( intel®) Look Inside”

Obf 3K bLBHbL X

DY ijHT N ehi1 HGgT 17
RXr K™ Crrlr3k3P
SSG/DPD/TCAR/Threading Runtimes
01.03.2017




WXC Hrps 3KF3b b33

Ci ij MHreldding Building Blocks 3 DT ijTEB)N QK ¥ K 3 K K 3
KK3 KdHx3 AthH KK 3 p Kk blkkk' ' 5 k BHREK B XKibf 3
RTBHDB KKD k 1 XK XMook KIEK Kk M xIB# 5 3 K3 KB 3 b
FTHK3 X3 Cr k KC




ZzOMmls j tor chrteacjter 1 Ofmistsdz! dz" L  sBZC d u 3Ot W tsdzr
° i Cod3f + 8 Isj ter

~

Pnt el E Wl




OKKKpBDODKKHT N ¢
IR TS SR ETTTEE TET

ALERIPES BN SEEONN Vs 3kr 3¢ K MSTRK KRHIKK3 F 3 5 K &
*kKkKrp K HDPF oybb 3k pXbKK3IPpFXKEKKkr3k33p3 3KkKKbDb |
KT bXBHf bx 3K6Kb3?C bX3pbBbK3 P35

K 5K3 PIHK Wb PMOHBKKEK I kwBaFoK
e ke Kl mKDR3P# pakaKMOKDKOKBRM KB3KK3 S| b

X3 pKK DKK3 M3 K & F K bx b
o ORr s ok K3F)KU‘er§KKr5KKI_b55 b |k

=4

OXb3HKk3PHBE fblt V3pbXm3bL3k3 b WYkKpst
ObrKKFHEPB T bk b oK IO BRSO
KrHb kK KbK B AOK oy 3pKkb3IHHMNIBBrkkp 03kKk3p53brF 3KbK

FEIBH# BbXBIKDBKIPED | 5k 6 o KmEHK Kb XP KD
Kbb3kKIlb Kekroxre 33MK| KDKKTF Xl Kalrr k@b
(TLS) PToF 3 P 3 BKpEXeHF 3P

OybKHKBbLBHKKI XM Xxr3rTFrk KbXCkh
OKK3T"B5KBK3Pb3 T XC Kbk bXXKr XKb3 MK Kk 3p

O bk bXXI X3 My bXKp 03k36DH B KBH3Kk3 IDKKKEDRK BEECKk e B fblb
Kk K Kp £ 1B FHHK




( intel) Look Insider

- bbb X3 3T KbK b XXKI
bXR3KDKX3F

gl



- bb K3 3Tb

KB K B XKI K3 T

Gather Reduction

Superscalar sequence Map ESeometric decomposition
00000000 CO000O00
******** 00000000

sleje)e]e)e]e]e)
00000000 00000000

000000
- 2585585
00000 00000000
00000 )

Speculative selection D D D‘ ‘

@ O O O O O Partition
000000 [t
00000000 88888888
00000000 00000000
0000000 00000000
Fork-Join Pipeline O O O O O O O O

00000000
00000000
00000000

%%@%%faéh.....] 00000000
B (A) 3
ar D (B)
:>= %4 ®
slclclels] Bl —
0123458¢6 7
0000000
Category Reduction Recurrence i
|
nlalolnlelale]n)
lalnlalnlnlaln) *’h
. ) LIL.
00000000
—-@ Expand
(@]e]s]e]sle]s]s)
Pack Split W
0000000 POOCOOO0O g§ *og*
[C?]CE]] BIEICPICIGIEIR) 8
X X X
L]
B0EEEMOB COOO0O0O0 @)




Join

- bbb XKFGK

¥ X x L 1. O X o

= x 0 oM OO X m
0 [ I I K._.IDJ O o X
O OO X o ¥ x X .0
X 10mL 10O OO0 L0
X i ;L ol o ¥ O T
T - 3_.03,qu
T IO x ¥ 1 X
H.muK.._IKK.mumu LO
A1 1 0 00X om0
¥ (L 0 O OX oM X

Fork-join f b K
b KK3 K3

Fbrl

e B 1 S o1




CK3pXH33bXm3bC Il p3

inteQ‘—H sOIsdyj MS OW isistd O] dzdzO W

main () { | dzsB Odz! dzOW HtlzBE M PBIS/SC
int = (x, k); m = g(, k);

L J 8§ Odz! dg" § {4 teg d3J dazdz’ J

int f(int *x, int k)

{
Inta; a=e *x[K] * x[K]; return a;
;

;nt g(int *x, int k) ] silsis @

{
k -1; a=e/x[K]; return a;
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[WKG 3rb3XKmH3ps KKkrr3KkrPrX 333p3 6

parallel_invoke ( functor ,,functor ,, ... );

(VspPb 53XKBEHI KKP3 fblbH PrX5s3d BXE

task group g;
g. run ( functor ;| );
g. run ( functor  );

g wait ();
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template <typename | >

void fork join_gsort (lbegin , lend ) {
typedef typename
std :: iterator_traits <| >: value type T,
if (begin !'= end) {
const | pivot = end - 1;
const | middle = std :: partition ( begin , pivot

std :: bind (std :: less <T>(), 1, *pivot ));
std :: swap(* pivot , *middle );
tob :: parallel_invoke (
fork join_qgsort (begin , middle ),
fork_join_qgsort (middle + 1, end)
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O3 KXr'T3PRbk T Xn
const int N = 1000;

int a[N]; _ _ . . .
for (int i = 0; i < N; i++)ali] =foo(i);
| | O3 KPH
for (int i = 0;i < N/2;i++) ai foo(i);
O3 K 3P
for (int =N/2; | <N; Ii++) fo?)(i); .
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[o Kk Bxr 3ffpetor, (i) 5 3 PIK 7 #lower, upper) ]

parallel_for ( lower, upper, functor );

ok Bxr 3fEneton, (i)# BFf KrK3 GBI 533y Hbp 3 x

parallel_for ( lower, upper, stride, functor );

[o K Hxr 3ffnetor, (subrange ) I' )KC 3 bshilgakgs B frange ]

parallel_for ~ ( range, functor [, partitioner ] ),
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void saxpy ( float a, float x[], float (&y)[], size t ) {

n
tbb :: parallel_for ( sizet (0), n, [&( sizet 1 ) {
yli] +=a* x[i];
D;
}

void saxpy ( float a, float x[], float (&y)]], sizet n) {
sizet gs = 1000;
tbb . parallel_for ( tbb :: blocked range <size t >(0, n, gs),
[&]( tbb :: blocked range <sizet > r ) {

for ( sizet 1 =r.begin (); 1 !'= r.end(); ++i )
y[i1] +=a* x[i];
}, tbb :: simple partitioner O );
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KEBKKK5P33f FrXr36r 3b MBBKBMBM%}s P3

parallel_for ( range, functor, simple_partitioner 0):

(WKKbH3b IrX 3HC K3IbBhkbrkKGC FH3IbKBHF K

parallel_for ( range, functor, auto_partitioner 0);

(WrOKF 3B fbK3xH3brkKG B K3 P3fXK3FB3KKB

affinity _partitioner affp ;
parallel_for ( range, functor , affp );

(GbP33xrKk33r KbKKKITFK 36 Kbb3klb brr

parallel for ( range, functor , static_partitioner 0)
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/] serial
for ( int 1=0; i<m ++i )
for (int j=0; j<n; ++j )

ali]l j]1 = t(bli]l 1D

wr 53 xK3f bxbC /IaliggHbReB 3| &
3 Frk KKBPR3TBKkm B XKKHHI
K3 pbXKb33Kkb b3 3TK# HI:
tbb :: parallel_for ( KB K BIKKI KBS MR
tbb ::blocked range2d <int >(0, mn 0,n),
[&]( tbb ::blocked range2d <int >r ) {
nt 1, j;
for (1=r.rows (). begin (); i1!'=r.rows(). end(); ++i)
for (j=r.rows (). begin (); j!=r.cols (). end(); ++] )

al 1]l 11 = t(bli]l J1)

D;
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parallel _for _each ( first, last, functor ), 00000000
O bk bKXKr K3 btst@ :: Hor_edciy C
Chb3kbrk K3 Kkb3lbkk 3 TOo000000
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parallel do  ( first, last, functor );
W3bbPRXFBBBIMK TXC 3bkbb3kph”
[J(  work item , parallel do_feeder & feeder) {

<sBtcOBtSIsC O { ts5dzlwvarl iteletsc s

ifl <o sy My rMedwerldikm > )
feeder. add( new work item );

%
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[o K B K 3 ) Kibhekumerable thread specific

enumerable thread specific <T> sum;
parallel_for (0, n, [&](inti){
sum. local () += a]i];

D;

T total = s. combine (std ::plus<T>());

ok B K3x3 HB parklelyedid

T sum = parallel _reduce (
blocked range <int>(0,n),

0.f,
[&]( Dblocked range <int>r, TS) -> T{
for( int i= rbegin ();i'=  rend (); ++i)
s += a|i];
return s;
%

std ::plus<T>()




OK 3 K 3ebuméddable thread specific

o3l K3T Hhk# T KXB

AOKIrk bxHhC B3 XXKKbk PR3 b

Avw3zk3p3 PRIMHBKXCkmn KPR KkpK B3bKkK! b3 XmhH
[ V33K 3rK TG

thread -local -
Kkl KkbPR >jk|‘ gmimerable thread specific <T> sum;

oarallel for (0, n, [&](inti){
sum. local () += a[i];

[ ObkbHI 36) B
K3 bbXKBL33 "BEFRBD sum. combine (std ::plus<T>());
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o3l K3T Hk # T KXB
AOKrk bxBHC 31 53 8K bKiKBKPb Kk PR3 b
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string concat = parallel reduce (
blocked range <int>(0, n,

oyr © K K bXm3 M [HaXsting(B K

~ [&]( blocked range <int>r, string s) - >string
{ \
~ for(int i= r.begin = r.end ();\++i
ORP" KKkpb K3TTFHbKbe 3%rb+=a[i]; gn 0 Osj+1)

return s;

"}
OP” K k 5 b Hb Kk 5 HgdBRIUs<string>() Wb HbXKBI 3 I I3t
[ K”wa,,(bg(g,/)pw [yrxgrbf(;;“wa
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/l Find index of smallest element in a[0...n 1]
int  ParalleIMinIndex ( const float a[], int n) {
struct MyMin {float value; int idx ;};
const MyMin identity = {FLT_MAX, - 1};
MyMin result = tbb::parallel_reduce (
tbb:: blocked range <int>(0,n),
identity,
[&] (tbb :: blocked range <int > r, MyMin current) -> MyMin {
for( int i =r.begin (); i<rend ();++ i )
if ( a[i] < current.value ) {
current.value =a[ i];
current.idx = |

}

return current;
H
[] (const MyMin a, const  MyMin b) {
return a.value <b.value ? a : b;
h;

return result.idx;

}H
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parallel _deterministic_reduce
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