Slide 1

Amir Shevat &
@ashevat

A programmer had a
problem. He thought to
himself, "I know, I'll solve
it with threads!". has Now
problems. two he
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Reminders

* A6 Due 12/9
* Critter Tournament 12/11
* Final Exam 12/14

* Course Evaluations
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CONCURRENCY

Time

For the longest time, computers got
twice as fast basically every two years.
But unfortunately, around the 2000’s,

this stopped happening.

This is unfortunate. It used to be that
if you had code that was slow...
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... Just wait two years and it would be
twice as fast.

But as single core performance started
plateauing, it became increasingly
difficult to squeeze more performance
out of our computers.

As such, another idea to improve the
speed of computation is to run
multiple parts of it at the same time.
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task1();
task2();
task3();
task4();
task5();
task6();

run(corel) {
task1();
task2();
task3();

run(core2) {
taska();
task5();
task6();
}

Indeed, that’s exactly what used to
happen. CPUs in the 2000s, like the
Core 2 Duo, just straight up had two
whole cores on the chip.

So if we imagine writing code that can
take advantage of this fact, let’s write
some pseudocode.

One proposal might be for the
programmer to just write out what
tasks go on which core.
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run(corel) { run(core3) {
task1(); task3();
task2();
} }
run(core2) { run(core4) {
taska(); task6();
task5(); ’
} }
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THREADS

But then along comes the 2010’s and
new chips now have 4 or more cores!

So now what? We could imagine
having to write new code that now
takes advantage of all four cores. But
this isn’t very sustainable as CPUs
keep gaining more cores. What'’s
worse, now our code no longer runs
on an older CPU that doesn’t have 4
cores.

This brings us to the solution, which
we call threads.
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Abstraction

Instead of directly writing code for
each CPU core, we abstract the cores
away, behind the abstraction barrier.

Instead, given some tasks, we can
pretend we have as many cores as we
naturally would need.

We can then assign our tasks to these
imaginary cores based on what the

natural split between tasks is, and not
the actual hardware of the computer.
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Then, we hand off these imaginary
cores to the operating system.

The OS can then look beneath the
abstraction barrier and see how
many actual cores exist.

In this case, there’s more cores then
we need, so the CPU can just map
each task to a core.



Slide 22

Slide 23

Slide 24

Abstraction Barrier

Threads

Abstraction over cores
m No guarantee when they execute
m No guarantee when they're paused

m No guarantee what order they run

But if we have an older CPU with
less cores, the OS may instead
choose to first assign some of the
tasks to the cores and have the
other tasks wait...

...and then run that other task later.

As you may have guessed, these
imaginary cores are what we call
threads. They are an abstraction we
use to cover up the complexity of
different hardware setups, and the
semantics are such that we don’t
know when they run, when they’re
paused, or what order they’re runin.
It’s annoying to give up this much
control, but in return, we can allow
the OS’s scheduler to take care of
figuring out which threads run on
which core and when that should
happen. What we lose in simplicity,
we gain in flexibility.



Slide 25

Slide 26

Slide 27

GUIs

What happens if a program that computed some long hard
problem had the GUI on the same thread?

Stack<Object> stack = new Stack<>();

if (stack.isEmpty()) {
return;

}

Object o = stack.pop();

// Do something with o

if (stack.isEmpty()) {
return;

}

Object o = stack.pop();

// Do something with o

This is especially important when
you remember that your program is
not the only one running on a user’s
machine. With hundreds or
thousands of programs and
processes, each spawning as many
threads as they need, no matter how
many cores you have on your CPU,
it’s probably still not enough. What’s
more, the user may choose to do
things like move their mouse or
press a button on the keyboard, and
these should be responded to
immediately.

Rather than waste an entire core to
wait for user input, the flexibility
provided by threads (for example,
the scheduler may pause a thread to
make room for the code that
responds to user input) allows a
modern computer to maximize the
usage of its CPU while performing as

many tasks as fast as possible.

We’ve seen that the flexibility behind
how threads run provides many
benefits. Butit means our job as
programmer is harder. Imagine we
have some stack like this, and two
threads that want to pop an element
if it's not empty.
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Stack<Object> stack = new Stack<>();
stack = [ 1]

if (stack.isEmpty()) {
return;

¥

Object o = stack.pop();

// Do something with o

if (stack.isEmpty()) {
return;

}

Object o = stack.pop();

// Do something with o

Stack<Object> stack = new Stack<>();
1]

if (stack.isEmpty()) {
return;

}

Object o = stack.pop();
// Do something with o

if (stack.iseEmpty()) {
return;

}

Object o = stack.pop();

// Do something with o

Race Conditions

If there’s only one element leftin the
stack and both threads run, you can
imagine one situation where it’s fine,
because one thread runs first, and
then the other sees it’s empty.

But if you get unlucky, you can
imagine the second thread popping
the last element after the first one
already checked that the stack is
non-empty. This is going to cause an
exception, and is a classic race
condition.
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Race Conditions

When the system’s behavior depends on the timing of uncontrollable events.

Locks

_

Locks

Fun Fact:
Files too are locked when opened
Thread 2
-

We can solve race conditions with
locks, where one thread must wait
for another thread to “release” the
lock before it can “acquire” it and
proceed.
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Locks

<~~~ _——7
-

- - =~ Thread 2

DEADLOCK

But now, if there’s a scenario where
each thread holds one lock and is
waiting for the other, we end up
with...

Deadlock

Two or more threads waiting for each other to release a lock

[y a

;
/

1 Thread 2
o
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Necessary Conditions

1. Mutual Exclusion a
2. No Preemptions

Knowledge Check

Why is circular waiting alone not sufficient for deadlock?

Dining Philosophers
O

Five philosophers sit at a round

table with forks between each. A -~ .. 2~
philosopher picks up one fork at

atime and must hold both to eat. — =

The 4 conditions that are necessary

for a deadlock to occur:

e Mutual Exclusion: Each lock can
be held by fewer threads than
want it (in our case, a lock can
only be held by 1 thread but 2
threads want it)

e No Preemptions: One thread
cannot steal the lock held by
another thread

¢ Hold & Wait: One thread does
not release its lock before it
acquires the other

e Circular Waiting: There is a cycle
in the order of which thread
acquire locks

This is a classical philosophical
problem. If each philosopher picks
up one form, no one will ever eat.
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Dining Philosophers

Five philosophers sit at a round
table with forks between each. A

philosopher picks up one fork at

a time and must hold both to eat.

Can you design a L °
procedure to avoid
deadlock? (=

Arbitrator <S>
<

m Arbitrator decides who goes first

= Only give forks to one

philosopher at a time

Resource Hierarchy

m Number the forks

= Require all philosophers pick

up the smaller fork first

One option is to have a third party
coordinate who gets which fork.

The other option is to enforce an
ordering by numbering all the forks.
If each philosopher is required to
pick up the smaller fork before the
larger one, then they will never have
a circular wait.
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THREADS IN JAVA

class PrimeThread{extends Thread){
long a, b;

PrimeThread(long a, long b) {
this.a = a; this.b = b;

}

public void run() {
// compute primes¥between a and b
}
}

PrimeThread p = new PrimeThread(143, 195);
p.start();

class PrimeThread{implements Runnable

long a, b;

PrimeThread(long a, long b) {
this.a = a; this.b = b;

}

public void run() {

// compute primes¥petween a and b
}

}

PrimeThread p = new PrimeThread(143, 195);
new Thread(p).start();

You could, in theory, create a thread
by subclassing the Thread class and
overriding the run method.

This is, however, less preferable to
implementing the Runnable
interface. Conceptually, your new
object isn’t using any of the parent
state from the Thread class and
doesn’t really belong under itin the
class hierarchy. It’s more it’'s own
independent class that provides
some functionality. As such, it
makes more sense foritto
implement an interface.
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Task Interface

abstract class Task<Vs {
protected abstract V call();

}

Example Task

ows Exception {
abstract class Task<Vs {

int i;
for (i = @; i < 100000; i++) {
if (isCancelled()) { break; } }

protected abstract V call();

updateProgress (i, 100000);
Y
return i

However, managing raw threads can
be complicated, so JavaFX provides
a further abstraction called a Task.
These allow you to have some unit of
computation run on a different
thread that you can cancel or check
the progress of.

Atits core is an abstract class called
Task. Any class that extends this
must implement the abstract
method called call(). This is where
you write the logic this task should
compute (and note that itreturns
some generic type V you specify).

Here’s an example of a task that just
counts to 100,000.
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Example Task

new Task<Integer>() {

Integer call() throws Exception
abstract class Task<V> {

protected abstract V call();
public boolean isCancelled();

for (1 = 0; 1 < 100000; 1++) {
if (isCancelled()) { break; }

protected void updateProgress(
long workDone, long max

i Y

return i )

}

updateProgress (i, 100000);
—

}

Task Interface

abstract class Task<V> {
Implement .
nplement .(protectea abstract V call();
public boolean isCancelled();
Usedbycall() M o tected void updateProgress(long workDone, long max);
V getvalue();

void setOnSucceeded(EventHandler<WorkerStateEvent> h);

Called by user

SRloq oy ueer W public void cancel();

double getProgress();
ReadOnlyDoubleProperty progressProperty();

Running Tasks

Thread th = new Thread(task);

th.start();

Notice that the task makes use of
isCancelled() and updateProgress()
to check if it has been cancelled and
to report its progress. These are also
part of the Task class. Note it’s your
job to check periodically if the task
has been cancelled; it’s not done for
you.

The methods we’ve seen so far are
used by the implementer. The rest of
the interface is for the users, and
allows them to get the computed
value, run a callback when the task
is done, cancel the task, check its
progress, or getan observable on
the progress.

Tasks can be run by passingitto a
thread.
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Run Later

inal Group group = new Group();
Task<Void> task = new Task<Void>() {
@verride protected Void call() throws Exception {
for (int 1 = @; 1 < 108; i++) {
if (isCancelled()) { break; }

final Rectangle r = new Rectangle(10, 10);

r.setx(10 * 1);

platform.runLater(() -> { group.getChildren().add(r); });

return null;

Note that since the taskis being run
on a different thread, if you wantto
update your JavaFX GUI, you can’t
do that from a different thread. This
is where Platform.runLater()
becomes useful, as it schedules
another unit of computation to be
run back on the main JavaFX thread.
This is particularly useful if you’re
using a push model where the
background thread running your
computation pushes data back to
the GUI. (an alternative approach is
a pull model where your JavaFX
thread queries models for updated
information).



