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Introduction

The process of design, regardless of the field in
which it occurs, is nothing more or less than an
exercise in problem solving. Even if a road designer
has unlimited funds so that the road he ultimately
produces is a dead straight line on a constant
gradient between two known points in space, he
would still have to do a few sums to work out what
the bearing of the road is and its gradient.
Unfortunately, unlimited funding is a myth and any
engineer dedicated to sticking an object on the
earth's surface overlooks the topography at his peril.

Introduction

The intention of this lecture is to introduce a
technique whereby problem solving can take place in
a reasonably orderly and disciplined fashion.
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Systems Analysis

Systems analysis as a problem-solving technique
first saw the light of day during the Second World
War, when it had the name of operational research,
a name that is still in use today amongst
mathematicians.

Their concern is however more with the exercise of
optimising a solution to a problem rather than
seeking a solution.

Systems Analysis

For example, containerisation requires that empty
containers be dropped off at certain points and
then collected after the passage of some or other
specified period of time by which time they,
hopefully, would have been loaded.

The haulier can increase his profitability by a
substantial margin if he can plan his activities in
such a way that the distance covered by his trucks
and the time taken in dropping and collecting
containers is minimised.
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Systems Analysis

The first application of operational research was
however involved in the development of radar for
use by the Royal Air Force.

The problem was the detection, by whatever
means, of the incursion of the Luftwaffe into
British air space and the warning given to the Air
Force had to be sufficiently early to allow them to
get out over the Channel to intercept whatever was
coming across.

The British therefore spent a little time working
out how best to approach the problem and what
they came up with was operational research.

Systems Analysis

Engineers are invariably involved in dealing with
systems, in our case transportation systems, and
we tend to concentrate on the systems analysis
aspects of operational research while the more
mathematically inclined concentrate on the
optimising aspects of the discipline.
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The Structure of Systems Analysis

Systems analysis is nothing more or less then the
essence of common sense. All it really does is to
force the analyst to follow a fixed sequence of
events and to ensure that each step in the sequence
is completed before the next is tackled.

All would-be designers would thus be well advised
to make systems analysis a deep-rooted part of
their very natures so that it operates at an almost
instinctive level.

The Structure of Systems Analysis

Systems analysis comprises five basic steps.  

These are:

1. Problem definition;

2.  Development of alternative solutions;

3.  Selection of the optimum solution;

4.  Implementation of the optimum solution; and

5.  Monitoring of the outcome of implementation
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The Structure of Systems Analysis

The steps follow in sequence but also allow for
feedback loops from each step back to the first. It
can occur that the development of a solution brings
about insights that may modify the original problem
definition. Once the selected solution is
implemented, the situation is changed. For
example, a road has been built and it opens up a
new area for development. This leads to the
development of a new set of problems that require
definition and solution.

The Structure of Systems Analysis

Problem definition lies at the heart of systems
analysis. It can generally be stated that the
definition of a problem very often suggests
possible solutions.

A PROBLEM DEFINED 

IS A PROBLEM SOLVED
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The Structure of Systems Analysis

Surprisingly enough, problems are frequently not
properly defined before attempts at solution are
essayed. A single sentence statement such as "
We need a road from A to B" often constitutes the
total approach to problem definition. As a result of
this lack of definition it is not to be wondered at
when the solution turns out to be less than an
unqualified success.

Having defined the problem, it is necessary to
develop as many solutions as the designer's
imagination permits. This follows because it is
only in the classroom that a problem has a single
correct solution.

The Structure of Systems Analysis

In engineering, there are invariably numerous
possible ways of resolving a problem. The "best"
solution can only be found by exploring all the
options and comparing them. It can also happen
that one generation's optimum solution is not that
of a succeeding generation, so that history could
have the effect of turning a right answer into a
wrong answer.

As a case in point, the settlement of Black workers
remote from their place of employment was at one
stage perceived as the answer to White urban
safety.
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The Structure of Systems Analysis

The fact that a politically silenced majority was
required to spend more time travelling to and from
the workplace than actually working was regarded
with indifference. Times changed; the Black
majority rules and the previous “correct” solution
has been consigned to the scrap heap.

At some stage, the game has to stop and a
decision made regarding the selection of solution
to be implemented.

The Structure of Systems Analysis

Invariably, this decision is not for the designer to
take, but it is vitally important that the decision
maker be presented with all the options including
the consequences of the adoption of one option
over another.
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Problem Definition

Problem definition commences with a goal that must
be achieved.

In order to achieve the stated goal, a variety of
objectives may be called for. Enhancement of the
quality of life may require a lessening of noise in
urban areas, a reduction in air pollution, an
elimination of visually intrusive objects such as
industrial smoke stacks, etc.

It follows that the extent to which the individual
objectives are met dictates the extent to which the
goal is achieved.

Problem Definition

The moment that reference is made to the extent to
which any objective is achieved, it becomes clear
that a measure of the objective is required. A
criterion must be set. If it is not possible to set
such a criterion, the objective is valueless and the
likelihood of achievement of the goal lessened.

In the case of noise pollution in an urban
residential area, a criterion could be the number of
decibels measured at a point some distance away
from the centreline of the road.
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Problem Definition

The analyst must therefore lay down a standard,
e.g. 70 dB measured at a point 30 metres away
from the centreline.

Having defined the goal, the objective, the
criterion and the standard, an observer is finally
in a position to go out and take a measurement on
the basis of which it can be said that the standard
has been met so that the criterion is satisfied and
the objective thus achieved.

To the extent that the objective supports the
original goal, the analyst can then say that the
solution proposed addresses the envisaged goal.

Problem Definition
It very seldom happens that the path from goal to
standard does not split. A single goal can be
achieved by pursuing more than one objective and
any one of these objectives can be subject to more
than one criterion.

Noise may be measured in decibels, but another
feature of sound is its pitch.

A high pitched scream could be more upsetting
than a base rumble, even though the dB level is
the same. It is thus possible that noise pollution
may have to be described in terms of different
criteria.
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Problem Definition
The analyst's problem has now become more
complex. The likelihood that one solution will meet
all criteria better than another is low.

One solution may produce a lower noise level but
at a far higher pitch than another and the question
then to be addressed is 'Which of the solutions is
the better?'

In systems analysis there is a need to compare
apples and bananas and this is achieved by the
use of value functions. A value function is typically
a multiplier which equates one criterion to another
and, more often than not, is determined on a fairly
subjective basis.

Problem Definition

For example, it could be said that a marginal
number of decibels gives rise to a reduction of x %
in the value of adjacent properties, whereas a
marginal increase in pitch causes a y % decrease
in property values. Use of such a value function
makes it possible to secure a comparison between
the two criteria of noise.

No problem exists in a vacuum and the analyst
MUST not lose sight of the environment in which it
occurs. The environment includes social,
economic, political and natural factors.
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Problem Definition
As part of the process of problem definition, it is
necessary to identify all the external factors that
may possibly impinge on the problem solution.
Solutions developed must then be tested against
this environment to see if it can accommodate
them.

As stated initially, no designer ever has a free hand
in developing his problem solution. Various
restraints are brought to bear on the matter, the
chief of which are usually financial. Apart from the
fact that there is never enough money to satisfy the
wilder excesses of the designer, the problem
solution must also be economic.

Problem Definition

A solution to congestion may be found in adding
lanes to a freeway, but the cost of construction
must be weighed up against the value of savings in
time, reduction in accidents which carry a penalty
in terms of fatalities, injuries and property damage
and the value attached to convenience and so on.

It may be found that instituting a mass transit
facility using existing infrastructure could be a
more cost effective answer to the congestion on
the freeway. In this case, the solution is provided
not by the geometric designer but by an expert in
mass-transit operation which highlights the fact
that a proper process of systems analysis tends to
be multi-disciplinary in nature.


