hypercompetition they will increasingly rely on the competencies that can SE an IE.  
	


4.x.3
Technology Profiles

Materials:  Continuing and perhaps accelerating evolution.

Information:  Long overdue breakout from a 40 year old IT paradigm by disruptions such as Visualization, Multi-media, Semantic Web,

Decision:  Multi-attribute, Bayesian Belief Networks, Agents, Selecting or generating patterns that suffice, Goal-seeking design methods, Continual verification of system integrity.

People:  Models of capabilities, competencies and characteristics including multi-cultural and multi-language.  Models of multi-party interaction outcomes.

Systems:  Understanding of new system classes (e.g. distributed), types (e.g. autopoietic and autocatalytic) and categories (e.g. homomorphic).  Specifying a unified model and ways of mapping to models of other disciplines.  Understanding the economics of systems and their effects on other systems.

4.x.4
Systems Engineering Challenges

System Manager: Competency and leadership to: a) ensure that design decisions, change decisions, reviews and baselines reconciliation are accomplished in the best order; b) establish high levels of intent, participation and enthusiasm regarding system effectiveness; clarify and risks and mitigations in meeting MOE’s and leveraging technologies.
Variety of system archetypes: Must address a spectrum of system types ranging from: a) simple input – process – output with hierarchical control to b) autocatalytic.

Extent of Method: Must span from the stakeholder’s value proposition in the problem domain to the component developer’s compliance in the Realization domain.

Relationship with Stakeholders; Must establish a relationship sufficient to enable convergence on Acceptance Criteria for; a) the problem suppression goals, b) problem suppression system capabilities and c) system gestation project parameters.

Relationship with System Realization Project(s); Must establish a relationship sufficient to enable; a) mutual and sufficient system ontology, b) understanding of the system model and c) convergence on a realized system that passes acceptance and is sufficiently modeled so as to be adjustable or modifiable as operational needs require.  

Harmonization of diverse technologies; Must produce a Design and Architecture that is consistent with technologies extant in the Realization project but also anticipatory of technology evolution thereafter.

Unified models and modeling; Must have the meta models and modeling expertise as well as affordable tools and systems that can capture a unified model of the problems system, problem suppression system and gestation system throughout the whole system life cycle and with the response-ability for changes to any.

Methods of comprehending static, first order, second order and third order dynamics; Must have the tools and comprehension aids to elucidate not only the dynamics of mass, momentum and energy conservation but also the dynamic stability gradients, limits and root causes.

Span of competencies for Enabling IE; This includes creative areas such as Implementation Strategy & Tactics such as “idea Marketing” and "activation energy.”  Also includes competencies in diplomacy, persuasion, coaching, and catalyzing organizational change to gain acceptance of IE concepts and opportunities and the need to pursue them.

4.x.5
Contacts

US = Jack Ring, jack@jackring.com
Euro = Allen Fairbairn, agf@applesys.demon.co.uk
Pacific Rim = Jeff Sussman, jeff@sussman.com
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