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T&C Vectors general introduction

The aim of this handbook is to introduce to the world at large, new systems engineering
perspectives. Though the book is intended for a technical audience, a general audience
may be in a position to appreciate T&C Vectors point of views and directions of
guidance. T&C Vectors encourages readers to appraise this book as a technical exercise,
involving activities of de-learning and re-learning. Eventually the book intends to
simulate a healthy workout for the mind. The language that’s been used is mildly
technical to allow an easy comprehension for an audience consisting of students,
professionals and accomplished experts.

Note: T&C Vectors is a firm specialized in enterprise engineering. Enterprise engineering
is a discipline of systems engineering in that it applies the knowledge of systems
engineering to the design, architecture and an efficient working of the enterprise. In
summary, the core purpose of the exercise is to add value to the people working within
the enterprise and the enterprise itself by using sophisticated learning methods and
engineering principles.

The theme can be described as an exercise in building a smarter world.



Chapter 1

The world is a complex space

An analysis of this world quickly reveals the inherent complexities that constitute
this real world. The real world is a world created by the accomplishments of humans
through the knowledge and experiences gained through scientific thinking and socio-
cultural behavior. Our observations however are strictly from an industrial & enterprise
perspective and it involves a system’s thinking methodology in analysis of this world.
The reason why a system’s thinking approach is the best qualified approach is because it
uni-dimensionally connects and converges disparate or heterogeneous styles of
scientific thinking.

By heterogeneous styles of thinking, we mean to suggest the division of information and
knowledge into subdivisions of science and engineering for the convenience of
comprehension and specializations.

A system’s analysis of the world reveals complexities arising from three critical
constituents of the enterprise ecosystem:

1. People

2. Work

3. Knowledge and information.

Let’s first discuss the people’s end of the spectrum. People natively belong to different
nations and cultures. They speak a wide variety of languages to communicate.

While we affirm this statement as a fact, it is important to understand how humans
developed cognitive faculties over an evolutionary period of time. The human mind uses
external symbolic storage and representation as a foundation to language and
communication. Once humans had a modern language faculty, they had the potential to
apply themselves in building a material culture.

You may understand that symbolic representation’s interpretation in the form of a
language meant drawing on a lexicon of sounds that we call words and each word
standing for a significant idea. The critically important thing about language is that the
sentence has more meaning than the sum of the meanings of the words of which it is
composed. Words operate more significantly in relation to their individual signified
meanings, and there are different ways, grammar and syntax among them which forms
the complex web of symbolic relations and eventually, interpretations.
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This makes languages a very complex medium of communication. In today’s world, the
language faculties have been extended to new functional skill sets and specializations,
from the industry and enterprise point of view.

Now let’s discuss the work end of the spectrum where work tasks range from low skilled
mundane tasks to extremely specialized industrial tasks.

Work from an industries perspective is classified into a multitude of domains viz.,
software, aviation, petroleum, engineering, chemicals etc. Each of these domains
requires its own level of specializations and skill sets. This makes it virtually impossible
for the human mind to think holistically ignoring the specializations.

Therefore, the word specialist reflects a very narrow context of domain. Naturally, this
gives an impression to the human mind that the whole world around, consisting of
disparate domains is actually a very complex space.

Now let’s discuss the knowledge and information end of the spectrum. Knowledge as
we understand is structured information about learning and inferences gathered from
scientific experiments. As in the work spectrum, knowledge exists in a multitude of
subjects and specializations.

It is because of these inherent complexities of the world space that we use systems
engineering technique to systematically simplify perspectives and impressions of the
world.

Before we move further, we would like to introduce a scientific term called entropy
which theoretically defines a degree of randomness or the disorderliness of a system.
This sets us into thinking in terms of real world forces that either add to the
disorderliness or tackle disorderliness.

The forces that add to disorderliness can be called as decay forces. Similarly, the forces
that fight disorder are called evolutionary forces. E.g. Fragmentation of nation states
into smaller territories or emergence of a wide variety of language dialects can be
considered as decay forces. Similarly, new inventions, discoveries, information systems
and formation of larger nation states like the Eurozone can be considered as
evolutionary forces.

A more precise way to characterize entropy is to say that it is a measure of multiplicity
associated with the state of objects and also a test of complexity.
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when “throwing dice”, throwing a seven is more probable than throwing a two because seven can
be produced in six different ways and there is only one way to produce a two. So, we could say
seven represents a higher disorder or higher entropy.

If a given state can be accomplished in many ways, it is more probable than one which
can be accomplished in only a few ways. E.g. when “throwing dice”, throwing a seven is
more probable than throwing a two because seven can be produced in six different
ways and there is only one way to produce a two. So, we could say seven represents a
higher disorder or higher entropy.

Comparing this to the tasks we do at work, some tasks are more disordered because
they can be accomplished in many alternative ways.

Why are we discussing this complex world space?

T&C Vectors has been set up to necessarily lay the foundation for a new beginning,
wherein the complex world space as discussed can be systematically simplified to allow
a simpler and clearer comprehension of the world, in turn instigating forces that are
evolutionary in nature, leading to the creation of a smarter world.



The evolutionary forces that we’ve been discussing can be summed up by a simple word
“change” — change in thought, action and existence. Physics students may interpret this
word in the form of differentiation in world space with respect to change in time.

The objective statement of purpose in the T&C Vectors vision document states, “it
intends to solve equations of changing times.”

The word change is scientifically called a fluctuation function that occurs before a sea
change is observed in the entire world space. In retrospect, consider the time before
computers were invented and consider the time today. Consider a fluctuation function
like the advent of internet or the world after the invention of search engines.

The reason why we reiterate these change functions is to inculcate patterns of historical
consciousness in human mind. Collective memory only simplifies, sees events from a
committed perspective and is impatient with ambiguities of any kind. It reduces events
to mythic archetypes.

In contrast, historical consciousness by nature focuses on the historicity of events that
took place then and not now, that they grew out of circumstances different from those
that are now. Memory by contrast has no sense of passage of time. It denies the
pastness of its objects and insists on their continuing presence. It is this behavior of the
mind that disregards the significance of these change functions that occur over long
periods of time.

Historical consciousness helps keep in perspective change functions over a discourse of
time and aids in a prepared adaptation to change and gives every significant change a
momentous recognition.



Chapter 2

Factorizing complexity by learning to observe

As the chapter name suggests, the goal of this chapter is to factorize the complexity that
was discussed in the previous chapter. We used observation as recourse to the
factorizing process.

Observation is an activity of assimilation/recording of data through human senses or
scientific instruments. Scientific method requires observations of nature to formulate

and test a hypothesis.

We also use the process of visualization or a visual paradigm to convey an inference. In
this context, our observations would be visually represented using varieties of matrices.

By first observations the world can be divided into two spaces:

1. The enterprise/institutional space
2. The public space.

Enterprise / Public Space
Institutional Space

Enterprise space is the space occupied by individuals carrying out industrial or work
activity e.g. factory.

Public space is the space occupied by an individual with respect to his private or
personal living space e.g. home.
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Our second step to factorizing complexity involves the classification of the enterprise
space and the public space into minor entities which we define as factors.

The enterprise space is factorized into the following factors:
1. People - people who work in enterprise/ institution
2. Product/service — products built by enterprises/ services offered by enterprises

3. Process —the methodology of carrying out any particular activity.

Enterprise System Constituent Entities

— Enterprise System

=a

Public space is again factorized into:
1. People — people in the private/personal living space

2. Process — the process by which people receive information about
products/services

3. Products — products that people purchase.



Further, enterprises are of three types:
1. Product/ OEM enterprises
2. Service enterprises

3. Distributor/Trade enterprises.

After our first level of factorization, we’re now in a position to draw out the first matrix
called the world matrix. The world matrix shows the possible interactions or
transactions between the two spaces, the enterprise space and the public space.

World Matrix:

Enterprise space Enterprise space

Public space Public space

The inference from the world matrix is that the transactions that occur in the world
space can be classified into:

Enterprise — Enterprise transactions
Enterprise — Public transactions
Public — Enterprise transactions
Public — Public transactions.

PwnNE
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In our next step to factorizing complexity, we draw out another matrix called the
transaction matrix. Transactions can be of many types as described below:

Transaction Matrix (Involving People, Processes and Products)

Products/Service People Process
. . Support, General
Enterprise to Enterprise Buy and sell, bp ..
S Knowledge communication
Distribute.
transfer. channels.
Enterprise to Public Buy and sell. Hire and fire. Advertising/Media/
other channels.
. . General
Public to Enterprise Buy and sell. X L.
communication
channels.
Public to Public . In person,
Buy and sell, Communicate, . p
e socializing forums.
exchange socialize, inform.

The Transaction matrix describes the possible types of transactions that may occur
between the entities of Enterprise and Public spaces.

1. Enterprise to

Enterprise

[PRODUCTS/SERVICES]:

This describes the

Products/Services that may be bought and sold between enterprises.

2. Enterprise to Public [PRODUCTS/SERVICES]: This describes product buy and sell
transactions between the enterprise space and the public space.

3. Similarly, Enterprise to Public [PEOPLE]: This describes the transactions between
the enterprise space and public space wherein people are hired for jobs or fired

from jobs

4. Public to Public space [PROCESS]: This describes transactions between people
through socializing platforms and channels.
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5. Public to Public [PRODUCTS]: This describes transactions where there is a
purchase, sale or exchange of products or services between people.

The other transaction types are self explanatory.

Analysis of the transaction matrix reveals the following examples of companies,
individuals and their activities in the world space:

1. Enterprise to Enterprise [PRODUCTS/SERVICES] - product for use by other
enterprises
a. E.g.IBM —servers for datacenters and enterprises.
b. GE — Aircraft engines for OEMs like Boeing/Airbus.
c. CISCO — Networking equipment for enterprises.
2. Enterprise to Public [PRODUCTS/SERVICES] —products for use by people
a. Microsoft — Windows operating systems.
b. Apple —Ipods, Iphones, Ipad.
c. Sony - Laptops, Video cameras.
3. Public to Enterprise [PRODUCTS/SERVICES]
a. Specialized consultancy services.
b. Art offerings.

4. Public to Public[PRODUCTS/SERVICES]

a. Houses, cars - sale and exchange.

v

Enterprise to Enterprise [PEOPLE]

a. Technical Support.
b. Knowledge transfer.
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6. Enterprise to Public [PEOPLE]

a. Hire People.
b. Fire People.

7. Public to Enterprise [PEOPLE]
a. Not applicable.
8. Public to Public [PEOPLE]
a. Communicate
b. Socialize
c. Inform

9. Enterprise to Enterprise [PROCESS]

a. Direct communication channels.
b. Advertising.

10. Enterprise to Public [PROCESS]

a. Advertising
b. Media, other channels.

11.Public to Enterprise [PROCESS]
a. Direct communication channels.
12.Public to Public [PROCESS]

a. In person —word of mouth.
b. Socializing forums.

We now introduce you to a term called “Circle of influence”. It is the area or region in
which each of the transactions described above have a valid scope.

For example, Sony sells laptops to the entire world. Therefore, its circle of influence is
total world. Similarly, companies may be region specific or nation specific. In that case,
their circle of influence would be regional or national.
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We’ve now learned how a simplified world looks through the world matrix and the
transaction matrix. However, let’s not forget this simplification is only a first step. We're
yet to deal with the inherent complexities associated with each of the entities of the
world matrix or the transaction matrix viz., [ Enterprise systems, Public systems, People,
Products, Processes ].

Let’s quickly run an exercise to observe each of the entities described above, from a
complexity perspective.

[ People ] — Belong to an array of nationalities, are native speakers of different
languages, follow different cultural habits and must still co-exist in the globalised world.

[ Enterprise Systems | — Exist as multi sized enterprises in a variety of domains.
Enterprises exist as protected, public or private enterprises and each having its own
level of innovations and specializations.

[ Products ] — Product constructs range from mildly complex to extremely complex
systems. They range from a pen or a chair to highly complex systems like gas turbine
engines, operating systems, nuclear power plants, aircrafts and naval ships. It may be
wise to remember that each of these complex products or systems go through decades
of iterative cycles of development in the evolutionary cycle.

[ Processes | — Processes exist in the enterprise domain as domain specific processes or
general enterprise processes. In the people’s space, these processes exist as a learning
process or a process by which an individual gains awareness about a particular product
or service through a media method.

[ Public Systems ] — Consist of heterogeneous spread of public spaces into urban and
semi-urban regions. It also consists of different regions having various degrees of public
infrastructure and information system infrastructures. It also consists of differential
educational systems imparting knowledge and skill for a significant contribution in the
enterprise space. It also consists of government systems structured in a variety of ways.
E.g. Center controlled or state controlled system. Public systems also consist of a variety
of heterogeneous markets.
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Chapter 3

Thinking objects & systems

As with our previous chapters, we begin our understanding with an exercise in
observation. An observation of the world space reveals that the world around us can be
classified into two:

1. Objects

2. Systems.

Observed from a distance, a pen is an object, a calculator is an object and a car is an
object. Usually objects can be classified as simple or complex. Simple objects are self
explanatory. Complex objects however involve interdependence of other simpler
objects forming an integrated whole. Such complex objects are also called systems.

For example, a car is a complex object, but is also referred to as a system. The car’s
engine is itself a complex object and therefore is called an engine’s system. Although
computer science teaches us car is an object of the car class, from a system’s
engineering perspective, the car can behave as an object as well as a system. This is
called polymorphicity of objects and systems. Thus the world has many such complex
systems viz., an Airplane, a Ship or an industrial enterprise etc.

All complex systems have interactions of object entities as mentioned earlier. Therefore
a system can be defined as a function as follows:

System = function of ( internal objects, processes )

If we define an engine system, it has many internal objects like cylinders, sparkplugs,
pistons etc., all working in a sequence of steps that is called a process.

Similarly, in the world of computer science, internal entities work in a sequence of steps
to complete a specified process or task.

This principle of systems can be extended to a variety of complex systems.

When we extend the system from a machine system to an enterprise system, another
additional parameter is added to the function i.e. people. Therefore,

Enterprise System = function of ( people, objects[products], processes )

In an enterprise system, people use processes to use products or to develop products.
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For example, in an enterprise system, people use the software development process to
develop a software product or people use auto components to produce an automotive

engine in a factory.

We’re nearly halfway down being declared as systems engineer but we’re not there yet.
Lets study a few working systems to decide a scientific purpose or a design goal of a

system.
T Inputs

Outputs

Every system normally has an input and an output function. The input and output
functions depend on the design goal of the system. This implies every functional system
belongs to a specific domain and the input and Output depend on the domain.

Input Output
Aviation enterprise system Assembly of Aviation Aircraft
components
Automotive enterprise Assembly of Auto Car
system components

Petroleum refinery system

Crude oil, refining process

Fuels (petrol, diesel etc.)

Computer mfg system

Electronic components
assembly

Computer
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Every system has a process and these processes can be classified as:

1. Specialized Processes
2. Generic Processes.

Specialized processes are those processes that are specific to a particular domain, for
example, automotive firms have a specialized process for the manufacture of cars.
Petroleum refinery has a specialized process for refining crude oil into fuel.

Generic processes are those processes which are common to every kind of industry for
example, marketing, sales, human resources (HR) etc.

Science and engineering foundations teach us to build the most efficient systems. In
other words, every system has a primary design goal to be able to extract maximum
useful work from the system and therefore, act as an efficient system.

We're now in a position to freely use the term enterprise engineering. Enterprise
engineering is a discipline of systems engineering in that it applies the knowledge and
methods of systems engineering to the system and architecture of enterprises. Its core
purpose is to increase the value of:

1. People
2. Processes and
3. Products.

Our goals henceforth would be to:
1. Build a smarter world by making or building smarter processes.
2. Making people smarter

a. The way they learn, think, work.
b. The way they communicate.

3. Making smarter products or services.
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Enterprise Engineering

Smarter People

Smarter Processes

Smarter Products

We’ve already learned how complex the people, process and the product ends of the
spectrum are. So, let’s work our way through.
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Chapter 4

The Eight Steps to Brilliance

Before we move ahead, we need a ground up course in a function oriented thought. We
presume you understand the definition of the term ‘function’.

For example,

Function Draw Circle ( Radius r ) —is a function that draws a circle with input parameter

(.

r.

Similarly, function Eat ( Item | and Weight Xgms) — is a function that represents the
process of consuming a particular food ‘I’ in quantity ‘X’gms.

Similarly, a function Work ( Task T, Hours H ) — is a function that represents a process
of doing H hours of Task T.

From these functions, we infer that any activity or task performed by a machine or a
human can be represented in a function oriented terminology. You may also infer that
this terminology is a departure from the usual language constructs used by humans. It is
this deviation in the thought process that differentiates a normal world from a
programmed world.

Software professionals and scientific personnel may be aware or acquainted with this
style of thought process. Those professionals who are in the software field may further
recognize a variety of styles of programmed thinking or functional thinking in the form
of a variety of programming languages that are available as an option today.

The programming languages differ from each other on a scale whose one end
represents a verbose style and the other end represents a purely functional style.

Example - Visual Basic is a language that’s closer to the verbose end of the scale while
the programming language C# is closer to the functional style of the scale.

This re-orientation in cognitive faculty is the first step into building smarter people. We
can infer that people who have a background in functional thinking are better suited to
be professional programmers.

The functional style of thinking actually disregards fluency in natural languages or
traditional symbolic representation of language. It is with this assumption that the
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measurement of intellectual capacity differs from traditional methods of intellectual
capacity measurement whose basis has a very strong traditional language orientation.

Having learnt basic theory of function oriented thinking, we move ahead to learn about
a proprietary set of functions introduced by T&C Vectors. This set of functions is called
the TEFS [T-Enterprise Free-Scaling Smart] Functions or the INTELLIGENT DESIGN
function set. This function set has two representations:

1. Simple
2. Complex ( Recursive )

Let us first define the simple function set and understand the meaning of each individual
function.

1. Execution Function - The process of doing any task or activity. In the context of
software development process, execution would mean programming. In the
context of automotive industry execution would imply the process of
manufacturing or assembling auto components to build a car or automobile.

2. Design/Structural function - The process of creating a blue print or a template
using creativity, innovation, engineering and science.

In the context of automobile industry, it would mean creating a template or
design blue print of a car or an automobile. In a software context, it would mean
architecting an application based on design theory or structural engineering
theory. The same principle may be extended to other domains like architecture
of a building.

3. Data/Storage functions — This function represents the process of storage in a
physical world or storage of data in the digital world. In the context of an
automotive industry, storage would imply storage of inventory, materials etc. In a
digital context like software, information would be represented as data.

4. Risk function - The process of assessing risk or mitigating risk in any domain. In
the software context, this would mean security functions in a software
application or in the context of automotive industry, it would mean safety
features and characteristics incorporated into manufacturing of a car or
automobile.

5. Optimization function — This is the process of completing a task in the most
efficient way. In the software context, it would imply optimization algorithms. In
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automobiles context, it could mean fuel efficient way of running an automobile
engine. From a logistics & transportation point of view, it could mean shortest
route delivery channels.

6. Enabler function — This is a pre-requisite process or task required to complete
the succeeding task. In the software context, it could mean a pre-requisite
framework like the .NET framework for the running of an application. In a
computer hardware context, an electrical power supply is an enabler for the
hardware machine. In the automobile context, the robotics, welding machines
and hoists are classified as enablers to the Manufacturing process.

7. Rules and Boundary Condition Functions — As the name implies, it is the set of
rules or principles which govern the working of any process or system. In the
software context, it would imply the business logic and rules of a software
application. In the automotive context, the rules would imply the principles of
Otto cycle in the functioning of an engine or the physics rules of vehicle stability.

The boundary conditions imply the maximum permissible values of variables of a
system or process. E.g. In the automobile context, it could mean the maximum
weight of the vehicle or the maximum dimensions of the vehicle or its maximum
speed. In a software application context, it could mean maximum number of
users who are permitted to use the application or maximum speed of data flow.

8. Exception Functions — These functions represent an unusual occurrence or
exceptional event occurring in a process or a system.

We have now completed the description of the simple form TEFS functions or the
INTELLIGENT DESIGN functions. Our focus now shifts to what these function sets can be
used for in different domains and systems.

We understand we are in a pursuit to make the people, processes, products and the
system on the whole a smarter space. This function set has the power to intelligently
define products, people, processes and the system as a whole.

Before we move ahead, describing the complex form of the intelligent design function
set, we would study the applications of the simple function set in a variety of domains.
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Automotive Engine System:

Execution — The continuous running of the engine.

Storage — The storage of fuel during fuel injection.

Structure — The forged framework of the engine where the pistons move up and down
in the cylinder generating power.

Risk — Gaskets, bushings, washers to disallow the spillage of oils, hydraulics, fuels etc., or
engine cooling system.

Optimization — Optimized fuel/air ratio, optimized sequential process of sparkler timing.
Enabler — Battery power to allow spark up or start up power.

Rules/Boundary conditions — Otto cycle principle/process of combustion using
programmable processors. Boundary condition implies engine capacity of 1.2Ltr or
1.4Ltr.

Exceptions — Exceptional heat or temperature rise in the engine or exceptional fuel
consumption.

The functions and the examples that we have described above are for a sample purpose
only. A real engine function set would contain far more functions.

Automobile Engine System

Enabler - Battery for startup
and spark up power |

Optimization - Optimized fuel / air ratio

_cooling system of

sk the engine Risk - Bushings & Gaskets
Execution - Continuous running
of engine Structure - Forged
Storage - Storage of fuel framework of the engine

in the compression cycle
from the fuel injection

pump



23

Computer Hardware Systems:

Execution - Operation of the computer processor for computation and calculation.
Design /Structure — The structure is represented by the cabinet or the outer casing.
Data/Storage — Storage of data is in the hard disk or in the memory, in the physical
computer system

Risk - Cooling systems for the processor and the electronics. Or regulated voltage
stabilization or RAID - replicated data in duplicate disks.

Optimization — Optimization of electrical power consumed by the processor, optimized
storage and indexing of data in hard disks.

Enabler — Power source ( AC source )

Rules/Boundary Conditions — Rules and logic are governed by the mother board or an
Operating System to run the computer by management of memory/process scheduling.
Exception — Memory faults, hard disk failure, processor overheat.

Computer Hardware System
Rules / Logic

Mother board

E— Risk - Processor cooling fan

Boundaries _ Memory . Execution - CPU (Processor)
Conditions (4 slots)
Risk - Voltage
Design / Structure - stabilization
- Monitor P Enabler -

| Power Supply
Ir,-' == l
{

i ’

Output
utpu g

Data/ . Hard Disk
Storage

Design / Structure -

Cabinet or outer casing
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We have now seen two examples of using the TEFS Functions or the INTELLIGENT
DESIGN Functions to define the working of two machine systems. A similar principle can
be used to describe software systems and a variety of other systems.

We would now move ahead to learn the definition of an enterprise system.

Enterprise Systems:

Execution — Manufacturing/Product development by the people working in an
enterprise.

Design/Structure — design of the enterprise building or organizational structure or the
hierarchy of people.

Data/Storage — Storage involves storage of inventory, materials and finished products.
Data involves information related to people, tasks, products etc.

Risk — Information security or production quality and physical security of the enterprise.
Optimization — Efficient process of manufacture or development of products e.g. Lean
manufacturing.

Enabler — Office working space or working capital.

Rules — Enterprise, governance, rules and policies.

Exceptions — Unusual incidents in the enterprise space.

We can now represent this function set in a pictorial diagram representing the
enterprise system:
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We now extend this intelligent design function set to define a nation system.
Nations Systems or Nations expressed in systems parlance:

Let us take a country or a nation on earth. E.g. USA.

Execution — is represented by Industries, enterprises and national economy.
Design/Structure — Division of nations into nation states with governance at national
level as well as local level.

Data/Storage — All the information related to citizens, establishments etc.

Risk — National security and defense services.

Enabler — Government frameworks and constitutions.

Rules/Boundary conditions — Geographical boundaries of the nation and various
national laws for the public and private space.

Optimization — Optimization of industrial space, housing space and forest space.
Exceptions — Untoward incidents, Recessions or wars (External or internal).
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