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Marry Strassen with Tensor Contraction 

M0 := ( A00+ A11)( B00+ B11); 
M1 := (A 10+A 11)B00; 
M2 := A00(B01ɀB11); 
M3 := A11(B10ɀB00); 
M4 := (A 00+A 01)B11; 
M5 := ( A10ɀA00)( B00+ B01); 
M6 := ( A01ɀA11)( B10+ B11); 
C00 += M0 + M3 ɀ M4 + M6 

C01 += M2 + M4  
C10 += M1 + M3 

C11 += M0  ɀ M1 + M2 + M5  
 
 
 
 

 

O(n3) Ÿ O(n2.8) 

Practical Speedup?  
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High-performance matrix multiplication 

(GEMM) 
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State-of-the-art GEMM in BLIS 

Å BLAS-like Library Instantiation Software (BLIS) is a portable framework for 

instantiating BLAS-like dense linear algebra libraries. 
 

 

Å BLIS provides a refactoring of GotoBLAS algorithm (best-known approach on 

CPU) to implement GEMM. 

 

 

 

Å 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. 

ÇField Van Zee, and Robert van de Geijn. ñBLIS: A Framework for Rapidly Instantiating BLAS Functionality.ò 

ACM TOMS 41.3 (2015): 14. 

 

 

ÇKazushige Goto, and Robert van de Geijn. ñHigh-performance implementation of the level-3 BLAS.ò ACM 

TOMS 35.1 (2008): 4. 

ÇKazushige Goto, and Robert van de Geijn. ñAnatomy of high-performance matrix multiplication.ò ACM 

TOMS 34.3 (2008): 12. 
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GotoBLAS algorithm for GEMM in BLIS 

*Field G. Van Zee, and Tyler M. Smith. ñImplementing high-performance 

complex matrix multiplication via the 3m and 4m methods.ò In ACM 

Transactions on Mathematical Software (TOMS), accepted. 
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High-performance Strassen 

7 
*Jianyu Huang, Tyler Smith, Greg Henry, and Robert van de Geijn. ñStrassenôs Algorithm Reloaded.ò In SCô16.  

 

  

 



Strassenôs Algorithm Reloaded 

M0 := ( A00+ A11)( B00+ B11); 
M1 := (A 10+A 11)B00; 
M2 := A00(B01ɀB11); 
M3 := A11(B10ɀB00); 
M4 := (A 00+A 01)B11; 
M5 := ( A10ɀA00)( B00+ B01); 
M6 := ( A01ɀA11)( B10+ B11); 
C00 += M0 + M3 ɀ M4 + M6 

C01 += M2 + M4  
C10 += M1 + M3 

C11 += M0  ɀ M1 + M2 + M5  
 
 
 
 

 

M0 := ( A00+ A11)( B00+ B11);   C00 += M0; C11 += M0;   
M1 := (A 10+A 11)B00;                C10 += M1; C11  ɀ= M1;  
M2 := A00(B01ɀB11);                 C01 += M2; C11 += M2;  
M3 := A11(B10ɀB00);                 C00 += M3; C10 += M3;  
M4 := (A 00+A 01)B11;                C01 += M4; C00  ɀ= M4;  
M5 := ( A10ɀA00)( B00+ B01);    C11 += M5;  
M6 := ( A01ɀA11)( B10+ B11);    C00 += M6;  
 
 
 
 
 

 
  M := ( X+ Y)( V+ W);                     C += M;       D +=M;  

M  := ( X+dY)( V+eW);             C += g0M;  D += g1M; 
g0, g1,d,e Í {-1, 0, 1}. General operation for one-level Strassen: 

8 
*Jianyu Huang, Tyler Smith, Greg Henry, and Robert van de Geijn. ñStrassenôs Algorithm Reloaded.ò In SCô16.  

 

  

 



M := ( X+ Y)( V+ W);  C += M; D += M;  
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*Jianyu Huang, Tyler Smith, Greg Henry, and Robert van de Geijn. ñStrassenôs Algorithm Reloaded.ò In SCô16.  

 

  

 



C += AB; M := ( X+ Y)( V+ W);  C += M; D += M;  
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C += AB; M := ( X+ Y)( V+ W);  C += M; D += M;  

mR x nR 

Register 

kC x nC 

mC x kC 
L2 Cache 

L3 Cache 
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High-performance Tensor Contraction 

Devin A. Matthews. ñHigh-Performance Tensor Contraction without Transposition.ò Accepted in SISC. 
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Matrix vs. Tensor 
Matrix Multiplication Tensor Contraction 

BLAS/BLIS! TBLIS/ 

Devin A. Matthews. ñHigh-Performance Tensor Contraction without Transposition.ò Accepted in SISC. 
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