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A Design for Hospital Management
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But is the Design Correct?

❖ How would we judge if the 
design is correct?
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Thinking for Programmers (Leslie Lamport)
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What to Write?

Building a House

Draw blueprints

Writing a Program

Write a blueprint specification
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❖It could be 
❖An entire program or system
❖A module (or class)
❖A method
❖A tricky piece of code in a method
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Specification Sorted Array

8



Specification Sorted Array

8



Specification Sorted Array

sort(list: ARRAY[G]): ARRAY[G]
   ensure
      ∀i ∈ 1..(n-1): Result[i] ≤ Result[i+1]
      list.count = Result.count
      same_elements(list, Result)
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Specification Sorted Array

CORRECTNESS:
Runtime 
Assertion 
Checking

sort(list: ARRAY[G]): ARRAY[G]
   ensure
      ∀i ∈ 1..(n-1): Result[i] ≤ Result[i+1]
      list.count = Result.count
      same_elements(list, Result)
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A spectrum of blueprints
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Spectrum of Specifications
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Given an implementation, how can we check that it is correct?

Only once we have a specification can we then 
check the correctness of the implementation
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R = V/I
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Client-Supplier 
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Ok let’s Fix it!

❖The constructor 
must establish the 
invariant

❖All routines must 
preserve the 
invariant
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Specification
❖ The contract allows us to assign blame

❖ The client of the module must respect the 
precondition

❖ The supplier must ensure that the 
invariant is preserved, and guarantee 
establishment of postconditions

❖ The class invariant is precious!

❖ It guarantees the consistency of the data

❖ As the number of modules in the system 
increase, likewise the complexity of 
interactions

❖ contracts ensure that the module APIs are 
specified and that the modules co-operate 
to achieve the system requirements

❖ contracts guide the design of the module 
interfaces — the class invariant suggests 
meaningful preconditions/postconditions
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Java, C++, 
Python, etc.Infinity

23



Supplier in 
Java



Supplier in 
Java



• How do you ensure that all the 
methods in this class avoid 
unacceptable infinite outputs?



• How do you ensure that all the 
methods in this class avoid 
unacceptable infinite outputs?

• use asserts 



• How do you ensure that all the 
methods in this class avoid 
unacceptable infinite outputs?

• use asserts 

• How do you ensure that future 
methods do not produce 
unacceptable output infinities? 



• How do you ensure that all the 
methods in this class avoid 
unacceptable infinite outputs?

• use asserts 

• How do you ensure that future 
methods do not produce 
unacceptable output infinities? 

• How do you assign which module 
is to blame when things go wrong? 
The client or the supplier? 



• How do you ensure that all the 
methods in this class avoid 
unacceptable infinite outputs?

• use asserts 

• How do you ensure that future 
methods do not produce 
unacceptable output infinities? 

• How do you assign which module 
is to blame when things go wrong? 
The client or the supplier? 

• How do you design your code in a 
way that guides you towards its 
correctness?



• How do you ensure that all the 
methods in this class avoid 
unacceptable infinite outputs?

• use asserts 

• How do you ensure that future 
methods do not produce 
unacceptable output infinities? 

• How do you assign which module 
is to blame when things go wrong? 
The client or the supplier? 

• How do you design your code in a 
way that guides you towards its 
correctness?

• How do we specify a module API 
free of implementation detail?



• How do you ensure that all the 
methods in this class avoid 
unacceptable infinite outputs?

• use asserts 

• How do you ensure that future 
methods do not produce 
unacceptable output infinities? 

• How do you assign which module 
is to blame when things go wrong? 
The client or the supplier? 

• How do you design your code in a 
way that guides you towards its 
correctness?

• How do we specify a module API 
free of implementation detail?

• Can a design be good if it is 
incorrect?



OCL — UML’s contract language
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registrations: REL[STUDENT,COURSE]

s3

s2

s1 c1 c2

c3

c4
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class REGISTRATION feature

   registrations: REL[STUDENT, COURSE]

   conflict(c1,c2: COURSE): BOOLEAN

   no_conflicts (regs: REL[STUDENT, COURSE]): BOOLEAN

   extend_by_array (a: ARRAY[TUPLE[s: STUDENT; c: COURSE]])

invariant
   ∀ (s1, c1), (s2, c2) ∈ registrations : 
         c1 ≠ c2 ⋀ s1 = s2 ⇒ ¬(conflict (c1, c2))
end
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Specifications & Design
❖ Specifications Document Module APIs

❖ An Implementation can be verified against a Specification

❖ A Specification can assign blame: Client obligations vs. Supplier 
obligations

❖ A Specification ensures Verified Sub-contracting

❖ Modules are Guaranteed to Co-operate to achieve the System 
Requirements

❖ Class invariants ensure Safety, Correctness & Guide the Design

❖ A Design that is Incorrect is not a Good design
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process of software development as a continuum; unifying the concepts behind the 
activities of requirements, specification, design, implementation, verification, 
maintenance and evolution 

• Specification: Anyone who has worked in both specification and programming knows 
how similar the issues are.  

• Formal specification languages look remarkably like programming languages; to be 
usable for significant applications they must meet the same challenges: defining a 
coherent type system, supporting abstraction, providing good syntax (clear to human 
readers and parsable by tools), specifying the semantics, offering modular 
structures, allowing evolution while ensuring compatibility.  

• The same kinds of ideas, such as an object-oriented structure, help on both sides. 
Eiffel as a language is the notation that attempts to support this seamless, 
continuous process, providing tools to express both abstract specifications and 
detailed implementations. 

• Change: One of the principal arguments for this approach is that it supports change and 
reuse. If everything could be fixed from the start, maybe it could be acceptable to switch 
notations between specification and implementation.  

• But in practice specifications change and programs change, and a seamless process 
relying on a single notation makes it possible to go back and forth between levels of 
abstraction without having to perform repeated translations between levels.

Quoted from Bertrand Meyer 30
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Specification & Design 1

❖ Whoever has to modify the code will be grateful of every 
word or formula of specification you write.

❖ And “whoever” may be you.

❖ That’s why you should update the specification when 
changing the code.

Quoted from Leslie Lamport
31
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Specification & Design 2
❖ Every time code is patched, it becomes a little uglier, 

harder to understand, and harder to maintain.

❖ If you don’t start with a specification, every piece of the 
code you write is a patch.

❖ The program starts out ugly, hard to understand, and 
hard to maintain.

❖ “No battle was ever won according to plan, but no battle 
was ever won without one.” [Dwight D. Eisenhower]
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A Good Design …

❖ has a modular architecture 

❖ each module is precisely specified so that it co-operates 
with the other modules  

❖ to produce a software product that is safe, fit for use and 
maintainable.



❖ Thinking doesn’t guarantee that you won’t make 
mistakes.
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❖ Not thinking guarantees that you will.


