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Algebraic Specifications

• Relate functions in an API to each other
– Capture useful properties

– Don’t really say what they do

Xs ++ [] == Xs
[] ++ Xs == Xs

(Xs++Ys) ++ Zs Xs ++ (Ys++Zs)

• Good for data‐structures

• Only pure functions need apply!

(Xs++Ys) ++ Zs == Xs ++ (Ys++Zs)
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DEMO

C lComplete
algebraic

specification
of ++

Add reverse to the mix
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What about sorting?

What about map?
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The new array library

• Flexible arrays, indexed from 0

• Purely functional updates

new() ‐> array()
Create a new, extendible array with initial size zero

get(I::integer(), Array::array()) ‐> term()
Get the value of entry I.

set(I::integer(), Value::term(), Array::array()) ‐> array()
Set entry I of the array to Value.

Get and Set

What happened to
set(I,X,set(J,Y,A)) == set(J,Y,set(I,X,A))?

It needs I/=J!
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Adding Reset

• Elements can be reset to the default value

reset(I::integer(), Array::array()) ‐> array()
Reset entry I to the default value for the array.

Specifying reset

Missing equation:
reset(I,new()) == new()
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Fix and Resize

• It is possible to fix the size of an array…

fix(Array::array()) ‐> array()
Fix the size of the array.

resize(Size::integer(), Array::array()) ‐> array()g y y y
Change the size of the array.

Specifying Fix and Resize

Missing: resize(I,resize(J,A)) == resize(I,A)
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What use is this?

• Fun!

• Understanding
– We learn things about the code by studying
equations

• Design
– Missing equations are a clue to possible– Missing equations are a clue to possible
improvements

• Testing
– Easy to generate a QuickCheck test suite for 
regression testing

How does it work?

NO 
THEOREM 
PROVING!PROVING!
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How does it work?

Print out the equations
discovered

Xs

reverse(reverse(Xs))

Xs++Ys
reverse(Xs)

discovered

Generate all expressions up to a given 
depth

Pick random values for variables:
Xs==[1], Ys==[2]

Pick random values again:
Xs==[3,4], Ys==[]

Specifying which functions…

fun_types() ‐>
[{array,new,[],array},
{array,get,[index,array],elem},
{array,set,[index,elem,array],array},
{array,reset,[index,array],array},
{?MODULE,default_element,[],elem},
{array fix [array] array}{array,fix,[array],array},
{array,resize,[index,array],array}
].
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Specifying which variables…

t ()var_types() ‐>
[{[x,y,z],elem},
{[a,b,c],array},
{[i,j,k],index}].

A few QuickCheck generators…

elem() ‐>
elements([a,b,c,d,e]).

index() ‐>
oneof([choose(0,4),9,10,99]).

• A generator for arrays is constructed
automatically
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That’s It!

The Hard Part…

union(del element(X,U),add element(X,S)) == add element(X,union(S,U))union(del_element(X,U),add_element(X,S))   add_element(X,union(S,U))
union(union(S,T),union(S,U)) == union(S,union(T,U))
union(union(S,T),union(T,U)) == union(S,union(T,U))
union(union(S,U),S) == union(S,U)
union(union(S,U),U) == union(S,U)
union(union(S,U),add_element(X,S)) == add_element(X,union(S,U))
union(union(S,U),add_element(X,U)) == add_element(X,union(S,U))
union(union(S,U),del_element(X,S)) == union(S,U)

Filtering the 
equations is 
where all the 

k i !union(union(S,U),del_element(X,U)) == union(S,U)
union(union(S,U),union(T,U)) == union(S,union(T,U))
true

work is!
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Extensions

• Better filtering of equations

• Preconditions:
– I/=J  ==>  set(I,X,set(J,Y,A)) == set(J,Y,set(I,X,A))

• Abstractions:
– For queues, tail(in(X,Q)) /= Q, but abstractly they
are the sameare the same

• Code with side‐effects?


