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AnekcaHgp RaHuun

LLlaxoB INTrobaeB
e Java-paspaboTuyuk B e Maructp MKH Criery
TuHbkOdd.[Opoa e [lIpenogaBaTternb Ha MKH
e [lpenogasatens B Cl10IY, JIOTH, e Paspabotumnk Ha Go
LleHTpanbHOM yHUBEpPCUTETE e Jliobutenb concurrency

e Cospartenb KHWXHOro knyba .rar

P

e

i




Yto Takoe WikiGame

e [laloTcsa ABe cTaTb Ha Bukunegum
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Yto Takoe WikiGame

e [laioTcAa OBe ctaTtby Ha Bukunegmm
e HyXHO KIiMKaTb MO CChIfikamM N HAUTU NYTb OT NepPBON 0 BTOPOU

e K70 BbICTPEE — TOT M NOOEaNNT



Kak Bce
npoucxoauno

e Cpenanu oemMKy Ha acMHXpoHHOM Python

e [lanu WKONbHMKaAM C HEW UrpaTbCcs

e [lapannenbHO ODBACHANN, YTO K YEMY

e [lymanun, CMOXEeT N KTO-TO caenaTb pelleHne, bnm3koe no BpeMeHU K
HaLlemy

e Ho...
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MocTaHOBKa 3aa4aun

e Buknnegus yMeET OTAaBaTb BCE CCbIJIKK Ha CTpaHULUE
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NMocTaHOBKa 3aa4aun

public interface WikiDataSource {
List<String> getLinksByTitle (String title);

public interface WikiRepository {
List<String> getlLinksByTitle (String title);

public interface WikiGame {
List<String> play(String startPageTitle, String endPageTitle, int maxDepth);



Peanusauum

@Override
public List<String> getLinksByTitle (String title) {

try |
String responseBody = httpClient.send( /* Create HTTP Request */).body();

WikiLinksResponse response = /* Deserialize from responseBody */;
return parseResponse (response);

} catch (Throwable e) {

throw new RuntimeException (e);



Peanusauum

public class WikiRepositoryImpl implements WikiRepository {
private final WikiDataSource wikiDataSource;

public WikiRepositoryImpl (WikiDataSource wikiDataSource)
this.wikiDataSource = wikiDataSource;

@Override
public List<String> getLinksByTitle (String title) {
return wikiDataSource.getLinksByTitle (title);

{



Baseline:
CUHXpOHHOE peLueHune

e [lpocton obxop B wnpuHy (BFS — Breadth-First Search) ot Hauvana

CTpaHULbl

e OcTaHaBnuBaemcs, Koraa BCTpe4daeM CTpaHnLUy C HY>KHbIM

Ha3BaHNEM



@Override
public List<String> play(String startPageTitle, String endPageTitle, int maxDepth) {
var startedPage = new Page(startPageTitle, null);

Queue<Page> rawPages = new LinkedList<>(Collections.singleton(startedPage));

Queue<Page> parsedPages new LinkedList<>();

Set<String> parsedTitle new HashSet<>();

var parentEndPage = startedPage;
do {
var curPage = rawPages.poll();
parentEndPage = curPage;
var newlLinks = wikiDataSource.getLinksByTitle (curPage.getTitle())

parsedPages.add (curPage) ;

parsedTitle.addAll (newLinks) ;

rawPages.addAll (newLinks.stream() .map(m -> new Page(m, curPage)).toList());
} while (!parsedTitle.contains (endPageTitle));

parsedPages.add (new Page (endPageTitle, parentEndPage))

return getResultPath (parsedPages, endPageTitle);
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3amepbl: CUHXPOHHOE peLueHune

HavanbHasa ctpaHuua

BakyraH

A (kmpunnuua)

Bytepbpoa

OXOTHUKM 3a
NPUBUAEHUSMU

KoHe4yHas cTpaHuua
Bnbnusa

Teopusi romosiornu
Won
dunsunka

Bpoackumn

Myopxka

LLkonbHMKN

0,73 cek.

0,87 cek.

0,84 cex.

0,76 cek.

0,53 cek.

0,75 cek.

CWHXpPOHHOE
peLueHne

> 30 MUH.
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CUHXpOHHOE
pelleHne — Oonro

e [lomkHbl OXMaaTb KaXablI 3anpoc
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All threads merged N Method

main 52.6% & > 48.5% rar.java.Main.main(String[])
HttpClient-1-Worker-0 235% > 28.5% java.lang.Thread.run()
HttpClient-1-SelectorManager 0.0% -~ > 9.0% jdk.internal.net.http.HttpClientimpl$SelectorManager.run()
Attach Listener 8o% > 7.5% jdk.internal.agent.Agent.startLocalManagementAgent()
RMI TCP Connection(1)-192.168.3.32 5.5% 2 > 1.5% < jdk.internal.reflect.DirectConstructorHandleAccessor.newlInstance(Object[]) - sun.security.x509.X509Key.parse(DerValue)
DefaultDispatcher-worker-2 <1% > 1.5% java.lang.invoke.DirectMethodHandle$Holder.newlnvokeSpecial(Object)
® 0O 1 M Oms S sec 10 sec
% R o .
HttpClient-1-Worker-0 10 Y O N A I O ) N N N I U Y I
HttpClient-1-Worker-1 ' e
main I w0009 JgJ0 ;. - - Jj | [ [ | |

HttpClient-1-SelectorManager (.. ./ ./ . | J /] | |



Yto penatb?

e Kaxnoas BeTka cTpaHuy B aepese BFS noumu Hezasucuma gpyr ot gpyra
e HyXXHO NnLWb NponyckaTb CTPaHULbI, HA KOTOPbIX Mbl yXXe Oblin

e OcTanbHOe MoXeM obpabaTtbiBaTb NapannensHo
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Executors



@Override
public List<String> play(@NotNull String startPageTitle, (@NotNull String endPageTitle, int maxDepth) {
var startPage = new Page(startPageTitle, null);

Queue<Page> rawPages = new ConcurrentLinkedQueue<> (Collections.singleton(startPage));
Queue<Page> parsedPages = new ConcurrentLinkedQueue<>();
Set<String> receivedLinks = new ConcurrentSkipListSet<>();

var executor = Executors.newCachedThreadPool () ;

do {
Page currentPage = rawPages.poll();
if (currentPage != null) {
executor.execute (makeSearch (currentPage, rawPages, parsedPages, receivedLinks, endPageTitle));
}
} while (!receivedLinks.contains (endPageTitle));

executor.shutdown () ;
executor.close();

parsedPages.add (
new Page (endPageTitle,
rawPages.stream()
.filter(p -> p.getTitle() .equals (endPageTitle))
.findAny ()
.orElseThrow ()

)7

return getResultPath(parsedPages, endPageTitle);
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public List<String> play(@NotNull String startPageTitle, (@NotNull String endPageTitle, int maxDepth) {
var startPage = new Page(startPageTitle, null);

Queue<Page> rawPages = new ConcurrentLinkedQueue<> (Collections.singleton(startPage));
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}
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.findAny ()
.orElseThrow ()

)

return getResultPath (parsedPages, endPageTitle);



public Runnable makeSearch (Page currentPage, Queue<Page> rawPages, Queue<Page> parsedPages, Set<String>
receivedLinks, String endPageTitle) {

return () -> {
if (currentPage != null) {
List<String> newlLinks;
try {

newlLinks = wikiDataSource.getLinksByTitle (currentPage.getTitle())
} catch (Throwable e) {
newLinks = null;

if (newLinks != null) {
parsedPages.add (currentPage) ;
for (String link : newLinks) {
if (receivedLinks.add(link)) {
rawPages.add (new Page(link, currentPage));

}
} else {
rawPages.add (currentPage) ;



do {
3,014 ms Page curPage = rawPages.poll();

if (curPage '= null) {

9,191 ms exec.execute(makeSearch(curPage, rawPages, parsedPages, receivedlLinks));

6,251 ms } while (!receivedLinks.contains(endPageTitle));



public Runnable makeSearch (Queue<Page> rawPages, Queue<Page> parsedPages,
String endPageTitle) {
return () -> {
Page currentPage = rawPages.poll();
if (currentPage != null) {
List<String> newlLinks;
try {
newlLinks = wikiDataSource.getLinksByTitle (currentPage.getTitle())
} catch (Throwable e) {
newLinks = null;

Set<String> receivedLinks,

if (newLinks != null) {
parsedPages.add (currentPage) ;
for (String link : newLinks) {
if (receivedLinks.add(link)) {
rawPages.add (new Page(link, currentPage))
}
if (endPageTitle.equals(link)) {
isFinished.set (true) ;
break;

}

} else {
rawPages.add (currentPage) ;



@Override
public List<String> play(@NotNull String startPageTitle, (@NotNull String endPageTitle, int maxDepth) {
var startPage = new Page(startPageTitle, null);

Queue<Page> rawPages = new ConcurrentLinkedQueue<> (Collections.singleton(startPage));
Queue<Page> parsedPages = new ConcurrentLinkedQueue<>();
Set<String> receivedLinks = new ConcurrentSkipListSet<>();

var executor = Executors.newCachedThreadPool () ;

do {
executor.execute (makeSearch (rawPages, parsedPages, receivedLinks, endPageTitle));
} while (!isFinished.get());
executor.shutdown () ;
executor.close() ;

parsedPages.add (
new Page (endPageTitle,
rawPages.stream()
.filter(p -> p.getTitle() .equals (endPageTitle))
.findAny ()
.orElseThrow ()

)7

return getResultPath(parsedPages, endPageTitle);



EcTb HIOAQHC

e OrpaHndenne API Buknnegum — 200 RPS

e Bocnonb3yemcsa Rate Limiter (resilience4))
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HavanbHasa ctpaHuua

BakyraH

A (kmpunnuua)

Bytepbpoa

OXOTHUKM 3a
NPUBUAEHUSMU

3amepbl: Executors

KoHe4yHas cTpaHuua
Bnbnusa

Teopusi romosiornu
Won
dunsunka

Bpoackumn

Myopxka

LLkonbHMKN

0,73 c.

0,87 c.

0,84 c.

0,76 c.

0,53 c.

0,75 c.

Executors

5,22 cek.

314,29 cek. // 5,2
MWH.

34,1 cek.

20,05 cek.

20,77 cek.

46,19 cek.
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LLHIKONBbHUKW




Executors — nyuuue,
HO He CUJIbHO

e Kopa He o4eHb
e CunbHO ObICTpPEE, YEM CUHXPOHHOE peLleHne, HO MeASIEHHEE LLUKONbHUKOB

e Hapgo nyywe!
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Completable Future



Kotlin Coroutines



Kotlin Coroutines

e Knio4yeBoe CnoBo suspend
e [luwem nocnegoBaTenbHbIN KOO

e ACUHXPOHHbIEe OYHKUNK NpeobpasytoTcs komnunatopom B CPS

41



Kotlin Coroutines

interface WikiRepository {

suspend fun getLinksByTitle(title:

interface WikiDataSource {

suspend fun getLinksByTitle(title:

String) :

String) :

List<String>

List<String>

42



Peanusauum

class WikiRepositoryImpl (private val wikiDataSource: WikiDataSource) : WikiRepository {
override suspend fun getLinksByTitle(title: String): List<String> =

wikiDataSource.getLinksByTitle (title)



class WikiDataSourceImpl : WikDataSource {

/* URL, Rate Limiter, HTTP Client */

override suspend

val response

fun getLinksByTitle(title: String): List<String> {

= ratelimiter.executeSuspendFunction {

client.get (URL) { /* Parameters */ }

val wikiLinkResponse: WikiLinksResponse = response.body ()

val links =

return links

/* Get links from wikiLinksResponse */

44



override fun play(
startPageTitle: String,
endPageTitle: String,
maxDepth: Int

) : List<String> = runBlocking {

val visitedPages: MutableMap<String, Boolean> = ConcurrentHashMap ()

val startPage = Page(startPageTitle, null)

val resultPage = processPage (startPage, endPageTitle, 0, maxDepth, visitedPages)

val path = /* Get path from resultPage */

return@runBlocking path
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private suspend fun processPage (
page: Page,
endPageTitle: String,
curDepth: Int,
maxDepth: Int,
visitedPages: MutableMap<String,
) : Page

Boolean>,
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[lpoBepaeM T'paHMUHEBEIE YCJIOBUA. ..

if (visitedPages.putlIfAbsent (page.title, true)
throw RuntimeException ("Already visited")

if (page.title == endPageTitle) {
return page

if (curDepth == maxDepth) {
throw RuntimeException ("Depth reached")

!= null)

{
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[lpoBepaeM T'paHMUHEBEIE YCJIOBUA. ..

if (visitedPages.putIfAbsent (page.title, true)
throw RuntimeException ("Already visited")

if (page.title == endPageTitle) {
return page

if (curDepth == maxDepth) {
throw RuntimeException ("Depth reached")

!= null)

{
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[lpoBepaeM T'paHMUHEBEIE YCJIOBUA. ..

if (visitedPages.putlIfAbsent (page.title, true)
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[lpoBepaeM T'paHMUHEBEIE YCJIOBUA. ..

if (visitedPages.putlIfAbsent (page.title, true)
throw RuntimeException ("Already visited")

if (page.title == endPageTitle) {
return page

if (curDepth == maxDepth) {
throw RuntimeException ("Depth reached")

!= null)

{
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. . [I0JIydYaeM HOBEIE CCBUIKM M TIIPOIOOoJIXaeM IIOMCK
val links = wikiRepository.getLinksByTitle (page.title)
val pageChannel = Channel<Page> ()

val scope = CoroutineScope (SupervisorJob() + CoroutineExceptionHandler { ,  =>})
links.forEach { link =->
scope.launch {
val pageResult = processPage (
Page (link, page),
endPageTitle,
curDepth + 1,
maxDepth,
visitedPages,

pageChannel .send (pageResult)

val resultPage = pageChannel.receive ()
scope.cancel ()

return resultPage
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3amepsbl: Kotlin Coroutines

HavanbHasa ctpaHuua

BakyraH

A (kmpunnuua)

Bytepbpoa

OXOTHUKM 3a
NPUBUAEHUSMU

KoHe4yHas cTpaHuua
Bnbnusa

Teopusi romosiornu
Won
dunsunka

Bpoackumn

Myopxka

LLkonbHMKN

0,73 c.

0,87 c.

0,84 c.

0,76 c.

0,53 c.

0,75 c.

Coroutines

7,53 c.

466,65 c. // 7,7 m.

35,38 c.

27,45 c.

111,6 c. /1,8 m.

947,58 c. // 15,8 m.



LLHIKONBbHUKW




Y10 He Tak?

e Kop crtan nyywe

e [lncatb nuntatb npnATHEE, MEHATDL MNPOLLE
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Y10 He Tak?

e Kop crtan nyywe
e [lucaTb M 4nTaTh NPUATHEE, MEHATL NpoLle

e [lpon3BoaANTENBHOCTL Nepebopa CTpaHWUL, cTana Ha NopsaoK ny4lle
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Y10 He Tak?

e Kop crtan nyywe
e [lucaTb M 4nTaTh NPUATHEE, MEHATL NpoLle
e [IponsBoguTenbHOCTL Nepebopa CcTpaHuL cTana Ha NopsaoK ydile

e Ho ckopoCTb BCe €elle HE OYEHD...
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Y10 He Tak?

e Kop crtan nyywe

e [lncaTtb n ynTaTb NpUATHEE, MEHATbL NpPOLLE

e [Ipom3BoanTENBHOCTL Nepebopa cTpaHUL cTana Ha NopAaoK ny4ylle
e Ho ckopoCTb BCe €elle HE OYEHD...

e MoxeT, B3Tb YTO-HNOYOb Kpyye 1 HoBee?
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Project Loom



Loom

e Bowen B coctaB 21 JDK — penus 21 neHb Ha3apg
e BupTyarnbHble NOTOKK

e Structured Concurrency
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Loom

e Bowen B coctaB 21 JDK — penus 21 neHb Ha3apg
e BupTyarnbHble NOTOKK
e Structured Concurrency

e He genum mup Ha “uBeta” (Bob Nystrom, “What Color is Your

Function?”) @ @
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function a function b function c



function d function e async function f







Loom

e Bowen B coctaB 21 JDK — penus 21 neHb Ha3apg

e BupTyarnbHble NOTOKK

e Structured Concurrency

e He genum mup Ha “uBeta” (Bob Nystrom, “What Color is Your
Function?”)

e Bosspawaemca B mup Java
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@Override

public List<String> play(String startPageTitle, String endPageTitle,

var visitedPages = new ConcurrentHashMap<String, Boolean>();

var startPage = new Page(startPageTitle, null);

Page resultPage = processPage (startPage, endPageTitle,

var path = /* Get path from resultPage */;

return path;

0,

maxDepth,

int maxDepth) {

visitedPages) ;
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@Override

public List<String> play(String startPageTitle, String endPageTitle,

var visitedPages = new ConcurrentHashMap<String, Boolean> () ;

var startPage = new Page(startPageTitle, null);

Page resultPage = processPage (startPage, endPageTitle,

var path = /* Get path from resultPage */;

return path;

0,

maxDepth,

int maxDepth) {

visitedPages) ;
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@Override

public List<String> play(String startPageTitle, String endPageTitle,

var visitedPages = new ConcurrentHashMap<String, Boolean>();

var startPage = new Page(startPageTitle, null);

Page resultPage = processPage (startPage, endPageTitle,

var path = /* Get path from resultPage */;

return path;

0,

maxDepth,

int maxDepth) {

visitedPages) ;
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@Override

public List<String> play(String startPageTitle, String endPageTitle,

var visitedPages = new ConcurrentHashMap<String, Boolean>();

var startPage = new Page(startPageTitle, null);

Page resultPage = processPage (startPage, endPageTitle,

var path = /* Get path from resultPage */;

return path;

0,

maxDepth,

int maxDepth) {

visitedPages) ;
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@Override

public List<String> play(String startPageTitle, String endPageTitle,

var visitedPages = new ConcurrentHashMap<String, Boolean>();

var startPage = new Page(startPageTitle, null);

Page resultPage = processPage (startPage, endPageTitle,

var path = /* Get path from resultPage */;

return path;

0,

maxDepth,

int maxDepth) {

visitedPages) ;
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private Page processPage (

Page page,

String endPageTitle,
int curDepth,

int maxDepth,

Map<String, Boolean>

visitedPages
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[lpoBepaeM T'paHMUHBIE YCJIOBUA. ..

if (visitedPages.putlfAbsent (page.getTitle (), true)

throw new RuntimeException ("Already visited");

if (page.getTitle () .equals (endPageTitle)) {

return page;

if (curDepth == maxDepth) {

throw new RuntimeException ("Depth reached");

!'= null)

{
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. . JIJI0JIYy4YaeM HOBEIE CCBUIKM ¥V IIpOoHnoJiXaeM IIOUMCK

var links = wikiRepository.getLinksByTitle (page.getTitle());
try (var scope = new StructuredTaskScope.ShutdownOnSuccess<Page>()) {
links.forEach((link) -> { scope.fork(() -> processPage (
new Page(link, page),
endPageTitle,
curDepth + 1,
maxDepth,

visitedPages

) ;
1)

scope.join();

return scope.result();
} catch (Throwable e) {
throw new RuntimeException (e);

} 81



. . JIJI0JIYy4YaeM HOBEIE CCBUIKM ¥V IIpOoHnoJiXaeM IIOUMCK

var links = wikiRepository.getLinksByTitle (page.getTitle())
try (var scope = new StructuredTaskScope.ShutdownOnSuccess<Page>()) {
links.forEach((link) -> { scope.fork(() -> processPage (
new Page(link, page),
endPageTitle,
curDepth + 1,
maxDepth,

visitedPages

) ;
1)

scope.join();

return scope.result();
} catch (Throwable e) {
throw new RuntimeException (e);

} 82



. . JIJI0JIYy4YaeM HOBEIE CCBUIKM ¥V IIpOoHnoJiXaeM IIOUMCK

var links = wikiRepository.getLinksByTitle (page.getTitle());
try (var scope = new StructuredTaskScope.ShutdownOnSuccess<Page>()) {
links.forEach((link) -> { scope.fork(() -> processPage (
new Page(link, page),
endPageTitle,
curDepth + 1,
maxDepth,

visitedPages

) ;
1)

scope.join();

return scope.result();
} catch (Throwable e) {
throw new RuntimeException (e);

} 83



. . JIJI0JIYy4YaeM HOBEIE CCBUIKM ¥V IIpOoHnoJiXaeM IIOUMCK

var links = wikiRepository.getLinksByTitle (page.getTitle());
try (var scope = new StructuredTaskScope.ShutdownOnSuccess<Page>()) {
links.forEach((link) -> { scope.fork(() -> processPage (
new Page(link, page),
endPageTitle,
curDepth + 1,
maxDepth,

visitedPages

) 2
1)

scope.join();

return scope.result();
} catch (Throwable e) {
throw new RuntimeException (e);

} 84



. . JIJI0JIYy4YaeM HOBEIE CCBUIKM ¥V IIpOoHnoJiXaeM IIOUMCK

var links = wikiRepository.getLinksByTitle (page.getTitle());
try (var scope = new StructuredTaskScope.ShutdownOnSuccess<Page>()) {
links.forEach((link) -> { scope.fork(() -> processPage (
new Page(link, page),
endPageTitle,
curDepth + 1,
maxDepth,

visitedPages

) ;
1)

scope.join () ;

return scope.result();
} catch (Throwable e) {
throw new RuntimeException (e);

} 85



HavanbHasa ctpaHuua

BakyraH

A (kmpunnuua)

Bytepbpoa

OXOTHUKM 3a
NPUBUAEHUSMU

3amepbl: Loom

KoHe4yHas cTpaHuua
Bnbnusa

Teopusi romosiornu
WNon
dunsunka

Bpoackumn

Mymxa

LLkonbHMKN

0,73 c.

0,87 c.

0,84 c.

0,76 c.

0,53 c.

0,75 c.

Loom

5,8 c.

508,02 c. // 8,5 m.

35,76 c.

37,76 c.

104,6 c. /1,7 m.

977,92 c.// 16,3 m.



LLHIKONBbHUKW




® O 11 M

HttpClient-1-Worker-0
HttpClient-1-Worker-1
HttpClient-1-SelectorManager
RMI TCP Connection(idle)
ForkJoinPool-1-worker-8
ForkJoinPool-1-worker-9
ForkJoinPool-1-worker-10
ForkJoinPool-1-worker-11
ForkJoinPool-1-worker-12
ForkJoinPool-1-worker-1
ForkJoinPool-1-worker-2
ForkJoinPool-1-worker-3
ForkJoinPool-1-worker-4
ForkJoinPool-1-worker-5
ForkJoinPool-1-worker-6
ForkJoinPool-1-worker-7

0ms 15 sec 30 sec 45 sec 1 min




Y10 He Tak?

e B3aAnu camyo COBpeMEHHY TEXHOMOMMIO
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Y10 He Tak?

e B3anu camyio COBPEMEHHYIO TEXHOIOIMIO
e Oxwnpanu, 4YTo OHa caenaeT Hally XU3Hb fy4lle U YCKOPUT peLleHne

e Ho He nomorno
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Y10 He Tak?

e B3anu camyio COBPEMEHHYIO TEXHOIOIMIO
e Oxwnpanu, 4YTo OHa caenaeT Hally XU3Hb fy4lle U YCKOPUT peLleHne

e Ho He nomorno

e [pycTb, nevanb. Yem ato ny4we Executors?

91



NbiTaemcs
pa3obpaTbcH

e [yrnnm, 3axoanm B HOTYO
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lNbiTaemcs
pa3obpaTbcH

e [yrnnm, 3axoanm B HOTYO

e Haxooum goknag BaHu YrnsiHCKoro

T’JPoint

Thread Wars: npoekT
Loom HaHOCUT UBaH
OTBETHbIN yaap YrnaHcKui

Huawe

~EIIEHMS NPOBMNEMbBbI TPENOB

. b1 )
b= 4 é
"

"
I 3

BupTyaAbHblE
noToku B Loom a.k.a
stackful kopyTrHbI

J
ABTOMATMYECKOE
npeobpa3oBaAHUE KOA
B CPS a.k.a stackless

1 1
ThreadPool + : :
1 1
1 1
: KOPYTUHbI :
1 1
1 1
1 ]
1 1
L L

Callbacks/Future/
Combinators

ReactiveFrameworks
= Loom Loom
Completablefuture C#/JS/C++ Kotlin cenyac MAEAABHBIN
] | | | |
Boablue MeHbLLe

BAMAHME HA KOA M 93bIK 93



lNbiTaemcs
pa3obpaTbcH

e [yrnnm, 3axoanm B HOTYO

e Haxooum goknag BaHu YrnsiHCKoro

2’ JPoint

Thread Wars: npoekT
Loom HaHOCUT UBaH
OTBETHbIN yaap YrnsHCKui

[Aun3anHepbl
P ——
f // ; \\\ / \\
S{»_.' = )| )
\ -
Ny ) ( NT'F
| N =/ \
f -
/ /,\ — N
CMOTpM, Y Hac Heeer! Tol yxpan
OAMHAKOBLIE Maen MOk pabory

_.. MNporpammucTtel

3710 e o
TBOH KOR
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NbiTaemcs
pa3obpaTbcH

e [yrnnm, 3axoanm B HOTYO
e Haxooum goknag BaHu YrnsiHCKoro
e [loHMMaeMm, 4TO BCe Noaxodbl K aCUHXPOHHOCTU dyHAAMEHTaNbHO

OCHOBaAHbl Ha OOHUX N TEX XKe BELlaX
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NbiTaemcs
pa3obpaTbcH

e [yrnnm, 3axoanm B HOTYO

e Haxooum goknag BaHu YrnsiHCKoro

e [loHMMaeMm, 4TO BCe Noaxodbl K aCUHXPOHHOCTU dyHAAMEHTaNbHO
OCHOBaHbI Ha OJHUX U TEX e BeLlax

e Ho oHM no3BonsAT HaMm NUcaTb bonee NPOCTON, NAaKOHUYHbLIN K

MOHATHBLIN KO, KOTOPbIA MEHbLLIE NOABEPXKEH OLUNOKaM
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A 4TO OoenaTb TO?






Pewaem 3apgauy

e Hauwa npobnema He B oXXnaaHuM 3anpocoB, a B KONM4YecTBe CTpaHuL
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Pewaem 3apgauy

e Hawa npobnema He B 0XXMaaHUM 3anpoCcoB, a B KONIMYECTBE CTPaHUL
e l/pem B AP| Buknunegum

e Haxoaum backlinks

API documentation [edit]

The following documentation is the output of Special:
ApiHelp/query+backlinks, automatically generated by the
pre-release version of MediaWiki that is running on this site
(MediaWiki.org).

list=backlinks (bl)

(main | query | backlinks)

; ; - 100
Find all pages that link to the given page. e This module requires read rights.



Pewaem 3apgauy

e Hawa npobnema He B 0XXMaaHUM 3anpoCcoB, a B KONIMYECTBE CTPaHUL
e l/pem B AP| Buknunegum
e Haxoaum backlinks

e Bo3HuKaeTt ederHb-cAoKHas nges
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Pewaem 3apgauy

e Hawa npobnema He B 0XXMaaHUM 3anpoCcoB, a B KONIMYECTBE CTPaHUL
e l/pem B AP| Buknunegum

e Haxoaum backlinks

e Bo3HuKaeT e4eHb-cROXHas naes

e BFS c aByx cTopoH!
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Two-Way BFS

Pacwimnpum nHtepdencel

public interface WikiRepository ({
List<String> getLinksByTitle (String title);
List<String> getBacklinksByTitle (String title);

public interface WikiDataSource {
List<String> getLinksByTitle (String title);
List<String> getBacklinksByTitle (String title);
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@Override

public
var

var

var

var

List<String> play(String startPageTitle, String endPageTitle, int maxDepth)

visitedForwardPages = new ConcurrentHashMap<String, ForwardPage> () ;

visitedBackwardPages = new ConcurrentHashMap<String, BackwardPage> () ;

startForwardPage = new ForwardPage (startPageTitle, null);
endBackwardPage = new BackwardPage (endPageTitle, null);

{
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try (var scope = new StructuredTaskScope.ShutdownOnSuccess<PairPages>()) {
scope.fork (() -> processPageForward (
startForwardPage,
0,
maxDepth,
visitedForwardPages,
visitedBackwardPages

));

scope.fork(() -> processPageBackward
endBackwardPage,
0,
maxDepth,
visitedForwardPages,
visitedBackwardPages

)) 7
scope.join();
var pairPagesResult = scope.result();

return getFinalPathFromForwardAndBackward (pairPagesResult.forwardPage, pairPagesResult.backwardPage) ;

} catch (Throwable e) {

throw new RuntimeException(e);
} 105



try (var scope = new StructuredTaskScope.ShutdownOnSuccess<PairPages>()) {

scope.fork (() -> processPageForward (
startForwardPage,
0,
maxDepth,

visitedForwardPages,
visitedBackwardPages

D)) 8

scope.fork(() -> processPageBackward
endBackwardPage,
0,
maxDepth,

visitedForwardPages,
visitedBackwardPages

)) 7
scope.join();
var pairPagesResult = scope.result();

return getFinalPathFromForwardAndBackward (pairPagesResult.forwardPage, pairPagesResult.backwardPage) ;

} catch (Throwable e) {

throw new RuntimeException(e);
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try (var scope = new StructuredTaskScope.ShutdownOnSuccess<PairPages>()) {

scope.fork (() -> processPageForward (
startForwardPage,
0,
maxDepth,
visitedForwardPages,
visitedBackwardPages

));

scope.fork(() -> processPageBackward (
endBackwardPage,
0,
maxDepth,

visitedForwardPages,
visitedBackwardPages

))
scope.join();
var pairPagesResult = scope.result();

return getFinalPathFromForwardAndBackward (pairPagesResult.forwardPage, pairPagesResult.backwardPage) ;

} catch (Throwable e) {

throw new RuntimeException(e);
} 107



try (var scope = new StructuredTaskScope.ShutdownOnSuccess<PairPages>()) {
scope.fork (() -> processPageForward (
startForwardPage,
0,
maxDepth,
visitedForwardPages,
visitedBackwardPages

));

scope.fork(() -> processPageBackward
endBackwardPage,
0,
maxDepth,
visitedForwardPages,
visitedBackwardPages

)) 7
scope.join () ;
var pairPagesResult = scope.result();

return getFinalPathFromForwardAndBackward (pairPagesResult.forwardPage, pairPagesResult.backwardPage) ;

} catch (Throwable e) {

throw new RuntimeException(e);
} 108



private record PairPages (ForwardPage forwardPage, BackwardPage backwardPage) {}
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private record PairPages (ForwardPage forwardPage,

private PairPages processPageForward (
ForwardPage page,
int curDepth,
int maxDepth,

BackwardPage backwardPage)

ConcurrentMap<String, ForwardPage> visitedForwardPages,

ConcurrentMap<String, BackwardPage> visitedBackwardPages

{1}
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[lpoBepaeM T'paHMUHBEIE YCJIOBUA. ..

if (visitedForwardPages.putIfAbsent (page.getTitle (), page) != null)

throw new RuntimeException ("Already visited");

var backwardPage = visitedBackwardPages.get (page.getTitle())
if (backwardPage != null) {

return new PairPages (page, backwardPage)

if (curDepth == maxDepth) {
throw new RuntimeException ("Depth reached");

{

11



. . JII0JIY4YaeM HOBEIE CCBUIKM ¥V IIpOoOoJiXaeM IIOMCK

var links = wikiRepository.getLinksByTitle (page.getTitle());

try (var scope = new StructuredTaskScope.ShutdownOnSuccess<PairPages>()) {
links.forEach ((link) -> {
scope.fork(() -> processPageForward (
new ForwardPage (link, page),
curDepth + 1,
maxDepth,
visitedForwardPages,
visitedBackwardPages
))
1)

scope.join();

return scope.result();
} catch (Throwable e) {

throw new RuntimeException(e);
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private PairPages processPageBackward (
BackwardPage page,
int curDepth,
int maxDepth,
ConcurrentMap<String, ForwardPage> visitedForwardPages,
ConcurrentMap<String, BackwardPage> visitedBackwardPages
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3amepbl: Loom + Two-Way BFS

HavanbHasa ctpaHuua

BakyraH

A (kmpunnuua)

Bytepbpoa

OXOTHUKM 3a
NPUBUAEHUSMU

KoHe4yHas cTpaHuua
Bnbnusa

Teopusi romosiornu
Won
dunsunka

Bpoackumn

Myopxka

LLkonbHMKN

0,73 c.

0,87 c.

0,84 c.

0,76 c.

0,53 c.

0,75 c.

Loom + Two-Way
BFS

0,78 c.

1,69 c.

1,31 c.

1c.

1,14 c.

1,49 c.
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Ho ecTb HIOAHC

e [lpu peweHun 3agaum 6bINO ABa 3a4eTa: YECTHLIN U HEYECTHbIN
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Ho ecTb HIOAHC

e [lpu peweHun 3agaum 6bINO ABa 3a4eTa: YECTHLIN U HEYECTHbIN
e B yecTHOM Hago 6bINO XOAUTb TONMLKO MO CETU, HO OHWU Cpa3y

caboTmpoBanu ero Tem, 4To 3abuBanu ceTb, Mellas apyr apyry

116



Ho ecTb HIOAHC

e [lpu peweHun 3agaum 6bINO ABa 3a4eTa: YECTHLIN U HEYECTHbIN

e B yecTHOM Hago 6bINO XOAUTb TONMLKO MO CETU, HO OHWU Cpa3y
caboTupoBanu ero Tem, 4YTo 3abuBanu ceTb, MeLLasa apyr apyry

e B HeyeCTHOM 3a4eTe OHbIE YMbl XaKHYNM HaLUKX NpaBuia 1 Bbikadnsanm
cebe Bukuneguio, Beirpyxanu ee B rpadoByto b1, npegpacunteiBanu

nyTu
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Ho ecTb HIOAHC

e [lpu peweHun 3agaum 6bINO ABa 3a4eTa: YECTHLIN U HEYECTHbIN

e B 4yecTHOM Hafgo ObII0 XOOUTb TOMBKO MO CETU, HO OHWU Cpas3y
caboTmpoBanu ero Tem, 4to 3abusanu ceTb, MeLLaa gpyr opyry

e B He4yecTHOM 3a4eTe oHble YMbl XakHYJSIM HalUW rnpasuna 1 Bbikadneanu
cebe Bukuneguio, Beirpyxanu ee B rpadoByto b1, npegpacunteiBanu
nyTn

e A 9TO Ha MMHYTOYKY 222Kk cBasen, 7kk ctpaHuy 1 28rd gaHHbIx MySQL
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XoTtum ele ObicTpee!

e Bbirpy3aum Bce B nokanbHyto 6a3y gaHHbIX

e l130aBumca ot Rate Limiter
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public class WikiMySglDataSourceImpl implements WikiDataSource {
// Connection to MySQL DB
Connection connection = MySQLConnectionBuilder.createConnectionPool (

"jdbc:mysqgl://localhost:3306/wiki?user=rooté&password=123456789") ;

/* Methods */
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QOverride

public List<String> getLinksByTitle (String title) {

try {
var queryResult = connection.sendPreparedStatement (
"SELECT pl title
FROM pagelinks
JOIN page ON page id = pl from
WHERE page title = ? AND pl namespace = 0;",
Collections.singletonList(title)
) .join();
return queryResult.getRows () .stream()

.map (row -> row.get (0))
.map (bytes -> new String((byte[]) bytes, StandardCharsets.UTF 8))
.tolList ();

} catch (Throwable e) {

throw new RuntimeException (e);
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QOverride

public List<String> getBacklinksByTitle (String title) {

try {
var queryResult = connection.sendPreparedStatement (
"SELECT page title
FROM pagelinks
JOIN page ON page id = pl from
WHERE pl title = ? AND pl namespace = 0;",
Collections.singletonList(title)
) .join();
return queryResult.getRows () .stream()

.map (row -> row.get (0))
.map (bytes -> new String((byte[]) bytes,
.tolList ();

} catch (Throwable e) {

throw new RuntimeException (e);

StandardCharsets.UTF 8))
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3amepbl: Loom + Two-Way BFS + DB

HavanbHasa ctpaHuua

BakyraH

A (kmpunnuua)

Bytepbpoa

OXOTHUKM 3a
NPUBUAEHUSMU

KoHe4yHas cTpaHuua
Bnbnusa

Teopusi romosiornu
Won
dunsunka

Bpoackumn

Myopxka

LLkonbHMKN

0,73 c.

0,87 c.

0,84 c.

0,76 c.

0,53 c.

0,75 c.

Loom + Two-Way
BFS + DB

> 30 MUH.
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C yem 6boponucs...

e ba3a JaHHbIX Hac HMU B YEM He orpaHn4ymBaeT
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C yem 6boponucs...

e ba3a JaHHbIX Hac HMU B YEM He orpaHn4ymBaeT

e Bbirpyxaem o4eHb MHOro CTpaHuLl

e [InaHMpoOBLUMK KOONEpPaTUBHLIN, pacrnpeaeneHne BpeMeHN Hac He

ycTpavBaeT

125



15:48:54

Heap Memory
@S m Oms Ssec 10 zec 15 sac 20 sec 25 sec 30 sec 35 sec
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C yem 6boponucs...

e ba3za gaHHbIX HAac HU B YEM He orpaHu4YnBaeT

e Bbirpyxaem o4eHb MHOro CTpaHuLl

e [InaHMpoOBLUMK KOONEpPaTUBHLIN, pacrnpeaeneHne BpeMeHN Hac He
ycTpanBaeT

e Rate Limiter, BHe3anHo, Ham HaobopoT nomoraeT!
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3amepbl: Loom + Two-Way BFS + DB + Rate Limiter

Loom + Two-Way
HavanbHasa ctpaHuua KoHeuyHada cTtpaHuua LLIKONbHWKM BES + DB + RL

BakyraH Bubnus 0,73 c. 0,62 c.
" Teopusi romosiornu 0,87 c. 0,83 c.
A (kvpunnuua) Von 0,84 c. 0,68 c.
i dunsunka 0,76 c. 0,61 c.
Bytepbpoa Bpoackui 0,53 c. 0,57 c.
OxotHukv 32 Myzka 0,75 ¢ 0,66
npMBUAEHUAMM YA ’ ' ’ '
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BuiBOA

e Pa3BuTME TEXHOMNOMNN 3TO HE NPO CKOPOCTL (YynapbiBaTbCS B

onTmMm3aunn Mbl ymersu Bcerua), a Npo Ka4ecCcTtBO KOA4a
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BuiBOA

e Pa3BuTME TEXHOMNOMNN 3TO HE NPO CKOPOCTL (YynapbiBaTbCS B
onTUMM3aLUMM Mbl YMENU Bceraa), a npo Ka4yecTBo Koaa

® |_|pl/| 9TOM YyCKOpAemMCA Mbl CaMU, CTaHOBUMCA NMpon3BoanTesribHeEE
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BuiBOA

PasBuTne TEXHOSOMMN 3TO He MPO CKOPOCTL (yrnapbiBaTbCA B
onTMMM3aLMn Mbl YMESNX BCerga), a Nnpo Ka4ecTBo Koaa
[Tpn 3aTOM yCKOpAEMCA Mbl CaMu, CTAaHOBUMCSA NpousBoguTenbHee

MNosiBnsieTcs bonblle BpeMEHM Ha NPoayMbIiBaHUE PeLUEHUN
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