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Example of PME 1
Cholesky Factorization
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Example of PME 1
Cholesky Factorization

LLIT=A
or in explicit form:

L:=T(4)

Partitioned Matrix Expression:

LTL ES F(ATL) | *
Lpr = AprLyt | Ler =T(App — LrL%,)
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Operation Description Ve

An example: Cholesky Factorization

PME Generation

CpEse || FesEEsEEseeen propyy  poooodocSossoo
E:C :- Partitioning .m) Pattern Matchmg - 25
Sl
XY =27
Z + XY X« zy-! Y« X1Z XY +~Z

@ Input or output operand?

@ Other properties: lower triangular ?, symmetric ?, . ..
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Pattern matching and algebraic manipulation:
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7
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An example: Cholesky Factorization
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PME Generation

Part Post PME

' Partitioning | ——— 3 | Pattem Matchlng -

...........................

Op Desc
‘

Pattern matching and algebraic manipulation:

(7) ( LTL = F(ATL) | * )

Lpr, = TRSM(Apr, L7L) | LerLs, = Agg — Lo L5,

4
(8) ( LTL = F(ATL) _ | * )

Lpr = TRSM(Apr, L7E) | Ler =T(Agg — LprL%;)
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An example: Cholesky Factorization

‘ PME Generation —
S mmm o= = [ - PME
‘ m ' Partitioning m) Pattern Matchmg - AP
TS

Partitioned Matrix Expression:

LTL = F(ATL) | *
Lpr = Apr Lyt | Lgr=T(Agp — LprL%;)
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0 What'’s next?
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Loop Invariants RN TNERY

An example: Cholesky Factorization

‘ Op Desc PME PME Loop Inv. L°°p'",v Algorithm
‘ : > | Selection Derivation

Partitioned Matrix Expression:

LTL = F(ATL) | *
Lpr = AprLry | Lor =T(Agp — LpLb,)

@ Decomposition of the problem.
@ Computation to be performed.
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Loop Invariants RN HEeLEN

‘ s i)
Op Desc PME PME Loop Inv. Loop Inv Algorithm Algorithms |+~ ‘_’_
‘ > | Selection i@ Derivation >
e D

Partitioned Matrix Expression:

LTL = F(ATL) | *
Lpr = AprLry | Lor =T(Agp — LpLb,)

@ Decomposition of the problem.
@ Computation to be performed.

Loop invariants:

@ Subset of the total computation.

@ Not all subsets are valid. g
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Loop Invariants RN TNERY

n example: lesky Factorization
‘ Op Desc PME PME LOOp Inv. Loop Inv Algorithm Algorithms |
‘ ) > | Selection @ Derivation 2

Loop Invariants:
LTL = F(ATL) *
Lpr =0 Lpr =0
LTL = P(ATL) *
Lpr =AprLy; | Ler =0

LTL = F(ATL) *
Lpr = ABLL;g Lgr = Apr — LrL%;
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Algorithms N RERSY

example: Cholesky Factorizati

o~ Arr ] *
Partition A —
( Apr|ABR )
where A is0 x 0

while n(Arr) < n(A) do

Arp| * Apgo| * *
T T —| Aio|A1a]| *
Azp|A21|A22

Variant 1 Variant 2 Variant 3
_ _ T _
Lo = A10Lgg" L1 = A1n — LioLig Ly =T(L1)
ag = Auq = gk L1 = T'(L11) Loy = Loy Ly
10 T T
L1y =T(L11) La1 = A21 — LagLig Loz = Loz — Lo L3y

=i
Loy = La1 Ly

Aogo| * *
BLICBR Azp|A21]| A2z

endwhile

28
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* Variant 3 needs the assignment L g p = A g r before entering the loop.
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An example: Cholesky Factorizati

A FLA_Part_2x2( A, 2ATL, ZATR,
Partition A — i x > %ABL, ZABR, 0, 0, FLATL );
Apr|ABr

: while ( FLA_Obj_length( ATL ) < FLA_Obj_length( A ) )
where Arp is0 x 0 t

b = min( FLA_Obj_length( ABR ), nb_alg );
FLA_Repart_2x2_to_3x3(

ATL, /*+/ ATR, ZA00, /*x/ &AO1, %AO2,
While n(Arr) < n(A) do /e SN =
ZA10, /*%/ A11, EA12,
A * Aoo * * ABL, /*%/ ABR, &A20, /**/ &A21, &A22,
TL b, b, FLA_BR );
(ABL ABR)_> Ao A1 * 0 ) o
Ago|Az1|Aas — FLA_Chol ( FLA_LOWER_TRIANGULAR, A11 );
FLA_Trsm( FLA_RIGHT, FLA_LOWER_TRIANGULAR,
Ay =T'(A11) FLA_TRANSPOSE, FLA_NONUNIT_DIAG,
_r FLA_ONE, A11, A21 );
Agy = A1 TRIL(A11) FLA_Syrk( FLA_LOWER_TRIANGULAR, FLA_NO_TRANSPOSE,
Agy = Aoy — AzlAle , FLA_MINUS_ONE, A21, FLA_ONE, A22 ); ,
FLA_Cont_with_3x3_to_2x2
Ago| * | * ¢
Arp| = ZATL, /*+/ &ATR, K00, AO1, /*%/ AO2,
) Y | Awo|Al] * A10, A11, /#%/ A12,
BL|ABR 20| 221 A2s /s e «/
endwhile 2ABL, /;s/ ZABR, A20, A21, /*x/ A22,
FLA_TL );
}

0
28
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An example: Cholesky Factorizati

[

Cllck-cemeasel ve®
Hle Edit View History Bookmarks Tools Help
@ click v
< & [ @ htpilocalhost:sosor al® v e| 8y coge ar gy e
inpun Algorithm
et cquat [ p— ow detl
Equaton Equation eator x

Equation

Name Cholesky Factorzation

Shorteut chol

Precondtion
i Name In/Out Type Properties

A input ~ | matix ~ (Symmetic positive definite lower £3

L ouput v/ matrx ~ | Lower triangular £3

e acd operand

Postcondition

L*trans() = A

Poge 1 Jor1
Loop invariants
o

0
28
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An example: Cholesky Factorizatio

@
EHle Edit View History Bookmarks Tools

@ click
<& & | @ hitpijlocalhost:8080/#chol
nput

T et eauaton

Equation

precondition = {

"Output!

LA {0
£L
b

postcondition = { LLT =4 };

PMEs

Help

. "Input’, "SPDLover"} }
LoverTriangular} }

[T r—

[L-,,_ =chol(Ar) | *

Lp = ApLn T ‘ Lgp = chol( — Ly Lg; T+ Apg),

Page| 1or1

Loop invariants.

[L-n. =chol(Ar) | *

Lg =0 Ler =

d

Cllck - Iceweasel

ale ve

Algorithm

Algorithm: chol blk vari (A, L)
Partition
Ar|A Lm| o
g [ 4 nL.[_’_]
Ap| Apr Lpi|Ler
where Aty 150 X0, Ly, 150 X0

while m(Lrz) < m(L) do

Repartition
Ar| AT
AgL| Asr

where A1 isnp Xy , L1y 18 np X1

Updates
Lio=Asoloo™
Li1= ~LioL1o” +A11
Ly = chol(Lyy)

Continue with

Am| A" -
[ | A ]( Ao} A A
ApL| Asr

Lo 0y [F
[ = ]. s
Inc|Len) |7

B show asais
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e Conclusions
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Conclusions RWTHVERLEY

@ Minimum amount of knowledge:

@ Input and output operands

@ Structure of the operands: triangularity, symmetry, . ..
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Conclusions RWTHVERLEY

@ Minimum amount of knowledge:

@ Input and output operands

@ Structure of the operands: triangularity, symmetry, . ..
@ Knowledge implemented in Click:

e Basic matrix algebra

o Pattern matching

o Properties inheritance

@ Theorems
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Conclusions RWTHVERLEY

@ Minimum amount of knowledge:

@ Input and output operands

@ Structure of the operands: triangularity, symmetry, . ..

@ Knowledge implemented in Click:

Basic matrix algebra

Pattern matching
o Properties inheritance

@ Theorems

@ First prototype for the fully automatic generation of algorithms
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