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Problem orientation
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Problem oriented development processes
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2¢ Enabling development through problem transformation
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How attitudes to risk can influence development
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as part of a wider adequacy argument building framework
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Expanding applicability of problem orientation

s How far can it go?
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“We can start with the obvious statement that
engineering Is a problem solving activity.”

Walter Vincenti (1990)
‘What engineers know and how they know it’
Johns Hopkins Press
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A view of software engineering

‘Engineering refers to the practice of organising the design and
construction of any artifice which transforms the physical world
around us to meet some recognised need’

G.F.C. Rogers (1983)
“The Nature of Engineering’
Macmillan Press
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A view of software engineering

‘Engineering refers to the practice of organising the design and
construction of any artifice which transforms the physical world
around us to meet some recognised need’

G.F.C. Rogers (1983)
“The Nature of Engineering’
Macmillan Press

Recognised need Physical World Artifice
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Problem orientation

2¢  Our challenge is to understand a problem and to create a fit-for-purpose solution

What is a problem?
How to develop problems using transformations
How to show fitness for purpose
How to make better use of expertise
What are the limits of extensibility?

Which tools are needed?
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A farmer writes ...
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The Farm

9% May, 2006
‘Dear Su/ Madam,
1 have a problem!

1 have a sluice gate that was imstalled three

1 need to be able to raise, lower and stop the
sluice gate.

Water stiould flow for ten nunutes every three

¢

Can you help me?

Yours sincerely,

A. Farmer

(O
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Sluice gate problem ...

Sluice Gate
Water

Manual and
Automatic
Control

Farmer

Controller
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Manual > 7

and Automatic |

Control 7/ N
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N

Sluice
Gate

/

N Farmer

installed three years ago

flows in the field, controlled by the Sluice Gate

Controller

The Farmer should be able to raise, lower and stop the Sluice Gate.
The Sluice Gate should allow water to flow in the field for 10 minutes

every 3 hours
operates the Sluice Gate in manual mode

to be found
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ransforming problems ...
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Restatement to make it more workable
¢ Interpretation
Decide solution structure

o developing code

\

2¢ architecture
Giving different perspectives on the problem
a¢ logical, physical

\/
N
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different stakeholders

[HROS] Jon G. Hall and L. Rapanotti. A framework for software problem analysis.
Technical Report 2005/05, Department of Computing, The Open University, 2005.
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Interpretation: using experience ...
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The gate is the SGVert
model
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Sluice gate problem ...

Sluice Gate
Water

Manual and
Automatic
Control

Farmer

Controller
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flows in the field, controlled by the Sluice Gate

Controller

The Farmer should be able to raise, lower and stop the Sluice Gate.
The Sluice Gate should allow water to flow in the field for 10 minutes

every 3 hours
operates the Sluice Gate in manual mode
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Sluice gate problem transformed...
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o | Water

~ ~
Manual > 7

and Automatic )

Control 7/ N
- - N

Controller

N

N Farmer

Sluice Gate | SGVert model of Sluice Gate, with behaviour specified by the manual
Water flows in the field, controlled by the Sluice Gate

Manual and | The Farmer should be able to raise, lower and stop the Sluice Gate.
Automatic | The Sluice Gate should allow water to flow in the field for 10 minutes
Control | every 3 hours

— g o
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Farmer  operates the Sluice Gate in manual mode C H C,_=,=
Controller to be found COMPUTING
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To solve this...

..transform the problem...

... and solve ...
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Farmer

Controller

Controller

To solve this...

..transform the problem...

... and solve ...
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Are there risks In the transformation ...

The Open University

r 6.

¢ What if the farmer was wrong about the date of installation?
* What if the sluice gate was five years old when it was installed?

% What if the farmer bought the Italian SGVert Model of sluice gate?

% What are the risks of a wrong assumption?

% What are the risks of running ahead of justification?

2 Who should be responsible?

¢ What can we do to manage the risks?
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Avoid the risk
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Sluice
P Water

AT TN, Gate
¢/ Manual P

and Automatic | ~ controller

Control 7/
SN2 N ~
N
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N Farmer

iInspect
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Avoid the risk
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lgnore the risk
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Adequacy
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¢ Adequacy arguments justify the adequacy of a solution and establish a form of
rich traceabllity between problems and solutions.

uoljewIOjSuUeR.]
wie|qold asim-delg
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—xploring the solution ...
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Generally accepted that choice of solution structure can influence problem
development
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expertise often exists and is expressed in solution terms

A
N

¢ reuse certainly happens in the solution space ...
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... and can make the most difficult problems trivial to solve

A\

2 trade-offs affect problem development
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A problem of style ...
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¢ Journal editor needs an article editor that ensures the journal’s format is used
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,  Journal =

Formatting \

Reqgts /
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N

Author | presents ideas in an Article

Article ' a document

Journal's
formatting reqts

Editor ' to be found
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A problem of style ... requirements

The Open University

cost-effective solution
needs excellent print quality
available for all platforms

good usability

O o g g ad

no intellectual property rights of reuse
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A problem of style ...
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26 wants to consider a LaTeX environment as the Editor basis
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Author | presents ideas in an Article

Article ' a document

Journal's
formatting reqts

Editor ' to be found

Copyright (c) 2006, Jon G. Hall

—

~

—

Author

Editor

'

Article

T
/

the Article should be formatted in the Journal’s style

(O
The Open University

Journal editor needs an article editor that ensures the journal’s format is used
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A problem of style ...

Al
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Journal editor needs an article editor that ensures the journal’s format is used

26 wants to consider a LaTeX environment as the Editor basis

Editor
|11 I
Author ] |
-~ - = ~. _ - I
¢ Joumal T LaTeX LaTex | |
\ OrRmat N9 | | Envit Style I
< eas
RN L1 |
Al Article 111 |
Author | presents ideas in an Article
Article | a document
J'ourna/ts the Article should be formatted in the Journal's style
formatting reg's
Editor | LaTeX Environment (known) with LaTeX Style (to be found) _C R c =
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A problem of style ...
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Journal editor needs an article editor that ensures the journal’s format is used

26 wants to consider a LaTeX environment as the Editor basis

Author

— — -—
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¢ Journdl LaTeX LaTeX

Formatting ) \
nt
\ Redls 7 Env Style
~ _ N
— — ~
~
~

Al Article

Author | presents ideas in an Article

Article ' a document

Journal’s

: . | the Article should be formatted in the Journal's style
formatting reg's

LaTeX Env™ | LaTeX Environment, LaTeX_Env E’C P cg

LaTeX Style to be found COMPUTING
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A problem of style ... trade-offs of using La

™ cost-effective solution

™ adequate for the production of articles, excellent print quality
e perhaps mathematical bias?

™ available for all platforms

O Jssues of usability of the LaleX ‘programming’ language

™ no intellectual property rights of reuse, LaTleX is public domain

e s parametrisable using style files
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A problem of style ...
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¢ wants to reuse a competing journal’s style file
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Author
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Journal editor needs an article editor that ensures the journal’s format is used

Formatting \

Req's 2

N

LaTeX
Envnt

IEEE
Transactions
Style
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Article
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Author | presents ideas in an Article

Article ' a document

Journal's
formatting reqts

LaTeX Envt | LaTeX Environment, LaTleX Env

LaleX Style ' IEEE Transactions Style
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Problem Frame Extensions
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Reaching the organisation
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A
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Whilst retaining strong conceptual foundations, we can
 Mmove into the solution domain
 Include humans

¢ Include organisations
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Real World
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Real World
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And...
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2¢ QOrganisations consist of people of machines (working together in perfect harmony)

26  their ‘architecture’ is socio-technical
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Change Frames x\*

Work in progress

A
KN\

Work with John Brier

A
KZI\3

Organisations face change from all directions

I

¢ context: suppliers, customers, regulation, legislation, etc

* Improving technologies

|
\

A\

¢ automation

¢ business process changes

A
KN\

We want Change Frames to be able to replay the changes in response to
environment changes

A
KN\

We want to reflect this technology back as Software Change Frames
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Change Frames /3\.

Work in progress

The Open University

A
KN\

Change Frames index change using:

s forces for change: environmental drivers and enablers

2

»* changing context, changing satisfied need

A\

% response of the organisation: internal levers for change

- ~
N\
forces of

change

~ -

~—— organisational

response /
context org"

before the change =CRCE
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Work in progress
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WA

2  Change Frames replay organisational response as a ‘change script’

- ~

N\ -~ =
( forces of ] ( f forr(]:es \
or change .
 Change <.’/ 1. begin by ...
~ _ - /K
jrivers nablers M 2. then...
. V B 3. then...
\/ Asatisfied aorgnl Aorg nal
need context solutlon
L —

satisfied
need

change pattern

context solution

matches ‘change script’
different organisation facing
similar change situation
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Work in progress
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3¢ Work with Shahbaz Ali

% Response to regulation, legislation

R2
7

\

N

documentation of standards

K

/A
W

risk assessment, control
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Conclusions
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Al

¢ Problem orientation is a step-wise problem solving framework

¢ transformations correspond to sensible manipulations of problems
2¢ sense is defined step-wise (e.g., wrt risk, safety, etc)

%€ rich traceability

\\/
0\

Al
Z/\\y

Extends to humans, socio-technical systems and organisations

S
N3

Allows change to be engineered (rather than products)
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Next steps ...

g

% Working on a textual notation, suitable as a tool basis (Hall, Rapanotti & Jackson
20095)

7

g

% Problem oriented Eclipse plug-in (Hall & Rapanotti)

7

N~

2  Socio-technical systems (Hall & Rapanotti, 2005), Organisational systems

7

2¢  Change in Organisations (Brier et al., 2005,6)
¢ Safety-critical systems (Mannering et al.,)
% Mission-critical systems/Compliance requirements engineering (Ali, 2006)

2 Conceptual foundations (Hall, Rapanotti & Jackson, 2003,4,5); transformations (Li
et al., 2005,6)

» Design tactics (Hall & Rapanotti)
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