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Announcements

= Homework #5 (pthreads) will be posted



Haswell Question From Last Time

= What do pipelines on Haswell-EP look like?

= What is the actual max instructions we could run?

» Good references here:
https://prace-ri.eu/wp-content/uploads/Best-Practice-Guide_
Haswell.pdf
https://www.realworldtech.com/haswell-cpu/

https://pages.cs.wisc.edu/~rajwar/papers/ieee_micro_haswell.pdf


https://prace-ri.eu/wp-content/uploads/Best-Practice-Guide_Haswell.pdf
https://prace-ri.eu/wp-content/uploads/Best-Practice-Guide_Haswell.pdf
https://www.realworldtech.com/haswell-cpu/
https://pages.cs.wisc.edu/~rajwar/papers/ieee_micro_haswell.pdf

Haswell Dispatch

Haswell is out-of-order

— Pipeline up to 19 stages deep

— Can decode 5 instructions per cycle

— Can issue 4 instructions per cycle

— Can dispath 8 instructions per cucle
Issue means can send 4 instructions to “reservation
station” to await dependencies being ready. Room for
up to 60(7) waiting to go
Once dependencies met, up to 8 can launch, one in
each pipeline port
Each pipeline has multiple sub-pipelines? But only one
can start per cycle



Haswell Dispatch

= Port0: ALU, Branch, Shift, VEC LOGIC, VEC SHIFT,
FP Mul, FMA, DIV, STTNI (SSSE4 string/text)

= Portl: ALU, LEA, VEC ALU, VEC LOGIC, FP Mul,
FMA, Fp Add, Slow Int

= Port2: Load Address Gen
= Port3: Load Address Gen
= Port4: Store Data

= Port5: ALU, LEA, VEC ALU, VEC Logic, VEC
SHUFFLE

= Port6: ALU, SHIFT, BRANCH
= Port7: Store Address Gen



Haswell Notes

= First intel CPU to dispatch 8 (instead of 6)

= Port7 (store address gen) allows two loads and one
store per cycle

= Port6 (with branching) allows the other compute ports
to do fancy AVX math and this one can handle
branching/looping

= Unclear how deep pipelines are in each, generally given
as latency (FMA takes 5 cycles but fully pipelined)(?)



Pthread Programming

= based on this really good tutorial here:

https://hpc-tutorials.1llnl.gov/posix/
Useful links:
¥ https://hpc-tutorials.llnl.gov/posix/

B http://www.cs.cf.ac.uk/Dave/C/node3l.html


https://hpc-tutorials.llnl.gov/posix/
https://hpc-tutorials.llnl.gov/posix/
http://www.cs.cf.ac.uk/Dave/C/node31.html

Pthread Programming Challenges

= Changes to shared system resources affect all threads
in a process (such as closing a file)

= Identical pointers point to same data

= Reading and writing to same memory is possible

simultaneously (with unknown origin) so locking must
be used



POSIX Threads (1995)

= Various interfaces:

1. Thread management: Routines for manipulating
threads — creating, detaching, joining, etc. Also for
setting thread attributes.

2. Mutexes: (mutual exclusion) — Routines for
creating mutex locks.

3. Condition variables — allow having threads wait on
a lock

4. Synchronization: lock and barrier management



POSIX Threads (pthreads)

A C interface. There are wrappers for Fortran.

Over 100 functions, all starting with pthread_

Involve “opaque” data structures that are passed
around.

Include pthread.h header

Include -pthread in linker command to compiler
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Creating Threads

= Your initial process, as per normal, only includes one
thread

» pthread_create() creates a new thread

= You can call it anywhere, as many times as you want

11



pthread__create()

= pthread_create (thread,attr,start_routine,arg)
— pointer to a thread object (pthread_t) which is
opaque
— an attr object (which can be NULL)
— a start__routine which is a C function called when it
starts

— an arg argument to pass to the routine.

= Only can pass one argument. How can you pass more?
pointer to a structure.

= With attributes you can set things like scheduling
policies

12



Terminating Threads

Ways to terminate threads:

pthread_exit()
Return normally from its starting routine
another thread uses pthread cancel() on it

The entire process is terminated (by ending, or calling

exit(), exit_group(), etc)
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Waiting for Thread Completion

» pthread_join() lets a thread block until another one
finishes

= The main thread can join all the children and wait
until they are done before continuing.

= Argument to a join is a specific thread to wait on (so if
waiting on four, have to have four calls to
pthread_join()
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Returning Values from a Thread

= Put the result in the arg struct passed in at start

= Use the second parameter to pthread_join() which
is a pointer to a void pointer (that gets tricky in C).
This is returned by return from thread, and/or the
argument to pthread exit()
— You can cast it to an int to return a single value
— You can malloc() a struct and return a pointer to
that
— NOTE: you can't return a pointer to a local struct
in the thread, as the stack will be destroyed on exit
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Stack Management

= Manage your own stack? Can get and set size.

= Be careful allocating too much on stack.
Will you run out of space? OS has things like
over-commit that make this less likely

= Too little stack can be issue if lots of local vars
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Binding threads to Cores

Can you pick which core a thread runs on?

Usually you can trust OS to do an OK job

pthread_setaffinity_np() added recently

Based on Linux sched_setaffinity() routine.

Can also do it via command line (taskset is one way)
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Mutexes

= Type of lock, only one thread can own it at a time.
= Can be used to avoid race conditions.
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Condition Variables

= A way to avoid spinning on a mutex

= Threads can queue up waiting for lock, then be
restarted once lock is freed
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Example code

Example code is posted on course website.
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Simple Pthread Example

See pthread_simple.c

= Hard codes 10 threads
= Do they run in any specific order?
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Simple Init Example
See pthread_init.c.

= |nitializes 256 MB of data. Number of threads from

command line.
Is this the most efficient way to init memory?

= Why do we have the sleep call? Note: you'd never
want to write a real program using a sleep like that.

= Why errors if run on odd number?
Be sure when splitting up problem handle remainders.
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Simple Join Example
See pthread_join.c

= Can use join to make the master thread wait for the
others to finish.

= Second argument is return value, so can find out what
thread returned when finished (or error)

= Can only join “joinable” threads
(PTHREAD_CREATE_JOINABLE). By default all threads
start out joinable
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Return Value Example

See pthread_return.c

= You can return a value via pthread_join()
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Stack Example
See pthread_stack.c

How to see how much stack is available, and how to
change it if not enough.
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Mutex Example
See pthread_mutex.c for code w/o mutex (run with a
num greater than 1)

Then see pthread_mutex2.c for core w mutex

Creates a “thread pool” and the threads can request more
work when they finish.
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Creating Mutexes

= Can create mutexes two ways,
— Statically, when declared
pthread_mutex_t our_mutex = PTHREAD_MUTEX_INITIALIZER;

— Dynamically with pthread _mutex_init () which
allows setting mutex object attributes, attr.

= The mutex is initially unlocked.

= Can specify protocol, priority ceiling, and if it's
shared/private.
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Mutex Actions

= lock — try to take lock, will block if another thread has
lock

= unlock — release lock, once released another thread
(including any that are waiting) can take lock

= trylock — non-blocking attempt to get lock
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Deadlock (again)

When you have more than one lock, it is possible to end
up nesting locks in ways that lockup a program with both

threads getting stuck.

Thread 1 Thread 2

pthread_mutex_lock(&mutexl); | pthread_mutex_lock(&mutex2);
pthread_mutex_lock(&mutex2); | pthread_mutex_lock(&mutexl);




Condition Variable Example?

See pthread_cond.c

= Can have a thread start up sleeping on a lock, and
wake up when signaled by another thread.
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PAPI Example

See pthread_papi.c

Do a time example, like in homework 57

If using pthreads need to do:

PAPI thread_init(pthread_self);

Will also need to do a PAPI_register_thread() in
each thread you start

In theory you can try things up to “inherit” values
which will sum up event totals across all threads. Had
trouble trying to get that to work.
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Debugging Threaded Programs

It can be hard to debug thread and locking issues

printf can lead to Heisenbugs

Valgrind can help with locks (Helgrind tool)

RR deterministic debugger
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Homework #5 Preview

= We will be parallelizing the code using pthreads
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Homework #5 — Coarse Grained

= Before we calculated sobelx and sobely one after the
other

= Could we run both at the same time?
= Start two threads, one for sobelx, one for sobely

= Can we launch direct into combine when one finishes?
No, have to wait for both to finish first

= What is the max parallelism you can get here?
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Homework #b5 — Fine Grained

= Can we get more fine grained?
= Each pixel in sobel is independent

= We can split things up, if we have 16 threads, give
each 1/16 of the sobel array to work on

= The hard part ends up being splitting up the work

= Be careful, have to remember to fixup at the end if not
evenly divisible

= Can parallelize combine as well

= Could you start the combine on parts already done
while still finishing x and y? Yes, but the complexity of
that might not be worth it in the end.
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Homework #5 — Dividing up the Work

= This is the hard part, there are a variety of ways to do
it

= The way | suggest in this case is splitting up the array
into chunks. So if the image has 1024 rows and you
are running with 8 threads, then start each thread and
give it (1024/8) rows to work with

= Modify your sobel routine to take a start/end row
Have your Y loop run from start to end rather than
0..ysize

= To calculate start for thread t it would be something
like:
start=(1024/8)*t; end=start+(1024/8)-1;
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Homework #5 — Dividing up the Work continue

= This works for evenly divisible images. If it's not, the
easiest way is to just set the end of the last chunk to
be the total ysize rather than what you'd calculate.

= Note, with pthreads each thread needs its own copy of
the struct being passed in. Otherwise since it's global
state if you re-use it you'll have a race. The proper
way to do this is use calloc() (see the example code
pthread_join.c presented in class)
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