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Last Lecture

® Concurrency v/s parallelism
o “Dealing” v/s “Doing”

® Mapping tasks to threads

o Static and dynamic mapping

® Parallel performance
o  Critical path
o Amdahl’s law
o Speedup

® Task decomposition techniques
o Data (SIMD)
o Recursive
o Exploratory
o Speculative
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Today’s Lecture

=>® Issues with explicit multithreading

® Tasks based parallel programming model
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Fibonacci using Pthread [ mincne arec, char warevin)

pthread_t thread;

#include <inttypes.h> thread_args args;
#include <pthread.h> 1qt status;
#include <stdio.h> uint64_t result;

#include <stdlib.h> )
if (argc < 2) { return 1; }

uint64_t fib(uinté4_t n) { $1ntg4:t3g)={strtou1(argv[l], NULL, 0);
if (n < 2) o result = fib(n);
return n; o
} else {

args.input = n-1;

u?nt64_t X f% N ), . . (&thread.
. What are theissues

5 thread_func,

Il

(void¥*) &args);

}
} - th - i ue executing
typedef struct { In IS progsE{a:"L!E!’jg; { return 1; }

uintb4_t input; // wait for the thread to terminate.
uint64_t output; status = pthread_join(thread, NULL);
} thread_args; if (status != NULL) { return 1; }

. . Tt += .output;
void *thread_func(void *ptr) { } result += args.outpu

uinté4_t i =
((thread_args *) ptr)->input;
((thread_args *) ptr)->output = fib(i);
return NULL; }
} ,
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printf("Fibonacci of %" PRIu64 " is %" PRIu64 ".\n",
n, result);
return 0O;




ssues with Pthreads

The cost of creating a thread >10* cycles = coarse-grained
Overhead concurrency. (Thread pools can help.)

Fibonacci code gets at most about 1.5 speedup for 2 cores.

Scalability Need a rewrite for more cores. Although, array sum is
scalable with increasing number of codes (although limited
by DRAM access latency)

The program logic is no longer neatly encapsulated in the

Modularit .. : :
Y original sequential function.

Programmers must marshal arguments (shades of 1958!) and

Code Simplicity ) )
engage in error-prone protocols in order to load-balance.

E CSE595: Multicore Parallel Programming and Runtime Sys Source: http://classes.engineering.wustl.edu/cse539/web/lectures/lec01_intro.pdf



Parallel Runtimes

user application

linguistic interface

Parallel
runtime

operating system

hardware
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Concurrency
™ Platform

® A parallel runtime

should provide:

O

an interface for specifying
the logical parallelism
of the computation;

a runtime layer to_
automate scheduling
and synchronization; and

guarantees of performance
and resource utilization
cognpetltlve with hand-tuned
code
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Fibonacci using C++11 std::thread

1. uint64_t fib(uint64_t n) {
2 if (n < 2) { uinté4_t fib(uint64_t n) {
3 return n; if (n < 2) {
4. } else { return n;
5 uint64_t x = fib(n-1); td:th 4 } ?1i24{t .
6 uint64_t y = fib(n-2); std::threa uintos_t X, ¥; .
return (x + y); > std::thread t1([&]() {x = fib(n-1);});
7.} ’ std: :thread t2([&]() {y = fib(n-2);});
8. } tl.join(); t2.join();
9. int main(int argc, char *argv[]) { }r‘etur‘n (x+y);
10. uint64_t result = fib(40); }
11. printf(”Result is %" PRIu64 ".\n”, result); 7
12. return 0;

® [he modularity and code simplicity issues are resolved using
C++11 threads

o Wil the above program run for fib(40)?
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Today’s Lecture

® Issues with explicit multithreading

=>® Tasks based parallel programming model
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Types of Tasks

® Synchronous (finish)
o Blocks until the task execution is complete

® Asynchronous (async)
o Doesn’t blocks for the task to complete its execution
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Your Sunday Tasks

Post on Facebook that you are done with all your tasks!
Wash your clothes in washing machine
Watch movies on laptop

Talk to father
Buy fruits online using your smartphone

Talk to mother
Make your bed

Complete your MPPRS project deadline
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Your Sunday Tasks (Stmt. Reordering)

Complete your MPPRS project deadline
Wash your clothes in washing machine

Watch movies on laptop

Talk to father

Talk to mother

Buy fruits online using your smartphone

Make your bed

Post on Facebook that you are done with all your tasks!
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Async-Finish Sunday Tasks

finish {
async { Complete your MPPRS project deadlin@

} async { Wash your clothes in washing machine
finish { async { Watch movies on laptop }
async { Talk to father

Talk to mother }

async { Buy fruits online using your smartphone }

} async { Make your bed }

Post on Facebook that you are done with all your tasks!
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Lecture 04: Productivity in Parallel Programming

Async-Finish Sunday Tasks

finish {

async { Complete your MPPRS project deadling

} aSXIC { wash your clothes in washing machine

finish { async { Watch movies on laptop }

async { Talk to father

Talk to mother }

async { Buy fruits online using your smartphone }

} asXm { Make your bed }

Post on Facebook that you are done with all your tasks!

E CSE595: Multicore Parallel Programming and Runtime Systems

© Vivek Kumar

Statement
‘async S1; S2;7
implies S1 and
S2 could run
asynchronously

Hence, there is
no need to
specify "async”
on S2

12
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Async-Finish Sunday Tasks

finish { _
async { Wash your clothes in washing machine} ® We applied
stat%ment ]
AR IC { Complete your MPPRS project deadline reoraering nere
}_x Xic { completey e o Alas. MPPRS
roject deadline
fIX'h { async { Watch movies on laptop } \F,)viujtake more
time than washing
async { Talk to father machine...
® ]I;Ie_nﬁe, thl%l sbecond
INISN Cou e
Talk to mother } removteld as Vr‘(e
cannot launc
async { Buy fruits online using your smartphone } async tasks until
MPERS project |
a‘J1C { Make your bed . projec
} Xic{ ; |mplementa€|on

Post on Facebook that you are done with all your tasks!

E CSE595: Multicore Parallel Programming and Runtime Systems © Vivek Kumar 13
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Async and Finish Statements for Task
Creation and Termination (Pseudocode)

async S finish S
® Creates a new child task  Execute S but wait until all async in
that executes statement S S’s scope have terminated
// T,(Parent task) T To
STMTO ; STMTO
finish ({ //Begin finish  -—=-—---c-cceccemoo---
async { fork
STMT1; //T,(Child task) & Y
}
STMT2 ; //Continue in T,
//Wait .fo.r T, < 9join
} //End finish @  —=-=-==---—-=c=-=-=-%--.
STMT3; //Continue in T, STMT3

- T
. . . . Source: https://wiki.rice.edu/confluence/download/attachments/4435861/comp322-s16-lec1-
__E CSES595: Multicore Parallel Programming and Runtime Sys  gjiges pdf2version=18modificationDate=14527322850458api=v2 14
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2-Way Parallel Array Sum using async-finish

Task O: Compute sum of Task 1: Compute sum of
lower half of array upper half of array

Compute total sum

® Basicidea
o Decompose the problem into tasks for partial sums

o Combine results to obtain final answer
o Parallel divide-n-conquer pattern

E CSE595: Multicore Parallel Programming and Runtime Systems © Vivek Kumar 15
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2-Way Parallel Array Sum using async-finish

Algorithm 2: Two-way Parallel ArraySum

Input: Array of numbers, X.
Output: sum = sum of elements in array X.
// Start of Task T1 (main program)
suml + 0; sum?2 + 0;
// Compute suml (lower half) and sum2 (upper half) in parallel.
finish{
async{
// Task T2
for i + 0 to X.length/2 — 1 do
| suml « suml + X[i];

¥
async{
// Task T3 Race condition if you
for i + X.length/2 to X.length — 1 do

| sum2 « sum2 + X[i];

miss the finish

}
}

// Task T1 waits for Tasks T2 and T3 to complete
// Continuation of Task Ti

sum < suml + sum2;

return sum;
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N-Way Parallel Array Sum

int A[SIZE]; // Initialization code elided
int array_sum(int low, int high) {
int sum = 0;
for (int i=low; i<high; i++) {
sum += A[i];
}

return sum;

1D




o cwsosPodcMynPaslePogammeg
N-Way Parallel Array Sum using async-finish

int A[SIZE]; // Initialization code elided int main(int argc, char *argv[]) {
int array_sum(int Tow, int high) { int result;
int sum = O; if (SIZE < 1024) {
for (int i=low; i<high; i++) { result = array_sum(0, SIZE);
sum += A[i]; } g1se {
} int chunk = SIZE/NTHREADS;
return sum; _ _ ( _
} for (int i=0; i<NTHREADS; i++) {
F

int Tow = i*chunk, high = (i+1)*chunk;
result += array_sum(low, high);

}
printf(”Total Sum is %d\n", result);

return 0;

: 4
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N-Way Parallel Array Sum using async-finish

int A[SIZE]; // Initialization code elided int main(int argc, char *argv[]) {
int array_sum(int Tow, int high) { int result;
int sum = O; if (SIzE < 1024) {
for (int i=low; i<high; i++) { result = array_sum(0, SIZE);
sum += A[i]; } else { C++11 lambda
} int chunk = SIZE/NTHREADS; functions
return sum; finish([&result,=] 0 {
1 for (int i=0; i<NTHREADS; i++) {
#F async([&result,=]0 {

int low = i*chunk, high = (i+1)*chunk;
result +=|array_sum(low, high);

B
: }: } Race condition !!!
Do you see any issues ! ’
in this version of the printf(”Total Sum is %d\n", result);
parallel array sum? return 0;
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N-Way Parallel Array Sum using async-finish

int A[SIZE]; // Initialization code elided
int array_sum(int low, int high) {
int sum = 0;
for (int i=low; i<high; i++) {
sum += A[i];
}

return sum;

int main(int argc, char *argv[]) {

Race condition is fixed using an array to

store result from each thread

int result[NTHREADS], sum;
if (SIZE < 1024) {
sum = array_sum(0, SIZE);
} else {
int chunk = SIZE/NTHREADS;
finish([&result,=]( {
for (int i=0; i<NTHREADS; i++) {
async([&result,=]0) {
int Tow = i*chunk, high = (i+1)*chunk;
result[i] = array_sum(low, high);
};
}
1);
for (int i=0; i<NTHREADS; i++) {
sum += result[i];
}

}
printf(”Total Sum is %d\n", sum);
return O;




Recursive Fibonacci using async-finish

uint64_t fib(uint64_t n) {
if (n < 2) {
return n;
} else {
uinted_t x, y;
finish([&]() {

y = fib(n-2);
})s
return (x + y);
}
}

async ([&](){ x = fib(n-1); });

4
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Next Lecture

® Greedy scheduler

® Quiz-1
o Syllabus: Lectures 1-4
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