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Ââåäåíèå
Èíòåðôåéñ ïîòîêîâ îáúåêòîâ

� Java 8 - ïîÿâëåíèå àíîíèìíûõ ôóíêöèé è java.util.stream

� java.util.stream (Stream API) - íàáîð êëàññîâ è èíòåðôåéñîâ
äëÿ óïðîùåíèÿ îáðàáîòêè ïîñëåäîâàòåëüíîñòåé ýëåìåíòîâ
ñ ïîìîùüþ ôóíêöèé âûñøèõ ïîðÿäêîâ

public static void main(String[] args) {

final int[] result =

Arrays.stream(new int[]{10, 87, 97, 43, 121, 20})

.flatMap(JavaStreams::factorize)

.distinct()

.sorted()

.toArray();

// ...

}

� Êëþ÷åâàÿ îñîáåííîñòü - ëåíèâîñòü
� Àíàëîãè â äðóãèõ ÿçûêàõ - LINQ â C#, Sequence â Kotlin
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Ââåäåíèå
Èíòåðôåéñ ïîòîêîâ îáúåêòîâ. Ðåàëèçàöèÿ

� Ñòðóêòóðà öåïî÷êè Stream API.
� Ïðîìåæóòî÷íûå îïåðàöèè. Ñîçäàþò íîâûé ïîòîê
îáúåêòîâ (âîçìîæíî, èñïîëüçóÿ ñóùåñòâóþùèé).

� Áåç ñîñòîÿíèÿ

flatMap(JavaStreams::factorize)

� Ñ ñîñòîÿíèåì

distinct()

sorted()

� Çàâåðøàþùàÿ îïåðàöèÿ. Çàâåðøàåò öåïî÷êó, ïðåîáðàçóÿ
ïîòîê îáúåêòîâ â ðåçóëüòàò.

toArray()
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Ââåäåíèå
Òðóäíîñòè ïðè îòëàäêå

Íåäîñòàòêè îòëàäêè Stream API â ñðàâíåíèè ñ îáû÷íûìè
óïðàâëÿþùèìè ñòðóêòóðàìè:

� Íåòðèâèàëüíàÿ ïîñëåäîâàòåëüíîñòü èñïîëíåíèÿ

� Îòñóòñòâèå çíàíèé î ïðîìåæóòî÷íûõ ðåçóëüòàòàõ
âû÷èñëåíèé

� Îòñóòñòâèå èíôîðìàöèè î òðàíñôîðìàöèè îáúåêòîâ

� Ñëîæíûå ñòåêè âûçîâîâ

Áèáàåâ Âèòàëèé Èãîðåâè÷ ÑÏÁÀÓ 13.06.2017 4 / 13



Ââåäåíèå
Ïðèìåð èñïîëüçîâàíèÿ èíòåðôåéñà ïîòîêîâ â ïðîåêòå ñ îòêðûòûì
êîäîì

final Map<String, VirtualFile> modules = StreamEx.

of(PhpLibraryRoot.EP_NAME.getExtensions()).

map(PhpLibraryRoot::getProvider).

filter(PhpLibraryRootProvider::isRuntime).

map(provider -> provider.getLibraryRoot(project)).

flatMap(StreamEx::of).map(VirtualFile::getChildren).

flatMap(Arrays::stream).filter(VirtualFile::isDirectory).

remove(module -> module.getName().startsWith(".")).

collect(Collectors

.toMap(VirtualFile::getName, identity(),

(curr, next) -> next));

return modules.values().stream().

filter(root -> root.findChild(".ignore") == null).

collect(Collectors.toSet());
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Ââåäåíèå
Ñóùåñòâóþùèå ðåøåíèÿ

Ñóùåñòâóåò ðàñøèðåíèå äëÿ îòëàä÷èêà Visual Studio äëÿ C# -
OzCode. Îäíà èç åãî ôóíêöèé - îòëàä÷èê äëÿ LINQ.
Îñîáåííîñòè ýòîãî ðàñøèðåíèÿ:

� Ðàáîòàåò ñ LINQ (ÿçûê èíòåãðèðîâàííûõ çàïðîñîâ). Åãî
ðåàëèçàöèÿ îòëè÷àåòñÿ îò java.util.stream

� Ïîçâîëÿåò óâèäåòü òðàíñôîðìàöèè îáúåêòîâ è
ïðîìåæóòî÷íûå ðåçóëüòàòû

� Çàêðûòûé èñõîäíûé êîä

� Ïëàòíûé

� Òîëüêî äëÿ îòëàä÷èêà Visual Studio
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Öåëü è çàäà÷è

Öåëü: Ðàñøèðèòü âîçìîæíîñòè îòëàä÷èêà äëÿ ïîèñêà îøèáîê
ïðè èñïîëüçîâàíèè áèáëèîòåê ñ ôóíêöèÿìè âûñøåãî ïîðÿäêà.

Çàäà÷è:

1. Ðàñïîçíàâàíèå âûçîâà Stream API âîçëå òåêóùåé ïîçèöèè
îòëàä÷èêà.

2. Ïîñòðîåíèå ïðîìåæóòî÷íûõ ñîñòîÿíèé ìåæäó âûçîâàìè â
öåïî÷êå.

3. Íàõîæäåíèå ïåðåõîäîâ ìåæäó ñîñòîÿíèÿìè.

4. Âèçóàëèçàöèÿ îáúåêòîâ âíóòðè ñîñòîÿíèé è ïåðåõîäîâ äëÿ
íèõ.
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Ðåøåíèå
Ïîèñê âûçîâà

×òîáû ðàñïîçíàòü âûçîâ áóäåì èñïîëüçîâàòü AST ôàéëà. Ñ
ó÷åòîì ñëåäóþùèõ îñîáåííîñòåé:

� Öåïî÷êà ìîæåò íå èìåòü çàâåðøàþùåé îïåðàöèè. Òàêèå
öåïî÷êè íàì íå èíòåðåñíû (â íèõ íåò âû÷èñëåíèé).

� Ìîæåò áûòü íåñêîëüêî ïîäõîäÿùèõ âûçîâîâ. Íåîáõîäèìî
íàéòè èõ âñå.

� Öåïî÷êà ìîæåò áûòü íà äðóãèõ óðîâíÿõ ñòåêà âûçîâîâ.

� Öåïî÷êà ìîæåò áûòü â îáúåìëþùåì êîäå.
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Ðåøåíèå
Ïîñòðîåíèå ñîñòîÿíèé è ïåðåõîäîâ

Äëÿ îòëàäî÷íûõ öåëåé èíòåðôåéñ Stream îïðåäåëÿåò ìåòîä
peek. Ñ ïîìîùüþ íåãî ìîæåì çàïîìíèòü îáúåêòû ïåðåä
âûçîâîì è ïîñëå íåãî, íå èçìåíèâ ëîãèêó.

.peek(x → store(x , time))

.call(...)

.peek(z → {time.increment()})

.peek(y → store(y , time))

Â ðåçóëüòàòå ïîëó÷èì äâà ìíîæåñòâà:

Before = {(ti , xi )},After = {(ti , yi )}
Îíè îáðàçóþò ñîñòîÿíèÿ ìåæäó âûçîâàìè.
×òîáû íàéòè ïåðåõîäû äîñòàòî÷íî ïîñòðîèòü îòîáðàæåíèÿ

(ti , xi ) → List[(tj , yj)], ∀(ti , xi ) ∈ Before

(ti , yi ) → List[(tj , xj)], ∀(tj , yj) ∈ After
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Ðåøåíèå
Ïðèìåð

Ðàññìîòðèì â êà÷åñòâå ïðèìåðà âûçîâ:

public static IntStream factorize(int n) {...}

flatMap(x -> factorize(x))

Ðåøàÿ òàêèå æå çàäà÷è è äëÿ îñòàëüíûõ ìåòîäîâ, ïîëó÷èì äëÿ
íèõ îòîáðàæåíèå. Òàêîé ïîäõîä ðàáîòàåò ïî÷òè äëÿ âñåõ
ìåòîäîâ. Èñêëþ÷åíèå - îïåðàöèè ñ ñîñòîÿíèåì. Äëÿ íèõ ìîæíî
ïðèäóìàòü îòäåëüíîå ðåøåíèå.
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Ðåøåíèå
Ïðèìåð
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Ðåøåíèå
Ïðèìåð
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Ðåøåíèå
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Ðåøåíèå
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Ðåøåíèå
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Ðåøåíèå
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Ðåøåíèå
Ïðèìåð
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Ðåøåíèå
Âû÷èñëåíèå

Ïðèìåð ñãåíåðèðîâàííîé öåïî÷êè äëÿ âû÷èñëåíèÿ.

IntStream.of(1, 2).filter(x -> x % 2 == 0).sum();

Äëÿ äàííîé öåïî÷êè íóæíî çàïóñòèòü ñëåäóþùèé êîä:

// declare time, before, after

final int result = IntStream.of(1, 2)

.peek(x -> time[0]++)

.peek(x -> before.put(time[0], x))

.filter(x -> x % 2 == 0)

.peek(x -> time[0]++)

.peek(x -> after.put(time[0], x))

.sum();

// return new { new { result } , before, after };

}

Âîçìîæíîñòè äëÿ âû÷èñëåíèÿ ýòîãî êîäà ïðåäîñòàâëÿþòñÿ
ñðåäîé ðàçðàáîòêè.
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Ðåçóëüòàòû

� Ðàçðàáîòàí ïëàãèí, óïðîùàþùèé îòëàäêó îïåðàöèé íàä
ïîòîêàìè îáúåêòîâ.

� Ïîääåðæàíû âñå îïåðàöèè â ñòàíäàðòíîé ðåàëèçàöèè
java.util.stream.

� Ñïèñîê ïîääåðæèâàåìûõ ìåòîäîâ ìîæåò áûòü áûñòðî
ðàñøèðåí.

� Ïëàãèí ðàçìåùåí â îòêðûòîì äîñòóïå.
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Ðåçóëüòàòû

https://plugins.jetbrains.com/plugin/9696-java-stream-debugger

Èñõîäíûé êîä äîñòóïåí ïî ññûëêå:
https://github.com/Roenke/stream-debugger-plugin
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Àðõèòåêòóðà îòëàä÷èêà
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Âûðàæåíèå äëÿ âû÷èñëåíèÿ

×òîáû âû÷èñëèòü âûðàæåíèå äëÿ îòñëåæèâàíèÿ èñïîëíåíèÿ
öåïî÷êè ïîòîêîâ îáúåêòîâ íóæíî îïðåäåëèòü êëàññ, à òàê æå
ó÷åñòü ñëåäóþùèå îñîáåííîñòè

� Ïîëÿ è ìåòîäû ýòîãî êëàññà.
� Ðàñïîëîæåíèå êëàññà: ïàêåò, îáúåìëþùèé êëàññ.
� Äîñòóï ê ïîëÿì è ìåòîäàì îáúåìëþùåãî êëàññà.
� Äîñòóï ê ïðèâàòíûì ÷ëåíàì êëàññà èç ëÿìáä è àíîíèìíûõ
êëàññîâ.

� Ìèíèìèçàöèÿ äàëüíåéøèõ îáðàùåíèé ê âèðòóàëüíîé
ìàøèíå.

private static class Generated extends MagicAccessorImpl {

public Object eval(Collection<Integer> context) {

// Âû÷èñëåíèå âûðàæåíèÿ

// Ïîäãîòîâêà ðåçóëüòàòà

}
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Ãàðàíòèè áèáëèîòåêè

Ïîòîê îáúåêòîâ âñåãäà ëåíèâûé. Ýòî çíà÷èò, ÷òî îáúåêòû íå èç
èñòî÷íèêà áóäóò áðàòüñÿ òîëüêî êîãäà âûïîëíÿåòñÿ
òåðìèíàëüíàÿ îïåðàöèÿ è åé íóæåí îáúåêò.

� Ýòî èñêëþ÷àåò ñèòóàöèè, êîãäà èç êàêèõ-òî
ïðîìåæóòî÷íûõ îïåðàöèé òðåáîâàëèñü îáúåêòû, íî çàòåì
íå èñïîëüçîâàëèñü

� Íî ýòî íå èñêëþ÷àåò, ÷òî íåêîòîðûì ïðîìåæóòî÷íûì
îïåðàöèÿì ïîòðåáóåòñÿ ïðî÷èòàòü áîëåå îäíîãî îáúåêòà,
÷òîáû âåðíóòü îäèí. (ñì sorted, distinct, è äð)

� Ñëåäñòâèå: íåò âûçîâà òåðìèíàëüíîé îïåðàöèè - íåò
âû÷èñëåíèé
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Òðåáîâàíèÿ ê êîäó ïîëüçîâàòåëÿ

"Streams are lazy; computation on the source data is only
performed when the terminal operation is initiated, and source
elements are consumed only as needed."

� Ýòî çíà÷èò, ÷òî îáúåêòû ìîãóò áðàòüñÿ èç èñòî÷íèêà
òîëüêî ïî íåîáõîäèìîñòè.

� Íî ýòî íå èñêëþ÷àåò, ÷òî íåêîòîðûì ïðîìåæóòî÷íûì
îïåðàöèÿì ïîòðåáóåòñÿ ïðî÷èòàòü âñ¼ îáúåêòû. (ñì sorted,
distinct, è äð)
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Ðàñïîçíàâàíèå âûçîâà
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OzCode
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Ïðèìåð

Ðàññìîòðèì ïðèìåð. Ïîñòàâèì çàäà÷ó âîññòàíîâèòü
ïðîìåæóòî÷íûå ñîñòîÿíèÿ è ïåðåõîäû.

List<String> streamAPIExample(List<Person> persons) {

return persons.stream()

.filter(person -> person.age < 18)

.sorted(Comparator.comparing(x -> x.age))

.map(person -> person.name)

.collect(Collectors.toList());

}
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Ïðèìåð

Èíòåðôåéñ Stream îïðåäåëÿåò äëÿ îòëàäî÷íûõ öåëåé ìåòîä
peek. Äîáàâèì åãî ìåæäó âñåìè âûçîâàìè ìåòîäîâ Stream<T>.

List<String> streamAPIWithPeeks(List<Person> persons) {

return persons.stream()

.peek(x -> System.out.println(x))

.filter(person -> person.age < 18)

.peek(x -> System.out.println("after filter: " + x))

.sorted(Comparator.comparing(x -> x.age))

.peek(x -> System.out.println("after sort: " + x))

.map(person -> person.name)

.peek(x -> System.out.println("after map: " + x))

.collect(Collectors.toList());

}
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Ïðèìåð

Èíôîðìàöèÿ, êîòîðóþ ìîæíî
èçâëå÷ü:

� Ïîñëåäîâàòåëüíîñòü
ïðîõîæäåíèÿ îáúåêòîâ
÷åðåç öåïî÷êó âûçîâîâ

� Ðåçóëüòàò ôèëüòðàöèè

� sorted èìååò ñîñòîÿíèå è
òðåáóåò âûïîëíèòü âåñü
ïîòîê äî ñâîåãî âûçîâà

� Ïðåîáðàçîâàíèÿ îáúåêòîâ

Ðåçóëüòàò âûçîâà:

1: 1 - Vasily [10]

2: after filter: 1 - Vasily [10]

3: 2 - Petr [15]

4: after filter: 2 - Petr [15]

5: 3 - Dmitry [14]

6: after filter: 3 - Dmitry [14]

7: 4 - Sasha [20]

8: 5 - Michael [33]

9: after sort: 1 - Vasily [10]

10: after map: Vasily

11: after sort: 3 - Dmitry [14]

12: after map: Dmitry

13: after sort: 2 - Petr [15]

14: after map: Petr
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