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o dict—purely functional key-value store
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— new()—create empty dict
— store(Key,Val,Dict)
— fetch(Key,Dict)

e Complex representation... just test the API
— "black box testing”
— In contrast to testing e.g. dict invariants
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* Perhaps the keys are unique...

prop_unique_keys() ->
?FORALL(D,dict(),

no _duplicates(dict:fetch keys(D))).

e Cannot test this without a generator for dicts

ety Q



e Black box testing = use the API to create dicts

?LAZY (
oneof([dict:new(),

?LET({K,V,D},{key(),value(),dict()},
dict:store(K,V,D))])

).

oneof([int(),real(),atom(Q)])- recursion!
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9> eqc:quickcheck{eqc:numtests(10000,examples2:prop unique keys{})).

{dict,2,16,16,8,80,48,

A[1.01-01-01-01-01-01-01-01-0]-01-00-00-00-01-01%>
({rre.oje.eg,roje.o]1.01.01-01-01.01-01-01- 010107 Uiy -£1. 01,0133}

false
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* Black box testing: we need to
know how this was constructed!



dict( ->
?LAZY (oneof ([
{call,dict,new,[]},
{call,dict,store, [key(),value(),dict()]}

D).

e {call,M,F,Args} represents a function call

M:F(...Args...) symbolically.
Test case is now symbolic

prop_unique_ keys() ->

?FORALL(D,dict(),
no _duplicates(dict:fetch _keys(eval(D)))).

e eval(X) evaluates symbolic calls in a term X
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[a,-1.08,{call,dict,new, [ 1311313131311}
Shrinking......... {9 times)
{call,dict,store,
[6,0.8,
i {call,dict,store, .
[0.8,a, Shrinks the values, but
' {':alh'ff]“; .store, not the structure! |
{call ,dict,store,
[0.8,0,
{call,dict,store,
[B,a3,
{call ., ,dict,store,
[6.8,8, I
! {call,dict,store, o
[a,0.08,{call,dict,new,[]3]13]1313131121} 3
false
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dict() ->
?LAZY (oneoTf(
[{call,dict,new,[1},

?LETSHRINK([D], [dictQ].
{call,dict,store,[key(),value(),D]})]))-
e Like ?LET, binds D to result of dict()
e Can shrinkto D

e Can bind any number of variables:
— PLETSHRINK([X1,X2,...],[G1,G2...],Result)
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28> eqc:quickcheck{eqc:numtests(180088,examples2:prop _unique keys{})}. -
...Failed? After 4 tests.
fcall,dict,store,

[-1.8,b,
{call,dict,store,
“ [-1,-1.8,
{call.,dict,store, . - |
[c,c, Nice shrinking result il
{call,dict,store, L4
[8,-1,
{call,dict, -
.4Ccall ,dict,new,[15]13]15]13]13]13

Shrinking..... {5 times)
{call,dict,store,[-1.8,a,{C ore,[-1,8.8,{call,dict,new,[]}]}]}
false -
= A
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OK, passed 18888 tests
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OK, passed 18888 tests
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 How should dict operations behave?

— The "same” as a list of key-value pairs

* Make comparisons in the “model” world

Returns list of key-
value pairs

model (Dict) ->
dict:to_list(Dict).




dict: store(KV )

model_store(K,V,.. )
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Hoare: Proof of Correctness of Data Representations, 1972



prop_store() ->
?FORALL({K,V,D},

{key () ,value(),dict()},

begin
Dict = eval(D),
model (dict:store(K,V,Dict)) ==
model store(K,V,model(Dict))

File Edit Options View Help
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29> eqc:quickcheck{eqc:numtests{100808,examples2:prop_store()}).
-.Failed* After 3 tests.
{B8,08.8,{call,dict,store,[B,0.08,{call,dict,new,[]}]}}

false
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 Why is a property false?
— We need more information!

. # Erlang | = | [=] |£3—]
File Edit Options View Help

| - Bl@ Al 2

31> eqc:quickcheck{eqc:numtests{188608,examples2:prop store{})). -
Failedt Aafter 1 tests.

{a,8,

{call,dict,store,
. [a,undefined,
{call,dict,store,
[B,b,{call,dict,store,[undefined,Bd,{call , dict new, []}]3]]}}
[{8,b},{a,08},{undefined,B8}] /= [{a,B8},{08,b},{a,undefined},{undefined,8}]
Shrinking...{3 times)
{a,Bd,{call,dict,store,[a,a,{call ,dict,new,[]}]}}
[[{a,0r] 7= [{a,0},{a,a}]
ralse
32> -
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* Write similar properties for all the dict
operations

e Extend the dict generator to use all the dict-
returning operations

— Each property tests many operations

e ...and, of course, correct the specification!



Exercises

QuviQ
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e Download the code from:
— http://qguvig.com/examples/dict eqgc.erl

e Make sure QuickCheck Mini is installed:
— http://quvig.com/downloads/egcmini.zip
— code:addpatha(”eqc-1.0.1/ebin”).
— eqc:start().

e Start on the problems!



