Planning is unrealistic

No, thanks

45% of functions
never used once

Low success rate — therefore it doesn't exist
16% successful Average cost over-run 89%
31% failed Average time over-run 122%
53% partial

Why projects fail

Serious money

$81bn cost of failed projects
$59bn cost of over-runs

1: Incomplete requirements  13.1%
2: Lack of user involvement  12.4%

3: Lack of resources 10.6%
4: Unrealistic expectations 9.9%
5: Lack of executive support 9.3%
6: Changing reqs/specs 8.7%

7: Lack of planning

8.1%

8: Didn't need it any longer 7.5%

@ Copyright Technology Australasia Pty Ltd 1998- 1999
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Small is beautiful

The larger the project,
the longer the schedule,
the bigger the chance

there is of failure

Nature of problems

5 Requirements
3 Management
0 Technical

Sources: Standish Group 1995 & 1996
& Scientific American, Sept 1904,

TAA-AGBOT-001481-3

FINNISH CHAPTER OF INCOSE

SYSTEMS ENGINEERING FLYER

ISSUE 2

OCTOBER 2004

www.finse.org



Commerce Decisions

AWARD for Buyers

Simplify Proposal Evaluation

AWARD is a unique software tool built specifically for procurement professionals
to empower them through the proposals evaluation, bidder selection, contract
negotiation, and document analysis stages of an acquisition.

AWARD drives better value for money decisions by giving the buyer more control
over the buying facts plus more defensible decisions through an automatically
generated audit trail. Allows the buyer to focus on buying and removes the
cumbersome administrative overheads of scoring and collating results.

Award contract faster — up to 50% faster

Drives better value for money from suppliers
More defensible decisions — automatic audit trail
Simple real-time visualisation of the results
Collaboration between buy teams is made easy
Quicker and easier to set up than a spreadsheet

Benefits procurements of all sizes and budgets

International HQ / UK - Commerce Decisions Ltd, Magdalen Centre, Oxford Science Park,
Oxford, 0X4 4GA, UK Tel: +44 1865 784350 sales@commercedecisions.com
www.commercedecisions.com

Nordic Countries and Baltia — MiddleWare Oy, Sinimaentie 8B, FIN-02630 Espoo, Finland
Tel: +358-9-270 682 90 hannu.snellman@middleware.fi www.middleware.fi

USA / Canada — C-Systems International, LLC, 7686 Richmond Highway, Suite 112
Alexandria, VA 22306-2800, USA Tel: +1 703-650-1100 rodney@csystemsonline.com
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France / Rest of Europe - STAR-ACHATS, 9/11, rue Benoit Malon 92156 Suresnes, France
Tel: +33 1 46 14 87 28 thierry.kolton@star-achats.com




21 Principles of Systems Engi-
neering

Robert J. Halligan
Project Performance International
rhalligan@taa.com.au

Introduction

Thirty five years of practicing the engineering of
systems, and thirteen years of teaching the disci-
pline worldwide through public and in-house train-
ing courses to the world’s best enterprises, has lead
me to the conclusion that principles are everything.

A principle is a guideline. A principle provides the
direction.

Principles are not laws. Laws are immutable, typi-
cally governed by the physics of the universe. But
principles — they are the shining lights, the beacons
that guide us to the promised land. From principles
flow processes. Sound processes implement valid
principles. From processes flow software tools.
Tools, selected wisely, can bring about efficiencies
that are not otherwise possible in implementing
principles.

I have found that the principles of systems engi-
neering apply to the engineering of any system,
whether a new military capability system, a public
infrastructure system, or a chip for use within a cell
phone. This short article outlines 21 principles that
I have found to be the most valuable for achieving
great results in the engineering of systems.

The 21 Most Important Principles in the
Engineering of Systems (Systems En-
gineering)

Principle 1: Capture and understand requirements,
measures of effectiveness (MOES), goals and rela-
tive values of outcomes before committing to the
solution to a problem.

Principle 2: Ensure that the requirements (must be
met) are consistent with what is believed will be
possible in solutions at the time of physical imple-
mentation, i.e., are feasible.

Principle 3: Treat as goals desired characteristics
that may not be feasible. Note that “treat as a goal”
means that solution alternatives will be sought and
alternatives evaluated in pursuit of the goal, to an
extent which depends on the relative importance of
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the goal in relation to other goals.

Principle 4: Define system requirements, measures
of effectiveness (MOES), goals and solutions hav-
ing regard to the whole of the (remaining) life cy-
cle of the system of interest.

Principle 5: Design a solution by dividing the big
problem into a set of individually well-defined
smaller problems, i.e., by defining the required
characteristics of each element of the solution (in-
cluding both product and process elements).

Principle 6: Use sequential solution development
(waterfall, grand design, “big bang”, etc) for de-
sign, where requirements (etc) are well defined and
stable, and solutions are relatively simple or well
understood.

Principle 7: Use incremental development where
requirements (etc) are well defined and stable, but
solutions have risk due to technology and/or due to
complexity.

Principle 8: Use evolutionary development where
requirements (etc) are as well defined as is possible
in the circumstances, but remain inadequately de-
fined, or are subject to change.

Evolutionary development should not normally be
used as an alternative to capturing what is known
and knowable about the problem.

Principle 9: Use a stage-based, stage gate, risk
(and opportunity)-driven style of development as
an overall strategy for solution development.

Principle 10: The systems engineering process
elements (requirements analysis, physical design,
logical design, effectiveness evaluation and deci-
sion, specification writing, verification, validation,
system integration and engineering management)
exist within the context of sequential, incremental,
evolutionary and risk-driven styles of development.
Design the development process to match the na-
ture of the problem, using the SE process elements
as building blocks.

Principle 11: Maintain a distinction between the
statement of the problem to be solved and the de-
scription of the solution to that problem, for the
system of interest and for each element of the se-
lected solution. Note that “the statement of the
problem to be solved” is expressed in terms of
requirements, measures of effectiveness, goals and
value relationships.
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Principle 12: Baseline the statement of the prob-
lem to be solved and the description of the solution
to that problem. Control changes to requirements
(etc) and to design, maintaining traceability to the
applicable baseline.

Principle 13: Identify and develop solution alterna-
tives that are both feasible (i.e. can meet require-
ments) and are potentially the most effective.

MOEs could include, for example, development
cost, unit cost of production, time-to-market and
other measures unrelated to capability of the solu-
tion when used.

Principle 14: Respect, nurture, and reward knowl-
edge of relevant solution technologies, creativity
and innovation.

Engineering processes are worthless without
knowledge of relevant solution technologies. Crea-
tivity and innovation enable better solutions. Other
SE principles help transform good/great ideas into
good/great solutions.

Principle 15: Develop solutions for relevant ena-
bling systems concurrently, and in balance, with
the solution to the system of interest.

An enabling system is a system which makes pos-
sible the creation, or ongoing availability for use,
of the system of interest during some part of its life
cycle, e.g. a production system, a maintenance
system.

Principle 16: Except for simple problems, develop
logical solution descriptions (description of the
logic of how the solution is to meet requirements)
as a means of developing physical solution descrip-
tions (description of how to build the solution).

Principle 17: Be prepared to iterate in design to
drive up the benefit, to the stakeholders we are
serving, of the outcomes of design.

Principle 18: Select between (feasible) design al-
ternatives, based on the evaluation of expected
benefit to applicable stakeholders, i.e., on expected
effectiveness. The term “expected effectiveness”
refers to effectiveness which incorporates uncer-
tainty, thereby reflecting risk and opportunity.

Principle 19: Subject to level of risk, independ-
ently verify work products (is the job being done
right, i.e., does the work product meet the require-
ments for that work product, with optimum effec-
tiveness?).
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Principle 20: Subject to level of risk, independ-
ently validate work products (is the right job being
done, i.e., does the work product meet the need for
that work product?).

Principle 21: Some management (planning, orga-
nizing, motivating, measuring and exercise of con-
trol) is needed to achieve the effective and efficient
transformation of requirements (etc) into solution
descriptions - this is unlikely to just happen.

In Closing

Having considered these systems engineering prin-
ciples, now consider their application to the engi-
neering of software. It is any surprise that systems
and software engineering are converging, as evi-
denced by the Rational Unified Process (RUP) —
strongly based on systems engineering principles.
As evidenced by CMMI, for which a common ref-
erence model of systems and software engineering
has been the outcome. As evidenced by SysML,
running parallel with UML under common leader-
ship by the OMG, with inevitably the two converg-

ing.

Now consider the applicability of these principles
to the engineering of non-systems: engineered
items that are not usefully viewed as being con-
structed of interacting components. Email me with
your thoughts.

A New Approach to Systems
Engineering

Jeremy Dick, Jonathon Chard, Renate Stuecka,
Telelogic

What is the relationship between requirements
management and system modeling? How should
they work together? Answers can be found by
discussing these questions from a process per-
spective. Requirements management and sys-
tems modeling complement each other, together
delivering advantages to the systems engineer.

To precisely understand the needs of a system engi-
neer the following definition by INCOSE is helpful:
“Systems Engineering is an interdisciplinary ap-
proach and means to enable the realization of suc-
cessful systems. It focuses on defining customer
needs and required functionality early in the devel-
opment cycle, documenting requirements, and then
proceeding with design synthesis and system vali-
dation while considering the complete problem®.
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Systems Engineering integrates all the disciplines
and specialty groups into a team effort forming a
structured development process that proceeds from
concept to production to operation."

From this description, it is clear that system engi-
neering is a wider discipline than software engi-
neering alone, covering the development of com-
plex entities of which software forms only a part.
There is a strong emphasis on requirements man-
agement, starting very early in the development
cycle with business and customer statements of
need. As the system is designed into sub-systems
and components, the need for software components
is identified, and the disciplines of software engi-
neering become relevant as part of the overall sys-
tems engineering approach.

A key feature of systems engineering is the use of
layers of design to manage complexity. Figure 1 —
drawn from Telelogic’s training course entitled
“Effective Requirements Management” — shows a
typical division of the systems development process
into layers. The top layer addresses the overall
need, and is a definition of the problem in the lan-
guage of the stakeholders — those who benefit
from, use, or are otherwise affected by the system.
Subsequent layers address the solution to be pro-
vided, at first abstract, then becoming more and
more detailed.

Requirements Management Essentials

Requirements management covers the following
key concerns:

Requirements capture: How to elicit, capture
and express requirements in a clear, unambigu-
ous way.

Requirements presentation: How to organize
and present sets of requirements as documents.
Requirements analysis: How to trace the effect
and satisfaction of each requirement through
the design layers.

Change management: How to understand the
impact of changes up and down the levels of
requirement.

Configuration management. How to manage
the evolution of sets of requirements relating to
version and variants of a system.

Page 5

Statement of need Operational use

validating the product

Stakeholder
Requirements

Acceptance

test

|

satisfies

verifying the system

System

Requirements test

[

| System

sabisnes qualifying the subsystems

Subsystern
Reguirements

satisfies

[ J

Figure 1: Typical layered approach to systems engineering
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Requirements management has a role to play at
each level of system engineering. The traceability
of requirements between layers is a key discipline.

Systems Modeling

Modeling supports the analysis and design process
by introducing a degree of formality into the way
systems are defined. Rather than relying purely on
text and pictures, modeling allows the definition
and structure of a system to be visualized using
diagrams. It is essential to distinguish between pic-
tures and diagrams: Pictures are informal graphical
representations and can be used in an entirely ad-
hoc way. Although frequently used as an aid to
communicating ideas, they usually require explana-
tion of the meaning to be useful. Diagrams, on the
other hand, are a formalized graphical representa-
tion where graphical entities have standardized
syntax and in some cases semantics.

This makes diagrams a much more suitable medium
for understanding and communicating, as the ex-
planation of a diagram’s meaning is standardized.
Some of the major benefits of modeling are:

It allows system specification and design to be
visualized in diagrams using a precisely defined
vocabulary consistent across the system.

It allows consideration of multiple interacting
aspects and views of a system.

It allows validation of some aspects of the sys-
tem design through animation.

It allows progressive refinement towards de-
tailed software design, permitting test case gen-
eration and code generation.

It encourages communication between different
organizations by using common standard nota-
tions (in the case of UML 2.0).

UML (the Unified Modeling Language™) which is
an industry-standard managed by the Object Man-
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agement Group™ (OMG™) (www.omg.org), sup-
ports the definition of many aspects that can be
found in almost all systems.

Tying Requirements Management and
Systems Engineering

How are requirements management and systems
engineering tied together? Figure 2 summarizes the
key concept by comparing the relationship between
requirements management and systems modeling to
a club sandwich.

Figure 2: Requirements management/modeling
sandwich

In this analogy, requirements management is the
“bread and butter” of the development cycle. What
is a sandwich without the bread? However, re-
quirements alone are a little dry; the filling pro-
vided by system modeling holds the bread together,
and makes the whole rather more interesting. It is
both the bread and the filling that make the sand-
wich.

Requirements management and system modeling
are entirely complementary. Requirements man-
agement traditionally focuses on the capture of
concise expressions of atomic textual requirements
and supporting informal pictures contained in
documents. It also covers change management
through impact analysis enabled by traceability. A
key strength of Telelogic DOORS, the market lead-
ing requirements management tool® , is the ability
to create and publish sets of requirements as docu-
ments, and yet be able to process the individual
statements in those documents as valuable items of
data for the purposes of change management, ver-
sion control and traceability.

In contrast, modeling is concerned with the graphi-
cal representation of multiple views of structured
information offering the ability to check coherence
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across the whole system through use of a central
data dictionary. Thus modeling can assist the engi-
neer in developing a consistent terminology across
all requirements. The notations used assist in the
elicitation of system information and structure, by
guiding the engineer to ask the right kinds of ques-
tion to complete the model. These capabilities are
provided in the DOORS/Analyst tool.

In this context it is relevant to mention that full-
blown UML 2.0-based systems and software devel-
opment tools such as Telelogic TAU offer addi-
tional powerful capabilities not available in
DOORS/Analyst. This includes the possibility of
simulating and animating the model to aid in the
validation process, and the ability to generate code
when the model is detailed enough to constitute a
complete software design.

However, the system model is not the requirement.
Many engineers make the mistake of believing that
the system model is itself a sufficient statement of
the requirements. This is not the case. Even if the
UML model is detailed enough to allow code gen-
eration, there are aspects of the system — espe-
cially non-functional requirements, such as per-
formance, safety, ease-of-use, etc. — which are not
captured in the system model. These additional
requirements have to be tracked and test cases de-
signed against them. This requires the existence of
an RM activity along side the modeling.

There are also difficulties in using the model alone
as a contractual statement; in most cases, cus-
tomer/supplier agreements still expect or require the
use of textual documents to express the contract.
The models may appear in the form of diagrams
within those documents, but the diagrams alone are
usually an insufficient basis for a contract.

The typical layered approach to systems engineer-
ing is a way of dividing and conquering the com-
plexity involved in many of today’s systems: an
essential prerequisite to facilitate an engineering
process which nearly always spans multiple organi-
zations. A different organization may be carrying
out each layer of engineering. The layers represent
levels of abstraction.

Modeling should occur at all levels, but at different
degrees of abstraction. This means that the same
entity may play a different role in the models at
each layer.

Attempting to manage several layers of abstraction
in a single model adds complexity. So rather than
attempt to combine various representations of the
same entity in a single UML model, an approach is
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to build separate models at each level. Some details
of the last model will be used to seed the next
model, but the role of the various entities will
evolve and become more detailed through the lay-
ers. Techniques of traceability can be used to map
the correspondence between the models across lay-
ers.

Modeling provides the design rationale and sup-
ports the design activity. It assists the engineer in
understanding enough of the system to decompose
the requirements at a particular level into the next
level down. The requirements themselves are a
complete snapshot of what is required at increasing
levels of detail. Modeling is where most of the crea-
tive work takes place, resulting in a design docu-
ment containing the diagrams of the model and
textual explanations, rationale and context.

Conclusion

Interlocking of the disciplines of requirements
management, represented by the capabilities of
DOORS, and of system modeling using UML 2.0
respectively is provided by DOORS/Analyst. The
following benefits are accruing from an effective
process integration of requirements management
and system modeling:

e System modeling adds formality to the design
process that lies between each layer of require-
ments.

A clear audit trail justifies key
decisions - Making the right
choices for achieving value for
money (VM)

John Thompson CEO - Commerce Decisions Ltd
UK john.thompson@commercedecisions.com
Www.commercedecisions.com

Throughout any major procurement project it is
necessary to make a series of vital decisions. First,
decisions have to be taken to initiate the project.
Then decisions regarding the procurement route
and the feasibility of the project have to be taken.
Further decisions have to be made about the na-
ture of the contract to be awarded.

Ultimately prospective partners have to be chosen
based on the assessment of various proposals and
presentations. At each point valuable resources
are being committed. It therefore makes good

e System modeling supports the construction of a
consistent vocabulary for the textual expression
of requirements.

e The design rationale gathered around the sys-
tem model becomes the rationale for traceabil-
ity between layers of requirements.

e The structure of the system model can be used
to give structure to the requirements document.

e System models can be embedded in system
design documents. These can provide textual
context for the system model, giving rationale
for design choices, explanations of diagrams,
etc.

e Impact analysis can be carried out uniformly
through requirements and models.

e Non-functional and performance requirements
not captured in the model can be managed as
textual statements.

Point of Contact:

Ronnie Johansson, Sales Director

Telelogic Finland Oy

Mikonkatu 8A

FIN-00100 Helsinki

Phone: +358 9 2310 1300 or +46 706 924625

! (http://www.incose.org/practice/whatissystemseng.aspx)
2 "What are your requirements?" 2003, The Standish Group.
2003. www.standishgroup.com

business sense that a proper audit trail clearly
justifies why each and every key decision is taken.

Perhaps the most contentious decision is that of
the appointment of the preferred bidder and the
subsequent trade-off decisions in the negotiations
leading to financial close. It is at this point in the
programme that the successful project manager
can drive value for money (VfM) in the final con-
tract by taking informed, auditable decisions.

These decisions need to be well informed in order
to provide an optimal basis for moving forward
with the preferred bidder. In the case of govern-
ment contracts they need to be auditable to com-
ply with legislation, and to protect the awarding
authority from legal challenge.

Recent EU legislation presents various options for
challenge by losing consortia, and such legal chal-
lenges are becoming commonplace in Europe just
as they have been for many years in the more
litigious US market. These legal options are avail-
able to UK bidders under European law.
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Speed and cost

The need to apply rigour to the process of deci-
sion-making must not result in slow or indecisive
progress in the procurement. All the time that
multiple suppliers are engaged in the process, the
eventual losing bidders are incurring costs that
they can not recover from the project.

A failure to minimise bidder's costs can damage
future business relationships and may reduce
competition on future competitive procurements.
We believe that to achieve significant improve-
ment in the quality, auditability and timeliness of
decision-making, the use of best practice method-
ologies, supported by purpose-built software
tools, is required.

The challenge

If it is accepted that decision-making must be
transparent and executed against a best practice
methodology, achieving it is actually a task of
considerable difficulty both in terms of admini-
stration and as an intellectual exercise.

The decision to appoint a particular consortium as
preferred bidder will depend on many factors. The
largest project we have supported analysed 1,750
factors (or criteria). Even a relatively simple
scheme may involve the analysis of each proposal
against 150-200 key criteria in order to differenti-
ate the competitors, and determine the most prom-
ising areas for negotiation.

No single person or advisor is likely to be expert
on each of the factors. So it is necessary to take a
collaborative approach, with subject-matter ex-
perts scoring appropriate criteria. These experts
may work for different organisations at multiple
locations. Best practice suggests that each crite-
rion should be analysed independently by multiple
experts, who then develop a consensus score, en-
suring there is no individual bias.

Against each criterion, multiple scores may need
to be recorded. As well as recording a basic score,
a more robust decision can be taken if other in-
formation such as the risks, uncertainties and in-
novations associated with the bidder's approach to
the particular issue are recorded.

The total number of scorecards required can there-
fore be calculated from the following formula:
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Number of score cards = [number of crite-
ria] * [average number of independent
assessors per criterion] * [number of
score types (e.g. score, risk)] * [number
of bidders]

Most major public or private procurements require
the completion of thousands, or even tens of thou-
sands of scores to properly and robustly analyse
all the issues involved in the proposal before
awarding a contract. Each of these scores needs to
be based on auditable evidence, and the scores
themselves need to be collated into a defensible
report for decision makers, with the extraction of
the key differentiators between consortia from the
mass of data.

When presented with this administrative challenge
many project directors and managers turn to the
spreadsheet and, as the spreadsheet starts to grow
in complexity, the problem of managing it is
sometimes handed over to external advisors.

The use of spreadsheets has been found to be
problematic, and purpose-built commercial off-
the-shelf (COTS) software products are now
emerging to enable the procuring organisations
and their advisors to better tackle the problem.

Lack of a trail

Spreadsheets do not keep good audit trails. They
can record a score, but the rationale behind the
score and links to the evidence from the bid
documents are not well supported. The reasons for
arriving at a particular consensus score for a fac-
tor, after collaboration between appropriate ex-
perts, is usually lost, leaving the project open to
accusations of arbitrary scoring of proposals.

Secondly, spreadsheets do not support the various
roles and workflows involved in complex pro-
curements. It is essential to separate the process of
creating and weighting criteria structures from the
process of recording scores against criteria. If an
assessor is simply answering questions without
prior knowledge of how the answers are to be
analysed, it is much easier to make a case that the
analysis has not been biased. Additionally a
spreadsheet does not tell its users what work they
need to do, and which tasks are most important. A
spreadsheet is also not good at coping with in-
complete data, making it hard to make early con-
clusions, even if competing proposals are well
differentiated.
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Tools such as AWARD™ provide much more
appropriate support to the project teams. Once an
evaluation model is established in the tool, score-
cards are automatically issued to the appropriate
people, either to their web-browser or via email
for off-line users. The scorecards capture ration-
ales and evidence links back to the bid documents.
Web-search-type capabilities are provided to rap-
idly locate relevant information in proposals.
Tools of this nature ensure that important criteria
are addressed first, reducing the time required
before a bidder can be accepted or rejected.

The manager of the evaluation can closely moni-
tor the progress of his team, and see the results as
soon as they emerge. Feedback from users indi-
cates that, on average, the proposal evaluation can
be completed 40% more quickly, and that losing
bidders can be provided with robust debriefs, so
helping to maintain relationships in the future.

Methodological difficulties

In addition to the administrative difficulties in
making procurement decisions there are also a
number of 'intellectual’ or methodological difficul-
ties in arriving at a transparent verdict.

The first is how to measure and audit decisions
concerning 'soft' issues. The very nature of major
procurements means that soft issues beyond tech-
nical requirements are often extremely important.
However, these issues are not always addressed in
a manner which would stand up to scrutiny or, in
the case of public sector procurements, in court.
'‘Gut feel is just not good enough'. Decision pa-
rameters must be laid out before proposals are
returned and, critically, strong evidence must be
presented to justify value judgements made by the
team or individual.

It is quite acceptable to reject a bidder due to poor
perceived performance on 'soft issues' such as
partnership or trust. However, to do this there
must be an objective framework established to
measure the soft issue. For example, partnership
could be measured by taking up and recording
references from the supplier's other partners, or by
measuring various aspects of the past performance
of the supplier on similar contracts.

Even measuring more straightforward, hard, re-
quirement-led criteria can be challenging. If the
requirements and criteria are too prescriptive, the
project may not benefit from the technical and
innovative expertise of the bidding organisation.
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If the requirements are too open-ended or high-
level, key issues will be missed until after the
contract is signed, creating expense and embar-
rassment for all concerned.

Additionally, establishing decision-making mod-
els is made more difficult because of the need to
engage a potentially wide stakeholder group in
agreeing the criteria, weightings and measurement
scales to be used.

There are a number of best practice methods
available in the public domain for addressing
these challenges. Fundamentally all of these
methodologies can be described as hierarchical
decision-making processes (HDMP) an example
of which is multi-attribute choice elucidation
(MACE) which is the methodology preferred and
published by the UK MOD in their Acquisition
Management System (AMS), and used widely on
major defence projects.

At their heart, these methods provide a mecha-
nism for measuring and optimising the value for
money (VfM) offered in supplier proposals. What
is meant by value clearly varies significantly be-
tween projects. The value of a leisure centre is
different from the value in a school or defence
system. Processes such as MACE instil the disci-
pline of building the value-for-money (VM)
model early in the project.

The model, and plans for how it is to be used once
bids are returned, should, critically, be owned by
the procuring authority. This is considered best
practice and recent documentation from the UK
Office of Government Commerce (OGC) also
emphasises planning of the decision-making proc-
ess.

We believe that wider application of auditable
decision-making processes such as MACE, par-
ticularly in the PFI/PPP community, would result
in better value-for-money (VfM) schemes and a
more motivated supplier base.

Conclusion

Thoroughly and comprehensively understanding
bidders' proposals and comparing them properly
and fairly are very difficult. However, when the
stakes are so high financially and politically for
both procurer and bidder in the public sector, the
task has to be done properly. Often, to provide
ease of administration and audit, the task is per-
formed in an over-simplistic manner which leads
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to a weak negotiating platform and unnecessarily
high legal bills. This is because a thorough under-
standing of the proposal is not grasped early
enough in the process.

Best practice processes, such as UK MOD's
MACE, do exist in the public domain, and using
them results in a much more auditable and robust
approach to bid assessment and supplier selection.
However, until recently the lack of appropriate
tools has meant these approaches can be unwieldy
and time consuming, increasing bidder's costs.

Recent developments in the software industry
have led to the creation of software tools which
specifically address the business problem of mak-
ing high-value auditable decisions. These allow
best practice to be followed, but also enable the
process to be untaken more quickly, saving costs
for both procurer and bidder.

Commerce Decisions' AWARD™ software has
supported private and public-sector procurement
projects worth over £16 billion, including £4 bil-
lion of PFI in the defence, education and leisure
sectors. Contact in Nordic is Hannu Snellman;
hannu.snellman@middleware.fi

The application of sound sys-
tems engineering principles to
Pre-Feasibility Study for
Talvivaara Mine

Vesa Kainulainen, SapTech Oy
Managing Director
vesa.kainulainen@saptech.fi

www.saptech.fi

Introduction

Talvivaara Project is aiming to open a cost-
effective Talvivaara Mine operation in year 2009.
This 300 MEUR major mining project requires a
well defined project guidelines and processes.
From the beginning of the project it was clear to
the Management of the Talvivaara Project that
better end results would become with applying
systems engineering principles. Despite the
Talvivaara Mine do not require substantial system
development a sound systems engineering will
give instrument for easier project management
and later on a good base for systems acquisitions.

This article describes the scope of work required
during the Pre-Feasibility phase of the project
(figure 1).

2004 2005 200K 2007 2008 2009
== -

Pre-F easitnlity Study emen 31.10.2004

TEKES Project 31.12.200

Feasibilty Study 31.12.200f

Ervironmental Studies 1.10 2006

Detalled Design
and CCCTEEE EEELEEEITE 31122087
Engmneenng

Contracting CCTUTT TTETES 1.4.2007

Infrastructure, buildings, etc
construction and systems [reesnssnnnan 31122007
commissioning

Tahavaara Open Pit
Miming Starts

s

Metal Recovery

Praducton Stars |

Figure 1 The Master Schedule of the Talvivaara
Project.

Talvivaara Mine

The Talvivaara Ni-Cu-Zn-Co-S deposit occurs in
the southern part of the Kainuu schist zone. The
anomalous grades of black schists have been
known from geological mapping and prospecting
carried out in the early 20th century. Geological
Survey of Finland decided to continue exploration
of the Talvivaara area in 1977. This exploration
program was a systematic evaluation of the black
schist zone in the area and led to the first estima-
tion of the mineral resources of the Talvivaara
deposit. Talvivaara ore contains several metal
sulphides:  pyrite,  pyrrhotite,  pentlandite,
sphalerite, chalcopyrite and alabandite. The aver-
age metal content (cut-off 0.15% Ni) in Kuusi-
lampi and Kolmisoppi deposits (figure 2) is fairly
close to each other being 0.29% Ni, 0.15%Cu,
0.57%2Zn, 0.024% Co, 8.6-10.6%S and 7.5-
8.3%C.

Figure 2 Kolmisoppi and Kuusilampi open pits.
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Pre-Feasibility Study

The Talvivaara Mine main process is described in
Figure 3. It consists of 8 different processes, each
performing one or more of the 4 generic primary

functions: Transform, Transfer, Store or Manage.

Open Fit Mining Bio Heap Leach Crushing

Frimary Crashing el

Figure 3 The main process of the Talvivaara Mine

Each process requires a system (figure 4) to sat-
isfy the need to perform (execute) the functions of
a process and to deliver the required outputs. Per-
forming (executing) and delivering the required
outputs each system has its specific costs (acquisi-
tion and utilization costs) and effectiveness.

Input Output

— ) m—

System, which consists
of a System Breakdown
Structure

Figure 4 A System and a System Breakdown Struc-
ture

The following Systems have been identified from
the main process (figure 3):

—  Mining System

—  Materials Handling | System

—  Bioleaching System |

—  Materials Handling Il System

—  Bioleaching System Il

—  Metal Recovery System (combination of
Cu,Zn, Ni, Co and S)

Administration and Infrastructure processes are
required to support the main process.

Figure 5 shows the Scope of Work (all high level
work) required for the Pre-Feasibility Phase study
of the Talvivaara Project.

The main purpose of the breakdown of the work is
to create deliverables (documents and models)
such a way that they are easier to manage and
maintain during the Pre-Feasibility Study process.
The final integration of the work is done when
combining all relevant information to the
Talvivaara Pre-Feasibility Study document.

For each process (figure 3) and its system (figure
4) a User Requirement Statement (URS) and fol-

= lowing list of documents/models shall be created:

—  Operating Concept Report

—  Support Concept Report

—  System Breakdown Structure Model
—  Life Cycle Cost Model

—  Effectiveness Model

Operating Concept

System Breakdown
Structure Model

Support Concept Life Cycle Cost Model
Report

User Requil
Statement (URS)

Geology Plan Talvivaara

Document
October 2004

Pre-Feasibility
Study
Plan
TEKES Project Infrastructure
Concept

Figure 5 The Scope of Work for Pre-Feasibility
Phase

Summary

One of the purposes of the Pre-Feasibility Study is
to produce documentary that each statement or
parameter can be easily traced and justified ie.
audited by third party. On the other hand the work
will produce a good knowledge base for acquiring
the required systems from the suppliers in the
future.

Systems engineering principles give a sound basis
for both above purposes and easier control of the
project.

More information:

— www.talvivaara.com
— www.saptech.fi
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Course Venue: Radisson SAS Royal Hotel, Runeberginkatu 2, Helsinki, Finland ST“:_‘E'EA“D
Tel: +358 969 580 Fax: +358 20 1234 743 Web: www.radissonsas.com
Course Fee: EUR1,975.00 (regular fee), EUR1,777.50 (earlybird/group fee)

Military, commercial, other government, consultants ....

If your enterprise, in performing projects having an engineering content, consistently meets budget and schedule and delights its stakeholders with the
products of its work, then this course is not for you. If there is room for improvement, this course will provide a strong foundation for achieving improved
results on technology-based projects. The course, already delivered to over 2000 delegates worldwide, addresses systems engineering as it is understood
and practiced in world class organizations (developer, acguirer, and supplier). The course provides an integrated approach to the set of management and
technical disciplines which combine to optimise system effectiveness, enhance project and product success, and reduce risk.

What people have said about this course:

- "Presentation skills and style: AWESOME!” - delegate, Raytheon, USA R Y ki (@
- "The teaching style was very effective” - delegate, The Boeing Company, Seattle, USA for CPD purposss (80 hours).

- "Thank you for a very engaging and interesting course™ - delegate, BaAe Systems, United Kingdom

- "Good overall presentation, handouts and references, knowledge of topics coversd™ - delegate, Simrad AS, Norway

- "Have got a great deal from the course. Thanks! | will personally recommend the course to colleagues and training personnel” -
delegate, Aerosystems International, United Kingdom

- "Defimition of the scope of SE. Proof of effectiveness. Practical use of the toolkit. These points come in a package which is very helpful” - delegate,
Swedish Space Corporation, Stockholm

Further details and registration at www.taa.com.au, or email Maryanne Murphy at mmurphy@taa.com.au.

Praject Performance International, PO Box 2385, Ringwood Morth, Vic 3134, australia

Tel: + 61 3 9874 7345 Fax: + 61 3 9876 2664 ABM 33 055 311 1
Email: contact@taa.com.au Web: www.taa.com.au

Project Performance International is a trading name of Project Performance {Australia) Pty Ltd.

& Project Performance (australia) Pty Ltd 2004 PRA-YMOT-00Z551-01
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i

When it comes to systems engineering, many of the world’s leading
companies, Nokia, BAE SYSTEMS, DaimlerChrysler, Lockheed Mardn and

|
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' IcC.

requirements. And it's not just world-class organizations that recognize the
power of Telelogic DOORS, Here’s whart leading analvsts say:
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“Vhe most complete fifecyele integration” — Metagroup™ T

With endorsements like these, isn’t it ime you put Telelogic DOORS on
vour shortlist?

*Bead more atwarw. relelopic.com fanalyst

Discover requirements-driven development!
Call: +46 [0)40 17 67 29

Email: patrick.kranglin@telelogic.com ;7-3 I e! Ogi c

Visit: www.telelogic.com/finse Requirements-Driven Innovation
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KOKEMUKSIA VAATIMUSHAL-
LINNAN JA VAATIMUSMAARIT-
TELYN SOVELTAMISESTA

Mika Hyvarinen, RAMSE Consulting Oy
mika.hyvarinen@ramse.fi

Yrityksiin, tuotteisiin, jarjestelmiin sek& palvelui-
hin kohdistuvien odotusten ja vaatimusten merki-
tys on alettu ymmartdd yha paremmin - erityisesti
epédonnistuneiden hankkeiden seurauksena. Vaa-
timuksia asettavat lukuisat eri tahot. Sidosryhmik-
si kutsutut tahot voidaan jakaa siséisiin ja ulkoi-
siin. Ulkoisia sidosryhmia ovat omistajat, rahoitta-
jat, toimittajat, alihankkijat, viranomaiset, tarkas-
tuslaitokset jne. Parhaimpana esimerkking siséi-
sistd ovat tietysti kayttajat.

Vaatimusten systemaattinen hallinta onkin erés
projektien laadun ja riskienhallinnan parantamisen
keino. Hyvin hoidettuna se tuottaa yrityksille hyo-
tyina onnistuneet projektit ja tuotteet, mika nakyy
varmasti my0s taloudellisessa tuloksessa. Téaté
mieltd ovat RAMSE Consultingin konsultit Mar-
kus Renlund, Veli Taskinen, Mikko Horto, Miika
Hyvdrinen ja Riitta Sutinen, jotka ovat soveltaneet
vaatimushallintaa erityyppisissa investointi ja
kehitysprojekteissa.

Mistd vaatimustenhallinnassa on
pohjimmiltaan kyse?

Eikd jokainen tytssadan hallitse vaatimuksia péi-
vittdin? Eiko vaatimuksia tiedeté ilman vaatimus-
tenhallintaakin? Kyll&, jokainen hallitsee jotenkin
vaatimuksia pdivittdin, mutta sitd ei aina tehda
systemaattisesti. Tavoitteita ja toiveita ei kuiten-
kaan mielletd vaatimuksiksi. Vaatimuksista tiede-
t4an ja maéritellddn osa, mutta niit4 ei ole osattu
ilmaista selkedsti. Kaikkia sidosryhmien odotuk-
sia ei useinkaan ole ilmaistu vaatimuksina ennen
tuotteen tai palvelun hankintaa, suunnittelua ja
toteutusta. Ne tulevat valitettavan usein esille
vasta jarjestelmad tai palvelua kdytettdessa, miké
nékyy kayttajien tyytymattomyytend ja lisdkus-
tannuksina sekd toimittajalle ettd sidosryhmille.
Suuren vaatimusjoukon hallitseminen onkin vai-
keaa ilman oikeita menettelytapoja ja -tydkaluja.

Vaatimustenhallinta voidaan n&hda vélineena,
jonka avulla muunnetaan eri sidosryhmien tarpeet,
odotukset ja toiveet yksiselitteisiksi, suunnitteli-
joiden ymmartamiksi vaatimuksiksi seké hallitaan
tata vaatimusjoukkoa hankkeen kaikissa elinkaa-
ren vaiheissa. Kyseessé on siis tapa vélittd4 sidos-

ryhmien tarpeet suunnittelijoille heidan ymmar-
tdméssddn muodossa. Tdméa voidaan tehda pienes-
s& projektissa hyvinkin vahdiselld dokumentoin-
nilla, mutta suurissa ja monimutkaisissa hankkeis-
sa tarvitaan enemman systematiikkaa ja panosta.

s 4B

Surestainin

|

Millaisissa hankkeissa systemaattista
vaatimushallintaa sitten kannattaa
soveltaa?

Periaatteessa sitd voidaan soveltaa melkein mink&
tahansa hankinta- ja kehittdmisprojektin tai hank-
keen yhteydessd. Vaatimushallinnasta saadaankin
suurta hyotyd mm. kehitettdessd uutta jarjestel-
mé&d, hankittaessa suuria jarjestelmia sek& esim.
turvallisuuteen liittyvien jarjestelmien suunnitte-
lussa. Samoin ulkoistettujen palveluiden hankin-
nassa vaatimusmaéadrittelyilld saadaan selkeét ja
yksikasitteiset ehdot ja laatumittarit sopimuksiin.
Tietojarjestelmien valinta- ja hankintaprosessiin
RAMSE on siséllyttanyt vaatimusméérittelyn ja
tarvittaessa projektinaikaisen vaatimushallinnan.

Mita hyotya vaatimushallinnan
soveltamisesta on?

Tietojarjestelmén valintahankkeissa systemaatti-
nen vaatimushallinnan menetelmd on edellytys
kattavalle tietojarjestelmén maéérittelylle, joka
varmistaa sen, ettd sekd toimittaja ettd asiakas
tietdvat millaista tietojarjestelméa ollaan valitse-
massa. Hyvin madritelty tietojarjestelm& mahdol-
listaa vertailukelpoisten tarjousten saamisen ja
vaatimusdokumentaatio on my6hemmin apuna
myos sopimuksen laatimisessa. Vaatimushallin-
nan avulla saadaankin parempi kokonaiskuva
tuotteeseen tai jarjestelmdan kohdistuvista vaati-
muksista, tuotteen testaus ja hyvaksyntd helpot-
tuu, tuotteet vastaavat paremmin eri osapuolten
tarpeita sekd pystytddn paremmin hallitsemaan
muuttuvia vaatimuksia. Merkittdvdnd hyo6tynd
pidetddn myo0s sitd, ettd kayttajat ovat tyytyvdi-
sempid hankittuun jarjestelméan, kun he ovat
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paasseet vaikuttamaan siihen jo aikaisessa vai-
heessa. Sidosryhmien osallistaminen kehittamis-
ty6hon onkin yksi tdrkeimmist4 onnistuneen muu-
toksen hallinnan tai jarjestelman kayttoonoton
edellytyksisté. Osallistuminen auttaa myos projek-
tin lapiviemist ja ndkyy aktiivisena projektityos-
kentelyna.

Vaatimushallintaprojekteissa esiin tulleita kéytén-
non haasteita ovat hyvien, yksiselitteisesti ilmais-
tujen vaatimusten Kirjoittaminen, térkeiden sidos-
ryhmien edustajien saaminen mukaan, osapuolten
mahdollisten eturistiriitojen havaitseminen, vaa-
timusten kommunikointi sekd vaatimusméaéritte-
lyiden aloittaminen oikeassa vaiheessa (ei liian
myo6héén eikd liian aikaisin). Hyvén vaatimuksen
pitéisi olla todennettavissa eli osoitettavissa, ettéd
vaatimus on taytetty. Vaatimushallinnan sovelta-
misen haasteena nahdéaén liséksi suunnitteluorien-
toituneisuus: lahdetddn mielellddn heti suunnitte-
lemaan jarjestelméaa tai palvelua ennen kuin kun-
nolla tiedet&an, mita sidosryhmat todella odottavat
ja tarvitsevat. Vaatimushallinnan ja vaatimusméa-
rittelyn yleistymiseen erilaisissa hankkeissa voi-
daan vaikuttaa mm. lisdédmall& vaatimushallinnan
koulutusta sek& korkeakouluissa ettd yrityksissé,
ottamalla vaatimushallinta nykyistd nakyvampéna
menetelménad projektiprosesseihin, palkitsemalla
vaatimusten madrittelyyn osallistuvia henkiloita
tekemastddn tyostd sekd ottamalla sidosryhmét
mahdollisimman kattavasti mukaan projekteihin.

Mitéa vaatimusmaarittely on?

Vaatimusmadrittely on osa vaatimushallintaa ja
siihen voidaan katsoa sisdltyvdn sidosryhmien
tunnistaminen, sidosryhmévaatimusten méaritta-
minen, sidosryhmdvaatimusten katselmointi, jar-
jestelmdvaatimusten méarittely, jarjestelmévaati-
musten Kkatselmointi sekd vaatimusten allokointi
jarjestelmén osille.

Sidosryhmien priorisointi on monesti haasteelli-
nen tehtavd, ja eri sidosryhmilld voi myods olla
hyvinkin erilaiset intressit, jotka voivat aiheuttaa
ristiriitaisia vaatimuksia. Vaatimusmaérittelyis-
tuntoihin ei useinkaan ole mahdollista ottaa mu-
kaan kaikkia sidosryhmid vaan téytyy keskittya
trkeimpiin. Méérittelytyon ulkopuolelle jaanei-
den sidosryhmien vaatimukset tulee kuitenkin
huomioida. Sidosryhmid analysoitaessa tulee
huomioida myds ne sidosryhmat, joilla on nega-
tiivinen intressi jarjestelm&& kohtaan. N&itd ovat
tyypillisesti esim. ryhmaét, jotka kokevat uuden
jarjestelmén olevan uhka tai ryhmat, jotka uhkaa-
vat jarjestelmad kuten varkaat.

Sidosryhmavaatimusten maarittdminen liian yksi-
tyiskohtaiselle tasolle voi johtaa siihen, ettd ’hu-
kutaan’ vaatimuksiin ja kokonaisuutta ei hahmote-
ta selkeasti. Liian yksityiskohtaiselle tasolle vie-
dyt vaatimukset voivat olla seurausta siitd, ettd
mahdollinen ratkaisu tunnetaan etukéteen. Asian-
tuntijat esittdvat usein myos jarjestelmavaatimuk-
sia tai —ratkaisuja. Vaatimushallinta-asiantuntijan
tehtavana on selvittdd nédiden takana olevat sidos-
ryhmdavaatimukset. Vaatimusten maéarittdmisen
yhteydessa on syytd maarittdd myds niiden toden-
tamistavat, mikd on tarkedd myohemmin, kun
halutaan varmistua jarjestelmén ja vaatimusten
vastaavuudesta.

Vaatimusten priorisointi on suhteellisen selkeéa,
kun jarjestelmd rakennetaan yksille markkinoille.
Useille markkinoille tarkoitetun jarjestelmén ky-
seessd ollessa vaatimusten priorisointi on huomat-
tavasti vaativampi tehtava.

Madritetty sidosryhmévaatimusjoukko hyvéaksy-
tddn katselmoinnissa. Katselmointi on samalla
hyvé tapa sitouttaa henkil6t ja antaa heille kom-
mentointimahdollisuus.

Jarjestelmavaatimukset liittyvat johonkin ratkai-
sukonseptiin. Ratkaisukonsepteja voi olla useita-
kin, joista sitten valitaan joku jarjestelméavaati-
musten Kirjoittamisen pohjaksi. Yleensd tehddén
konseptivertailu valinnan helpottamiseksi. Kon-
septiksi tulisi valita parhaiten vaatimuksia vastaa-
va konsepti.

Kaiken kaikkiaan voidaan todeta, ettd hyvin hoi-
dettu vaatimushallinta antaa hyvat evéat niin pro-
jektin suunnitteluun kuin toteuttamiseenkin.
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