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Pr€NpyX...XNp,

Mo = (Aot A1) ( Byt Bry);
M, = (A 15+A11)Boos

M, = Ayo( By12BL1);

M, = A1 (B0 By);

My = (AogotAo1)Bis;

Mg := (A102400)( Boot Bor);
M = (An2A)( Byt Byy);
Coot= Mo+ Mz My+ M
Cort= M+ M,

Got= M + M,

Gi+= My Z M+ M+ Mg Practical Speedup?
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High-performance matrix multiplication
(GEMM)



State-of-the-art GEMM In BLIS
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A BLAS-like Library Instantiation Software (BLIS) is a portable framework for
instantiating BLAS-like dense linear algebra libraries.
C Field Van Zee, and Robertvan@ein. A BLI S: A Fr amewor k for Rapi dl
ACM TOMS41.3 (2015): 14.
A BLIS provides a refactoring of GotoBLAS algorithm (best-known approach on

CPU) to implement GEMM.

C KazushigeGoto, and Robert van d8eijn. i gberfgrimance implementation of the lex&2l B L AGM 0

TOMS35.1 (2008): 4.
C KazushigeGoto, and Robertvan d8eijn. A Anat omgréorimaglte matACMXx mul

TOMS34.3 (2008): 12.

A GEMM implementation in BLIS has 6-layers of loops. The outer 5 loops are
written in C. The inner-most loop (micro-kernel) is written in assembly for high
performance.



T e I 1 GotoBLAS algorithm for GEMM in BLIS
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St r as AlgomtionsReloaded

My = (Aot A1) Byt Bly);
M, = (A,+A,,)Bqp:
M; = /40;?50121813? My = (At Ai)( Byt Biy)i Goo += My, Gy += M,
My = A(B02By0); My = (A19tA11)Boo; Got+= M; G, 2= M;
M, = (AgotAo)B11; | > M, ;= Ago(Bo12B11); Crt= My, G += M,
Ms = ( Ao A00)( Boot Bo) My = A (B2 By); Coo += Ms; Go += M;
5 10400/ Boo™ Do1)s M= (A +A B..: - M- - M.
Mg .= (A 2A4.)( Bt Byy); b := (Aoo+Ao1)Bus; Gor+= M, Goo = My,
Go+= My+ Myz M, + M, Ms = (AroZAoo)( Boot Bor): G += M,
G+= M+ M, Ms = (A A (Bt Bly);  Go+= M
M= (X Y)( W& W); C+= M D +=\
M = (X+dYj( el); C+= gM, D+= gM,
General operation for one-level Strassen: (g, g,.del {-1, 0, 1}.
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M:= (X (V& W), C+= M D+= M
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Matrix vs. Tensor

Matrix Multiplication Tensor Contraction

C +|A x B

C+= AB C+= AB

BLAS/BLIS! TBLIS/GETT

Paul Springer, and PaoBientinesi "Design of a higiperformance GEMMike tensoftensor
multiplication." arXiv preprint arXiv:1607.00145 (2016).
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