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Introduction

Plain C

for (j = 0; j < m; j++)
for (p = 0; p < k; pt++)
for (i = 0; i < n; i++)
C[il[j1 = A[il [pl*B[p]l[j];

Libraries: BLAS [DDC*90]
dgemm("N", "N", &M, &N, &K, &alpha, &A, &1dA, &B, &1dB, &beta, &C,
£1dC) ;

Matlab
C = AxB
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Kernels: Highly optimized, should be used.



Previous talk: They generate kernels, I assume that I have set of kernels.



Matlab is LA DSL. If no overhead, this is good DSL, right?



Kernels still have to be used in the right way.



Does not happen with one-to-one mapping from operators to kernels.



Topic of talk: Mapping of LA to kernels. Dense linear algebra.


The Matrix Chain Algorithm

xX:= A 84:

— T~

(AB)c  O(n?) A(Bc) O(n?)

« X:= ABCDE
- Dynamic programming O(n?) algorithm [CRL90].

* In practice:
X:=AB'C'D

Goals
» Simplicity of Matlab.
» High performance:

-y Ax
— C<«+ AB
~C+ A'B
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Matrix multiplication is associative.



Vectors are matrices of size n 1.



Mention intermediate operands.



Number of parenthesization is exponential.



In practice: Not square, properties.



Sequence of kernels.


The Generalized Matrix Chain Algorithm

Input Grammar

chain — factor - chain | factor
factor — op | op' |op~! |op~ T
op — symbol | symbol,yices
indices — index indices | index

definitions — definition definitions | definition
definition — Matrix name size (property”)
definition — Index name range
size — (rows, columns)
property — LowerTriangular | Orthogonal | ...
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Two parts.



Nobody else does properties.



Problem: Rely on the user that they are correct.


The Generalized Matrix Chain Algorithm

Algorithm

expr1 - expr2

« Standard: expr = A.
- Generalized: expr = A, AT, A7 AT,
« With unary operators:

ABT A'B A 'BT
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Matrix chain: binary operations.



By figuring out how to compute such an expressions, the algorithm finds the best way to compute the entire chain.



Incorporate unary? Combinations of unary and binary > extended set of binary.



Remember: Kernels for basic LA operations.



Problem: Multiple solutions, sequences of kernels.


The Generalized Matrix Chain Algorithm

CLAK [FTB13]
A B

Ty = A_1B T

= A"

;B

T3 = TzB
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Pattern matching.



Each path is one algorithm.



Small input > small search space.



Why do I not use CLAK for the whole problem?


The Generalized Matrix Chain Algorithm

Properties

Operation Cost

NB n’

A1 B 2.7n°

Inference of Properties

Operation Cost

(&W)k W = AB! W\g\ 3
W
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No properties: General case.



Inference: LA knowledge.



Output of one operation is input of another.


Conclusion

Results

W:=A"'BCD 'EF

Naive implementation
W = inv(A)*BxCxinv (D) ' *ExF;
Recommended implementation i |
W = (((A\B)*C)/D')*Ex*F; '
Compiler implementation
tl = linsolve(A, B, optsl);
0

t3 = linsolve(D, C', opts2)';

o
N

o
—

time in seconds

t8 = t3*E; chain 1 chain 2

t12 = t8x%F; I8 naive BBrecommended

W = t1xt12; 8 compilerf & compile time
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Matlab hints.



Speedup over naive: 8.6 recommended: 3



Knowledge necessary for performance.



It's not about language (as in, syntax).



Limited grammar: Working on compiler for full problem.



GMC is one small part.


Conclusion

There should be one—and preferably only one—obvious way to do it.
The Zen of Python

How to compute A~'B?
Code Cost
inv (A) *B 4n3

A\B 2.7n°
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The obvious solution should not be the bad solution.



Matlab even suggest not to use inv. Aware of the problem, don't solve it.



Matlab: Historic reasons? Julia is a modern language.



Application experts are not linear algebra experts.



Julia: "Two Language Problem'' > "Two Implementation Problem"



Problem gets much harder for more complicated expressions.
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