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o demmUseeess
Today’s Class

=>® CPU scheduling and context switches

® Threading models
® Boost fiber library
® Quiz-4
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Last Lecture

ctx::continuation A(ctx::continuation cont) {
cout<< “IN-A” << endl;
cont = cont.resume();
/* Do something */
cout<< “OUT-A” << endl;
return std::move(cont);

}

ctx::continuation B(ctx::continuation cont) {
cout<< “IN-B” << endl;
cont = cont.resume();
/* Do something */
cout<< “OUT-B” << endl;
return std::move(cont);

}

ctx::continuation C(ctx::continuation cont) {
cout<< “IN-C” << endl;
cont = cont.resume();
/* Do something */
cout<< “OUT-C” << endl;
return std::move(cont);

}

int main() {
ctx::continuation a
ctx::continuation b
ctx::continuation c
a.resume();
b.resume();
c.resume();

}

D

ctx::callcc(A);
ctx::callcc(B);
ctx::callcc(C);
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Lecture 18: User level threads

CPU Scheduling

® Cooperative
o Processes/threads decide when to yield the CPU

® Preemptive (e.g., used by Linux kernel scheduler)

o Processes/threads preempted at blocking points

= Blocking calls
1O
Sleep
Wait (locking)
= Interrupts

® Context switch required in each case!
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Context Switch: Why?

® Could happen due to several reasons
o Blocking operations (IO, synchronizations, etc.)
o Arrival of a high priority process
o Process terminating
O

Process has exhausted its allotted CPU slice

* |t would be the primary reason when several processes/threads are
being used for running parallel program(s)
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Context Switch: What?

Hardware
. <«— ESP Thread-1
Registers Core-A
Context switching
RO fromThread-2 to
R;1 _ Thread-1
RN <«—ESP Thread-2

IP
SP

Switching the CPU
to another
process/thread by
saving the state of
the old
process/thread and
loading the saved

Thread-N Stack

<— ESP Thread-N

Heap space

Data segment

state for the new R1 : < EIP Thread-1
process/thread — e segment <{— EIP Thread-N
ISl,DP < EIP Thread-2
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Bottom Bottom
User context
Return (PC) Saved for T1
> A d// InterruptHandler()
<] =
v yield()
callScheduler()
Kernel context
Saved for T1
Fib call stack Top
core | Thread T1
cache lUser | Kernel
pace| Space

Lecture 18: User level threads

Context Switch: How?

Bottom

scheduler()

Top

Scheduler
process of the
current core

=5 11

Timer interrupt moves the process/thread
execution from user stack to its kernel stack
(?acit\)user process/thread has its own kernel
stac

User context is saved on the bottom of the
kernel stack and interrupt handler is invoked

The interrupt handler will call yield() method

The yield will invoke a call to the CPU

scheduler, which will: a) save the kernel

context of the user process at the top of the

kernel stack, b) load the context of the CPU

scheduler, and C_? jump to the CPU scheduler

a’gacé%vhere it will'call the schedule() routine of
e

Each CPU has its own CPU scheduler process
that runs on a separate kernel stack than that
of the process/thread it was originally
executing
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o cweiUserlwltreass
Context Switch: Cost?

® Context switch overhead

12

10

Context switch time (micro seconds)
N ~ ()]

o

32 128 512

Total processes

2048

8192

measured on an AMD
EPYC 32-core processor
rLL_JI_nSnlng Ubuntu 18.04.3

o Data generated using
Imbench benchmark
&./Iat ctx —s 0 32 128 512

048 8192)

Overheads

o Timer interrupt latency
Saving restoring context
Process scheduling
Reloading TLB

Loss in cache locality

o O O O
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o demmUseeess
Today’s Class

® CPU scheduling and context switches
=>® Threading models

® Boost fiber library

® Quiz-4
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o swemuseses
Threading Model

® 1x1 threading Model (Kernel Level Threads)
® MxN threading model (User Level Threads)
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1x1 Threading Model

User Mode

4 ) 4

Process A

Process B

Kernel Mode

1D

® Every thread created by the
user has 1x1 mapping with
the kernel thread

o E.g., pthread library on Linux

® OS manages all thread
operations

o Heavyweight operations
= Thread creation
=  Context switches

o Scheduling policy solely
managed by the kernel




Lecture 18: User level threads

MxN Threading Model

User Mode

I

Process A
Process B

N ) T
T —

Kernel Mode
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User gets to create several
threads, but each of these
threads can be mapped to a
single kernel level thread

o Some JVMs have been doing it

Runtime library (in user space)

manages all thread operations

0 Li?htweight operations fOS is
totally unaware of user level
thread operations)

= Thread creation
= Context switches

o Flexible scheduling policies can
be implemented
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o wemmUseees
Today’s Class

® CPU scheduling and context switches

® Threading models
=>® Boost fiber library
® Quiz-4
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o cweiUserlwltreass
boost::fibers::fiber

® Afiberis a userland thread unlike the kernel thread (e.g., pthread maps 1x1 with
kernel thread in Linux)

o  Several fibers can map with single pthread (M x N threading)

® Fiber emulates much of the std::thread
o  Extends the concurrency taxonomy
. On a single computer, multiple processes can run
. Within a single process, multiple threads can run
. Within a single thread, multiple fibers can run

® Builds on top of boost::context
o  Each fiber has its own stack, registers, instruction pointer..
. It means they can scheduled cooperatively

® Itis super easy to create a fiber
boost::fibers::fiber (F, [=]() { /Do something*/ }); // Spawns a fiber F
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Questions: Fiber v/s Thread

® How many fibers can be running at a single thread
simultaneously?

o Athread can run only one fiber at a time
= Although several fibers can be queued up for execution at a thread at

any given time
® Creating several fibers by a single thread implies
parallelism?

o No, it doesn’t imply parallelism unlike creating several threads

= By default fibers created by a thread will run by that thread only, but it
can be detached to allow its execution at any other thread
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Flber Manager

D

Similar to threads, a fiber can be in the running,
suspended or ready state

Fibers trade control with the manager in a
cooperative way

o  boost::this_fiber::yield();
These operations will

o  boost:this_fiber::sleep for

o  boost:this_fiber::sleep_until land the fiber into
o  boost:fibers::mutex which queue

o  boost:fibers::condition_variable (ready/suspended)?
o  some_fiber.join()

O

Mana er uses a schedulln algorithm to select a

ready fiber to run (any similarity with Linux kernel?)

Manager carries out the context switch to swap
between the fibers

o  Kernel thread blocks if there are no ready fibers

Suspended queue

Fiber Manager

Ready queue

Scheduling
algorithms

-

Kernel thread




Fiber Manager

® Thefibersina
thread are
coordinated by a
fiber manager
o The manager
created/managed

silently by the
fiber library

1D

Fiber Manager

Suspended queue

Kernel thread

Fiber Manager

Ready queue

Scheduling
algorithms

I

Kernel thread
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Fiber Scheduler

® Manager uses a default round-robin scheduler
o Scheduling within a thread

® Boost fibers provides shared work and work_stealing as
alternative schedulers to round_robin

o Scheduling across the threads
® Boost fibers also allow creation of a custom scheduler

void thread_function() {
boost::fibers::use scheduling algorithm<my own_fiber scheduler>();
}
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o wemmUseees
Fiber Context Switching is Extremely Fast

Table 1.3. time per thread (average over 10,000 - unable to spawn 1,000,000 threads)

pthread std::thread std: :async

54 us - 73 us 52 us - 73 us 106 us - 122 us

Table 1.4. time per fiber (average over 1.000.000)

fiber (16C/32T, work stealing, tcmalloc) fiber (1C/1T, round robin, tcmalloc)

0.05 ys - 0.09 us 1.69 us-1.79 us

Source: https://www.boost.org/doc/libs/1_80_0/libs/fiber/doc/html/fiber/performance.html
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S cwetsUserleveltveads
Question

® Is there any difference(s) between calling future.get() /
future.wait() on a std::thread v/s a boost::fiber?
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® \What would be

Creati ng Fibe S the execution

time of these
two programs?

o Note that it’s a
single thread

#define millisleep(x) std::this_thread::sleep for(std::chrono::milliseconds(a)) execution in
..... each case
millisleep(500);
nillisleep(100): ® Note that both
7 programs are
using different
implementations
#include <boost/fiber/all.hpp> of Sle_ep
#define millisleep(x) boost::this fiber::sleep for(std::chrono::milliseconds(a)) o Elc\bnedrléni?snggvenr
E)éc;;’;::fiber‘s::fiber‘ f1 ([=]() { millisleep(500); }); // Fiber F1 launched sleep, but not

boost::fibers::fiber f2 ([=]() { millisleep(100); }); // Fiber F2 launched the std::sleep

f1.join(); // Wait for termination of F1
f2.join(); // Wait for termination of F2

Method call can be made directly instead of passing lambda, e.g.
f1(foo, p1, p2, p3), where ‘p’ are parameter to method ‘foo’




Fiber Futures

uinte4 t fib(uinté64 t n) {
if(n<2) {
return n;
} else {
std: :future<uint64_t> f1 (std::async([=](){ return fib(n-1); }));
std: :future<uint64_t> f2 (std::async([=](){ return fib(n-2); }));
//get will block until result is ready
return fl.get() + f2.get();
}
}

7

uinte4 t fib(uint64 t n) {
if(n<2) {
return n;
} else {
boost: :fibers::future<uint64_t> f1 (boost::fibers::async(
boost: :fibers::future<uint64_t> f2 (boost::fibers::async(
//get will block until result is ready
return fl.get() + f2.get();
}
}

/e

=1(
=1(

){ return fib(n-1); }));
){ return fib(n-2); }));

7

1D

For n=40:

o Which of
these
programs
would be
faster?

o Which of

these
programs
IS a
parallel
program?




Yielding Fibers

Lecture 18: User level threads

boost::fibers::fiber f1([=]() {
cout << “A 7,
boost::this fiber::yield();
cout << “B ”’;
boost::this fiber::yield();
cout << “C ”7;

})s

boost::fibers::fiber f2([=]() {
cout << “D ”;
boost::this fiber::yield();
cout << “E ”;
boost::this fiber::yield();
cout << “F ”7;

})s

f1.join();
f2.join();

4
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yield() saves the context
of currently running fiber,
and places it inside the
ready queue

o Manager can schedule it

again based on the
scheduling algorithm

What will be the output of
this program?

Will the order of calling
join() change the output?
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Producer-Consumer using Fibers

boost: :fibers: :mutex mtx; .
boost::ﬂber‘s::condition_variable cnd; . HOW the exeCUtlon
std::string str; happenS here?
boost::fik.Jer‘s::fiber‘ fl([&]g) { . . . .
i;((j;élr,l‘r.\;(iqggiozlfgc))o?t::-F1ber~s::mutex> lck(mtx); ® Flber F1 mOVIﬂg Into
| el suspended queue, and
cout << str << endl; then baCk |nt0 ready
b queue after a notify
boost::fibers::fiber f2([&]() {
OCs)‘id: :uaiél::z_lozkfgoost: :fibers: :mutex> lck(mtx); fro m F2 .
str = “Hello Fiber”; o Single thread execution!
cnd.notify one();
1)
f1.join();
£2.50in(); 7
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Fiber Pitfalls

std: :mutex mtx;
std: :condition_variable cnd;
std::string str;

boost: :fibers::fiber f1([=]() {
std: :unique_lock<std: :mutex> lck(mtx);
if(str.size() == 0) {
cnd.wait(1lck);
}

cout << str << endl;

})s

boost: :fibers::fiber f2([=]() {
std: :unique_lock<std: :mutex> lck(mtx);
str = “Hello Fiber”;
cnd.notify_one();

})s

f1.join();
f2.join();

4

® Can you spot the
difference?

o What effect it would
cause, and why?
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Fiber Overheads / Limitations

® Language restriction

Ul
o

39

I
o

w
o

N
o

[ERY
o

3.1

Execution time (seconds)

0.3
Fib(30) Fib(35) Fib(40) Fib(45)

o
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o Fiber library requires C++11

o Cannot be used in C-based HPC
libraries/programs

(Serious) Runtime overheads

o  Graph shown for calculating recursive
Fibonacci that spawns detached fiber for

?ve1r recursive call until threshold reached
n<

. Total nested fibers created
Fib [30, 57K], Fib [35, 635K], Fib [40, 7049K]
Single worker used!
o Platform details
. AMD EPYC 7551 32-core processor
- Ubuntu 18.04.3 LTS
. GCC version 7.5.0

-O3 flag used
. Boost version 1 80 0

O
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o wsmUeeees
Reading Materials

® Fibers
o https://www.boost.org/doc/libs/1 80 O/libs/fiber/doc/html/index.html
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https://www.boost.org/doc/libs/1_80_0/libs/fiber/doc/html/index.html

Lecture 18: User level threads

Installing Boost Context and Fiber Library

® Install Boost

@ wget
Bg%g?:ééboostorg.jfrog.io/artifactory/main/release/l.80.0/source/boost_1_80_

o tar xvfz boost_1_80_0.tar.gz
o cd ~/boost_1 80 _0/

o . /bootstrap.sh ——prefix=/absolute/path/to/boost-install ——with-
libraries=tfiber, context

o ./b2 install

® Compile programs
o g++ -03 —Iéabsolute/path/to/boostfinstall/include —L/absolute/path/to/boost-
install/lib Program.cpp —lboost_fiber —1lboost_context -1pthread

® Execute programs
o export LD_LIBRARY_PATH=/absolute/path/to/boost-install/lib:$LD_LIBRARY_PATH

o ./a.out
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o lcuelmUserleweltiesds
Next Lecture

® Parallel programming using SIMD vector units
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