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It takes a village

Many have contributed to the FLAME
libflame projects. My apologies for not
listing all

Early support for FLAME came from NSF
and a number of corporate gifts (Microsoft,
Intel, and others)

The purpose of this talk is to quickly get to
talking about the future




FLAME is ...

A notation

A methodology for deriving families of
algorithms

A family of APls

A library (libflame)

A productivity multiplier
A future




FLAME Is a notation

Algorithm: A := CHOL_BLK_VAR3(A)

ABL|ABR
where App 1s 0 x0

while m(Arr) < m(A) do
Repartition

A | A
Partition A — ( L TR)

Ao1

Ap2

A

Ao

where A{1i1sbx b

Ao

Aq1 =Ly = Chol(Ay,)

Asy = Loy = Ag1 LT (TRSM)
AQQ = AQQ — LQngl (SYRK)

Continue with

Ao1

A2

A

A1

Arr |ATrr
«— A10
ABL|ABR

endwhile

A2

Ao




FLAME is a methodology

Annotated Algorithm: A := CHOL(A)

[ step
s | {a=4}
Arp|Ar | 0 Ure |Ur
1 | Partition Aa(#i).lla(ﬂ ),Ua(# 7")
Apr|Asr Ly |Lpr 0 \Wgn
where Apg, Ly, and Upy, are 0 x 0
2 {(An. * )_(bn * ) l/rl.lrn,—ArL }
Apr|Apr Lp, |Apr— Lur Ly, Ly Ly, = Apy,
| 3 while m(A;,) <m(A4) do
A * Lr Lr Are
23 (( — ) = ( L ~ )A Ll = — )Am(ATL)<m(A)
AprL|Asr LprL|Asr — LpLLy, LpiLLy, =An
Sa Repartition
Ago|An [Aa2 Ll 0| 0
(ATL Arn)_) ™ (l/n. 0 )_} I
- wfAan |42 |, wlimn
Apr|Asr Ly |Lar
Agp|Ag |A22 Log| Ly | L2
where A;, and L,, are bx b
Aw| = = {Lm - - LooLly ZI‘{OJ * *
6 Ap|An * = | Lyp|An - LloLTn * A LloL&) = Ay
Agp| Az Agg Lag| Az — LagLiy Azg — LagLdy LooLy = Ax
An =Ln Chol{A11)
8 Ay =Ly =AynLy" (TRSM)
Agy = Ay — Ly LT, (SYRK)
5b Continue with
400 A i L 0yJ0
Are |Arr e Lyp] O —
< Alg Au Al! B -~ L](] L“ 0
ApL|Asr Lo |\Lpr
Azg| Az |A2a Lag | Lo | L2
Agp * | * Loo| * * LooLgo:jou
7 Wl Ay An| * | = | Lw|Ln * A LUy = Ayg| Lyl T, + L LT, = Ay,
A An|Axm Lao| L | Az — Lol — L LT, LaoLly = A L2oLTy + L LTy = Any
2 {(A'n. * )_(bn * ) Lro L%, = Are, }
ApL|Apr Lgp|App — Ly LY, Lg L}, = Ag,,
| endwhile
N Are| = Lr * LriLT, = A
)\l 23 {(( e+ ) (Lo ) ndmify = Arel) ) < mn
_, Ape|Apr Loo|App— LpelYy ) Lunll, = Ap.|
b | {A=LaL” =4}




FLAME is a family of APls




FLA_Part_2x2( A, &ATL, GATR,
&ABL, &ABR, @, 8, FLA_TL );

while ( FLA_Obj_length( ATL ) < FLA_Obj_length( A ) ){
Algorithm: A := CHOL_BLK_VAR3(A)

b = FLA_Determine_blocksize( ABR, FLA_BR, FLA_Cntl_blocksize( cntl ) );
Partition A At |Arr
artition A — P P FLA_Repart_2x2_to_3x3( ATL, /#+/ ATR, §ABD, /++/ GAD1, &AD2,
BL BR [ kdckkkkkkkkkkk */ e s
where App is0x 0 §A18, /++/ &All, &A12,
. ABL, /++/ ABR, SA28, /++/ &A21, &A22,
while m(Arr) < m(A) do b, b, FLABH );
Repartition
[ */
Arr | Arg Aoo] Ao1 | Ao2 // A1l = chol( A1l )
— | AlA| A, r_val = FLA_Chol_internal( FLA_LOWER_TRIANGULAR, A11l,
ABL ABR FLA_Cnt1_sub_chol( cntl ) );
Ago| A21| A2

if ( r_val != FLA_SUCCESS )

where A{11sbx b :
return ( FLA_Obj_length( A®® ) + r_val );

[/ A21 = A21 % inv( tril( A1l )' )

Aqy =Ly = Chol(Ay;) FLA_Trsm_internal( FLA_RIGHT, FLA_LOWER_TRIANGULAR,
— _ -T FLA_CONJ_TRANSPOSE, FLA_NONUNIT_DIAG,
A9y := Loy = As1 L7y (TRSM) LN - -
FLA_ONE, A11, A21,
Agg := A9y — LQngl (SYR.K) FLA_Cntl_sub_trsm( cntl ) );
// A22 = A22 - A21 * A21'
Continue with FLA_Herk_internal( FLA_LOWER_TRIANGULAR, FLA_NO_TRANSPOSE,
FLA_MINUS_ONE, A21, FLA_ONE, A22,
AOO A01 A02 FLA_Cntl_sub_herk( cntl ) );
At |ATr
— | Awo|A11]A12 /%= e — */
ABL|ABR
Agg| Ao1 | Aoo FLA_Cont_with_3x3_to_2x2( &ATL, /++/ GATR, ABQ, AB1, /++/ A2,
. A10, A11, /#++/ A12,
endWhlle [% sk %/ [x sekkaaaaakokkkkok )/
GABL, /++/ GABR, A20, A21, /++/ A22,
FLATL );




FLA_Part_2x2( A, &ATL, GATR,
&ABL, &ABR, @, 8, FLA_TL );

Algorithm: A := CHOL_BLK_VAR3(A) while ( FLA_Obj_length( ATL ) < FLA_Obj_length( A ) ){
L. ATL ATR = FLA_Determine_blocksize( ABR, FLA_BR, FLA_Cntl_blocksize( cntl ) );
Partition A —
ApL|ABR FLA_Repart_2x2_to_3x3( ATL, /#+/ ATR, &ABD, /*+/ GADL1, &AO2,
where ATL 1s0x0 ¥ Fdckckkkckokkkkk [ [* skl Rk K/
. &A18, /++/ &A11, &A12,
while m(Arz) <m(A) do ABL, /++/ ABR, §A20, /++/ GA21, GA22,
Repartition b, b, FLABR );
Aoo I Aot | Aoz e "
Arp|Arr

FLA_Trsm_internal( FLA_RIGHT, FLA_LOWER_TRIANGULAR,
FLA_CONJ_TRANSPOSE, FLA_NONUNIT_DIAG,
FLA_ONE, All, A21,

FLA_Cnt1l _sub_trsm( cntl ) );

y A11, Rel,

FLA_Cnt1_sub_trsm( cntl ) );

Continue with /] A22 = A22 - A21 % A21°
FLA_Herk_internal( FLA_LOWER_TRIANGULAR, FLA_NO_TRANSPOSE,
A A Aoo|Ao1 |Ao2 FLA_MINUS_ONE, A21, FLA_ONE, A22,
( TL TR) - A10 All A12 FLA_Cnt1_sub_herk( cntl ) );
ABL|ABR
Agp|As1 | Aag /%= e */
endwhile FLA_Cont_with_3x3_to_2x2( SATL, /++/ GATR, ABD, ABL, /++/ AB2,
A10, All, /++/ Al2,
[¥ ikl %/ [x sekkoakookkk &/
_ GABL, /#++/ SABR, A20, A21, /++/ A22,
S FLATL );




FLA_Part_2x2( A, &ATL, &ATR,
&ABL, &ABR, 0, 0, FLA_TL );

while ( FLA_Obj_length( ATL ) < FLA_Obj_length( A ) ){

FLA_Repart_2x2_to_3x3( ATL, /**/ ATR, &A00, /xx/ &a0l, &A02,
/% skckkckkkkkkkkk X/ /% sekkokskoksksckkokkokskckkokkokkRokkokk ok /
&al0t, /#=x/ &alphall, &al2t,
ABL, /*%/ ABR, &A20, /#=x/ &a21, &A22,
1, 1, FLA_BR );

/* */

// alphall = sqrt( alphall )
r_val = FLA_Sqrt( alphall );

if ( r_val != FLA_SUCCESS )
return ( FLA_Obj_length( A@@ ) );

// a2l = a2l / alphall
FLA_Inv_scal_external( alphall, a2l );

// A22 = A22 - a2l % a2l'
FLA_Her_external( FLA_LOWER_TRIANGULAR, FLA_MINUS_ONE, a21, A22 );

/* */

FLA_Cont_with_3x3_to_2x2( &ATL, /#**/ &ATR, A0O, ao01, /*%x/ A02,
alot, alphall, /#x/ al2t,
/% spkckorkkkkckkk k/ [k skekkkokkskkkkiokkskkkoklokkkokk ok k /
&ABL, /#**/ &ABR, A20, a21, /**x/ A22,
FLA_TL );



for (1 =0; i < mn_A; ++1 )
{
floatx alphall
floatx a2l

buff_A + (1 )*cs_A + (i )*rs_A;
buff_A + (i )*cs_A + (i+1)*rs_A;

floatx A22 = buff_A + (i+1)*cs_A + (i+1)*rs_A;

int mn_ahead = mn_A - i - 1;

int mn_behind = i;

/* */

// r_val = FLA_Sqrt( alphall );

// if ( r_val !'= FLA_SUCCESS )

//  return ( FLA_Obj_length( AG0 ) + 1 );
bl1_ssqrte( alphall, &e_val );

if ( e_val != FLA_SUCCESS ) return mn_behind;

// FLA_Inv_scal_external( alphall, a2l );
b11_sinvscalv( BLIS1_NO_CONJUGATE,
mn_ahead,
alphall,
a2l, rs_A );

H = e rns OWER 2 I E A );

bl1_ssyr( BLIS1_LOWER_TRIANGULAR,

mn_ahead,

buff_ml,
a2l, rs_A,
A22, rs_A, cs_A );

/* */



FLAME is a library (libflame)

github.com

[ flame / libflame Public [\ Notifications % Fork 78 ¢ Star 212 v

<> Code (%) Issues 22 9 Pullrequests 3 () Actions [ Projects [J Wiki ) Security [~ Insights

High-performance object-based

@ iotamudelta Update rocblas/rocsolver ... .. Sep 19,2022 113 library for DLA computations
\ build Multithreading must be on for HIP... Jul 11,2022 high-performance linear-algebra
matrix-functions
\ docs/libflame Improve mGPU handling for HIP. (... Jul 23,2022
high-performance-computing lapack
\ examples Updates to hevd_test, gsvd_test. Jan 30,2018 linear-algebra-library  flame

B netlib-test Small tweak to netlib LAPACK tes... Jan 24, 2018 matrix-library - matrix-computations




FLAME is a library (libflame)

Core libflame
Writing with the FLAMEC API
Overlaps with much of LAPACK functionality

flapack
Adds functionality of LAPACK not in core libflame
LAPACK run through f2c

libflame = core libflame + flapack

Does not require a fortran compiler
All of lapack functionality (circa 20147?)

12




FLAME is a productivity multiplier

So many algorithms! When to pick which?
Control trees (that also appear in BLIS)

SuperMatrix (algorithms by blocks)
Unit of data: submatrix
Unit of computation: operation with submatrices
Execute the algorithm to build DAG of tasks

Runtime schedules tasks to resources (multiple CPU
and/or GPUs)

Runtime can, for example, incorporate a software
9 cache 13




FLA_Part_2x2( A, &ATL, GATR,
&ABL, &ABR, @, 8, FLATL );

while ( FLA_Obj_length( ATL ) < FLA_Obj_length( A ) ){

]
Su pe rMatrix code - seom, mm, w o o,

FLA_Repart_2x2_to_3x3( ATL, /#+/ ATR, SABB, /+x/ &ABL, &AOB2Z,
[* Fkkkkkdkkkkkk */ [* skl kk okl
S8A10, /#*/ &All, &A12,
ABL, /#+/ ABR, &A20, /#»*/ &A21, &A22,
b, b, FLA_BR );

/* */

// A1l = chol( A1l )
r_val = FLA_Chol_internal( FLA_LOWER_TRIANGULAR, Al1l,
FLA_Cntl_sub_chol( cntl ) );

if ( r_val != FLA_SUCCESS )
return ( FLA_Obj_length( A®® ) + r_val );

// A21 = A21 % inv( tril( A11 )' )

FLA_Trsm_internal( FLA_RIGHT, FLA_LOWER_TRIANGULAR,
FLA_CONJ_TRANSPOSE, FLA_NONUNIT_DIAG,
FLA_ONE, All, A21,
FLA_Cntl_sub_trsm( cntl ) );

[/ A22 = A22 - A21 % A21'

FLA_Herk_internal( FLA_LOWER_TRIANGULAR, FLA_NO_TRANSPOSE,
FLA_MINUS_ONE, A21, FLA_ONE, A22,
FLA_Cntl_sub_herk( cntl ) );

/* */

FLA_Cont_with_3x3_to_2x2( &ATL, /#x/ SATR, ABD, ABL, /+*/ AB2,
Al0, All, /+x/ Al2,
[% skkkkkkkkaaaas &/ [x sopkkkokiokkokkkk k)
SABL, /#+/ &ABR, A20, A21, /+x/ A22,
FLA_TL );




FLAME is a future

There are a number of efforts to leverage libflame

Oracle:

Vertical integration of libflame and BLIS
Incorporation of key functionality of libflame into BLIS

AMD:

How do we coordinate efforts?

P A
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