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An example: LU Factorization

# Subgraph Loop-invariant
W I—>¢ ({LTL, Uri} = LU(ATL)|  # )
— 0> 7
(.2 I I ({LTL; Urr} = LU(ArL)|Urr = L;iATR)
— 0> 7
(1.3 3 l« ({LTL;UTL} = LU(ATL) # >
‘ @e——0-> Lpr = ABLUTL 7
(1.2.3) I I ({LTL, Urr} = LU(ArL)|Urr = L;iATR)
- @—0O-> Lpr = ABLUTL 7
(1,234} I $ ({LTL, Urr} = LU(ATr) Urr = Ly ATr >
T o— >0~ Lpr = AprUs; Apr = Apr — LprLUrr

Table: The five loop-invariants for the LU factorization.
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n example: LU Factoriza

- Arr|ATr Lrr] O Urr|Urr
Partition A — < , L — , U —
AprL|ABR LprLlLer 0 |Usr
where Aryr, Ltr,and Ury are 0 x 0
while n(Arz) < n(A) do
Aoo]Ao1|Ao2
Arp|ATr
A5 1450 —| Ao]A11|A12 |- .-
Az0]A21|A22
Variant 1 Variant 5
Uo1 = Log Aol {L11,U11} = LU(A11)
Lig = A19Ugg" Wz = My AEZI
Ay = A11 — L1gUg1 Loy = A1Uy,
{L11,U11} = LU(A171) Agg = Agy — L21Up2
Aoo|Ao1]Ao2
Arp|Arr I Ao (A
o Aon — 10/A11]A12 |, ...
Azo|A21]|A22
endwhile
an
* Variant 5 needs the assignment { L p r, Up r} = A g R before entering the loop. @
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@ generating all the possible subsets of the graph of dependencies.
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@ The approach is fairly general and applies to direct methods for:
matrix products,

solution of linear systems,

matrix factorizations,

equations arising in control theory such as Sylvester and Lyapunov.

@ One step closer to the automatic generation of algorithms.
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