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Today 4| AHEAD

* Questions?
* Administrivia
* Lab 2 due sooner than you’d like

* Material for the day

e Barrier implementation
* Promises & Futures

* Acknowledgements

* Thanks to Gadi Taubenfield: | borrowed from some of his slides on barriers



Fa UX QU |Z (answerany N, 5 min)

* How are promises and futures related? Since there is disagreement
on the nomenclature, don’t worry about which is which—just
describe what the different objects are and how they function.
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volid prefix sum thread(void * param) {

int 1i;
int 1d = *((int*)param) ;
int stride = 0;

for (stride=1; stride<=N/”; stride<<l) {
g values[id+stride] += g values[id];
}



Pthreads Parallel Prefix Sum

int g values[N] = { a, b, ¢, d, e, £ };

volid prefix sum thread(void * param) {

int 1;
int 1d = *((int*)param);
int stride = 0;

for (stride=1; stride<=N/”; stride<<l) {
g values[id+stride] += g values[id];

}
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time
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Will this

work?
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pthread mutex t g locks[N] = { MUTEX INITIALIZER, ...};
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void prefix sum thread(void * param) {

int 1i;

int id = *((int*)param) ;

int stride = 0;

for(stride=1; stride<=N/”; stride<<l) {

pthread mutex lock(&g locks[id]);

pthread mutex lock(&g locks[id+stride]);

g values[id+stride] += g values[id];
pthread mutex unlock (&g locks[id]);
pthread mutex unlock (&g locks[id+stride]) ;
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void prefix sum thread(void * param) {

int 1i;
int id = *((int*)param) ;
int stride = 0;

for(stride=1; stride<=N/”; stride<<l) {
pthread mutex lock(&g locks[id]);
pthread mutex lock(&g locks[id+stride]);
g values[id+stride] += g values[id];
pthread mutex unlock (&g locks[id]);
pthread mutex unlock (&g locks[id+stride]) ;
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end
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» Coordination mechanism
> participants wait until all reach same point.
> Onceallreach it, all can pass.
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Coordination mechanism

participants wait until all reach same point.

Once all reach it, all can pass.
Workhorse of BSP programming models
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Coordination mechanism

participants wait until all reach same poin
Once allreach it, all can pass.
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Barriers: Goals

Desirable barrier properties:
* Low shared memory space complexity
* Low contention on shared objects
* Low shared memory references per process
* No need for shared memory initialization
 Symmetric: same amount of work for all
* Algorithm simplicity
e Simple basic primitive
* Minimal propagation time
* Reusability of the barrier (must!)
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Barrier Building Blocks

* Conditions

* Semaphores

* Atomic Bit

* Atomic Register

* Fetch-and-increment register
* Test and set bits

* Read-Modify-Write register

13
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Barrier using Semaphores
Algorithm for N threads

shared

sem_t arrival = 1;
sem_t departure = 0;

atomic int counter = 0;

// sem_init(&arrival, NULL, 1)
// sem_init(&departure, NULL, 0)

// (gcc intrinsics are verbose)

15




Barrier using Semaphores
Algorithm for N threads

npe
npe
npe
nDpe
npe
npe

shared sem_t arrival = 1; // sem_init(&arrival, NULL, 1)
sem_t departure = 0; // sem_init(&departure, NULL, 0)

atomic int counter =0; // (gcc intrinsics are verbose)
__sync_fetch_and_add (fype *ptr, Oype value, ...
__sync_fetch_and_sub (fipe *ptr, Hpe value, ...
__sync_fetch_and_or (fHype *ptr, fype value, ...
__sync_fetch_and_and (fHipe *ptr, Hpe value, ..
__sync_fetch_and_xor (OHype *ptr, Hpe value, ..
__sync_fetch_and_nand (fipe *ptr, fype value, ...
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shared sem_t arrival = 1;

// sem_init(&arrival, NULL, 1)

sem_t departure = 0; // sem_init(&departure, NULL, 0)

atomic int counter = 0; // (gcc intrinsics are verbose)
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sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departure);

First N-1 threads post on
arrival, wait on departure

Nth thread post on
departure, releasing
threads into phase |l

(what is value of arrival?)
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Barrier using Semaphores
Algorithm for N threads

Phase |

Phase Il
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—

1

shared sem_t arrival = 1;

// sem_init(&arrival, NULL, 1)

sem_t departure = 0; // sem_init(&departure, NULL, 0)

atomic int counter = 0; // (gcc intrinsics are verbose)

sem_wait(arrival);
if(++counter < N)
sem_post(arrival);

else

sem_post(departure);

O 00 N O U1 o W N =

Y
o

First N-1 threads post on
arrival, wait on departure

Nth thread post on
departure, releasing
threads into phase |l

(what is value of arrival?)

First N-1 threads post on
departure, last posts arrival
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sem_t departure=| 0

atomic int counter=| 0

)

sem_wait(arrival);
if(++counter < N)
sem_post(arrival);

else

sem_post(departure);

sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

sem_t arrival =

1

sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departure);
sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departure);
sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)
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sem_t departure=| 0

atomic int counter=| 0

MSem_wait(arrival); Mm_wait(arrival);

if(++counter < N) if(++counter < N)
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sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else
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shared sem_tarrival=| 0

sem_t departure=| 0

atomic int counter=| 1

sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departure);
sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

if(++counter < N)
sem_post(arrival);
else
sem_post(departure);
sem_wait(departure);
if(--counter > 0)
sem_post(departure)
else
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MSem_wait(arrival); Mm_wait(arrival);

if(++counter < N)
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sem_wait(departure);
if(--counter > 0)
sem_post(departure)
else

sem_post(arrival)
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shared sem_tarrival=| 1

sem_t departure=| 0

atomic int counter=| 1

sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departure);
sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

if(++counter < N)
sem_post(arrival);
else
sem_post(departure);
sem_wait(departure);
if(--counter > 0)
sem_post(departure)
else

sem_post(arrival)

MSem_wait(arrival); Mm_wait(arrival);

if(++counter < N)
sem_post(arrival);
else
sem_post(departure);
sem_wait(departure);
if(--counter > 0)
sem_post(departure)
else

sem_post(arrival)
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shared sem_tarrival=| 0

sem_t departure=| 0

atomic int counter=| 1

sem_wait(arrival);
if(++counter < N)
sem_post(arrival);

else

sem_post(departure);

sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departure);
sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

sem_wait(arrival);
(++counter < N)
sem_post(arrival);
else
sem_post(departure);
sem_wait(departure);
if(--counter > 0)
sem_post(departure)
else

sem_post(arrival)
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shared sem_tarrival=| 0

sem_t departure=| 0

atomic int counter=| 2

sem_wait(arrival);
if(++counter < N)
sem_post(arrival);

else

sem_post(departure);

sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departure);
sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

sem_wait(arrival);
if(++counter < N)
em_post(arrival);

else

sem_post(departure);
sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)
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shared sem_tarrival=| 1

sem_t departure=| 0

atomic int counter=| 2

sem_wait(arrival);
if(++counter < N)
sem_post(arrival);

else

sem_post(departure);

sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departure);
sem_wait(departure)
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

sem_wait(arrival);
if(++counter < N)
sem_post(arrival);
else
sem_post(departure);
m_wait(departure);
if(--counter > 0)
sem_post(departure)
else

sem_post(arrival)
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shared sem_tarrival=|

sem_t departure=| 0

atomic int counter=| 2

sem_wait(arrival);
if(++counter < N)
sem_post(arrival);

else

sem_post(departure);

sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departure);
sem_wait(departure)
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

sem_wait(arrival);
if(++counter < N)
sem_post(arrival);
else
sem_post(departure);
m_wait(departure);
if(--counter > 0)
sem_post(departure)
else

sem_post(arrival)
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shared sem_tarrival=|

sem_t departure=| 0

atomic int counter=| 3

sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departu
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shared sem_tarrival=| 1
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atomic int counter=| 0

sem_wait(arrival);
if(++counter < N)
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else

sem_post(departure);
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Semaphore Barrier Action Zone

N

shared

sem_t departure=| 0

atomic int counter=| 0

sem_t arrival =

1

// why two phases:

sem_wait(arrival);
if(++counter < N)
sem_post(arrival);

else

sem_post(departure);

sem_wait(departure);
if(--counter > 0)
sem_post(departure)

else

| sem_post(arrival)

sem_wait(arrival);
if(++counter < N)

sem_post(arrival);
else

sem_post(departure);
sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

for(..)

sem_wait(.

if(++counte

do_something();

wait () ;

sem_pos

}

sem_post(departure);

else

sem_wait(departure);
if(--counter > 0)

sem_post(departure)
else

sem_post(arrival)

Do we need two
phases?

Still correct if
counter is not
atomic?
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Barrier using Semaphores
Properties

* Very Simple
e Space complexity O(1)
* Symmetric

e Cons:

* Required a strong object
* Requires some central manager
* High contention on the semaphores

* Propagation delay O(n)
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Counter Barrier Ingredients

Fetch-and-Increment register Await

* A shared register that supports a F&I operation: * For brevity, we use the await macro
* Input: register r * Not an operation of an object

* Atomic operation: e This is just “spinning”

* risincremented by 1
e the old value of ris returned

function fetch-and-increment (r : register) macro await (condition : boolean condition)
orig_r:=r; repeat
r=r+1; cond = eval(condition);
return (orig_r); until (cond)

end-function end-macro
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Simple Barrier Using an Atomic Counter
Run for n=2 Threads

0 0
0

* There is high memory contention on go bit
P2 P1.

* Reducing the contention:
* Replace the go bit with n bits:
go[1],...,go[n]
* Process p; may spin only on the bit go[i]



A Local Spinning Counter Barrier
Program of a Thread |




A Local Spinning Counter Barrier
Program of a Thread |




A Local Spinning Counter Barrier
Example Run for n=3 Threads

0

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

ojlojlo

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

ojlojlo

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

ojlojlo

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

ojlojlo

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

ojlojlo

P1 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

ojlojlo

P1 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

P1,P2 Busy wait

24



P3

P2

A Local Spinning Counter Barrier
Example Run for n=3 Threads

o
0 0
o

P1

24



A Local Spinning Counter Barrier
Example Run for n=3 Threads

0 0




Comparison of counter-based Barriers

Simple Barrier

Simple Barrier with go array

* Pros:

e Cons:

* Pros:

e Cons:
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Comparison of counter-based Barriers

Simple Barrier

Simple Barrier with go array

* Pros:
* Very Simple
e Shared memory: O(log n) bits

* Takes O(1) until last waiting p is
awaken

* Cons:
e High contention on the go bit

e Contention on the counter
register (*)

* Pros:
* Low contention on the go array
* |n some models:

* spinningis done on local
memory

* remote mem. ref.: O(1)

* Cons:
e Shared memory: O(n)
 Still contention on the counter
register (*)

* Takes O(n) until last waiting p is
awaken

26
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A Tree-based Barrier

Threads are organized in a binary tree
Each node is owned by a predetermined thread

Each thread waits until its 2 children arrive
e combines results

e passes them on to its parent
Root learns that its 2 children have arrived—2>tells children they can go

The signal propagates down the tree until all the threads get the message
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A Tree-based Barrier: indexing

c Step 1: label numerically
with traveral

go

5 6 7 8 9 10 11 12 13 14 15

Indexing starts from 2
Root = 1, doesn’t need wait objects

29




A Tree-based Barrier
program of thread i
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Root —=

Internal —s

Leaf =<

A Tree-based Barrier
program of thread i

Root:
* Wait for arriving children
e Tell children to go
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Root —

Internal —s

Leaf =<

A Tree-based Barrier
program of thread i

\

O 00 N o ul Ao W N B

e Y S
5 W N R O

if i=1 then

else if i < (n-1)/2 then

else

fi

await(arrive[2] = 1); arrive[2] := 0 ' ivi '
wait(arrive[2] = 1); arrive([2] Wait for arriving children

await(arrive[3] = 1); arrive[3] := 0 Tell children to go

go[2]=1;go[3]=1

it i 2il=1): i 2il:=0
await(arrive[2i] = 1); arrive[2i] Wait for arriving children

Tell parent about it
arrive[i] := 1 Wait for parent go signal
await(go[i] = 1); go[i] := 0 Tell children to go

go[2i] = 1; go[2i+1] :=1

await(arrive[2i+1] = 1); arrive[2i+

/I leaf

arrive[i] :=1

await(go[i] = 1); goli] := O fi

30



A Tree-based Barrier
program of thread i

if i=1 then I/ rog

Root:
* Wait for arriving children
e Tell children to go

await(arrive[2] = 1); arrive[2] := 0

Root — await(arrive[3] = 1); arrive[3] :=0

go[2]=1;go[3]=1

else if i < (n-1)/2 then /] internglaade

Internal:

e Wait for arriving children
e Tell parent about it

* Wait for parent go signal
e Tell children to go

await(arrive[2i] = 1); arrive[2i] :=0

Int | await(arrive[2i+1] = 1); arrive[2i+1] =23
nternal =—s
arrive[i] :=1

O 00 N o ul Ao W N B

await(gol[i] = 1); go[i] := 0

— 10 go[2i] = 1; go[2i+1] :=1
—

11 else le

4 Child:
12 arrive[i] :=1 .
Leaf =< e arrive

13 await(gol[i] = 1); goli] := O fi « Wait for parent go signal

14 fi

30
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Waiting for
go[6]
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Tree Barrier Tradeoffs

Low shared memory contention
* No wait object is shared by more than 2 processes
* Good for larger n
Fast — information from the root propagates after log(n) steps
Can use only atomic primitives (no special objects)
On some models:
* each process spins on a locally accessible bit
* # (remote memory ref.) = O(1) per process

* Cons:
e Shared memory space complexity — O(n)
* Asymmetric —all the processes don’t the same amount of work
* Corner cases for n |=2/k-1
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Hardware Supported Barriers

to/from higher
level module
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Barriers Summary

Seen:
* Semaphore-based barrier

e Simple barrier
* Based on atomic fetch-and-increment counter

* Local spinning barrier
* Based on atomic fetch-and-increment counter and go array

* Tree-based barrier
Not seen:

e Test-and-Set barriers

* Based on test-and-test-and-set objects
* One version without memory initialization

e See-Saw barrier
e Book has condition barriers
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Programming Models for Concurrency

* Hardware execution model:
e CPU(s) execute instructions sequentially
* Programming model dimensions:
* How to specify computation o
« How to specify communication 60(09"‘
* How to specify coordination/control transfer
* Techniques/primitives
* Message passing vs shared memory
* Preemption vs Non-preemption

communication
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Programming Models for Concurrency

Futures & %
* Hardware execution model: Promises S
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Futures & Promises

* Values that will eventually become available

* Time-dependent states:

* Completed/determined
 Computation complete, value concrete

* Incomplete/undetermined
* Computation not complete yet
e Construct ( future X)

* immediately returns value
e concurrently executes X



Java Example

static void runAsyncExample() {

CompletableFuture cf = CompletableFuture.runAsync(() -> {
assertTrue(Thread.currentThread().isDaemon());
randomSleep();

};

assertFalse(cf.isDone());

sleepEnough();

assertTrue(cf.isDone());
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Java Example

static void runAsyncExample() {
CompletableFuture cf = CompletableFuture.runAsync(() -> {
assertTrue(Thread.currentThread().isDaemon());
randomSleep();

})s

assertFalse(cf.isDone());
sleepEnough();
assertTrue(cf.isDone());

 CompletableFuture is a container for Future object type
e cfisaninstance

* runAsync() accepts
* Lambda expression
* Anonymous function
* Functor

* runAsync() immediately returns a waitable object (cf)

 Where (on what thread) does the lambda expression run?
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Futures and Promises:

Why two kinds of objects?
Promise: “thing to be done”

/

Client Future Promise

i >

future<int> f1 = async(fool);

int result = f1.get();

Future: encapsulation
(something to give caller)
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Futures vs Promises

* Future: read-only reference to uncompleted value

* Promise: single-assignment variable that the future refers to

* Promises complete the future with:
* Result with success/failure

Language | Promise ________|Fuwe

* Exception

Algol

Java
C#/.NET

JavaScript

C++

Thunk

Future<T>
TaskCompletionSource<T>

Deferred

std::promise

Address of async result

CompletableFuture<T>
Task<T>

Promise

std::future

——— [] ]
el ) : ’-L
- ()
(-mmmmm o m oo - i -
-
:
]
]
]
]
]
' set( )
) FeS—— 3L
i
]
i




Mnemonic:

Promise to do something

Futures vs Promises sromise for the future

* Future: read-only reference to uncompleted value
* Promise: single-assignment variable that the future refers to
* Promises complete the future with:

* Result with success/failure G ; ]
-' ient _:ltllll't' -’rmuim-

* Exception ¢ A H

Language | Promise ________|Fuwe

Algol Thunk Address of async result

new( )

Java Future<T> CompletableFuture<T> ' set( )

C#/.NET TaskCompletionSource<T> Task<T>

JavaScript  Deferred Promise

C++ std::promise std::future
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Putting Futures in Context
My unvarnished opinion

Futures:

* abstraction for concurrent work supported by
 Compiler: abstractions are language-level objects
* Runtime: scheduler, task queues, thread-pools are transparent

* Programming remains mostly imperative/sequential
* Threads of control peppered with asynchronous/concurrent tasks

Compromise Programming Model between:
* Event-based programming
* Thread-based programming

Events vs. Threads!




GUI Programming

'@\,ﬂnvu]# Documentl - Migroseft Werd -8X
S dome | mset  pagelsyow  References  Madings  Review  View  Adddns

4 Calbri (Body) u - E . E R e
. ; | ‘B I U - i.--:_-:.— x || li-}:al - :
m - - ¥

| Page:1 Pagelofl wordso B mset ([EDG




GUI Programming

&' o 9-0 5 Docurnentl - Microsoft Word - Emx
| | Home | Inset  Pagelsyout  References  Madings  Review  View  Adddns w
== & Calibri (Body) |31 - S eeEtim »n
ﬁ‘ﬂ L*.fﬁ-'*:*ﬂlﬁli_mii-flﬁljﬁmﬁ - do {
V- A-ac & x| (2 B8 soes- shes- | - | |
Clipboard 5 Font 6| Pacagraph G syles 5 WaitForSomething () ;
L I I T Y. = ReSpOHdTOThlng() :

} until (forever) ;

| Page:1 Pageiofi worsso B mset [BWR 2=




GUI Programming

d -0 s

Home | Insent  Pagelayowt  Reh

Cn

)

= Calbri (Body) -
B LU -k x|

paste

B - A

) .

Page:1 Pagelofl Words0 <5 Insert B3R 2 = el o)

int WINAPI WinMain(HINSTAMCE hInstance, HINSTANCE hPrevInstance,

{

LPSTR lpCmdLine, int nCmdShow)

WNDCLASSEX wc;

HWND hwnd;

M5G Msg;

f/5tep 1: Registering the Window Class
wc.cbSize = sizeof (WNDCLASSEX);

we.style = @;

wec . 1pfnkWndProc = WndProc;

we.cbClsExtra = @;

wc . cbWndExtra = 8;

wc.hInstance = hInstance;

we.hIcon = LoadIcon(NULL, IDI_APPLICATION);
we . hCursor = LoadCursor({MULL, IDC_ARROW);

we.hbrBackground = (HBRUSH)(COLOR_WINDOW41);
we.lpszMenuName = NULL;

we.lpszClassiame = g szClassName;

we.hIconsm = LoadIcon({NULL, IDI_APPLICATION);

if(!RegisterClassEx(&wc))

1
MessageBox(MNULL, "Window Registration Failed!™,
MB_ICOMEXCLAMATION | MB_OK);
return 8;
¥

ff Step 2: Creating the Window

hwnd = CreateWindowEx(
WS EX CLIENTEDGE,
g_szClassMame,
“The title of my window",
W5_OVERLAPPEDWINDOW,
CW_USEDEFAULT, CW _USEDEFAULT, 248, 128,
MULL, NULL, hInstance, MNULL);

if(hwnd == NULL)

"Error!",

{
MessageBox(MNULL, "Window Creation Failed!", "Error!”,
MB_TCONEXCLAMATION | MB_OK);
return 8;
1

ShowWindow(hwnd, nCmdShow);
Updatelindow(hwnd);

/f Step 3: The Message Loop
while(GetMessage(&Msg, NULL, @, @) > @)

1
TranslateMessage(&Msg);

DispatchMessage(&Msg);

return Msg.wParam;



int WINAPI WinMain(HINSTAMCE hInstance, HINSTANCE hPrevInstance,
LPSTR lpCmdLine, int nCmdShow)
{

WNDCLASSEX wc;
HWND hwnd;

GUI Programming

f/5tep 1: Registering the Window Class

wc.cbSize = sizeof (WNDCLASSEX);
we.style = @;
wec . 1pfnkWndProc = WndProc;
we.cbClsExtra = @;
// Step 2: Creating the Window e T e
_ - .hI = LoadI (NULL, IDI_APPLICATION);
hwnd = CreateWindowEx( wehCursor = LoadCursor(NULL, TOC_ARROW):
WS_EX_CLIENTEDGE, e S e
.1 Cl M = z(1 N -
g_szClassName, wc.hIconsm = LoadIcon(NULL, IDI_APPLICATION):;
"ThE tlt]-e G-F m_‘)" L'Jlndﬂwuj if(!RegisterClassEx(&wc))
{
NS_DUEHLAPPEDNINDDNJ MessageBox(MNULL, "Window Registratiom Failed!", "Error!”,
CW_USEDEFAULT, CW_USEDEFAULT, 24e, 120, e EXCLAATION | 1800
NULL, NULL, hInstance, NULL); i

Step 2: Creating the Window
hwnd = CreateWindowEx(

WS EX CLIENTEDGE,

g_szClassMame,

“The title of my window",
W5_OVERLAPPEDWINDOW,

CW_USEDEFAULT, CW _USEDEFAULT, 248, 128,
MULL, NULL, hInstance, MULL);

if(hwnd == NULL)

{
MessageBox(MNULL, "Window Creation Failed!", "Error!”,
MB_TCONEXCLAMATION | MB_OK);
return 8;
1
3 o ShowWindow(hwnd, nCmdShow);

Updatelindow(hwnd);

/f Step 3: The Message Loop
while(GetMessage(&Msg, NULL, @, @) > @)
{
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TranslateMessage(&Msg);
DispatchMessage(&Msg);

return Msg.wParam;
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int WINAPI WinMain(HINSTAMCE hInstance, HINSTANCE hPrevInstance,
LPSTR lpCmdLine, int nCmdShow)
{

WNDCLASSEX wc;
° HWND hwnd;
GUI Programmin
g g ffstep 1:
wc.chsize
we.style
wec . 1pfnkWndProc
we.chClsExtra

ff Step Al CPeatiﬂg the windﬂw we . cbiWndExtra

wc.hInstance

hwnd = CreateWindowEx( we.hIcon

we.hCursor

NS_EI_CLI EMTEDEEJ we . hbrBackground

we . lpszMenuName

g szClassName, et

WC .

Registering the Window Class
= sizeof (WNDCLASSEX);
a;
WndProc;
a;
a;
hInstance;
LoadIcon({NULL, IDI_APPLICATION);
LoadCursor({NMULL, IDC_ARROW);
{HBRUSH) (COLOR_WINDOW+1);
MULL ;
g szClassName;
LoadIcon{NULL, IDI_APPLICATION);

"The title of my window", 17 (1RegisterClassEx(&uc))
NS_DUEHLAPPEDNINDDNJ { MessageBox(MNULL, "Window Registration Failed!™,
ClW_USEDEFAULT, CW USEDEFAULT, 240, 120, ey D CHAATION | 1800

NULL, NULL, hInstance, NULL); i

"Error!",

Step 2: Creating the Window
hwnd = CreateWindowEx(

WS EX CLIENTEDGE,

g_szClassMame,

“The title of my window",
W5_OVERLAPPEDWINDOW,

CW_USEDEFAULT, CW _USEDEFAULT, 248, 128,
MULL, NULL, hInstance, MULL);

if(hwnd == NULL}
{
'f!!l'a StEI:I 3: ThE MESSEEE LDDI:I MessageBox(NULL, "Window Creation Failed!", "Error!”,

MB_TCONEXCLAMATION | MB_OK);

while(GetMessage(&Msg, NULL, ©, @) > @) | e

o = 2t - Microsoft W -ax
D e i i@ { ShowWindow(hwnd, nCmdShow);

Updatelindow(hwnd);
TranslateMessage(&Msg); p

= . // Step 3: The Message Loop
: D]_Sljat[ hﬂeggag{g(&MEE); {hile(Getl'-1essage|:&r-1sg, NULL, @, @) > @)

TranslateMessage(&Msg);
DispatchMessage(&Msg);

return Msg.wParam;
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{

LPSTR lpCmdLine, int nCmdShow)

WNDCLASSEX wc;

HWND hwnd;

M5G Msg;

f/5tep 1: Registering the Window Class
wc.cbSize = sizeof (WNDCLASSEX);

we.style = @;

wec . 1pfnkWndProc = WndProc;

we.cbClsExtra = @;

wc . cbWndExtra = 8;

wc.hInstance = hInstance;

we.hIcon = LoadIcon(NULL, IDI_APPLICATION);
we . hCursor = LoadCursor({MULL, IDC_ARROW);

we.hbrBackground = (HBRUSH)(COLOR_WINDOW41);
we.lpszMenuName = NULL;
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if(!RegisterClassEx(&wc))

1
MessageBox(MNULL, "Window Registration Failed!™,
MB_ICOMEXCLAMATION | MB_OK);
return 8;
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ff Step 2: Creating the Window

hwnd = CreateWindowEx(
WS EX CLIENTEDGE,
g_szClassMame,
“The title of my window",
W5_OVERLAPPEDWINDOW,
CW_USEDEFAULT, CW _USEDEFAULT, 248, 128,
MULL, NULL, hInstance, MNULL);

if(hwnd == NULL)

"Error!",

{
MessageBox(MNULL, "Window Creation Failed!", "Error!”,
MB_TCONEXCLAMATION | MB_OK);
return 8;
1

ShowWindow(hwnd, nCmdShow);
Updatelindow(hwnd);

/f Step 3: The Message Loop
while(GetMessage(&Msg, NULL, @, @) > @)

1
TranslateMessage(&Msg);

DispatchMessage(&Msg);

return Msg.wParam;



int WINAPI WinMain(HINSTAMCE hInstance, HINSTANCE hPrevInstance,
LPSTR lpCmdLine, int nCmdShow)
{

WNDCLASSEX wc;
HWND hwnd;

GUI Programming e

Registering the Window Class

wc.cbSize = sizeof (WNDCLASSEX);
we.style = @;
wec . 1pfnkWndProc = WndProc;
we.cbClsExtra = @;
wc . cbWndExtra = 8;
wc.hInstance = hInstance;
we.hIcon = LoadIcon(NULL, IDI_APPLICATION);
: we . hCursor = LoadCursor({MULL, IDC_ARROW);
switch (message) we.hbrBackground = (HBRUSH)(COLOR_WINDOW41);
‘[ we.lpszMenuName = NULL;
. we.lpszClassName = g szClassName;
//Case NM—COMM‘&ND° . we.hIconsm = LoadIcon({NULL, IDI_APPLICATION);
// handle menu selections etc.
//br‘eak‘ if(!RegisterClassEx(&wc))
2
{
//case NM_PAINT: MessageBox({NULL, "Window Registration Failed!"™, "Error!",
// draw our window - note: you must paint something here or not trap it! retufﬁ—;'f‘}"““’”"’wm” | MB_0K);
//break; } ’

case WM_DESTROY:

ff Step 2: Creating the Window

pOStQUitMESSEgE(O); hwnd = CreateWindowEx({
break: WS_EX_CLIENTEDGE,
2 g_szClassMame,
default: "The title of my window",
// We do not want to handle this message so pass back to Windows WS_OVERLAPPEDWINDOU,
D CW_USEDEFAULT, CW_USEDEFAULT, 248, 128,
// to handle it in a default way NULL, NULL, hInstance, NULL);

return DefWindowProc(hWnd, message, wParam, lParam); ] e (L

} {
MessageBox(MNULL, "Window Creation Failed!", "Error!”,
MB_TCONEXCLAMATION | MB_OK);
return 8;

I}

o ShowWindow(hwnd, nCmdShow);
Updatelindow(hwnd);

/f Step 3: The Message Loop
while(GetMessage(&Msg, NULL, @, @) > @)
{

| 5]

TranslateMessage(&Msg);
DispatchMessage(&Msg);

return Msg.wParam;
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GUI programming

switch (message)

{

//case WM_COMMAND:
// handle menu selections etc.

//break;
//case WM_PAINT:

// draw our window - note: you must paint something here or not

//break;
case WM_DESTROY:

PostQuitMessage(®);

break;
default:

// We do not want to handle this message so pass back to Winc
// to handle it in a default way
return DefWindowProc(hWnd, message, wParam, lParam);

| 5]

Hex
0000
0001
0002
0003
0005
0006
0007
0008
000a
000b
000c
000d
000e
000f
0010
0011
0012
0013
0014

Decimal

O N o ;WM

11
12
13
14
15
16
17
18
19
20

int WINAPI WinMain(HINSTAMCE hInstance,

{

}

LPSTR lpCmdLine, int nCmdShow)

WNDCLASSEX wc;
HWND hwnd;
MSG Msg;

Symbolic
WM_NULL
WM_CREATE
WM_DESTROY
WM_MOVE
WM_SIZE
WM_ACTIVATE
WM_SETFOCUS
WM_KILLFOCUS
WM_ENABLE
WM_SETREDRAW
WM_SETTEXT
WM_GETTEXT
WM_GETTEXTLENGTH
WM_PAINT
WM_CLOSE
WM_QUERYENDSESSION
WM_QUIT
WM_QUERYOPEN
WM_ERASEBKGND

TranslateMessage(&Msg);
DispatchMessage(&Msg);

return Msg.wParam;

HIMSTANCE hPrevInstance,

[ON) ;

[ON) ;

xd!", "Error!",

, "Error!",



int WINAPI WinMain(HINSTAMCE hInstance, HINSTANCE hPrevInstance,
LPSTR lpCmdLine, int nCmdShow)
{

WNDCLASSEX wc;

HWND hwnd;
. e s Over 1000 last
GUI programmin 2l time | checked!
p g g 0000 | O WM_NULL
0001 1 WM_CREATE
0002 |2 WM_DESTROY i
?Wi’“h (message) 0003 |3 WM_MOVE ‘
//case WM_COMMAND: 0005 |5 WM_SIZE Low);
// handle menu selections etc. 0006 | 6 WM_ACTIVATE ’
//break;
//case WM_PAINT: 0007 | |7 WM_SETFOCUS :dt", "Error!”
// draw our window - note: you must paint something here or not pgps |8 WM_KILLFOCUS
//break;
case WM_DESTROY: e WS s S
PostQuitMessage(0); 000b | |11 WM_SETREDRAW
break;
default: 000c @ |12 WM_SETTEXT
// We do not want to handle this message so pass back to Winc 0o0od @ 13 WM_GETTEXT
// to handle it in a default way
return DefWindowProc(hWnd, message, wParam, lParam); il sl ESTIE LS
} ooof 15 WM_PAINT
, "Error!",
0010 |16 WM_CLOSE
0011 17 WM_QUERYENDSESSION
0012 |18 WM_QUIT
B e i s m&m;.,' " 0013 |19 WM_QUERYOPEN
O el emeaay | ¥ Al
e S e e 0014 | |20 WM_ERASEBKGND
O s e ] TranslateMessage(&Msg);
9 H DispatchMessage(&Msg);

¥

return Msg.wParam;




int WINAPI WinMain(HINSTAMCE hInstance, HINSTANCE hPrevInstance,
LPSTR lpCmdLine, int nCmdShow)

¢ WNDCLASSEX wc;
HWND hwnd;
. e s Over 1000 last
GUI programming 2l time | checked!
p g - 0000 'O WM_NULL
0001 1 WM_CREATE
void OnMove() { .. WM_DESTROY ton);
?Wmh (message) void OnSize() { .. WM_MOVE |
//case WM_COMMAND: WM_SIZE Low);
// handle menu selec WM _ACTIVATE ’
//break; . .
//case WM_PAINT: void OnPaint() { .. 0007 | |7 WM_SETFOCUS 41", "Error!”,
// draw our window - not ppog | 8 WM_KILLFOCUS
//break;
case WM DESTROY: 000a |10 WM_ENABLE
PostQuitMessage(©); 1 WM_SETREDRAW
break;
default: WM_SETTEXT
// We do not want to handle this message so pass back to Winc WM_GETTEXT
// to handle it in a default way
return DefWindowProc(hWnd, message, wParam, lParam); 10iz sl ESTIE LS
} ooof 15 WM_PAINT
, "Error!",
0010 |16 WM_CLOSE
0011 17 WM_QUERYENDSESSION
0012 |18 WM_QUIT
B e i s m&m;.,' " 0013 |19 WM_QUERYOPEN
O el emeaay | ¥ Al
e S e e 0014 | |20 WM_ERASEBKGND
O s e ] TranslateMessage(&Msg);
9 H DispatchMessage(&Msg);

¥

return Msg.wParam;

b




GUI Programming Distilled

l Bwinmain(...) {

2 BH while(true) {

3 message = GetMessage() ;

4 B9 switch (message) {

case WM THIS: DoThis(),; break;

case WM THAT: DoThat(); break;

case WM OTHERTHING: DoOtherThing(); break;
case WM DONE: return;

}
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GUI Programming Distilled

l Bwinmain(...) {

2 BH while(true) {

3 message = GetMessage() ;

4 B9 switch (message) {

case WM THIS: DoThis(),; break;

case WM THAT: DoThat(); break;

case WM OTHERTHING: DoOtherThing(); break;
case WM DONE: return;

}
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GUI Programming Distilled

l Bwinmain(...) {
while (true) {

message = GetMessage() ;

switch (message) {

case WM THIS: DoThis(),; break;

case WM THAT: DoThat(); break;

case WM OTHERTHING: DoOtherThing(); break;
3 case WM DONE: return;

9 . }

U W N
(1] |

P
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Pros

e Simple imperative programming



GUI Programming Distilled

l Bwinmain(...) {
2 E while (true) {
3 message = GetMessage() ;
4 B9 switch (message) {
5 case WM THIS: DoThis(),; break;
0 case WM THAT: DoThat(); break;
! case WM OTHERTHING: DoOtherThing(); break;
3 case WM DONE: return;
Qg i }
10 + }
11 L}
Pros

e Simple imperative programming

e Good fit for uni-processor



GUI Programming Distilled

l Bwinmain(...) {
2 E while (true) {
3 message = GetMessage() ;
4 B9 switch (message) {
5 case WM THIS: DoThis(),; break;
0 case WM THAT: DoThat(); break;
! case WM OTHERTHING: DoOtherThing(); break;
3 case WM DONE: return;
B }
10 + }
11 L}
Pros Cons

e Simple imperative programming

e Good fit for uni-processor



GUI Programming Distilled

l Bwinmain(...) {
2 BH while(true) {
3 message = GetMessage() ;
switch (message) {
5 case WM THIS: DoThis(),; break;
0 case WM THAT: DoThat(); break;
! case WM OTHERTHING: DoOtherThing(); break;
3 case WM DONE: return;
. }
10 + }
11 L}

!
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Pros Cons
e Simple imperative programming * Awkward/verbose

e Good fit for uni-processor



GUI Programming Distilled

l Bwinmain(...) {
2 BH while(true) {
3 message = GetMessage() ;
switch (message) {
5 case WM THIS: DoThis(),; break;
0 case WM THAT: DoThat(); break;
! case WM OTHERTHING: DoOtherThing(); break;
3 case WM DONE: return;
. }
10 + }
11 L}

!

| S
1]
L

Pros Cons
e Simple imperative programming * Awkward/verbose

* Good fit for uni-processor e Obscures available parallelism



GUI Programming Distilled

] Bwinmain(...) {
- while(true) {
message = GetMessage() ;
switch (message) {
case WM LONGRUNNING CPU HOG: HogCPU(); break;
case WM HIGH LATENCY IO: BlockForALongTime () ; break;
case WM DO QUICK IMPORTANT THING: HopeForTheBest (), break;

}
i}
}
T
Pros Cons
e Simple imperative programming  Awkward/verbose

* Good fit for uni-processor e Obscures available parallelism



GUI Programming Distilled

l Bwinmain(...) {

2 BH while(true) {

3 message = GetMessage() ;

4 B9 switch (message) {

case WM THIS: DoThis(),; break;

case WM THAT: DoThat(); break;

case WM OTHERTHING: DoOtherThing(); break;
case WM DONE: return;

}
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GUI Programming Distilled

winmain(...) { How can we

- while(true) { .
message = GetMessage () ; parallellze

= switch (message) { this?
case WM THIS: DoThis(); break; :

case WM THAT: DoThat(); break;
case WM OTHERTHING: DoOtherThing(); break;
case WM DONE: return;

= O W o Jd0 U &= W -

=
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Parallel GUI Implementation 1

S W NP

':T l"l ':_,-'—l

~1

winmain(...) {
1 while(true) {
message = GetMessage() ;
= switch (message) {
case WM THIS: DoThis(); break;
case WM THAT: DoThat(),; break;
case WM OTHERTHING: DoOtherThing(),; break;
8 case WM DONE: return;
':‘::j— } o
0 | }
 }
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Parallel GUI Implementation 1

winmain(...) {
1 while(true) {

message = GetMessage() ; ,/
switch (message) { /
case WM THIS: DoThis ()=s=DbBreak;

case WM THAT: DoThat(),; break;
case WM OTHERTHING: DoOtherThing(),; break;
case WM DONE: return;

O O~ o W
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Parallel GUI Implementation 1

winmain(...) {
1 while(true) {

message = GetMessage() ; AS
switch (message) { ‘—5_____——‘————————V
case WM THIS: DoThis ()=s=DbBreak;

case WM THAT: DoThat ()+—breaki  /
case WM OTHERTHING: DoOtherThing(),; break; 1

case WM DONE: return;
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Parallel GUI Implementation 1

winmain(...) {
1 while(true) {

message = GetMessage() ; /; |
switch (message) { ‘_5_______———__————v .
case WM THIS: DoThis ()=s=DbBreak; ,

case WM THAT: DoThat()-;—bqsea-k—;—»;
case WM OTHERTHING: DoOtherThing (), break; /

case WMiDONE: return;

- O U= W N
1]
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Parallel GUI Implementation 1

Hwinmain () { y —
pthread create(&tids[i++], DoThisProc); ) ol .
pthread create (&tids[i++], DoThatProc) ; 4
pthread create(&tids[i++], DoOtherThingProc) ;
for (=0, 1<i; J++)
pthread join(&tids[]]);

1L

DoThisProc() {
E while (true) {
if (ThisHasHappened)
DoThis () ;

1k DoThatProc

OtherThing




Parallel GUI Implementation 1

CSwinmain () A

pthread create(&tids[i++], DoThisProc); Y/ e
pthread create(&tids[i++], DoThatProc); - SUHINSIRIOC

pthread create(&tids[i++], DoOtherThingProc) ;=
for (j=0,; j<i; j++)

pthread join(&tids[]]);
EDOThiSPIDC() {

while (true) {

if (ThisHasHappened)
DoThis () ;

1L

OtherThing

f DoThatProc




Parallel GUI Implementation 1

Hwinmain () {

pthread create(&tids[i++], DoThisProc), Y/, .
- / - DoThisProc

pthread create(&tids[i++], DoThatProc);
pthread create(&tids[i++], DoOtherThingProc) ;™
for (=0, 3<i,; J++)

pthread join(&tids[]]);

EDoThisProc() {

while (true) { PrOs:
* Encapsulates parallel work

if (ThisHasHar
, Cons:

DoThis () Obliterates original code structure
| } How to assign handlers—>CPUs?
i} Load balance?!?

Utilization

//ll DoThatProc

)

/1 OtherThing




Parallel GUI Implementation 2

Swinmain () {
for (i=0,; 1<NUMPROCS,; 1i++)

pthread create(&tids[i], HandlerProc);
for (i=0,; 1<NUMPROCS,; 1i++)

pthread join(&tids[i]);

'}

threadproc(...) { threadproc(...) { threadproc(...) {
-1 while(true) {

threadproc(...) {

-1 while(true) { - while(true) { - while(true) {
message = GetMessage() ; message = GetMessage() ; message = GetMessage() ; message = GetMessage() ;
= switch(message) { = switch(message) { = switch (message) { = switch (message) {
case WM THIS: DoThis(); case WM THIS: DoThis(); case WM THIS: DoThis(); case WM THIS: DoThis();
case WM THAT: DoThat(); case WM THAT: DoThat(); case WM THAT: DoThat(); case WM THAT: DoThat();
- } - } - } }
o o -} }
-} -} -} }




threadproc(...) {

while (true) {

message = GetMessage() ;
switch(message) {

case WM THIS: DoThis();
case WM THAT: DoThat();

'}

for (1i=0

Parallel GUI Implementation 2

Swinmain () {
for(i=0,; 1<NUMPROCS;

pthread create(&tids[i], HandlerProc);
; 1<NUMPROCS;

i4+)

i4+)

pthread join(&tids[i]);

threadproc(...) {

=

while (true) {

message = GetMessage() ;
switch(message) {

case WM THIS: DoThis();
case WM THAT: DoThat();

|

threadproc(...) {
while(true) {

message = GetMessage() ;
switch (message) {

case WM THIS: DoThis();
case WM THAT: DoThat();

Pros/cons?

|

threadproc(...) {
while(true) {

message = GetMessage() ;
switch (message) {

case WM THIS: DoThis();
case WM THAT: DoThat();




threadproc(...) {

while (true) {

message = GetMessage() ;
switch(message) {

case WM THIS: DoThis();
case WM THAT: DoThat();

'}

Swinmain () {

threadproc(...) {

=

while (true) {

message = GetMessage() ;
switch(message) {

case WM THIS: DoThis();
case WM THAT: DoThat();

Parallel GUI Implementation 2

|

Pros/cons?

* Preserves programming model

Pros:
for (1=0,; 1<NUMPROCS; 1++)
pthread create (&tids[i], HEElES
for (1=0,; 1<NUMPROCS; 1++)
pthread join(&tids[i]); .

* Can recover some parallelism

e Workers still have same problem
How to load balance?

e Shared mutable state a problem

threadproc(...) {
while(true) {

message = GetMessage() ;
switch (message) {

case WM THIS: DoThis();
case WM THAT: DoThat();

|

threadproc(...) {
while(true) {

message = GetMessage() ;
switch (message) {

case WM THIS: DoThis();
case WM THAT: DoThat();




threadproc(...) {

while (true) {
message = GetMessage() ;
switch(message) {
case WM THIS: DoThis();
case WM THAT: DoThat();
}

'}

Swinmain () {

threadproc(...) {

=

while (true) {

message = GetMessage() ;
switch(message) {

case WM THIS: DoThis();
case WM THAT: DoThat();

Parallel GUI Implementation 2

|

Pros/cons?

* Preserves programming model

Pros:
for (1=0,; 1<NUMPROCS; 1++)
pthread create (&tids[i], HEElES
for (1=0,; 1<NUMPROCS; 1++)
pthread join(&tids[i]); .

* Can recover some parallelism

e Workers still have same problem
How to load balance?

e Shared mutable state a problem

threadproc(...) {
while(true) {

message = GetMessage() ;
switch (message) {

case WM THIS: DoThis();
case WM THAT: DoThat();

|

threadproc(...) {
while(true) {

message = GetMessage() ;
switch (message) {

case WM THIS: DoThis();
case WM THAT: DoThat();

Extremely difficult to solve
without changing the whole

programming model...so

change it




Event-based Programming: Motivation



Event-based Programming: Motivation

* Threads have a *lot* of down-sides:
* Tuning parallelism for different environments
* Load balancing/assignment brittle

* Shared state requires locks =

* Priority inversion
* Deadlock
* Incorrect synchronization



Event-based Programming: Motivation

* Threads have a *lot* of down-sides:
* Tuning parallelism for different environments
* Load balancing/assignment brittle

* Shared state requires locks =

* Priority inversion
* Deadlock
* Incorrect synchronization

e Events: restructure programming model to have no threads!



Event Programming Model Basics
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* Programmer only writes events
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Event Programming Model Basics

* Programmer only writes events
e Event: an object queued for a module (think future/promise)

* Basic primitives
* create_event_queue(handler) 2 event_q

* enqueue_event(event g, event-object)
* Invokes handler (eventually)



Event Programming Model Basics

* Programmer only writes events
e Event: an object queued for a module (think future/promise)

* Basic primitives
* create_event_queue(handler) 2 event_q

* enqueue_event(event g, event-object)
* Invokes handler (eventually)

e Scheduler decides which event to execute next
* E.g. based on priority, CPU usage, etc.



Event-based programming



Event-based programming

switch (message)
{
//case WM_COMMAND:
// handle menu selections etc.
//break;
//case WM_PAINT:
// draw our window - note: you must paint something here or not trap it!
//break;
case WM_DESTROY:
PostQuitMessage(9);
break;
default:
// We do not want to handle this message so pass back to Windows
// to handle it in a default way
return DefWindowProc(hWnd, message, wParam, lParam);



Event-based programming



Event-based programming

PROGRAM MyProgram {
OnSize () {}
OnMove () {}
OnClick() {}
OnPaint () {}



Event-based programming

PROGRAM MyProgram { Reqlest
OnSize () {} EE":IUE'H
OnMove () {} equest
OnClick() {} REquest

OnPaint () {} M) Request

} Request



Event-based programming

Thread Pool

PROGRAM MyPngr am { HE.q aof Thread 1 Thread 2Thread 3
OnSize () {} EE{]UEE’[
OnMove () {} equest
OnClick() {} Request

OnPaint () {} ME) [ Requesi
} Request




Event-based programming

Thread Pool

Thread 1 Thread 2Thread 3

PROGRAM MyProgram { Reqlest
OnSize () {} EequEEt
OnMove () {} = Lo

OnClick() {1} Hequ:a-ﬁt

OnPaint () {} - Requesi
} E_eque&t

Is the problem solved?




Another Event-based Program



Another Event-based Program

PROGRAM MyProgram {

= OnOpenFile() {
char szFileName[BUFSIZE]
InitFileName (szFileName) ;
FILE file = ReadFileEx(szFileName) ;
LoadFile(file) ;
RedrawScreen|() ;

s W N =

<J O

)

| }
9 OnPaint () ;
10 t}



Another Event-based Program

PROGRAM MyProgram {

|

2 B OnOpenFile() {

3 char szFileName[BUFSIZE]

4 InitFileName (szFileName) ;

5 FILE file = ReadFileEx(szFileName) ;
6 LoadFile(file) ;

7 RedrawScreen () ;

8 | }
9 OnPaint () ;




Another Event-based Program

PROGRAM MyProgram {

|

2 B OnOpenFile() {

3 char szFileName[BUFSIZE]

4 InitFileName (szFileName) ;

5 FILE file = ReadFileEx(szFileName) ;
6 LoadFile(file)

7 RedrawScreen|() ;

8 | }
9 OnPaint () ;




Another Event-based Program

PROGRAM MyProgram {

= OnOpenFile () {
char szFileName[BUFSIZE]
InitFileName (szFileName) ;
FILE file = ReadFileEx(szFileName) ;
LoadFile(file)
RedrawScreen() ;

O W N =

~ O

8 | }
9 OnPaint () ;

Uses Other Handlers!
(call OnPaint?)



No problem!
Just use more events/handlers, right?

1 EPROGRAM MyProgram {

2 TASK ReadFileAsync(name, callback) {
3 ReadFileSync (name) ;

4 Call (callback) ;

5 ¢ }

o H CALLBACK FinishOpeningFile() {

] LoadFile(file) ;

8 RedrawScreen () ;

B }

10 H OnOpenFile () {

11 FILE file;

12 char szName [BUFSIZE]

13 InitFileName (szName) ;

14 EnqueueTask (ReadFileAsync (szName, FinishOpeningFile)) ;
15 -+ }

16 OnPaint() ;

17 L}



Continuations, BTW

I BPROGRAM MyProgram ({

2 E OnOpenFile () {

3 ReadFile(file, FinishOpeningFile);
4 }

5 H OnFinishOpeningFile () {

3 LoadFile(file, OnFinishlLoadingFile);
R }

8 © OnFinishLoadingFile () {

9 RedrawScreen() ;
10 + }
11 OnPaint () ;
12 L}




Stack-Ripping

EPROGRAM MyProgram {
= TASK ReadFileAsync(name, callback) {

1

2

3 ReadFileSync (name) ;

4 Call (callback) ;

5 ¢ }

o H CALLBACK FinishOpeningFile () {
! LoadFile(file) ;

8 RedrawScreen() ;

B | }

10 = OnOpenFile () {

11 FILE file;

12 char szName[BUFSIZE]

13 InitFileName (szName) ;

14 EnqueueTask (ReadFileAsync (szName, FinishOpeningFile)) ;
15 + }

16 OnPaint () ;



Stack-Ripping

I EPROGRAM MyProgram ({

7 E TASK ReadFileAsync(name, callback) {
3 ReadFileSync (name) ;

4 Call (callback) ;

R }

o H CALLBACK FinishOpeningFile () {

! LoadFile(file) ;

8 RedrawScreen() ;

B }

10 = OnOpenkFile )} {

11 FILE file;

12 char szName[BUFSIZ

13 ' ZName) ;

14 EnqueueTask (ReadFileAsync (szName, FinishOpeningFile)) ;
15 + }

16 OnPaint () ;




Stack-Ripping

I EPROGRAM MyProgram ({

7 E TASK ReadFileAsync(name, callback) {
3 ReadFileSync (name) ;

4 Call (callback) ;

R }

o H CALLBACK FinjishopeningFile() {

7 LoadFil

8 RedrawScTrees ;

B }

10 = OnOpenkFile )} {

11 FILE file;

12 char szName[BUFSIZ

13 ' ZName) ;

14 EnqueueTask (ReadFileAsync (szName, FinishOpeningFile)) ;
15 + }

16 OnPaint () ;




Stack-Ripping

I EPROGRAM MyProgram ({

7 E TASK ReadFileAsync(name, callback) {

3 ReadFileSync (name) ;

4 Call (callback) ;

R }

= CALLBACK Finj aningFile () {

7 LoadFil

8 RedrawScTrees ;

13 - } . Stack-based state out-of-scope!
= OnOpenkile ) {

11 FILE file: RGC{UEStS must ca rry state

12 char szName[BUFSIZ

13 InitFTTetNams (s zName) ;

14 EnqueueTask (ReadFileAsync (szName, FinishOpeningFile)) ;

15 + }

16 OnPaint () ;

17 L}
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* Thread Pros * Event Pros
« Overlap 1/0 and computation * Easier to create well-conditioned system
* Easier to express dynamic change in level of

* While looking sequential
* Intermediate state on stack
* Control flow naturally expressed

* Thread Cons
* Synchronization required

parallelism

* Event Cons

 Difficult to program

* Overflowable stack » Control flow between callbacks obscure
e Stack memory pressure * When to deallocate memory

* Incomplete language/tool/debugger support
* Difficult to exploit concurrent hardware
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Threads vs Events

* Thread Pros * Event Pros
* Easier to create well-conditioned system

* Easier to express dynamic change in level of
parallelism

e Overlap I/O and computation
* While looking sequential

* Intermediate state on stz
* Control flow naturally

* Thread Cons
* Synchronization requi
* Overflowable stack
e Stack memory pressure

Language-level
Futures: the ons

sweet spot? ult to program
rol flow between callbacks obscure

rnen to deallocate memory
* Incomplete language/tool/debugger support
 Difficult to exploit concurrent hardware



Thread Pool Implementation

/// <summary> Starts the threads. </summary>

/17

/// <remarks> crossbac, 8/22/2013. </remarks>

17/

/// <param name="uiThreads"> The threads. </param>

/// <param name="bWaitAllThreadsAlive"> The wait all threads alive. </param>

void
ThreadPool::StartThreads (
__in UINT uiThreads,
~in BOOL bWaitAllThreadsAlive

)

Lock() ;
if(uiThreads != && m vhThreadDescs.size() < m uiTargetSize)
ResetEvent (m_hAllThreadsAlive) ;
while(m vhThreadDescs.size() < m uiTargetSize) {
for (UINT i=l; i<uiThreads; i++) {
THREADDESC* pDesc = new THREADDESC (this) ;
HANDLE * phThread = &pDesc->hThread;
*phThread = CreateThread (NULL,  ThreadPoolProc, pDesc, , NULL) ;
m_vhAvailable.push back(*phThread) ;
m vhThreadDescs[*phThread] = pDesc;

}
}

m uiThreads = (UINT)m vhThreadDescs.size();

Unlock() ;

if(bWaitAllThreadsAlive)
WaitThreadsAlive() ;



Thread Pool Implementation

/// <summary> Starts the threads. </summary>

7/

/// <remarks> crossbac, 8/22/2013. </remarks>

17/

/// <param name="uiThreads"> The threads. </param>

/// <param name="bWaitAllThreadsAlive"> The wait all threads alive. </param>

void
ThreadPool::StartThreads (
__in UINT uiThreads,
~in BOOL bWaitAllThreadsAlive

Cool project

. idea: build a
Lock() ;
if (uiThreads !'= 0 && m vhThreadDescs.size() < m uiTargetSize) th read pOOI!

ResetEvent (m_hAllThreadsAlive) ;
while(m vhThreadDescs.size() < m uiTargetSize) {

for (UINT i=l; i<uiThreads; i++) {
THREADDESC* pDesc = new THREADDESC (this) ;
HANDLE * phThread = &pDesc->hThread;
*phThread = CreateThread (NULL, U, ThreadPoolProc, pDesc, 0, NULL);
m_vhAvailable.push back(*phThread) ;
m vhThreadDescs[*phThread] = pDesc;

}
}

m uiThreads = (UINT)m vhThreadDescs.size();

Unlock() ;

if(bWaitAllThreadsAlive)
WaitThreadsAlive() ;



Thread Pool Implementation

DWORD
ThreadPool: : ThreadPoolProc(
__in THREADDESC * pDesc

)

HANDLE hThread = pDesc->hThread;

HANDLE hStartEvent = pDesc->hStartEvent;

HANDLE hRuntimeTerminate = PTask::Runtime::GetRuntimeTerminateEvent ()
HANDLE vEvents[] = { hStartEvent, hRuntimeTerminate };

NotifyThreadAlive (hThread) ;
while (!pDesc->bTerminate) {

DWORD dwWait = WaitForMultipleObjects(dwEvents, vEvents, FALSE, INFINITE);
pDesc->Lock() ;
pDesc->bTerminate |= bTerminate;
if (pDesc->bRoutinevValid && !'pDesc->bTerminate) {
LPTHREAD START ROUTINE lpRoutine = pDesc->1pRoutine;
LPVOID lpParameter = pDesc->lpParameter;
pDesc=>bActive = TRUE;
pDesc=>Unlock() ;
dwResult = (*¥1pRoutine) (lpParameter) ;
pDesc=>Lock() ;
pDesc->bActive = FALSE,
pDesc->bRoutineValid = FALSE;
}
pDesc->Unlock() ;
Lock() ;
m _vhInFlight.erase (pDesc->hThread) ;
if ('pDesc->bTerminate)
m_vhAvailable.push back(pDesc->hThread) ;
Unlock() ;
}
NotifyThreadExit (hThread) ;
return dwResult;



ThreadPool Implementation

/] [ === m e e
/// <summary> Starts a thread: if a previous call to RequestThread was made with

/17 the bStartThread parameter set to false, this API signals the thread

/17 to begin. Otherwise, the call has no effect (returns FALSE). </summary>

/77

/// <remarks> crossbac, 8/29/2013. </remarks>

/7

/// <param name="hThread"> The thread. </param>

/1Y

/// <returns> true if it succeeds, false if it fails. </returns>

B
BOOL

ThreadPool: :SignalThread(
__in HANDLE hThread

)

Lock() ;
BOOL bResult = FALSE;
std: :set<HANDLE>::iterator si = m vhWaitingStartSignal.find(hThread) ;
if(si!=m_thaitingStartSignal.end?)) {
m vhWaitingStartSignal.erase (hThread) ;
THREADDESC * pDesc = m vhThreadDescs[hThread];
HANDLE hEvent = pDesc->hStartEvent;
SetEvent (hEvent) ;
bResult = TRUE;
}
Unlock() ;
return bResult;



Redux: Futures in Context



Redux: Futures in Context

Futures:



Redux: Futures in Context

Futures:

e abstraction for concurrent work supported by

 Compiler: abstractions are language-level objects
* Runtime: scheduler, task queues, thread-pools are transparent



Redux: Futures in Context

Futures:

e abstraction for concurrent work supported by

 Compiler: abstractions are language-level objects
* Runtime: scheduler, task queues, thread-pools are transparent

* Programming remains mostly imperative
* Threads of control peppered with asynchronous/concurrent tasks



Redux: Futures in Context

Futures:

e abstraction for concurrent work supported by
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assertTrue(cf.isDone());
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Compromise Model:
° Eve nt- b a Se d p rogra m m I n g Statizm:iiia;i223izszi:pieéimiletableFutur‘e. runAsync(() -> {

assertTrue(Thread.currentThread().isDaemon());
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assertFalse(cf.isDone());
sleepEnough();
assertTrue(cf.isDone());



Redux: Futures in Context

Futures:

e abstraction for concurrent work supported by

 Compiler: abstractions are language-level objects
* Runtime: scheduler, task queues, thread-pools are transparent

* Programming remains mostly imperative
* Threads of control peppered with asynchronous/concurrent tasks

Compromise Model:

° _ H static void runAsyncExample() {
Event based programmlng CompletableFuture cf = CompletableFuture.runAsync(() -> {
. assertTrue(Thread.currentThread().isDaemon());
* Thread-based programming randonSleep();

})s
Currently: 2nd renaissance IMHO assertFalse(cf. isbone());

sleepEnough();
assertTrue(cf.isDone());



Questions?



	Slide 1: Synchronization: Implementing Barriers Promises + Futures
	Slide 2: Today
	Slide 3: Faux Quiz (answer any N, 5 min)
	Slide 4: Barriers
	Slide 5: Barriers
	Slide 6: Prefix Sum
	Slide 7: Prefix Sum
	Slide 8: Prefix Sum
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Parallel Prefix Sum
	Slide 20: Parallel Prefix Sum
	Slide 21: Parallel Prefix Sum
	Slide 22: Parallel Prefix Sum
	Slide 23: Parallel Prefix Sum
	Slide 24: Parallel Prefix Sum
	Slide 25: Pthreads Parallel Prefix Sum
	Slide 26: Pthreads Parallel Prefix Sum
	Slide 27: Pthreads Parallel Prefix Sum
	Slide 28: Pthreads Parallel Prefix Sum
	Slide 29: Parallel Prefix Sum
	Slide 30: Barrier Basics
	Slide 31: Barrier Basics
	Slide 32: Barrier Basics
	Slide 33: Barrier Basics
	Slide 34: Barrier Basics
	Slide 35: Barrier Basics
	Slide 36: Barrier Basics
	Slide 37: Barriers: Goals
	Slide 38: Barriers: Goals
	Slide 39: Barriers: Goals
	Slide 40: Barriers: Goals
	Slide 41: Barriers: Goals
	Slide 42: Barriers: Goals
	Slide 43: Barriers: Goals
	Slide 44: Barriers: Goals
	Slide 45: Barriers: Goals
	Slide 46: Barriers: Goals
	Slide 47: Barrier Building Blocks
	Slide 48: Barrier with Semaphores
	Slide 49: Barrier using Semaphores Algorithm for N threads
	Slide 50: Barrier using Semaphores Algorithm for N threads
	Slide 51: Barrier using Semaphores Algorithm for N threads
	Slide 52: Barrier using Semaphores Algorithm for N threads
	Slide 53: Barrier using Semaphores Algorithm for N threads
	Slide 54: Barrier using Semaphores Algorithm for N threads
	Slide 55: Barrier using Semaphores Algorithm for N threads
	Slide 56: Barrier using Semaphores Algorithm for N threads
	Slide 57: Barrier using Semaphores Algorithm for N threads
	Slide 58: Barrier using Semaphores Algorithm for N threads
	Slide 59: Semaphore Barrier Action Zone N == 3
	Slide 60: Semaphore Barrier Action Zone N == 3
	Slide 61: Semaphore Barrier Action Zone N == 3
	Slide 62: Semaphore Barrier Action Zone N == 3
	Slide 63: Semaphore Barrier Action Zone N == 3
	Slide 64: Semaphore Barrier Action Zone N == 3
	Slide 65: Semaphore Barrier Action Zone N == 3
	Slide 66: Semaphore Barrier Action Zone N == 3
	Slide 67: Semaphore Barrier Action Zone N == 3
	Slide 68: Semaphore Barrier Action Zone N == 3
	Slide 69: Semaphore Barrier Action Zone N == 3
	Slide 70: Semaphore Barrier Action Zone N == 3
	Slide 71: Semaphore Barrier Action Zone N == 3
	Slide 72: Semaphore Barrier Action Zone N == 3
	Slide 73: Semaphore Barrier Action Zone N == 3
	Slide 74: Semaphore Barrier Action Zone N == 3
	Slide 75: Semaphore Barrier Action Zone N == 3
	Slide 76: Semaphore Barrier Action Zone N == 3
	Slide 77: Semaphore Barrier Action Zone N == 3
	Slide 78: Semaphore Barrier Action Zone N == 3
	Slide 79: Semaphore Barrier Action Zone N == 3
	Slide 80: Semaphore Barrier Action Zone N == 3
	Slide 81: Semaphore Barrier Action Zone N == 3
	Slide 82: Semaphore Barrier Action Zone N == 3
	Slide 83: Semaphore Barrier Action Zone N == 3
	Slide 84: Barrier using Semaphores Properties
	Slide 85: Barrier using Semaphores Properties
	Slide 86: Barrier using Semaphores Properties
	Slide 87: Barriers based on counters
	Slide 88
	Slide 89: Simple Barrier Using an Atomic Counter 
	Slide 90: Simple Barrier Using an Atomic Counter 
	Slide 91: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 92: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 93: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 94: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 95: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 96: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 97: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 98: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 99: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 100: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 101: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 102: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 103: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 104: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 105: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 106: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 107: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 108: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 109: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 110: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 111: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 112: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 113: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 114: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 115: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 116: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 117: Simple Barrier Using an Atomic Counter Run for n=2 Threads
	Slide 118: A Local Spinning Counter Barrier Program of a Thread i
	Slide 119: A Local Spinning Counter Barrier Program of a Thread i
	Slide 120: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 121: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 122: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 123: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 124: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 125: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 126: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 127: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 128: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 129: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 130: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 131: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 132: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 133: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 134: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 135: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 136: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 137: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 138: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 139: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 140: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 141: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 142: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 143: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 144: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 145: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 146: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 147: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 148: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 149: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 150: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 151: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 152: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 153: A Local Spinning Counter Barrier Example Run for n=3 Threads
	Slide 154: Comparison of counter-based Barriers
	Slide 155
	Slide 156: Tree Barriers
	Slide 157: A Tree-based Barrier
	Slide 158: A Tree-based Barrier
	Slide 159: A Tree-based Barrier
	Slide 160: A Tree-based Barrier
	Slide 161: A Tree-based Barrier: indexing
	Slide 162: A Tree-based Barrier: indexing
	Slide 163: A Tree-based Barrier: indexing
	Slide 164: A Tree-based Barrier: indexing
	Slide 165: A Tree-based Barrier: indexing
	Slide 166: A Tree-based Barrier: indexing
	Slide 167: A Tree-based Barrier: indexing
	Slide 168: A Tree-based Barrier program of thread i
	Slide 169: A Tree-based Barrier program of thread i
	Slide 170: A Tree-based Barrier program of thread i
	Slide 171: A Tree-based Barrier program of thread i
	Slide 172: A Tree-based Barrier program of thread i
	Slide 173: A Tree-based Barrier Example Run for n=7 threads
	Slide 174: A Tree-based Barrier Example Run for n=7 threads
	Slide 175: A Tree-based Barrier Example Run for n=7 threads
	Slide 176: A Tree-based Barrier Example Run for n=7 threads
	Slide 177: A Tree-based Barrier Example Run for n=7 threads
	Slide 178: A Tree-based Barrier Example Run for n=7 threads
	Slide 179: A Tree-based Barrier Example Run for n=7 threads
	Slide 180: A Tree-based Barrier Example Run for n=7 threads
	Slide 181: A Tree-based Barrier Example Run for n=7 threads
	Slide 182: A Tree-based Barrier Example Run for n=7 threads
	Slide 183: A Tree-based Barrier Example Run for n=7 threads
	Slide 184: A Tree-based Barrier Example Run for n=7 threads
	Slide 185: A Tree-based Barrier Example Run for n=7 threads
	Slide 186: A Tree-based Barrier Example Run for n=7 threads
	Slide 187: A Tree-based Barrier Example Run for n=7 threads
	Slide 188: A Tree-based Barrier Example Run for n=7 threads
	Slide 189: A Tree-based Barrier Example Run for n=7 threads
	Slide 190: A Tree-based Barrier Example Run for n=7 threads
	Slide 191: A Tree-based Barrier Example Run for n=7 threads
	Slide 192: A Tree-based Barrier Example Run for n=7 threads
	Slide 193: A Tree-based Barrier Example Run for n=7 threads
	Slide 194: A Tree-based Barrier Example Run for n=7 threads
	Slide 195: A Tree-based Barrier Example Run for n=7 threads
	Slide 196: A Tree-based Barrier Example Run for n=7 threads
	Slide 197: A Tree-based Barrier Example Run for n=7 threads
	Slide 198: A Tree-based Barrier Example Run for n=7 threads
	Slide 199: A Tree-based Barrier Example Run for n=7 threads
	Slide 200: A Tree-based Barrier Example Run for n=7 threads
	Slide 201: A Tree-based Barrier Example Run for n=7 threads
	Slide 202: A Tree-based Barrier Example Run for n=7 threads
	Slide 203: A Tree-based Barrier Example Run for n=7 threads
	Slide 204: A Tree-based Barrier Example Run for n=7 threads
	Slide 205: A Tree-based Barrier Example Run for n=7 threads
	Slide 206: A Tree-based Barrier Example Run for n=7 threads
	Slide 207: A Tree-based Barrier Example Run for n=7 threads
	Slide 208: A Tree-based Barrier Example Run for n=7 threads
	Slide 209: A Tree-based Barrier Example Run for n=7 threads
	Slide 210: A Tree-based Barrier Example Run for n=7 threads
	Slide 211: A Tree-based Barrier Example Run for n=7 threads
	Slide 212: A Tree-based Barrier Example Run for n=7 threads
	Slide 213: A Tree-based Barrier Example Run for n=7 threads
	Slide 214: A Tree-based Barrier Example Run for n=7 threads
	Slide 215: A Tree-based Barrier Example Run for n=7 threads
	Slide 216: Tree Barrier Tradeoffs
	Slide 217: Tree Barrier Tradeoffs
	Slide 218: Butterfly Barrier
	Slide 219: Butterfly Barrier
	Slide 220: Butterfly Barrier
	Slide 221: Hardware Supported Barriers
	Slide 222: Hardware Supported Barriers
	Slide 223: Hardware Supported Barriers
	Slide 224: Barriers Summary
	Slide 225: Asynchronous Programming Events, Promises, and Futures
	Slide 226: Programming Models for Concurrency
	Slide 227: Programming Models for Concurrency
	Slide 228: Programming Models for Concurrency
	Slide 229: Programming Models for Concurrency
	Slide 230: Programming Models for Concurrency
	Slide 231: Programming Models for Concurrency
	Slide 232: Programming Models for Concurrency
	Slide 233: Futures & Promises
	Slide 234: Futures & Promises
	Slide 235: Futures & Promises
	Slide 236: Futures & Promises
	Slide 237: Java Example
	Slide 238: Java Example
	Slide 239: Java Example
	Slide 240: Java Example
	Slide 241: Java Example
	Slide 242: Java Example
	Slide 243: Java Example
	Slide 244: Futures and Promises:  Why two kinds of objects?
	Slide 245: Futures and Promises:  Why two kinds of objects?
	Slide 246: Futures and Promises:  Why two kinds of objects?
	Slide 247: Futures and Promises:  Why two kinds of objects?
	Slide 248: Futures vs Promises
	Slide 249: Futures vs Promises
	Slide 250: Futures vs Promises
	Slide 251: Futures vs Promises
	Slide 252: Putting Futures in Context My unvarnished opinion
	Slide 253: Putting Futures in Context My unvarnished opinion
	Slide 254: Putting Futures in Context My unvarnished opinion
	Slide 255: Putting Futures in Context My unvarnished opinion
	Slide 256: Putting Futures in Context My unvarnished opinion
	Slide 257: Putting Futures in Context My unvarnished opinion
	Slide 258: Putting Futures in Context My unvarnished opinion
	Slide 259: Putting Futures in Context My unvarnished opinion
	Slide 260: Putting Futures in Context My unvarnished opinion
	Slide 261: Putting Futures in Context My unvarnished opinion
	Slide 262: GUI Programming
	Slide 263: GUI Programming
	Slide 264: GUI Programming
	Slide 265: GUI Programming
	Slide 266: GUI Programming
	Slide 267: GUI Programming
	Slide 268: GUI Programming
	Slide 269: GUI programming
	Slide 270: GUI programming
	Slide 271: GUI programming
	Slide 272: GUI Programming Distilled
	Slide 273: GUI Programming Distilled
	Slide 274: GUI Programming Distilled
	Slide 275: GUI Programming Distilled
	Slide 276: GUI Programming Distilled
	Slide 277: GUI Programming Distilled
	Slide 278: GUI Programming Distilled
	Slide 279: GUI Programming Distilled
	Slide 280: GUI Programming Distilled
	Slide 281: GUI Programming Distilled
	Slide 282: Parallel GUI Implementation 1
	Slide 283: Parallel GUI Implementation 1
	Slide 284: Parallel GUI Implementation 1
	Slide 285: Parallel GUI Implementation 1
	Slide 286: Parallel GUI Implementation 1
	Slide 287: Parallel GUI Implementation 1
	Slide 288: Parallel GUI Implementation 1
	Slide 289: Parallel GUI Implementation 2
	Slide 290: Parallel GUI Implementation 2
	Slide 291: Parallel GUI Implementation 2
	Slide 292: Parallel GUI Implementation 2
	Slide 293: Event-based Programming: Motivation
	Slide 294: Event-based Programming: Motivation
	Slide 295: Event-based Programming: Motivation
	Slide 296: Event Programming Model Basics
	Slide 297: Event Programming Model Basics
	Slide 298: Event Programming Model Basics
	Slide 299: Event Programming Model Basics
	Slide 300: Event Programming Model Basics
	Slide 301: Event-based programming
	Slide 302: Event-based programming
	Slide 303: Event-based programming
	Slide 304: Event-based programming
	Slide 305: Event-based programming
	Slide 306: Event-based programming
	Slide 307: Event-based programming
	Slide 308: Another Event-based Program
	Slide 309: Another Event-based Program
	Slide 310: Another Event-based Program
	Slide 311: Another Event-based Program
	Slide 312: Another Event-based Program
	Slide 313: No problem!  Just use more events/handlers, right?
	Slide 314: Continuations, BTW
	Slide 315: Stack-Ripping
	Slide 316: Stack-Ripping
	Slide 317: Stack-Ripping
	Slide 318: Stack-Ripping
	Slide 322: Threads vs Events
	Slide 323: Threads vs Events
	Slide 324: Threads vs Events
	Slide 325: Threads vs Events
	Slide 326: Thread Pool Implementation
	Slide 327: Thread Pool Implementation
	Slide 328: Thread Pool Implementation
	Slide 329: ThreadPool Implementation
	Slide 330: Redux: Futures in Context 
	Slide 331: Redux: Futures in Context 
	Slide 332: Redux: Futures in Context 
	Slide 333: Redux: Futures in Context 
	Slide 334: Redux: Futures in Context 
	Slide 335: Redux: Futures in Context 
	Slide 336: Redux: Futures in Context 
	Slide 337: Redux: Futures in Context 
	Slide 338: Redux: Futures in Context 
	Slide 339: Questions?

