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Summary

Designing good software involves more than just 
coding. Re-usable components reduce the cost of 
software production — though only if they are genu-
inely re-used. This requires careful architecture — 
and also careful documentation and management.
Componentware relies heavily on unambiguously-
specified interfaces: this is as true in software as in 
hardware. When components are plugged together, it 
is necessary to check that each meets the interface 
spec expected by the other. So in a component-based 
culture, we all need to worry about precise specifica-
tions, more than in the traditional build-from-scratch 
world. 
Even with components, design is a slow and error-
prone process — unless we use support tools to help 
put them together. But tools cannot work unless the 
components and their interfaces have an unambigu-
ous meaning — precise specifications again.
This paper is about building specifications in a sys-
tematic notation, and about checking that compo-
nents conform to them. 
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Pattern: Abstraction .

Problem: • Brain too small to comprehend or design anything big all in one

Solution: • Describe overall effects separately from detail and structure

Typical abstractions: requirements specs, high-level architectures

Consequence • Documentation overhead

• Must keep abstractions in step with detailed layers

❐ More precisely-written abstractions necessary for component-based development

Grand schemes

Fine detail

VisibleInternal

customers can 
get cash out of 
bank hours

insert card → PIN prompt

digit → ‘*’ ; enter completes;

...

Network of
ATMs linked
to banks

cardReader.insert → 
display.connect(PINscreen);
...

BehaviourStructure
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Abstract Realism

We do abstraction more than we talk about it. But it is 
the basic mechanism by which we can understand 
anything at all — how we render the complex world 
into strings of words on pages, and think and reason 
about things without being swamped by the infinity 
of things there are to say about them. Abstraction 
means focussing on certain aspects of a situation and 
leaving out others.
Abstraction can be pulling out important ‘big’ ques-
tions on which everything else depends. A good soft-
ware development process deals with abstractions up 
front and defers detail. A bad process allows the ana-
lysts to get hooked on fascinating algorithm details, 
while vital questions are not answered until the cod-
ers make some on-the-fly assumption.
Abstraction can be focussing on the view of one 
interested party. To most of us, the important thing 
about a vending machine is that it can sell us things. 
To a trader, the important point is that it makes 
money. 
Abstraction is complemented by ‘refinement’. There 
are usually many refinements that fit each abstrac-
tion: many detailed designs that follow the same 
architecture, many programs that meet the same spec. 
Whether you buy or build a product, you need some 
way of deciding whether it meets your spec — 
whether the abstraction is really a true statement 

about it.
Abstract doesn’t mean ‘imprecise’. Saying “I’m very 
old” is imprecise — it could be uttered by a pen-
sioner or a new teenager. “I’m over 21” is abstract but 
precise: you know exactly what information is avail-
able, and what isn’t. 
In software design, we have traditionally been fairly 
imprecise with our abstractions. Typical examples 
include requirements documents, high level architec-
tures, and module specifications. These documents 
are typically written in natural language, backed up 
by diagrams in an ad hoc notation. Precision is 
reserved for the program code.
Precision has pros & cons. Experience shows that it 
helps expose gaps and inconsistencies. It is not 
unusual to find crucial questions thrown up at the 
coding stage, that were unconsciously glossed over 
until the unforgiving logic of “if/else” and “while”. 
The big advantage of more precise languages of 
abstraction —like the various OO Analysis notations 
— is to help expose important questions before get-
ting to the code.
But on the other hand, the extra precision has a cost 
in extra effort, that it is difficult to justify except in 
safety-critical work — and also if the results will be 
used more than once. The move towards component-
based development provides a much stronger motiva-
tion.
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Componentware needs precise interfaces intro

Problem:  • Modern systems are made by plugging components.
How do we ensure they fit together?

Solution • Write precise abstract 
interface specifications

Consequences • Need a suitable notation and 
a way of checking plug com-
patibility

System 1
System n System 2

generalise
& validate

Component Library

develop

... ... ... ...

specialise
& plug together

?

?
?
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What’s a component?

Re-use is — perhaps equally with maintainability — 
the principal objective of object-oriented design. 
These are the only ways of justifying the slower per-
formance and the extra design effort embodied in an 
OO program.
Re-use can come from buying in class libraries and 
large platforms like databases.
In-house, successful re-use is rarely a matter of cut-
ting a piece out of a previous project and pasting & 
bending it to fit into another. Nor does it work by 
arbitrary subclassing (which amounts to the same 
thing).
Instead, resources should be devoted to building a 
library of software capital. This contains generic 
components that can be specialised and plugged 
together in many ways.
Components may be any coherent unit of design 
effort that can be packaged and re-used. They might 
include objects that can be dynamically plugged at 
run-time; or classes; or packages of related classes; or 
extensions to existing packages; or high-level 
designs; or specifications; or patterns; or even project 
plans.

Precision (software) engineering
Component based design needs tool support. Tools 

cannot provide much useful help with informal text 
and diagrams: the language needs a precise meaning. 
Since our definition of a useful component includes 
more than just program code — indeed, some of the 
most widely useful are patterns — we need a lan-
guage in which to express them precisely enough for 
tools to be able to combine them.

Specify the Interfaces
Even for components that do take the form of code, it 
is necessary to define interfaces — that is, to say 
what one component expects of whatever other it is 
connected to. Lists of operations are not really suffi-
cient for this purpose, because they don’t include 
information about what the operations actually are 
expected to do. Whilst in a closed programming envi-
ronment, it may be feasible to plug components 
together by conferring with your colleagues infor-
mally, this is not feasible when components may be 
distributed worldwide: then, more effort must be 
spent on unambiguous specification.

This paper is about patterns used to build specifica-
tions and refinements — particularly with the idea 
that we must build from components.
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Frameworks: formal core of Patterns preview 

❐ If patterns can be given more precise meaning → more prospect of help from tools

❐ Framework is core design of pattern.
Pattern tells you when to apply the framework; & caveats, variations, etc.

❐ A design is a composition of frameworks 

Observation

CallQueue Thermometer

Subject Observer

calls [ ]
source
waitAlarm

reading
max, min

display ( )
...

add (call)

[value\calls.length] [value\reading]

call get()
...

colour
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Formalising Patterns

— meaning, expressing them in a precise enough lan-
guage for tools to do useful things with; and for 
ambiguities and inconsistencies to be exposed before 
too much detailed work is based on them.
Among the patterns related to specification and 
refinement that we will look at in this paper, will be 
included some ‘metapatterns’ for formalising and 
applying patterns. 

We envisage being able to express in a Framework 
the common parts of a relationship between classes 
— the links between them, invariants, collaborative 
dialogues. The classes are represented in the Frame-
work by ‘placeholders’ like Subject and Observer. 
The Framework is applied by pointing out which 
types are to play each of these roles. This automati-
cally appends the properties and relationships from 
the framework, renamed as required.

Several frameworks may be applied to each type. In 
some cases, the entire set of properties of a type 
could be determined by the roles it plays in different 
framework-applications. A complete model or design 
could be built by applying many frameworks.
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Agenda

❐ Modelling for interface specs
❐ Components need well-defined interfaces
❐ Plug-compatibility: checking conformance to interface

❐ Frameworks — formal core of patterns
❐ Frameworks for building models
❐ Patterns for building designs with frameworks

❐ More on this topic at:
http://www.trireme.com/papers

❐ Notation based on UML; patterns and extended semantics from work in joint produc-
tion Trireme & Icon Computing Inc

❐ Adopted by major tools company for next generation component-based development 
support
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Pattern: Postcondition specs modelling

Problem • Specifying Object Interfaces: signatures are not enough

Solution • Describe how each message affects state of object (and outputs)

interface CallQueue {
// Every queue has a current size (an integer)
// there’s a call for every number from 1 to size
void put (Call x);
// provided not full, 
// size incremented, & new size’th Call is x 
// (& rest unchanged)

Call get ();
// size decremented, & returns old size’th Call

boolean empty();
// true iff size is 0

boolean full ();
}

Consequences • More investment in documentation

• more reliable re-use

interface Vzrtpgk
{ void shjhaa (Grk);

Grk akfe ();
int bvbvb ();
boolean cmnn();

}

interface NuclearPowerPlant
{ void raise_rods(int);

int temperature();
void lower_rods(int);

}

“model”

“precond”

“post”
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Specify The Interfaces

Java, IDL, and other languages designed for compo-
nent-based development provide the means to 
describe the interfaces between components. The 
idea is that you design your component knowing little 
about the others with which it will be called on to 
interact during its life: all you can say is what you 
will expect them to do — amongst whatever other 
functions they may perform, and no matter what their 
internal architecture. And of course, you provide a 
spec of what your own component will do, for your 
own users. Designers of hardware have been familiar 
with this philosophy for years.
A central part of an interface definition will be the list 
of messages the component understands. Compilers 
and run-time systems can check that, when compo-
nents are coupled together, each provides at least the 
services expected by the other.
But a list of signatures is not enough. While names 
can be suggestive, they can easily be ambiguous. So 
interfaces should be accompanied by other documen-
tation — traditionally written in a natural language.
But as we have already noticed, this does little to help 
us with tool support, and can still be ambiguous. For 
components we expect to be well used, it is worth 
spending more effort on precise interface definitions.

Specs are not programs
You can’t specify an operation (= function, proce-
dure, method) by quoting pieces of the program code: 
it should be possible for many classes to implement 
the same interface.
What you can do is to write an ‘opspec’ test expres-
sion — a boolean condition that will evaluate to true 
for any code that behavres as required, and false (or 
at least not run properly) otherwise. 
Whether you actually execute the opspecs as part of 
each function call is a matter of QA policy — some-
thing that could be switched on during debugging. 
But even if the opspecs are used only as documenta-
tion, they set out clearly what is expected. Following 
this style, it is possible to write opspecs in 
‘pseudocode’, where less precision is acceptable.
In general, an opspec is separated out into ‘postcon-
dition’ — the part that should come out true for any 
satisfactory design; and ‘precondition’ — the 
assumptions that the provider can make about what 
should always be true beforehand. The opspec forms 
a contract between client and provider.
A postcondition is usually a relation between states 
both before and after the operation executes; so actu-
ally executing one needs the relevant attributes to be 
stored beforehand.
Some languages (e.g. Eiffel) incorporate opspecs. 
Also other OOA methods like Fusion and Syntropy.
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Pattern: State modelling modelling

Problem • Almost impossible to describe behaviour precisely without refer-
ence to internal state

• Encapsulation principle: we shouldn’t refer to internal structure
There may be many classes implementing this interface

Solution • Model with attributes — potential read-only functions

• Model should be based on clients’ concepts

Consequences • Attributes form basis for implementation except where perfor-
mance, platform & engineering considerations require departure

• Should document ‘retrieval’ relating model to implementation

CallQueue
int     size
Call   callAt (int) 

void
Call
boolean
boolean

put (Call)
get ( )
empty ( )
full ( )

CallQueue:: put(x)
pre not full ()
post size == old(size)+1 & callAt(size)==x

linked list implementation

array implementation

top bottom

etc
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Attributes

It is very difficult — whether in an informal or more 
precise style — to express what is required of an 
operation without referring to some internal state. 
For example, try describing what a vending machine 
does — the kind that lets you carry credit forward 
from one purchase to the next, and finally get change. 
The operations are:

void insert(Money coin);
Item select(Product); 
Money getChange() 

Inserting a coin increases your credit by the value of 
the coin; if there is sufficient credit, selecting a prod-
uct yields an instance of that product and reduces 
credit by the machine’s price for that product. 
getChange yields coins to the value of the oustanding 
credit.
In that description, we’ve referred to several concepts 
that are part of the state of the machine, one of which 
is ‘credit.’ These attributes link the effects of one 
operation to the outcome of a previous one — for 
example, insufficient credit means no product. It is 
difficult to write a spec without using attributes, for 
all but the simplest types. (Try it!)

Retrieval
Is a list of attributes breaking the encapsulation prin-

ciple? Are we looking inside the object? Not really. 
There is no need for an object’s implementation to 
actually have internal variables called by the same 
names, nor that even represent the information in the 
same way.
However, the same information must be represented 
in there in some way. So attributes can be thought of 
as hypothetical read-only functions. It should always 
be possible, for any refinement, to write for each 
attribute, a function that would compute its value in 
any state. These ‘retrieval’ functions can actually be 
written for debugging purposes, though the primary 
purpose is to validate a refinement.

Type boxes
The three-section boxes show: type name, attributes, 
operations. The attributes constitute a ‘model’. The 
operations are the part that should be visible in any 
implementation.
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Pattern: Pictorial modelling modelling

Problem • A picture is worth a thousand words: we can improve on pure text

Solution • Illustrate attributes as links to their result types

Consequences • Diagrams have limited power — use pics as hanger for text specs

 california : Hotel

jo : Guest

pat : Guest

chris : Guest

101 : Room

102 : Room

103 : Room

104 : Room

Hotel :: check_in (Guest g)
post
old (g.room.occupier==nil)
& g.room != nil

Hotel

Guest Roomoccupier
0,1

check_in (Guest)
check_out (Room)

0,1
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Links are attributes

Each link represents a pair of attributes, one in each 
direction.
So the links shown are equivalent to:

Signatures of functions and operations are written:
return_type function_name (parameters)

Again, the attributes are only a model, there only to 
help explain the operations: none of them need be 
implemented as such. So, for example, a link is 
always implicitly bidirectional.
(This interpretation is one of a variety of ways in 
which links can be formalised. Most amount to 
nearly the same thing. This one works well and is 
easy to understand.)

Hotel

Guest occupier(Room)

Room ~occupier(Guest)

check_in (Guest)

Set<Guest> guests
Set<Room> rooms

check_out(Room)
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Pattern: Dialogue abstraction modelling

Problem • In analysis & high-level design, don’t wish to get involved with 
details of collaborations between objects (software, people, ...)

Solution • Treat sequences of operations as a single action 

• Write opspec descriptions of overall action

• State charts relate abstraction to constituent

Consequences • Can reify overall action as object

Supplier Customersale(Product, £)

Supplier Customer

order(Product)

High-level sales view

deliver(Product)

pay(£)

Refined sales view

*
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Collaboration: abstraction

The ellipse represents a collaboration between sev-
eral participants:

The idea is to show that something can occur that 
affects each participant in a way that can be written 
as an opspec. Several aspects of the transaction are 
abstracted away — for example, who initiates it; how 
the responsibilities for achieving the outcome are dis-
tributed among the participants; the dialogue that co-
ordinates their efforts to achieve the outcome.
For example:

sale(supplier, customer, product, money)
pre customer has enough money to pay

& supplier has product in stock
post customer is poorer by price of product

supplier is richer by same amount,
supplier’s stock of product depleted,
customer’s stock of product increased

The cardinalities of the participant links can be 
restricted at either end — to show how many of one 
type can act in a given role, and to show how many 
such actions can be conducted by one participant.

Collaboration: refinement
A refinement appropriate to a retailer-wholesaler 
relationship is <order, deliver, pay>. A self-service 
restaurant might use <select, pay>.
Notice that all the participants are affected by the 
refinement. In the initial stages of analysing a bank’s 
cash machine, it is useful to talk about operations like 
“withdraw money” and “get balance”. Once the 
requirements of these overall actions are established, 
we can go on to decide the exact protocol of the dia-
logue between the customer and the machine — 
something that the customers will have to know.
Each of the constituent actions may be characterised 
by an opspec; and of course each may be an abstract 
action, further refined later. 
The opspecs of the refined actions generally demand 
more attributes in the model. For example, a refine-
ment of “Withdraw money” might be <login; obtain 
cash; logout>, with opspecs:
login (customer, machine)

pre no-one using this machine
post customer is current user of this machine

obtain-cash (amount, machine)
pre there is a current user of this machine
post amount is deducted from current user’s

balance, and cash is given out

“Current user of machine” is a refined attribute.

action(parameters)

Type participant

Type
participant Type

participant
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Dialogue abstraction (continued) modelling

❐ State chart summarises sequences 

❐ The state chart can be thought of as that of an object that embodies the state of the 
transaction. Very often, it corresponds to an object that forms a useful part of the 
refined model.

❐ The refined collaboration always needs a refined model — more information is 
needed for the in-between states.

SaleByOrder

ordered

delivered

paid

deliver

pay[enough]

↑sale

pay[not enough]

cancel

order
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Reifying a collaboration

The statechart is (among other uses in OO design) 
appropriate for showing constraints on sequences of 
operations, and also for showing how a refined set of 
operations compose to make an abstract one. 
Each sausage-shape is a state — abstracting all the 
points in history at which some boolean expression is 
true of the participants.
Each transition is labelled with the action that causes 
it. Any extra conditions are shown as [guards]. The 
transition at which the postcondition of an abstract 
action is achieved is marked with ↑.

Each occurrence of the abstract action can be thought 
of as an object, of which this is the state-chart. In 
some cases, it is a sensible design-decision actualy to 
introduce an object that conducts the dialogue. In 
other cases, it will remain an abstract idea, whose 
state is embodied in a variety of other objects — for 
example, an order and a sale-record.
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Components are not objects frameworks .

❐ Component: meaningful sellable coherent decoupled piece of design effort

❐ Business ‘object’ ? 
— Business Components !

Frameworks

Business

Component
Based
Development

Patterns

Objects
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❐ Component: unit of re-usable design
❐ can be assigned to someone to 

develop, passed around & perhaps 
marketed, coherent and not too 
strongly coupled with others, applied 
in many designs
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Frameworks: the core of patterns frameworks

Problem • Look for a way of expressing collabs & relationships precisely

Solution • Formal Frameworks: partial generic views of a design

Consequences • A design is a composition of frameworks

Framework 1 Framework 2

Framework 1+2

role A role B

A B

internal structure
can now be fixed

just interfaces
– perhaps provided
with candidate 
implementations

Roles fixed –>
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Many components are collaborations

If ‘component’ means a coherent piece of design 
effort, then what do we expect to see in a component?
Objects, clusters of classes, updates to classes, speci-
fications, designs, plans, architectures, patters, ....
Pure server objects can be described in isolation: 
stacks, widgets, databases all accept requests from 
any kind of client, return the results, and expect noth-
ing inparticular of their clients.
But a very great deal of significant work is about rela-
tionships and collaborations between objects. As evi-
dence, see any book on patterns. To encapsulate these 
pieces of design effort in a component, you have to 
say something about each of the participating objects 
and the roles they play.

Collaborations
Collaborations are therefore an important design 
component. Designs can be thought of as a combina-
tion of collaborations. Each collaboration says some-
thing about the way responsibilities are distributed 
between its participants.
In a description of any one collaboration, only part of 
each object is described: the role it plays in that col-
laboration. 
Each object may play several roles in different col-
laborations. By this means, collaborations may be 

composed to make larger ones. If they are well-
designed, each collaboration can be combined with a 
wide variety of others.

Frameworks
Frameworks are a convenient notational device which 
allows us to express the combination required when 
several roles are imposed on one object. They are 
used to describe collaborations and other packages of 
design.
Frameworks formalise the collaborations and other 
relationships at the core of patterns. A pattern 
describes how to use a framework.
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Notation: framework frameworks

❐ An example just for building models — no operations:

〈JobCategory〉 〈ResourceFacility〉 requirements>

〈JobOccurrence〉 allocated> 〈Resource〉
<schedule

when: Date

job provides

Resource Allocation

JobOccurrence:: 
allocated.provides ≤ job.requirements

Resource::
( { jo1, jo2} ≤ schedule) && jo1 ≠ jo2 => jo1.when ≠ jo2.when

// invariant for all JobOccurrences

*

*

*

*

*

*

*

// allocated Resources must provide at least the facilities required by this category

// must not be allocated to two JobOccurrences on the same Date

JobCategory — e.g. repair
central heating

Job — e.g. repair c.h. at
121 Cross St on 8/8/96

ResourceFaclility — e.g. 
electrical skills

Resource — e.g. Jo Bloggs

imports DateDefinition

invariant
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Frameworks

A framework is a package of specifications and 
designs, which may be partial or complete. In maths 
terms, it is a ‘theory’ — a set of statements. Some of 
the statements may be made pictorially — particu-
larly about links between types.
A framework is often generic — it includes 〈place-
holder〉 types whose names will be substituted when 
the framework is applied.
Frameworks may use types and relationships defined 
in other frameworks.
In the framework model, all design work is done 
within some framework, and nearly every framework 
builds on some others — right down to basic defini-
tions of numbers and other primitives.

A framework would typically first be written in a 
non-generic form, and generalised later. 
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Applying a framework frameworks

❐ Arrows substitute placeholder names (not subtyping)

ResourceAllocation

ResourceFacility

Instructor_skill

Instructor

Resource Course

JobCategory

CourseOffering

JobOccurrence

ResourceAllocation

Room_facility

Room
Resource

ResourceFacility

JobOccurrence

JobCategory
Certification
by: Person
when: Date certs

for *

*

provides==certs.for

[allocated \ leader]

[allocated \ where]

[requirements \ 
instructor_rqmts]

[requirements
\ room_rqmts]
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Framework application

A framework drawn with just its name imports it into 
the context where it appears.
The names against the arrows are the placeholder 
types. Every statement made in the framework about 
the placeholder becomes true about the target type.
Operation and attribute names may also be substi-
tuted — shown: [ placeholder name \ susbtitute name 
].
Target types may themselves be placeholders. Place-
holders not explicitly substituted become placehold-
ers of the importing framework.
The material imported from a framework may be part 
or all of the definition of a target type. Other material 
may come from other framework-applications, or 
may be written in directly. It is possible to define 
inconsistent types that could never be implemented.
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Tool shows result of application

❐ Pattern: abstract common patterns to generic frameworks

Course

Course_Offering

when: Date_Range

job

Instructor_Skill
instructorRqmts>

Instructor
leader>

<schedule

Room_Facility

roomRqmts>

Room

where>

<schedule

Course_Offering:: 
leader != NIL => leader.provides <= job.instructorRqmts

&& where != NIL => where.provides <= job.roomRqmts
Instructor::

( { jo1, jo2} <= schedule) && jo1 != jo2
=> jo1.when.noOv erlap(jo2.when)
Room::

( { jo1, jo2} <= schedule) && jo1 != jo2
=> jo1.when.noOv erlap(jo2.when)

provides

Teaching Resource Allocation

provides

Instructor:: 
provides == certs.for

for

certs

Certification
by: Person
when: Date

*

*

*

*

*

*

*
*

**

*
*

*
*
*
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Using frameworks

The placeholder types in frameworks are not super-
types of the target types to which they are applied — 
not in the strict sense that anyone expecting every-
thing promised by the supertype would be satisfied 
by the subtype. Frameworks should often be applied 
in what may seem obvious cases of subtyping.
For example, Animals eat Food — agreed? OK; and 
Fried Chicken is a kind of food, right? And a Cow is a 
kind of (subtype of) Animal? So Cows eat Fried 
Chicken. Well — maybe in some countries!

In fact the statement is properly more complex: rather 
than interpreting it as ‘any member of the type Ani-
mal will eat any member of the type Food’, we 
should say something more like “for every species of 
Animal, there is a subtype of Food such that any 
member of that species will eat any member of that 
food-type:

The framework can be used to impose the relation-
ship on any given pair of types for which it is appro-
priate:

Animal Food
eats

wrong

betterDiet

〈Species〉 〈Menu〉

Animal Food

subtype

eats

Cow Grass

Diet

MenuSpecies
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Notation: Action placeholder frameworks

❐ A framework defines a relationship between objects
— and therefore only a partial description of each object

❐ The objects to which this framework is applied may have lots of different ways of 
affecting the state attributes this framework is concerned with

❐ To catch them all, we define an ‘action placeholder’:
Subject:: post old(value) ≠ value ⇒ op 〈mutator〉 ()

// 
op Subject :: 〈mutator〉 ( ) // 
post observer.projected_value = value

// 
Observer:: op update ( ) // 
post projected_value = subject.value

❐ Ties this framework to others

value

Subject Observer

get_value

update
something ??

changes
value

projected_value
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Action placeholders

Because a collaboration is about the relationship 
between objects, it only describes a part of the behav-
iour of each object: its role in that collaboration.
When we define a collaboration, we can say what 
ought to be done by any objects playing its roles; par-
ticularly in response to messages sent between our 
role-players. But we must bear in mind that each of 
our role-players will also take part in other activities 
that we know nothing of, and its state will sometimes 
be changed by them. For example, the subject of one 
collaboration might also be the observer in another.
Those other operations can be crucial to how we want 
our role player to behave: for example, in a Subject-
Observer collaboration, we know that we want any 
state-change in the Subject to trigger an update in the 
Observer; but of course, we don’t know what opera-
tions those might be — they will be different in every 
design in which the framework is applied.
This is the purpose of the ‘placeholder’ action. It 
gives a name to all other actions that have a certain 
range of effects. 
So in this application, anything that changes the 
length of the calls array in a CallQueue will come 
under the umbrella of the name ‘mutator’. Presum-
ably add and get both qualify (we’d have to look at 
their specifications, omitted here, to be sure).

The collaboration provides an extra piece of specifi-
cation for every mutator, which forces it to ensure that 
its observer’s projected value — in this application, 
the Thermometer’s reading — is up to date. The 
designer of a CallQueue, given its spec, complete 
with the Observation pattern, is obliged to fulfill the 
pieces of spec that come both from the Observation 
framework and the basic CallQueue type.
How can this piece of spec be met? The only sure 
way provided is to invoke the update operation of the 
Observer, which promises to achieve the desired 
effect.

In practice, a more likely application of the frame-
work would have a general CallQueueView super-
type as observer, from which many subtypes could be 
defined. These would typically be adapters, one of 
which would observe the CallQueue and be itself the 
subject of an observation relationship with the Ther-
mometer. This decoupling allows Thermometers to 
be able to view more types than CallQueues.

Observation

CallQueue Thermometer

Subject Observer

calls [ ]
source
waitAlarm

reading
max, min

display ( )
...

add (call)

[value\calls.length]

call get()
...

colour

[value\reading]
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Framework with action hook frameworks

Retail_Distribution
〈Retailer〉

stock(Product) : int
lowLimit (Product) : int

make_order 〈Distributor〉

deliver
pay

〈Order〉

stock(Product) : int
lowLimit (Product) : int

orders
to

from

outstanding

〈Product〉 Date
deliveredfor

〈depletion〉 (p:Product)

* *

* *

make_order (Product, qty)
post adds new order to both lists

deliver (Order)
post order is datestamped delivered

& stock of retailer is increased

Operations private between the collaborators

pay (Order) ...etc 

r:Retailer, p:Product, r.stock(p) < old(r.stock(p)) => r.〈depletion〉 (p)
—any other operation that decreases stock is what we call a depletion

op Retailer:: 〈depletion〉 (Product p) 
post stock(p) < lowLimit(p) => there is an outstanding Order for p

— applies to all ops which are depletions
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Frameworks defining collaborations

Action placeholders are used to allow a framework to 
define a collaboration — usually a refinement of 
what could be thought of a single abstract action. 
(Here, a sale from a distributor to a retailer.)
In this collaboration, a Retailer is someone who 
orders goods from a Distributor; a Distributor is 
someone who produces goods for Retailers. (So 
Retailers could be cafés, that get rid of the stuff by 
cooking it, or shops, that sell it; Distributors might be 
wholesalers or manufacturers.)
Although this example could be seen as an analysis 
of a real-world situation — the boxes representing 
actual companies — it can also be a piece of software 
design, for either one of the participants — let’s say, a 
Retailer.
An Order is created when the Retailer sends 
make_order to a Distributor. (Sending the message to 
the software object might cause a paper order to be 
printed and dispatched to its real-company counter-
part.) When the company delivers (as reported to our 
software by our goods-inwards department), this 
increases the retailer’s stock appropriately. Subse-
quent payment might be marked against the appropri-
ate account, and this completes the sale.
We also want to say what triggers a make_order oper-
ation. This framework will be applied in conjunction 
with a variety of others, so we don’t know exactly 

what it might be. However, we do know that every 
Retailer has a stock, and it is when the stock gets 
depleted that we must think about making a new 
order.
So we define an action placeholder ‘depletion’, 
matched by any other operation that causes a stock 
reduction. We then say that matching operations must 
ensure that there is an outstanding order (which they 
can do by invoking make_order). Everything about 
depletion must be adhered to by whoever applies this 
framework.
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Another framework frameworks

Owner 〈Thing〉 〈Product〉

Money till
Money priceOf(Product)

bag make

sell

* *

〈Vendor〉〈Customer〉
Money pocket

op c:Customer –> v:Vendor::sell(Product p)
post ∃ t:Thing, t.make==p

& c.pocket –= v.priceOf(p) & c.bag += t
& v.till += v.priceOf(p) & v.bag –= t

Public_Retail

-- Customers and Vendors
are all Owners of Things,

which are examples of Products.

-- When a Customer asks a Vendor to sell a Product, the Customer’s pocket is depleted by
the Vendor’s price for it, but the Customer gets a Thing of that make.
Meanwhile, the vendor gets the money but loses that Thing.

-- sell is sent by Customers to Vendors
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Simple sales

This is a simpler kind of sale, not involving making 
an order. 
The model of stock is slightly different too. Here, 
everyone has a set of Things, each of which is an 
example of a Product. In the Retailer/Distributor 
framework, they didn’t keep track of individual 
Things, but just had a number that summarised how 
many of each Product were in stock.
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Composing frameworks

❐ A carefully-designed set of frameworks can be plugged together in different combina-
tions 

❐ The composed types (Retail_Shop etc) represent specifications for classes, to which 
an implementor must work.

Customers obtain goods from Distributors

Retail_Distribution

Vendor Retailer

Retail_Shop

Public_Vending

invariant ∀ p:Product,
stock(p) == bag [make==p] . size

— for any Product, the Shop’s stock of the product is the
size of the subset of its bag which is of that make

〈Customer〉 〈Distributor〉
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Framework composed of two others

A Retail_Shop is a Vendor and a Retailer: anyone 
who wants to design one will have to meet the speci-
fications of both. To make it work, we have to tie up 
the slightly different language from the two views —
 that is the purpose of the invariant. 
The sell operation from Public_Vending will qualify 
as a depletion in Retail_Distribution; so designers 
must ensure that the code for sell also checks stock 
levels and makes orders when necessary.

Building specifications
These framework examples have been about building 
specifications. Applying frameworks to a type builds 
up constraints that help to define it, and are combined 
in a systematic way. We are building specifications 
from generic re-usable parts.
This is very valuable in the context of a design 
approach committed to the use of patterns. It makes 
the combination of several patterns more specific —
 although not all the design is done for you, you have 
a spec of exactly what is required when you have 
combined any one pattern with any other.

Building implementations
In some cases, building the spec is exactly what we 

require — we will then do a design optimised for our 
own particular composition of patterns. But in the 
build-it-quick scenario, we would like to design by 
plugging together ready-coded components.



© 1996 Alan Wills :  ::  :: 39

Pattern: role delegation plugging code

Problem: • Typical objects play several roles, each of which may have several 
variants (subtypes). We don’t want a separate class to implement 
every combination of all the variants.
(Eg a Person can be a Full-time or a Part-time Employee; a Natural, 
Foster, or Step-Parent; and so on.)

• The set of roles (and the choice of variant) may change at run time. 
We need to change the type without losing the object’s identity.

Solution: • Hold the shared state in a Principal object; delegate all role-depen-
dent behaviour and state to plug-ins. Make the whole group behave 
to the outside world as a single object.

Consequences: • Need to design an interface for all plugins to the same principal

• Never use ‘==’: have a ‘sameAs’ query — plug-ins pretend they’re 
all same object. Calls to ‘self’ within plugins usually go to principal
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Plugging together code components

Combining two specifications is easy: you just AND 
them together (that is, you tell the designer to observe 
both sets of requirements).
You can’t do that with code, so we look for a standard 
mechanism for cooking up an object by systemati-
cally combining roles from several collaborations. 
This will enable us to stick with the big idea that 
components are often collaborations (not objects), 
but still have the convenience of plugging imple-
mented pieces together like dominoes.
There are a variety of ways of tackling this problem: 
here’s one.

The technique is to delegate each of the role-specific 
pieces of behaviour to a separate object. One concep-
tual object is then implemented by several: one for 
each role, and (usually) a ‘principal’ to hold them all 
together. The principal object keeps those parts of the 
state to which access is shared between the roles. 
Each role conducts all dialogue with the other partici-
pants in the collaboration from which it arises. Gen-
erally, the roles are designed as observers of various 
pieces of the principal’s state.
For example, the basic trading principal has a stock 
of products and cash assets. Into this can be plugged 
a role for retailing, that knows about a Distributor and 

monitors the stock level, generating orders when nec-
essary. Or we could make it a Distributor, plugging in 
the appropriate role — perhaps a Dealer would be 
something with both the Retailer and Distributor 
roles. 

This scheme makes it easy to change roles, even at 
run time.

The principal and its role plug-ins constitute one con-
ceptual object. Whenever anyone want to know 
whether two objects are the same, they should not use 
the programming-language object-identity. Instead, 
the classes should provide a ‘sameAs(x)’ function; 
two roles belonging to the same principal should 
answer true to this.
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Pattern: collaboration component plugging code

Problem: • Need to supply complete implementations of frameworks
Frameworks are often about collaborations between roles

Solution: • Implement components as collaborations between role plug-ins

• Each role implements the responsibilities of its framework spec

• Each role is an Observer of the shared state

Consequence: • Must ensure common interface for plug-ins

• Designers couple principals to collaborations, to build new collabo-
rations

Observation

Observation

CustVendCode
RetailDist Code

RetailShop Code



© 1996 Alan Wills :  ::  :: 42

Roles observe shared state

So that a fully-coded component can mimic the struc-
ture of the corresponding specification frameworks, 
each role should incorporate the code necessary for 
implementing placeholder actions. Most placeholder 
triggers boil down to monitoring changes of state. 
Each role can therefore be built as an observer of the 
parts of the common state that it is interested in. 
The principal provides a standard pluggable interface 
allowing each role to register its interests, and makes 
each sharable attribute a potential subject.

Collab components mirror framework 
specs
After building a specification by composing frame-
work models, you can implement it by plugging 
together the corresponding fully-implemented collab-
orations (if they are available). 
Clearly this scheme is a poor performer by compari-
son with purpose-built systems. There is considerable 
overhead in the wiring of the observers wherever 
components are plugged together. In exchange for 
slow performance, you get rapid development; and 
you always have the option of designing an optimised 
version, working from the composed framework 
specifications.
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Summary

❐ Precise specification is important for defining the interfaces for component-based 
development

❐ Specification relies on abstract descriptions
— postconditions instead of code
— models made up of attributes — hypothetical read-only functions
— several operations treated as one action
— several objects treated as one

❐ Specifications and code can be built up from components
— Frameworks: patterns as partial specifications
— Code components: systematic implementations of frameworks

❐ Components can be systematically combined
— Framework specs: AND combination of models and opspecs
— Code components: plug-in roles
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Further info

❐ http://www.trireme.com/catalysis
❐ Alan Cameron Wills — 

alan@trireme.com
0161 225 3240
fax 0161 257 3292


