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Software systems are intrinsically
redundant.

We can explort the Intrinsic
redundancy to automatically
generate test oracles.



INTRINSIC REDUNDANCY

Stores a key-value pair in the multimap.

public boolean put(K key, V value) {
Collection<V> collection = map.get(key);
1f (collection == null) {
collection = createCollection(Ckey);
1f (collection.add(value)) {
totalSize++;
map .put(key, collection);
FEne Uit e gV
} else {
throw new AssertionError("...");
I
} else 1f (collection.add(value)) {
totalSize++;
REGHER=trie:;
} else {
return false;

¥
}

Stores a key-value pairs in the multimap
with one key and multiple values.

public boolean putAll1(K key, Iterable<V> values) {

1f (!'values.iterator().hasNext()) {
return false;
}
Collection<V> collection =
getOrCreateCollection(key);
int oldSize = collection.size();
boolean changed = false;
1f (values instanceof Collection) {
Collection<? extends V> c =
Collections2.cast(values);
changed = collection.addAll(c);

} else {
for (V value : values) {
changed |= collection.add(value);
b
5

totalSize += (collection.size() - oldSize);
return changed;



INTRINSIC REDUNDANCY

Stores a key-value pairs in the multimap

Stores a key-value pair in the multimap. with one key and muttiple values.

public boolean put(K key, V value) { public boolean putAll1(K key, Iterable<V> values) {
Collection<V> collection = map.get(key); 1f (!'values.iterator().hasNext()) {
1f (collection == null) { return false;
collection = createCollection(Ckey); }

ArrayListMultimap.put(key, value) =
ArrayListMultimap.putAll(key, Arrays.asList(value))

totalSize++; } else {
return true; for (V value : values) {

} else { changed |= collection.add(value);
return false; +

¥ 5

} totalSize += (collection.size() - oldSize);
return changed;
5
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ArraylListMultimap.put(K,V) = ArrayListMultimap.putAll(K, Iterable)
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| map.put( |, “Bob"); i
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ArraylListMultimap.put(K,V) = ArrayListMultimap.putAll(K, Iterable)

map = {}
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map = {}

—

ii List<String> values = Arrays.asList(''Bob"); ]
i map.putAll( |, values);

map = {|,"Bob"}
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lest case

ArrayListMultimap map = ... |

map.p&t( I Eoh )

map.remove( |);




ArrayListMultimap.put(K,V) = ArrayListMultimap.putAll(K, lterable)

lest case

ArrayListMultimap map = ... |
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map.pfjt( REEEE);

map.remove( | );




lest case

ArrayListMultimap map = ... |

o l T
V , Llst<Str|ng> values =

map.put( |, “Bob™); | Arrays.asList("Bob™); |
| | | map.putAll(1, values);
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ArrayListMultimap.put(K,V) = ArrayListMultimap.putAll(K, lterable)

lest case

ArrayListMultimap map = ... |

¢ | T

- List<String> values
Arrays.asList("Bob”); |
~ map.putAll(l, values); 1

|

map.p&t( RE6);

map.remove( |);



ArrayListMultimap.put(K,V) = ArrayListMultimap.putAll(K, lterable)
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ll ArrayListMultimap map = ...

i =
{

'« ret = map.put(l, “Bob”);

S B

® map = duplicate(map) T

| List<String> values = Arrays.asLit(‘Bob);
ret' = map putAll(1, values);

|

map.remove( | );

—

d compare(map, map’) l
compare(res, res’)
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ArrayListMultimap.put(K,V) = ArrayListMultimap.putAll(K, lterable)
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customized
deep-cloning library
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i! ret = map.put(l, “Bob”); ’ 1“&

® map = duplicate(map) T
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L|st<Str|ng> values — Arrays asLlst( Bob )
ret = - map .putAll(l, values)
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ArrayListMultimap.put(K,V) = ArrayListMultimap.putAll(K, lterable)

customized
deep-cloning library

d ArrayListMultimap map = ..

e

® map’ = duplicate(map) T
R - ' - 4” . | L 5List<String> vgllues = Arrai‘B;
't! ret = map.put(l, “Bob”); 1& ret' = map'.putAll( 1, values); ?‘
. compare(map, map’) l
compare(res, res’)
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map.remove( | ); equals T
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EVALUATION

Subject Class # Methods # Redundancy Specs.
ArrayListMultimap S 29
ConcurrentHashMultiset o 55))
HashBiMap 20 16
HashMultimap i L
HashMultiset 26 30
ImmutableBimap 25 19

Guava ImmutableListMultimap 30 34
ImmutableMultiset £37) 50
LinkedHashMultimap A 30
LinkedHashMultiset 26 31
LinkedListMultimap o D)
TreeMultimap 26 28
TreeMultiset 515 37
DateMidnight | 18 20

JodaTime DateTime 555 o
Duration A 6
SingleGraph 107 41

ClrEp sl [V e 107 41
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* Oracles execution
* Equivalence check
« Fvaluation

» Study and improve the completeness

* Reduce the cost: Automatic synthesis of
equivalent sequences

* Fault localization/Fault fixing
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