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Abstract

Barrier synchronization is useful to parallelize programs that have dependencies in their
calculations. However, if a programmer naively applies existing barrier synchronization
to a large agent simulation, performance decrement and memory-usage increment become
a big problem because the number of waiting threads largely increases while synchro-
nizing. To overcome this program, we propose Waitless, which supports writing barrier
synchronization for a target-thread set with a condition using runtime information so that
programmers can write barrier arrival condition like an observer of object-state changes.
Waitless divides thread code and inserts barrier-arrival signal code by converting byte-
code at load-time. We performed experiments with a subset of an existing pedestrian

simulators to show the performance of Waitless.
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0220000000000000000000000000000 CrowdWalkd O 2.10
0000000000000 ooooooooooooooao
0o0o0oooooodoooooobbooodoooooboboooooooooboboooa
googoooooboboboboboboboobobobbtboodddoooooooooo b
godgoooooboboboboboobooobobobobbtbodddddoooooooooL b
0oodooooooboobobobobobooboobbbooddddoooooooooooo oo
OpreUpdate0 0000000000 O0OODOO0OOOOO0OOOODOOOOOOODOOOOO
0000000000000 0000000moveCommittd 0000 O0OO postUpdated O
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0 2.1. CrowdWalk

806 Simulation Preview

18:00:21 Elapsed: 21.00sec Evacuated: 8/7328 M
_,,Z,’:i—’—J Agent gen.csv Scenario
- e 2 scenario.csv ID (NOT DEFINED)
18:00:22 Elapsed: 21.00sec Evacuated: 8/7328
= ARGHDE
= » (1) (1> | weight: 0
e UNMaps Version 1.9.5
\“_‘2 18:00:00:#5EERRAH

oo oDooooOoO 230
gboooboobobdoooobobooboboobuoobobobuouoobuoobon
moveCommit 00 0000000000000 O0O000O0O0OO0OOOOOOOOOOOO
0000000000000 oooooooOJava0O000OO0OO0OODODOODODOODOODO
doddooooobobobobobobobobobobobbtbddddddoooooooooL b
gbbgguoouoguobooouobbooobboobboobboobboobboooobb
O000000000000000000000moveCommit00O0OOOOODO preUpdate
000000000000 000000000000000000000000 preUpdate O
O000O0OmoveCommit 00000000000 0OOOO0ODO preUpdate0 000000
oooooooooooon
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022 0000000D00CCOO0O00O0OODOOOCOOO

1 class Pedestrian {

2

// 00000000 0000000oooooooood
void preUpdate() {

speed = calcSpeed();

nextPlaces[i] = calcNextPlace();

}

// 000000000000g
void moveCommit() {

places[i] = calcPlace();
}

// 000000
void postUpdate() {

}

static void main(String args[]) {
Collection<Pedestrian> all = ...;
for (int i = 0; i < maxIteration; i++) {
for (Pedestrian pedestrian : all) {
pedestrian.preUpdate();

}
// 0000000000000 00000
all.sort();

for (Pedestrian pedestrian : all) {
pedestrian.moveCommit () ;

}

for (Pedestrian pedestrian : all) {
pedestrian.postUpdate();

}
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000000000D0000000000000000000000000000000
00000000000000000000000000000000000000000
000000000D00000000000D0000000000000D00000000
0000000000 00000000000000000000000000MPI[1]0
OpenMP[2] 0000000000000 00O0000000000X10[3]0 Chapel[4, 5] 0
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class Pedestrian {
void update() {
preUpdate();
// moveCommit 00 OO O0O0D0ODOOOOOOOOO
moveCommit () ;
postUpdate() ;
}

public static void main(String args[]) {
for (int i = 0; i < maxIteration; i++) {
for (Pedestrian pedestrian : pedestrians) {
new Thread(() -> pedestrian.update()).startQ);

gdoooooooobobobobobobobobbboobobbodddddooooooooooo oo
ddooooooooon

O0000O00oooooodd OpenMPOOOO0OO All-to-All 0O O Phaser O Count-
DownLatch 000000 Point-to-Point 0000000000 OOOOOOO

2.2.1 All-to-All O

000000000 0DO00DO0DO00DO0O0OD0O0ODO0O0atomicd0D0OOO0DOODOO
000000000000 000000000 [6|0Alto-Al0DO0O00OO0O0ODO0OOOO
gobooobogbooboobooobooboboobboobooobooboboooboon
gboogoobogoo

O000O0penMPOOOO0ODOOOOOOOOODOOOOODODOOODOOOODODOOO
000000000000 000D00OD (0 24)000000000000000OO00OOOO
0A)0OOO0O00O0D0O00O000O00O00000DO0DO00DOO0O0O0O000 barrier 00
000000000000 00ObO0DO0O0DO0OO0B()DDOODOOO

O 2.4. OpenMP O barrier 0 0O

#pragma omp parallel

AQO;
// 0000000000000 00O0OO0D0oooooooooooOo
#pragma omp barrier

BQO);
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O0O0OMPIODOOOOOOOO MPIBarrier(comm) 000 0000000000000

commIO00000OCO0ODOOOOOOOOCOOODOO 250000 DCOOUODOOOD
0000000 A()0DO0DODO0DOOO0OOO0OODOO MPIBarrier 0000000000000
o00D0oo00oOoooOoB()DDOoOoODOO

0 2.5. MPI_Barrier

1 int main(int argc, char **argv) {

MPI_Init(&argc, &argv);

AQ;

// MPI_COMM_WORLD 000000000000 D0ODODOOOOODOODOOOOOO
// 00000000000000

MPI_Barrier (MPI_COMM_WORLD) ;

BO;

MPI_Finalize();

return O;

0000000000000 0D00O0D0DO X10[7,3]0 ClecksDODOODOODOOODO

00000 26MX10000000000 Activity 000000 clocked O Clocks 0000
0000000000000000000000000000000 Clock.advanceAll() 00
00000000 Clock 000000000000000 Activity 00000000000
00A1()0 BI()00D000D0000D0000D0000D000A2()0B2()0000000
000

0 2.6. X10 O Clocks

1 public class ClockExample {

2

public static def main(args: Rail[String]) {
finish async {
val cl = Clock.make();

async clocked(cl) { // Activity A
A1Q);
Clock.advanceAll();
A2();

}

async clocked(cl) { // Activity B
B10);
Clock.advanceAll();
B20);
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0000000 C)oooooooooo

0 2.7. OpenMP 0O ordered O 00O

#pragma omp parallel

{
#pragma omp parallel for ordered
for (int i = 0; i < NUM; ++i) {
AQO;
#pragma omp ordered
BO;
cO;
}
by

00000000 2.20 Java 6 0 java.util.concurrent 000 0 0O O CyclicBarrier 0 0O O
ooobooboobOono 2300 2800000000 OooOoOoooooUooOUooUobooo
O00O0OOOupdateD O 00OpreUpdate 00000000000 O0OOODOOOOOOOOO
000000000000 000000D0000D0 preUpdate 000000000000
CyclicBarrier 000000000 Runnable 0000000000 OO moveCommit 000
O000000000000000000000O0postUpdate00000OO0O0O

O000Alto-Al 0000000000000 00D0000000000000O0D0O0
0000000000000 00000O000000000O00O000000b0O0O0OO00000
goooobogoboboobboobooboboobbooboooboobobooboon
ooocCPUOOOOOOOOOOOOOOOOOOOODOOODOODOUODOOOODOOO
CrowdWalk 00 0000000000000 DOO000O0O0O0ODOOO00ODOOO preUpdate
gdooboobooboboobbo0oboooboobobooboooboobobooboon
preUpdate 000 0000000000000 OOODOOOOOODOOODOOOOOOOOOO
gooboobogooboobooobooboboobbooboobobooboboooboon
000000000000000000000000000000000000O0S0000
goooobooboboobooon

2.2.2 Point-to-Point O

Point-to-Point 00000000 All-to-AlO0O000000O0OODOOOOOODOOOOO
goooobogoboboobbooobooboboobbooboooboobbooboon
gobooobogbooboobooobooboboobboobooobooboboooboon
gbooboogobogooboobog
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0 2.8. CyclicBarrier 00O OO QOO

1 class Pedestrian {

2

void update(CyclicBarrier barrier) {
preUpdate();
// 000000 preUpdate 0O OOO0OCOOOOOO
barrier.await();
// CyclicBarrier 1000000000 2000000 Runnable IO 00000000
//0sort 0000000 moveCommit O OO OOOO
postUpdate () ;

public static void main(String args[]) {
for (int i = 0; i < maxIteration; i++) {

CyclicBarrier barrier = new CyclicBarrier(all.size(), -> {
all.sort();
for (Pedestrian pedestrian : all) {

pedestrian.moveCommit () ;

}

s

for (Pedestrian pedestrian : pedestrians) {
new Thread(() -> pedestrian.update(barrier)).start();

X100 Clocks O Java O CyclicBarrier 00 000000000000 O0ODODOOOODOOO
0 O0Phaser[8,9] 000000000 Java 70 java.util.concurrent 0 Java 0000000
00000000000 0Phaser 00000000000 0OODOOODOOOOO arriveO
0000000000 awaitAdvance 000000000 OD0OODOarrive 000000000
OOawaitAdvance 00000000000 O0O0ODOOO0ODOOOODOOOOOOOODOOOO
gooooobogoo

Phaser 00000 220000000000 290000000000 Al-to-AllOOO0
gooboobooboboobboobooboboobbooboooboobbooboon
O00000000000D000Phaserd000 Point-to-Point 000000000000
0000000000 Phaser 000000000 DOOOO0OOODOOOOODDOOOOO
odo0oooboobobooboboobooobooboboobooobooboboooboon
g0obobOobOobooboooooo2l100@moooobo0obobOoboooooooon
gobooobogbooboobbooobooboboobboobooobooboboooboon
gboogoobogobog

0000Point-to-Point 00 0000000000000 ODOOOOO0ODOOOODOOOO
goooobooboboobbooobooboboobboobooboboobboooboon
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0 29 Phaser 0O0QOQOOOO

class Pedestrian {
Phaser phaser;

void preUpdate() {
speed = calcSpeed();
nextPlaces[i] = calcNextPlace();
// prelpdate 0O 0D00O0O0O0OOO
phaser.arrive();

}

void moveCommit () {
places[i] = calcPlace();
// postUpdate 0000 OODOOOOODOO
phaser.arrive();

}

void update() {
preUpdate();
if (goOnSameStreet()) {
moveCommit () ;
} else {
// 0000000 preUpdate 000000000 DOOOO
neighborPedestrians() .forEach(p -> {
p-phaser.awaitAdvance(0) ;
s
// 0000000000000 Do0O0000gooooooooo
// moveCommit 000000 OOOOOONO
conflictingPedestrians() .headSet(this).forEach(p -> {
p-phaser.awaitAdvance(1);
s
moveCommit () ;
}
postUpdate() ;
}

public static void main(String args[]) {
for (int i = 0; i < maxIteration; i++) {
for (Pedestrian pedestrian : pedestrians) {
pedestrian.phaser = new Phaser(1);
}
for (Pedestrian pedestrian : pedestrians) {
new Thread(() -> pedestrian.update()).start();
}
}
}
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HJ[9] 0 X100 Chapel DO OO0O0ODO0OO0Ofork-join 0000000000000 O00OO
0000000000 000000000O0000O0O000D0O000O0O000O0O00000A0
0000000000000 00future[10] O barrierD Phaser 0000000000000
0000000000 0000000000000000000000000O000O000O000O00
0000000000000000000000O0000O0O000O00O0000O00000A0
000000000000 000000000000000000O0000O00O000O000OO0
000000000000 00000000000000000000000O00O000O00OO0
000o0O0oOooOooooon

00000000000000000000000000000O00O00O00O00D00O00A0
000000000000 000000000000000000O00000O00O000O00OO0
000000000000 00000000000000000000000O000O000O000OO0
000000000000 000000000000 [11)0

O0000000000000000000000O0000O0000O0000O0O000A0
0000000000 21000 28000000000000000000000000O
000000000000000000000000000001900000000000
00000000000000D0000000000000000O0000O0O00000A0
000000000000 000000000000000000000000O000O000OO0
00000000000000000000000Java00000000O0C0O0000O0OO
0000000000000000000000000000000000O00000000
0000000000000

0000000RIFE[12] O Javaflow[13]0Kilim[14] 00 0000000000000 O
JavaOOOOOOO0OOOO0OOO0O0O0O0O0OOOO0O0OOOOO0O0OOO0OO0O0OO0O0
00000000000000000KilimOO0OOPausableDO0O000000O00O00O0
000000000000 0000000000000000O000000O000O000O000OA0
000000000000000000000 212000000000 2120000000
0000000000000 OFiberpause() 000000000000 00O00O0DOOOO
0000000000 Fiber 0000000000000 0D0O0O0O0OOO0O0COOOOOO0
000000 Fiberpause() 00D O0OO0OFber 00 000000000000 DOOOODO
000000000000D000000000000000000000 Fiber.pause() OO
0000000000 Fiberpause() D0ODOD00O0OO00O0OD0O00O0OO0OOO0OOOO0OOO
000000000000000000000
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0 210.0000C0C00000O0O0DOCOO

| class Pedestrian {

2

¥

void update(CyclicBarrier barrier) {
preUpdate();
await(barrier, 1, () -> {
pedestrians.sort();
await(barrier, pedestrians.headSet(this).size(), (O -> {
moveCommit () ;
await (barrier, pedestrians.tailSet(this).size(), (O ->
postUpdate());
b
B;
}

// n000000000000000000O0O0cont00OO00
void await(CyclicBarrier barrier, int n, Runnable cont) {
if (n == 0) cont.run();
else {
new Thread(() -> {
// 0000000000000 0000DO000O0bO000
barrier.await();
await(barrier, n - 1, cont);
}) .start(Q);

0211 KilimOOOOOOOOOOOOOOOOoOooOoo

1 @Pausable
> void foo() {

6

X = ...
bar();
System.out.println(x);

s @Pausable
o void bar() {

11}
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0212 Kilim0OOOODOODODOOOOOODOOO0OO0OOD

void foo(Fiber f) {
switch (f.pc) {
// 0000000400
case 0: goto START;
// D00000ar 00000000000
case 1: goto CALL_BAR;
}
START:
X = ...;
CALL_BAR:
f.down(Q);
bar (f);
f.upQ);
switch (f.status) {
// var 0000000000000 O0O0O0OO0OO0O0
case NOT_PAUSING__NO_STATE:
goto RESUME;
// 0000000000000 0000o00o0ooooog
case NOT_PAUSING__HAS_STATE:
restore state;
goto RESUME;

// var 000000000000 0O0ODOOOCOOOOO0OODOODOOODOOOO

case PAUSING__NO_STATE :
capture state;
return;
}
RESUME:
System.out.println(x);
X

13
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barrier(Set<E> 00O UODO OO, Predicate<E> OOODDOOO)
0 3.1. barrier 0 00O O
goOooooooo [15]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
0000000000000 000n 3100000000000 oooobooooon

goooooobooobooooboooboobooboooooOooboobbooooboooobboOoooOoooDn
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Waitless 0000 0000000000000 O0O0OO0O0O0OO0O0O0OLOODOO APIOOOO
00000000 WaitlessSet 0D 000000000000 ODOOQO WaitlessStream O O
000 WaitlessStreeam OO0 00000000000 barier 000000000 O0ODOOOO
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O00000000000000 3.1MWaitless0OOOODOODOOOODOOOODOOOO
00000000000000000000Set000000O0O0O0O0OODODOAI-to-All 00
oo0oboobooboboobbooboooboobobooboooboobobobooboon
goooobooboboobboobooboboobbooboooboobboooboon
goooobogoobooboboobooboboobboobooobogoon

0 3.1. Waitless OO OO OOO0O0O

Class WaitlessSet(T)
0000000  WaitlessSet(Set(T) set)
set 1000000000000 0000O0DOOODOO WaitlessSet O

WatilessStream  parallelStream()

0000000000000 D0OO WaitlessStream OO O

Class WaitlessStream(T)
void forEach(BiConsumer(T, Waitless(T)) consumer)
barrier 0000000000 0O0O0COO0O0OO consumer0000O
ggoo

oooooooooo0ooDbOo000 280000000000 DODODOOOODDODOBOOO
cooboobooboooooooboobooooboOobOobOoobobOoobOobOOoboOoDOobon
obOboooobOoboooboboobboooobbooobobooobobooobboooboon
O00o0O0oO0OOOOOOOOOOOODOOOOOOOOODO 3203000000 barrierd
0000000000000 0000000 allPedestrians000000000O00OO0OO
neighborPedestriansOf(pedestrian) 0 0 0 00 0000000000000

O 3.2. Waitless OO OO

1 new WaitlessSet(allPedestrians).parallelStream().forEach((pedestrian, w) -> {
> foo(pedestrian);

w.barrier (neighborPedestrians0f (pedestrian), neighbor -> baz(neighbor))
4+ bar(pedestrian);

53);

312 ODOO0OOO0ObDOOoO

Waitless 0000000000000 0ODO0OOOOO0O00O000O0OODOOOOOOO0O0OO
O0000000000000 Predicate 0000000000000 CDOOO boolean 00O
0000000000000 00000000000000000000000 WaitlessSet
gobooboooobboboooooobobooooooDbDb treddgobbOO0OOoQooO
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go0o0odo0oboooboboooobboOoobOoob0bUoOoobDOo 330bobUoUooboOoo
00000000 nextPlaces[i] O null D0 0000000000000 OD0OOD0ODOODOOOO
goog

(Predicate<Pedestrian>) pedestrian -> pedestrian.nextPlaces[i] != null

033. 0000000000

32 000
321 0000

Waitless 00000 barrier 0000000000 OpenMP O ordered 00000000
O0000000o00oooo0o0o000ooooooooo00oooooooooooooo
oooo

ordered(SortedSet<E> D 0O UOUODO, Predicate<E> OO0, Runnable DO OO)

O 3.4. ordered DO 0O 0O

OpenMP O ordered 000000000 DOODODOOOOOOOODOOOOOOOOO
O0000000000000000asymmetric orderedd O Waitless O barrier 00 0 0O O
0350000000000000000000000000000 targets00DOD0ODO
000000000000 00000000 seqOO000D00O0O0ODODODOODOOOOODOO
seqUUIDODOOOODODODODOOOO0O0O0000O0OU0UOUUOOOODODoDoDODObDbDbObObODOO

gdoddoooobooboboboboboboobbobbdudddooooooon b
0000000000 00000000000DOd0symmetric ordereddd Waitless [0 barrier
0000000000000 0OOo0O 3.6

O0OOOpenMPO ordered I 000000000 0ODDO0OOOOOOO0OOOODOOOO
godgooooobobobobobobooboobobobobbtbodddddooooooooob b
0000000000000 00D00D0000D00D00D0D00oO0000000WaitlessO OO
gooodoooooobobobobobobobobbobobbbdddddooooooooooo oo
dodgooooobobobobobobobobobbobbtboddddoooooooon b
gdd
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O 3.5. barrier 0 0 O O asymmetric ordered O 0 O

1 // targetsO0 00 O00O0O0O0OOOOOOOOOO

> // seq0 0000000

3 // predicatellseqU D 000000 ODODOOOOOOO

1 void ordered(SortedSet<T> targets, Predicate<T> predicate, Runnable seq) {

~

SortedSet<T> head = targets.headSet(item);
// 000000000000 0000noooooooooog
// 000 predd0000O00OCCOCO
if (lhead.isEmpty()) {
barrier (head, predicate);
}
seq.run();
barrier(targets, predicate, () —> {})

O 3.6. barrier 0 0 O O symmetric ordered 0 O O

1 void ordered(SortedSet<T> targets, Predicate<T> predicate, Runnable seq) {

2

SortedSet<T> head = targets.headSet(item) ;
if ('head.isEmpty()) {
barrier (head, predicate);

}
seq.run();
// 000000000000000000000000000O0O0O0

3.2.2 CrowdWalk OO OO

Waitless O barrier D0 ordered D0 000000000 ODOOOOOCOODOOOOCOO
00 CrowdWalkDO 2300 00000000000000 3.700000000000
000000000000 preUpdate 00000000000 DOOOOODOOOODOO
(goOnSameStreet) 0 0000000000 ODOOOOOOOODOODOODOODODOOO
00000000000 0000000000000 moveCommit0O0OO00O0O0ODOOO
gbobogobogooboooboobooobobooboboboobooobooboobo
gbobooobogobboobbooboobobad

O0D0OWaitlessOOOOOOOODO 39000000000000D00COO0O0O0O0OO
goooobooboboobbooobooboboobbooboooboobboooboon
gbobooobogbooboobobooobooboboobboobuoobobooboboooboon
oobooooobOobooOooOooboooooobOobooOoD yoooooOoboobOoDOoDbo
O000000000o0O0oO0ooO0obO0oobO0obO0ob0obO0obOOobobobobogoD 3.8
0000000000 00000000000000uwpdate0 00000000 0OOOOO
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O 3.7. Waitless OO O QOO QdO

1 class Pedestrian {

2

void preUpdate() {
speed = calcSpeed();
nextPlaces[i] = calcNextPlace();

}

void moveCommit () {
places[i] = calcPlace();

}

void update(Waitless<Pedestrian> w) {
preUpdate();
if (goOnSameStreet()) {
moveCommit () ;

15 } else {
16 // 00000000000 0000000000000 D0b0000bDbO000n
17 w.barrier(calcNeighborPedestrians(), a -> a.nextPlaces[i] != null);

33
34 }

// 0000000000000 0Mmo000o0oooooooog
// 000000000 moveCommit OO O OODODO

w.ordered(calcConflictingPedestrians(), a -> a.places[i] != null, () -> {

moveCommit () ;
b;
}
postUpdate() ;
}

static void main() {
for (int i = 0; i < maxIteration; i++) {

new WaitlessSet(pedestrians).parallelStream().forEach((pedestrian, w) -> {

pedestrian.update(w) ;
b;
}
}

gboobooobooboboboboboboboboboboboOobOoboobooooooboon
goobooboobboobboobooboboobbooboooboobbooboon
gooboobogooboobboobboooboonooboo

33 0000oooboboooooobooo

000000000000 Point-to-Ponint 000000 Obarrier 00000000000
O00000000000000Obarrier 00000000000 ODOOOOOOOOOOO
gobooobogbboobobooobooboboobboobooobooboboooboon



AN TTAN Gl wy [

i ERAY
7 [F] A

33 00O00oooooooooooo 19

038. 00000000

A B C
pre pre pre
move
move
post
move
post post
pre pre pre

1 class Pedestrian {
2 // 000000000

5 int i;

4

—

A B C
pre pre pre
move
move
post
move
pre
post post
pre pre

039.00000000000G00COOO

6 preUpdate() ;

7 if (goOnSameStreet()) {
8 moveCommit () ;

9 } else {

5 void update(Waitless<Pedestrian> w) {

10 // 00000000000 0000000000000D00O0O00000000ooDoooOoO

11 w.barrier (pedestrians, a -> a.i >= i);

12 w.barrier (calcNeighborPedestrians(), a -> a.nextPlaces[il]

13 w. ordered(calcConflictingPedestrians(), a -> a.places[il
14 moveCommit () ;

15 B;

16 }

17 postUpdate() ;

s}

20 static void main() {
21 // 000000000 wdate0O0OO0OD00OD0O0O0000000ODODODODOOOOOOOO

22 new WaitlessSet(pedestrians).parallelStream() .forEach(pedestrian -> {

23 for (int i = 0; i < maxIteration; i++) {

24 pedestrian.update();

25 }
26 B;
27 }

28 }

= null);
= null,

0O —>A
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ddoododooooobobobobobobobobbobbbboddddoooooooooo b
ugdoddooooobobobobobobooobbobobbtbodddddooooooooL b
0000doooooooooooboboboobbooddddooooooooooooono
ooooooooooobobooboboboboooboodddoooooooooooooon
doodgooooobobobobobobobobobobobbbodddoooooooooo oo
gobogoobooouobuooobooobboooobbooobboobboobbouoobo
00000000 3.100 80000000O0OPedestrian 000000000O nextPlaces OO
0000000000000 0000000000000000000 Pedestrian 0000
update 00000000000 OO0ODOQO preUpdate 00 00 OnextPlaces 0OO0O0OODO
0000000000000 0bO00bO0bO0OO0bOO0oDOO0DOO0ODOO 300D 0ooOOoDOooDOoDn
Joodoooooobobobobobobobobboobbboodddoooooooooooo oo
gdodooooooboboboboboboboboboobbbooddddooooooooooo oo
000000000000 00O0000DO00DO00O00DOO0D0O0DOO0 JavaDOODOODO
00o0oddooooooooobooboobooooooa

0 310.0000000000000000D00O00OD

class Pedestrian {
void preUpdate() {
nextPlaces[this.i] = calcNextPlace();
// 000000000000 0000

o ey

void update(Waitless w) {
preUpdate();

w.barrier (neighbors(), a -> a.nextPlaces[this.i] != null);

.« ey

public static void main() {
pedestrians.parallelStream() .forEach((pedestrian, w) -> {
// 00000000000000D00O0O
// 00000C0C0000oooooocooogd
pedestrian.update (w) ;
b
}
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34 0000000 0O0OO0O0O

O0D0O0OWaitlessOOOOOOOOODDOOODOOOOO0O0OODODODOOODOOOOOO
goobooboobboobboobooboboobobooboooboobbooboon
gooboobogboboobbooobooboboobobooboooboobboooboon
gbobooobogbboobobooobooboboobbooboobobooboooboon
oo0ooobooboboobbo0obooobooboboobooobooboboooboon
goooobogn

Waitless 00 0000000000000 00OODODOOO0OOOOODOOOOOOOOOO
gooboobogbboobobooboobboobbooboooboobbooboon
odooboobooboboobbo0oboooboobobooboooboobobooboon
goooobogooboboobbooobooboboobbooboooboobboooboon
gbobooobogobooboboobbooboobobd goto oo
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0o0oodoooooobobobobobobobobobobdodddoooooooooooooo
O Waitless 000000000000 0000O00ODOO00ODOO0ODOOODOOOOOO Java
00000000000 000DO0O-javaagent 000 JavaO OO ODOODODOODODOOODO
Waitless 000000000 OODODOO com.hottestseason.waitless.instrument.JavaAgent
0000000000000 00000000000000WaitlessO JAROOOOOO
00000000 Premain-Class O O waitless.instrument.JavaAgent 0 0 0 00 O 0O 0O OJava
000000000000 000000D00000 main0DO00000O0ODOODOODOODOOD
00 premain 000000000 0O O waitless.instrument.JavaAgent 0000000000
000000000 ASM[16)0 0000000000000 0D00O0O0O0O0ODO0O0O0O
ggad

41 ASMOOOOODOODOOOO

ASM O OW2 Consortium 00000000000 JavaODOOOOOOODOOOOOO
000000000000 ASM 00 org.objectweb.asm 000 Visitor 000000000
000000000 APIOOorg.objectweb.asm.tree 000000000000 COOOOO
OO0 APIO0OOO00OO0OO0OOODOU0OO0OOOD0OODOUOOOOODOOOOOODOOO
ddoododooooobobobobobobobobboboobbbooddddooooooooooo oo
goddoooooboboboboboboooboboboobbtbodddddoooooooooL b
dodgoooooobbobboobooobbbbbbuddddoooooooooon bbb
0000000000000 000000000000000D00D0o0oOO APIOOO
dooooooooooono

Waitless 0000000000 main OO0 0000000 DOOO00OOOOODOOOOODO
0000000000 WaitelsssSet 0000000000 41 00000000000000
good
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0 4.1 WaitlessOOOOOOQOOOOO
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Quasar

23

00 Waitless 0000000000 WaitlessSet 000000000 barrier000000
000020000000 PredicateJ 00000000 DOODODOOOOCOOODOOOODO
ddooddooooobobobobobobobobbobbbboddddoooooooooo oo
udoddooooobobobobobobboobobobbbtbudddddoooooooooL b
O putfield D00 0000000000000O0OOaastore0000000000OOO0O0
00o0oo0o0oOoooooOoooooDoooooDooooooooon 3.70 100000
godooobboootbbooobobooooboobboobboooboboobbooOoono
00000 nextPlacesO0 O O OnextPlaces 000000000000 preUpdate 00000

AASTOREOOOD 420 60000000

000000000000 0000000 WaitlessO OO0 checkArrived D000 (O 4.1)
0000000000 OcheckArrived 000000000000 OODDOOOOOOOOOO
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0 4.2 preUpdate 00000 JavaOODOOOO

i void preUpdate();
2 descriptor: (V
Code:
4 aload_O
5 getfield #65 // Field nextPlaces: [Lcom/hottestseason/hokolator/map/Map$Street$Place;
6 aload_O
7 getfield #60 // Field iteration:I
8 aload_1
9 aastore
10 return

odoooobooboboobbo0oboooboobobooboooboobobooboOon
00000000000 0000D0O0000 Waitless0OOOO0ODO Waitless.current O O
0000000000000 000D000000000D000OD0O checkArrived O current 000
00000000 3.10000000000CCcheckArrived 0000000 420000000
odoboooo0o0ooobbboboobooo0o000d00Ugoogoooooo
gobooobogboboobbooobooboboobobooboooboobboooboon
gboobooobogoboobbooboboooboobboobbooboooboon

O 4.1. Waitless

Class Waitless(T)

static ThreadLocal(Waitless) — current
O0O0000 Waitless OO OOOOOOOOOOO
ubobobobobobobooba

77777777 void  checkArmived)
gboboboboboboobobooboooboooon

goboobobooboooboo

1// 000

> void preUpdate() {

3 speed = calcSpeed();

1 nextPlaces[this.i] = calcNextPlace();

5}

¢// 000

7 void preUpdate() {

s speed = calcSpeed();

9 nextPlaces[this.i] = calcNextPlace();

10 Waitless.current.get().checkArrived();

11}
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43 equalsd0000 hashCode DO OO OODODOO

O0O0OWaitless 1000000000000 OO0O0O0OO0O0OOOOOOequals O hashCode
00000000o0ooooo0oDobO0bOOooDooOOoDOOooOOooOOooDOooOooOooDg 430
0000000000000 0000000000000 300)oUoOoooUO (5-80
0)0000000000000O00O00O00LO0D0O00DO0O0O0O0O0UOO0O0O0OOOOO
0000dooooooooooobobobooobbooddddooooooooooooono
0000000000000 00D000000000000000000 000 Waitless 0O
0000000000000 000000D0O0O0OObarrier000000000OOCOOO0O
0000000000000 00000000 equalsd0000 (2400) 0 hashCode 000
0(3200)000000000D0

44 0OJ0U0OdUoooood

00 00WaitlessO Quasar[17] 0 0000000000000 O0ODOOOOOOOOOOO
Quasar O Parallel Universe 1000000000000 00Java0000000O0O00OO Fiber
000000000000000 co.paralleluniverse.fibers.instrument.JavaAgent 0 0 0 O
premain 00000000033 00000000000000000000O00DOO0OOO0O
00000000000 0D0D00000000 WaitlessStream O forEach OO OO0 OO0
OO0 BiConsumer 00O OO0OO0OO0OCOFiber 000000000000 O0OO0OOODOOOOOO
0 O SuspendableBiConsumer 00000000 440000000 SuspendableBiConsumer
O0 barrier 00 0000000000000 OO0OOWaitlessOODODOOOOOODOO
O Fiber.currentFiber() 0000 Fiberpark 00000000 D0DDOO0OOOODOOODOODODO
SuspendExecution 000 0000000000000 O0OD0ODOODOOOOOOOODOOO
checkArrived D0 000000000 OO0O0ODOODODO Waitless O Fiber.unpark 0000 O
000000 Fiberpark 0O0OO0OD0OOO0ODOODOO gotoOOOOOO0OOOD0OOOOODOO
ooooooooooooooo
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043. 0000000000000 equalsd hashCodeOOOOOOODO

1// 000

> new WaitlessSet(pedestrians).parallelStream().forEach((p, w) -> {
w.barrier(neighbors(), _p -> _p.nextPlaces[p.i] != null);

4+ // 000

5 w.barrier(neighbors(), new Predicate<Pedestrian> {
6 public boolean test(Pedestrian _p) {

7 return _p.nextPlaces[p.i] != null;

8 }

9 });

10 3);

12// 000
13 new WaitlessSet(pedestrians).parallelStream().forEach((p, w) -> {
14 w.barrier(neighbors(), new CheckNextPlace(p.i));

15 1)

17 class CheckNextPlace implements Predicate<Pedestrian> {
1e  private Integer i;

20 CheckNextPlace(Integer i) { this.i = i; }
22 public boolean test(Pedestrian _p) {
23 return _p.nextPlaces[i] != null;

21}

26 public boolean equals(Object o) {
27 if (o instanceof CheckNextPlace) {

28 return ((CheckNextPlace) o).i.equals(i);
29 } else {

30 return false;

31 }

32 }

34 public int hashCode() {
35 return CheckNextPlace.class.hashCode() ~ i.hashCode();
36 }
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0 4.2. Quasar 0000000 Fiber

Class Fiber(V)
0000000  Fiber(SuspendableRunnable target)
SuspendableRunnable 00 000000000000 FiberOOODODO

static Fiber ~ currentFiber()
000000 FiberOOO

Fiber OO0 O0OO00O0O0OODDOOOOOOOOOOODO

O 4.4. SuspendableBiConsumer O 0 0O O

// 000
new WaitlessSet(pedestrians).parallelStream().forEach(new PedestrianUpdation());

class PedestrianUpdation implements BiConsumer<Pedestrian, Waitless<Pedestrian>> {
public void accept(Pedestrian pedestrian, Waitless<Pedestrian> w) {
pedestrian.update (w) ;

// 000
new WaitlessSet(pedestrians).parallelStream().forEach(new PedestrianUpdation());

// 0000000000000 BiConsumer [ SuspendableBiConsumer [0 0000
class PedestrianUpdation
implements SuspendableBiConsumer<Pedestrian, Waitless<Pedestrian>> {
// 00 SuspendableExecution 00 0O O0O0OO0OOO
public void accept(Pedestrian pedestrian, Waitless<Pedestrian> w)
throws SuspendableExecution {
pedestrian.update(w) ;
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Waitless 000 0000000000000 CrowdWalkOOODOOODOOOOOOOOO
00000000000 DO0D0OD000000C0C0000O0WaitlessOOOOOOOO
gobo0ooO0o0oo0doo0DoU0D0 ImdbOOODOO0O0 S00b0ObOOoUODUObOboODO
000000000 1-1om/s0000000000O000O00OODDOODDOODODOO0O 300m O
g0ooobO0o0ob0o0obo0obO0oobOOoOobObO0oO0bDOoOobUolooobDoObDbOoboDbOoo
oboobooooob0o iooboooobU0obOoboUoOob soobobUbUoboUoobUobnoo
gbobooboooboobboobobg

ooboobooooooon

CPU: Intel(R) Xeon(R) CPU E5-2687W 0 @ 3.10GHz

Memory: 64GB

JavaVM: Java(TM) SE Runtime Environment (build 1.8.0.20-b26) Java
HotSpot(TM) 64-Bit Server VM (build 25.20-b23, mixed mode)

51 ODO00O0Oooboboooobooo
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gboobooboooboobooboboooboobobobOooobobOooobooo 10,000 O
oOoDbD 1102100000000 000000 s20000000000DOODOODODO

VM Option: -Xmb56g -Xmx56g -XX:+UseG1GC -XX:InitiatingHeapOccupancyPercent=0
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6.1 OO0
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