SOM: Sequential Object Monitors

Denis Caromel

Institut universitaire de France (IUF)
INRIA Sophia-Antipolis — CNRS - I3S — Université de Nice

Luis Mateu
DCC - Universidad de Chile

Eric Tanter
DCC - Universidad de Chile — Ecole des Mines de Nantes

Denis Caromel I E’ z i

Thread Locks, Notify, Synchronization

wait/notifyAll of public synchronized Object get()
throws InterruptedException {
while (!bufarray.size() > 0)

« Difficult to understand for wait();

Object o = bufarray.get();
most programmers notif yA]_]_( )

Java monitors are:

. & ;
* Inefficient: may trigger lots ) return o

of thread context-switches

* Tangling of synchronization

concern with application logic
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Bounded Buffers using Conditions

class BoundedBuffer {
Lock lock = new ReentrantLock();
Condition notFull = lock.newCondition();
Condition notEmpty = lock.newCondition();
Object[] items = new Object[100];
int putptr, takeptr, count;
public void put(Object x) throws IE {
lock.lock(); try {
while (count == items.length)notFull.await();
items [putptr] = x;
if (++putptr == items.length) putptr = 0;
++count;
notEmpty.signal () ;
} finally { lock.unlock(); }

//gee.cs.oswego.edu

public Object take() throws IE {

lock.lock(); try {
while (count == 0) notEmpty.await();
Object x = items [takeptr];
if (++takeptr == items.length) takeptr = 0;
--count;
notFull.signal() ;
return x;

} finally { lock.unlock(); }

3}

http
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SOM Orientations

* Easier to understand:
* Sequentiality of monitor code

» Efficient:
* Minimize thread context-switches

* Separation of concerns:

» Separate  synchronization code
* from application code
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SOM: an Object and a thread-less scheduler

(1) Method
call
reification

request n qucuc

pending queue

(2)
Schedule
method

thread calling
a method

(3) Request

execution
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Example: A Buffer

public class Buffer ({
List list= new LinkedList();

public void isEmpty() { return list.size()==0;
public wvoid isFull() { return list.size()==1

public void put(Object o)
public Object get() {

return list.remove (0);
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The Full Scheduler for buffer-like classes

public class BufferScheduler extends Scheduler {

Buffer buffer;

public BufferScheduler(Buffer b) {
super(b) ;
buffer = b;

}

public void schedule() {
if (buffer.isEmpty()) scheduleOldest("put");
else if (buffer.isFull()) scheduleOldest("get");
else scheduleOldest();

+}
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SOM Principles

* Any method invocation on a SOM:

* reified as a request, and

* delayed in a pending queue until scheduled
* The scheduling method is:

 guaranteed to be executed if a request may be scheduled
* A scheduled request is executed:

* in mutual excusion with other requests and scheduling
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What’s i1in the name ?

S equential:no

interleaving,

“run-to-completion” action
Obj ect: Method Call,

Reification: Request

M onitor :Mutual Exclusion
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Scheduling:

Principles and API




SOM Strategy and Guarantees

* No infinite busy execution of scheduling method

» schedule () is called by caller threads, in mutual exclusion:
* When a new request arrives

« After a request has been executed

* No additional thread is needed to execute schedule
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Invocation of schedule()

Consumer Producer

get ()
schedule () public void schedule() {
if (buffer.isEmpty())

scheduleOldest ("put") ;
put ()

execution schedule ()

scheduleOldest ("get") ;
e <;;>schedu1e() <
else

chedule () scheduleOldest() ;
execution
of get
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else if (buffer.isFull())




SOM Strategy and Guarantees

» Several requests can be scheduled at a time:
* requests executed by their caller threads, in scheduling order
» schedule will not be called again before all scheduled requests complete

» After a request is executed:
* the caller thread does at most one schedule
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P”“Clple schedule method:
for the if buffer empiy then schedule oldest put

scheduling API elseif buffer full then schedule oldest get

else schedule oldest

scheduler Standard class:

class Buffer {

\

! _ ...

;! standard object void put(Object o) { ...
N A Object get() { ... }

=< boolean isEmpty () { ...

. ) . boolean isFull() { ...
Sequential Object Monitor




Scheduler API

scheduling queue management
void schedule(Request) Iterator iterator()
void scheduleAll! boolean hasReq)lest1
void scheduleOldest’ int requestCount1
void scheduleYoungest1

void scheduleOlderThan®

void scheduleAll0lderThan”
void scheduleYoungerThan2
void scheduleAllYoungerThan?

scheduleOldest () scheduleAll (new RequestFilter ()

scheduleOldest (“get”); boolean accept (Request req) {
schedule?All (“exitRead”) ; if . return true

scheduleOlderThan (“foo”, ”"bar”) ; if . return false
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public FairRWScheduler
extends Scheduler {
RWCoordinator c;
c // initialized in constructor
Fair
public void echadula() {
Reader Writer scheduleAll(new String[]{
exitRead", "exitWrite'",
. "getReaders", "isWriting"l}),
with
if(lc.isWriting(}) {
if(c.getReaders() > 0)
ESC)“A scheduleDlderThan(
"enterRead","enterWrita');
else scheduleOldest();
} 1}
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Implementation
and
Benchmarks
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Implementation

* Based on a specific MOP:
* Bytecode transformation

* A generic metaobject (scheduler) uses Java monitor for synchronization

» Small configuration language:

* Runtime API
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Linux 2.4 JDK 1.4.2 Benchmarks
Single item buffer, one producer, multiple consumers
12000

10000
8000
6000
4000

Execution time (ms)

2000

Number &af cgnsumer threads

SOM monitors scale better than Java monitors
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SOM Expressiveness
(in the paper)
SOM-based solutions for

* Bounded buffer order of requests, filter, etc. :

* Readers and writers ==> Full control to express

 Full access to request queue,

* Dining philosophers various policies
» E.g: Reader Writers :
e Fair,
* Guards * Reader Priority,
* Chords * Writer Priority
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SOM-based Abstractions of




Related Work

Classical monitors [Hoare and Brinch Hansen]
Java monitors
Java Specification Request 166 (JDK 1.5)
Guards:
* Easy to express declarative synchronizations in SOM

Scheduler, Active Objects:

* SOM = AO without Activity, AO without its own thread
Chords, Join, Functional Nets:

* Storing monitor state in parameters of pending calls,

* Calls Interleaving

Our view: in a stateful OO, better of to reason about pending queue state
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An alternative to standard, interleaving, monitors
Key points:
¢ Thread-less scheduler, Thread-less Active Object

* Threads collaborate for
Separation of concerns:
* Synchronizing + Synchronized code
Expressive and Efficient:
* Full access to pending calls
* Avoids context-switches
Stateful (object) vs. Pending Function Calls :
* Reason about data structure state rather than call interleaving

* Sequentiality: easier to reason about, to maintain, to reuse
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Chords (Polyphonic C#)

Related to functional calculus (Join, Functional Nets):
* Storing monitor state in pending calls
e.g. calling an asynchronous sharedRead (n-1)
* Passing information from one call to another (copied)
==> No mutual exclusion is intrinsically required

An asynchronous call is also a kind of ~ *’Firing Token’’ + Value

Very nice abstraction for a purely functional setting but :
* No access to the queue of pending calls,

* Does not really promote interleaving-free reasoning
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Reader Writer Chords in C#

class ReaderWriter {

K1)
2>
3>

Ka>
5>
>

public
public
public
if(n
3
public
public

void shared() & async idle() { sharedRead(1);

void shared() & async sharedRead(int n) { sharedRead(n+1);
void releaseShared() & async sharedRead(int mn) {

== 1) idle(); else sharedRead(m—-1);

void exclusive() & async idle()> {}
void releaseExclusive() { idle(); }

3

Reader Writer Interface

public class RWCoordinator {
int readers = 0;
boolean write = false;

void enterRead(){readers++:}
void exitRead(){readers—-;}

void enterWrite(){write = true;}
void exitWrite(){write = false;}

int getReaders(){return readers;}
boolean isWriting(){return write;}
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SOM
Writer priority // Reader priority

public WriterPriorityRWScheduler
extends Scheduler {
RWCoordinator c;
// initialized in constructor

public void schedule() {
// schedule all notifications

if(tc.isWriting()) {
if (hasRequest ("enterWrite")){
if(c.getReaders() == 0)
scheduleDldest ("enterWrite");
}
else scheduleAll();
> 1}

public ReaderPriorityRWScheduler
extends Scheduler {
RWCoordinator c;
// initialized in comstructor

public void schedule() {
// schedule all notificatioms

if(tc.isWriting()) {
if (hasRequest ("enterRead"))
scheduleAl]l ("enterRead");
else if(c.getReaders()==0)
scheduleOldest();
}r 1
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A declarative abstraction: Guards

public class GuardedBufferScheduler extends GuardScheduler {
public GuardedBufferScheduler(final GuardedBuffer buf) {

super(buf);
addGuard("get",

new RequestFilter() { public boolean accept(Request req) {

return !buf.isEmpty();

)
addGuard("put",

new RequestFilter() { public boolean accept(Request req) {

return !buf.isFull();

Denis Caromel I E’ z i



Windows 2000, JDK 1.4.2

number of
consumers

Java
monitors

Condition
Variables

SOM
Guards

SOM
Chords

390

1057

802

1203

ity

1088

885

1229

/7T

1114

N 948

1265

1120

) 1026

1317

\_1416
2823

1213
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1541

7317

1375
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1958

23479

2010

2270

2708

80422

|C 3234

3442

4083
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Linux 2.4, JDK 1.4.2

number of
consumers

Java
monitors

Condition
Variables

SOM
Guards

SOM
Chords

1006

1905

1642

1954

1225

2018

1690

2029

(C 1918 )

2276

1839

2148

5723

2412

1982

2276

16005

2451

2199

2488

49767

2659

2766

3123

133612

2946

3771

4196

358218

3049

5259

5934
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Linux 2.6, JDK 1.5

number of Java  |Condition SOM SOM |Cond. Vars
consumers|| monitors | Variables Guards | Chords JDK1.5

531 1279 1157 [ 1425 537
732 1234 1196 | 1518 586
/1131 1293 1309 | 1573 556
\_2195 1281 1378 1660 581
4312 | 1276 1549 | 1916 592
9714 1350 1969 | 2371 645
31637 1587 2885 | 3601 850
95391 1762 4414 | 5683 1062
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SOM key originalities

* Thread-less scheduler, Thread-less Active Object

» Threads collaborate for mutual schedulling

From Active Objects, Scheduler, to SOM
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SOM Goals

Powerful: other synchronization mechanisms are easily
expressed with SOMs

Easier to understand: method requests are executed
sequentially

Efficient: SOMs minimize thread context-switches

Separation of concerns: SOMs separate the
synchronization concern from the application logic
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An Example: The Bounded Buffer

Standard object: SeLZE

class BufferScheduler

class Buffer {

. Buffer buf;

void put (Object o) {

Object get() { ... } {
if (buf.isEmpty())

scheduleOldest (“put”) ;
else if (buf.isFull())

scheduleOldest (“get”) ;
else

scheduleOldest () ;

boolean isEmpty () {
boolean isFull() {

}
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