Peril-L

Peril-L is the book’s pseudocode language
 Start with C
o Add high-level constructs for parallelism:
o forall to start parallelism
o exclusiveandbarrier
o full/empty t'

© gl obal versus| ocal variables

°localize,nySi ze, | ocal Tod obal

o [opl] and [bopN



forall

foral | (NariablelJ1 n( langel))
{

}

[bodylL]

 The Wangelindicates N integers
* Runs [body[in N threads concurrently

* The Wariablelis bound in [body[lto a value from
[fangel, a different value for each thread

e foral |l finishes when all threads complete

e Nested f or al | Is allowed



forall Example

forall (1 1n (1..3))

{
printf("Hello %\n", 1);
}
produces
Hello 2
Hello 1
Hello 3
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forall Example

forall (1 1n (1..3))

{
printf("Hello %\n", 1);
}
. Or ...
Hello 3
Hello 2
Hello 1



forall Example

forall (1 1n (1..3))

.. Or

{
printf("Hello %\n", 1);
}
Hel Hel l o 3
| Hello o 2

1



excl usi ve

excl usive { [bodyLl}

» Globally restricts threads so only one runs [hodyL]
at a time



excl usi ve Example

forall (1 I1n (1..3))

{
excl usi ve
{
printf("Hello %\n", i);
}
}

Like previous example, but no mixing of lines
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barri er

barri er;

Waits until all other threads within the immediately
enclosing f or al I reach the same place
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excl usi ve Example

forall (1 1n (1..3))

{
exclusive { printf("Hello %\n", i); }

barri er;
exclusive { printf("Goodbye %\n", 1); }

}

All Hel | o lines print before all Goodbye lines
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Global and Local Variables

e gl obal variables are underlined

O access costiIs A

© always shared by all threads

e | ocal variables are not underlined
o access costis 1

© never shared by any threads
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Global and Local Variables

I nt datalnj;

forall (1 1n(0..n-1))
{

datal[i] = -data[i];

}

Negates dat a in parallel

Note that thread-specific index i is local, while
dat a is global
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| ocal | ze

[local variablel= | ocal | ze( [global variablel)

Produces a pointer to a local portion of
[dglobal variablel]

e [Iocal variablewrite/read I [global variable[]
write/read, but without A penalty

e [Ibcal variablelln different threads is a different
part of [global variablel]

e [Ibcal variablells indexed from O

e [Ibcal variablellocation/distribution within

[dglobal variablelis unspecified
but order is preserved?
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| ocal 1 ze Example

I nt datalnj;
Int t;

forall (1 1n(0..1-1))

{
Int size =n/ t;
int nydata[] = localize(data);
for (int j =0; j < size, j++) {
nydatal[]] = -nydatal]];
}
}

Same as previous example, but with only t threads
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nySi ze

nySi ze( [global variablel] [dimenl)

Avoids assumption that all threads get the same
amount of data
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nySl ze Example

I nt datalnj;
Int t;

forall (1 1n(0..1-1))

{
int size = nySize(data, 0);

Int nmydata[] = localize(data);

for (int | =0; | < size; |++) {
nydatal]] = -nydatal]];
}
}

Same as previous example, but more abstract
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| ocal Tod obal

| ocal ToQ obal ( [global variablel] [Ohdex[] [dimenl)
Exposes mapping of local to global data

Example where this is needed:

| nt datal nj;
for (int i =0; i <n; i++) {
data[i] +=1;

}
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| ocal t od obal Example

I nt datalnj;
Int t;

forall (1 1n(0..t-1))

{
int size = nySize(data, 0);

int nydata[] = localize(data);

for (int j =0; j < size; j++) {
nmydata[j] += | ocal Tod obal (data, j, 0);

}
}

Parallel version of sequential example
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Full/empty Variables

Variable name with a tick is either empty or full
et' = Naluel& emptyt' [ fullt' with aluell

et' &fullt' with DaluelllJ empty t', return
Waluel]

et' = [Naluell& fullt' [ waituntilt' is empty
et' &emptyt' [ waituntilt' is full

Full/empty variables are implicitly global
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Full/empty Variables Example

I nt datalnj;
| nt obuf', ebuf':

forall (1 1n(0 ..n))
{

f (1 & 1) {
obuf' = datali];
data[i] = ebuf’;

} else {
ebuf' = datafi];
data[i1] = obuf’;

}

}

Swaps each even slot with a random odd slot in
dat a 26-27



Reduce and Scan

For associative, commutative [OpL]

o [Opl] [éxprl = parallel reduce

© Fold [opLover an array to produce one value

o [0plN [éxprli= parallel scan

© Fold [dpllover an array to produce prefix array

These operations imply synchronization when the
source and destination are local

Prefer these forms over other ways of solving a
problem
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Reduce Examples

e +/ dat a

Sums all elements of dat a

|| /data

Determines whether any element of dat a is
non-zero

eint data[n], w
forall (i1 1n(0..n))

{
Int v = data[i] / 2;
w = +/v;

}

Sums halved elements of dat a 2034



Reduce Examples

e +/ dat a

Sums all elements of dat a

|| /data

Determines whether any element of dat a is
non-zero

eint data[n], w
forall (i1 1n(0..n))

{
}

Also sums halved elements of dat a

w= +/ (data[i] / 2);
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Scan Examples

e data = +\data

Sums elements of dat a, recording prefix

i nt datalnj;
forall (1 1n(0..Nn))

{
Int v = datal[i] / 2, w
w = +\v;
data[i] = -w,

}

Sums halved elements of dat a, records negated
prefix
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Back to Count3s

Int array[n], count;

forall (1 1n (0..n-1))

{
count = +/((array[i] == 3) ?2 1 : 0);
}
Clear!
Concise!

Difficult to compile to efficient code!
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Practical Count3s

Int array[n], count;
Int t;

forall (1 1n (0..1-1))

{
Int size = nySize(array);
Int nyArray = localize(array);
I nt myCount = O;

for (int j =0; j < size; j++)
1T (nmyArray[]j] == 3) nyCount ++;

count = +/ nyCount;
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