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Features	  of	  BLAS	  

DGEMM(CHARACTER*1 TRANSA, 
      CHARACTER*1 TRANSB, 
      INTEGER M, 
      INTEGER N, 
      INTEGER K, 
      REAL*8 ALPHA, 
      REAL*8(*) A, 
      INTEGER LDA 
      REAL*8(*) B, 
      INTEGER LDB 
      REAL*8 BETA 
      REAL*8(*) C, 
      INTEGER LDC) 

User/external	  code	  owns	  the	  
data.	  

Data	  and	  specificaDon	  are	  
separate.	  Allows	  easy	  hacking	  
(e.g.	  submatrices,	  resizing,	  
etc.),	  but	  can	  be	  error-‐prone.	  

All	  informaDon	  about	  the	  
operaDon	  is	  explicit.	  Can	  be	  
unwieldy	  for	  users	  but	  good	  
for	  flexibility.	  



BLAS:	  the	  Good	  and	  the	  Bad	  
(a.k.a.	  How	  to	  Start	  a	  Flame	  War)	  

Good:	  
	  
•  Easier	  than	  wriDng	  three	  loops.	  
•  Flexible	  enough	  for	  end	  users	  and	  

library	  writers.	  
•  High-‐performance	  

implementaDons	  exist.	  
•  Bindings	  in	  many	  languages.	  
•  Can	  be	  wrapped	  in	  a	  more	  user-‐

friendly	  interface.	  

Bad:	  
	  
•  FORTRAN	  dependency.	  
•  Requires	  unit	  stride.	  
•  No	  conjugaDon	  without	  

transpose.	  
•  Some	  obvious	  missing	  features.	  
•  User	  must	  allocate	  data	  and	  deal	  

with	  alignment	  etc.	  
•  Opaque.	  
•  Poor	  threading	  control.	  
•  No	  mixed-‐precision	  support.	  



How	  People	  Really	  (Ab)use	  BLAS	  
dcopy(n,	  &constant,	  0,	  array,	  1)	  
(i.e.	  fill	  array)	  

ddot(n,	  &one,	  0,	  array,	  1)	  
(i.e.	  non-‐absolute	  sum)	  

dscal(n,	  beta,	  y,	  1)	  
daxpy(n,	  alpha,	  x,	  1,	  y,	  1)	  
(i.e.	  daxpby)	  

Separate	  real	  and	  imaginary	  
arrays/matrices	  

daxpy(n,	  alpha1,	  x_1,	  1,	  y,	  1)	  
daxpy(n,	  alpha1,	  x_2,	  1,	  y,	  1)	  	  
daxpy(n,	  alpha2,	  x_3,	  1,	  y,	  1)	  
…	  

Lots	  of	  copying	  and	  data	  movement	  
BLAS	  call	  
Lots	  more	  data	  movement	  

Actually	  transpose	  a	  matrix	  
(and	  other	  loop	  code)	  



BLIS	  
void bli_dgemm( trans_t transa, 
                trans_t transb, 
                dim_t   m, 
                dim_t   n, 
                dim_t   k, 
                double*  alpha, 
                double*  a, 

      inc_t rsa, inc_t csa, 
                double*  b, 

      inc_t rsb, inc_t csb, 
                double*  beta, 
                double*  c, 

      inc_t rsc, inc_t csc ); 

DGEMM(CHARACTER*1 TRANSA, 
      CHARACTER*1 TRANSB, 
      INTEGER M, 
      INTEGER N, 
      INTEGER K, 
      REAL*8 ALPHA, 
      REAL*8(*) A, 
      INTEGER LDA 
      REAL*8(*) B, 
      INTEGER LDB 
      REAL*8 BETA 
      REAL*8(*) C, 
      INTEGER LDC) void bli_gemm( obj_t*  alpha, 

               obj_t*  a, 
               obj_t*  b, 
               obj_t*  beta, 
               obj_t*  c ) 



Tensors	  
•  Tensors	  are	  essenDally	  mulD-‐dimensional	  arrays:	  

•  Matrices	  are	  2-‐D	  tensors.	  
	  
•  Tensor	  indices	  are	  usually	  explicit.	  Einstein	  notaDon	  is	  
very	  helpful:	  
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Using the spin-summed amplitudes where possible, the number of unique contractions neces-

sary to evaluate all Goldstone diagrams deriving from a given spin-orbital (Brandow) diagram is

reduced to one in most cases, and at most two.34 In addition, permutations arising from external

lines on distinct fragments and from accounting for equivalent internal and external lines are com-

bined into a single overall factor for diagrams reducing to one contraction, and the same factor plus

a simple permutation for the second contraction if present. This overall factor is a simple permu-

tation of pairs of external lines only, and is the same for every diagram contributing to a given ket
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where Pai
b j interchanges pairs of indices. An example of the utility of spin-summation is given

by the diagrams in 1. Using Goldstone diagrams only, eight terms are obtained,

žabc
i jk = (1+Pai

ck +Pb j
ck )

h
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aeb
i jmťc f
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Since the objective of the current work is to reduce the number of contractions by using linear
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Tensors	  in	  Chemistry	  

[Ĥ, eT̂ ]R̂|0i = ER̂|0i

CollecDon	  
of	  various	  
tensors	  

CollecDon	  
of	  various	  
tensors	  

CollecDon	  
of	  various	  
tensors	  

•  Sequence	  of	  tensor	  contracDons,	  summaDons,	  etc.	  
•  Need	  to	  account	  for	  physics:	  spin,	  spaDal	  symmetry,	  and	  so	  on.	  
•  Some	  tensors	  are	  very	  big,	  some	  are	  very	  small,	  many	  different	  
dimensionaliDes.	  

•  Oien	  need	  (distributed),	  out-‐of-‐core	  storage.	  



High-‐level	  Interfaces:	  
Chemistry	  
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Low-‐level	  Interfaces:	  
Blitz++,	  Eigen,	  Boost,	  BTAS,	  etc.	  

•  Handle	  allocaDon,	  alignment,	  indexing,	  etc.	  “NaDve”	  efficiency.	  

•  C++	  allows	  for	  efficient	  and	  expressive	  interfaces	  (fixed	  vs.	  variable	  
dimensionality,	  staDc	  typing,	  operator	  overloading,	  operaDon	  trees,	  
etc.).	  

•  Limited	  computaDonal	  support	  (i.e.	  Level	  1-‐type	  operaDons,	  exptl.	  
contracDon	  support	  in	  Eigen).	  

	  	  
	  

Array<double,4> pqrs(np, nq, nr, ns); 
pqrs[0][1][6][3] = 0.122; 

C(i,j) = sum(A(i,k), B(k,j), k) + Cprime(i,j); 

Array<int,3> A(4, 10, 2); 
Array<int,1> G = A(2, 7, Range::all()); 



Under	  the	  Hood:	  BLAS!	  

Python/NumPy,	  
Matlab	  

libtensor,	  
TCE	  
etc.	  

Eigen,	  
BTAS	  

Everything	  else	  

permute 
permute 
gemm 
permute 



Why	  not	  BLAS?	  
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�GDVKHG OLQH� DQG HTXLYDOHQW PDWUL[ �VROLG OLQH� RSHUDWLRQV IRU D UDQJH RI VKDSHV DQG VL]HV� 7KH
SDQHO �ERWK IL[HG DQG YDU\LQJ GLPHQVLRQV� DQG EORFN �DOO IL[HG GLPHQVLRQV� VKDSHV UHIOHFW PDQ\
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FRPSOLFDWHG XVDJH RI WHQVRU GDWD� KRZHYHU�
,Q TXDQWXP FKHPLVWU\� WHQVRUV FRPPRQO\ KDYH
ZKDW LV UHIHUUHG WR DV SHUPXWDWLRQDO DQWLV\P�
PHWU\� ZKLFK DULVHV IURP WKH PDWKHPDWLFDO
SURSHUWLHV RI WKH ZDYHIXQFWLRQ� EXW ZKLFK UH�
TXLUHV DGGLWLRQDO H[SHQVLYH GDWD UHDUUDQJH�
PHQW LQ RUGHU WR XVH PDWUL[ OLEUDULHV� $QRWKHU
W\SH RI WHQVRU VWUXFWXUH RIWHQ HQFRXQWHUHG LQ
TXDQWXP FKHPLVWU\ LV VSDUVLW\ GXH WR WKH VSDWLDO
V\PPHWU\ RI WKH PROHFXOH� ,Q WKLV FDVH� D VSH�
FLDO SDFNLQJ VFKHPH FDOOHG WKH 'LUHFW 3URGXFW
'HFRPSRVLWLRQ�� �'3'� FDQ EH XVHG WR VWRUH
RQO\ QRQ�]HUR HOHPHQWV� ZKLFK UHGXFHV ERWK
PHPRU\ UHTXLUHPHQWV DQG WKH QXPEHU RI IORDW�
LQJ SRLQW RSHUDWLRQV QHFHVVDU\ WR FRPSXWH D
WHQVRU FRQWUDFWLRQ� +RZHYHU� WKH '3' SDFNLQJ
PXVW EH FDUHIXOO\ VWUXFWXUHG WR PDWFK WKH PDS�
SLQJ RI WHQVRU WR PDWUL[ QHFHVVDU\ IRU XVLQJ WKH
%/$6 LQWHUIDFH� RIWHQ QHFHVVLWDWLQJ \HW DQRWKHU
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Solid	  lines:	  matrices	  
Dashed	  lines:	  tensors	  
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Linear	  Algebra	  (Matrices):	  

Elemental,	  
ScaLAPACK,	  etc.	  

PETSc,	  
Trilinos,	  etc.	  Global	  Arrays,	  

etc.	  
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???	  (BLAS	  for	  now)	  

MulDlinear	  Algebra	  (Tensors):	  

CTF,	  ROTE	  

libtensor,	  
TCE,	  

TiledArrays,	  
etc.	  



What:	  A	  (Possible)	  “Tensor	  BLAS”	  
err_t tensor_dcontract( 
            double alpha, 
 
            const double* A, 
            gint_t ndim_A, 
            const dim_t* len_A, 
            const inc_t* stride_A, 
            const idx_t* idx_A, 
 
            const double* B, 
            gint_t ndim_B, 
            const dim_t* len_B, 
            const inc_t* stride_B, 
            const idx_t* idx_B, 
 
            double  beta, 
 
            double* C, 
            gint_t ndim_C, 
            const dim_t* len_C, 
            const inc_t* stride_C, 
            const idx_t* idx_C); 

•  Data	  externally	  specified	  as	  in	  
BLAS.	  

•  Custom	  integral	  types	  for	  lengths,	  
strides,	  number	  of	  dimensions.	  

•  Any	  non-‐negaDve	  number	  of	  
dimensions.	  

•  Integral	  error	  code.	  

•  Contracted/non-‐contracted	  
dimensions	  specified	  by	  index	  
strings	  (integral,	  string	  literal,	  etc.)	  
+	  Einstein	  notaDon.	  

•  No	  “TRANSA”	  etc.	  



What:	  A	  (Possible)	  “Tensor	  BLAS”	  

Level	  3	  

Level	  2	   Unary	  

Local	  Level	  1	  

Binary	  

BLAS	   Tensor	  BLAS	  

GEMM,	  TRSM,	  SYRK,	  etc.	  

GEMV,	  TRSV,	  GER,	  etc.	  

DOT,	  COPY,	  AXPY,	  etc.	  

CONTRACT,	  WEIGHT,	  etc.	  à	  MULT	  

TRANSPOSE,	  TRACE,	  etc.	  à	  SUM	  

REDUCE,	  SCALE,	  etc.	  



Why:	  
•  Flexibility:	  

–  Any	  storage	  order	  is	  allowed:	  column-‐major,	  row-‐major,	  or	  a	  mix.	  
Strides	  do	  not	  need	  to	  be	  mulDples	  of	  each	  other.	  

–  TransposiDon	  and	  contracted/non-‐contracted	  indices	  are	  implicit.	  
Index	  names	  are	  not	  prescribed.	  

•  Portability:	  
–  Types	  (esp.	  integral)	  are	  user-‐definable,	  as	  in	  BLIS.	  No	  32/64-‐bit	  

confusion.	  
–  Pure	  C	  interface.	  

•  Extensibility:	  
–  All	  informaDon	  needed	  for	  the	  operaDon	  is	  explicit	  (as	  in	  BLAS).	  Can	  be	  

used	  directly	  or	  wrapped	  in	  another	  interface.	  
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How:	  BLIS	  
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Thanks	  


