Control, Synchronization, Scheduling

e [ hree main activities:

— scheduling — deciding what is done where,
i.e., assigning specific pieces of work to
specific processors

— synchronization — deciding when things
are done, i.e., making sure data that is
needed is actually valid

— control — moving between sequential and
parallel execution, distributing informa-
tion needed to perform work, i.e., some
of the support operations needed to sup-
port parallel operation, scheduling and
synchronization



e require a combination of HW and SW sup-
port

e we will concentrate on these operations on
a shared memory machine (physically and
software paradigmatically)



Scheduling

e Given parallel execution of a set of tasks,
our main goal is to minimize execution time.

e a key task is to schedule the work on the
processors in such a way as to have the
completion times of the processors as close
as possible

e in this case the load is said to be balanced
and, assuming the tasks are all independent
and overhead is ignored, this minimizes ex-
ecution time



e considerations:
— scheduling overhead
— task granularity

— task time profile



e twO main strategy types — static and dy-
namic

e static
— various forms

— grouping of tasks into assignments of
work to particular processors is done at
compile time

— distribution may be completely indepen-
dent of runtime configuration but usu-
ally depends on one runtime system pa-
rameter value — the number of proces-
SOrs



e dynamic
— various forms

— often depends on efficient HW and low-
level SW support

— grouping of tasks into assignments of
work to particular processors is done at
runtime

— actual assignment is often nondetermin-
istic

— best for load balancing



Static blockwise scheduling:

e given p processors and n tasks allocate con-
tiguous blocks of b tasks

e ifn = qgXxp+r then r processors get b = g+1
and the rest get ¢

e Example: n=5,p=3 —>qg=1and r=2
therefore processor 1 gets tasks 1,2 pro-
cessor 2 gets tasks 3,4 and processor 3
gets task 5

e reasons: easy, maximum dgranularity if all
tasks equal size

e problems: load imbalance if not equal sizes,
Size may not be known



Static interleaved (simple and reflected)

e Suppose tasks 1 to n take decreasing amounts
of time, e.g., task 1 takes W units, task 2
takes W -1, ---.

e static scheduling of contiguous blocks of
tasks will lead to placing all large tasks on
one processor leading to imbalance

e sStatic interleaved attempts to remedy this

e two types simple and reflected

e both depend on assumption of decreasing
task sizes



Assume Task 1 takes 6 units, Task 2 takes 5 units,
Task 3 takes 4 units, Task 4 takes 3 units,
Task 5 takes 2 units, Task 6 takes 1 unit

Contiguous: Proc 1 Proc 2 Proc 3
6 4 2
5 3 1
11 total 7 total 3 total

therefore parallel time of 11

factor of almost 4 between earliest completion and .

terrible load balancing



Interleaved: Proc 1 Proc 2 Proc 3

6 5 4
3 2 1
9 total 7 total 5 total

therefore parallel time of 9

Reflected: Proc 1 Proc 2 Proc 3
6 5 4
1 2 3
7 total 7 total 7 total

therefore parallel time of 7



Dynamic scheduling

e next task to next available processor

e reason: best load balance independent of
task time profile

e problems: overhead



Assume tasks 1 to 6 have the following times

6 564321 then dynamic yields
the same as reflected

Dynamic: Proc 1 Proc 2 Proc 3
6 5 4
1 2 3
7 total 7 total 7 total

therefore parallel time of 7



Assume tasks 1 to 6 have the following times

6 1345 2 then dynamic yields

Dynamic: Proc 1 Proc 2 Proc 3
6 1 3
4 5
2
6 total 7 total 8 total

therefore parallel time of 8



we have assumed that all tasks were in-
dependent and that all processors were al-
ready involved in their execution

if there are dependences we must guaran-
tee correct access patterns to shared mem-
ory (synchronization)

once the system is running we must be able
to involve all processors in sharing work and
reverting to a single processor performing
WOrk

often this is referred to as fork/join (not
this is not equivalent to the Unix terminol-

ogy)



e fork is executed by the single processor
performing work sequentially in order to
signal the other processors that they should
begin aiding the execution of the work in
the code (the particular work is identified
through scheduling information)

e join — Exactly one processor can proceed
beyond the synchronization point once all
processors have reached the synchroniza-
tion point. The processors that were ac-
tive but that do not take over the sequen-
tial execution become idle until the next
fork reactivates them.



some times more than one processor pro-
ceeds after the synchronization point

A barrier synchronization point in a code
IS such that all processors can proceed be-
yond the synchronization point once all pro-
cessors have reached the synchronization
point.

a join is a special case of the barrier

consider a case where all elements of an ar-
ray are repeatedly updated in parallel, e.g.,
an image processing type application



Proc 1

y(1)=
C + x(1)

barrier
x(1)=y(1)
barrier
y(1)=

C + x(1)

barrier

x(1)=y(1)

Proc 2

y(2)=
x(2)+x(3)

barrier
x(2)=y(2)
barrier
y(2)=
x(2)+x(3)

barrier

x(2)=y(2)

Proc 3

y(3)=
x(3)+x(4)

barrier
x(3)=y(3)
barrier
y(3)=
x(3)+x(4)

barrier

x(3)=y(3)

Proc 4

y(4)=
x(4) + D

barrier
x(4)=y(4)
barrier
y(4)=
x(4) + D

barrier

x(4)=y(4)



all processors execute barrier

assumes all memory transactions are com-
pleted before any processor proceeds

barrier is a global synchronization con-
struct

fork, join, barrier often supported with spe-
cial HW

local synchronization constructs also exist



A critical section of code is one that can be
executed by exactly one processor at any
given time.

This does not mean that only one processor in
the system is active if a critical section is being
executed.

Other processors may executing different crit-
ical sections, i.e., a code may have more than
one critical section.

Other processors may be executing noncritical
sections or they may be idle and not waiting
at a synchronization point.

Crucial performance considerations include: the
length of time it takes to execute a critical sec-
tion; the number of times a processor must en-
ter a critical section; the number of processors
that must complete the critical section; and
the amount of parallel work to be done rela-
tive to the amount done in a critical section.



There are many ways to implement the synchronization
around a critical section.

Often a lock/unlock pair has been used to control ad-
mission to the critical section of code.

e A call to lock(i) checks the state of the lock variable
i. If it is “unlocked” the processor succeeds in seiz-
ing the lock, locks it, and proceeds with the critical
section. (In some dialects the variable i must be
specifically declared a lock variable.)

e This locking is guaranteed to be indivisible, i.e.,
only one processor can succeed at any given time.

e A call to unlock changes the state of the lock to
“unlocked” and may notify based on some priority
scheme the next processor waiting on the lock that
it can now proceed with the locking procedure.



suppose you want to sum all n elements of
a vector

s=z(1)+ -+ z(n)

use static interleaved scheduling

slocal is a variable private to each processor

sum is an intrinsic function that sums the
elements of the vector passed as an argu-
ment

s IS a shared variable

lk is a shared lock variable assumed to be
initially unlocked



z(a : b : c) refers to the elements of a vector
starting at z(a) using stride ¢ to get to (or no
further than) x(b)

X(1:11:3)

X(1), X(4), X(7), X(10)



Proc 1

slocal=
sum(x(1:n:3))

call lock(1lk)
s = 8 + slocal
call unlock(1lk)

Proc 2

slocal=
sum(x(2:n:3))

call lock(1lk)
s = s + slocal
call unlock(1lk)

Proc 3

slocal=
sum(x(3:n:3))

call lock(1lk)
s = s + slocal
call unlock(1lk)



e Lock/unlock can be implemented at several levels
from special memory hardware to operating system
software.

e [ he special memory hardware typically exploits an
indivisible memory operation referred to as a test-
and-set. A memory location is tested for a con-
dition and if the condition is not found it is set —
indivisibly, i.e., only one reference to the memory
location can be done at a time. There are various
ways to implement this primitive depending on the
network and memory system.

e Since it requires a special operation in the mem-
ory system and is therefore more expensive than
a normal read/write it is often the case that one
tests the location first before attempting the TAS.
If the condition is not set then a TAS is done. This
reduces the number of failed TAS requests in the
memory system.



