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Parallel Resources
(multicore, SMP, cluster, grid)

Basic idea .
Synchronization,
results transfer Resource 1
Task selection + Resource 2
Sequential Application ~ parameters direction
d PP Ut outout. inout Resource 3
input, output, inou
for (i= 0; i<N; i++) (inp P )
Tl (data 1, data 2);
T2 (data 4, data 5);
T3 (data 2, data 5, data 6);
T4 (data 7, data 8);
T5 (data 6, data 8, data 9);
}
Resource N
Task graph creation @ @ @
based on data @ Scheduling,
precedence @ data transfer,
(75 task execution
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int main (int argc, char **argv) {
inti, J, k;
é

initialize(A, B, C);

for(i= 0;i<NB;i++)
for(j= 0;]<NB;j++)
for (k= 0; k < NB; k++)
block _addmultiply (C[i][j], A[i][k], BIKI[D;

NB

NB

BS

BS

BS

BS

float B[BS][BS]) {
inti, j, k;

for (i=0; i < B; i++)
for (j=0; ] < B; j++)
for (k=0; k < B; k++)
CLiji] += ADJIK] * BIKIDI;

static void block addmultiply (float C[BS][BS], float A[BS][BS],
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int main (int argc, char **argv) {
inti, J, k;
é

initialize(A, B, C);

for(i= 0;i<NB;i++)
for(j= 0;]<NB;j++)
for (k= 0; k < NB; k++)
block _addmultiply( C[i][j], A[i][k], BIKI[D;

NB

NB

#pragma css task input(A, B) inout(C)

float B[BS][BS]) {
inti, j, k;

for (i= 0;i<B;i++)
for(j= 0;] <B;j++)
for (k= 0; k <B; k++)
CLiji] += ADJIK] * BIKIDI;

static void block addmultiply( float C[BS][BS], float A[BS][BS],

ScicomP15, Cell tutorial, May 8009

®

Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacion



PPE

Helper thread

CellSs PPU lib

User main : i Data dependence
program : \ : Data renaming :
\i Scheduling \ ;
| : | Work assignment
i
i
i
Synchronization /
e
User Task control Eipelization signal
data Renaming table buffer
\»\ Tasks
R
e
Memory
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CellSs SPU lib

DMA in
Task execution
DMA out

Synchronization
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SPE,
" |SPE;

Original task
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AFaIse dependences (WaW and WaR) are removed with dynamic

renaming of arguments
for (i=0; I<N; |++){

T1 (é, é, bl oc ke)——— Blocklis outputfrom taskT
T2 (blockl1l, é, Dblock2].l. '
}
TL1 ) _o--- T1 2 R S ~(  TLN
b|OCk1" W b|OCk1" N é Ny blockl
G e Coa
WaR WaR WaR

ScicomA5, Cell tutorial, May18" 2009




. . 'L
) . L !
el |

.’7 "f.’."f T’ N B

AFaIse dependences (WaW and WaR) are removed with dynamic

renaming of arguments
for (I=0; I<N; i++) {

T1 (é,¢é, bl oc
T2 (bl ockl,
T3 (bl ock2]

Tl ) - T12 ) _.---- »
block1_1 ' blockl 2 ; é

il Waw /,’ ! waw lll
G’ G

WaR WaR
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AScheduIing strategy
A Critical path

A Locality

. e |
@ O j
©O O O
©O O 0
©O O 0O ) |
[ I I . . . .
© 0 o """ g
O O o
© O
O
Bundle of_de_pendent tasks: @) Mixed bundle
data locality in SPE Bundle of independent tasks:
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CellSs: Runtime =, LT m—
AParaver view of the runtime behavior

Main thread: Helper thread:

runs user code and adds and schedules tasks

remove tasks to the task graph and synchronize with SPEs

r : ™
Fi Phase @ cholesky-0002.prv <@sur.bsc.es> - (0] [X

Hain thread

Helper thread [ ]
1

-

-----wh

—_—
]

o I ) R
thread m N\ ':ll', I 1
thread . _[;h (520 B A
Yreaa’a ENLTYLDoO
thread ) N S T T R P B T B | I
thread Torr o Trrt e e
thread _ - - Y Gt fod Eamd a ¥ e ] B I

44161 .43 us

Bundle

SPEs: execute
tasks' code
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AData dependence analysis, data renaming, task scheduling
performed in the CellSs PPE runtime library

ACEHSS SPE runtime library implements specific features, to assist
the CellSs PPE runtime library, but independently

A Early callback
A Minimal stage-out
A Software cache in the SPE Local Store

A Double buffering
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AEarIy call-back

_____

A Initially, communication of completion of tasks Is : @ ' bundle

done per bundle basis

A There are cases where this limits the application

A Task A in the example

the scheduling of new bundles

$;
A An early callback after the limiting task, enables O O
O O

A Condition: the task has more than one outgoing

dependency Trea ::“-Z“"
blocked tasks
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AMinimaI stage-out

A For each task in a bundle its outpus will be written

back to main memory

A If inside the bundle, a task rewrites the same
output, there is no need for writing back to main

memory

A The case In the figure can not happen!

A Thanks to renaming writes A

A Example: matmul
writes A'

A ClJDT += ADTIKI*BIK]L
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writes A

writes A

reads A

A

\@ reads A




ASoftware cache in the SPE Local Store

A Maintained by the SPE runtime
A LRU replacement strategy

A PPE scheduling is not aware of this behavior
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#pragma css task input(A, B) inout(C)
block _addmultiply( C[i][j], A[il[k], BIK][j])

AlI][K] BIKI[I]

ChlLl

AFor each operation, two blocks of data are get from PPE
memory to SPE local storage

AClusters of dependent tasks are scheduled to the same PPE

The inout block is kept in the local storage and only put in
PPE memory once (reuse)

ScicomP15, Cell tutorial, May 8009

Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacion



ADoubIe buffering

A CellSs overlaps DMA transfers with computations

Task 1 in bundle Task 2 in bundle Task N in bundle

ScicomA5, Cell tutorial, May18" 2009

DMA programming: reading task control buffer
Waiting for DMA transfer

DMA programming: reading data

Task execution overlapped with data transfers
DMA programming: writing data

Synchronization with helper thread
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CellSs: Runtime - specific

ADoubIe buffering: paraver view

‘,é‘ Phase @ gss-trace-0002.prv <@sur.bsc.es> —

Hain thread

Helper thread

Spu
Spu
Spu
Spu
Spu
Spu
Spu

Spu

thread

thread 2

thread

thread

1

3

thread S

thread 6

thread 7

thread &

SPE reads data
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CellSs: Runtime - specific S[PE Hb-rary features.:',;;«.),-

'y ;, ] : ‘ : ST 5
5 —— . fl[l ;.‘n- Rrs

ADoubIe buffering: paraver view

Fii Phase 21 @ gss-trace-0002.prv <@sur.bsc.es> gl x

Hain thread
Helper thread
Spu thread 1
Spu thread 2

Spu thread 3

- R B e e e e -

Spu thread

Spu thread
Spu thread 6

Spu thread 7

B e e e e e e R R e e e e -

. ]

Spu thread &

42324,57 u

| e | — |

DMA programming DMA programming
SPE waits for DMA In
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CellSs: Runtime - specific ﬁ ' i |

F

NS VS |

ADoubIe buffering: paraver view

-
~ %%,

Spu
Spu
Spu
Spu
Spu
Spu

Spu

Spu

Main thread

Helper thread

thread

thread

thread 3

thread

thread

thread 6

thread

thread &
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DMA out programming
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SPE waits for DMA In Prog J
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CellSs: Runtime - specific S[PEHb-Fary features.:-,;:«.‘,,-

‘ i : : > A
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ADoubIe buffering: paraver view

I
A
X

Fi Phase z1@ gss-trace-0002.prv <@sur.bsc.es>

Hain thread

Helper thread

Spu thread 1

Spu thread 2

Spu thread 3

B . o O R

Spu thread
Spu thread

thread 6

thread 7

e e e e e e e R B e e e e -
B R e e e e o o e R e e e o -

e B A - o e e e . .

thread S

42534,30 us 2545 ,56 usz 2857, s 369,00 42850,57 us

DMA out programming
SPE waits for DMA out (all)
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A pragmas’ syntax:

#pragma css task [input (<input parameters>)] \
loutput (<output parameters>)] \
inout (<input/output parameters>)] \
highpriority]

void task(<parameters>) { ...

#pragma css wait on(<data address>)
#pragma css barrier

#pragma css start

#pragma css finish
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A Examples: task selection

#pragma css task input(A, B) inout(C)
void block _addmultiply( float C[N][N], float A[N][N], float B[N][N] ) { ...

#pragma css task input(A[BS][BS], B[BS][BS]) inout(C[BS][BS])
void block addmultiply( float *C, float *A, float *B ) { ..

#pragma css task input(A[BS][BS], B[BS][BS], BS) inout(C[BS][BS])
void block_addmultiply( float *C, float *A, float *B, int BS ) { ..

A Examples: waiting for data

#pragma css task input (ref _block, to_comp) output (mse)
void are_blocks_equal (float ref block[BS][BS], float to_comp[BS][BS], float *mse) { ...

are_blocks_equal (X{iil[jj], Y[iil[ij], &sq_error):

#pragma css wait on (sg_error)
if (sq_error >0.0000001)
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A Examples: synchronization

for (i=  0;i< NB;i++)
for = 0;j<NB;j++)
for (k= 0; k < NB; k++)
block_addmultiply( C[i][j], Alil[K], BIKI[iD):
#pragma css barrier

A Examples: priorization
#pragma css task input(lefthalo[32], tophalo[32], righthalo[32], \

bottomhalo[32]) inout(A[32][32]) highpriority
void jacobi (float *lefthalo, float *tophalo, float *righthalo, float *bottomhalo, float *A)

{
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A Examples: CellSs program boundary

#pragma css start
for (i=  0O;1<NB;iI++)
for =  0;j<NB; j++)
for (k= 0; k <NB; k++)
block addmultiply( C[i][j], Alil[k], BIKI[J]);
#pragma css finish
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subroutine example()

Interface
I$CSS TASK

subroutine block _add_multiply(C, A, B, BS)
imtlicit none
Integer, intent (in) :: BS
real, intent (in) :: A(BS,BS), B(BS,BS)
real, intent (inout) :: C(BS,BS)
end subroutine
end interface

I$CSS START
call block_add_multiply(C, A, B, BLOCK_SIZE)
I$CSS FINISH

éhd subroutine

I$CSS TASK

subroutine block add_multiply(C, A, B, BS)

end subroutine
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app.c

CELSS-CC

Code

SPE Compiler

A 4

cellss-spu-cc_app.o

translation
(mcc)

v

app.tasks
(tasks list)

»
>

cellss-ppu-cc_app.c

PPE Compiler

v

cellss-spu-cc_app.o

app.o
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AFiIes

A app.c: User code, with CellSs annotations

A cellss-spu-cc_app.c: specific code generated for the spu (tasks code)
A cellss-ppu-cc_app.c: specific code generated for the ppu (main program)

A app.tasks: list of annotated tasks

ACompiIation steps
A Mcc: Mercurium compiler (BCS), source to source compiler
A SPE compiler: Generic SPE compiler (IBM SDK)
A PPE compiler: Generic PPE compiler (IBM SDK)

A pack: Specific CellSs module that combines objects (BSC)

ScicomP15, Cell tutorial, May 8009
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bt B ’m
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Lo | — = 4

CELLSS-CC

exec-adapters.c exec-adapters.o

» SPE Compiler >
app.tasks || glue code
generator
exec-registration.c
P
unpack cellss-spu-cc_app.o _— »  SPE Linker
v

A 4

PPE Compiler

exec-spu

A 4

cellss-ppu-cc_app.o

exec-registration.o

SPE Embedder

A 4

»)

/* PPE Linker

exec-spu.o

A

/ {
libCellSS.so v libCellSS-spu.a

exec
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AFiIes

A exec-adapters.c: code generated for each of the annotated tasks to uniformly

call them (Astubso).

A exec-registration.c: code generated to register the annotated tasks

ALinker steps
A unpack: unpacks objects

A glue code generator: from all the *.tasks files of an application generates a

single nadapterso file and a singl e

A SPE, PPE compilers and linkers and SPE embedder (IBM SDK)
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AChoIesky factorization

ACommon matrix operation used to solve normal equations in linear
least squares problems.

ACaIcuIates a triangular matrix (L) from a symetric and positive defined
matrix A.

Cholesky(A) = L
L-L'=A

ADifferent possible implementations, depending on how the matrix Is
traversed (by rows, by columns, left-looking, right-looking)

Alt can be decomposed in block operations
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Aln each iteration red and blue blocks are updated

A SPOTRF: Computes the Cholesky factorization of the diagonal block .
A STRSM: Computes the column panel
A SSYRK: Computes the row panel

A SGEMM: Updates the rest of the matrix

block_syrk

block potf2

block_trsm

2080

block upd
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Cholesky factorization

main (){

for (int] =
for (int k=
for (inti=j+
ITAL] = Al

}
Y
for (inti =
WAL =AG -
css_ssyrk_tile(A[I[ILALIGD;

0; j < DIM; j++){
0; k< j; k++){

0;1<j; i++){

/I Cholesky Factorization of AJj,j]
css_spotrf _tile( A[j1[1]);
for (inti=j+ 1;1 < DIM; i++){
1 AllLj] <
css_strsm_tile( A[I[1, Al ;
}
}

* for (inti = 0: i < DIM; i++)
for (intj = 0; j < DIM; j++)

#pragma css wait on (A[i][j])
} print_block(A[II[D;

1; 1< DIM; i++){
- ALK * (AT KD 64
css_sgemm_tile( A[i][K], ALIK], Alilli] )

- AL (AL

- Al = X * (AL

DIM

64

#pragma css task input(A[ 64][ 64], B[
void sgemm_tile(float *A, float *B, float *C)

#pragma css task input (T][
void strsm_tile(float *T, float *B)

64][ 64]) inout(B]

#pragma css task input(A[
void ssyrk_tile(float *A, float *C)

64][ 64]) inout(C[

#pragma css task inout(A[
void spotrf_tile(float *A)

64][ 64])

64][ 64]) inout(C|

64][ 64])

64][ 64])

64][ 64])
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